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Abstract: The purpose of the present study was to examine both the within-day and between-day reliability of sprint start 

variables. The reaction time and the premotor time (PMT) were used as markers of the reactive function. Additionally, 3-m 

time, first-step flight time, first-step length and first-step velocity were utilized as spatiotemporal markers of the sprint start. 

Prior to the reliability study, an extensive number of sprint start trials were performed to familiarize the participants. A repeated 

measures analysis of variance, intra-class correlation coefficient (ICC) and Cronbach’s alpha reliability coefficient were used 

to assess the within-day and between-day reliability. The coefficient of variation (CV%) was evaluated to determine the within-

participant variation. Both the within-day and between-day spatiotemporal markers showed higher reliability with lower 

variability from the reactive function markers. This study shows that well-familiarized participants can perform a reliable 

sprint start performance both within a day and between days. We conclude that the reactive markers have a high variability 

within a day and between days and require further research to determine their dynamic role in the sprint start action. Therefore, 

spatiotemporal markers provide a more valid method of sprint start assessment. 
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1. Introduction 

Sprint starting action has been identified as an important 

factor in athletics by coaches and researchers. Kinematic, 

kinetic and electromyographic (EMG) variables have been 

investigated to assess the decisive role of the sprint start on 

sprinting performance [1]. Kinematic and kinetic (dynamic) 

refers to the mechanics that describe the motion analysis of 

the body joint moments and the body segments and the forces 

that cause the movement. Additionally, EMG analysis 

assesses the action potential of muscle contraction and the 

recruitment of muscle fibers [2]. 

Optimal starting performance requires advanced 

physiological and psychological abilities and the potential to 

produce horizontal forces [1] via a high level of motor 

coordination between the upper and lower body segments 

[3]. In the “set” position, a sprinter engages mental readiness 

from the starting gun to whole body maximal activation 

under specific physical and technical considerations such as 

the interblock distance, block obliquity, joint alignment and 

total body center of gravity [1, 4, 5]. The time interval 

between the gun signal and initiation of a response on the 

starting blocks is defined as reaction time (RT), and an 

athlete who performs more quickly than 100 ms is considered 

to have committed a false start. However, an athlete with 

adequate neuromuscular function could have a faster RT 

(<100 ms) [6]. The RT is an index of motor readiness 

(mental) and speed of the response (neural) initiation factor 

and encompasses premotor time (PMT) and motor time 

(MT). PMT refers to the time between the gun signal and the 

onset of the muscle action potential (electromyographic 

activity). The MT is the time interval between the onset of 

the ‘muscle firing’ and the force production that is generated 

by the feet against the block [2]. The RT performance is 

associated with individual factors such as age, the arousal-

attention state, practice-fatigue effects and motivational 

influences. RT is also associated with procedural factors, 

which are related to the nature of the stimuli and the response 

(simple RT and choice RT) with respect to the environmental 

conditions [7]. However, the sprint start is primarily a 
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complex motor function that incorporates a simple RT [8] 

with the precise nature of the stimuli and the response known 

in advance, which can be preprogrammed via training. After 

the gun signal, a sequence of muscle activity occurs. A 

forward propulsion of the body is determined by the 

involvement of the leg muscles against the starting blocks 

and powerful arm movements [9]. The athlete starts moving 

from the acyclic to the cyclic phase of the starting action 

when the rear leg comes in contact with the ground. In light 

of reliability and applied research, many researchers have 

been interested in starting performance, analyzing athletic 

competitions and using experienced athletes under 

investigation [2, 3, 10]. However, it is hard to correlate the 

sprint start performance with the final distance time due to 

race tactics and the lack of evidence that relates the best 

personal distance time with the best starting performance. 

Thus, reliable measurements should be performed to 

investigate brief high-intensity actions, such as starting, and 

differentiate from the final distance time to allow the exact 

synoptic inference of the applied research [11-13]. 

The importance of the starting action in the total sprint 

performance was highlighted by Mero and Komi (1990) who 

observed a significant positive correlation between the MT 

and maximum horizontal forces on the blocks despite not 

finding a significant correlation between the RT and block 

velocity. In support of these findings, Smirniotou et al. 

