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Abstract 

The aim of this study was to explore the sprint mechanical and kinematic characteristics of sub-elite and 

recreational male sprinters during the acceleration phase of a linear sprint running section. Eighteen sprinters 

(nine sub-elite, nine recreational) performed two all-out 30-m sprints. Three high speed panning cameras were 

used to record the entire sprint distance continuously. The sprint velocity-time data of each camera were 

determined by temporal analysis of the video recording. These values were used to determine the variables of the 

horizontal F-v profile (theoretical maximal values of horizontal force [F0], velocity [v0], power [Pmax], the 

maximal ratio of horizontal to resultant force [RFmax], the decline in the ratio of horizontal force production as 

the running speed increases [DRF]) and key kinematic characteristics. Significant differences were observed 

between the groups for v0 (0.79 ± 0.24 m∙s
-1

, p = 0.005), Pmax (3 ± 1.17 W∙kg
-1

, p = 0.020) and RFmax (3.1 ± 1.2 

%, p = 0.021). No statistical differences were found for F0 (0.55 ± 0.46 N∙kg
-1

, p = 0.25) and DRF (0.2 ± 0.5 

%∙s∙m, p = 0.67). The mean running velocity and mean step rate were higher, whereas mean ground contact time 

was shorter in sub-elite sprinters. There were no differences in mean step length and mean flight time. The sub-

elite sprinters in our study demonstrated the capacity to generate higher amounts of horizontal forces at higher 

running speeds, apply horizontal force to the ground more efficiently and achieve higher step rates during sprint 

acceleration than recreational sprinters. 

Key Words: sprint force-velocity profile, sprint kinematics, acceleration, sprinting performance. 

 
Introduction 

In sprint acceleration, the lower limbs must produce large levels of horizontal ground reaction force in order 

to generate high running velocities (Morin & Samozino, 2016). The magnitude of the applied force onto the 

ground and the ability to transmit more efficiently the force in the forward direction are key physical 

determinants of successful sprint-acceleration performance (Morin et al., 2011, 2012). 

Historically, sprint running performance and mechanics have been studied mainly through a kinematic 

domain (lab- and field-based) with only a few studies, mostly recently, capturing ground reaction forces during 

sprinting action due to the methodological challenges pertaining to such live data collection (Gleadhill & 

Nagahara, 2021; Nagahara et al., 2014a; Nagahara & Girard, 2020; Rabita et al., 2015). 

Recently, a new type of analysis has been added to the set of techniques available to sport biomechanists. 

This new mode of analysis, based on the mechanical force-velocity (F-v) profile, has offered a new layer for 

studying sprinting mechanics and an underlying theoretical dimension explaining the expression of movement as 

depicted through kinematics (Morin et al., 2019; Samozino et al., 2016). This, in turn, has facilitated a different 

examination level of differences in the mechanical characteristics between athletes from other sports, levels of 

practice and sex (Jiménez-Reyes et al., 2018; Nicholson et al., 2021; Slawinski et al., 2017; Stavridis et al., 2019; 

Watkins et al., 2021). 

Briefly, the maximal power-output capability in the horizontal direction (Pmax), the theoretical maximal 

horizontal force production (F0), the theoretical horizontal velocity capability (v0), of a sprinter, and the 

proportion of resultant force production directed into the anteroposterior direction (RF) together with the rate of 

decline in RF as running velocity is increased (DRF) are estimated using established field methods (Morin et al., 

2011, 2019; Samozino et al., 2016). These mechanical characteristics directly determine sprinter’s propulsion 

capacities and constitute a crucial factor for athletes to reach maximal running velocities and most importantly to 

cover a given distance as soon as possible. 

Additionally, several kinematic parameters, such as step length, step rate, and ground contact and flight 

time, have been investigated regarding sprinting performance. Briefly, previous kinematic researches have 

established that step rate, step length and flight time rise when running velocity is increased (Brughelli et al., 
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2011; Nagahara et al., 2014b; Weyand et al., 2000). On the other hand, contact time decreases, when increasing 

speed up to the maximum velocity phase in adult populations (Brughelli et al., 2011). 

