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Abstract
Introduction

Force, velocity, and power generation are important factors that could impact sporting
success. In the case of badminton, players must have the potential to generate these variables
at both the upper and lower limbs, to face the demands of competition. In a sport where male
and female players often train and compete together, the knowledge of differences between
the sexes in the development of force, velocity, and power can help coaches fine-tune
strength and conditioning sessions for each set of players. Therefore, this study aimed (1) to
analyze the influence of a 15-min game on the physical performance in men and women
badminton players on measures of jump, agility, and flexibility performance variation after
the match; and (2) to compare differences between young, elite male and female badminton
players in the discrete and continuous variables registered using Linear Position Transducers
during the squat and bench press.

Methods

Twenty-two elite, junior badminton players (age: 16.3 + 1.3 years; 13 male and 9 female
players; height: females = 160.7 £ 6.48 cm, males = 170.3 + 3.18 cm; weight: females =55.1
+ 3.87 kg, males = 60.6 + 5.00 kg) were recruited for the study. All players had experience in
playing in international tournaments. Participants performed the tests over two days.

On the first day, the joint flexibilities of both the lower limbs were measured. The players
then performed three bilateral counter-movement jumps (CMJ) and three unilateral CMJs
with each limb. The players then proceeded to perform a badminton-specific BADCAMP test
where they performed two repetitions of the same. The jump and BADCAMP tests were
performed in pairs alternatively to prevent a player from getting fatigued. These players then
played a fifteen-minute match between themselves, and the flexibility, jump, and BADCAMP
tests were repeated after the match.

On the second day, they performed basic strengthening exercises such as the squat and the
bench press on a Smith machine where their force, velocity, and power profiles were
recorded using a Linear Position Transducer.

Results

Significant differences were only found in the hip flexion for the non-dominant limb in male
participants (difference: -3.08°; p=0.046) and the single leg CMJ for the right limb in female
players (difference: +1.31 cm; p=0.038). No other significant differences were found for the
flexibility and agility variables. In terms of the strength tests, differences between male and
female players were seen in the bench press for peak velocity (p<.001), peak normalized
power (p<.001), and normalized RM for the bench press (p<.001), and the displacement
pattern was also different between the sexes. No differences were seen in the squat except for
the normalized squat RM (p=0.025).

Discussion and Conclusion



The results indicate that a 15-min game has no real effect on the physical performance of men
and women badminton players on measures of jump, agility, and flexibility performance.
Moreover, when the strength variables were normalized for the body mass, no differences
were observed between male and female badminton players. Nevertheless, differences
between male and female players were seen in the displacement patterns for the bench press
exercise, which could provide an indication where training in young female badminton
players can be focused to improve their smash velocities.



Introduction

Performance in sport depends on physiological, biomechanical, and psychological factors.
Performance improvement not only depends on the study of these factors, but injury
prevention also plays a key role in ensuring that the players are available to perform to the
best of their abilities as the presence of an injury can affect on-field performance.
Measurement of these factors could be fundamental in the evaluation and prediction of
injuries, and as a consequence, determine the functional capacity of the player. Although such
studies have been carried out extensively different sports such as soccer (Ekstrand, Hagglund,
& Waldén, 2011; Schuermans, Van Tiggelen, Danneels, & Witvrouw, 2016), rugby (Hulin,
Gabbett, Caputi, Lawson, & Sampson, 2016), tennis (Abrams, Renstrom, & Safran, 2012),
field hockey (Barboza, Joseph, Nauta, van Mechelen, & Verhagen, 2018) and cricket (Das,
Usman, Choudhury, & Osman, 2014) among others (Dalton, Kerr, & Dompier, 2015) the
number of studies in badminton is limited.