(2008) reported no relationship between the RT and sprint 

performance, but the RT was well correlated with the vertical 

jump index (CMJ-SJ). Tønnessen et al. (2013) analyzed the 

IAAF’s 100-m data from the world championships (2003 to 

2009) using different gender and age groups and concluded 

that RT ability is positively related to the final time of the 

running distance. It was also reported that the competitive 

level of the athletes and the entry standards set by the IAAF 

contributed to the results being representative. Recently, a 

biomechanical analysis of a wide stance compared to a 

normal stance on the block start showed that the width of the 

starting blocks affect the motion and the induced-force of the 

rear leg on the block, but no significant difference was found 

considering the entire block start performance. Additionally, 

the RT indicates a lack of absolute agreement and higher 

reliability [13]. In applied research, reliable RT 

measurements have to be obtained across a number of trials, 

which develops an attentional or response ‘set’ and ensures 

that the values are not unduly affected by an entire timescale 

that may occur in some trials [15]. To ensure that the 

participants understand the task instructions and are 

familiarized with the requirements of the task, it is also 

customary to provide some practice trials before the actual 

measurement of the RTs. To our knowledge, there are no 

studies that have explored the reliability of sprint start 

variables across a timescale using a starting device. 

Therefore, the aim of the present study was to examine the 

reliability of sprint start variables both within a day and 

between days to investigate the potential time-of-day effect. 

The RT and PMT were used as markers of the reactive 

function. Additionally, 3-m time, first-step flight time, first-

step length and first-step velocity were used as 

spatiotemporal markers of the sprint start. 

The following two hypotheses were formulated based on 

the literature review: 1. The within-day reliability would be 

higher than the between-day reliability; and 2. Reactive 

function markers would be less reliable than spatiotemporal 

markers. 

2. Methods 

2.1. Participants 

Eight healthy male students (mean ± SD: age 19.63 ± 0.9 

years; body mass 75.56 ± 7.37 kg; height 1.80 ± 0.07 m) who 

had limited experience in sprint start performance, were 

recruited from the university to take part in this study. All 

individuals had no history of disease or muscle-skeletal 

abnormalities and gave their written informed consent to 

participate. All procedures were fully explained, and the 

research protocol was approved by the university ethics 

board. Participants maintained a normal diet and were asked 

to refrain from vigorous exercise, alcohol and caffeine 

consumption during the study. 

2.2. Familiarization 

Prior to the reliability study, an extensive number of sprint 

start trials were performed to familiarize the participants. In 

the initial session, participants were tested to determine the 

most comfortable crouch position on the starting blocks. The 

feet were placed onto the blocks without the toes contacting 

the ground. The length of the rear and the front blocks were 

measured using a measurement tape (rear, 0.85 m±0.06 m; 

front, 0.63 m±0.07 m), and the inclinations of the blocks 

were set at ≈50
0
 on the front foot and ≈65

0
 on the rear foot 

[16]. The single-leg jump tests (countermovement and squat) 

were performed to determine the dominant leg (or the 

strongest leg) in relation to the block leg placement; further 

analysis showed no relationship between the jump tests and 

the participants’ preferred block leg placement. Both the 

length and inclination of the blocks remained the same until 

the end of the study. In the following familiarization 

sessions, the participants performed five sprint start trials 

over a distance of ten meters in each session with five 

minutes of recovery between the trials. A specific warm-up 

protocol was applied prior to every session [17]. A photocell 

gate was placed at a distance of three meters and was 

connected to the starting device (Polifemo Radio Light- 

Microgate, Italy). After each trial, the RT (ReacTime-Lynx 

System Developers, Inc.), and the 3-m time was used as an 

acute feedback of the sprint start performance, and the 

average scores of the RT and 3-m time of the five trials was 

used for further analysis. The 3-m time was chosen as a block 

clearance-related time to provide results due to both its 

simplicity and the speed of the response. Subsequent 

familiarization sessions were performed every 24 to 30 hours 

until the participant’s reaction time and three-meter time 

demonstrated repeatable results (plateau). We set the five 
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sessions as the minimum number of sessions required for 

familiarization. Each participant performed five sprint starts 

in each session. The average score of the five trials was used 

for further analysis. The plateau effect was achieved within 

three to five sessions. 

