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Functional Anatomical Studies of the Elbow Movements
I. Electromyographic (EMG) Analysis
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Summary: Activities of the elbow flexors and extensors during the movement of the elbow flexion and extension were
analyzed in six normal human volunteers by electromyography (EMG). In the flexors, the majority of the muscles showed
EMG activities during both the flexion and extension phases, although patterns and amplitudes of EMG activities varied
from individual to individual. The biceps brachii always became less active when the forearm was in pronation. In the
extensors, increase of EMG activities was observed at the period of the maximum elbow extension in the majority of cases,
while no EMG activity was shown throughout the movement in some cases. During the elbow movement except at the maxi-
mum extension, the triceps brachii was almost inactive and some of their three heads, in particular the long head, often
showed no EMG activity. In contrast, the anconeus was usually active, sometimes showing strong EMG activity.

Recently, the functional electrical stimulation
(FES) has been investigated to restore the motor
function of the paralyzed extremities caused by injury
and disease of the upper motor neurons, i.e. spinal
cord injuries or cerebro-vascular disorders”!”." We
have developed a computer controlled multi-channel
FES system®1129 and a percutaneous intramuscular
electrode!” to obtain selective activation of indi-
vidual paralyzed muscles. To control the movements
of the paralyzed hand with these apparatuses, we
used the neuromuscular stimulating patterns which
were created on the basis of electromyographic
(EMG) analyses of the hand tasks in normal human
subjects, such as holding a glass and pinching a key.
We have found that these stimulating patterns pro-
vided smooth and reproducible controlled move-
ments in the paralyzed hand®?'%1%).

On the other hand, EMG analyses of the muscles
crossing the elbow joint have been studied by many
investigators]‘2’4'14“]("18’21_23). In the elbow flexors,
Sullivan et al.** have reported that EMGs of the
biceps brachii recorded from different individuals
varied in the amplitude and pattern during the same
movement. Basmajian and Latif" have also reported
that the wide range in the degree of EMG activities

were observed in the biceps brachii, brachialis and
brachioradialis during various elbow movements
among twenty volunteers. Among the extensors, it
is accepted that the anconeus is always active during
various movements of the elbow?*14-16.18.21.23)
However, it has been reported that some of the
three heads of the triceps brachii showed no EMG
activity even when the elbow joint is extended'4~16-2

These findings seem to suggest that each human
subject has an individual use of the muscles for the
elbow movements. In this study, therefore, indi-
vidual differences of EMG activities of the elbow
flexors and extensors were analyzed during flexion
and extension of the elbow to obtain reasonable
neuromuscular stimulating patterns of the elbow
movements for FES.

Materials and Methods

EMG signals from the elbow flexors and extensors
of the right upper extremity were recorded in six
volunteers (5 male, 1 female, 20 to 31 years of age).
Bipolar intramuscular electrodes made of teflon-
coated stainless steel wires (type 316, 0.03 inches in
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Table 1.

A. Naito, Y. Shimizu, Y. Handa, M. Ichie and N. Hoshimiya

Muscles examined and their abbreviations.

Elbow flexors

Elbow extensors

Short head of the biceps brachii: BiS
Long head of the biceps brachii: BiL
Brachialis : Br

Brachioradialis

Long head of the triceps brachii : TrL
Lateral head of the triceps brachii: TrLt
Medial head of the triceps brachii: TrMd
Anconeus : Anc

diameter) were implanted with 25 gauge injection-
needles into the muscles percutaneously for detecting
EMG signals. Muscles examined and their abbrevi-
ations are shown in Table 1. Low noise amplifiers
with high input impedance made by the authors
were used. The EMG signals were fed into a data
recorder (Shinkoh RCD-928) and a pen recorder
(NEC San-ei RECTI-HORIZ-8K), and then recti-
fied and averaged for analysis®*''9).

