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[[ Abstract ]]

Competitive gymnastics is a technical sport, whictiolves very complex body
movements like rolling, turning, springing, twisginbending, and tucking etc. on
floor, and on different apparatuses. The gymnagédormance is known to be
strongly linked with the vestibular control of dkiWwalkovers, both forward and
backward, are the basic maneuvers in the gymnsistis. It is important to analyze
the movements involved in these basic gymnastiviaes and to find out which
muscle is acting at a particular instant of timel do what extent. The present
endeavor had been undertaken with the aim to amahg contribution of sometrunk
muscles during Forward Walkover activity on flo@ing electromyographic (EMG)
techniques and kinesiological concepts. A multictehnrecorder (Sensormedics,
R612, Netherlands) was used to record the EMG itesvfor different muscles
during the Forward Walk over activity on floor. Thegnal conditioning was made
through a coupler (Direct/Average EMG type 9852Aggmplifier (type820), and
amplifier (type 412). The muscles Trapezius middliegpezius upper and Erector
Spinae muscles were observed to be highly invothethg the Forward Walkover on
floor. Trapezius lower and Rectusabdominis musesleswed moderate activation
during this activity, however the activation of tmest of the muscles namely,
Latissimus dorsi and Pectoralis major were obseteelde low (i.e. of the order of
10%-20% of their respective MVCs). The findings &kely to find utility for the
sports scientists and coaches for designing trgisamedules for the gymnasts.

KEYWORDS: Gymnastics, Trunk muscles, Muscle RecruitmentctEdenyography,
Forward Walkover

INTRODUCTION

Competitive gymnastics is a technical sport, whictiolves very complex body
movements like rolling, turning, springing, twisiinbending, and tucking etc. on
floor, and on different apparatuses. The succeggidbrmance of a gymnast depends
upon the execution of intricate combination of dienpnd complicated movements
requiring high degree of strength, flexibility, gpke co-ordination, balance and
rhythm in space and time on various apparatusegehtsas on floor. A well-rounded
gymnast must be able to perform a wide array ofeathmaneuvers, including
walkovers, cartwheels, handspring, somersaultpsletc.

The gymnastic performance is known to be strongkeld with the vestibular control

of skill. Walkovers, both forward and backward, dhe basic maneuvers in the
gymnast’s skills. In forward walkover, the gymnafis her legs above her torso in a
back bridge position. The legs rotate fully, sot thee gymnast starts and finishes in
the same position, i.e. Standing upright positiéarward walkover is performed on
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both floor and balancing beam in competitive gynicasThis is the base of learning
a wide set of gymnastic skills.

It is important to establish different aspects megflifor the learning of basic motor
skills like Forward Walkover in gymnastics. Analysif the role of major muscles in
gymnastic activities, their interaction, relativetensity and duration of muscle
involvement to a specific gymnastic skill or a eeskills would enable the coaches to
know about the major muscles required for thatl.skilwill be helpful in imparting
training to develop the specific muscle groupshmttight proportion.

Action of muscles can be studied by variety of rod# But most of themethods
explain the muscle action during the simple actionf. In complex actions, like
gymnastic skills, which involve more than one moeamat different joints and
where the action occurs very quickly, these metloadsot provide the real insight of
the activity of different muscles.

The electromyographic (EMG) techniqueis able to lym®a the exact muscle
involvement pattern even in complex and fast spatsivities. Using EMG
techniques, the activity of a number of musclesthe sports actions can be
established in relation to each other, with realetisequence and to the degree of
involvement. Basmajian (1985) said that it surpasall the older methods of
studying muscular action in that it reveals wha thdividual muscles are actually
doing not just what they 'can do' or '‘probably d8bme attempts have been made by
various researchers to analyze the muscle invawerpattern in various sports
[Herman, 1962; Helga, 1975; Eriksson et al., 19M&lerson, 1974; Dyhre Poulson,
1987; Vointino et al., 1990; Anderson, 1991; Goswaimal., 1993, Numela et al.,
1994; Koukoubis et al., 1995, Dyson et al., 199@&nébck and Hawkins, 1996;
Handel et al., 1997; Rokite et al., 1998; Koh eRail1].

The present study was undertaken with the aim &byae the interaction of selected
musclesof trunk region duringForward Walkover atgivon floor using
kinesiological concepts and electromyographic (ENE8hniques.

