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The present study had been undertaken on seven female gymnasts with the aim to 
analyze the upper extremity muscles interaction during gymnastic walking on 
balancing beam using electromyographic (EMG) techniques and kinesiological 
concepts. Electromyographic (EMG) activities ofthe eight muscles of upper 
extremity, namely,  Brachioradialis, Flexor Capri radials, Biceps brachii, Triceps-
brachii long, Triceps brachii lateral, Deltoid anterior, Deltoid middle and Deltoid 
posterior muscles during gymnastic walkingon balancing beam had been analyzed 
using a multichannel recorder (Sensormedics, R612, Netherlands). The signal 
conditioning was made through a coupler (Direct/Average EMG type 9852A) 
preamplifier (type820), and amplifier (type 412). Deltoid group of muscles (i.e. 
Deltoid anterior, Deltoid middle, and Deltoid posterior muscles) and Triceps Brachii 
lateral muscles from the upper extremity were observed to be the main contributory 
muscles during gymnastic walking on Balancing Beam. These muscles mainly 
participated by maintaining abduction at shoulder joint, extension at elbow joint and 
adjusting the center of gravity during the execution of the activity. The findings were 
likely to find utility in the scientific orientation of the training schedules for the 
gymnasts. 
 
KEYWORDS:  Gymnastics walking, muscle recruitment, electromyography, 
balancing beam, Upper extremity muscles  
 
INTRODUCTION 
 
Though walking movement appearsto be very simple, kinesiological analysis showed 
it to be highly complex. It is not just the muscular action, but involves the 
synchronization of joint movements alongside coordination of various muscles. Some 
researchers had analyzed the human gait from various aspects and found it to be a 
skill, which could be improved keeping the biomechanical aspects in mind(Gard, 
1997; Della et al.,2001; Kuo, 2007; Arthur et al., 2010).  
 
Balancing Beam is the most difficult event in women’s gymnastics. A gymnast needs 
grace, power, control, rhythm, flexibility and mental focus to perform on the 
balancing beam. One of the very basic skills a gymnast learns on balancing beam is 
gymnastic walking, which is the base of other advanced maneuvers. Gymnastic 
walking is a well-coordinated effort of muscles from whole body. Though the muscles 
of lower extremity tend to be the main contributory factor in the walking movement, 
the muscles of upper extremity plays a crucial role in maintaining the balance as well 
as equilibrium while walking on narrow balancing beam. 
 

Abstract 
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To learn the basic skills of gymnastic walking on balancing beam correctly and 
aesthetically, there was a need of a systematic study to analyze the role of muscles 
involved in maintaining balance in gymnastic walking. Electromyography (EMG) 
provided easy access to physiological processes that caused the muscle to generate 
force, produced movement, and accomplished the countless functions (Lamontagne, 
2000; Masso et al., 2010). 
 
The present study was undertaken with the aim to analyze the selected eight upper 
extremity muscles interactions during gymnastic walking on the 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 selected eightupper extremity muscles involvement patterns 
during Gymnastic Walking on balancing beam using Electromyographic (EMG) 
techniques and kinesiological concepts. 
 
Following eight superficial muscles of upper extremity (from both right and left sides 
of the body) were included: 
 
Brachioradialis 
Flexor Capri radials  
Biceps brachii  
Triceps-brachii long 
Triceps brachii lateral 
Deltoid anterior  
Deltoid middle  
Deltoid posterior  
 
The EMG Multichannel Recorder, (Sensormedics R 612, Netherland) was used to 
record Electromyograms during gymnastic walking on balancing beam.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).   
 
For the placement of electrodes, the selected upper extremity muscles were palpated 
individually using their anatomical attachments and kinesiological concepts. 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 musclesin the anatomical axis. The electrodes were sealed in 
position with adhesive tape. Inter-electrode distance was kept 3 cm. Reference 
electrodes were placed on the forehead after cleaning the surface with saline water. 
The concept of lead line length and subsidiary line length given by Thorstensson et 
al., (1982) was applied to standardize the lead positions. 
 
EMG activities were recorded on a continuous chart paper. EMG signals were 
recorded during maximum voluntary contraction (MVC) and during gymnastic 
walking on balancing beam. The signal was rectified and filtered for the range of 5.3 
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Hz to 1 kHz and the recording 
duration of EMG pulses (Harding and Sen, 1969). 
average mode. 
 
For the recording of M
to perform the specific movement of a particular muscle
against the maximum resistance given by 
Kendal and Kendal, 1964
between each recording. Maximum average muscle potential developed in one second 
was taken as a measure of MVC. 
 
For the process of execution of gymnastic walk
five phases had been marked as shown in Fig. 1. After each phase
the moving graph using a manual marker attached with the machine. For the 
recording of EMG, the machine was set at a speed of 25 mm per sec
was given the instruction to start the activity.
 
