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Abstract: In badminton, the overhead jump smash is one of the most commonly used strokes. One of the key
components of the smash is the ability to squat jump well before striking the shuttlecock. Improvement in
squat jump could help improve the badminton overhead smash and overall improvement in performance.
Accordingly, the study was proposed to analyse the biomechanics of squat jump in junior badminton players
and understand its importance. A total of 100 players from South Asia between the ages of 8 and 15 years
were analysed. Iso Lift system of Tecnobody Italy was used. Variables measured were gender, height, age,
body mass index, and experience in years, level at which they play, current pain, and clicks & catches in the
past 1 year. Our study showed that there was significant difference in maximum force of squat jump in terms
of body mass index and in maximum relative power of squat jump in terms of level at which players compete.
There are a variety of other factors which do not affect squat jump. There needs to be a greater focus on
squat jump training with a specialised strength and conditioning coach as part of the development of junior

badminton players.
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1. INTRODUCTION

Badminton is a fast, interceptive racquet sport
for two or four people, with a temporal structure
characterized by actions of short duration and
high intensity (Phomsoupha & Laffaye, 2015).
The unpredictability of the opponent’s actions
and the usage of feint strokes in elite badminton
indicate inhibitory control as crucial for elite
performance and it is recognized that a
combination of excellence in technical, tactical,
anthropometrical, physical and mental skills is
needed for elite sports performance (Elferink-
Gemser, Jordet, Coelho-e-Silva, & Visscher,
2011).

Among badminton skills, the forehand overhead
smash is one of the typical techniques, and is the
most powerful stroke (Tsai, Chang, & Huang,
1998). It is the second-most frequent shot in
badminton with 20% of the badminton strokes
in a game (Hong & Tong, 2000). It can be
divided into two types, the stand smash and the
jump smash (Tsai et al., 1998). Biomechanics of
the racquet and shoulder component of the
forehand overhead smash have been extensively
studied (Poole, 1970)(Tsai, Huang, Lin, &
Chang, n.d.)(Xiang Liu, Wangdo Kim, & John
Tan, 2002). The jump smash in particular has
been studied in detail and its importance in
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optimising badminton performance has been
well documented (Waddell & Gowitzke, 2000)
(Miller, Felton, McErlain-Naylor, Towler, &
King, n.d.)(Miller, Felton, McErlain-Naylor,
Towler, & King, n.d.)(Tsai, Yang, Lin, &
Huang, 2008).

One study highlighted the relationship between
jump testing in badminton and on-court jumping
drills in elite badminton players. (Harvey,
2010). The author found that the results seem to
be effected by the jump smash technique of the
player and external factors during the on-court
jumps. The results of his study attribute to the
overall importance of jump testing for elite
badminton players and he suggested that it is an
important aspect to look at when forming a
fitness testing battery for elite badminton
players.

Previous studies on other types of jumps have
been carried out. A study on the biomechanics
of bounce drop jump and countermovement
drop jump was conducted (Bobbert, 1990).
Investigations on the neuromuscular and
mechanical parameters in the development of
reactive jumping ability as well as the
innervation characteristics of drop jump have
been carried out (Sialis, 2004) (Kyroldinen &
Komi, 1994) (Martinez-Lopez, Benito-Martinez,
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Hita-Contreras, Lara-Sanchez, & Martinez-
Amat, 2012). Additionally, the effect of
plyometric training protocols including a drop
jump from 3-different heights according to the
athlete’s body corpulence was also studied
(Amara et al., 2016).

Other studies mainly focused on the effect of
plyometric jump training on various aspects of
health and performance. Certain studies
investigated its effect on bone mineral content
(BMC), lower extremity performance, and static
balance in women (Witzke & Snow, 2000)(Kato
et al., 2006), mechanical properties of muscle-
tendon complex, muscle activities and
performances during jumping (Kubo et al.,
2007), muscle activation and architecture during
vertical jumping and maximum strength
(Kannas, Kellis, & Amiridis, 2012), and vertical
jump height in healthy individuals (Markovic,
2007). Additionally, studies on plyometric
training techniques for improving vertical jump
ability and energy production in badminton
players have been conducted (Ricard, 1998)
(Arabatzi, Kellis, & Saéz-Saez De Villarreal,
2010) (Frohlich, Felder, & Reuter, 2014).