METHODOLOGY

The study was conducted on seven female gymnasispin age between twelve to
twenty-three years. All the subjects were obsetegubssess a good degree of skill in
basic gymnastic activities.

Following superficial muscles of trunk region frdsth sides of the body (right and
left) were included in the study:

Trapezius upper
Trapezius middle
Trapezius lower
Pectoralis major
Latissimus dorsi
Erector Spinae
Rectus abdominis
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Instrumentation:

The EMG Multichannel Recorder, (Sensormedics R éN&herland) was used to
record the Electromyographic signals during gymnoagtctivities. The signal
conditioning was made through a coupler (Directtage EMG type 9852A),
Preamplifier (type 820) and amplifier (type 412Bipolar surface electrodes of
silver/silver chloride type (Sensormedics, Nethaidlawith a contact diameter of 8
mm were used to obtain the electrical signals ftleexmuscles.

Procedure:

The muscles were palpated using their anatomi¢atltanents and kinesiological
concepts for the purpose of placement of electroflesstandardize the position of
electrodes, the concept of lead line length (LLhYl subsidiary line length (SLL), as
described by Thorstensson et al. (1982), was uskel. rubbing the surface of skin

with saline water, the electrodes filled with tHeotrode gel were placed over the
center of the belly of the muscles at a distance8 @im in the anatomical axis.
Reference electrodes were placed on the foreheadeldrtrodes were sealed in
position with adhesive tape. The electrode wireseweoped and taped to the skin
few cm away from the electrode and plugged in tlastie waist belt to avoid the

possible pull on the electrodes during the exeautioForward Walkover activity.

EMG Recordings:

EMG signals were recorded during maximum voluntaontraction (MVC) and
during Forward Walkover activity on a continuousahpaper. The EMG’s were
recorded in the average mode, which gives the dieeaelop of the average EMG
signal. The signal was rectified and filtered foe range of 5.3 Hz to 1 kHz and the
recording is proportional to the average numberplande and duration of EMG
pulses (Harding and Sen, 1969). The gain of ansphion was selected according to
the level of activity of the muscle. Prior to easdssion of recording calibration of
pen deflection of the recorder was made.

EMG Recording of Maximum Voluntary Contraction (MVC ):

Maximum Voluntary Contraction of each muscle wasorded against maximum
resistance given by the supporter as per the meathsedribed by Kendal and Kendal
(1964). The procedure was repeated thrice andt peesd of 2-3 minutes was given
between each recording. Chart speed was fixed amfr© per second for the
recordings of MVC. Maximum average muscle potentiaveloped in one second
was taken as a measure of MVC.

Recording during Forward Walkover:
For the process of execution of Forward Walkoverfloor,four phases had been

marked on the graph during the activity as showhign 1. It was done to analyze the
of the muscle interaction pattern during the execudf the activity.
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Figure 1: Various Phases of Forward Walkover on floor (Where, R = Right, L = Left
and —y represents direction of the movement)

For the recording of EMG durinForward Walkoveractivityon flool, the machine
was set at a speed of 25 mm per sec. and the sw@sajiven the instruction to st

the activity. Asupporter was asked to handle the sand move with the gymnast

avoid the hinderance of wir during the EMG recording of Forward WalkovThe

timer was set at the rate of 1 s

RESULTS

The results related to the involvement of muscles expressed in the for
ofpercentage of MVCA muscle showing an involvement of more than 40%t®
MVC was considered as highly active (main contributory nhejsand that betwee
20% to 40% of its MVCwas said to be moderatefictive and \hereas, a muscle
exhibiting an activation of less than 20% of M was considered as slight less
active. For the purpose of sequential recruitment, a muwas considered to be
active only if it exhibied an involvemet of more than 20% of its MV

Percent involvement of the musclesncluded in the study during Forward
Walkover activity on Floor [Tablel, Fig. 2]:

Among the muscles studiecTrapezius middle, Trapezius uppt and Erector
Spinaemusclesvere observed toe highly active during thd-orward Walkover
activity on the floor.Rectus abdomin muscles showed moderate activation du
this activity, however the activationvel of the musclekatissimu: dorsi and
Pectoralis majorwerebserved to bminimum (i.e.of the order of 10-20% of their
respective MVCs).

