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ABSTRACT

The application of the research findings in various fields of sports sciences had paved the way
to the designing of training programs for the athletes and had given heartening results by
improving the performances in almost all sports events. Still certain important areas, like
analysis of the muscle involvement patterns in various sports skills have not been paid due
attention. Due to the complexity of the skills involved in gymnastics, it is very difficult to
analyze the muscle recruitment patterns and to know about which muscle was acting at a
particular instant and also to what extent. The present endeavor had been undertaken with the
aim to analyze the upper extremity muscles interactions during Forward Walkover activity on
balancing beam using electromyographic (EMG) techniques and kinesiological concepts.
EMG has a unique contribution in revealing what a muscle actually does at any given moment
even during complex and fast occurring movements. Electromyographic (EMG) activities of
eight superficial muscles from the upper extremity had been analyzed using a multichannel
recorder (Sensormedics, R612, Netherlands). The signal conditioning was made through a
coupler (Direct/Average EMG type 9852A), preamplifier (type 820), and amplifier (type 412).
The muscles Triceps brachii lateral, Deltoid anterior and Deltoid middle were observed to be
the main contributory muscles during the Forward Walkover activity on balancing beam. The
moderate level of activation was exhibited by Deltoid posterior and Triceps brachii long
muscle. However, the activation level of Brachioradialis, Flexor carpi radialis and Biceps
brachii were observed to be comparatively lower. The sequential recruitment patterns of the
muscles were also discussed. The findings likely to find utility for the sports scientists and
coaches in the scientific orientation of the training schedules for the gymnasts.

Keywords: Gymnastics, Muscle Recruitment, Electromyography, Forward Walkover,
Balancing beam
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INTRODUCTION

The performance of the athletes in sports events depends largely upon the development and
learning of sports skills. Studies have shown that there is a continuous improvement in the
performance of all of the sports events in the Olympic Games, which are the oldest and the
biggest sports competition on the earth. The improvement in the weight lifting event (middle
weight category) was observed to be as high as 97.95% from the first Olympic games held in
1896 to the year 1972 (Sachdeva, 1993; Sachdeva and Verma, 1995).

It is very important to analyze the role of major muscles required in various sports skills so that
the training can be imparted to improve the efficiency of those muscles. Some attempts had
been made to analyze the muscle involvement pattern in various games [Herman, 1962; Kamon
and Gormley,1968; Erikson et. al., 1978; Anderson et. al.;1974; Dyhre Poulson, 1987,
Anderson et. al., 1991; Goswami et. al., 1993, Nummela et. al., 1994; Mohan et. al., 1995;
Koukoubis et. al., 1995; Dyson et. al., 1996; Hancock and Hawkins, 1996; Handel et. al., 1997;
Rokite et. al., 1998; Bernasconi et. al., 2009; Bressel et. al., 2011; Andrzej et. al., 2019;
Dimitrios et.al., 2020] However, there were very few such studies in gymnastic skills.

Both men and women compete in artistic gymnastics, but the balancing beam events are unique
to female gymnasts in the Olympic Games and other international competitions. Balancing
Beam, the most difficult event in women’s gymnastics, requires a gymnast to be graceful,
powerful, full of control, rhythmically beautiful, and also to possess flexibility and mental
focus to perform various events on the balancing beam. A gymnast performs a wide array of
athletic maneuvers, including rolls, walkovers, cartwheels, handspring, somersaults, back tucks
etc. on balancing beam. One basic maneuver in a gymnast’s balancing beam pallet is Forward
Walkover, which could be seen at all levels of competitive gymnastics, from local level
competitions to Olympic Games as it is a unique elemental maneuver, that draws upon a wide
set of gymnastic skills.

