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Introduction: Badminton-specific agility, characterized by frequent lunges 

performed with the leg on the racket-holding side, is a key determinant of 

overall badminton performance. Although leg extension strength is expected 

to play a significant role, the factors that influencing badminton-specific 

agility remain unclear. This study therefore aimed to test the hypothesis that 

knee extension strength is correlated with badminton-specific agility in 

world-class and elite/international-level badminton players.

Methods: This study included twenty-seven male and twenty-three female 

professional badminton players from the Japanese national team. Participants 

completed two tests: (1) a badminton-specific agility test measuring the time 

required to reach sensors at the four corners of a singles court using 

badminton-specific movement, and (2) an isokinetic knee extension strength 

test at angular velocities of 60 °/s and 180 °/s. The Spearman rank-order 

correlation coefficients were used to assess the relationships between them 

(P < .05).

Results and discussion: Significant inverse correlations were found between 

knee extension torque normalized to body mass for the leg opposite the 

racket-holding hand and badminton-specific agility at both 60 °/s and 180 °/s 

(males at 60 °/s: rs = −.619; 180 °/s: rs = −.579; females at 60 °/s: rs = −.445; 

180 °/s: rs = −.446). In contrast, only the same-side leg at 60 °/s showed a 

significant inverse correlation (males: rs = −.413; females: rs = −.490). Overall, 

these results show that knee extension strength is crucial for badminton- 

specific agility among world-class and elite/international-level male and 

female badminton players. Furthermore, our findings suggest differing 

demands for force production between the legs on the same and opposite 

sides of the racket-holding hand.
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1 Introduction

Badminton is a fast-paced racket sport, in which players hit a shuttlecock in rallies 

occurring approximately once per second (1, 2). During these high-tempo 

rallies, players require to cover the entire court (5.18 m × 6.70 m for singles and 

6.10 m × 6.70 m for doubles) to respond to diverse opponent shots. Therefore, agility 

plays an important role in badminton.
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Agility in badminton is uniquely characterized by movements 

within a confined space and frequent lunges, forward, backward, 

and sideward, with the same leg as the racket-holding hand, 

accounting for 15%–20% of all movements (3, 4). These 

movements facilitate rapid transitions to optimal positions for the 

shot, followed by quick returns to the starting position or seamless 

direction changes for subsequent actions (4, 5). This specialized 

form of agility, known as “badminton-specific agility,” is a key 

determinant of overall badminton performance. Indeed, previous 

studies have shown that players with higher performance levels 

tend to exhibit greater badminton-specific agility (6, 7). Therefore, 

it is essential for badminton players to enhance their badminton- 

specific agility to improve their overall performance.

However, the determinants of badminton-specific agility 

remain unclear. Sheppard and Young (8) previously defined 

agility as comprising change-of-direction speed and perceptual/ 

decision-making factors. The physical component of change-of- 

direction speed can be further divided into the straight sprinting 

speed, leg muscle quality (defined in this study as leg muscle 

strength), anthropometry, and technique. Given the limited 

court space, straight sprinting speed is unlikely to be relevant; 

indeed, Madsen et al. (7) found no significant correlation 

between the straight sprinting speed and badminton-specific 

agility in elite players. Thus, excluding perceptual/decision 

making factors and technical aspects, the primary contributors 

appear to be leg muscle strength and anthropometry, which are 

key considerations for strength and conditioning practice.

Few studies have directly examined the relationship between leg 

muscle strength, anthropometry, and badminton-specific agility. In 

related studies, Lam et al. (9) reported that male players 

demonstrated greater lunge speed than females, attributing this 

difference to superior muscular strength. Furthermore, Guan et al. 

(10) also showed that lunge speed during fencing, a sport involving 

similar frequent lunges, was correlated with knee extension torque 

of the back leg (equivalent to the opposite the racket-holding hand 

in badminton) during lunging. Taken together, we hypothesized 

that badminton-specific agility would be associated with the knee 

extension strength of the leg opposite the racket-holding hand. 

From an anthropometric perspective, players with a greater lean 

body mass and lower fat mass are theoretically expected to exhibit 

superior agility. However, the extent to which these hypotheses are 

applicable to elite badminton players remains unclear.

Therefore, the present study aimed to examine the relationships 

among badminton-specific agility, knee extension strength, and 

anthropometry in elite male and female badminton players.