Movements tested were a to-and-fro motion from
the maximum extension to the maximum flexion of
the elbow joint with the forearm supine, midprone
and prone. During experiments, the volunteer was
sitting on a chair. The shoulder joint was flexed to
about 45 degrees. The wrist was kept in about 45
degrees dorsiflexion, which was the functional posi-
tion of the wrist joint*. In order to obtain sufficient
EMG signals'**), a load (cylindrical object weighing
1.2kg) was grasped in the hand. The time course of
the angle changes in the elbow joint was measured
simultaneously with an electrogoniometer made of
a potentiometer (Fig. 1).

Results

Figs. 2 and 3 show averaged EMGs observed
during flexion and extension of the elbow with the
forearm supine (a), midprone (b) and prone (c) in
two different volunteers.

Elbow flexors

Compared with Figs. 2 and 3, EMG activities
recorded from the muscles of the same name vary in
the pattern and amplitude. For example, remarkable
decrease of the activity of BiS is observed from the
late phase of flexion to the early phase of extension
in Fig. 2—a,b,c. On the contrary, increase of BiS ac-
tivity is observed at the similar period in Fig. 3—a,b,c.
In Fig. 2—b, Br activity is increased markedly when
the elbow joint is extended. In contrast, the maxi-
mum amplitude of Br activity in Fig. 3—a,b,c is ob-
served at the maximum flexion of the elbow. These
variations were usually observed among individuals.

Table 2 shows whether the muscle is “active” or
“inactive” during the movement, which is divided
into the flexion phase and the extension phase, in all

Fig. 1. Experimental situation of EMG recording during move-

ments of the elbow flexion and extension with the forearm
midprone. He holds a cylindrical object (C) in the hand.
An electrogoniometer (E) made of a potentiometer is put
on his arm for measuring the angle changes in the elbow
joint.

subjects. “Inactive” indicates that the muscle shows
completely no EMG activity throughout the phase.
For example, BiS in Fig. 2-c is not “inactive” but
“active” during the extension phase, because slight
EMG activity is seen at the middle phase of exten-
sion. While above-mentioned variations in the am-
plitude and pattern are present, this table indicates
that the majority of the flexors are “active” during
not only flexion but also extension of the elbow joint.

In Figs. 2 and 3, decrease of the amplitude of
EMG activities in BiS and BiL is observed when the
movement is performed with the forearm prone.
This decrease was commonly observed in all subjects.
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c¢. Forearm prone.
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Table 2. EMG activities of the elbow flexors during the movement of the elbow
flexion and extension.

Name S.M. Y.L S.N. J.S. Y.T. T.H.

Phase F E F E F E F E F E F E

BiS S + + + 4+ + 4+ o+ o+ 4+ o+ o+ 4+
M + + 4+ + + 4+ 4+ + + + + 4+
P + + 4+ + + + + - + + + +

BiL S + + + + + + + + + + + +
M + + 4+ + + + + + 4+ + + 4+
P + + + + 4+ + + + + + o+ o+

Br S + 4+ + 4+ + - 4+ + + 4+ o+ o+
M + + + + + - 4+ + + + + +
P + + + 4+ + + + + + + + 4+

BrR S 4+ 4+ 4+ + + - 4+ + + + 4+ o+
M + + + + + + 4+ + + + 4+ +
P + + + 4+ + 4+ 4+ + 4+ o+ o+ o+

