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Abstract. [Purpose] This study aimed to evaluate the changes in leg-power generation that accompany competi-
tive badminton, as simulated in a badminton field test (FT). [Participants and Methods] Fifteen male badminton
players with 1-2 years of experience performed five repetitions of an FT involving rapid and randomly assigned
shuttle-run movements between markers distributed around a badminton court. Repetitions were separated by a
I-minute rest period. Peak mechanical power, obtained from the serial vertical jump tests, was used to estimate
fatigue and performance reduction. [Results] Decreases in distance and time were significantly different in each of
the five FT repetitions while maintaining the same speed for the condition. The peak mechanical power and fatigue
index significantly declined. The reduction in the peak mechanical power percentage (11.78-35.49%) was in the
acceptable peak mechanical power range for each FT set. These results were confirmed by the significant increase
in the participants’ blood lactate concentration levels, the rating of perceived exertion, and heart rate. [Conclusion]
Leg-power generation could gradually be decreased in badminton competition as indicated by a badminton field
test.
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INTRODUCTION

Limitations to maximal exercise can be both central and peripheral fatigue'=). For periphery limitations, fatigue often
occurs beyond the neuromuscular junction® %, and this type of fatigue is commonly associated with high-intensity, short-
duration exercise, such as that occurs when participating in racquet sports. The literature review revealed that few studies
have investigated the effects of fatigue on performance in racquet sports®>). In the present study, the experiment focused on
the skeletal muscle fatigue that can occur in badminton players following repetitive, high-intensity exercise; specifically, it
investigated reductions in peak quadricep force generation during and following a badminton field simulation.

A primary difficulty of this type of research is the creation of opportunities to study fatigue under conditions that are
reproducible and effective across a range of participants. While there are numerous laboratory-based tests of force generation
and fatigue®'?, they are sometimes seen to be lacking in content, face or ecological validity. It is very important that sport-
specific movement patterns and speeds are used because, without such activities, the fatigue that has been induced is unlikely
to reflect the fatigue that is encountered during an actual competition. Therefore, the present study used a sport-specific field
test (FT) in the experiment!'>~1>) where the validity and reliability of that test were previously established!®).

Since badminton players rely heavily upon explosive movements, including sprinting, lunges, smash jumps, and rapid
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changes of direction!”> 18, most of which are driven by the legs, a primary source of neuromuscular fatigue would be pre-
dicted to occur within the lower limbs. To evaluate the progression of that type of fatigue, a vertical jump (VJ) test could
replace laboratory-based measurements, since that type of test has been shown to provide both valid'® 29 and reliable data?".
However, no study includes leg-power assessment in the badminton FT. Therefore, this study aims to develop a novel
experimental protocol in which serial repetitions of a badminton FT with alternating VJ tests to assess progressive changes
in the leg-power performance of badminton players.

PARTICIPANTS AND METHODS

Fifteen males, non-elite badminton players (age range: 18-25 years) were recruited from a tertiary student population
at Gannan Normal University, China. The participants’ mean + standard deviation (SD) for age, weight, height and body
mass index were 20.2 + 0.9 years, 63.2 + 5.1 kg, 173.0 £+ 4.1 cm and 20.9 £ 1.5 kg/m?, respectively. All of them were the
Sth level (from 9 levels) of the adult badminton. The mean + SD for the participants’ experience with badminton training
and competition was 1.3 + 0.4 years. The required sample size was determined (power test), using data collected from a
pilot investigation (N=10). Each participant provided a written informed consent prior to participating in the study, and the
experiment proposal was approved by the Human Ethics Committees of Khon Kaen University (Thailand: HE602261) and
Gannan Normal University (China: 2017001).

All the participants underwent a pre-activity screening and a physical fitness test. They also completed a health question-
naire and a physical activity questionnaire. Exclusion criteria included: joint or muscle dysfunction, heart disease, pulmonary
disease, coronary artery disease, renal disease and diabetes, injury within the previous six months and smoking and alcohol
consumption within the previous two weeks.

The badminton FT took place on half a badminton court. The participants began the FT at a centralised location from
which rapid shuttle runs were randomly directed to each of eight
fixed locations using orange traffic cones (left/right forecourt cor-
ner, left/right backcourt corner, left/right midcourt and fore/back
midcourt) (Fig. 1).