2 Materials and methods

2.1 Experimental design and ethical 
statements

This study employed a cross-sectional experimental design to 

address the aforementioned aims. Elite badminton players 

completed the following assessments: (1) badminton-specific 

agility test, (2) isokinetic concentric knee extension strength test, 

and (3) anthropometric measurements. For completeness, the 

assessments for (2) and (3) were conducted in accordance with 

the guidelines detailed in the handbook on athlete physical 

fitness testing (11). All assessments were conducted on the same 

day, following adequate warm-up, familiarization, and rest. The 

relationships among these values were examined.

This study was approved by the Ethics Committee of the Japan 

Institute of Sports Sciences (No. 2025-007) and was conducted in 

accordance with the Declaration of Helsinki. Written informed 

consent was obtained from all participants prior to data 

collection. Furthermore, we disclosed the study details on the 

institution’s website and provided an opt-out option, allowing 

participants to withdraw their consent for data.

2.2 Participants

We conducted an a priori power analysis using the point 

biserial correlation model in G*Power 3.1.9.7 to justify the 

sample size (12). We set the effect size at 0.5, two-tailed 0.05, 

and the power at 0.8. The power analysis showed that a 

minimum of 26 participants for each sex was required. Thus, 31 

male and 29 female badminton players who agreed to 

participate were recruited. However, some participants withdrew 

from the study shortly before the experiment due to injuries. 

Consequently, 27 male and 23 female badminton players 

participated in the study (age: males 24.0 ± 3.1 years; females 

23.2 ± 2.5 years). All participants were members of the Japanese 

national badminton team and were classified as tier 5 (world 

class) or tier 4 (elite/international-level), based on the criteria 

proposed by McKay et al. (13). Although the sample size for 

female players did not meet the required threshold, we did not 

recruit additional participants due to the lack of comparably 

skilled players in the country.

2.3 Badminton-specific agility test

We used a modified version of the test developed by Ando 

et al. (6) to assess badminton-specific agility. The test was 

conducted on a simulated badminton court. We replicated the 

environmental setting as described by Ando et al. (6). We 

placed four photocell sensors (Assist Co. Ltd., Tokyo, Japan) at 

each corner of a single badminton court and installed a 

directional indicator on the net at the center of the court 

(Figure 1). The front sensors were positioned at knee height, 

and the back sensors at elbow height.

The participants began the test at the center of the court and 

moved toward the sensor designated by the directional indicator. 

They were instructed to move as quickly as possible using 

badminton-specific footwork, and reach for the sensor with 

their dominant hand. Subsequently, they returned to the center 

and moved toward the next sensor as directed. The subsequent 

directional cue appeared 1.0 s following the previous sensor 

detected the participant’s arrival. We determined the cue 

interval by simulating the average tempo of single matches 
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among elite badminton players (1, 2). Each set comprised eight 

cues, and the order of directional cues was randomized. The 

participants completed six sets, with 20 s of rest between each set.

We recorded the time taken to reach the designated sensor 

from the moment the directional cue was displayed, which was 

automatically measured using a sensor system synchronized with 

the cue presentation. We excluded the final trials in each set 

(eighth direction), which could be predictable, as well as trials 

for which the sensor was not cleanly activated, and those in 

which the participant moved in the wrong direction. We 

calculated the average of these reach times (hereafter “reach 

time”) to serve as the parameter for badminton-specific agility.

2.4 Isokinetic concentric knee extension 
strength test

We assessed knee extension strength based on the isokinetic 

concentric knee extension torque using an isokinetic dynamometer 

(Biodex System 4; SAKAI Medical Co., Ltd., Tokyo, Japan). 

Participants were seated with their hips Jexed at 85° from the 

standard anatomical position, and stabilization straps were applied 

across the trunk, waist, and thigh of the measurement leg to 

minimize compensatory movements. The seat was adjusted to 

ensure alignment between the knee joint and the dynamometer’s 

rotational center, and the participant’s leg was secured to the 

dynamometer using padded straps. The participants performed 

three consecutive concentric knee extensions, at an angular 

velocity of 180 °/s and two consecutive knee extensions at 60 °/s. 

The range of motion for knee extension was approximately 

90°–180°. This protocol was repeated in the contralateral leg. The 

peak torques at each angular velocity for both legs were 

normalized to the body mass (Nm/kg) and used as parameters for 

knee extension strength. Knee extension strength was measured at 

two different angular velocities because force production speed 

varies throughout the lunge, and these measurements assess 

muscle function across that range.