Performance in badminton

Badminton is a discipline that involves high coordination and technical complexity
(Tomaszewski et al., 2017) and is characterized by high intensities, intermittent changes of
direction, and movements such as jumping, landing, twisting, lunging, stretching, smashing,
and stopping in response to an opponent’s shot (Campos et al., 2009; Chin et al., 1995;
Maloney, 2018; Phomsoupha & Laffaye, 2015). In physiological terms, badminton belongs to
endurance- and speed-based disciplines with changing modes of effort and intensity (Cabello
et al., 2004). In this sense, badminton at the elite level requires a combination of the aerobic
and anaerobic systems and the involvement of these systems depends on the nature of the
rally (short or long) and the duration of the game (short set or long match) (Chin et al., 1995).
Currently, rally time and resting time were estimated at 7 s and 15 s respectively with an
effective playing time of 31% of the match (Phomsoupha & Laffaye, 2015). Thereby, such
traits as velocity, endurance, motor coordination, decision-making efficiency, the anticipation
of the opponent’s movements, and spatiotemporal orientation play an important role in a
player’s preparation (Tomaszewski et al., 2017). Thus, players require a very high level of
eye-hand coordination (Alam et al., 2009). In addition, a specific race preparation to
anticipate the shuttlecock’s atypical and surprising flight trajectory (Hong et al., 2014). In this
way, players may adapt their movements using biomechanical factors to respond to the set of
visual information. This requires quick changes of direction, jumps, and quick arm
movements from different postures (Hong et al., 2014; Shariff et al., 2009).

Thereby, it is very important to carry out specific tests in an ecological environment to
simulate the competing demands in order to evaluate the performance of the players (Chin et
al., 1995). Within these assessments, specific agility tests are essential to be able to evaluate
the demands of competition in a controlled environment (Ooi et al., 2009). Therefore, it is
important an adequate battery of specific badminton tests, which simulates match situations
(Zhang et al., 2013). It will generate different results depending on gender and level of
competition, thus being able to evaluate how physical demands are affected by fatigue in
competition (Cabello et al., 2004).

Resistance training



In order to prepare for the high demands, players train frequently, often during multiple
sessions during the same day, and regularly include resistance training as a part of their
training regime. Resistance training is an effective method to enhance muscle strength and
jump performance in youth athletes, influenced by sex and resistance training type (Lesinski
et al., 2016). This improvement of the muscular strength of the upper and lower body is also
considered an important factor to enhance performance, given the demands of speed,
explosiveness, and agility required by the sport (Sturgess & Newton, 2008) Specifically in
youth, resistance training needs to be incorporated prior to power training to acquire a great
strength base for power training methodologies (Behm et al., 2017) that could help improve
performance based on explosive actions.

It is well-known that sports performance requires high-speed movements (above 200°/s in
some cases) (Mann & Herman, 1985), making it essential to develop resistance training at
these velocities (Pereira & Gomes, 2003) and also assess the training load in the same way. In
resistance training, training load is usually assessed through One-Repetition Maximum
(1RM) Test (Grgic et al., 2020) and could be considered as the “gold standard” in non-
laboratory conditions (Kraemer et al., 2006). However, its association with injuries and the
significant time spent performing the test (Brzycki, 1993; Mayhew et al., 1992) has led to the
emergence of new methods of evaluation training load, such as the movement velocity
assessment (Gonzalez-Badillo & Sanchez-Medina, 2010). Research has shown that the
velocity registered in each repetition of a movement velocity assessment could be the best
way to know the real effort developed by the athlete (Gonzélez-Badillo & Sanchez-Medina,
2010).

Linear Position Transducers (LPTs) are one of the most used kinematic devices that allow
assessing movement velocity in some resistance exercises (Orange et al., 2020). LPTs
register the vertical displacement of a cable that is located on the barbell (Harris et al., 2010),
and based on the resistance load added, different variables such as velocity, acceleration,
force, and power are derived (Dorrell et al., 2019). These variables could give information
related to both testing and training situations (Dorrell et al., 2019). So far, these tests have
been used in soccer (Gonzalez-Badillo et al., 2015; Lépez-Segovia et al., 2010), cycling (Gil-
Cabrera et al., 2021; Valenzuela et al., 2021), and rugby (Orange et al., 2019), but to our
knowledge, not with badminton players. In this case, the bench press and the squat are
commonly used exercises to enhance muscular strength of the upper and lower limbs
respectively (Ooi et al., 2009; Sun & Yan, 2019). Thus, an evaluation of badminton players
executing these tests using LPTs can serve as a tool for an evaluation of upper and lower
body strength.

Gender differences

Being a sport played by both males and females, with players of either sex training regularly
and even competing together in mixed doubles competitions, there are significant differences
in the gameplay between male and female players (Fernandez-Fernandez et al., 2013).

