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Abstract

Introduction. Badminton is one of the most popular sports
which requires agility and strength. It is also a sport that needs
a good amount of physical, physiological, technical and tactical
assessment and training. Aim of Study. The purpose of this study
was to investigate effects of training based on an undulating
periodization routine supported by scientific assessments of
physical and physiological variables of badminton players.
Material and Methods. Twenty players registered themselves to
take part in the study, however, a group of 10 male badminton
players was eligible to participate after meeting inclusion criteria.
Flexibility, handgrip strength, dynamic balance, agility, and
aerobic capacity tests were performed before a commencement
of a training routine, which consisted of endurance activities,
mobility exercises, and strength sessions based on a previous
scientific assessment. The same test parameters were also
assessed after the training period. The athletes continued their
badminton training for 12 weeks, which was also included in the
customized training routine. A statistical analysis was performed
to compare obtained data before and after the training program.
Normality of the obtained data was also assessed. Results.
Significant improvements in handgrip strength and agility
(p <0.05) were noted. In addition, positive trends were observed
in flexibility, dynamic balance and aerobic capacity of the
athletes. Conclusions. The 12-week customized training routine
consisting of undulating periodization had positive effects on
strength, mobility, agility and other physiological variables of
the badminton players. However, better results may be achieved
by continuing this training routine in the future.
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Introduction

adminton became an Olympic sport in 1992 at the

Olympic Games in Barcelona and has remained
a part of the Olympic Games to date. Currently,
badminton is one of the most popular and fastest racket
sports worldwide that demands quick and forceful
shots, coupled with agile footwork. Also at a national
level badminton is among the most widely played
sports, boasting prominent role models who serve
as inspiration for junior players, motivating them to
aspire to high levels of competitiveness. The sport
consists of five different categories: men’s singles,
women’s singles, men’s doubles, women’s doubles, and
mixed doubles [24]. Badminton players need to keep
their center of gravity (COG) within a base of support
while performing rapid and asymmetrical upper limbs
movements. Consequently, excellent body balance is
essential for improving badminton skills, enhancing
athletic performance, and preventing injuries [28].
Previous research has showed that rally durations
typically range from 1 to 45 seconds. Moreover,
researchers have documented an average rally interval
of 10 seconds and an average rest interval of 26 seconds.
During these swift and demanding rallies, a shuttlecock
can reach speeds of up to 426 km/h, with an approximate
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rate of one hit per second. Previous studies have
reported that matches lasting 30-60 minutes involve
68-83 rallies [8]. The Badminton World Federation
(BWF) introduced a new “scoring system” in 20006,
adding another layer to a game. In this updated format,
a match comprises of the best of three games, and a first
player to reach 21 points wins each game [20]. In order
to overcome these growing challenges, players need
exceptional reaction, speed, agility, and quickness to
showcase peak athleticism on a court [19]. Variations
in badminton match play characteristics account for
significance of estimating physical and physiological
attributes of badminton players’ on-court performance.
Badminton is an incredibly versatile sport that imposes
substantial physical, physiological, technical, and
tactical requirements. However, it is a physical and
physiological fitness component that directly influences
extent of demands placed on player’s technical and
tactical abilities [17]. Previous studies have described
this dynamic game as having high-intensity, intermittent
characteristics that require players to perform short
bursts of maximal or submaximal efforts, quick changes
of directions, jumps, lunges, and explosive lower and
upper body movements from various postural positions
[3]. Similarly, research studies have shown that an
energy profile of badminton players during games has
a predominant aerobic profile ranging from 60% to 70%
of'total energy system utilization. Some researchers have
identified the adenosine triphosphate-phosphocreatine
(ATP-CP) system and the glycolysis system as primary
sources of energy [ 11]. The majority of previous research
studies focused on senior badminton athletes, whereas
physical and physiological attributes that help junior
badminton athletes achieve peak performance may not
be the same for senior athletes. Without understanding
a current physical and physiological status of athletes,
we cannot properly assert training regimens that may
become effective for them after proper periodization
according to a players’ competition calendar [12].
Therefore, the purpose of this study is to focus on physical
and physiological attributes of badminton players and
to evaluate effectiveness of training routines on their
overall performance.

Aim of Study

Numerous studies were focused on identifying physical
and physiological attributes of elite badminton players.
Previous sports science studies have identified different
variables that contribute to on-court performance of
senior badminton players. These variables include
a combination of aerobic stamina, flexibility, power,
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speed, agility, strength, explosiveness, coordination,
reaction, and technical skills. Therefore, this study
aimed to identify physiological characteristics of junior
badminton players and to examine a potential impact
of a specific undulating training regime based on
outcomes of scientific assessments regarding physical
and physiological variables of junior badminton
players.