2.5 Anthropometric measurements

We measured the body height using a digital stadiometer 

(AD-6228A; A&D Company Ltd., Tokyo, Japan). Body mass, 

body fat mass, and lean body mass were measured using a 

calibrated digital scale and an air displacement plethysmograph 

(BODPOD; Cosmed Srl, Roma, Italy). Participants wore 

swimsuits and swim caps to minimize the air trapped in their 

clothing and hair, which could affect the measurements. After 

weighing on the scale, the participants entered the chamber to 

measure their body and thoracic gas volumes. Body fat mass 

was calculated using the equation reported by Brozek et al. (14) 

Lean body mass was calculated as body mass minus body fat mass.

2.6 Statistical analysis

Statistical analyses were conducted using SPSS statistical 

software (version 24.0, IBM, NY, USA). Normality was tested 

FIGURE 1 

Experimental setting for the badminton-specific agility test.
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using the Shapiro–Wilk test, which indicated some parameters 

were not normally distributed. Therefore, the Spearman rank- 

order correlation coefficients were used to assess the 

relationships between the reach time of badminton-specific 

agility and knee extension torque normalized to body mass and 

anthropometric variables, stratified by sex. The statistical 

significance level was set at P < .05.

3 Results

Table 1 summarizes the reach times and knee extension torque 

normalized to body mass, while Table 2 summarizes the 

anthropometric variables. Significant inverse correlations were 

observed between knee extension torque at both 180 °/s and 

60 °/s normalized to the body mass and reach time for the non- 

dominant leg in both male and female players (Figure 2). In 

contrast, significant inverse correlations were found between 

knee extension torque at 60 °/s normalized to body mass and 

reach time for the dominant leg in both male and female 

players, whereas no significant correlation was observed at 

180 °/s (Figure 2). A significant correlation was observed 

between body fat mass and reach time in male players, whereas 

no significant correlations were identified for the other 

anthropometric variables (Figure 3).

4 Discussion

The main findings of this study were as follows: 1) knee 

extension strength of the non-dominant leg was associated with 

reach time; 2) knee extension strength of the dominant leg at a 

lower angular velocity was associated with reach time; 

and 3) body fat mass was associated with reach time in male 

players. Although previous study on collegiate badminton 

players has shown that lower-limb strength inJuences 

performance in the side-shufJe test, which is a representative 

agility test widely used in Japan (15), the present study extends 

this evidence to world-class or elite/international-level athletes. 

These findings highlight that fundamental physical qualities 

remain important even among elite players.

With respect to the non-dominant leg, significant inverse 

correlations were identified between knee extension torque 

normalized to body mass and reach time. Badminton involves 

frequent lunge movements (3, 4). Similar to a previous study on 

fencing (10), in badminton, the knee extension strength of the 

non-dominant leg would contribute to increased lunge speed, 

thereby enhancing badminton-specific agility. Although previous 

studies have demonstrated a relationship between knee 

extension torque and a single-lunge speed (10), this study 

extends this evidence to a more complex, sport-specific agility 

task that integrates technical and perceptual demands. These 

findings suggest that, despite the multifactorial nature of agility, 

fundamental lower-limb strength remains critical for reducing 

movement time. In addition, significant inverse correlations 

were observed at high (180 °/s) and low (60 °/s) angular 

velocities. Badminton-specific agility involves not only 

accelerating from a stationary position (i.e., the first instruction 

of each set) but also from a moving condition (i.e., the second 

to eighth instruction of each set). Therefore, improving knee 

extension strength of the non-dominant leg at each speed range 

may enhance badminton-specific agility.

For the dominant leg, only knee extension torque at 60 °/s 

normalized to body mass inversely correlated with reach time, 

whereas no such correlation was observed at 180 °/s. This is 

likely related to the functional role of the dominant leg during 

lunging, which involves decelerating through eccentric 

contraction and subsequently returning to the initial position 

through concentric contraction (9, 16). The relatively long foot 

contact time during these actions (approximately 0.6–0.7 s) 

TABLE 1 Mean (SD), maximum, and minimum reach time of badminton-specific agility test and knee extension torque normalized to body mass.