At each location, the running direction was activated by the
8-light on the monitor in front of the net (ENLAN Footwork Auxil-
iary Trainer; Jinan Enlan Sports Co., Ltd., Tianjin, China), signify-
ing that it had become the target (pacing indicated by an orange
traffic cone) and that the test participants should move as rapidly
as possible to touch the target, before rapidly returning to the start- -
ing position. This FT was a modified version of the procedure used 4
by Chin et al.!®), which was completed as five repetitions. Each \ |
set of the FT, the participants completed as many shuttle runs as /
possible until they decided to stop because of unbearable fatigue. AL -\
Immediately after each set, a VJ test was performed. The rest period i\ W
between the set was the same duration (1-minute recovery). Thus, 425m i
while every participant experienced the same amount of fatigue, 1 < A = J
each of them took a different amount of time to feel fatigued. The e F— D
running time in each set was recorded. However, every VJ was
performed at the same point of fatigue. During each set of shuttle
runs and at the end of each set, the participants’ heart rate (HR) and Fig. 1. The badminton field test with A: the
rating of perceived exertion (RPE) were monitored and recorded. badminton footwork auxiliary trainer;

Prior to beginning of the FT, the participants completed a stan- B: eight fixed locations (left/right fore-
dardised warm-up (trunk and leg stretching and jumping). During court corner, left/right backcourt corner,
the five shuttle run repetitions, they also completed the VI test, left/right midcourt and fore/back mid-
which consisted of six VJs (Fig. 2). Each V] test consisted of three court); C: starting position; D: vertical
jumps, and the best score was recorded. The first VJ test was con- jump test point.

b
&

WU FT1 R FT2 R FT3 R FT4 R FTS

VI VI RPE vI RPE VI RPE VI RPE VI
BL RPE HR RPE HR RPE HR RPE HR BL
RPE HR HR HR HR RPE
HR HR

Fig. 2. The exercise-induced fatigue protocol. WU: warm-up; FT: modified field test; R: rest; VJ: vertical jump; BL: blood lactate; RPE:
rating of perceived exertion; HR: heart rate.
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ducted before the first shuttle run test each subsequent VJ test was conducted immediately after completion of each of the
remaining test batteries (Fig. 2).

The test-retest reliability of the VI test was determined prior to beginning the experiment (N=15; age: 20.2 years), with a
resulting intraclass correlation coefficient (ICC) of 0.92 (95% CI 0.80-0.97, p<0.01).

To evaluate the progression of fatigue, running performance, including total running distance, running time, movement
speed and fatigue index (FI), were quantified. Running distance was derived from the total number of shuttles completed,
along with the distance that each light was from the starting location. The running time was determined by the time it took to
complete all the shuttles; each shuttle time was separately recorded, and the average running speed was determined from that
data. The FI was computed for the running time in each shuttle run repetition (not including the rest or recovery time) using
Equation 1, modified from previous studies?? 23:

Fatigue index=([test-battery run time of FT2 (or FT3, FT4, FT5)][test-battery run time of FT1]) x
100/[test-battery run time of FT1] (%) (1)

The VJs were performed as maximal effort using the counter-movement technique with an arm swing!!> 2. The partici-
pants were instructed to keep both feet on the ground and to reach one arm as high as possible on a measuring scale mounted
on a wall. They then placed both hands on their hips while bending their knees to a freely selected angle; they immediately
attempted to jump as high as possible, touching the measuring scale on the wall. Their fingers were dipped into red ink,
so this left a clear mark to record the height of the VJ, and to determine the vertical displacement. Peak power (PP) was
calculated based on the method found in Sayers et al. 2); while that test was derived for a squat jump, it can be used with a
counter-movement jump because the error of power estimation is <3%?2%, as seen in Equation 2:

Peak power=(60.7 x jump height [cm])+(45.3 x body mass [kg])—2,055 (W) (2)

The other parameter was the blood lactate (BL) concentration, which was measured from a fingertip blood sample (0.5 puL)
using a portable blood lactic analyser (SensLab GmbH, Leipzig, Germany) before and after the FT. HR and RPE were
monitored before and after each set of the FT battery tests. HR was measured with a polar watch and an HR sensor (S810i,
Polar Electro Oy, Kempele, Finland). RPE was measured before and after each running set using a Borg scale ranging from
6 (no exertion) to 20 (maximal exertion). The Borg scale board was hung on the net in front of each participant, and he was
asked to rate the RPE?%27),