2.3. Experimental Design 

A repeated measures design was achieved two to three 

days after the familiarization procedure. Participants 

performed three sprint trials with four to five minutes of 

recovery time between trials at 09:00 (morning session), 

17:00 (evening session) and 21:00 (night session). The 

procedure was repeated the following day. A warm-up was 

applied prior to each session. The best performance of the 

three trials based on the RT was selected as the best 

neuromuscular function of the participant and used for 

further analysis. 

2.4. Reaction Time and Spatiotemporal Variables 

The sprint start began with a signal given by a starting 

device (ReacTime- Lynx System Developers, Inc). The 

ReacTime unit consists of a block sensor mounted with a 

monitor to a starting block and equipped with a loudspeaker to 

give the starting signal and record the reaction times. It was 

connected to one photocell gate at 3 m (Polifemo Radio Light- 

Microgate, Italy) that was triggered by the gun signal of the 

ReacTime device [14]. An optical measurement system 

(Microgate, OptoJump) [18] was also connected and 

synchronized with the ReacTime unit to assess spatiotemporal 

parameters such as the flight time and the length of the first 

step. The velocity of the first step was defined as the distance 

of the first step divided by the time elapsed. Τhe first step was 

automatically calculated using the optical measure system by 

giving it the initial distance of the bases from the starting line, 

which was also the point where the optic bars were placed. 

Thus, the first step included the total distance from the base 

until the first ground contact between the optic bars. 

2.5. Premotor Time 

The gun of the starting device was wired to a circuit board 

with a voltage regulator that was used to convert the voltage of 

the 12-v gun to 4.8 v; 5 volts was the highest voltage that the 

EMG device could record. One of the EMG electrodes was 

modified to be easily connected and disconnected via an audio 

connector on the circuit board when the other side was plugged 

into the receptacle channels on the interface unit of the EMG 

wireless device (DELSYS EMG system, Myomonitor IV 

Wireless Transmission). After the gun signal, the gun cable 

was disconnected automatically from the circuit board to let 

the participant move freely. The electric (sound) pulse from 

the gun was recorded by the EMG device and used as the 

starting point in the electromyographic analysis (EMGworks 

3.7 Delsys Inc.). Rectangular-shaped (19.8 mm X 35 mm) 

bipolar surface electrodes (1-cm Ag conductors with an 

interelectrode distance of 1 cm) were used to acquire the EMG 

activity from the rear and front legs and the gastrocnemius 

lateralis (GA), bicep femoris (BF) and rectus femoris (RF) 

muscles. Prior to the warm-up, the electrodes were placed on 

clean shaven skin overlying the muscles on the midpoint of the 

contracted muscle, which was based on the SENIAM 

recommendations for surface EMG electrode placement 

(www.seniam.org). An EMG data recorder at 1024 Hz was 

used to record the data. The reference electrode was placed 

over the iliac crest. The PMT was determined visually from 

unfiltered and rectified raw EMG data [19]. 

2.6. Statistical Analysis 

Any systematic differences in the RT, PMT, 3-m time, 

first-step flight time, first-step length and first-step velocity 

across sessions were determined using a repeated measures 

analysis of variance (ANOVA), and the effect sizes were 

calculated as partial eta-squared (ηp
2
) [20]. To assess the 

relative and absolute reliability, the intraclass correlation 

coefficient (ICC) two-way mixed model of absolute 

agreement for the computation of ICC was used. The within-

day reliability was determined from the sessions of the first 

test day (morning, evening, night). The between-day 

repeatability was calculated using the three sessions from the 

first test day and the three sessions from the second test day. 

The following ICC classifications were used: an ICC of 1.00 

indicates perfect agreement and minimal variation, and an 

ICC< 0.67 indicates a lack of absolute agreement and higher 

reliability [21]. The coefficient of variation (CV%) was used 

to determine the within-participant variation [22]. A CV less 

than 10% and an ICC> 0.67 was defined as a low variability. 

An ICC<0.67 or a CV>10% was interpreted as a moderate 

variability, and an ICC<0.67 and a CV>10% was defined as 

a high variability [23]. All data are expressed as the means ± 

SDs, and the significance level was set at P < 0.05. 