Material and Methods

Participants

Twenty badminton players participated voluntarily, of
which 10 male badminton players were recruited for
this study based on the inclusion criteria. The research
adhered to the principles of the Declaration of Helsinki,
and informed declarations and consents were obtained
from coaches and the study participants. The purpose
of the study and a perspective of performance
improvement were discussed with each participant
and the coaches before a commencement of the study.
No invasive procedures were performed in studying
a parameter included in this study. Each athlete had
a minimum of 4 years of training, 2 years of official
badminton competitions, and no recent history of any
musculoskeletal injuries within last 6 months. All
participants were in good health and had no chronic
medical conditions. The data was collected as a part of
observation of the players, when they were routinely
assessed throughout a season.

Study design

The study consisted of a 12-week training period.
Before starting the customized training protocol, the
sports science staff conducted scientific evaluations of
anthropometric variables, flexibility, handgrip strength,
dynamic balance, agility, and aerobic capacity using

Screened for Eligibility (n = 20) Included in the study (n=10)

v

Pre-Assessment

Flexibility, Dynamic Balance, Handgrip
Strength, Apility & Aerobic Capacity

‘Customized Training
(12 weeks)
Full-body strength, Plyometric, Speed,
agility & quickness, Aerobic
Conditioning, Mobility, balance & core

v

Post- Assessment

Flexibility, Dynamic Balance, Handgrip
Strength, Agility & Aerobic Capacity

Data Analysis & Interpretation

Figure 1. The study design
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standard protocols. After the training period, the sports
science staff evaluated the same test parameters. The
badminton athletes continued their badminton training
for 12 weeks, which was also included in the customized
training routine. Figure 1 represents the study design of
this research.

Physical and physiological variables

Before measuring the physical and physiological
parameters, the anthropometric measurements were
taken. A stadiometer was used to measure body height,
whereas a weighing machine was used to check body
weight of the participants. BMI was calculated by
dividing body weight by a square of body height. The
participants wore minimal clothing throughout the
measurement process. They were required to maintain
contact between their middle fingers and respective
sides of their thighs while looking straight ahead at
a fixed point during the measurement of body weight
and body height. Table 1 presents the demographic
statistics of the anthropometric variables of the
badminton players.

Table 1. Demographic data related to the body composition
of the badminton players

Badminton players

Variables (n = 10)
Age (year) 15+1.69
Body height (cm) 170.95 + 6.46
Body weight (kg) 55.53 £8.08
Body mass index (kg/m?) 18.94 +2.05

Values are expressed as Mean = SD.

Flexibility assessment
The researchers evaluated lower body and hamstring
flexibility using the Sit and Reach Test according to the
standard protocol [1] .

Handgrip strength assessment

The athletes underwent an assessment of handgrip
strength using a digital handgrip dynamometer (Kinvent,
USA). An examiner conducted the test for each hand
in a standing position, while keeping a straighten
elbow. When ready, the subjects applied maximum
isometric effort by squeezing the dynamometer and
maintained it for approximately 5 seconds [1]. The
subjects were required to refrain from making any other
body movements during this assessment. The test was
performed twice by each athlete, and the highest score
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was recorded.

Dynamic balance assessment

The Y Balance Test (YBT) is an assessment of dynamic
balance conducted in a single-legged position. The
athletes performed the test barefoot. They positioned
themselves in the center of an YBT apparatus.
Subsequently, the athletes were instructed to maintain
asingle-legged position while reaching as far as possible
with the other leg, and then return to the starting position
in the center of the platform without losing balance,
with their hands on an anterior superior iliac spine. The
test involved reaching in three directions — anterior,
posteromedial, and posterolateral — with two trials for
each leg. The maximum reach distance was recorded
for each trial. YBT reach distances were standardized
as a percentage of leg length, which was determined
by measuring a distance from a right anterior superior
iliac spine of the players to a right medial malleolus
in a supine position. A composite score for each leg
was calculated using a formula mentioned in previous
studies [13, 28].

Agility assessment

The SEMO agility test was conducted to assess the
athletes’ ability to change directions, execute forward
sprints, diagonal back pedaling, and side shuffling
movements that are commonly encountered during
badminton matches. The assessments were performed
on an outdoor track measuring 19 ft in length and
12 ft in width. Four cones were positioned at each corner
of the track to check points of directional changes. In
each trial, the athletes initiated a movement from the
Ist to the 2nd cone performing side stepping as per
instructions. Subsequently, the athletes turned around
to the 2nd cone, back-pedaled to the 3rd cone, sprinted
forward to the Ist cone, circled the cone, engaged in
backward running to the 4th cone, sprinted forward to
the 2nd cone, side-stepped back to the starting cone,
completing the circuit. Stopwatches were used to record
the test duration of each athlete. Two consecutive trials
were conducted with a 4-minute interval of passive
rest, and the lowest recorded time was used for further
analysis [13].