It is known that during sprint-acceleration performances, the capability of higher level sprinters to 

develop large horizontal forces onto the ground and the ability to maintain a net horizontal force production 

despite increasing running velocity seem to be the crucial factor that differentiates the performances between 

faster and slower sprinters (Morin et al., 2011; Slawinski et al., 2017). However, only few studies have examined 

the specific sprint mechanics and kinematic determinants among sprinters of various performance levels. Rabita 

et al., (2015) found that elite sprinters produced greater maximal velocity, step rate and step length (8.9, 3.0 and 

2.3%, respectively) compared to sub-elite sprinters (e.g., 100 m personal best time 9.95-10.29 s vs. 10.40-10.60 

s) over a 40-m sprint acceleration performance.  

Additionally, it has been shown that higher net rates of force development are produced from elite 

sprinters compared to slower sprinters (e.g., 100 m personal best time 10.06-10.43 s vs. 11.01-11.80 s) during the 

pushing phase on the starting block and the two first steps (Slawinski et al., 2010). Finally, faster sprinters have 

been found to achieve greater maximal running velocity compared to medium and lower-level competitors 

(+11% and + 22.1%, respectively) over a 35-m sprint run (Paradisis et al., 2019). However, to our knowledge, no 

other studies have examined the mechanical and kinematic differences in sprint acceleration performance among 

sprinters of various performance levels. Nevertheless, detailed information on the aforementioned mechanical 

and kinematic characteristics in a range of sprinting performances could be great importance for coaches in order 

to develop optimal training programs suitable for different performance levels.  

 

Therefore, the aim of this study was to explore the mechanical and kinematic characteristics of sub-elite 

and recreational sprinters during the acceleration phase of a linear sprint running section. For this purpose, the 

force-velocity profiling method was performed (Morin et al., 2019; Samozino et al., 2016) to assess the 

mechanical differences between sub-elite and recreational sprinters. Such comparison with its outcomes will 

provide a better insight of the mechanical determinants affecting acceleration performance in male sprinters. 

Results are also expected to contribute to the development of training programs in accordance with individual 

and level-specific needs. We hypothesized that sub-elite sprinters would demonstrate more favorable mechanical 

and kinematic characteristics compared to recreational sprinters during sprint acceleration. 

 

Materials & Methods 

Participants 

Eighteen male sprinters, including nine sub-elite sprinters who were competing at the international level 

(Mean ± SD: age 24.7 ± 4.4 years; stature 1.80 ± 0.06 m; weight 73.2 ± 5.3 kg), and nine recreational sprinters 

from regional clubs (age 20.1 ± 2.9 years; stature 1.78 ± 0.07 m; weight 68.0 ± 9.2 kg), participated in the study. 

Among the sub-elite athletes there were four 100-m sprinters (personal best 10.49 ± 0.24 s) and five 200-m 

sprinters (personal best 21.35 ± 0.63 s). Among the recreational athletes there were nine 100-m sprinters 

(personal best 11.77 ± 0.22 s). The experimental procedures were conducted with approval from the research 

ethics committee of the institute, in agreement with the Declaration of Helsinki. 

 

Procedures 

After an individualized sprint-specific warm-up, lasting ~30 minutes, including jogging and dynamic 

stretching followed by three progressive sprints of 40-m, participants performed two maximal 30-m sprints from 

a 3-point standing position, separated by 5 minutes of rest (Romero-Franco et al., 2017; Samozino et al., 2016). 

The testing procedures were conducted in an indoor stadium with a synthetic track. 

Three high-speed panning cameras (Casio EX-F1, Tokyo, Japan; sampling frequency 300 fps) were 

used to record the entire sprint distance continuously. The cameras were placed perpendicular to the running 

direction of athletes at the distances 5-m, 15-m and 25-m and mounted on stable tripods 10-m from the runway 

(Figure 1). Their operating settings were adjusted as proposed by Pueo (2016). The cameras had overlapping 

fields of view and each camera was used to record data for 10-m intervals (Cronin et al., 2008). Eight marking 

poles were positioned along the 30-m distance to determine the 5-m split times. The marking poles placed at 

adjusted positions to avoid parallax error (Romero-Franco et al., 2017).  

Furthermore, for the extraction of step length, sixty-two custom reference markers, each 5 cm × 5 cm in 

diameter, were placed on either side of the running lanes, forming one-meter zones along the entire runway. The 

camera positioning allowed all reference markers to be visible on the captured motion of interest. The panning 

recording procedures were performed according to previous recommendations (Chow, 1993; Gervais et al., 

1989). The timely synchronization of the first and second cameras were performed based on the frame in which 

the athlete’s right hip crossed the corresponding marking poles at 10-m reference marker. Accordingly, the 

timely synchronization of the second and third cameras were performed based on the frame in which the right 

hip crossed the corresponding marking poles at 20-m reference marker (Figure 1). The fastest trial, being 

considered for further analysis. 
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Figure 1. Experimental set up. 

