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ABSTRACT

In sports training, the concept of specificity has emerged as an important parameter in
determining the proper choice and sequence of exercise in a training program. The aim of this
study was to determine the effects of plyometric training on agility and dynamic postural control
in badminton players. 32 male badminton players at the age of 20-30 years were randomly
assigned to two groups, a plyometric training group (mean age=26.81 + 1.12) and a control
group (mean age=26.37 + 1.17). Plyometric training group was submitted to 6 weeks of
plyometric exercises, two sessions per week. The control group carried out the basic training
program only. Agility was evaluated in all subjects using Illinois agility test and Dynamic
Postural Control using Y Balance Test prior to and at the end of the trial. Paired and unpaired
t-test was used to determine significant differences between pre-test and post-test periods among
groups and between groups to analyze the data. The result of this study reveals a significant
difference with plyometric training group showing faster times in Illinois agility test (P < 0.0001,
t = 11.7530) and an increase in reaching distances in Y Balance Test after 6 weeks. The control
group has not showed any significant difference in both outcome measurements. It can be
concluded that plyometric training increased agility and dynamic postural control in badminton
players.
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INTRODUCTION

The sport of badminton requires specific physical attributes such as advanced function of lower
limbs and dynamic postural control. In sports training, the concept of specificity has emerged as
an important parameter in determining the proper choice and sequence of exercise in a training
program. Enhanced athletic performance emphasizes the muscle's ability to exert maximal force
output in a minimal amount of time. Exaggerated maximal muscular force develops due to
athletic movements producing a repeated series of stretch-shortening cycles. The stretch-
shortening cycle occurs when elastic loading, through an eccentric muscular contraction, is
followed by a burst of concentric muscular contraction. A form of exercise called plyometrics
employs a quick, powerful movement involving a pre-stretch of the muscle, followed by a
shortening, concentric muscular contraction, thus utilizing the stretch-shortening muscular cycle
(Wilk KE, 1993). Plyometrics consists of a rapid stretching of a muscle eccentric action
immediately followed by a concentric or shortening action of the same muscle and connective
tissue (Baechle TR, 2000). The stored elastic energy within the muscle is used to produce more
force than that can be provided by a concentric action alone. The landing component of the
plyometric exercises induces a stretch to the tendon and muscle. This results in storage and recoil
of elastic energy (Harrison AJ, 2001). Agility is the ability to decelerate one’s momentum, stop,
overcome inertia and accelerate one’s body mass in another direction. Dynamic postural control
can be defined as performing a functional task without compromising any part of the supporting
leg which can be observed in many skills such as backhand in tennis and badminton. Badminton
is a great all-round sport that not only demands muscle power, but also needs agility, dynamic
postural control, good reflexes and hand-eye coordination. Dynamic postural-control involves
some level of expected movement around a base of support. This might involve tasks, such as
jumping or hopping to a new location and immediately attempting to remain as motionless as
possible or attempting to create purposeful segment movements (reaching) without
compromising the established base of support. Although these dynamic measures of postural
stability do not exactly replicate sport participation, they more closely mimic demands of
physical activity than assessments of static postural stability. Plyometric exercises “usually
involve stopping, starting and changing directions in an explosive manner” and these are the

movements involved in playing badminton (Miller MG, 2006).
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Studies related to agility and dynamic postural control in badminton players are very limited.
Although plyometric training has been shown to increase performance variables, little scientific
information is available to determine if plyometric training actually enhances agility and
dynamic postural control. Moreover, the statistically significant effects of plyometric training on
effects of plyometric training on agility and dynamic postural control in teen age badminton
players have not yet been established. We hypothesized that plyometric training would result in
significantly greater improvements in agility and dynamic postural control in badminton players.
The objectives of this study were to determine the effects of a 6-week plyometric training

program on agility and dynamic postural control in badminton players.
METHODOLOGY

Thirty two subjects who had played badminton for at least 2 years were recruited for the study
from Bharathiya Sports Club, Kerala, India. Subjects were randomly assigned to two groups, a
plyometric training group and a control group. Subjects were all males between 20-30 years of
age, free of lower extremity injuries, and were not involved in any type of plyometric training at
the time of the study. Participants were advised to strictly abstain from smoking during the

period of study.