All data were presented as mean + SD. Both the pre-test and post-test of VJ and RPE data were verified for normal distri-
bution (Shapiro-Wilk test). Running and physical performance parameters which need to be examined only the differences
among the sets of the FT (FT 1-5), one-way repeated measure of ANOVA was used however, RPE and HR which needed
to be examined the differences between the Pre-Post-test among the FT1-5, two-way repeated measure of ANOVA with the
Bonferroni post-hoc test was used. The level for statistical significance was set at p<0.05. Analyses were performed using
IBM® SPSS® Statistics version 23.0 (IBM Corp., 1 New Orchard Rd., Armonk, NY, USA).

RESULTS

Table 1 shows the results of all the parameters. For each running set, the participants could maintain the same speed
(velocity). Both running distance time and FI progressively decreased in each of the post-test FT sets (p<<0.001); the results
of running distance and time were found with significantly decrease from FT2 to FT5 in comparison to FT1. However,
there were no significant differences in these parameters among the FT2 to FTS5 results. The FI was drastically significantly
increased for FT3 to FT5 in comparison to the FI for FT2. However, there were no significant differences among the results
for these FT sets.

The averaged VI height for the pre-test was 63.98 + 5.04 cm; it was significantly decreased in each post-test FT set
(p<0.001); the Cohen’s effect size was 5.64 (large effect size). When the VJ was calculated as the PP, the results also showed
a progressive decrease after each FT set (p<0.01). In terms of the percent of reduction, VI% and PP% significantly increased
in each FT set (p<0.01). The levels of BL at the pre-test and post-test were 2.82 + 1.12 mmol/L, and 16.07 + 2.52 mmol/L
respectively. Significant differences in BL were found before and after the FT (13.25; 95% CI 12.00 to 14.51, p<0.001).

As seen in Table 2, the participants reported a significant increase in RPE from a score of 6 at the pre-test to a score
ranging from 17 to 19 at the post-test for each of the running sets (p<0.01). Similar results were reported for HR; there was
a significant increase in HR from the pre-test to the post-test for each running set.

DISCUSSION

This study is the first to demonstrate that five repetitions of a badminton FT with an alternating VJ test can be used to
assess the progressive decrease in leg PP with increasing BL concentrations and increasing FI in badminton players. Thus, the
FT protocol, along with alternating VJs, could be used to assess progressive neuromuscular fatigue. The specific skills used in
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Table 1. Running and physical performances of 5 sets of test battery using the badminton field test (FT)

Variables Pre-test FT1 FT2 FT3 FT 4 FT5
Running performances

Distance (m) NA 273.40 £85.99 204.09 +67.87* 198.30 £ 64.63* 181.94 +£ 64.01* 192.05 + 91.40*

Time (s) NA 97.71 £29.74 7418 £25.93*  71.12+£22.08%  65.73+£23.87*  69.57 £32.91*

Velocity (m/s) NA 279+0.22 2.79+0.40 2.80+0.43 2.79+£0.34 2.77+0.53

Fatigue index (%) NA 0 —22.55+18.77* —25.88 £ 13.12* —31.92+15.06* —29.47 + 18.67*
Physical performances

Vertical jump (cm) 63.98 +5.04 54.80 = 4.31* 50.27 £ 5.55%* 44.87 £ 6.16* 4213 £5.72* 36.60 + 6.53*

Peak mechanical power  4,693.22 + 4,136.13 + 3,860.96 + 3,533.18 = 3,367.27 = 3,031.39 +

W) 324.90 248.80* 307.14* 382.23* 370.84* 392.12%

Percentage of reduction 0 14.29 £ 3.34 21.40 + 5.72* 30.00 + 6.07* 34.20 + 6.32* 42.87 +8.07*

in Vertical jump (%)

Percentage of reduction 0 11.78 +£ 2.60 17.68 + 4.39* 24.81 +£4.80* 28.33 £5.23* 35.49 + 6.46*

in PP (%)

Blood lactate (mmol/L) ~ 2.82+1.12 NA NA NA NA 16.07 +2.52*

*p<0.001, significant differences from pre-test or FT1. NA: not applicable. Fatigue index (minus means reduce from FT1 or increase
fatigue). The data are shown as mean + SD.