In previous research, it has been observed that male players show greater smash velocities,
had higher jump heights and engaged in longer rallies by executing more strokes per rally
when compared to female players (Fernandez-Fernandez et al., 2013; Ferreira et al., 2020). In
comparison to male players, females compensate by not jumping and continuing the intensity



of the game for a slightly longer period (Gomez et al., 2020). These differences have been
attributed to differences in the upper (Ferreira et al., 2020) and lower limb muscle strength
(Fernandez-Fernandez et al., 2013). Specifically, it was observed that in youth badminton
players males were stronger than females in all planes of shoulder isometric strength except
in shoulder internal rotation (Couppe et al., 2014). Such a difference in force has been
observed also in other racquet sports like tennis, where a greater rotational torque in males
(Ida et al., 2005; Lees, 2003) has correlated with higher serve speeds (Fernandez-Fernandez
et al., 2019). Although previous research has found differences in strength using isometric
testing (Couppe et al., 2014), none have studied the specific strength of the upper limb and
lower limb muscles in badminton players.

Aims

Keeping the aforementioned factors in mind, this study presented two specific aims. First,
this study aimed to analyze the influence of a 15-min game on the physical performance in
men and women badminton players on measures of jump, agility, and flexibility performance
variation after the match. Secondly, this study aimed to compare differences between young,
elite male and female badminton players in the discrete and continuous variables registered
using LPTs during the squat and bench press.

Methods
Participants

Twenty-two elite, junior badminton players (age: 16.3 + 1.3 years; 13 male and 9 female
players; height: females = 160.7 + 6.48 cm, males = 170.3 + 3.18 cm; weight: females =55.1
+ 3.87 kg, males = 60.6 + 5.00 kg) were recruited for the study. More than 50% had played at
least a tournament at a professional level, with an average competitive experience of 5.33 +
2.53 years, with most of them being right dominant (82.6%). The participants belonged to
elite badminton academies in India and had badminton-specific training over two-hour
sessions six times a week. The participants undertook additional strength training three times
a week in gyms located in the same training facilities. Before the testing procedure, the entire
experimental process was explained to the players. The participants had prior experience
performing squats and bench presses on a Smith machine. Since all participants were under
the age of eighteen, the participants and their parents/legal guardians signed an informed
consent regarding their participation in the study. The entire study procedure was approved
by the ethics committee of the European University of Madrid, Spain with the approval
document number CIP1/21/013. All experimental procedures were performed following the
ethical standards of the Helsinki Declaration.

Procedures

Participants performed the tests over two days: one day for the agility and flexibility tests and
another for the strength tests.

Agility and flexibility tests



First, the joint flexibility of the players was recorded, with tests measuring the passive
flexibility of the ankle dorsiflexion, knee flexion, and hip flexion (both with the knee flexed,
and the knee extended). The tests were performed by an experienced sports scientist using a
goniometer and a video camera (S6derman, Alfredson, Pietild, & Werner, 2001).

The players then proceeded to perform three bilateral counter-movement jumps (CMJ) and
three unilateral CMJs with each limb, separated by 45 s of passive recovery. The jump height
from the jump tests was recorded with the Optojump Next system (Microgate ®, Italy). The
players then proceeded to perform a badminton-specific BADCAMP test (Loureiro Jr et al.,
2017) where they performed two repetitions of the same.

The jump and BADCAMP tests were performed in pairs alternatively to prevent a player
from getting fatigued. These players then played a fifteen-minute match between themselves,
and the flexibility, jump, and BADCAMP tests were repeated after the match. The pairs of
players were chosen by the coach so that the players who competed against each other had
the same level.

Strength test

On the second day of testing, incremental loading tests for the squat and bench press
exercises were performed on a Smith machine, and the bar movement kinematics and muscle
strength parameters were measured using an LPT (sampling frequency = 1000 Hz; T-Force
System, Ergotech, Murcia, Spain) which was connected to a 16-bit analog-to-digital
converter (MP100 Systems; BIOPAC Systems Inc, Goleta, CA).