There was an urgent need of a systematic study to analyze the role of major muscles and their
interactions levels during Forward Walkover skill on balancing beam. The relative intensity
and duration of muscle involvement to a specific gymnastic skill or to a set of skills would
enable the sports scientists and coaches to know about the major muscles required for that skill
and accordingly, the training techniques could be modified and subsequently training be
imparted to develop the set of muscle groups in right proportions.

Varieties of methods are used to study the actions of muscles. But all these methods can only
explain the muscle actions during simple movements. In complex actions, which involves more
than one movement at different joints and where the action occurs very quickly, these methods
cannot provide the real insight of what is happening with different muscles. The
electromyography (EMG) studies are able to analyze the exact muscle involvement patterns
even in complex and fast sports actions.

Surface Electromyography is a non-invasive technique for measuring muscle electrical activity
that occurs during muscle contraction and relaxation cycles. EMG is unique in revealing what
a muscle actually does at any moment during movement and dynamic postures. Moreover, it
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reveals objectively the fine interplay or coordination of muscles, this is impossible by any other
means. (Basmajian and De Luca, 1985).

The present study was undertaken with the aim to analyze the selected eight upper extremity
muscles interaction levels during Forward Walkover activity on balancing beam using
electromyographic (EMG) technique and kinesiological concepts.

METHODOLOGY

The study was conducted on seven female gymnasts aged between twelve and twenty-three
years to analyze the eight upper extremity muscles involvement patterns during Forward
Walkover Activity on balancing beam using Electromyographic (EMG) techniques. All the
subjects possessed a good degree of skill in various gymnastic activities as evidenced by their
previous performances.

Selection of Muscles:

The non-invasive technique of recording muscles potential from the surface of the body was
employed in the present investigation. Following eight muscles of upper extremity (from both
right and left sides of the body) were selected:

Brachioradialis, Flexor Capri radials, Biceps brachii, Triceps brachii long, Triceps brachii lateral, Deltoid
anterior, Deltoid middle, Deltoid posterior

Instrumentation:

Electromyographic (EMG) activities for different muscles during the activity had been
obtained using a multichannel recorder (Sensormedics, R612, Netherlands). Bipolar surface
electrodes were used to obtain the electrical signals from the muscles. The electrodes were
silver/silver chloride type (Sensormedics, Netherland) with a contact diameter of 8 mm. The
signal conditioning was made through a coupler (Direct/Average EMG type 9852A),
Preamplifier (type 820) and amplifier (type 412).

Procedure:

For the placement of electrodes, the superficial muscles of the upper extremity of both sides of
the body were palpated individually using their anatomical attachments and kinesiological
concepts. To standardize the electrode placement position, the concept of lead line length and
subsidiary line length as described by Thorstensson et al. (1982) was followed. The skin surface
above the belly of the muscles was rubbed with saline water until the surface became red. The
electrodes were filled with the electrode gel and placed over the center of the belly of the
muscles in the anatomical axis. The electrodes were sealed in their respective positions with
adhesive tape. Inter-electrode distance was kept 3 cm.

To avoid the possible pull on the electrodes during the execution of gymnastic activities, the
electrode wires were looped and taped to the skin few cm away from the electrode. Reference
electrodes were placed on the forehead after cleaning the surface with saline water. An
adjustable elastic belt was put around the waist of the subject and the electrode wires were
inserted inside the belt to avoid the pull on the electrodes and hindrances of wires during the
execution of the activity.
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EMG Recordings:

All the EMG activities were recorded on a continuous chart paper. EMG signals were recorded
during maximum voluntary contraction (MVC) and during Forward Walkover activity on
balancing beam using Multichannel Recorder (Sensor-medics R612, Netherland). The EMG’s
were recorded in the average mode. The mode gave the linear envelope of the average EMG
signal. The signal was rectified and filtered for the range of 5.3 Hz to 1 kHz and the recording
was proportional to the average number, amplitude and duration of EMG pulses (Harding and
Sen, 1969). Although recording in average mode did not indicate sudden peaks of the EMG
signal, nevertheless the calculations and measurements of the amplitude became easier (Dainty
and Norman, 1987). The gain of amplification was selected according to the level of activity
of the selected eight muscles of the upper extremity on both sides of the body. Prior to each
session of recording, calibration of pen deflection of the recorder was made.