Outcome Measurements
[llinois Agility Run Test:

Agility of the subjects was measured before and after the exercise drill using Illinois Agility Run
Test. Getchell B. (1975) reported that the objective of the Illinois test is to monitor the
development of the athlete's agility. This test requires the athlete to run the red line route as fast
as possible. The athletes took a warm up before starting this test. It is a simple test which is easy
to administer and requires little equipment. It has been shown that Illinois test assesses the ability
to turn in different directions and at different angles (Bill F, 2001). The aim of the test is to
complete a weaving running course in the shortest possible time (Davis B, 2000). Cones mark
the course. The subject starts face down, with the head to the start line and hands by the

shoulders. At the whistle, the subject runs the course, without knocking down any cones.
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The length of the course is 10 meters and the width (distance between the start and finish points)
is 5 meters. Four cones are used to mark the start, finish and the two turning points. Another four
cones are placed down the center an equal distance apart. Each cone in the center is spaced 3.3
meters apart. Subjects should lie on their front (head to the start line) and hands by their
shoulders. On the 'Go’ command the stopwatch is started, and the athlete gets up as quickly as
possible and runs around the course in the direction indicated, without knocking the cones over,
to the finish line, at which the timing is stopped. The reliability and validity of this test was
reported by other authors such as Miller MG and Roozen M.

Y Balance Test (YBT):

Dynamic postural control was evaluated by Y Balance Test (YBT) in anterior, posteromedial and
posterolateral directions. The YBT Protocol was developed through years of research in lower
extremity injury prevention using the Star Excursion Balance Test. This protocol is highly
accurate and can be used for measuring pre and post rehabilitation performance, improvement
after performance enhancement programs, dynamic balance for fitness programs, and return to
sport readiness. Participants stood on the center of Y - junction shape surface. Then as long as
they had no error, they did the reaching via indicators movement in a direction which was
randomly selected by examiner, and finally, they returned to standing on double leg position
(Gribble PA, 2012). The goal of the task is to have the individual establish a stable base of
support on the stance limb in the middle of the testing grid and maintain it through a maximal
reach excursion in one of the prescribed directions (Gray GW, 1995). The measurements were
made before training and after six weeks of training.

Participants engaged in a warm up program prior to strength training. All subjects performed 3
sets of 10 repetitions on squat, bench press, overhead press, lateral pull down, standing calf raise,
and biceps curl at the gymnasium. On second session of each week front squat, incline press,
lateral pull down, upright row, standing calf raise, and triceps extension were included. Static

stretching exercises were performed in a slow, deliberate manner during the six week training
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period. The plyometric training group participated in a 6-week training program performing a
variety of plyometric exercises designed for the lower extremity along with conventional
strengthening and stretching exercises; while the control group did not participate in any
plyometric training. All subjects were instructed not to start any additional lower extremity
strengthening programs during the six week period and to only perform activities of normal daily
living. Prior to the study, procedures and guidelines were presented orally and in written form.

All subjects who participated in the study signed an approved consent form.

Plyometric training: Participants engaged in a warm up program prior to plyometric training.
Plyometric training group was submitted to 6 weeks of plyometric exercises at the gymnasium,
two sessions per week. As recommended by Miller et al. the training volume was 90 foot
contacts to 140 foot contacts per session while the intensity of the exercises increased for five
weeks before tapering off during week six (Miller MG, 2002). All subjects were under direct
supervision and instructed on how to perform each exercise. Plyometric training is shown in
Table: 1.

Table: 1

Plyometric drill for the experimental group

Week Plyometric Drill Frequency

Side to side ankle hops 2X15
Standing jump and reach 2X15

Week - | Front cone hops 5X6
Side to side ankle hops 2X15
Standing long jump 5X6

Week - I Lateral jump over barrier 2X15
Double leg hops 5X6
Side to side ankle hops 2X12
Standing long jump 4X6

Week - 11l Lateral jump over barrier 2X12
Double leg hops 3X8
Lateral cone hops 2X12
Diagonal cone hops 4X8
Standing long jump with

Week - IV lateral sprint 4X8
Lateral cone hops 2X12
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Single leg bounding 4X7
Lateral jump single leg 4X6
Standing long jump with 4X7
lateral sprint
Week -V Lateral cone hops 4X7
Cone hops with 180 degree 4X7
turn

Single leg bounding 4X7
Lateral jJump single leg 2X7
Diagonal cone hops 2X12
Hexagon drill 2X12

Week- VI Cone hops with change of
direction sprint 4X6
Double leg hops 3X8
Lateral jump single leg 4X6