The initial weight was 20 kg for the players (i.e., only the bar). The load was increased
progressively by 10 kg for the males and 5 kg for the females, and the athletes performed 3
consecutive repetitions with each load (with a 3-min rest between loads). The loads were
increased until a decrease in the mean propulsive power (MPP) of the action was recorded in
two consecutive loads. The MPP is the average of the power values of the propulsive phase,
defined as the portion of the concentric action during which the measured acceleration is
greater than the acceleration due to gravity. The data was smoothed with a fourth-order low-
pass Butterworth filter with no phase shift and a cut-off frequency of 10 Hz (Sanchez-Medina
& Gonzélez-Badillo, 2011). The trial with the highest MPP registered for each exercise was
used for analysis, from which the bar displacement, velocity, force, and power were extracted
for both the downward (eccentric) and upward (concentric) phases. Peak power and load at
peak power were also determined for this trial. The 1-RM for each exercise was based on the
equations described elsewhere was calculated (Gonzélez-Badillo & Sanchez-Medina, 2010).
The power (and peak power), force, load at peak power, and 1-RM were normalized to the
body mass of each participant.

Analysis

The discrete variables from the flexibility, agility, and strength tests were tabulated and tested
for normality using Shapiro-Wilk’s test. The data from the flexibility and agility tests were
compared before and after the match using the repeated measures t-test. Considering the
morphological differences between males and females, they were treated as separate samples
for this pre-post comparison. Nevertheless, the % A change before and after a match, and the
normalized discrete strength variables were compared between males and females using an



independent samples t-test. This statistical analysis was performed using the open-source
Jamovi software (v 1.8.1, www.jamovi.org). with significance set at p<0.05 and effect sizes
determined using Cohen’s d.

Since looking at peak values alone does not give an adequate description of the entire
movement performed, we preferred to analyze the time-series movement of the bar registered
using Statistical Parametric Mapping (SPM). SPM is a relatively new statistical technique
used for the analysis of continuous, time-series data in biomechanics (Pataky, 2010; Serrien
etal., 2019; Thomas et al., 2021). SPM has been used for analyzing time-series data in gait
(Sotelo et al., 2018), running (Nuesch et al., 2019; Takabayashi et al., 2019), side-cutting
maneuvers (Sankey et al., 2015), cricket (Dutton et al., 2020), and football (Serrien et al.,
2020), but none have looked at the complete movement patterns in badminton players and/or
in exercises using LPTs. The bar displacement, bar velocity, force, and power of both the
squat and the bench press were time normalized to 1001 data points based on when the
movement began and ended. The starting point of the exercise was taken as the point when
the bar velocity exceeded 0.01 m/s, and the movement was completed when the bar velocity
reached below 0.02 m/s and did not increase or decrease after that. The downward
displacement direction was considered to be negative and the upward displacement to be
positive. The normalized variables were input into an Nx1001 array, where N represented the
number of participants for either sex. One-dimensional statistical parametric mapping (1D-
SPM) was used to determine differences between male and female waveforms for all
variables. All 1D-SPM analyses were implemented using the open-source 1D-SPM code
(v.MO0.4, www. spm1ld.org) in Matlab (R2020b, Mathworks Inc., Natick, MA, USA).
Significance was set at p < 0.05.

Results

No differences in flexibility before and after the match were found (Table 1). Significant
differences were only found in the hip flexion for the non-dominant limb in male participants,
finding a significant reduction (difference: -3.08°; p=0.046; IC: 0.07 to 6.08; ES: 0.55). In
terms of jump height, only the single-leg CMJ for the right limb showed significant
differences in female players (difference: +1.31 cm; p=0.038; IC: 0.09 to 2.53; ES: 0.47). No
differences were found for the time taken to perform the BADCAMP test.


http://www.jamovi.org/

Table I: Differences pre and post-match for lower leg flexibility.

Male Female

Pre (°) Post (°) p value Pre (°) Post (°) p value

Ankle Dorsiflexion

. 31.62 + 7.89 30.92 + 6.80 0.703 37.89
Non-Dominant

I+

6.57 3789 = 3.79 1.000

Ankle Dorsiflexion

; 3200 + 812 3077 + 691 0544 3678 + 773 3933 + 409  0.092
Dominant
Knee FlexionNon- 15900 4 404 14223 + 643 0056 14378 <+ 502 14422 + 655 0819
Dominant
Knee Flexion 14131 + 692 13969 + 522 0424 14111 + 470 14111 + 530  1.000
Dominant
HipFlexionNon- 10030 L 534 13323 + 578  0046* 13600 + 466 13844 + 1079  0.442
Dominant
Hip Flexion 13354 + 756 13438 + 723 0664 13656 + 548 13933 + 718 0278
Dominant
Straight Leg Hip 9492 + 1060 9662 + 1290 0559 11544 + 1683 11589 + 2015 0.881
Raise Non-Dominant
StaightLegHip o35 . 918 9615 + 919 0172 11733 + 1349 11522 + 1840 0.527

Raise Dominant
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Figure 1. Differences pre-post-match in CMJ variables.