Aerobic capacity assessment

Endurance (VO2 max) was evaluated using the 20-m
multistage fitness test, conducted on an outdoor track.
Following the established protocol for the endurance
assessment [16], the athletes ran continuously between
two lines, 20 meters apart and marked by cones.
Recorded beeps served as cues to start running, and
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the athletes were required to reach the line in sync
with each beep. Additionally, the participants received
verbal motivation, encouragement, and information
about speed changes during the assessment. An initial
speed of 8.5 km/h was selected according to a protocol
established by previous researchers [4] and increased
by 0.5 km/h every minute. A test score was determined
by a number of 20-meter laps completed until the
participants either voluntarily withdrew from the test or
failed to complete the test within two consecutive beeps.
A total number of completed shuttles was documented
and converted into equivalent \702 max values using
a formula presented in previous studies [16].

Weekly training program

The training routine incorporated endurance, speed,
agility, and quickness [SAQ) training, plyometric
training along with mobility exercises, and full-body
strength sessions based on the results of a previous
scientific evaluation.

The athletes performed the exercises, accompanied
by warm-up activities that involved active full-body
dynamic stretching, activation, and cool-down sessions.
Each session lasted 60-90 minutes. Strength and
conditioning experts designed the training plan and
periodization according to the rules of the National
Strength and Conditioning Association [6]. This training
program was performed in addition to a badminton
training routine of the athletes. The plan is described in
Table 2, whereas a description of the specific routines is
described below.

Before each workout, the players performed
a standardized warm-up routine consisting of exercises
such as hip in and out, leg swings, knee to chest to
lunge, ankle mobility (three directions), world’s greatest
stretch, supine scorpion stretches, scapula push-ups.
There were six to eight repetitions in a single set for
each exercise.

On the other hand, the selected activation exercises
included glute bridges, clam shells, banded upper body
activation, banded knee lifts, sidekicks, front kicks,
back kicks, high plank holds, superman holds, single leg
balance exercises, and overhead squats. Each exercise

Table 2. Weekly training program

was performed for six to eight repetitions in a single set.
The detailed training plan and exercises are mentioned
in Figure 2.

Weeks: 1-6
Weeks: 7-12

I

—{ Tuesday I —[ Tuesday

< Puch precs, Do back squats (Becentiic, seated - Push jerk! spilt jork, Box back squat, C:mhmlo\ls

hurdle jump, Quarter squat to landmine pre:
box jump, Landmine clean & press, Single leg box Jump,
jump, Hip elevated DB bench Press, Inverted row/ Hamstring Walk, Bench Press, Ball dmp B"d dog
S e e i, A e rows, Banded kneeling thoracic rotation

2
—[_ednesday — —[ Wednesday
«Ladder drill, lateral shuffles, forward shuffles, +Ladder drill, lateral shuffles, forward shuffles,
single legs hops, T mns, Fast feet w/ cones reach, single legs hops, T runs, Fast feet w/ cones (ca,ch;
Semo Drill, 20 m shuttle, 20 m sprint (resisted) arrowhead running, Color cue running, Zigzag

—{ Thursday }
»Long Slow distance running (Ground running /
Treadmill running/ Bicyele) (Break for 5 min) or
Fartlek Training (Ground running / Treadmill
running/ Bicycle) (60-70% Maximum Heart Rate)

—( Friday }
» Clean pull, Bulgarian Squat (tempo 3-x-0),
Bulgarian jump, Single leg RDL with press,
Medicine ball lateral throws, Incline bench press,
pull-ups/ lat pull-downs, Nordic culs

—{ Saturday —

*90-90, Quadriceps to hamstring. Adductor to
abductor stretch, Thoracic rotation, Thread the

needle, core exercises

T

cone drills
—[ Thursday

»Long Slow distance running (Ground running /
Treadmill running/ Bicyele) (Break for 5 min) or
Fartlek Training (Ground running / Treadmill
running/ Bicycle) (60-70% Maximum Heart Rate)

ik

—[ Friday
* Power clean, Bulgarian squat, Loaded static squat
jump, Deadlift. Depth Jump, DB incline bench
press, pull-ups/ lat pull-downs, Kettle hold walk 90
degree (20 sec), Farmer walk (10 min)

—[ Saturday

*World's Greatest Stretch, Scorpion, Pigeon to
lunge, Cat Camel, Hip Circle, core Exercises

T

1

Figure 2. The detailed training plan and exercises

Statistical analysis

The data is presented as Mean + SD. Normality of the
obtained values was checked using the Shapiro—Wilk
normality tests in the GraphPad Prism software. The
data was analyzed using the paired t-tests to compare
the values before and after the training program.