3. Results 

The purpose of the present study was to examine the 

reliability of sprint start variables both within a day and 

between days. There were statistically significant differences 

in the RT between the trials (F= 3.46, p= 0.029, ηp
2
= 0.33), 

the PMT of the BF of the rear leg (PMTrBF) (F= 4.79, p= 

0.026, ηp
2
= 0.41) and the PMT of the RF of the front leg 

(PMTfRF) (F= 5.31, p= 0.014, ηp
2
= 0.43). However, the 

results showed that there were nonsystematic differences in 

the PMT of the RF (PMTrRF) and the GA of the rear leg 

(PMTrGA), the BF (PMTfBF) and GA (PMTfGA) of the 

front leg, 3-m time, first-step flight time, first-step length and 

first-step velocity. The ICC scores of the within-day and 

between-day RT and PMTs ranged from 0.232 to 0.908 with 

moderate-to- high variability (8.3%- 21.5%). Both the 

within-day and between-day spatiotemporal markers showed 

higher reliability with lower variability from the reactive 

function markers. The within-day ICC scores ranged from 

0.720 to 0.906 with low variability (4.9%- 8.3%) (Table 1), 

and the between-day ICC scores ranged from 0.150 to 0.917 

with low-to-moderate variability (4.4% - 9%). 
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Table 1. Descriptive and reliability statistics of the within-day trials. 

 
Mean ± SD min - max Cronbach's alpha ICC single ICC average CV% Variability 

RT (s) 0.167 ± 0.022 0.130 - 0.197 0.836 0.503 0.752 13 high 

Rear Leg 

PMTrRF (s) 0.281 ± 0.032 0.242 - 0337 0.895 0.712 0.885 11.3 moderate 

PMTrBF (s) 0.143 ± 0.031 0.109 - 0.205 0.947 0.687 0.868 21.5 moderate 

PMTrGA (s) 0.146 ± 0.025 0.112 - 0.187 0.756 0.507 0.755 17.5 high 

Front Leg 

PMTfRF (s) 0.310 ± 0.026 0.279 - 0.356 0.789 0.298 0.580 8.3 moderate 

PMTfBF (s) 0.128 ± 0.022 0.106 - 0.165 0.798 0.565 0.790 17.3 high 

PMTfGA (s) 0.152 ± 0.03 0.118 - 0.209 0.745 0.474 0.730 19.6 high 

1st Step 

Length (m) 1.26 ± 0.1 1.06 - 1.40 0.962 0.906 0.967 8.3 low 

F-Time (s) 0.568 ± 0.028 0.533 - 0.615 0.887 0.744 0.897 4.9 low 

Velocity (m/s) 2.22 ± 0.15 1.94 - 2.41 0.880 0.720 0.885 6.6 low 

3M (s) 1.12 ± 0.08 1.00 - 1.24 0.931 0.820 0.832 6.9 low 

Notes: ICC, intraclass correlation coefficient; CV, coefficient of variation; RT, reaction time; PMT, premotor time; RF, rectus femoris; BF, bicep femoris; GA, 

gastrocnemius lateralis; F-Time, flight time; 3M, 3 meters. 

Between the morning trials, the ICC scores of the RT and PMTs varied from 0.232 to 0.766 with moderate-to-high variability. 

In contrast, the ICC scores of the spatiotemporal variables ranged from 0.150 to 0.853 with low-to-moderate variability (Table 2). 

Table 2. Between-days morning-trials, descriptive and reliability statistics. 