 

Data collection and analysis 

The analysis of video data was conducted using Quintic Biomechanics v31 software package (Quintic 

Consultancy Ltd, United Kingdom). The split times for every 5-m interval were determined by temporal analysis 

of the video recording of each camera. The first detection of propulsive movement from the 3-point standing 

position was defined as the start of the sprint (Haugen et al., 2018). The selection criterion for the definition of 

the split times was the moment in which the right hip crossed the corresponding marking pole. Moreover, 5-m 

split time and running velocity per 5-m interval were calculated from the modelled spatiotemporal data of each 

camera (Romero-Franco et al., 2017; Samozino et al., 2016). The intraclass correlation coefficient (ICC) 

between trial 1 and trial 2, based on 30-m sprint time, was very high (0.998, with 95% confidence interval (CI) = 

0.996 - 0.999). 

The stance and swing phases of each step during the entire sprint-acceleration were also analyzed to 

define the moment of touchdown and toe-off. Touchdown was defined as the frame at which the foot of the 

athlete made contact with the ground and toe-off as the frame at which the athletes’ foot loses the last contact 

with the ground (Paradisis & Cooke, 2006). The appropriate frames defining touchdown and toe-off were 

identified through visual inspection by the researcher who analyzed all the trials (Paradisis & Cooke, 2001). 

Contact time was defined as the time interval between initial foot contact and toe-off and flight time as the time 

interval between toe-off to subsequent toe touchdown. Step length was determined by the locations at which the 

athlete’s toes contacts with the ground during a stride (Chow, 1993). The distance from the toe to the custom 

reference markers was determined by projecting the position of the participant’s foot during the touchdown onto 

a line between two near markers (Chow, 1993; Economou et al., 2021; Gervais et al., 1989; Nagahara et al., 

2014b; Zisi et al., 2022). Additionally, the step length was expressed as a percentage of each athlete’s stature. 

Step rate was determined by dividing running velocity by step length. All kinematic properties were presented as 

means per 5-m distance intervals. The accuracy of the data collection and of the calculated step parameters has 

been examined previously and provided very high ICC (0.999, with 95% CI = 0.998 - 0.999) (Panoutsakopoulos 

et al., 2021). 

The sprint mechanical profile was constructed using previously established methods (Morin et al., 2019; 

Samozino et al., 2016). F0 and v0 were extrapolated from the linear sprint F–v relationship as the intercept of the 

force and velocity axes of the linear regressions, respectively. Pmax was computed as (F0 ∙ v0) ÷ 4. RFmax was 

calculated as the proportion of the total force production that is directed in the forward direction. DRF was 

computed as the slope of the linear RF–v relationship, as the running speed increases until the end of the 

acceleration (Samozino et al., 2016). 

 

Statistical analysis 

All data are reported as means ± standard deviation (SD) with 95% CI. Normal distribution of the data 

was checked by the Shapiro-Wilk normality test. Independent samples t-tests were performed to examine the 

differences of the mechanical parameters between the sub-elite and recreational sprinters. Cohen’s d effect size 

(ES) was used to determine the magnitude of the differences between groups with interpretation thresholds of: 

trivial (d < 0.2), small (d ≥ 0.2), medium (d ≥ 0.5) and large (d ≥ 0.8) (Cohen, 1992). All statistical analyses were 

processed using the statistical package SPSS v26 (IBM Corp., USA). An alpha level of 0.05 was chosen as the 

criterion for statistical significance. 

 

Results 

The data of the sprint mechanical variables for both groups are presented in Table 1. Significant 

differences were observed between the groups for v0 (t = 3.298, p = 0.005, d = 1.56) and Pmax (t = 2.574, p = 

0.020, d = 1.21, Figure 2). RFmax was also significantly greater in the sub-elite athletes (t = 2.553, p = 0.021, d = 

1.14). No significant differences between groups were found for F0 (t = 1.190, p = 0.251, d = 0.56, Figure 2) and 

DRF (t = 0.442, p = 0.665, d = 0.18). 
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Table 1. Descriptive data and inferential statistics of sprint mechanical profiles displayed by group. 

