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The Triphasic Electromyographic Patterns Occurring in Forearm Muscles
during Rapid Voluntary Wrist Flexion

— Comparison between Elderly and Young Healthy Subjects —

Yuji SAWADA
Department of Occupational Therapy, School of
Allied Health Professions, Sapporo Medical College
(Chief : Prof. T. SATO)

ABSTRACT In order to investigate the influence of aging on the function of the central nervous
system for movement control, the triphasic electromyographic (EMG) patterns associated with visu-
ally guided step-tracking tasks were examined in elderly and young healthy subjects. Subjects were
seated in an armchair opposite an oscilloscope on which a target line and a wrist angle line were
displayed. They were asked to flex the wrist and match the wrist angle to the target at three
different amplitudes of movements (10, 20 and 30 degrees) as fast as possible. The wrist positions
were recorded with an electric goniometer attached to the wrist joint, and EMG activities were
recorded with bipolor electrodes from the flexor carpi radialis and the extensor carpi radialis longus.
The data obtained were analyzed using a signal processor after each experiment.

The changes of triphasic EMG patterns associated with varying kinematic parameters of wrist
movements are summarized as follows.

1. The movement trajectories of young subjects at each amplitude (10, 20 and 30 degrees) were
relatively stable and reproducible, but the movement trajectories of elderly subjects fluctuated. The
duration and the peak velocity of movement increased with movement amplitude. There were
significant differences in the duration and the velocity of movements between young and elderly sub-
jects.

2. As the movement amplitude was increased in young subjects, the duration of agonist EMG
burst (Agl, S-P and Ag2) from flexor muscles and the duration and delay of antagonist EMG burst
(Ant) from extensor muscles did not change.

3. As the movement amplitude was increased in elderly subjects, the duration of Agl and delay
of Ant tended to increase and the duration of the S-P tended to decrease. The following changes in
elderly subjects occurred in comparison with young subjects: a) the duration of Agl increased at 30
degree amplitude ; b) the duration of Ant increased; ¢) the duration of Ag2 increased at 20 and 30
degrees; d) the duration of S-P tend to decrease at 30 degrees; and e) the delay of Ant decreased.
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4, The amplitude of Agl increased and was correlated with the amplitude of movements in
young and elderly subjects, but the amplitude of Ant did not increase.

The elderly subjects showed some impaired movements and changes in the triphasic EMG pat-
terns. These results indicate that aging may exert some influence on the function of the central

nervous system for control of voluntary movements.
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Experimental setup. During the experiment,
subjects were seated in an armchair opposite
an oscilloscope on which a target line and a
wrist angle line were displayed. The EMGs
of the forearm muscles were recorded by
means of surface electrodes. Wrist joint
angle was measured by a potentiometer con-
nected to a bridge circuit.
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Fig. 2 A typical example of triphasic EMG pattern
occurring during rapid step-tracking wrist
flexion. In the wrist, upward deflexion indi-
cates flexion. Middle and lower records rep-
resent the rectified and integrated EMGs.
Arrows represent the onset and termination
of Agl, S-P, Ag?2 and Ant.
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Fig. 3 Varying amplitudes of wrist movements and
the EMG bursts recorded from wrist flexors
and extensors in young and elderly subjects.
Left and right columns show 5 times super-
imposed records of young and elderly sub-
jects, respectively. Aigz0,50, Bio,20,30 : the
different movement amplitudes.
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Fig. 4 Kinematics of wrist movements in young and
elderly subjects. A shows the trajectory of
the wrist movement and velocity. B shows
the relationship between duration and ampli-
tude of movements. There is a significant
difference between young and elderly subjects
(P<0.05) at each amplitude. C shows the
relation between peak velocity and amplitude
of movements. The peak velocity is a func-
tion of the movement amplitude. There is a
significant difference between young and
elderly subjects (P<0.05) at each amplitude.
The movements started from a 30 degree
dorsiflexed wrist position and amplitudes of
movements were of 10, 20 and 30 degrees.
Open bars: young subjects (n=12), closed
bars: elderly subjects (n=12). Vertical lines
indicate standard deviation (1SD). *: P<
0.05.
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Fig. 5 Effect of increasing amplitude of movement
on duration of Agonist EMG burst (Agl)
from wrist flexors. The duration of Agl in
both young and elderly did not change with
increasing amplitude of movements, but there
is a significant difference between young and
elderly subjects (P<0.05) at an amplitude of
30 degrees. Open bars: young subjects (n=
12), closed bars: elderly subjects (n=12).
Vertical lines indicate 1 SD. *: P<{.05.
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Fig. 6 Effect of increasing amplitude of movement
on duration of EMG burst from extensors
(Ant). The duration of Ant in both young
and elderly subjects did not change with
increasing amplitude of movements. There is
a significant difference between young and
elderly subjects at amplitudes of 10 (P<0.01),
20 (P<0.05) and 30 (P<0.01) degrees.
Open bars: young subjects (n=12), closed
bars : elderly subjects (n=12). Vertical lines
indicate 1SD. **: P<0.01 and *: P<0.05.
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Effect of increasing amplitude of movement on amplitude of EMG burst from wrist flexors (Agl) and
A, B: a young subiect, C, D: an elderly subject.

Agls plotted in A and C were posi-
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Fig. 8 Effect of increasing amplitude of movement
on delay of onset of Ant from the onset of
Agl. A shows a schematic drawing of EMG
burst. B shows the delay of Ant. The delay
of Ant in both young and elderly subjects did
not change with increasing amplitude of
movements. There is a significant difference
between young and elderly subjects at ampli-
tudes of 10 (P<0.01), 20 (P<%.05) and 30
(P<0.05) degrees. Open bars: young sub-
jects (n=12), closed bars: elderly subjects
(n=12). Vertical lines indicate 1SD. **:
P<0.01 and *: P<0.05.
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Fig. 9 Effect of increasing amplitude of movement
on duration of agonist EMG burst (S-P and
Ag2) from wrist flexors. A shows the dura-
tion of S-P. The duration of S-P did not
change with increasing amplitude of move-
ments, but at amplitude of 30 degrees the
duration of S-P in elderly subjects is slightly
shorter than that in young subjects. B shows
the duration of Ag2. The duration of Ag2
did not change, either, but at amplitudes of
20 and 30 degrees there are significant
differences between young and elderly sub-
jects (P<0.05). Open bars: young subjects
(n=11), closed bars: elderly subjects (n=8).
Vertical lines indicate 1SD. *: P<0.05.
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