Recording of MVC:

For the recording of MVC, the subject was asked to perform the specific movements of a
particular muscle against maximum resistance given by the supporter (Method described by
Kendal and Kendal, 1964) and the EMG was recorded. The procedure was repeated thrice and
a rest period of 2-3 minutes was given between each recording. Maximum average muscle
potential developed in one second was taken as a measure of MVC. Such recordings of two or
three muscles were taken per day to minimize the effect of fatigue on the subject. Chart speed
was fixed at 10 mm per second for the recordings of MVC.

Recordings during Forward Walkover on the balancing beam:

For the process of execution of Forward Walkover on the balancing beam by the subjects, four
phases had been marked as shown in Fig. 1. After each phase, a mark was put on the moving
graph using a manual marker attached with the machine. It was done to facilitate the
explanation of the results obtained and muscles interaction patterns during the execution of the
activity. The machine was set at a speed of 25 mm per sec. For the EMG recording during
Forward Walkover on balancing beam, a supporter was asked to handle the wires and to move
with the gymnast to avoid the hindrances of wires in the execution of the activity. The timer
was set at the rate of 1 sec.
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Figure 1: Various Phases of Forward Walkover (Where, R = Right, L = Left and
—> represents direction of the movement)
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RESULTS [Table 1, Fig. 2]

The results related to the involvement of selected upper extremity muscles were expressed as
the percentage of MVVC. For the purpose of sequential recruitment, a muscle was considered
to be active only if it exhibited an involvement of more than 20% of its MVC. A muscle
showing an involvement of more than 40% of its MVC was considered as highly active (main
contributory muscle) and that between 20% and 40% of its MVC was said to be moderately
active whereas, a muscle exhibiting an activation level of less than 20% of MVC was
considered as slightly less active.

Out of the eight muscles studied, the contribution of the five muscles namely Triceps brachii
lateral, Deltoid middle, Deltoid anterior, Triceps brachii long and Deltoid posterior from upper
extremity were noticed to be high. Whereas the remaining three muscles namely Flexor carpi
radialis, Brachioradialis and Biceps Brachii exhibited low to moderate participation during the
Forward Walkover activity on balancing beam.

Sequential Recruitment of the muscles of upper extremity:

The two muscles, namely, Deltoid anterior (right and left) and Deltoid middle (right and left)
from the upper extremity sprang into action during the transitional phase 1-2 of Forward
Walkover Activity on balancing beam followed by four more muscles, namely, Brachioradialis
(right), Triceps brachii long (right), Triceps brachii lateral (right and left) and Deltoid posterior
(right) during the next phase i.e. phase 2 of the activity. The five muscles, namely,
Brachioradialis (left), Flexor carpi radialis (right and left), Biceps Brachii (right and left),
Triceps brachiilong (left) and Deltoid posterior (left) from the upper extremity started their
activities during the transitional phase 2-3 of the Forward Walkover activity on balancing
beam.

mBRS wFCR mBCPb uTCPlong mTCPlat mDELa mDELm mDELp
70

60
50
40
30

20 |
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Right Left Right Left Right Left Right Left Right Left Right Left Right Left
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Figure 2: Magnitude of activation & recruitment pattern of upper extremity muscles during various phases of Forward Walkover on Balancing Beam (Where,

BRS=Brachioradialis, FCR=Flexor carpi radialis, BCP b=Biceps brachii, TCP long=Long head of Triceps brachii, TCP lat=lateral head of Triceps brachii,
DEL a=Deltoid anterior, DEL m=Deltoid middle, DEL p=Deltoid posterior)

Magnitude of upper extremity muscles involvement during various phases of Forward
Walkover activity on balancing beam
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Phase 1

At the starting position, that is, phase 1 of the Forward Walkover activity on balancing beam,
the muscle Flexor carpi radialis did not show any activity at all. From amongst the selected
muscles of upper extremity, the maximum levels of involvement of 12.42% for the right side
and 12.16% for the left side of the body was shown by Deltoid anterior muscle. Activities of
Triceps brachii lateral (right) and Deltoid middle (right and left) were observed to range
between 5% and 10%. Rest of the muscles included in the study showed the involvement levels
of less than 5% of their MVC values at this phase.

