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Effects of therapeutic exercise on masticatory
function in patients with progressive muscular
dystrophy
Y KAWAZOE, M KOBAYASHI, T TASAKA, M TAMAMOTO

From the Department ofProsthetic Dentistry, Hiroshima University School of Dentistry, Hiroshima, Japan

SUMMARY The slope of the curve relating integrated electromyographic activity of masseter muscle
to biting force, the latency of the jaw-jerk reflex, and masticatory performance were estimated in
patients with Duchenne type of progressive muscular dystrophy before and during therapeutic
exercise of the somatognathic system. The slope and latency were slightly decreased, and masticatory
performance was increased during exercise. These results suggest that therapeutic exercise of the
stomatognathic system is effective in improving masticatory function in patients with progressive
muscular dystrophy.

Previous electromyographic study' analysing masti-
catory function in patients with the Duchenne type of
progressive muscular dystrophy (PMD) has shown
that the slope of the curve relating integrated
electromyographic activity of the masseter muscles
to biting force during rapid isometric contraction
of the jaw (slope of the voltage/tension curve) was
steeper in patients with muscular dystrophy than
in healthy subjects. It was also shown that the
latency of the jaw-jerk reflex was longer and the
masticatory performance was considerably less
in muscular dystrophy than in a healthy subject.
However, there were no differences between those
with and without an open-bite, which is characteris-
tic of Duchenne type of muscular dystrophy, for
all of the tests. From these findings, the authors
suggested that the masticatory disturbance in patients
with muscular dystrophy is due more to neuro-
muscular disturbances in the masticatory system
rather than to malocclusion such as an open-bite.
It was therefore considered that the masticatory
disturbance in muscular dystrophy could not be
improved by simply increasing the contact points
between upper and lower teeth.

Therapeutic exercise has been recommended for
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patients with various functional disorders of the
muscles of extremities.Unfortunately it is widely be-
lieved that it is futile to attempt rehabilitation pro-
cedures in patients with muscular dystrophy because
musculardegeneration is progressive. Many clinicians,
nevertheless, have evaluated the effect of exercise in
patients with muscular dystrophy. Abramson and
Rogoff2 treated 27 patients for a period of 7 months
and found improvement in muscle strength, reduction
of contractures, and increase in performance of
the activities of daily living. Vignos and Watkins3
made patients with muscular dystrophy exercise for
1 year and reported that improvement in muscle
strength occurred in all patients during the first 4
months of exercise regardless of the type of dys-
trophy. As mentioned by Rusk,4 it is likely that an
appropriate physical and occupational therapy pro-
gramme will prevent disuse atrophy and keep muscular
power at a maximal level. Therefore, in order to
improve mastication in patients with muscular
dystrophy, exercise of the stomatognathic system
may be indicated. As far as we know, however, there
have been no reports of improvement of masticatory
disturbance in muscular dystrophy following exer-
cise. This study evaluated the effects of therapeutic
exercise on masticatory function in such patients.

Materials and methods

Patients
Seven male patients with Duchenne type of muscular
dystrophy, 16 to 24 years of age, were selected. The
diagnosis was made after careful clinical study (the pattern
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of muscle weakness, family history, age of onset, and
the presence of pseudohypertrophy), serum creatine
phosphokinase measurement, electromyography, and
muscle biopsy. All the patients had natural dentition and
showed open-bite. They could sit on a wheelchair with
back support and needed assistance in bed and for
wheelchair activities. In this experiment, patients with
permanent dentition were selected to avoid variation
due to mixed dentition; consequently the subjects were
rather older than those with typical Duchenne dystrophy.

EMG recording
The patients were seated in a wheelchair with the head
positioned so that the Frankfort plane was parallel to
the floor. Beckman miniature size surface electrodes were
affixed to double-sided adhesive tapes placed 20 mm apart
on the skin surface in line with the general direction of
the fibres of the masseter muscle on the preferred chewing
side. The centre between the electrodes was placed on the
centre of the superficial part of the masseter muscle at the
same height as the occlusal plane. The resistance between
the electrodes was less than 20 kW2, and an ear clip
electrode served as ground.
The electrodes were connected to a preamplifier with

an input impedance of 5 MQ and with three dB points
on the frequency responses of 16 Hz and 1 kHz, and then
the amplified signals were recorded by an electromagnetic
oscillograph or averaged by a digital computer (ATAC-
450, Nihon Koden Kogyo Co., Ltd) after A/D con-
version.