There is limited research exploring the
biomechanics of squat jump. One study
measured force, velocity and power output
during a squat jump (Samozino, Morin, Hintzy,
& Belli, 2008) while another evaluated force
and velocity parameters of vertical jump
performance in countermovement jump and
squat jump and compared results for sprint
runners and volleyball players (JD Pupo, 2012).
Another study evaluated the relation between
the maximum mean propulsive power obtained
in the loaded jump squat and half squat (Loturco
et al.,, 2017). Thus, biomechanics of the squat
jump in badminton players has not been
extensively studied. Currently there is no
consensus regarding which factors of a
badminton player contribute to a better squat
jump. The purpose of this study was to identify
the modifiable and non-modifiable factors that
contribute to players producing the ability to
perform a squat jump with the aim of being able
to inform coaches what to encourage in players,
or recognise during the talent identification
process.

2. METHODOLOGY

One hundred junior badminton players under the
aegis of Badminton Association of India (BAI)
were recruited for the study. Informed consent
from the players, legal guardians and coaches
was taken prior to participation. Approval from
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the BAI was taken prior to initiation of the
study. All players were screened using a
combination of a questionnaire and machine
analysis.

The questionnaire consisted of a self-developed
item set with focus on demographics, injury
history, treatment history, playing career history
and current injury state. The demographic data
included age, sex, height, weight, and dominant
hand. The injury history included questions
regarding injuries in the past, their severity,
whether they occurred during competition,
training or daily activity, whether it prevented
the player from taking part in a competition
and/or training and/or daily activity, and if the
pain was more during a particular badminton
stroke. The treatment history questioned the
form of treatment taken for the injuries, whether
it was oral medication, physiotherapy, surgery,
or any other. Playing career history included
information regarding the age at which the
player began playing badminton, whether the
player has a dedicated coach and/or trainer, age
at which he/she began playing badminton
tournaments, and current professional level.
Current injury state involved questions
regarding any current pain faced by the player,
and whether the player has experienced any
clicks, cracks or catches in the body in the last
12 months.

The machine analysis was done by conducting a
biomechanical assessment of squat jump. Iso
Lift system of Tecnobody Italy (Figure 1) was
used to assess the squat jump. The base of
support of the Iso Lift system is a sensorized
platform with four load cells which can detect
the distribution of the athlete’s load to the
ground in real time. The athlete was made to
stand on the Iso Lift platform. Located in front
of the system, the 3D camera scanned the
athlete. This powerful camera allowed real-time
reconstruction of every single movement of the
athlete without the need to apply any marker on
the body. The athlete performed the squat jump,
and the results were available immediately on
the screen. We recorded the maximum height,
maximum force, maximum acceleration, and
maximum relative power from each athlete’s
squat jump. The test was done using the
Tecnobody machine in  Abhinav Bindra
Targeting Performance at Padukone-Dravid
Centre for Sports Excellence in Bangalore
(Figure 2 and 3).

The data was categorized into variables (Table
1-4) and the resulting categorical data was
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analysed by computing the Mean, Standard
Deviation and T-test to identify the level
significance in kinematic variables (Maximum
height, Maximum force, Maximum acceleration,
Maximum relative power) using Microsoft
Excel and SPSS (16.0) software.

Figure2 and 3. BAI players using the Iso Lift system
for assessment of Squat Jump

3. RESULTS

A total of 100 junior South Asian Badminton
players underwent the assessment. Out of the
100 players, 59 were male players and 41 were
female players. 90 of them were from India, 4
each from Nepal and Sri Lanka, while 2 players
were from Maldives. The age group was
between 8 and 15 years. The data is presented in
Table 1, 2, 3and 4.