Table 2. Rating of perceived exertion score (RPE) and heart rate (HR)

Variables FT1 FT2 FT3 FT4 FT5

RPE (scores) Pre 6.00 +0.00 12.2+£0.78 13.27+0.70 14.13 £ 0.64 14.80 £ 0.77
Post 15.53 £ 1.81* 16.80 + 1.42* 17.27 £ 0.96* 18.00 + 0.65* 18.67 £ 0.90*

HR (beats/min) Pre 63.53 £3.76 104.93 £ 9.36 118.60 £ 9.58 127.27 +7.69 131.73 £6.99
Post 172.13 + 5.29% 173.93 £ 4.48* 174.40 + 4.53* 177.8 £ 3.47* 178.00 + 3.95%

*p<0.001, significant differences from pre-test. Pre: pre-test; Post: post-test; The data are shown as mean + SD.

this FT protocol included essential components, such as sprinting, lunges, smash jumps and rapid changes of direction'> '8,

thereby enhancing on-court success when playing badminton.

A reduction in leg PP is a primary source of neuromuscular fatigue; therefore, the progressive decrease in the percentage
of PP in the five FT sets, ranging from 11.78-35.49%. This reduction of PP range was accepted to be the range of achieved
the fatigue state which is 20% to 50%2% 2%,

The present study’s results confirm that VJs reflect the muscle contractile capability of lower-limb performance?*). More-
over, the VJ height can be calculated to be the PP, which reflects the muscle power in the lower limbs; thus, it can be used to
assess and determine exercise-induced fatigue in a clinical practice®?. The fatigue indicated by the reduction of muscle PP
may be explained by the disturbance of normal muscle function and activities, such as: 1) the stretch-shortening cycle fatigue
model that causes disturbance in stretch-reflex activation®'-32), 2) ionic disturbance (Na* and K*) resulting in a decrease in
the M-wave amplitude, which is used as the index of neuromuscular transmission and action potential propagation in muscle
fibre3 3% and 3) disturbance excitation contraction coupling that results from ionic imbalance, which causes a decrease in the
amount of acetylcholine released at the neuromuscular junction and the amount of Ca2+ from the sarcoplasmic reticulum3>.

The study’s finding of a lower PP or VJ was consistent with the reduction of running performance, such as distance and
running time (reflecting the FI) while maintaining the same speed for each FT set. These findings may were in line with
the results reported in previous studies, which showed the sensitivity of jump procedures in assessing muscular fatigue in
team-sport athletes0-3%),

In terms of subjective or psychophysical indicators, this study’s findings demonstrated that RPE significantly increased
from 6 to 18 after each FT set. This finding is consistent with the results reported in a previous study, which showed that a
change of RPE could be caused by a reduction in PP output®®). Increases in RPE reflect the participant’s perceived experience
of effort, strain, discomfort or fatigue*”). RPE has been widely used as a reliable and valid parameter to assess the early
termination of bouts of exercise*"). The generation of RPE is associated with the afferent information of peripheral systems
from the cardiorespiratory, muscular and metabolic systems, which are transmitted to the brain*?. In terms of safety monitor-
ing in the present study, HR also increased in the post-test for each FT set. However, these increases were less than 92% of
HR,,,,, which is considered to be in the safety range*?. This result indicates that a modified FT is safe enough to perform.

Moreover, the FT protocol was classified to be a high-intensity test with a short resting break?® based on the high RPE
scores (17-19), the HR ., (75-90%) and the total running time of 15.00 + 2.42 minutes (including all test-battery run times
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and resting times). Such a high FT intensity may require energy that is provided by both anaerobic glycolytic and aerobic oxi-
dative pathways; thus, the FT protocol in the present study recreated the same condition that would occur during a badminton
game'> 4344 These findings may also be confirmed by the increase in the BL concentration (up to 5.7 times), which always
be associated with muscle fatigue. However, Zhang et al. noted that acidosis due to BL is probably not the cause of fatigue*>.