Results

This study revealed significant improvements in
various physical parameters following the intervention
program. There was a significant enhancement in
handgrip strength, with an increase of 13.66% in
a left hand and 19.66% in a right hand. A significant
improvement in agility was observed, which was
approximately 10.15%. Positive effects of the training
were observed in terms of flexibility, dynamic
balance, and aerobic capacity, which were found to
be statistically insignificant. These observations are
depicted in Table 3 and Figure 3.

Monday Tuesday Wednesday Thursday Friday Saturday
full-body full-body
strength and speed, agility, aerobic strength and mobility, balance,
Rest . . . .
plyometric and quickness conditioning plyometric and core
training training
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Table 3. Descriptive statistics of the variables collected
before and after the badminton players training

Pre-training Pre-training

Variables (= 10) (n- 10)
Flexibility (cm) 36.67 +12.61 37.67+10.77
Handgrip left - 24.88+ 6.05%  left — 28.28 + 5.64%
strength (kg) right — 28.35 + 4.85%  right — 33.92 + 6.66*

left—102.94 £ 12.94  left— 104.04 + 11.57

Lower quarter Y
Balance Test (%) right — 106.29 + 12.83 right — 107.61 + 12.28

Agility (s.) 11.91 + 0.69* 10.70 + 0.45%
Aerobic capacity 5 55, 3 5 58.16 4 4.09
(ml/kg/min)
Values are expressed as Mean £ SD.
*p<0.05
Handgrip Strength A Aerobic Capacity B

PREQ)  POSTQ) PRER)  POSTR® o — p—

103.56 105.03
10215 | m

PEE @) POSTQ)  PEE®)  POST®) RE pOST

Note: PRE — pre-training, POST — post-training, L — left, R — right
Values are represented as Mean + SD.
*p<0.05

Figure 3. Changes in (A) handgrip strength, (B) aerobic
capacity, (C) dynamic balance, (D) agility after the customized
training plan

Discussion

In high-performance sports periodization is a methodical
strategy designed to maximize effectiveness of a training
program, leading up to a scheduled competition by
carefully adjusting training volume and intensity over
time. Conversely, nonperiodized training lacks planned
variations in training variables in terms of volume and
intensity. Currently, two main models of periodization
are used by athletes and coaches: linear periodization
and nonlinear periodization, also known as undulating
periodization [30]. Undulating periodization involves
regular fluctuations in exercise intensity and volume,
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which can occur daily or weekly, and relies on maximal
repetitions to measure intensity levels. There are two
models within undulating periodization, i.e. daily
undulating periodization and weekly undulating
periodization. These models can be adapted to athletes
based on individual needs, developmental level,
and overall strengths and weaknesses. This type of
periodization has been proposed to result in superior
physiological and performance adaptations [7, 22].
A study conducted on tennis players demonstrated that
an undulating periodization program improved strength,
power, and local muscle endurance [15].

The present study investigated effectiveness of an
undulating training program based on a scientific
evaluation of physical and physiological variables of
junior badminton players. Because badminton demands
quick direction changes, jumps, forward lunges, rapid
arm movements, and a variety of postural positions,
players must demonstrate good balance and agility
while performing rapid postural actions across a court.

Anticipated outcomes of this study are an enhancement
of strength and power related characteristics because of
improved contractility of muscles, besides an increase
in an amount of contractile protein through strength
training [5]. The results of this study indicated that
12 weeks of core strengthening had a positive effect on
improving dynamic balance of the badminton players.
The possible reasons for this outcome may be that core
muscles play a crucial role in stabilizing a spine and
trunk during movements involving lower and upper
extremities, such as jumping, running, and throwing.
Improving core muscle strength could potentially
enhance dynamic balance and coordination between
lower and upper extremities, and it may also help to
reduce and prevent lower extremities and knee joints
injuries. In summary, core strengthening may contribute
to strengthening of pelvic girdle muscles, including
abdominals and an erector spinae [21]. Flexibility and
strength of hip and thigh muscles, which influence
limbs movements in a direction of a target, may affect
reach distances when an athlete stands in a single-limb
position during the YBT.