Sex Descriptive statistics Reach time of  
badminton-specific  

agility test (s)

Knee extension torque normalized to body mass 
(Nm/kg)

Dominant leg Non-dominant leg

180 °/s 60 °/s 180 °/s 60 °/s

Male Mean (SD) 1.49 (0.06) 2.07 (0.33) 2.77 (0.52) 2.03 (0.27) 2.73 (0.49)

Maximum 1.62 2.77 3.42 2.54 3.42

Minimum 1.40 1.41 1.77 1.51 1.72

Female Mean (SD) 1.59 (0.06) 1.80 (0.21) 2.66 (0.36) 1.72 (0.16) 2.56 (0.32)

Maximum 1.72 2.15 3.34 2.02 3.01

Minimum 1.48 1.32 1.75 1.34 1.51

The dominant and non-dominant legs are the same and opposite legs from the racket-holding hand, respectively.

TABLE 2 Mean (SD), maximum, and minimum anthropometric variables.

Sex Descriptive 
statistics

Body 
height 
(cm)

Body 
mass 
(kg)

Body 
fat 

mass 
(kg)

Lean 
body 
mass 
(kg)

Male Mean (SD) 172.9 (6.0) 68.4 (5.8) 7.4 (3.0) 61.0 (5.3)

Maximum 181.7 81.1 16.4 71.0

Minimum 162.6 56.8 1.4 49.6

Female Mean (SD) 164.9 (3.7) 58.6 (4.3) 9.9 (2.5) 48.7 (2.7)

Maximum 169.9 65.1 14.7 52.8

Minimum 156.8 49.2 5.4 41.9
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indicates that slower force generation is particularly relevant 

(17, 18). Thus, strength at lower angular velocities appears 

essential for efficient recovery from lunges and improved 

agility performance.

Regarding anthropometry, body fat mass was found to be 

negatively correlated with reach time in male players. From a 

biomechanical perspective, increased body fat adds to body mass 

without contributing to force production, thereby impairing 

acceleration and deceleration capacities. Conversely, no such 

correlation was found in female players. One possible 

explanation for the lack of a significant correlation in female 

players is that the standard deviation of body fat mass in female 

players was smaller than that in male players.

It is worth noting the trainability of elite badminton players. 

According to a handbook reporting on the physical fitness of 

elite Japanese athletes (11), fencing players exhibited greater 

knee extension strength than badminton players in this study 

(average knee extension strength for fencing players were as 

follows: 2.33 Nm/kg for males at 180 °/s; 3.13 Nm/kg for males 

at 60 °/s; 1.92 Nm/kg for females at 180 °/s; and 2.80 Nm/kg for 

females at 60 °/s). All participants in this study were highly 

trained, and the measured values may serve as benchmarks for 

other players; however, there may still be room for improvement 

in their knee extension strength. Thus, this study suggests 

that even elite players can improve their knee extension strength 

and potentially enhance their badminton-specific agility. 

Strength and conditioning professionals should therefore 

consider incorporating targeted lower-limb training to optimize 

agility in elite badminton players. Specifically, strengthening the 

non-dominant knee extensor muscles, which contribute to 

increased lunge speed, may enhance badminton-specific agility. 

Performing lunges from various states, such as a stationary 

position and a condition with a certain amount of speed, during 

a badminton match, training of the non-dominant knee 

extensor muscles from the low-to-high-speed range is essential. 

Additionally, strengthening the dominant knee extensor muscles 

reduces the time needed to return to the original position after 

lunging. The slow nature of this return movement suggests that 

training the dominant knee extensor muscles in the low-speed 

range would be effective. In this context, training in low- and 

high-speed ranges refers to movement velocity, as described 

below. For example, in a leg extension exercise with a knee joint 

FIGURE 2 

Relationship between reach time of the badminton-specific agility and knee extension torque normalized to body mass.
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range of motion of 90°, training in the low-speed range involves 

performing the extension over 1.5 s (60 °/s), whereas training in 

the high-speed range requires completing the extension in 0.5 s 

(180 °/s). In summary, training the knee extensor muscles at 

appropriate speed range corresponding to lunge movements 

may enhance badminton-specific agility.

Furthermore, the findings of this study could be applied to 

other sports that require frequent lunges and agility within 

confined spaces, such as tennis and squash. Wilkinson et al. (19) 

emphasized that agility plays a critical role in the success of elite 

squash players. The rally tempo in squash is also rapid, typically 

only 1.0–1.5 s (20), and players are required to return to the 

center position after each shot. Given the similarities between 

squash and badminton, we hypothesized that knee extension 

strength is a significant factor in squash agility.