Phase 1-2

The activities of all the muscles under study depicted an increasing trend during transitional
phase 1-2 as compared to phase 1 of the FWO activity on balancing beam. Percent
involvements of Deltoid anterior and Deltoid middle muscles were of the order of 36.47% and
31.51% respectively on the right side of the body, and 36.10% and 24.36% respectively on the
left side of the body. The muscles Brachioradialis (left), Flexor carpi radialis (left) and Biceps
Brachii (right) showed their levels of involvement of less than 10%. However, the
involvements of rest of the selected muscles of upper extremity were found to range between
10% and 20% of their MV Cs. The activities of all the muscles except Deltoid anterior and
Biceps brachii were observed to be more on the right side than the on the left of the body.

Phase 2

All the muscles included in this study were further found to have increased levels of their
respective activities at phase 2 as compared to transitional phase 1-2 of the Forward Walkover
activity on the balancing beam. The maximum involvement level during this phase was found
in case of Deltoid anterior (61.05% for the right side and 54.91% for the left side), followed by
Deltoid middle (59.68% and 46.97% for the right and left side respectively). Involvements of
other four muscles namely, Brachioradialis (right), Triceps brachii long (right), Triceps brachii
lateral and Deltoid posterior (right) ranged between 20% and 40%, and the activity levels of
the rest of the chosen muscles were noticed to be less than 20% of their MVCs with minimum
involvement of 10.97% in case of Brachioradialis (left) muscle. The involvements of all the
muscles of upper extremity were found to be more on the right side than the left.

Phase 2-3

Degrees of involvements of all the muscles included in the present study were found to exceed
20% of their MV Cs during transitional phase 2-3 of Forward Walkover on balancing beam.
Activity levels of all the muscles of upper extremity except Deltoid anterior (right) were
observed to be higher during this phase as compared to phase 2. The four out of eight selected
muscles, namely, Triceps brachii long, Triceps brachii lateral, Deltoid anterior and Deltoid
middle demonstrated the activation exceeding 40% of their MVCs with maximum degree of
involvement of 65.95% in case of Triceps brachii lateral (left) muscle. Involvements of rest of
the muscles of upper extremity ranged between 20% and 40%. Corresponding activities of the
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muscles of trunk and upper extremity except Brachioradialis, Deltoid middle and Deltoid
posterior were found to be greater on the left side than on the right side of the body.

Phase 3

The activation levels of Brachioradialis (right and left), Flexor carpi radialis (left), Deltoid
middle (right and left) and Deltoid posterior (right and left) muscles were found to be greater
at phase 3 as compared to transitional phase 2-3, whereas that of Flexor carpi radialis (right),
Biceps Brachii (right and left), Triceps brachii long (right and left), Triceps brachii lateral (right
and left) and Deltoid anterior (right and left) showed decreased involvement levels during this
phase. The maximum involvement of the order of 66.03% for right side and 63.66% for left
was shown by Deltoid middle muscle. Involvements of Triceps brachii lateral (right and left),
Deltoid anterior (right), Deltoid middle (right and left), Triceps brachii long(left), and Deltoid
posterior (right) were found to be more than 40% of their respective MV Cs, and that of Flexor
carpi radialis (right) and Biceps Brachii (right and left) were noticed to be less than 20% of
their respective MVCs. Rest of the muscles included in the study showed an involvement
ranging between 20% and 40% of their MV Cs. Activities of Deltoid anterior, Deltoid middle
and Deltoid posterior, muscles were observed to be more on the right side, whereas other
muscles were involved more on the left side during this phase of the Forward Walkover activity
on balancing beam.