On the other hand, plyometric exercises can enhance
both peripheral and central neural adaptations, leading
to increased joint proprioception [23]. A muscle spindle
and Golgi tendon organs are receptors crucial for
stretch reflex and muscle contraction control. Active
stretching of elastic components generates elastic
potential energy that contributes to muscle fiber
contraction. Neurophysiological adaptations resulting
from plyometric training contribute to significant power
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improvement. Plyometric training enhances motor unit
activation, neural adaptation, and a force development
rate, improving agility and speed. Increased power
facilitates force production during sprinting, reducing
sprint time and improving speed. The present study’s
findings indicate a significant improvement in agility
with a 12-week plyometric training regimen. Another
study showed that progressive plyometric training
significantly improved lower limb muscle power, thereby
influencing badminton players’ agility. A potential
increase in power output was identified as a crucial factor
in improving agility. Coaches or trainers may employ
a progressive plyometric training regime to increase
lower limb muscles strength, consequently improving
agility in badminton athletes [14]. Another pilot study
showed that 12 weeks of balance training combined
with plyometric training can strengthen dynamic balance
ability and improve quickness performance in elite male
badminton players [29]. Another study reported that
a 6-week plyometric training program increased knee
proprioception and dynamic balance in female badminton
players [2]. These results have showed the vital role of
plyometric training in elevating performance in sports
that demand acceleration, deceleration, and direction
changes. Furthermore, it is well known that agility
requires development of muscular components such as
strength and power to enhance lateral velocity changes
[9]. Thus, the current study’s results show a significant
improvement in the overall performance of the YBT, the
SEMO agility test and the handgrip strength test after
12 weeks of training, which aligns with the previous
research findings.

Enhanced flexibility in the badminton players that
resulted from 12 weeks ofthe consistent mobility exercises
within the current study may contribute to improved
maximal strength, an ability to effectively utilize the
stretch-shortening cycles and correct movement patterns
throughout a required range of motion [17].

In badminton competition, quickness is a key factor
in achieving exceptional performance. It requires not
only lower limb strength for altering body direction,
but also effective dynamic balance to regulate body
posture, thereby overcoming inertial effects induced
by acceleration and deceleration during directional
changes [26]. The SAQ training is an effective method
for enhancing athletic performance and has a significant
effect on improving agility, speed, and dynamic balance.
Studies have showed that the SAQ training is versatile
and can be employed to boost speed or strength,
enhancing ability to produce maximal force during high-
speed movements. The advantages of the SAQ training
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include increased linear and horizontal muscle power
as well as reactive force, and time. Neuromuscular
stimulation during exercises, involving rapid changes
of directions and muscular contractions, leads to
alterations in alpha motor neuron impulse velocity. This
contributed to development of control and improved
dynamic balance. The enhanced balance may be linked
to improved ankle and hip muscles strength, thereby
enhancing postural stability [25]. The present study
indicates that the SAQ training may have a significant
effect on improving agility, speed, and dynamic balance
in badminton players.

A badminton match places significant demands on
a player’s aerobic capacity, because of variations in
individual physical fitness and the introduction of the
new scoring model. Under such circumstances, pace
of a competition noticeably quickens, and multiple
rallies frequency steadily rises. This forces players
to withstand prolonged periods of rapid and repeated
accelerations and decelerations [10]. A research study
highlighted that badminton players typically achieve
an average heart rate exceeding 90% of their maximum
heart rate (HRmax) during competitive matches. The
involved energy systems show a reliance of 60-70% on
the aerobic system and 30% on the anaerobic system,
with a pronounced demand for alactic metabolism,
placing a significant strain on both aerobic and anaerobic
capacities [18]. This study included long slow distance
running at 60-70% of the athletes’ HRmax and fartlek
training for improving aerobic endurance. The fartlek
training technique involves starting with a slow run,
followed by intensive short sprints of medium distance
running with consistently high speed. This pattern
alternates with periods of sprinting, jogging, and
sprinting again, creating a varied and dynamic workout.
The fartlek training is a type of an aerobic endurance
exercise and can be performed to enhance aerobic
endurance. One study conducted on badminton players
showed that the fartlek training significantly increased
\702 max of athletes [27].

Conclusions

This study showed that customized training routines
might induce a significant effect on improving handgrip
strength and keeping badminton players more agile on
acourt. Other studied variables may also show significant
positive responses if the badminton players continue
their training routine with customized modulation
according to the strength and conditioning coaches. The
insights gained from this research will ultimately guide
a formulation of future training for junior badminton
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players, focusing on undulating periodization that may
elicit positive effects.

Based on individual’s training history, a choice of
a different periodization model could introduce a novel
stimulus, potentially resulting in greater adaptations.
Consequently, coaches should modify a chosen
periodization model to facilitate ongoing gains in selected
variables of badminton players over the long term.
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