 
 
 

 
RESULTS: [Figure-2, Tabl
 
Deltoid group (i.e. Deltoid anterior
and Triceps Brachiilat
main contributory muscles during gymnastic walking on
involvement of rest of the muscles included in the study
long, Biceps brachii, Brachioradialis and Fl
than 10% of their MVCs during the gymnastic walking.
 
Sequential Recruitment of the
 
Triceps Brachiilateral(left)
left) muscles of the shoulder joint initiated their activity during the first phase of the 
walking, followed by Triceps Brachii
walking activity. However,
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Hz to 1 kHz and the recording was proportional to the average number, amplitude and 
duration of EMG pulses (Harding and Sen, 1969). The EMG’s were recorded in

Maximum Voluntary Contraction (MVC),the subject was asked 
to perform the specific movement of a particular muscle of the 

maximum resistance given by a supporter using the m
Kendal and Kendal, 1964. This was repeated thrice with the rest period of 2
between each recording. Maximum average muscle potential developed in one second 
was taken as a measure of MVC.  

For the process of execution of gymnastic walking on balancing beam
been marked as shown in Fig. 1. After each phase,

the moving graph using a manual marker attached with the machine. For the 
he machine was set at a speed of 25 mm per sec

was given the instruction to start the activity. The timer was set at the rate of 1 sec. 

2, Table-1] 

Deltoid anterior, Deltoid middle and Deltoid posterior
lateral muscles of the upper extremity were observed to be the 
muscles during gymnastic walking on Balancing Beam

involvement of rest of the muscles included in the study, namely
long, Biceps brachii, Brachioradialis and Flexor carpi radialis were
than 10% of their MVCs during the gymnastic walking. 

Sequential Recruitment of the upper extremitymuscles  

(left), Deltoid anterior (right and left), Deltoid middle
muscles of the shoulder joint initiated their activity during the first phase of the 

Triceps Brachiilateral (right) started at phase 2 of the
activity. However, rest of the muscles, namely, Triceps brachii long, Bice

01, Jan-June2018 

http://oiirj.org/oiirj/ejournal/                              ISSN 2277-2456 Page 3 

proportional to the average number, amplitude and 
The EMG’s were recorded in the 

,the subject was asked 
of the upper extremity 

using the method described by 
rest period of 2-3 minutes 

between each recording. Maximum average muscle potential developed in one second 

balancing beam by the subjects, 
, a mark was put on 

the moving graph using a manual marker attached with the machine. For the 
he machine was set at a speed of 25 mm per sec. and the subject 

The timer was set at the rate of 1 sec.  

 

Deltoid posterior muscles) 
the upper extremity were observed to be the 

Balancing Beam. The 
namely, Triceps brachii 

were found to be less 

Deltoid middle(right and 
muscles of the shoulder joint initiated their activity during the first phase of the 

started at phase 2 of the gymnastic 
Triceps brachii long, Biceps 
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brachii, Brachioradialis and Flexor carpi radialis did not show
throughout the activity.
 

 
Magnitude of upper
Gymnastic Walking Activity
Phase 1 
The maximum involvement of the order of 
anterior(left) muscle at phase 1 of the gymnastic walking on 
activation of the other 
Deltoid middle(right and left) 
respective MVCs. The participation of rest of the muscles included in the study 
noticed to be less than 10% of their respective MVCs during this phase. 
Phase 1-2 
The activation level of the 
phase 1-2 as compared to phase 1 of the gymnastic walking on 
involvement of Deltoid middle(right)
this phase. The participation of the
Brachiilateral, Deltoid anterior
between 10% and 20% of their respective MVCs. The 
muscles included in the stu
comparison of activation of muscles on right and the left sides revealed the higher 
involvement of Deltoid anterior and 
Phase 2 
The activation level of
comparable during transitional 
Balancing Beam. The muscles 
exhibited an involvement of 2
Triceps Brachiilateral 
to be in the range between 10% 
muscles of upper extremity
phase.  
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brachii, Brachioradialis and Flexor carpi radialis did not show any 
throughout the activity. 

upper extremity muscles involvement during various phases of 
Activity  on balancing beam 

he maximum involvement of the order of 20.90% was exhibited by 
muscle at phase 1 of the gymnastic walking on Balancing Beam

 muscles Triceps Brachiilateral (left), Deltoid anterior(right)
(right and left) had been found to range between 10% 

MVCs. The participation of rest of the muscles included in the study 
noticed to be less than 10% of their respective MVCs during this phase. 

vel of the Deltoid anterior(left) muscle decreased during
2 as compared to phase 1 of the gymnastic walking on Balancing Beam

Deltoid middle(right), was found to be maximum (
participation of the other muscles of the upper extremity,

Deltoid anterior, Deltoid middle(left) and Deltoid posterior
20% of their respective MVCs. The involvements of rest of the 

muscles included in the study were observed to be less than 10% during this phase
comparison of activation of muscles on right and the left sides revealed the higher 

Deltoid anterior and Deltoid middle on the right side of the body. 