5 Conclusion

This study investigated the relationships among badminton- 

specific agility, knee extension strength, and anthropometric 

characteristics in elite male and female badminton players. This 

study showed that knee extension strength is one of the 

important determinants of badminton-specific agility among 

elite players. Moreover, our findings indicate differences in force 

production requirements between dominant and non-dominant 

legs for badminton-specific agility.
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FIGURE 3 

Relationship between reach time of the badminton-specific agility and anthropometric variables.

Nakashima et al.                                                                                                                                                      10.3389/fspor.2025.1733134

Frontiers in Sports and Active Living 06 frontiersin.org

mailto:hirotaka.nakashima@jpnsport.go.jp
mailto:hirotaka.nakashima@jpnsport.go.jp
https://doi.org/10.3389/fspor.2025.1733134


Author contributions

HN: Investigation, Methodology, Formal analysis, Writing – 

original draft, Data curation, Software, Conceptualization, 

Visualization. RA: Data curation, Conceptualization, Project 

administration, Methodology, Supervision, Investigation, 

Writing – review & editing. MK: Investigation, Writing – review 

& editing, Supervision, Data curation. ST: Writing – review & 

editing, Investigation, Supervision. TI: Conceptualization, Project 

administration, Supervision, Resources, Writing – review & 

editing. YH: Conceptualization, Supervision, Writing – review & 

editing. MN: Supervision, Writing – review & editing, Project 

administration, Conceptualization.

Funding

The author(s) declared that financial support was not received 

for this work and/or its publication.

Acknowledgments

We would like to express our sincere gratitude to my 

colleagues at Japan Institute of Sports Sciences for their 

invaluable assistance with data collection. Their support and 

cooperation were essential to the completion of this study.

Conflict of interest

The author(s) declared that this work was conducted in the 

absence of any commercial or financial relationships that could 

be construed as a potential conJict of interest.

Generative AI statement

The author(s) declared that Generative AI was not used in the 

creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 

article has been generated by Frontiers with the support of 

artificial intelligence and reasonable efforts have been made to 

ensure accuracy, including review by the authors wherever 

possible. If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the 

authors and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 

reviewers. Any product that may be evaluated in this article, or 

claim that may be made by its manufacturer, is not guaranteed 

or endorsed by the publisher.

References

1. Alcock A, Cable NT. A comparison of singles and doubles badminton: heart rate 
response, player profiles and game characteristics. Int J Perform Anal Sport. (2009) 
9:228–37. doi: 10.1080/24748668.2009.11868479

2. Iizuka T, Hirano K, Atomi T, Shimizu M, Atomi Y. Changes in duration and intensity of 
the world’s top-level badminton matches: a consideration of the increased acute injuries 
among elite women’s singles players. Sports. (2020) 8:19. doi: 10.3390/sports8020019

3. Abdullahi Y, Coetzee B. Notational singles match analysis of male badminton 
players who participated in the African badminton championships. Int J Perform 
Anal Sport. (2017) 17:1–16. doi: 10.1080/24748668.2017.1303955

4. Kuntze G, Mansfield N, Sellers W. A biomechanical analysis of common lunge 
tasks in badminton. J Sports Sci. (2010) 28:183–91. doi: 10.1080/02640410903428533

5. Cronin J, McNair P, Marshall R. Lunge performance and its determinants. 
J Sports Sci. (2003) 21:49–57. doi: 10.1080/0264041031000070958

6. Ando R, Hoshikawa Y, Iizuka T, Suita M, Kameda M, Nakashima H, et al. Difference 
in badminton-specific endurance evaluated by a newly developed on-court test between 
competitive levels: a pilot study of female players. Physiol Rep. (2024) 12:e16058. doi: 10. 
14814/phy2.16058

7. Madsen CM, Højlyng M, Nybo L. Testing of badminton-specific endurance. 
J Strength Cond Res. (2016) 30:2582–90. doi: 10.1519/JSC.0000000000001350

8. Sheppard JM, Young WB. Agility literature review: classifications, training and 
testing. J Sports Sci. (2006) 24:919–32. doi: 10.1080/02640410500457109

9. Lam WK, Lee KK, Park SK, Ryue J, Yoon SH, Ryu J. Understanding the impact 
loading characteristics of a badminton lunge among badminton players. PLoS One. 
(2018) 13:e0205800. doi: 10.1371/journal.pone.0205800

10. Guan Y, Guo L, Wu N, Zhang L, Warburton DER. Biomechanical insights into 
the determinants of speed in the fencing lunge. Eur J Sport Sci. (2018) 18:201–8. 
doi: 10.1080/17461391.2017.1414886

11. Matsubayashi T. Fitness Check Handbook: Assessments of Physical Fitness in 
Athletes. Supervised by Japan Sport Council. Tokyo, Japan: Taishukan Publishing (2020).