 
Mean ± SD min - max Cronbach's alpha ICC single ICC average CV% Variability 

RT (s) 0.173 ± 0.021 0.139 - 0.214 0.969 0.766 0.867 12.3 moderate 

Rear Leg 

PMTrRF (s) 0.280 ± 0.031 0.218 - 0.337 0.919 0.866 0.928 14.7 moderate 

PMTrBF (s) 0.148 ± 0.028 0.104 - 0.177 0.818 0.694 0.819 18.3 moderate 

PMTrGA (s) 0.148 ± 0.023 0.104 - 0.184 0.548 0.410 0.581 18.8 high 

Front Leg 

PMTfRF (s) 0.321 ± 0.034 0.251 - 0.334 0.672 0.459 0.629 10.0 high 

PMTfBF (s) 0.129 ± 0.019 0.106 - 0.105 0.791 0.684 0.812 14.2 moderate 

PMTfGA (s) 0.155 ± 0.033 0.112 - 0.191 0.457 0.314 0.478 19.7 high 

1st Step 

Length (m) 1.26 ± 0.11 1.07 - 1.37 0.951 0.917 0.957 8.0 low 

F-Time (s) 0.576 ± 0.035 0.517 - 0.614 0.653 0.503 0.669 5.2 moderate 

Velocity (m/s) 2.23 ± 0.19 1.94 - 2.14 0.655 0.515 0.680 7.1 moderate 

3M (s) 1.12 ± 0.08 0.99 - 1.21 0.876 0.801 0.890 6.6 small 

Notes: ICC, intraclass correlation coefficient; CV, coefficient of variation; RT, reaction time; PMT, premotor time; RF, rectus femoris; BF, bicep femoris; GA, 

gastrocnemius lateralis; F-Time, flight time; 3M, 3 meters. 

Between the evening trials, the ICC scores of the RT and PMT varied from 0.410- 0.866 with moderate-to-high variability. The 

ICC scores of the 3-m time and first-step length were 0.801 and 0.917, respectively, with low variability. Moderate variability was 

indicated for the first-step time and first-step velocity, and the ICC scores were 0.503 and 0.515, respectively (Table 3). 

Table 3. Between-days evening-trials, descriptive and reliability statistics. 

 
Mean ± SD min - max Cronbach's alpha ICC single ICC average CV% Variability 

RT (s) 0.158 ± 0.024 0.112 - 0.183 0.733 0.611 0.758 15.2 high 

Rear Leg 

PMTrRF (s) 0.280 ± 0.031 0.239 - 0320 0.449 0.267 0.422 11.3 high 

PMTrBF (s) 0.148 ± 0.028 0.107 - 0.193 0.472 0.232 0.376 19.3 high 

PMTrGA (s) 0.148 ± 0.023 0.127 - 0.184 0.901 0.756 0.86 15.6 moderate 

Front Leg 

PMTfRF (s) 0.321± 0.034 0.276 - 0.369 0.789 0.451 0.622 10.7 high 

PMTfBF (s) 0.129 ± 0.019 0.112 - 0.171 0.909 0.759 0.863 14.8 moderate 

PMTfGA (s) 0.155 ± 0.033 0.118 - 0.212 0.523 0.337 0.504 21.1 high 

1st Step 

Length (m) 1.26 ± 0.11 1.05 - 1.42 0.929 0.876 0.934 9.0 low 

F-Time (s) 0.576 ± 0.035 0.528 - 0.617 0.250 0.150 0.261 6.1 moderate 

Velocity (m/s) 2.23 ± 0.19 1.83 - 2.50 0.932 0.867 0.927 8.6 low 

3M (s) 1.12 ± 0.08 0.99 - 1.23 0.935 0.853 0.921 6.8 low 

Notes: ICC, intraclass correlation coefficient; CV, coefficient of variation; RT, reaction time; PMT, premotor time; RF, rectus femoris; BF, bicep femoris; GA, 

gastrocnemius lateralis; F-Time, flight time; 3M, 3 meters. 
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Between the night trials, the ICC scores of the RT and PMTfGA were 0.612 and 0.638, respectively, with high variability, 

and the PMT of the rest of the muscles showed moderate variability with ICC scores from 0.542 to 0.908. The ICC score of 

the-first step length was 0.712 with low variability. Moderate variability was indicated for the 3-m time, first-step time and 

first-step velocity, and the ICC varied from 0.538 and 0.631 (Table 4). 

Table 4. Descriptive and reliability statistics of the between-day/night trials. 