+: active —: inactive*

F: flexion phase E: extension phase

S: supine  M: midprone P: prone

*

Elbow extensors

Increase of EMG activity of the extensors was
‘usually observed at the maximum extension of the
elbow regardless of the position of the forearm. For
example, the maximum amplitude of EMG activity
was seen at the period of the maximum extension as in
TrL in Fig. 2-a, b, c, in TrLt in Figs. 2-a, b, ¢ and
3-c, in TrMd in Figs, 2-a, b, c and 3-b, and in Anc in
Figs. 2-b, ¢ and 3-b, respectively. During the move-
ment except at the period of the maximum extension,
some of the extensors showed a slight EMG activity
as in TrL in Fig. 3-a, ¢, TrLt in Figs. 2-a, b, ¢ and
3-c, TrMd in Figs. 2-c and 3-a, c and Anc in Figs.
2-a, b and 3-b, and showed no EMG activity as in
TrL in Fig. 2-a, b, ¢ and TrMd in Figs. 2-a, b and
3-b. However, some of the extensors did not show
any EMG activity throughout the movement as
in TrL in Fig. 3-b, TrLt in Fig. 3-a, b and Anc in
Fig. 3-a, c. The anconeus sometimes showed strong
EMG activity throughout the movement as shown
in Fig. 2-c.

“Inactive” means the muscle shows no EMG activity.

Table 3 shows whether the muscle is “active”
or “inactive” during the movement except at the
maximum extension. In this table, the ratio of the
number of “active” to all examined cases is 22, 67, 39
and 89% in the long, lateral and medial heads of the
triceps brachii, and the anconeus, respectively.

Discussion

In the present study, the majority of the flexors
showed EMG activity during both the flexion and
extension phase of the elbow. In contrast, the triceps
brachii, considered as the chief extensor, was almost
inactive except at the period of the maximum exten-
sion. The influence of gravity may be one reason for
obtaining these results®. During the movement,
weight of the forearm and a load acted to extend the
elbow. Thus, it has been thought that the flexors
are always active to compensate this weight and the
extensors are released from their role of extension.

Table 3. EMG activities of the elbow extensors during the movement except at the period of the
maximum elbow extension.

Name S.M. Y.1 S.N. J.S. Y.T. T.H.

No. of +
Position S P SMP SMP SMP SMP SMP (%)
TrL - - = + - + - = - - - - -+ + - - - 4 (22%)
TrLt F++ - -4+ +++ -+ - ==+ 4+ 12(6T%)
TrMd - -+ + - + - - + + + + - - - - = - 7 (39%)
Anc + + + -+ - + o+ + + + + + + + + + + 16 (89%)
+: active — inactive*
S: supine M: midprone P: prone

*  “Inactive” means the musclc shows no EMG activity.



The reason why the amplitude of EMG activities of
the extensors is increased at the maximum extension
is considered that these muscles may act not as the
elbow extensors but as the joint stabilizers?>:21:22),

It is well known that the biceps brachii dose not
act on the prone forearm!-3#52D_ In this study, the
biceps brachii became less active when the forearm
was in the prone position. In this regard, Basmajian
and Latif" have described that some afferent im-
pulses from the forearm pronators may inhibit the
activity of the biceps brachii which acts not only as
the elbow flexor but also as the forearm supinator.

From EMG studies of the anconeus and the three
heads of the triceps brachii, Travill*® reported that
these muscles contracted independently during the
elbow extension. He described that the anconeus
and the medial head were always active, and the
lateral head and, to a lesser extent, the long head
acted as reinforcing auxiliaries. Recently, Le Bozek
et al.'*~'9 and Maton et al.'® have reported that the
different extensor muscles do not come into play
simultaneously and the chronology of the muscular
activities of the extensors depends on the velocity
and the inertia involved in the movement. They
have described that threshold of muscular activity
of the anconeus was lower than that of the triceps
brachii, and that of the lateral head was lower than
that of the medial and long head. Considering in
connection with our findings (Table 3), it seems
likely that the anconeus is the most active and the
long head is the most inactive among the extensors.

In the present study, EMG activities recorded
from the flexors in different individuals varied in the
pattern and amplitude. These findings agree with
those of Sullivan et al.?® and also Basmajian and
Latif”. In addition, individual variations were ob-
served in EMG activities of the extensors. These
results seem to support the concept that each
human subject has an individual use of the muscles
for the elbow movement. Further studies are needed
to obtain reasonable neuromuscular stimulating
patterns of the elbow movements for FES.
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