The differences between male and female players in the discrete strength variables (Table I1)
were seen for the peak velocity, peak normalized power, and normalized RM for the bench

press.

Table 1I: Differences between discrete variables for the bench press and squat. Load and
power variables have been normalized done by dividing the obtained variable by the body

mass of the subject.

Variable Group Mean £ SD p-value Cohen'sd

Normalized Press Load Female 0.38 £ 0.04 0.55 0.264

(ka/kg) Male 0.37 £0.07

Normalized Press Power Female 3.02 +0.69 <.001 -2.517

(W/kg) Male 476 £0.7

Normalized Press RM Female 0.67+0.1 <.001 -2.632

(kg/kg) Male 094+0.1

Press Velocity (m/s) Female 0.75+0.14 <.001 -2.245
Male 1.12 +0.17

Normalized Squat Load Female 0.85+0.17 0.18 -0.603

(kg/kg) Male 0.98 £ 0.23



Normalized Squat Power Female 7.63+1.18 0.107 -0.733

(W/kg) Male 8.73+ 1.68

Normalized Squat RM Female 1.22+0.2 0.025 -1.054

(ka/kg) Male 1.48 +0.27

Squat Velocity (m/s) Female 0.82 £ 0.07 0.738 -0.147
Male 0.84+0.1

When comparing the variables over the entire bench press exercise (Figure 1), significant
differences were observed for the displacement (Figure 2) between 40 and 65% of the
movement, while no other significant differences between males and females were observed
across the other three variables. In the case of the squat, no significant differences were
observed for any of the variables measured between males and females.

Discussion

Force, velocity, and power generation are important factors that could impact sporting
success. In the case of badminton, players must have the potential to generate these variables
at both the upper and lower limbs, to face the demands of competition. In a sport where male
and female players often train and compete together, the knowledge of differences between
the sexes in the development of force, velocity, and power can help coaches fine-tune
strength and conditioning sessions for each set of players. Twenty-two young, elite
badminton players participated in this study where their strength, agility, flexibility, and
power profiles were recorded. The results show that although there were no differences in
flexibility and agility observed pre and post-match, or when comparing the differences in
peak values across the sexes, the analysis of the entire movement pattern shows differences in
the displacement pattern between males and females for the bench press with a greater
displacement seen in male players. These findings can have an important consequence in
defining strength and conditioning programs for male and female players.
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No differences in agility, flexibility, or discrete strength variables

This is the first study to provide data concerning the influence of a 15-min game on the
physical performance in men and women badminton players and the relationship between
multiple strength measures and jump, agility, and flexibility performance variation after the
match. Only one study has analyzed the influence of the match on the physiological and
biomechanical parameters in badminton players (Bravo-Sanchez et al., 2019) but no
relationship with a different kind of strength has been previously analyzed. The main finding
was the limited effect of the 15-m game on the physical performance of male and female
badminton players. No differences were identified between men and women according to the
variation in the performance after the game. These results are consistent with previous
research when reporting the importance of maximal strength on agility and jump performance
in athletes (Peterson et al., 2006; Wislgff et al., 2004), due to the execution of efficient
changes of direction often determines playing performance in badminton players
(Phomsoupha & Laffaye, 2015).

Differences were observed in the unilateral CMJ jump parameters, with a significant
increment in the right leg. A majority of the players were right-dominant, and in badminton,
the dominant leg is most important in initiating and pivoting movements. The increment in
these values indicates the lack of effect of fatigue, probably due to they only playing a 15-
minute game, similar to the results of Abian-Vicen et al. (2019) who did not find significant
differences in the CMJ performance after a badminton match. This finding could be
explained by a reduced warm-up (Girard et al., 2006), an increase in muscle temperature with
a better transmission of the nerve impulses (Bishop, 2003), or post-activation potentiation
effect elicited by badminton specific actions on the players (Boullosa & Tuimil, 2009). On
the opposite side, Phomsoupha et al. (2019) evidenced a reduction in the jump performance
after 30 minutes of play in badminton players, suggesting that muscle fatigue in an
intermittent sport like a badminton match starts after 50 minutes of play. The left limb values
in this study also increase by 4.86 and 5.83 % for the bilateral CMJ height and 1.17 and 8.77
% for the unilateral left CMJ height in men and women badminton players, respectively, but
no significant differences were observed. These increments could be associated with the
activation related to the 15-minute game, as previous studies in badminton have demonstrated
(Abian-Vicén et al., 2012). These authors suggested that badminton matches do not produce
muscle fatigue in either the lower or upper limbs and evidenced a similar increment in the
bilateral CMJ performance after the match (4.5+7.3%), except when the duration of the
match is higher than 50 minutes because of the recovery time between rallies is not enough to
recover phosphocreatine and adenosine triphosphate (ATP) (Glaister, 2005).