The activation level of all the muscles included in the study 
transitional  phase 1-2 and phase 2 of Gymnastic Walking

The muscles Deltoid middle(right), from the upper extremity region 
exhibited an involvement of 24.34% at phase 2 of the activity. The activation level of 

eral (right), Deltoid anterior, and Deltoid middle(left)
range between 10% and 20% of their MVCs. However, rest of the 

muscles of upper extremity studied showed the activity of less than 10% during this 
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 major contribution 

 

involvement during various phases of 

was exhibited by Deltoid 
Balancing Beam. The 

Deltoid anterior(right) and 
found to range between 10% and 20% of their 

MVCs. The participation of rest of the muscles included in the study were 
noticed to be less than 10% of their respective MVCs during this phase.  

decreased during transitional 
Balancing Beam. The 

maximum (20.60%) during 
of the upper extremity, Triceps 

Deltoid posterior ranged 
involvements of rest of the 

observed to be less than 10% during this phase. A 
comparison of activation of muscles on right and the left sides revealed the higher 

on the right side of the body.  

all the muscles included in the study were found to be 
Gymnastic Walking on 

, from the upper extremity region 
The activation level of 

Deltoid middle(left)were observed 
20% of their MVCs. However, rest of the 

showed the activity of less than 10% during this 
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Phase 2-3 
The involvement between the ranges of 10% and 20% was shown by Triceps 
Brachiilateral (right), Deltoid anterior(right), and Deltoid middle muscles during this 
transitional phase. The activation of rest of the muscles of the upper extremity 
included here were noticed to be less than 10% during this phase of the Gymnastic 
Walking on Balancing Beam.  
Phase 3 
The muscles Deltoid anterior(right) and Deltoid middle (right and left) exhibited their 
participation between the ranges of 10% and 20% of their MVCs. However, the 
activation of rest of the muscles included in the study was found to be less than 10% 
of their respective MVCs during this phase.  
Phase 3-4 
The muscles Deltoid anterior(right) and Deltoid middle(right) exhibited an increase 
during transitional phase 3-4, as compared to phase 3 of the Gymnastic Walking on 
Balancing Beam. During this phase, the muscles Deltoid middle(right) exhibited the 
maximum activation of the order of 22.68%of its MVC. Involvement of the other 
chosen upper extremity muscles, namely, Triceps Brachiilateral (right), Deltoid 
anterior (right and left), Deltoid middle(left)ranged between 10% and 20% of their 
respective MVCs. Rest of the muscles included in the study showed an involvement 
of less than 10% during this phase. A comparison of activities of the muscles on the 
right and left sides revealed a higher involvement of Deltoid anterior and Deltoid 
middle on the right side of the body during this phase. 
Phase 4 
The muscles Deltoid middle(right)exhibited an involvement of 24.73% during this 
phase. The involvement of Triceps Brachiilateral (right), Deltoid anterior (right and 
left) and Deltoid middle(left) muscles of upper extremityregion were observed to 
range between 10% and 20% of their MVCs. However, the activation levels of rest of 
the muscles were found to be less than 10% during this phase. The participation of 
Deltoid middle muscles was noticed to be more on the right side than the left side of 
the body during this phase.  
Phase 4-5 
The muscle Deltoid middle(right)showed a decreasing trend during this transitional 
phase of the Gymnastic Walking on Balancing Beam. The participation of Deltoid 
anterior, Deltoid middle, and Deltoid posterior(left) muscles of the upper 
extremityranged between 10% and 20% of their MVCs. However, rest of the muscles 
included in the study exhibited their involvement by less than 10% during phase 
transitional 4-5 of the activity. 
Phase 5 
The maximum involvement of the order of 20.27% was exhibited by Deltoid 
middle(right) muscle. The involvements between the ranges of 10% and 20% were 
shown by Deltoid anterior, Deltoid middle(left), and Deltoid posterior(left), muscles 
during this phase. The participation levels of rest of the muscles included in the study 
were observed to be less than 10% of their MVCs during the last phase of Gymnastic 
Walking on Balancing Beam. 
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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 MVCs values during various phases of Gymnastic Walking activity on balancing beam 

Muscles Percent involvement during various phases of Gymnastic Walking activity on Balancing Beam. 