The present study had some limitations. The study population only included only male non-elite athletes. Thus a study
that also included female athletes might have different results. We suggest that further studies are needed to confirm the leg
power performance in female and elite athletes.

In conclusion, we found that leg-power generation could gradually be decreased in badminton competition as indicated by
a badminton field test. We also suggested that a serial repetitive badminton-specific FT with an alternating VJ test could be
used to assess progressive changes in leg power performance in badminton game.

Funding
The funding for this research study was provided by the Research Center in Back Neck and Other Join Pain Research
Group, Khon Kaen University, Thailand.

Conflicts of interest
The authors declare no conflict of interest.

ACKNOWLEDGEMENT

The authors express their sincere appreciation to the participants from Gannan Normal University; we gratefully thank
them for their cooperation and willingness to participate in this study. We would also like to thank Associate Professor
Nigel Taylor and the Exercise and Sport Sciences Development and Research Group for proofreading the paper and helping
us improve the manuscript.

REFERENCES

1)  AmannM, Eldridge MW, Lovering AT, et al.: Arterial oxygenation influences central motor output and exercise performance via effects on peripheral locomo-
tor muscle fatigue in humans. J Physiol, 2006, 575: 937-952. [Medline] [CrossRef]

2)  Taylor JL, Gandevia SC: A comparison of central aspects of fatigue in submaximal and maximal voluntary contractions. J Appl Physiol 1985, 2008, 104:
542-550. [Medline] [CrossRef]

3)  Tschakovsky ME, Pyke KE: Cardiovascular responses to exercise and limitations to human performance. In: Physiological bases of human performance dur-
ing work and exercise, Taylor N, Groeller H (eds). New York: Churchill Livingstone, 2008, pp 5-27.

4)  Allen DG, Lamb GD, Westerblad H: Skeletal muscle fatigue: cellular mechanisms. Physiol Rev, 2008, 88: 287-332. [Medline] [CrossRef]

5)  Girard O, Millet GP: Neuromuscular fatigue in racquet sports. Phys Med Rehabil Clin N Am, 2009, 20: 161-173, ix. [Medline] [CrossRef]

6)  Girard O, Mendez-Villanueva A, Bishop D: Repeated-sprint ability part I: factors contributing to fatigue. Sports Med, 2011, 41: 673—-694. [Medline] [Cross-
Ref]

7) Lees A: Science and the major racket sports: a review. J Sports Sci, 2003, 21: 707-732. [Medline] [CrossRef]

8)  Ortiz A, Olson SL, Etnyre B, et al.: Fatigue effects on knee joint stability during two jump tasks in women. J Strength Cond Res, 2010, 24: 1019-1027. [Medline]
[CrossRef]

9)  von Stengel S, Teschler M, Weissenfels A, et al.: Effect of deep oscillation as a recovery method after fatiguing soccer training: A randomized cross-over study.
J Exerc Sci Fit, 2018, 16: 112—117. [Medline] [CrossRef]

10) Zhong H, Eungpinichpong W, Wang X, et al.: Effects of mechanical-bed massage on exercise-induced back fatigue in athletes. J Phys Ther Sci, 2018, 30:
365-372. [Medline] [CrossRef]

11) Kargarfard M, Lam ET, Shariat A, et al.: Efficacy of massage on muscle soreness, perceived recovery, physiological restoration and physical performance in
male bodybuilders. J Sports Sci, 2016, 34: 959-965. [Medline] [CrossRef]

12) Kennedy RA, Drake D: The effect of acute fatigue on countermovement jump performance in rugby union players during preseason. J Sports Med Phys Fit-
ness, 2017, 57: 1261-1266. [Medline]

13) Chin MK, Wong AS, So RC, et al.: Sport specific fitness testing of elite badminton players. Br J Sports Med, 1995, 29: 153-157. [Medline] [CrossRef]

14) Girard O, Lattier G, Micallef JP, et al.: Changes in exercise characteristics, maximal voluntary contraction, and explosive strength during prolonged tennis
playing. Br J Sports Med, 2006, 40: 521-526. [Medline] [CrossRef]

15) Phomsoupha M, Berger Q, Laffaye G: Multiple repeated sprint ability test for badminton players involving four changes of direction: validity and reliability
(Part 1). J Strength Cond Res, 2018, 32: 423-431. [Medline]

16) Loureiro LF Jr, de Freitas PB: Development of an agility test for badminton players and assessment of its validity and test-retest reliability. Int J Sports Physiol
Perform, 2016, 11: 305-310. [Medline] [CrossRef]

17) Hader K, Palazzi D, Buchheit M: Change of direction speed in soccer: how much braking is enough? Kinesiology, 2015, 47: 67-74.