 
Mean ± SD min - max Cronbach's alpha ICC single ICC average CV% Variability 

RT (s) 0.161 ± 0.025 0.139 - 0.214 0.740 0.612 0.759 15.5 high 

Rear Leg 

PMTrRF (s) 0.275 ± 0.031 0.235 - 0.333 0.921 0.822 0.902 11.3 moderate 

PMTrBF (s) 0.129 ± 0.031 0.101 - 0.200 0.93 0.86 0.925 23.8 moderate 

PMTrGA (s) 0.140 ± 0.026 0.104 - 0.183 0.899 0.835 0.910 18.6 moderate 

Front Leg 

PMTfRF (s) 0.293 ± 0.024 0.271 - 0.340 0.686 0.542 0.703 8.0 moderate 

PMTfBF (s) 0.123 ± 0.024 0.103 - 0.164 0.948 0.908 0.952 19.9 moderate 

PMTfGA (s) 0.149 ± 0.024 0.120 - 0.190 0.758 0.638 0.779 15.9 high 

1st Step 

Length (m) 1.25 ± 0.11 1.05 - 1.37 0.816 0.712 0.832 8.2 low 

F-Time (s) 0.566 ± 0.025 0.532 - 0.606 0.672 0.538 0.700 4.4 moderate 

Velocity (m/s) 2.23 ± 0.16 1.93 - 2.46 0.750 0.609 0.757 7.2 moderate 

3M (s) 1.12 ± 0.08 1.02 - 1.26 0.770 0.631 0.774 7.2 moderate 

Notes: ICC, intraclass correlation coefficient; CV, coefficient of variation; RT, reaction time; PMT, premotor time; RF, rectus femoris; BF, bicep femoris; GA, 

gastrocnemius lateralis; F-Time, flight time; 3M, 3 meters. 

4. Discussion 

The time of day is considered to influence physiological 

and neurological functions of exercise performance via 

circadian rhythms. Chronobiological studies suggest that 

short-term performance and psychomotor performance are 

improved during the early afternoon when core temperature 

is at its highest level [24]. The primary aim of the present 

study was to evaluate the within-day and between-day 

reliability of a sprint start isolated from the running distance 

performance. The reactive process variables (PMT, RT) and 

the spatiotemporal variables (3-m time, first-step flight time, 

first-step length and first-step velocity) were used as markers 

of the sprint start performance. It was hypothesized that the 

within-day reliability would be higher than the between-day 

reliability and that the 3-m time, first-step flight time, first-

step length and first-step velocity could be more variable 

than the RT and PMT. The spatiotemporal markers showed a 

high degree of reliability with low within-day variability, a 

good-to-high degree of reliability with low-to-moderate 

between-day variability, and no evidence of any systematic 

bias observed among sessions. Our results prove the 

hypothesis that the within-day reliability of the 

spatiotemporal markers was slightly higher than the between-

day reliability. Recently, Standing and Maulder (2017) 

investigated the reliability of sprint acceleration via 

kinematic analysis. They indicated that kinematic variables 

might not have an effective role in sprint performance, and 

there was lack of reliability between the sessions of sprinting 

times and the flight time of the first three steps. In opposition 

to the previous study of Standing and Maulder (2017), our 

results indicated an acceptable within-day and between-day 

reliability for the 3-m time and first-step flight time. This 

may occur because of the extended familiarization sessions 

that were performed prior to the experiment. 

Reasonable reliability was observed among reactive 

markers and confirms our second hypothesis. Most cases 

reported a lack of absolute agreement and higher within-day 

as well as between-day reliability. The RT and PMT are more 

changeable markers than the spatiotemporal markers. 

Reactive functional markers could be influenced by many 

individual factors such as the arousal-attention state, practice-

fatigue effects, and motivational influences, which cannot be 

easily controlled during an experimental study. Moreover, the 

PMT may have been affected by surface inter/electrode 

displacement. Finally, it is unclear from the literature review 

whether the PMT is satisfactory concerning the total RT and 

final performance. 

Recently, Paradisis (2013) revealed an association between 

the RT and 60-m final time in the indoor world games but not 

in the 100-m final time (outdoor), while Tønnessen et al. 

(2013) analyzed the IAAF’s data of the world championship 

and reported that RT ability was related to the final running 

distance time (100 m). Finally, it is difficult to correlate the 

sprint start performance with the final time of running 

distance without taking into consideration the race tactics, the 

personal race record and the best reaction time. 

5. Conclusion 

The results of the present study lead us to conclude that well 

familiarized male participants can perform a reliable sprint 

start performance both within a day and between days even 

though reactive markers have a high within-day and between-

day variability. Further research is required to determine the 

dynamic role of the above markers at the block starting action. 

It is recommended that sports scientists and trainers should 

familiarize the participants/athletes prior to a research study or 

an athletic event, and they can use spatiotemporal markers as a 

valid method of sprint start assessment. 
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