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Abstract

The objective of the present study was to investigate the strength of the three heads of tri-
ceps brachii muscle during handgrip force exercise with full elbow extension through sur-
face electromyography. The myoelectric signals were recorded from the lateral, long and
medial heads of triceps brachii muscle of 11 healthy men during maximal isometric contrac-
tions for 10-s of concurrent handgrip force and elbow extension. The subjects were asked to
perform their contraction task five times with 3-min interval between the two successive
contractions. Among the three heads of triceps brachii muscle, the higher normalize root
mean square amplitude were found at the first 5-s duration (FD) compare to the last 5-s du-
ration (LD). The normalized root mean square amplitude changes were obtained between
FD and LD in lateral head (7.995%), long heads (5.435%), and medial head (1.144%). The
electromyographic activities between the period of FD and LD were not statistically signifi-
cant within the head for lateral (p = 0.178), long (p = 0.491), and medial (p = 0.448). These
findings supported that the triceps brachii muscle strength is decreased by the increasing of
contraction duration of the muscle fiber, where the muscle strength of the medial head

might be more stable and followed the long and lateral head.
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Introduction

Muscle activity is one of the major factors associated with
human body movements during sports, exercise, and sur-
vival in different daily life tasks. In general, surface elec-
tromyography (SEMG) is used to measure the activity of
superficial muscles and is an essential tool in biomechan-
ical and biomedical assessments [1]. In addition, myoe-
lectric (EMG) signals are generated in human skeletal
muscle during contraction of the muscle fibre, which is
always random [2, 3]. These EMG signals provide evi-
dence of the anatomy and functional activity of a muscle
[4, 5].

The functional activities of muscles are generally ana-
lysed to increasing its ability in the performance of vari-
ous human activities. However, the grip force exercise is
a type of activity in which the subject grasps a handgrip
dynamometer with the maximum force possible for an
instant. During the grip force exercise, the EMG signals
are generated from the following group muscles of the
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upper limb: arm [6], forearm [7], and hand [8]. The tri-
ceps brachii (TB) is one of the main arm muscles. Only a
few studies have assessed the activity of arm muscles,
particularly the TB, using an electromyography sensor
during the grip force exercise. For example, the authors
[6] measured the TB activity during a hand grip exercise
that was performed in the seated position with the elbow
supported at a 90° angle. These researchers analysed the
EMG activity on the TB based on three temperature con-
ditions (thermoneutral air, cold air, and cold air with a
cold drink); however, they only measured one anatomical
location of the TB without mentioning the exact anatomi-
cal location on the muscle. More recently, another study
[9] measured only the lateral head of the TB during the
hand grip exercise, which was performed with an elbow
angle of 120°.

From the biomedical and biomechanical perspective, un-
derstanding the function of the TB is essential because the
electromyography signal is generated as a result of elec-
trode placement and voluntary contraction. The TB has
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three proximal attachments: the long head, which origi-
nates from the infraglenoid tubercle, the lateral head,
which originates from the humerus superior to the radial
groove and the lateral intermuscular septum, and the me-
dial head, which extends from the humerus inferior to the
radial groove and the medial intermuscular septum [10].
However, the medial head is mostly covered by the lateral
and long heads and is only visible closer to the elbow
joint. Furthermore, the author [11] demonstrated that the
TB is the long muscle on the posterior humerus, consists
of a three-headed and fusiform arrangement, and operates
as a third-class lever because the force is applied between
the joint axis and the load. However, the various SEMG
findings associated with the TB and the processing meth-
ods used to analyse the TB have revealed a large number
of muscular activities, for example muscle fatigue [12-
15], force [16, 17], and motor unit action potential [18,
19]. These activities of the TB are generally investigated
because of their importance physiological exercise [20-
22], rehabilitation [23-25], sports science [26-28], and
signal processing for prosthesis control applications [29-
31].

A number of studies have reported that the results from
SEMG signals vary and are influenced by the placement
of the electrode(s) on the TB during different contrac-
tions. For example, the authors [32] noted the effect of the
anatomical location “over the muscle belly in line with
the muscle fibres on the TB” during the voluntary con-
traction generated during an arm swing movement. Other
study [33] examined another anatomical location used for
electrode placement, namely “the muscle belly in line
with the muscle fibre direction and between the innerva-
tions zone and the terminal tendon”, during a maximal
voluntary isometric contraction.

Moreover, the authors [34] placed the electrode “over the
muscle belly along the long axis” during recumbent step-
ping with active, passive, and resting arm efforts. In addi-
tion, surface electromyography for the non-invasive as-
sessment of muscles (SENIAM) is part of a larger project
that analyses the effects of SEMG sensors and sensor
placement locations in the human skeleton and body mus-
cles, including the anatomical location of the TB, and
recommends that the electrodes be placed on the lateral
and long heads [35].