18) Walklate BM, O’Brien BJ, Paton CD, et al.: Supplementing regular training with short-duration sprint-agility training leads to a substantial increase in re-

peated sprint-agility performance with national level badminton players. J Strength Cond Res, 2009, 23: 1477-1481. [Medline] [CrossRef]

769


http://www.ncbi.nlm.nih.gov/pubmed/16793898?dopt=Abstract
http://dx.doi.org/10.1113/jphysiol.2006.113936
http://www.ncbi.nlm.nih.gov/pubmed/18032577?dopt=Abstract
http://dx.doi.org/10.1152/japplphysiol.01053.2007
http://www.ncbi.nlm.nih.gov/pubmed/18195089?dopt=Abstract
http://dx.doi.org/10.1152/physrev.00015.2007
http://www.ncbi.nlm.nih.gov/pubmed/19084769?dopt=Abstract
http://dx.doi.org/10.1016/j.pmr.2008.10.008
http://www.ncbi.nlm.nih.gov/pubmed/21780851?dopt=Abstract
http://dx.doi.org/10.2165/11590550-000000000-00000
http://dx.doi.org/10.2165/11590550-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/14579868?dopt=Abstract
http://dx.doi.org/10.1080/0264041031000140275
http://www.ncbi.nlm.nih.gov/pubmed/20300024?dopt=Abstract
http://dx.doi.org/10.1519/JSC.0b013e3181c7c5d4
http://www.ncbi.nlm.nih.gov/pubmed/30662504?dopt=Abstract
http://dx.doi.org/10.1016/j.jesf.2018.10.004
http://www.ncbi.nlm.nih.gov/pubmed/29581653?dopt=Abstract
http://dx.doi.org/10.1589/jpts.30.365
http://www.ncbi.nlm.nih.gov/pubmed/26334128?dopt=Abstract
http://dx.doi.org/10.1080/02640414.2015.1081264
http://www.ncbi.nlm.nih.gov/pubmed/28085126?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8800846?dopt=Abstract
http://dx.doi.org/10.1136/bjsm.29.3.153
http://www.ncbi.nlm.nih.gov/pubmed/16720888?dopt=Abstract
http://dx.doi.org/10.1136/bjsm.2005.023754
http://www.ncbi.nlm.nih.gov/pubmed/29084095?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/26217980?dopt=Abstract
http://dx.doi.org/10.1123/ijspp.2015-0189
http://www.ncbi.nlm.nih.gov/pubmed/19620917?dopt=Abstract
http://dx.doi.org/10.1519/JSC.0b013e3181b339d9

19)

20)

21)

22)
23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)
34)

35)

36)

37)
38)

39)

40)

41)
42)

43)
44)

45)

Kasabalis A, Douda H, Tokmakidis SP: Relationship between anaerobic power and jumping of selected male volleyball players of different ages. Percept Mot
Skills, 2005, 100: 607—614. [Medline] [CrossRef]

Chamari K, Chaouachi A, Hambli M, et al.: The five-jump test for distance as a field test to assess lower limb explosive power in soccer players. J Strength
Cond Res, 2008, 22: 944-950. [Medline] [CrossRef]

Caruso JF, Daily JS, McLagan JR, et al.: Data reliability from an instrumented vertical jump platform. J Strength Cond Res, 2010, 24: 2799-2808. [Medline]
[CrossRef]

Sayers A, Sayers B, Binkley H: Preseason fitness testing in national collegiate athletic association soccer. Strength Condit J, 2008, 30: 70-75. [CrossRef]
Naharudin MN, Yusof A: Fatigue index and fatigue rate during an anaerobic performance under hypohydrations. PLoS One, 2013, 8: €77290. [Medline]
[CrossRef]

Yamauchi J, Ishii N: Relations between force-velocity characteristics of the knee-hip extension movement and vertical jump performance. J Strength Cond
Res, 2007, 21: 703-709. [Medline]