Phase 3 - 4

Percent involvements of all the muscles included in the study, except Deltoid posterior (left),
were observed to decrease during this phase of Forward Walkover activity on balancing beam,
as compared to phase 3. Deltoid middle muscles showed its maximum involvement of 53.45%
from right side and 56.20% from left side of the body. Involvement levels of three selected
muscles, namely, Flexor carpi radialis (right), Biceps Brachii (right and left) and Triceps
brachii long (right) were found to be less than 20%, with minimum involvement of 11.66%
shown by Biceps brachii right muscle. However, the involvements of rest of the muscles
included here ranged between 20% and 40% of their respective MVCs. All the muscles of
upper extremity exhibited a greater degree of activation levels on left side than the right side
of the body.

Phase 4

During phase 4, the involvements of all the muscles included in the study were observed to
decrease as compared to transitional phase 3-4 of Forward Walkover activity on balancing
beam. The maximum involvement level of 41.47% was shown by Deltoid middle (left) muscle.
The chosen four upper extremity muscles, namely, Triceps brachii lateral (right and left),
Deltoid anterior (right), Deltoid middle (right) and Deltoid posterior (right and left) showed
their involvements between the range of 20% and 40% of their respective MVCs. Involvement
levels of rest of the muscles were found to be of the order of less than 20%, with minimum
value of 6.32% in case of Biceps Brachii (right). Five out of eight selected muscles were found
to be more active on the left side than on the right except for Brachioradialis, Deltoid anterior
and Deltoid posterior muscles.
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Table 1: Mean and Standard Deviation (SD) values of level of activation of upper extremity
muscles studied expressed as percentage of their respective MVC values during various phases
of Forward Walkover activity on balancing beam.

During forward walkover activity on narrow balancing beam, the legs of the gymnast fully
rotated in such a manner that the gymnast both started and finished in a standing upright
position. Activation levels of all the selected eight muscles of upper extremity included in the
present study depicted an increasing trend from the starting position (Phase 1) till transitional
Phase 2-3 of the activity. The Triceps and Deltoid group of muscles were observed to be the
main contributory muscles (showed the involvement of more than 60% of their respective
MVCs) during Forward Walkover activity on balancing beam.