Statistical Analyses

Using Microsoft Excel, data was converted into SPSS (Statistical Package for Social Sciences)
format for analysis. SPSS version 19 was used. The descriptive statistics were first calculated
and the distribution of data was checked. Statistical analysis was done using independent t test to
compare the descriptive characteristics (age, height, weight) and found no statistically significant
difference. So the homogeneity can be ensured (Table: 2). The pretest scores for Illinois test of
control group and plyometric training group has been compared using unpaired t test (Table: 3).
By conventional criteria, this difference is considered to be not statistically significant
(P=0.6325; t=0.4831). The pretest and post test scores of Illinois Agility Test of plyometric
training group has been compared using paired t test (Table: 4). By conventional criteria, this
difference is considered to be extremely statistically significant (t=11.7530). The pretest and post
test values of Illinois test in plyometric training group has been compared using paired t test
(time in sec) and found statistically significant (t= 11.7530) and for 3 directions of YBT,
Anterior (t=6.405), Posteromedial (t=8.273) and Posterolateral (t=11.361) (Table: 5).
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Table 2

Descriptive characteristics of the subjects

Variable Plyometric group Control group
Age 26.81+1.12 26.37 £1.17
Height 169.11 + 3.43 170.21 +3.21
Weight 67.21 +2.41 69.07 + 2.49

Table 3

The pre-test scores for Illinois test of control group and plyometric training group has been

compared using unpaired t test

Pretest Control Pretest P value t
( Mean) Plyometric
(Mean)
16.131 16.206 0.6325 t =0.4831
Table 4

The pre-test and post-test scores of Illinois Agility Test of plyometric training group has been

compared using paired t test

Pretest Mean Post Test Mean p t
16.206 15.813 P value is less t=11.7530
than 0.0001
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Table 5

Descriptive data for reaching distance in three directions in YBT comparing pre-test and post-

test scores of Plyometric group using paired t test

Variable Pre-test SD Post-test SD t
Anterior 76.81 1.0207 80.16 2.3830 6.405
Postero 80.06 1.1012 85.04 0.9518 8.273
medial
Postero lateral 75.27 1.0324 78.86 0.93790 11.361

RESULTS AND DISCUSSION

The results of our study showed that agility and dynamic postural control were increased in the
plyometric group while there was no significant difference in the control group. Illinois test time
reduced from 16.20 sec to 15.31 sec. An increase in distance was found in all the three directions
of YBT. The difference in YBT was as follows: Anterior (76.81 to 80.16 cm), posteromedial
(80.06 to 85.04 cm) and posterolateral (75.27 to 78.86 cm).

The results of the current study showed that plyometric training has a positive effect on agility
and dynamic postural control in badminton players. In our study, the badminton players who
underwent plyometric training were able to improve their times significantly in Illinois agility
test. The result shows improvement in all the three directions of YBT. The findings of this study
were similar to previous studies which also showed significant improvements in physical
attributes following plyometric training for basketball and volleyball (Faigenbaum, 2007; Martel
GF, 2005). In his article, Craig stated that improved times in the agility test can be because of
either better motor recruitment or neural adaptations (Craig BW, 2004). In addition, it has been
shown that the increase in agility might be due to increased speed of the myotactic stretch reflex
and desensitization of the Golgi tendon organ which raises the level of inhibition, thereby
allowing for increased force production when greater forces are applied to the musculoskeletal