Relation between integrated electromygraphic activity
of masseter muscle and biting force during rapid isometric
contraction
The amplified signals were rectified and integrated in a

Table 1 Suggested therapeutic exercise of the
stomatognathic system

Exercise I
Patients clench the jaws as hard as possible after muscle vibration
for 5 min and at 110 Hz, applied to the centre of both masseter
muscles while maintaining a medium level of jaw contraction.
To be repeated five times within 5 min after muscle vibration.

Exercise 2
With flexion and extension of the neck, patients open widely and
clench the jaw, respectively. The head is then rotated and the jaw
moved to the contralateral side. To be repeated five times.

Exercise 3
With flexion and extension of the neck, the tongue is depressed and
then elevated. The head is then rotated laterally and the tongue is
moved to the contralateral side. To be repeated five times.

conventional manner. Direct and integrated EMGs were

recorded by the electromagnetic oscillograph having a

paper speed of 10 cm/s. The biting force was obtained
from a strain-gauge force transducer (Kawazoe et al56)
and was recorded by the electromyographic oscillograph
simultaneously with EMG recording. A metronome was
used to control and to standardise the rate of isometric
contraction which was made against the force transducer
as hard and as quickly as possible at the rate of 1 clench
in 2 s.
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The slope of the curve relating integrated electromyo-
graphic activity to biting force during rapid isometric
contraction (the slope of the voltage/tension curve) is
influenced by the position of the transducer.5 When the
transducer is placed anteriorly on the occlusal plane, the
biting force is lower than when it is placed posteriorly
if the elevator muscles are excited equally. The slope is
also affected by the direction of the force transducer on
the occlusal surface of the teeth. Therefore, the bite
table was constructed for each patient on the preferred
chewing side so that the force transducer might be in the
same position and same direction in each recording. The
bite table could also standardise the horizontal position
of the jaw during clenching. Moreover, the biting force
was changed into moment which was obtained by multi-
plying the biting force by the distance between the trans-
ducer and the condylar fulcrum.
The portion in which the biting force increased linearly

and as quickly as possible was selected on the recording
paper as shown with solid lines (arrows) in fig 1. Then IO
values of the integrated electromyographic activities were
plotted against 10 values of the corresponding biting
moment (equally spaced in time) within the portion.
Since the curve thus obtained showed a linear relationship,
the regression equation

Fig I Relation between integrated EMG activity of
masseter-biting force during rapid isometric contractions.
The portion in which the biting force increased
approximately linearly and as quickly as possible was
selected for measurement (arrows).

y-a + bX, b = 2xy - nR)E2- nRa!

for each curve was calculated by the least square method
and slope (b) was examined in patients with muscular
dystrophy before, and 1, 2, 4, and 6 months after the
commencement of the therapeutic exercise of the
stomatognathic system.

In order to avoid muscle fatigue during measurement
three recordings were made for each measurement and
average of three slopes obtained from each recording
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showed the slope of each state in each patient. For details
concerning the techniques employed, the reader is
referred to our previous studies.5 6

Latency of the jaw-jerk reflex
The patients were instructed to open slightly their jaws
and the metal plate was placed on mandibular incisors,
which were pressed by the metal plate in the direction of
the long axis of the teeth. Then the jaw-jerk reflex was

elicited by tapping the metal plate with a hammer (fig 2).
The frequency of stimulation for tapping was once a

second and the taps were always given in groups of 32.
Sounds elicited by tapping the metal plate were detected
by a microphone attached to the zygoma. These sounds
triggered the computer and 32 responses after tapping
the metal plate were averaged. The latency was measured
as the time from detection of tapping sound to the onset
of the jaw-jerk reflex. These measurements were also
made before and during the therapeutic exercise in the
stomatognathic system.

Pr-an-piifier A/D Digital
converter computer.

Triger
Fig 2 Schematic drawing of experimental apparatus
for measurement of the latency of the jaw-jerk reflex.