The muscle Deltoid anterior exhibited the maximum activation during Phase 2 and transitional
Phase 2-3, when the gymnast held the balancing beam with her hands and body weight was
borne majorly by shoulder joints, while simultaneously maintaining flexion of arms at shoulder
joint and extension of forearm at elbow joint. Deltoid anterior being the prime mover in the
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|Muscles Percent involvement during various phases of Forward Walkover activity on Balancing Beam.
Phase 1 Phase-1-2 Phase 2 Phase 2-3 Phase 3 Phase 3-4 Phase 4
Right | Left Right | Left Right | Left Right | Left Right | Left Right | Left Right | Left
4.08 1.63 17.26 8.87 24.84 10.97 25.93 21.29 2751 28.36 20.14 24.52 8.58 7.95
Iers Mean
SD 5.15 2.15 12.94 6.41 20.10 6.65 18.53 13.91 21.89 19.63 16.64 13.38 8.16 4.28
0 0.81 10.95 7.40 15.87 11.95 22.61 28.58 16.39 32.88 13.88 23.75 7.00 11.20
[Fcr Mean
SD 0 1.99 6.20 5.95 9.32 6.83 8.06 13.37 13.96 23.60 13.41 15.80 3.85 6.56
1.75 1.27 9.85 13.41 15.34 13.69 21.50 2171 16.07 20.01 11.66 15.32 6.32 7.59
Mean
IBCPb sD
1.22 1.20 8.04 13.65 17.47 12.85 12.14 12.50 6.06 13.24 4.22 9.59 2.00 4.18
4.39 2.55 14.97 9.92 25.24 13.95 35.61 45.65 29.45 40.30 19.38 25.06 9.55 12.65
Mean
TCP long D
2.86 2.30 11.43 6.38 24.45 7.78 15.46 17.39 12.82 26.13 6.69 14.99 331 7.94
7.50 5.55 15.34 14.17 26.87 21.03 53.98 65.95 43.10 65.23 3343 37.06 24.60 26.02
TCPIat  Mean
SD 4.48 4.62 9.56 6.48 23.02 10.27 15.25 19.89 10.25 26.46 11.01 21.46 15.70 26.56
12.42 12.16 36.47 36.10 61.05 54.19 54.25 57.04 45.23 39.74 23.52 32.13 22.10 17.75
[oELa Mean
SD 6.62 7.92 16.97 17.80 28.37 32.56 8.63 17.30 19.16 21.38 13.15 16.33 13.51 9.12
8.58 9.00 3151 24.36 59.68 46.97 61.31 55.95 66.03 63.66 53.45 56.20 22.82 4147
IpELm  Mean
SD 3.07 5.13 14.48 8.57 29.28 18.27 21.52 13.49 36.52 30.33 19.38 28.69 15.95 2357
1.64 1.36 14.74 11.59 22.20 16.34 25.90 26.26 45.00 34.77 34.63 40.35 32.72 23.45
IoELp Mean
SD 242 2.12 11.21 5.93 22.24 9.93 20.33 17.55 28.19 24.32 19.76 26.68 27.19 10.12
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flexion of arms at shoulder joint, also assisted in weight bearing feature of the shoulder joint.
Andrzej et al. (2019) also identified Anterior Deltoid muscle from the upper extremity to
improve handstand performance on parallel bars and still rings in both adult and young
gymnasts.

On the other hand, the maximum involvement of Deltoid middle muscle was observed at Phase
3 during Forward Walkover Activity on balancing beam, when the right leg touched the
balancing beam; and the body weight started shifting from the arms to the right leg. This muscle
played a major role by facilitating the subject to attain the dynamic posture while maintaining
the balance and equilibrium on the narrow balancing beam during the ongoing process of
weight shifting. The only muscle, namely, Triceps brachii lateral that was noticed to be the
most active during transitional Phase 2-3 followed by Phase 3, was probably to keep the elbows
extended in the dynamic posture, and simultaneously maintaining balance thereby supporting
the body weight bearing role by upper extremity as a whole.

Two upper extremity muscles, namely, Deltoid posterior and Triceps brachii long were also
found to be highly active (between 40% and 60% of their respective MV Cs) during the Forward
Walkover activity on balancing beam. These muscles exhibited their maximum contributions
during transitional phases 2-3 as well as phase 3. As the body weight fell on the hands during
these phases, the contributing muscles sprang into action so as to keep the elbows extended
alongside maintaining body weight on shoulders and arms flexed at the shoulder joints to allow
the subject to change its position from phase 2 to phase 3. The activation levels of Biceps
brachii, Flexor carpi radialis and Brachioradialis were found to less than 40% of their
respective MVCs.

The present EMG study revealed the diminishing levels of muscle activation of the selected
muscles of upper extremity region during the progression of the activity from the phase 3 to
the last phase i.e. phase 4 of the Forward Walkover, which indicated the shifting of body weight
back from hands to both the legs. The decrease in the activity of the Deltoid group of muscles
during these phases in the present study was in sync with the results of Foidart-Dessalle et al.
(2005).

The findings of the study likely to find utility in the scientific orientation of the training
schedules for the gymnasts. A strong interaction between the gymnast’s coaches and the sports
scientists can pave the way for more fruitful individualized training schedules.
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