Differences in bench press displacement patterns

This research study also presents a novel study of variables obtained from linear position
transducers, as this is, to the best of the authors’ knowledge, the first study to analyze the
variation of displacement, velocity, force, and power curve in both, the lowering and upward
phases of a squat and bench press. Normally, studies using linear position transducers have
compared peak values to determine strength differences (Gil-Cabrera et al., 2021; Orange et
al., 2020; Valenzuela et al., 2021). Similarly, in this study differences in peak strength values
were found between male and female players for the upper limb strength, findings in line
with previous research on Polish badminton players (Ferreira et al., 2020). Data obtained



from this study provides an additional dimension to these differences, as seen with earlier
relative time to peak velocity and peak power, as well as greater bar displacement in the
bench press for male players as compared to their female counterparts. These results indicate
that the male players can carry out the entire eccentric-concentric (downward and upward)
movement faster than female players, and along with the greater displacement, can generate
faster velocities of movement and generate more relative power with the upper limbs.

Although the differences in displacement and velocities could be due to anthropometric
differences between the sexes, it is important to note that these differences were not seen in
the squat. The only difference was seen in the case of the peak (normalized) 1-RM
estimation, which was higher in male players. Badminton is a sport where success depends on
reaching different parts of the court as quickly as possible, and a lot of emphases is given to
lower limb strength and agility training, often being carried out on the court. Since both male
and female players train these skills together across multiple sessions, this can explain the
lack of differences seen between the variables. It appears that the female players use their
relatively similar lower limb strength to pace themselves and play longer rallies as compared
to male players (Gomez et al., 2020). However, considering that greater smash velocities are
seen in male players compared to female players (Ferreira et al., 2020), the differences seen
in the displacement, velocity, and power generated in the upper limb could be attributed to
factors that are not anthropometric alone, according to Armstrong et al. (2015) who showed
that sexual duality is apparent in several physiological variables that influence youth sports
performance.

The stretch-shortening cycle (SSC) is known to be an important part of generating higher
power and velocities (Newton et al., 1997; Turner & Jeffreys, 2010). The SSC performance
increases with age according to the improvement in neuromuscular function and the structure
of the musculotendon unit (Radnor et al., 2018). A greater range of displacement as seen in
male players in a shorter amount of time during the bench press indicates that the male
players appear to maximize this SSC in their movements. Previous research in badminton has
shown that the acceleration of the shuttle depends on the elbow joint torque (Rambely &
Osman, 2005) and shoulder strength (Ferreira et al., 2020). Thus, it remains to be seen if
specifically targeting female players with bench press can potentially improve their shot
velocities, given that the muscles around the shoulder and elbow joint are actively trained in
the bench press.

Limitations

Although the results of this novel study seem promising, one must consider the limitation of
the sample size which was half of the originally recruited sample as a result of the COVID-19
pandemic. Nevertheless, this is the first study to look at the force-velocity-power profile in
elite badminton players. Although the sample size is limited to twenty-two players, these are
players from an elite academy in India, a country with many high-ranked badminton players,
with thirteen players who have played a professional tournament, and the others have played
in international U-19 and U-17 tournaments.

Conclusion



The results indicate that a 15-min game has no real effect on the physical performance of men
and women badminton players on measures of jump, agility, and flexibility performance.
Moreover, when the strength variables were normalized for the body mass, no differences
were observed between male and female badminton players. Nevertheless, differences
between male and female players were seen in the displacement patterns for the bench press
exercise, which could provide an indication where training in young female badminton
players can be focused to improve their smash velocities.
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