Sequential Recruitment of the muscle

None of the muscles included in the study was ofeskto be active as per the crite
laid down in the study during the first phase of Forward Walkove activity on
floor. The muscleErector Sping(left) got recruited duringransitional phase 1-2
followed by Trapezius uppy, Trapezius middle(rightjluring phase 2 of the activit
The musclesTrapezius middi(left) and Trapezius lower we the next to get
activated duringransitionalphase 2-3. Erector Spinae(rigimuscle started gettir
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actively involved during phase 3 followed tRectus abdomin muscle during
transitional phase 3t of theForward Walkover activity on floor.
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Figure 2: Magnitude of activation & recruitment pattern of trunk muscles during various phases of Forward Walkover activity on the

floor (Where, TRP u=Trapezius upper, TRP m=Trapezius middle, TRP I=Trapezius lower, PM=Pectoralis major,
LD=Latissimus dorsi, ES=Erector spinae, RA=Rectus abdominis)

Magnitude of muscleinvolvement during various phases oforward Walkover
activity on the floor

Phase 1

The involvement of all the muscles included in thelgwerefound to range betwee

0.97%to 17.13% of their MVCs during phas withTrapezius upp: muscle showing
maximum activity (12.26% for right and 17.13% fbetleft side).In general, small
variations in the percent involvement of correspogdnuscles of the two sides (i

right and left) were observe

Phase 1-2

The activity of all the muscleunder study increased duritrginsitiona phase 1-2 as
compared to phase, Except Trapezius uppéeft muscle, which showed a sm

decrease of 1.79%x transitioni phase 12.0ut of the seven musclstudied, the
maximum percent involvement as well asximum increase in the activity fro

phase 1 taransitiona phase 1-2 was observed in cageErecto Spinae muscle,
(percent involvement of 17.16% for riside and 23.83% for the left si of the

body). The involvement oTrapezius upper, Trapezius midgight) and Latissimus
dorsi(right) muscles ranged between 10% to 15% of their MVCswvéd@r,rests of

the muscles weravolved to thr maximumextent of 10% of their MVC<During this

phase, thenvolvement of rapezius middle and Latissimus damgiscles were found
to be more on the right side tt on the left side of the bodthat of Trapezius upper
was almost equal on both the si, and involvement of thiest of thi muscles
(Trapezius lower, Pectoralis major, Erector Spinae Rectus abdomini were noticed to be
more on the left side th on the right side of the body.

http://oiirj.org/oiirj/ejournal/ ISSN 227-2456 | Page 24




International Educational E-Journal, {Half YearlygSN 2277-2456, Volume-07, Issue-01, Jan-June2018

Phase 2

In phase 2, the activity of all the muscles in terof their involvement as percent of
MVC increased as compared to transitional phase éx2ept for the Latissimus
dorsi(left) muscle which showed a slight decreab®.84%. Out of the fourteen
muscles (seven on both sides of the body) includetthis study, the activation of
Trapezius upper (right and left), Trapezius middlgat) and Erector Spinae(left)were
found to be more than 20% with Erector Spinae(left)scle showing maximum
involvement of 33.06% of its MVC. The remaining roles exhibited the activation
of less than 20% of their respective MVCs [Fig-Be Rectus abdominis muscle, on
the other hand, was minimally involved during tlpkbase of Forward Walkover
activity. Comparison of the activation patternsceftain trunk muscles on the right
and left sides of the body indicated greater ingotent of Trapezius middle,
Trapezius lower and Latissimus dorsi muscles on rigbt side. Similarly, the
activation of the Erector Spinae muscle was foundbeé greater on the left side as
compared to the right side of the body.

Phase 2-3

Activity of all the muscles increased during traiosial phase 2-3 exceptLatissimus
dorsi(right) muscle. The muscle Erector Spinae d@tb¥he maximum involvement
during this phase, which was of the order of 42.6684ight side and 40.71% for the
left side of the body.Trapezius upper, Trapeziuddbei and Trapezius lower muscles
showed the involvement of 40.15%, 42.01% and 31.5&%ight side respectively
and 32.59%, 30.65% and 23.20% for the left sidthefbody respectively.However,
the activity of Latissimus dorsi, Pectoralis magmd Rectus abdominis muscles were
observed to be less than 20%. Activation of altle muscles studied hereexcept
Pectoralis major and Rectus abdominis muscles veoened to be more on the right
side than on the left side of the body.