Masticator)' performance
In order to evaluate the effectiveness of chewing food,
measurement of masticatory performance was carried
out in accordance with the method devised by Manly
and Bradley.7 A 15 g sample of peanuts was divided into
five 3 g portions. The patients were instructed to masticate
each portion for 20 masticatory strokes on the preferred
chewing side and to avoid swallowing any of the food.
The chewed food was spit out into a beaker and the
patients were also instructed to rinse their mouth and to
add the rinsings to the beaker. The contents of the beaker
were stirred gently and poured through 10 mesh screen.

Fine particles were washed through the sieve with a jet
of water from a wash bottle, and the filtered and passed
portions were transferred by washing with water to filter
papers in separate funnels. The filters were dried in an
oven at 100°C for 3 hours, transferred to a desiccator
for 2 hours, and weighed. Performance was calculated as

being the volume of particles passing the 10 mesh screen

divided by total volume of peanuts collected from the
mouth. These measurements were performed before and
during therapeutic exercise.

Therapeutic exercise of the stomatognathic system
The exercise programme used in this experiment is shown
in table 1. Various facilitation techniques have been used
during therapeutic exercise to improve voluntary move-
ment. In recent years, the tonic vibration reflex has been
so used. Watanabe8 has reported that patients with
paralysed limb muscles can learn a pattern of exercise
during post-vibratory potentiation, and suggested that
this can be used as a facilitation technique. It is known that
the post-vibratory potentiation is induced effectively by
vibration longer than 5 min, and at high frequency
(110 Hz) with the subject postured so that muscle tone
was increased.9 Moreover, this potentiation occurs even
in masseter muscle in patients with muscular dystrophy
and continues for 5 min after vibration.10 Accordingly,
we recommended muscle vibration at 110 Hz for 5 min
applied to the centre of both masseter muscles with the
patient clenching the jaw at medium level, and inter-
mittent clenching was performed during the post-
vibratory potentiation (Exercise 1).
The tonic neck reflex has also been used as a facilitation

technique. Funakoshi et all' has observed that voluntary
alteration of head posture alters contraction of the jaw
musculature; EMGs of the jaw muscles, especially the
digastric muscles, increased in response to neck flexion,
while during extension of the neck the temporal muscles
were most active. When the head was rotated to the left,
the left temporal, masseter, and digastric muscles were
activated much more than their contralateral counter-
parts; reciprocal responses were seen when the head was
rotated in the opposite direction. Therefore, in order to
facilitate mandibular movements during mastication,
tonic neck reflexes were used (Exercise 2).
Tongue movements are also reinforced by the position

of the head ;12 flexion and extension of the neck reinforces
depression and elevation of the tongue, respectively; rota-
tion of the head also reinforces lateral movements of the
tongue. On the basis of this finding, alteration of the head
posture was used to facilitate tongue movements (Exer-
cise 3). These exercises were supervised by a physio-
therapist for each patient once a day. As the patients
could exercise the jaw isometrically (intermittent clench-
ing) by themselves, they were instructed to carry out the
isometric exercise many times a day.

Results and Discussion

EFFECTS OF THERAPEUTIC EXERCISE ON
THE SLOPE OF THE VOLTAGE/TENSION
CURVE
Mean slope of the voltage/tension curves obtained
from seven patients was slightly decreased during
the exercise and reached constant level at 2 months
of the exercise (table 2, fig 3). Means of the slopes
before and after 6 months of exercise were 1-10
and 0 85, respectively, but there was no difference
between them (p < 01, t test).



Table 2 Effects of the therapeutic exercise in the stomatognathic system

Subjects Before I month 2 months 4 months 6 months

V/T La MP V/T La MP V/T La MP V/T La MP V/T La MP

A 1.91 6-3 12 2-34 6-0 19 1-67 5 9 10 1-33 5 6 13 1 20 6-5 16
B 1-58 6-6 15 1 05 5 8 22 0-65 6-0 18 0-72 5-7 27 0-86 5-2 30
C 1-25 6-8 21 1 03 62 23 1-64 5-9 20 1-25 5-7 25 1-39 5-3 25
D 0.99 6-3 25 0-89 6-0 39 0 75 6-1 29 0 95 6-9 35 1-05 6-2 35
E 0 94 6-5 23 0-62 6-0 29 0-36 5 9 31 0 50 5 4 35 0 47 5-5 39
F 0 75 6-1 35 0-85 7-5 45 0-88 6-5 40 0 50 5-5 49 0-67 5 7 47
G 0-28 6-8 44 0 35 5 7 53 0-24 5 4 51 0-26 6-4 53 0 30 6-1 59

Mean 1 10 6 5 25 1 02 6-2 33 0-88 6-0 28 0 79 5-9 34 0-85 5 8 36
SD 0 54 0 3 11 0-63 0-6 13 0(57 0 3 14 0 40 0-6 14 0-39 0 5 14
p NS NS <0 01 NS NS NS NS < 0-05 < 0 01 NS < 0-05 < 0 01

V/T-slope of the voltage/tension curve; La-latency of the jaw-jerk reflex in m; MP-masticatory performance in percentage.
NS-not significant.