Table 1 shows difference in maximum height
(m) between various groups. Gender, height,
age, BMI, experience in years, level at which
they play, current pain, and clicks & catches in
the past 1 year were the variables. However,
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none of the variables showed a significant
difference between the groups.

Tablel. Maximum Height in meters

Variables Groups N |Mean+SD |‘P’

Gender Male 59 ]0.30+0.06 |0.48
Female 41 ]0.27+0.05

Height Below 150 |21 |0.27+0.07 |0.72

(In cms) Abovel50 (79 [0.29+0.06

Age <12 23 |0.27+0.05 |0.32

(In Years) >12 77 10.29+0.06

BMI <18 42 10.28+0.06 |0.43

(In Kg/M2) |>18 58 0.29+0.06

Experience  |<5 44 10.29+0.05 |0.06

(In Years) >5 56 ]0.28+0.07

Level Amateur (34 |0.26£0.06 |0.30
Professional|66 |0.29+0.06

Current Pain |Yes 24 10.29+0.07 |0.17
No 76 |0.28+0.06

Clicks &|Yes 23 |0.29+0.07 |0.12

Catches In|No 77 0.28+0.06

Past 1 Yr

As seen in table 1, there is no significant
difference in Maximum Height between the
groups

*significant difference level at (0.05)

Table 2 shows the difference in maximum force
(N) between groups. The groups did not differ
significantly in terms of gender, height, age,
experience in years, level, current pain, and
clicks & catches in the past 1 year. However, we
did observe a significant difference in terms of
BMI (Graph 1). 42 players were having BMI
below 18 kg/m2 with mean maximum force of
965+145.42 kg/m2 whereas 58 players were
having BMI above 18 with mean maximum
force of 1188.62 + 262.22 kg/m2. The
significant difference was 0.002.

Table2. Maximum Force in [N]

Variables |Groups N |[Mean + SD ‘P

Gender Male 59(1120.40+264.41|0.14
Female 41]1058.21+215.09

Height Below 150 |21|1058.89+285.40(0.17

(In cms) Abovel50 |79]1103.92+240.22

Age <12 23(1008.00+187.75(0.085

(In Years) >12 77(1120.87+256.44

BMI <18 42| 965+145.42 |0.002

(InKg/M2) |>18 58(1188.62+262.22

Experience |<5 44|1094.79+242.43|0.91

(In Years) >5 56(1095.00+251.24

Level Amateur 34(1028.64+216.40(0.46
Professional|66|1129.04+255.02

Current Pain |Yes 2411119.66+221.90(0.93
No 76(1078.09+254.22

Clicks &|Yes 23(1124.30+225.70(0.83

Catches  In|No 77(1086.12+252.68

Past 1 Yr
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As seen in table 2, there is a significant
difference in Maximum Force between players
with BMI below and above 18.

*significant difference level at (0.05)

MAX FORCE

V;

T

1000
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0
600
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M

Graphl. Significant difference (0.002) observed in
maximum force of squat jump in badminton players
with BMI below and above 18.

Table 3 highlights the difference in maximum
relative power [W/kg] between groups. We
observed a significant difference in terms of
level at which they play (Graph 2). 34 players
were amateur and 66 were professional players.
Mean maximum relative power in amateur
players was 41.90 = 6.83 W/kg and in
professional players was 45.86 + 8.56 W/kg.
The significant difference was 0.04. There was
no significant difference in terms of the other
groups.

Table3. Maximum Relative Power in [W/kg]

*significant difference level at (0.05)

MAX RELATIVE POWER

B Ameatur

Professional

Graph2. Significant difference (0.04) observed in
maximum relative power of squat jump in amateur
and professional junior badminton players.

Table 4 shows the difference in maximum
acceleration [m/s2] between groups. There was
no significant difference observed in terms of
gender, height, age, BMI, experience in years,
level, current pain, clicks & catches in the past 1
year.

As seen in table 4, there is no significant
difference in Maximum Acceleration between
the groups.

Table4. Maximum Acceleration in [m/s?]