However, the various anatomical locations on the TB that
have been previously used for electrode placement and
identified the three most effective anatomical locations,
namely the three heads of the TB. According to cadaveric
studies, the three heads of the TB do not work as a single
unit throughout an extension movement [36]. Thus, the
purpose of the present study was to examine the muscle
strength of the heads of TB during grip force exercise
performed with a maximum elbow extension concurrent-
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ly. We choose our present investigation because static
contractions at very low force levels have been shown to
cause spectral compression in the EMG signals from the
TB [37].

Materials and Methods

Subjects

Eleven healthy male university students between the ages
of 22 and 34 years participated in this study. The mean
and standard deviations of the characteristics of the partic-
ipants were the following: age = 24.3 + 4.1 years; height
= 171.1 £ 5.6 cm; weight = 71.1 + 6.2 kg. Participants
with a history of shoulder, elbow, or wrist injury were
excluded from the study. All of the participants read and
signed an informed consent form before their participa-
tion in this study, and the protocol used in this study was
approved by the institution’s Research Ethics Board.

Experimental protocol

To optimise the participants, university students particu-
larly cricketers, were recruited for the EMG signal record-
ings due to their athletic abilities and low subcutaneous
fat. The EMG signals on the lateral, long, and medial
heads of the TB of the dominant arm of each of the partic-
ipants were recorded. During the EMG signal recording,
the subjects were asked to fully extend their elbow and
concurrently apply a maximum grip force using a hand-
grip dynamometer. Additionally, the subjects were asked
to maintain their arm at the way of the shoulder abduction
with scapula fixed during their task performance. We
chose this arm position because it is the neutral position
of the upper limb with full extension of the forearm be-
tween abduction and adduction. To reduce the influence
of any other parts of the body to the TB contractions, sub-
jects were asked to maintain their exercise without trunk
movement. All of the measurements were performed as
the subjects sat erect in a rigid chair furnished with an
approximately vertical backrest.

Data collection hardware characteristics

Single differential SEMG sensors (DE-02, Delsys Inc.,
Bangnoli-4, Boston, MA, USA) were used for the EMG
recording. Briefly, parallel bar silver electrodes (length =
10 mm, diameter = 1 mm) with a fixed interelectrode dis-
tance of 10 mm were placed on the three heads of the TB.
The myoelectric activities on the three heads of the TB
were collected using customised software (Delsys EMG-
Works, Boston, MA, USA). The myoelectric signals were
recorded at a sampling rate of 2 kHz during a 10-s period
before A-D conversion and stored on a compatible com-
puter. The raw EMG was band-pass filtered (4th order
Butterworth) between 10-500 Hz (CMRR > 92 db, input
noise < 1.21 V, impedance of 1012 Q in parallel with 5
pF), and the gain was fixed for all of the channels at 1000.
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Figure 1. Electrode placement and contraction protocol for the recording of EMG signals
(A=lateral head, B=medial head, C=long head,
D= olecranon of the elbow, E= handgrip dynamometer).

Electrode placement and muscle contraction testing
procedure

To record the EMG signals from the three heads of the
TB using three channels of single differential SEMG sen-
sors, the electrodes were placed over the muscles parallel
to the fibre orientation in the muscle belly of the lateral,
long, and medial heads. The electrodes were placed on the
muscles using a two-slot adhesive skin interface (Delsys
Inc.) to firmly stick the sensors to the skin. Before the
electrodes were placed on the three heads of the TB, the
appropriate skin areas were shaved, cleaned with alcohol,
and abraded with emery paper. The reference electrode (2
cm x 2 cm) was attached to the lateral epicondyle of the
humerus (approximately +1 inch from the olecranon of
the elbow) of the arm used for the EMG signal recording.
The placements of the electrodes are shown in Figure 1.

Once the electrodes were placed, the EMG values were
obtained as the subjects performed the maximum grip
force exercise with a full extension of the forearm using a
handgrip dynamometer. The participants performed 10-s
isometric contractions against the manual resistance pro-
vided by a researcher. The participants were asked to per-
form the muscle contraction test at least five times with
maximal effort. The participants were allowed a 3-min
rest period between the tests to minimise the potential
effects of fatigue.
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EMG analysis

The EMG amplitudes (in V) of the three heads of the
TB were recorded from each of the subjects as they
performed the repeated tasks according to the instruc-
tions of the researchers. The myoelectric data from
each contraction task performed by the participants was
processed in an identical manner. The myoelectric sig-
nals were first filtered using the EMG analysis soft-
ware (Delsys EMG-Works, Boston, MA, USA), and the
EMG signals were then processed using the root mean
square algorithm with a time constant of 5-s.