Phase 1 Phase-1-2 Phase 2 Phase 2-3 Phase 3 Phase 3-4 Phase 4 Phase 4-5 Phase 5 

Right Left Right Left Right Left Right Left Right L eft Right Left Right Left Right Left Right Left 

Brachioradialis 
Mean 
SD 

2.02 1.42 0.99 0.56 0.78 0.35 0.78 0.35 0.78 0.35 0.78 0.35 0.78 0.35 0.21 0.35 0.21 0.35 

2.59 2.12 1.59 1.02 1.40 0.57 1.40 0.57 1.40 0.57 1.40 0.57 1.40 0.57 0.51 0.57 0.51 0.57 

Flexor carpi 
radialis 

Mean 
SD 

3.19 2.10 1.94 2.13 0.31 0.96 0.51 1.74 0 0.95 0.26 0.84 0.57 0.72 0.42 0.72 0.48 0.94 

3.08 1.92 3.42 3.30 0.52 1.27 0.96 3.69 0 1.32 0.41 1.23 0.68 1.27 0.55 1.27 0.78 1.50 

Biceps brachii 
Mean 
SD 

0.96 1.58 0.79 0.80 0.87 0.82 1.11 0.84 1.85 0.84 2.64 1.12 1.82 0.98 1.22 0.94 1.70 1.44 

1.37 1.22 1.17 1.03 1.17 1.56 1.37 1.06 3.65 1.06 3.76 1.12 2.34 0.78 1.34 1.06 2.38 1.71 

Triceps brachii 
long 

Mean 
SD 

6.22 3.68 7.92 6.24 4.37 4.61 5.63 5.31 4.35 5.49 4.45 4.61 6.76 4.61 3.99 4.38 4.80 4.91 

10.18 5.78 9.60 8.91 5.98 0.53 5.89 8.22 4.84 9.15 4.05 6.52 5.47 5.65 4.19 6.27 4.47 8.51 

Triceps brachii 
lateral 

Mean 
SD 

9.51 12.19 10.97 10.08 11.36 8.48 10.01 7.79 9.68 7.50 10.51 9.38 11.88 8.56 9.51 6.98 8.67 6.36 

4.07 4.96 5.59 4.87 6.37 6.73 6.26 5.03 7.06 6.11 6.88 4.62 7.56 4.11 5.93 3.14 6.14 2.98 

Deltoid 
anterior 

Mean 
SD 

18.45 20.90 14.31 12.79 11.35 11.72 11.94 9.87 11.45 8.94 17.76 12.58 14.92 12.46 14.95 10.24 13.43 11.01 

9.55 8.94 4.75 3.29 3.03 2.79 3.60 2.37 5.83 2.33 6.81 5.13 2.94 4.78 4.53 4.17 2.80 4.84 

Deltoid middle 
Mean 
SD 

17.48 15.02 20.60 15.58 24.34 19.51 19.60 14.66 16.61 12.44 22.68 13.30 24.73 15.54 19.28 14.57 20.27 15.33 

10.79 6.62 15.01 9.66 21.43 14.60 13.24 8.45 11.37 5.24 14.79 9.94 19.64 6.85 12.17 4.59 13.69 8.99 

Deltoid 
posterior 

Mean 
SD 

7.60 8.01 7.08 10.14 8.54 9.25 6.83 6.29 7.85 6.78 7.73 8.39 9.41 9.73 8.00 10.34 7.55 12.05 

4.74 6.55 3.54 7.78 6.06 5.27 3.53 3.98 5.67 4.48 4.72 7.08 6.47 9.70 5.46 9.22 6.07 14.47 
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DISCUSSION 
 
Walking is the outcome of alternating actions of the two lower extremities and it 
involves the motion of some parts of the upper body to maintain balance and 
equilibrium. Murray et. al., 1970; Basmajjan,1985; Kunju et.al., 2009; Nor et. al., 
2015and many others emphasized the complexity of human locomotion.  
 
Gymnastic walking is still more complex. This is especially true for walking on 
balancing beam, because of the narrowness and height of the beam, thus bringing into 
picture a still finer control of various muscles to maintain balance. During gymnastic 
walking, the arms are kept abducted at shoulder joint to assist in maintaining the 
balance and equilibrium. 
 
Gymnastic walking activity on the balancing beam needed a finer control of various 
muscles to execute the activity aesthetically while maintaining the balance. The 
muscles of the shoulder and elbow joint, which exhibited continuous though slight 
activities with small changes in their magnitude comprised of the Deltoid group and 
Triceps (lateral head). In gymnastic walking, the arms remained abducted at the angle 
of 900 at shoulder joint with elbows extended through-out the activity. Deltoid group 
of muscles being the principal abductor of arm contributed highly throughout the 
activity. Triceps got activated to keep the elbows extended during the progression of 
the activity.   
 
Some movements of the arms were seen during the gymnastic walking activity to 
adjust the center of gravity and hence to maintain balance of the body on weight 
bearing leg. Some variations of the muscle activities on the right and left side may 
also be attributed to the adjustment of center of gravity.  
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