Phase 3

Degree of involvement of Rectus abdominis, Trapezipper(left) and Trapezius
lower(right)muscles were found to increase duritgge 3, whereas that of other
muscles decreased during this phase as compare torevious phase. Trapezius
middlemuscle showed the maximum activation of 4%5fr the right side and
50.25% for the left side of the body during thisapé of the activity. Involvement of
the muscles,Trapezius upper, Trapezius lower (rigimd Erector Spinae ranged
between 20% to 40% and that of Trapezius lowet)(IBfectoralis major, Latissimus
dorsi and Rectus abdominis muscles were noticée tess than 20% with Pectoralis
major showing minimum activity of 6.45% for the lmigside and 7.03% for the left
side of the body. Involvement of muscles Trapemipger and Trapezius middlewere
found to be more on the left side than the rigtie siwhereas that of Trapezius lower
and Erector Spinae muscles were noticed to be morihe right side than the left
side of the body. Involvement of Rectus abdomiRisgtoralis major and Latissimus
dorsiwere observed to be comparable on both siidéxe dody.

Phase 3 -4

Activity of all of the muscles except Trapezius Bwand Erector Spinae was
observed to decrease during transitional phase @&-4compared to phase 3.
Involvement of Trapezius upper, Trapezius middleap€zius lower, Erector

Spinae(left) and Rectus abdominiswere found torbthé range between 20% and
40% with Trapezius middleshowing maximum activify33.86% for the right side
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and 34.94% for the left side. Pectoralis major, idsamnus dorsi and Erector
Spinae(right) muscles showed the involvement of than 20% with minimum value
of 8.04% for the right side and 7.85% for the &fte of the body in case of Pectoralis
major muscle. Degree of involvement of all the nessevere found to be more on the
right side than the left side of the body exceptTapezius upper, Trapezius middle
and Erector Spinae muscles.

Phase 4

As compared to transitional phase 3-4, the pergemilvement in relation to the
MVC of all the muscles studied decreased at phasend percent involvement of
Trapezius middle, Trapezius lower (right), Rectusdaminis(left) muscles was
observed to range between 20% and 40%. Howewerinttolvement of rest of the
muscles were noticed to be less than 20% of th&/CMs during the last phase of
Forward Walkover activity on floor. Activities of rapezius lower and Erector
Spinaemuscles were observed to be of greater degrélee right side than the left
side of the body. However, the remaining musclesveld relatively greater activity
on the left than the right side of the body.

http://oiirj.org/oiirj/ejournal/ ISSN 2277-2454 Page 26




International Educational E-Journal, {Half YearlygSN 2277-2456, VVolume-07, Issue-01, Jan-June2018

Table 1:Mean and Standard Deviation(SD) values of leveativation of trunk muscles studied expressed aspéage of their respective MVCs values during

various phases of ForwardWalkover activity on floor
Muscles Percent involvement during various phased &orward Walkover activity on Floor.

Phase 1 Phase-1-2 Phase 2 Phase 2-3B Phase 8 Phdse3 Phase 4
Right | Left |Right | Left |Right | Left |Right |Left |Right |L eft | Right | Left | Right | Left

Trapezius Mean| 12.26| 17.13 1541 1534 2538 2353 4015 325925263384 2097 29.79 1572 19.89
upper  SD | gg4 | 13.00] 805/ 11.85 1544 17.63 2702 1133 163302| 10.38 1565 12.00 11.30
0

Trapezius Mean| ; aq | 545( 1207 753 2320 11.00 4201 30.65 4250.25| 33.86| 34.94 21.01 28.05

middle

SD | 3.04 | 463| 1041 7.28 2091 1210 1530 1956 23.29.73| 9.91| 14.94 803 21.97

Trl":‘)f:veezr'us Mean| 400 | 320| 763 7971 990 1082 3159 2330 22.17.800029.75| 23.66 21.94 16.47

SD | 475 | 284| 501 527 627 1001 1376 1364 16.74541013.66| 12.68 10.15 15.23

Pectoralis Mean
major

097 | 0.14| 415 6.4y 401 727 7.87 14/03 645 7.08.04 | 7.85| 551 5.6]

SD | 121 | 034| 271 444 279 800 393 10/96 386 3.36.83 | 3.76| 3.95| 3.11

Lagzs;fsrinus Mean| 593 | 101| 1134 821 1770 747 1581 1276 11.10541 14.41 1362 7.29 9.00

3.87 12p0 642 8/42 6.0d0.92| 6.81| 4.00] 5.69

[=]