Statistical analysis

To obtain biologically meaningful data for the analysis
of EMG activities in FD and LD, descriptive statistics
were used. The mean, peak amplitude and root mean
square (RMS) values (in pV) of FD and LD were cal-
culated for each of the individual heads of the TB from
each of the individual subject. The significance of the
changes in the activity between the heads of the TB
were tested by paired t-tests (two-tailed) at the p < 0.05
significance level. All of the statistical calculations
were executed using the SPSS 10.0 for Windows
(SPSS Inc., Chicago, IL, USA) statistical package.
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Results

The sEMG signals on the lateral, long, and medial heads
of TB of eleven individual subjects were recorded for the
analysis of muscle strength. All subjects are asked 5 times
to perform their contraction task of the TB. RMS ampli-
tudes in FD and LD for the three heads of TB were calcu-
lated based on the peak amplitude of each contraction of
the each subject. The normalized RMS amplitudes on the
lateral, long, and medial heads of TB in FD and LD are
shown in Figure 2.
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Among the three heads of triceps brachii muscle, the
higher normalized RMS amplitudes were found at FD
compare to LD. The normalize RMS amplitude changes
were found between FD and LD in lateral head (7.995%),
long heads (5.435%), and medial head (1.144%). Within
the head of TB, the electromyographic activities between
the duration of FD and LD were not statistically signifi-
cant for lateral (p = 0.178), long (p = 0.491), and medial
(p =0.448).
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Figure 2. The normalized root mean square (RMS) amplitude on the three heads of
Triceps Brachii (TB)in first 5-s duration (FD) and last 5-s duration (LD).

Discussion

In our present study, we evaluated changes the EMG-
derived signal amplitude on the three heads of TB during
handgrip force exercise. Changes in RMS amplitude pa-
rameter by the isometric contractions indicated that the
muscle strength was decreased by the increasing of con-
traction duration of the muscle fiber, where the muscle
strength of the medial head was more stable in longer du-
ration of isometric contraction, and followed the long and
lateral heads of TB.

According to previous studies [38-40], the generation of
handgrip force requires the combined activities of extrin-
sic forearm muscles and intrinsic hand muscles. Later,
Meigal et al. [6] examined the EMG activity from proxi-
mal, middle and distal arm muscles during handgrip force
exercise, and resulted increased the EMG activity in all
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the arm muscles. The arm muscle consists of a group of
muscles, where TB is the largest muscle and generally
acknowledged as an extensor of the forearm across the
elbow joint [41]. Thus, the protocol of the present study is
reliable to expect the EMG signals from the three heads of
TB. Because there are some precise roles of TB muscle
those are as follows; it is an antagonist muscle and is pos-
terior to the arm skeleton. Also, the long head of the TB
muscle is isolated from the surrounding tissue at its inser-
tion.

In general, the RMS amplitude or median power frequen-
cy used to compare the muscle activity of between mus-
cles, between subjects, or between different locations
within the muscle. According to the aim of the present
study, we analysed the RMS amplitude to compare the
activity of different locations within a muscle. The RMS
amplitude were obtained from the EMG signals through
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contractions of the lateral, long and middle heads of the
TB of each subject. The normalized RMS values were
overall decreased in LF compare to FD for all the three
heads of TB (Figure 2). Previous study [9] compared the
EMG activity on the lateral head of TB by 4-s duration
and found that the EMG activity was decreased in second
4-s duration than first 4-s duration which is supported our
present study. But the authors of this study examined only
the lateral head of TB, whereas our study examined all the
three heads of TB because the three heads of the TB do
not work as a single unit throughout an extension move-
ment [36].

In the present study, the greater changes of normalized
RMS values between FD and LD were obtained at lateral
head and followed the long and medial heads of TB (Fig-
ure 2). The RMS decreased associated with the increment
duration of muscle fiber contraction was observed at the
three heads of TB. Even though the normalized RMS val-
ues were decreased in the medial head, it could be consid-
er as stable because the normalized RMS values almost
same for the both FD and LD (Figure 2). However, it is
not so easy to explain muscle action during isometric con-
traction through hand grip force exercise. According to
previous studies [6-8], the generation of hand grip force
requires the combined activities of hand muscle, forearm
muscle and arm muscle. The decreases in muscle activity
during contraction through hand grip force exercise led to
the decrements in hand grip force [9]. This hand grip
force decreases due to decrement of the muscle strength.
It is therefore suggested that the decreases in lateral and
long, and medial heads of TB activity during the present
isometric contraction tests led to the decrements of mus-
cle strength. Additionally, it could be concluded that the
muscle strength is high in longer duration for medial head
compared to other two heads of TB. On the other hand,
the greater EMG activity change (decrease) was observed
in the lateral head compared to other heads of TB. It
might be happened due to reduce the muscle strength at
early stage in the lateral head compare to the other heads
of TB.

Conclusion

This study evaluated the muscle strength of the three
heads of TB during handgrip force exercise with the full
extension of the forearm, in which was being expected
maximum elbow extension occurs and reliable amount of
isometric contraction of TB. Based on the study findings,
it is concluded that the triceps brachii muscle strength is
decreased by the increasing of contraction duration of the
muscle fiber; but the muscle strength of the medial head
is more stable, and muscle strength of the lateral head is
less stable and followed the long heads. These outcomes
are assumed to need more research for better understand-
ing the mechanisms behind these compensatory strategies.
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