13-1 ference between the slopes of voltage/tension curves
before and after exercise.

I

01

0
0

0

EFFECT OF THERAPEUTIC EXERCISE ON THE

LATENCY OF THE JAW-JERK REFLEX

Table 2 and fig 4 show the result obtained from the
measurements before and during the therapeutic
exercise. Mean latency of the jaw-jerk reflex ob-
tained from seven patients was also decreased during
the exercise and reached a constant level at 2 months
of the exercise. However, there was no difference

b 1 2 3
Month

4
7*01

Fig 3 Effect of exercise on the slope of the voltagel
tension curve. Ordinate: the slope of the voltage/tension
curve in sVs/Nm. Abscissa: duration of therapeutic
exercise in months. b: before exercise.

The slope of the curve relating integrated electro-
myographic activity to biting force may be regarded
as a measure of the efficiency of the individual
fibres composing a muscle.5 The more ineffective
the muscle fibres as contractile units, the more

fibres will be required to exert tension and the
steeper will be the voltage/tension curve.

It is known that the blood flow in muscle is
improved'3 14 and mitochondrial respiratory enzyme
activity in the skeletal muscle is increased'5 by
muscle training, so that the efficiency of energy
utilisation is enhanced by the training.16 Conse-
quently, it was predicted that the slope of the
voltage/tension curve, which indicates the efficiency
of the muscle fibres, would be decreased by exercise
in this experiment but it did not. However, necrosis
and myophagia of muscle fibres, and infiltration by
fatty tissue into the stroma of the skeletal muscle
in the Duchenne type of muscular dystrophy have
been observed.17 It is presumably owing to this
change in the muscle fibres that there was no dif-

ms 60-

a

b 1 2 3 4 5 6

Month

Fig 4 Effect of exercise on the latency of the jaw-jerk
reflex. Ordinate: the latency of the jaw-jerk reflex in ms.
Abscissa: duration of therapeutic exercise in months.
b: before exercise.

between mean values before and 6 months of the
exercise (p < 0-1, t test).

Eccles and McIntyre'8 have investigated the effect
of inactivity of monosynaptic spinal reflex arcs

in the cat. They recorded the reflex responses evoked
in different hindlimb muscle nerves by stimulation
of dorsal roots severed several weeks previously,
using responses of the normal reflex arcs of the
opposite side as controls. The latent period of the

Slope 1 0-
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monosynaptic reflex was considerably longer (0-6 ms)
on the operated side. On the other hand, Eccles and
Westerman19 reported that excess activity led to
enhancement of synaptic efficacy. Kozac and Wester-
man20 also reported that increased synaptic use
led to shortening of the latent period, and to an
increase in the amplitude of the monosynaptic
reflex.
On the basis of these findings, the longer reflex

latency in muscular dystrophy may result in part
from disuse of the reflex arc caused by muscular
weakness. The latency of the jaw-jerk was decreased
by exercise (fig 4).

EFFECT OF THERAPEUTIC EXERCISE ON
MASTICATORY PERFORMANCE
Masticatory performance was increased during the
period of therapeutic exercise (table 2, fig 5), and the
significant changes were observed at 1, 4, and 6
months of the exercise (table 2). Consequently,
subjective improvements in masticatory function
were occurred in six out of seven. Most of patients
reported that it was easier to masticate and two
patier,ts reported that it was easier to chew meat.
From these findings, therapeutic exercise of the

stomatognathic system is effective in improving
masticatory function in patients with progressive
muscular dystrophy.

40-

*I.30 -

b 1 2 3 4 5 6
Month

Fig 5 Effect of exercise on masticatory performance.
Ordinate: masticatory performance (measure as described
in Methods). Abscissa: duration of therapeutic exercise
in months. b: before exercise.
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