SD | 510 | 2.03| 877 517 202

Erector Mean
Spinae

33.06 42/60 40.71 288297 16.07] 21.10 9.12 7.3p

o

0.89 | 1.63| 17.1§ 23.88 185

SD | 218 | 293| 879 921 820 1980 2156 1930 20.18.8011 9.22 | 12.81 251 2.93

Rectus Mean
abdominis

w

2.38 0 297 157/ 433 487 10.%9 11,97 1944 19.38.11| 27.14 1582 20.4

o1

SD | 5.82 0 576 260 546 496 990 584 3377 1B.21.72| 16.42 12.9¢ 24.9
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DISCUSSION

A forward walkover is an acrobatic maneuver thablwes lifting one's legs above
one's torso in a back bridge position. The legly fudtate in such a manner that the
gymnast both starts and finishes in a standingghposition. It is the result of the
successive impulsion developed by the lower limid #me upper limb with hip
remaining extended and without flying phase.

Foidart-Dessalle et al. (2005) studied the actibsoone periscapular muscles during
forward walkover activity of trained gymnasts andgimners. They found the
restricted activity of these muscles in the conidrgymnasts as compared to the
beginners. They further observed the maximum irmolent of Deltoid posterior,
Trapezius superior and Latissimus dorsi muscle;aguhe weight bearing phase of
shoulder joints and a subsequent decrease dulngetkt phases.

In the present study, both arms and left leg wéretlat the starting position of
Forward Walkover activity on the floor(Phase 1)this posture, the main movements
were seen at shoulder, hip and ankle joints. At gusture, Trapezius upper muscle
showed the involvement of more than 10% of MVC uatisdably due to the flexion
at shoulder joints, as it assisted the movemenadjysting the scapula during the
elevation of arms.

Theanalysis of the activity during transitional pldl to 2 revealed flexion of trunk
at hip joint, extension of the flexed left leg amgber extension of the right leg at hip
joint with reference to left leg along with plantBexion of foot. The action, of
course, required a fixed sequence of movementsugegdn a quick succession. The
muscle response pattern during this phase revehtdnoderate involvement (i.e.
between 20% to 40% of MVC) of Erector spinae (left)scle to keep the trunk rigid
while its flexion at hip joint with reference toetlheft leg.

At the time of attainment of phase 2, the body Wweigas borne by the arms extended
at the elbow joints and flexed at the shouldertpiifhe muscular action identified
through EMG analysis revealed the activation (>20081VC) of Trapezius upper
and Erector spinae (left) muscles. At this phasthefForward Walkover activity, the
hands touchedthe floor with hyper extension attwoists while maintaining flexion
at shoulder joints and extension at elbow joints.Tdit footwas ready to take-off and
plantarflexionwas maintained at both feet.

The muscular action identified through EMG analyBising transitional phase 2-3 of
the Forward walkover activity revealed the maxiraefivation (> 40% of MVC) of
Trapezius upper and Erector spinae (left) musclé® activity of these muscles
depicted an increasing trend during this phaseuppart the rotation of the trunk at
shoulder joint and legs at hip joint.

At phase 3 of the activity, when the right leg toed the floor, the body weight
started shifting from the arms to the right leg. tAis phase, Trapezius middlehad
been observed to be the main contributory muscladititate the subject to attain this
dynamic posture.The transverse (middle) fibershef Trapezius acted together with
the rhomboids to produce a retraction of the s@phbl pulling it towards the
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midline. The trapezius muscle was also responsibieupward rotation of the
scapula.

After attaining the above phase, the gymnast pusfiethe floor with her hands,
keeping the head extended. Once the right footamathe floor, she pulled her hips
up over the leg to shift the center of gravity uptga As the trunk moved up, the left
leg completed the rotation and touched the floawgRession of the activity to the last
phase i.e. phase 4 indicated the shifting of bodight from hands to both the legs.
The present EMG study of the muscles revealed itmnighing percent of muscle
activation as compared to the earlier phases dueedcshifting of weight bearing
regions.The decrease in the activity of these negsduring these phases in the
present study was in sync with the results of FbiD&ssalle et al. (2005).

To sum up, Trapezius upper, Trapezius middle aretthBr spinae muscles of the
trunk were observed to be the main contributory alassduring Forward Walkover
activity on floor. These muscles contributed by m@ning the posture of the
gymnast by rotating the trunk and stabilizing teemilae.The findings are likely to
find utility for the sports scientists and coachies designing specific training
programs for the gymnasts.
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