system (Roopchand-Martin S, 2010). Furthermore, the motor learning literature indicates that
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neural adaptation is responsible for improvements in performance during the first six-weeks of a
training program (McArdle WD, 2007). Notably, the results of our study are in accord with a
previous study by Miller M. G. which examined the effects of plyometric training on agility
(Miller MG, 2006). Enhanced neuromuscular coordination can lead to greater net force
production. However, short-term plyometrics also improves the lower-extremity strength, power
and stretch-shortening cycle (SSC) muscle function in healthy individuals. These adaptive
changes in neuromuscular function are likely the result of (i) an increased neural drive to the
agonist muscles; (ii) changes in the muscle activation strategies (i.e. improved inter muscular
coordination); (iii) changes in the mechanical characteristics of the muscle-tendon complex of
plantar flexors; (iv) changes in muscle size and/or architecture; and (v) changes in single-fiber
mechanics. In their article Markovic & Mikulic suggest that plyometric training either alone or in
combination with other typical training modalities, elicits numerous positive changes in the
neural and musculoskeletal systems, muscle function and athletic performance of healthy
individuals (Markovic G, 2010). Another study by Roper states that plyometrics can decrease
ground reaction time because of increase in muscular power and movement efficiency (Roper
RL (1998). Upon making contact with the floor, the athlete then goes into slight leg flexion to
absorb some of the forces for safety. However, the main role played by the muscles and tendons
is to withstand the forces that are experienced in the landing. These forces are withstood in
eccentric contraction. When muscle contraction is sufficiently great, it is able to stop the
downward movement very quickly. This phase is sometimes called the phase of amortization in
which the athlete absorbs some of the forces and stops downward movement by the strong
eccentric contraction of the muscles. The strong eccentric contraction prepares the muscles to
switch to the concentric contraction in an explosive manner for takeoff (VVerkhoshanski Y, 1967).
The ability to shorten the amortization phase and also absorbing greater forces during the
eccentric contraction will lead to greater force production in the concentric phase. In a previous
study by Potteiger et al. the authors speculated that improvements in agility were due to a result
of enhanced motor unit recruitment patterns (Potteiger JA, 1999). It has been proven that fast
twitch muscle fibers are what allow you to have power and explosiveness. Being agile enables
one to feel balanced between speedy movements as well as have control and co-ordination. As

there are several changes in direction during a game of badminton, agility is very important.
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The overall improvement in agility could have helped the players to augment their dynamic
postural control measured using YBT. Hamstring muscle activity is needed for the activities of
posteromedial and posterolateral directions. An increase in the strength of hamstrings is critical
than the strength of other lower parts of the body for the improvement in these directions.
Another reason for the difference in magnitude could be the number and choice of agility

exercises.

The lower limb muscles play a major role in counter acting postural sway. The probable reasons
of improvement in dynamic postural control after plyometric training are due to the improvement
in muscle strength of participants in achievement action, force on neuromuscular system
activating sensory receptors etc. The improvement in the strength of quadriceps might have
helped in increased distance of anterior reach. Gastrocnemius contraction confronts anterior
sway of body and tibialis anterior activates opposite posterior sway of body. Gastrocnemius
counteracts anterior sway and hamstrings and para-spinals maintain thigh and knees in erect
posture. Some benefits of plyometric training include increases in muscular power movements,
brain signal efficiency, kinesthetic or body spatial awareness, motor skills, and reaction force
time. In badminton, because of the very small court, an athlete will take a maximum of one or
two steps in a particular direction to cover the court, involving a high frequency of diagonal,
lateral and forward and backward movements. Plyometric training is a dynamic movement, so
increase in balance would also be dynamic. In order for an athlete to perform at a high level in

competition, and in training, the athlete must use their balance.

The ability to detect movement and sense position of limbs is mediated by mechanoreceptors
found in both muscle and joints. Joint mechanoreceptors are found in ligaments, capsules,
meniscus, labrum, and fat pads (Kaya D, 1998). They include Ruffini’s endings, Pacinian
corpuscles, and free nerve endings. They are most active in the end of ranges of motion. This end

range motion is achieved in plyometrics.

Agility is an important factor in optimizing performance during a match. During a game, the
players have to stop suddenly, change direction and then sprint to another position on the court.

Notably, through proper plyometric training the foundation for this highly sought after skill is
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built. Badminton is a great all-round sport that not only demands muscle power, but also need
agility, dynamic postural control, good reflexes and hand-eye coordination. Plyometrics
maximizes speed while minimizing drag required for specific body positions. The findings of our
study are encouraging and can provide the coaches and trainers with a sound scientific basis for
further improvement of the quality, effectiveness and appropriate training programs for all levels

of badminton players.
CONCLUSION

The findings of the current study are very encouraging and demonstrated the benefits plyometric
training on agility and dynamic postural control of badminton players. Badminton players
require a high level of physical fitness to cope with the demands of the game and also to allow
for their technical and tactical skills to be used to their full, throughout a match. Probably; the
most important attribute for a successful badminton player is his skill. However, the right
physical attributes can be trained better to refine the skills. The influence of the plyometric

training on performance has not been thoroughly examined across developmental ages.

RECOMMENDATIONS

Plyometric training places compressive forces on many joints and it may be worthwhile in future
to consider water-based plyometric training programs. The main limitation of the study was that
female data could have also been incorporated to draw a generalized statement. This was a novel
training program and as such, consisted of more low and medium intensity and less high intensity
exercises. In future, studies should be directed to explore the influence of intensity levels on these

outcome measurements.
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