Variables |Groups N |Mean +SD |‘P’
Gender Male 59 [19.52+7.27 |0.60
Female 41 |17.93+6.79
Height Below 150 |21 [16.89+2.34 |0.23
(Incms)  |Abovel50 |79 [19.49+7.78
Age <12 23 |17.19+2.53 |0.14
(In Years) |>12 77 [19.37£7.90
BMI <18 42 |18.45+7.67 |0.75
(In >18 58 |19.17+6.69
Kg/M2)
Experience |<5 44 118.70+6.41 |0.27
(In Years) |>5 56 [19.00+7.63
Level Amateur 34 |18.25+7.93 |0.83
Professional |66 |19.19+6.66
Current Yes 24 |17.78+2.35 |0.12
Pain No 76 |19.21+8.01
Clicks &|Yes 23 |17.84+2.38 |0.14
Catches In{No 77 119.18+7.96
Past 1 Yr

Variables Groups N |Mean+SD [P’

Gender Male 59 |46.48+8.47 |0.11
Female 41 |41.68+6.96

Height Below 150 |21 |44.11+7.83 |0.62

(In cms) Abovel50 |79 |44.8348.31

Age <12 23 |42.20+7.55 |0.29

(In Years) >12 77 |45.20+8.30

BMI <18 42 144.67+7.83 [0.29

(In Kg/M2) >18 58 |44.40+8.52

Experience <5 44 144.93+7.82 ]0.48

(In Years) >5 56 |44.19+8,54

Level Amateur 34 41.90+6.83|0.04
Professional|66 |45.86+8.56

Current Pain  |Yes 24 143.88+8.46 |0.29
No 76 |44.71+8.16

Clicks &|Yes 23 |43.73+8.61 |0.22

Catches In Past|No 77 |44.75%8.11

1Yr

As seen in table 3, there is a significant
difference in Maximum Relative Power between
amateur and professional players.
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4. DISCUSSION AND IMPLICATIONS

Badminton warrants high demands, with a
maximum heart rate of 190.5 beats/min,
matches at an average ofover 28 minutes long,
performance intervals of 6.4 seconds, and rest
time of 12.9 seconds between exchanges
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(Cabello Manrique & Gonzélez-Badillo, 2003).
Studies have been done on the characteristics of
competitive badminton in order to determine the
energy requirements, temporal structure, and
movements in the game that indicate
performance level and to use the findings to
plan training with greater precision (Cabello
Manriqgue & Gonzélez-Badillo, 2003). A
previous study has reported the proposed
method, solely based on three simple parameters
(body mass, jump height and push-off distance),
allows to accurately evaluate force, velocity and
power developed by lower limbs extensor
muscles during squat jumps. (Samozino et al.,
2008).

The results of our study have highlighted certain
factors that contribute to improving a squat
jump, but it also sheds light upon the lack of
importance given by players and coaches in
including a conditioning program in an athlete’s
training regimen that focuses on improving the
squat jump. Based on our results, we found that
there is a significant difference in maximum
force of squat jump in badminton players with
BMI below and above 18. We also found a
significant difference in maximum relative
power of squat jump in amateur and
professional junior badminton players. Rest of
the variables proved to be not significant with
respect to maximum height, maximum force,
maximum acceleration, and maximum relative
power. The variables can be categorized into
non-modifiable and modifiable factors. Non-
modifiable factors include gender, height, age
and years of experience. Modifiable factors
include body mass index, level, current pains,
clicks and catches in the body.

4.1. Non-Modifiable Factors

There was no significant difference observed
between any groups in terms of maximum
height, maximum force, maximum acceleration,
and maximum relative power. The factors in
guestion here were gender, height, age and years
of experience. Common consensus would
suggest male players, taller players, and older
players would be having a superior squat jump
compared to their female, shorter, and younger
counterparts but we did not find a significant
difference. This shows that gender, height, and
age do not play a significant role in the ability to
squat jump. We compared groups having less
and more than 5 years of playing experience and
found that there was no significant difference
present. This shows that despite players having
more than 5 years’ experience in the sport, they
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may not have access to strength and
conditioning specialists who can help train them
in improving their squat jump and that squat
jump is not being given the importance it needs.