Sayers SP, Harackiewicz DV, Harman EA, et al.: Cross-validation of three jump power equations. Med Sci Sports Exerc, 1999, 31: 572-577. [Medline] [Cross-
Ref]

Row BS, Knutzen KM, Skogsberg NJ: Regulating explosive resistance training intensity using the rating of perceived exertion. J Strength Cond Res, 2012, 26:
664—671. [Medline] [CrossRef]

Roelands B, de Koning J, Foster C, et al.: Neurophysiological determinants of theoretical concepts and mechanisms involved in pacing. Sports Med, 2013, 43:
301-311. [Medline] [CrossRef]

Cooke WH, Grandjean PW, Barnes WS: Effect of oral creatine supplementation on power output and fatigue during bicycle ergometry. J Appl Physiol 1985,
1995, 78: 670—-673. [Medline] [CrossRef]

Bizid R, Margnes E, Francois Y, et al.: Effects of knee and ankle muscle fatigue on postural control in the unipedal stance. Eur J Appl Physiol, 2009, 106:
375-380. [Medline] [CrossRef]

Gathercole R, Sporer B, Stellingwerff T, et al.: Alternative countermovement-jump analysis to quantify acute neuromuscular fatigue. Int J Sports Physiol
Perform, 2015, 10: 84-92. [Medline] [CrossRef]

Morio C, Chavet P, Androuet P, et al.: Time course of neuro-mechanical changes underlying stretch-shortening cycle during intermittent exhaustive rebound
exercise. Eur J Appl Physiol, 2011, 111: 2295-2305. [Medline] [CrossRef]

Attene G, Pizzolato F, Calcagno G, et al.: Sprint vs. intermittent training in young female basketball players. J Sports Med Phys Fitness, 2014, 54: 154-161.
[Medline]

Vollestad NK: Measurement of human muscle fatigue. J Neurosci Methods, 1997, 74: 219-227. [Medline] [CrossRef]

Fowles JR, Green HJ, Tupling R, et al.: Human neuromuscular fatigue is associated with altered Na+-K+-ATPase activity following isometric exercise. ] Appl
Physiol 1985, 2002, 92: 1585-1593. [Medline] [CrossRef]

Warren GL, Ingalls CP, Lowe DA, et al.: Excitation-contraction uncoupling: major role in contraction-induced muscle injury. Exerc Sport Sci Rev, 2001, 29:
82-87. [Medline]

Cormack SJ, Newton RU, McGuigan MR, et al.: Neuromuscular and endocrine responses of elite players during an Australian rules football season. Int J
Sports Physiol Perform, 2008, 3: 439-453. [Medline] [CrossRef]

Krustrup P, Zebis M, Jensen JM, et al.: Game-induced fatigue patterns in elite female soccer. J Strength Cond Res, 2010, 24: 437-441. [Medline] [CrossRef]
Cormack SJ, Mooney MG, Morgan W, et al.: Influence of neuromuscular fatigue on accelerometer load in elite Australian football players. Int J Sports Physiol
Perform, 2013, 8: 373-378. [Medline] [CrossRef]

Lamberts RP, Swart J, Noakes TD, et al.: A novel submaximal cycle test to monitor fatigue and predict cycling performance. Br J Sports Med, 2011, 45:
797-804. [Medline] [CrossRef]

Pereira G, de Souza DM, Reichert FF, et al.: Evolution of perceived exertion concepts and mechanisms: a literature review. Rev Bras Cineantropom Desem-
penho Hum, 2014, 16: 579-587. [CrossRef]

Joseph T, Johnson B, Battista RA, et al.: Perception of fatigue during simulated competition. Med Sci Sports Exerc, 2008, 40: 381-386. [Medline] [CrossRef]
Gellish RL, Goslin BR, Olson RE, et al.: Longitudinal modeling of the relationship between age and maximal heart rate. Med Sci Sports Exerc, 2007, 39:
822-829. [Medline] [CrossRef]

Faude O, Meyer T, Rosenberger F, et al.: Physiological characteristics of badminton match play. Eur J Appl Physiol, 2007, 100: 479—485. [Medline] [CrossRef]
Wadley G, Le Rossignol P: The relationship between repeated sprint ability and the aerobic and anaerobic energy systems. J Sci Med Sport, 1998, 1: 100-110.
[Medline] [CrossRef]