12. Faul F, Erdfelder E, Lang AG, Buchner A. G* power 3: a Jexible statistical power 
analysis program for the social, behavioral, and biomedical sciences. Behav Res 
Methods. (2007) 39:175–91. doi: 10.3758/bf03193146

13. McKay AK, Stellingwerff T, Smith ES, Martin DT, Mujika I, Goosey-Tolfrey VL, 
et al. Defining training and performance caliber: a participant classification 
framework. Int J Sports Physiol Perform. (2022) 17:317–31. doi: 10.1123/ijspp.2021- 
0451

14. Brožek J, Grande F, Anderson JT, Keys A. Densitometric analysis of body 
composition: revision of some quantitative assumptions. Ann N Y Acad Sci. (1963) 
110:113–40. doi: 10.1111/j.1749-6632.1963.tb17079.x

15. Sonoda T, Tashiro Y, Suzuki Y, Kajiwara Y, Zeidan H, Yokota Y, et al. 
Relationship between agility and lower limb muscle strength, targeting university 
badminton players. J Phys Ther Sci. (2018) 30:320–3. doi: 10.1589/jpts.30.320

16. Mei Q, Gu Y, Fu F, Fernandez J. A biomechanical investigation of right-forward 
lunging step among badminton players. J Sports Sci. (2016) 35:457–62. doi: 10.1080/ 
02640414.2016.1172723

17. Lam WK, Ding R, Qu Y. Ground reaction forces and knee kinetics during single 
and repeated badminton lunges. J Sports Sci. (2017) 35:587–92. doi: 10.1080/ 
02640414.2016.1180420

18. Lam WK, Ryue J, Lee KK, Park SK, Cheung JTM, Ryu J. Does shoe heel design 
inJuence ground reaction forces and knee moments during maximum lunges in elite 
and intermediate badminton players? PLoS One. (2017) 12:e0174604. doi: 10.1371/ 
journal.pone.0174604

19. Wilkinson M, Cooke M, Murray S, Thompson KG, St. Clair GA, Winter EM. 
Physiological correlates of multiple-sprint ability and performance in international- 
standard squash players. J Strength Cond Res. (2012) 26:540–7. doi: 10.1519/JSC. 
0b013e318220ddbb

20. Vučković G, James N, Hughes M, Murray S, Sporiš G, Perš J. The effect of court 
location and available time on the tactical shot selection of elite squash players. 
J Sports Sci Med. (2013) 12:66–73.

Nakashima et al.                                                                                                                                                      10.3389/fspor.2025.1733134

Frontiers in Sports and Active Living 07 frontiersin.org

https://doi.org/10.1080/24748668.2009.11868479
https://doi.org/10.3390/sports8020019
https://doi.org/10.1080/24748668.2017.1303955
https://doi.org/10.1080/02640410903428533
https://doi.org/10.1080/0264041031000070958
https://doi.org/10.14814/phy2.16058
https://doi.org/10.14814/phy2.16058
https://doi.org/10.1519/JSC.0000000000001350
https://doi.org/10.1080/02640410500457109
https://doi.org/10.1371/journal.pone.0205800
https://doi.org/10.1080/17461391.2017.1414886
https://doi.org/10.3758/bf03193146
https://doi.org/10.1123/ijspp.2021-0451
https://doi.org/10.1123/ijspp.2021-0451
https://doi.org/10.1111/j.1749-6632.1963.tb17079.x
https://doi.org/10.1589/jpts.30.320
https://doi.org/10.1080/02640414.2016.1172723
https://doi.org/10.1080/02640414.2016.1172723
https://doi.org/10.1080/02640414.2016.1180420
https://doi.org/10.1080/02640414.2016.1180420
https://doi.org/10.1371/journal.pone.0174604
https://doi.org/10.1371/journal.pone.0174604
https://doi.org/10.1519/JSC.0b013e318220ddbb
https://doi.org/10.1519/JSC.0b013e318220ddbb
https://doi.org/10.3389/fspor.2025.1733134

	Is knee extension strength a key factor in badminton-specific agility among elite players?
	Introduction
	Materials and methods
	Experimental design and ethical statements
	Participants
	Badminton-specific agility test
	Isokinetic concentric knee extension strength test
	Anthropometric measurements
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