4.2. Modifiable Factors

On comparing body mass index of players, there
was a significant difference found between
those with a BMI of less than and above 18 in
terms of maximum force. Neural, mechanical
and muscle factors influencing muscle force
production have been documented (Kyroldinen
& Komi, 1994). The authors studied maximal
voluntary isometric force and the rate of force
production of the knee extensor and the plantar
flexor muscles in athletes and suggested that the
differences in the isometric conditions could be
explained by different muscle fibre distribution
and different amounts of muscle mass. This
theory supports our results regarding body mass
index. Another related study investigated the
effect of plyometric jump training during
adolescent growth resulting in increased peak
bone mass(Witzke & Snow, 2000).

Additionally, one study showed that low-
repetition and high-impact jumps enhanced bone
mass density at the specific bone sites (Kato et
al., 2006). There was no significant difference
between the two BMI groups in terms of
maximum height, maximum acceleration, and
maximum relative power. There was no
significant difference between amateur and
professional players in terms of maximum
height, maximum force, and maximum
acceleration. However, we did observe a
significant difference between amateur and
professional players in terms of maximum
relative power. A study in the past found that
athletes with higher mean propulsive power in
the jump squat were capable of jumping higher
and sprinting faster than their weaker
counterparts (Loturco et al., 2017). The authors
concluded that the jump squat should be
preferred for assessing and possibly training
elite athletes needing to improve speed-power
related abilities. This highlights the importance
of the squat jump and our results showed that
professional players were jumping better than
amateur players in terms of maximum relative
power. There was no significant difference
between players who were in current pain and
those who were painless and between those who
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had experienced clicks, cracks or catches in the
past 1 year and those who had not in terms of
maximum height, maximum force, maximum
acceleration, and maximum relative power.

Studies have mentioned the importance of the
badminton jump smash and the co-relation
between a jump squat and its importance in
executing the smash to perfection, yet the lack
of significant difference in various parameters
of the squat jump in older players with more
than 5 years’ experience and playing in the
professional circuit shows the lack of strength
and conditioning expertise available to them.
Plyometric training has been the regimen of
choice for improving jump performance.
Research has shown that the increase of jumping
performance after incline plyometric training
should be taken into consideration by coaches to
improve explosiveness of the plantar flexors
(Kannas et al., 2012). Another study showed an
eight week training program of Electrical
Muscle Stimulation combined with plyometric
exercises has proven useful for the improvement
of every kind of vertical jump ability (Martinez-
Lopez et al.,, 2012). Additionally, plyometric
training provides a statistically significant and
practically relevant improvement in vertical
jump height (Markovic, 2007). Athletes,
coaches and sporting bodies need to recognise
the importance of a dedicated strength and
conditioning coach and realise that no detail is
small enough in the overall development of an
athlete.

There were some limitations we faced in our
study. Firstly, the participants included players
between the ages of 8 and 15 years only.
Secondly, only squat jump assessment was
done, whereas the machines have multiple tests
for the assessment of different types of jumps to
allow for further analysis of data. Thirdly, the
study could have included a wider geographical
area including players from more Asian
countries.

This study opens up new grounds for further
research. Further studies can address other
variables not included in the present study.
Additionally, targeted interventions are needed
to improve squat jump of players and the effect
of such improvements on performance need to
be determined.

5. CONCLUSION

This study shows that there is a significant
difference in maximum force in terms of BMI
and in maximum relative power in terms of
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level at which players compete. Those having a
BMI above 18 had better maximum force
whereas professional players had better
maximum relative power in their squat jump.
However, no significant difference in maximum
height, maximum force, maximum acceleration,
and maximum relative power across other
variables is a sign that squat jump is not being
given the importance it needs. Understanding
the need for strength and conditioning and its
importance in overall improvement in
badminton performance is vital and may help
take their output to a whole new level.
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