Zhang SJ, Bruton JD, Katz A, et al.: Limited oxygen diffusion accelerates fatigue development in mouse skeletal muscle. J Physiol, 2006, 572: 551-559. [Med-
line] [CrossRef]

J. Phys. Ther. Sci. Vol. 31, No. 10, 2019 770


http://www.ncbi.nlm.nih.gov/pubmed/16060419?dopt=Abstract
http://dx.doi.org/10.2466/pms.100.3.607-614
http://www.ncbi.nlm.nih.gov/pubmed/18438217?dopt=Abstract
http://dx.doi.org/10.1519/JSC.0b013e31816a57c6
http://www.ncbi.nlm.nih.gov/pubmed/19966587?dopt=Abstract
http://dx.doi.org/10.1519/JSC.0b013e3181b66679
http://dx.doi.org/10.1519/SSC.0b013e31816a8849
http://www.ncbi.nlm.nih.gov/pubmed/24204790?dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0077290
http://www.ncbi.nlm.nih.gov/pubmed/17685704?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10211854?dopt=Abstract
http://dx.doi.org/10.1097/00005768-199904000-00013
http://dx.doi.org/10.1097/00005768-199904000-00013
http://www.ncbi.nlm.nih.gov/pubmed/22310518?dopt=Abstract
http://dx.doi.org/10.1519/JSC.0b013e31822ac367
http://www.ncbi.nlm.nih.gov/pubmed/23456493?dopt=Abstract
http://dx.doi.org/10.1007/s40279-013-0030-4
http://www.ncbi.nlm.nih.gov/pubmed/7759438?dopt=Abstract
http://dx.doi.org/10.1152/jappl.1995.78.2.670
http://www.ncbi.nlm.nih.gov/pubmed/19288126?dopt=Abstract
http://dx.doi.org/10.1007/s00421-009-1029-2
http://www.ncbi.nlm.nih.gov/pubmed/24912201?dopt=Abstract
http://dx.doi.org/10.1123/ijspp.2013-0413
http://www.ncbi.nlm.nih.gov/pubmed/21336839?dopt=Abstract
http://dx.doi.org/10.1007/s00421-011-1859-6
http://www.ncbi.nlm.nih.gov/pubmed/24509986?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9219890?dopt=Abstract
http://dx.doi.org/10.1016/S0165-0270(97)02251-6
http://www.ncbi.nlm.nih.gov/pubmed/11896025?dopt=Abstract
http://dx.doi.org/10.1152/japplphysiol.00668.2001
http://www.ncbi.nlm.nih.gov/pubmed/11337828?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19223670?dopt=Abstract
http://dx.doi.org/10.1123/ijspp.3.4.439
http://www.ncbi.nlm.nih.gov/pubmed/20072057?dopt=Abstract
http://dx.doi.org/10.1519/JSC.0b013e3181c09b79
http://www.ncbi.nlm.nih.gov/pubmed/23170747?dopt=Abstract
http://dx.doi.org/10.1123/ijspp.8.4.373
http://www.ncbi.nlm.nih.gov/pubmed/19622525?dopt=Abstract
http://dx.doi.org/10.1136/bjsm.2009.061325
http://dx.doi.org/10.5007/1980-0037.2014v16n5p579
http://www.ncbi.nlm.nih.gov/pubmed/18202562?dopt=Abstract
http://dx.doi.org/10.1249/mss.0b013e31815a83f6
http://www.ncbi.nlm.nih.gov/pubmed/17468581?dopt=Abstract
http://dx.doi.org/10.1097/mss.0b013e31803349c6
http://www.ncbi.nlm.nih.gov/pubmed/17473928?dopt=Abstract
http://dx.doi.org/10.1007/s00421-007-0441-8
http://www.ncbi.nlm.nih.gov/pubmed/9732114?dopt=Abstract
http://dx.doi.org/10.1016/S1440-2440(98)80018-2
http://www.ncbi.nlm.nih.gov/pubmed/16455685?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16455685?dopt=Abstract
http://dx.doi.org/10.1113/jphysiol.2005.104521