Variable Group Mean ± SD 95% CI t P Effect size 

F0 (N∙kg-1) 
Sub-elite 8.34 ± 0.80 7.72 - 8.94 

1.190 0.251 0.56 
Recreational 7.79 ± 1.14 6.91 - 8.66 

V0 (m∙s-1) 
Sub-elite 10.43 ± 0.48 10.05 - 10.80 

  3.298** 0.005 1.56 
Recreational 9.63 ± 0.53 9.22 - 10.05 

Pmax (W∙kg-1) 
Sub-elite 21.73 ± 2.22 20.03 - 23.43 

2.574* 0.020 1.21 
Recreational 18.73 ± 2.71 16.64 - 20.80 

RFmax (%) 
Sub-elite 49.0 ± 2.0 47.4 - 50.6 

2.553* 0.021 1.14 
Recreational 45.9 ± 2.8 43.6 - 48.2 

DRF (%∙s∙m) 
Sub-elite −7.33 ± 1.0 −8.1 - −6.6 

0.442 0.665 0.18 
Recreational −7.56 ± 1.1 -8.4 - −6.7 

Note: F0 = theoretical maximal horizontal force; v0 = theoretical maximal horizontal velocity; Pmax = maximal 

horizontal power; RFmax = proportion of horizontal to resultant force; DRF = decline in ratio of forces. * = p < 

0.05; ** = p < 0.01. 

 
Figure 2. Graphical representation of the linear F-v and parabolic power-velocity relationships as profiled from 

the mean values of the sprint testing between sub-elite (black line) and recreational sprinters (dashed line). 

 

There were significant between-group differences for mean step rate in the 0-5 m (t = 2.824, p = 0.012, 

d = 1.33), 5-10 m (t = 2.257, p = 0.038, d = 1.07), 10-15 m (t = 2.728, p = 0.015, d = 1.29), 15-20 m (t = 2.540, p 

= 0.022, d = 1.21), 20-25 m (t = 3.403, p = 0.004, d = 1.62) and 25-30 m intervals (t = 3.084, p = 0.007, d = 

1.46). No significant between-group differences were observed for mean step length, mean relative step length 

and mean flight time in all distance intervals. The mean ground contact time was lower for the sub-elite sprinters 

in the 15-20 m (t = -3.394, p = 0.004, d = 1.20), 20-25 m (t = -2.966, p = 0.009, d = 1.45) and 25-30 m intervals 

(t = -2.500, p = 0.024, d = 1.46). The data of the sprint kinematic characteristics were displayed at Tables 2 and 

3. 

 

Table 2. Descriptive data and inferential statistics of the kinematic characteristics displayed by group. 

 

 Distance (m) Group Mean ± SD 95% CI t p Effect size 

M
ea

n
 v

el
o
ci

ty
 (

m
∙s

-1
) 

0-5 
Sub-elite 3.99 ± 0.19 3.85 - 4.13 

4.767*** < 0.001 2.25 
Recreational 3.57 ± 0.19 3.43 - 3.72 

5-10 
Sub-elite 7.40 ± 0.26 7.19 - 7.60 

3.086** 0.007 1.46 
Recreational 7.01 ± 0.26 6.81 - 7.22 

10-15 
Sub-elite 8.43 ± 0.28 8.22 - 8.65 

3.207** 0.006 1.52 
Recreational 7.96 ± 0.34 7.69 - 8.22 

15-20 
Sub-elite 9.05 ± 0.29 8.82 - 9.27 

4.095** 0.001 1.93 
Recreational 8.44 ± 0.33 8.19 - 8.70 

20-25 
Sub-elite 9.38 ± 0.31 9.14 - 9.63 

4.086** 0.001 1.93 
Recreational 8.76 ± 0.33 8.50 - 9.02 

25-30 
Sub-elite 9.64 ± 0.35 9.37 - 9.91 

3.983** 0.001 1.87 
Recreational 8.94 ± 0.40 8.63 - 9.24 

le n
g th
 

0-5 
Sub-elite 1.13 ± 0.10 1.05 - 1.21 

−0.987 0.338 0.45 
Recreational 1.17 ± 0.09 1.11 - 1.24 
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* = p < 0.05; ** = p < 0.01; *** = p < 0.001. 

 

Table 3. Descriptive data and inferential statistics of the kinematic characteristics displayed by group. 

 

* = p < 0.05; ** = p < 0.01; *** = p < 0.001. 

 

5-10 
Sub-elite 1.57 ± 0.08 1.51 - 1.63 

−0.626 0.540 0.31 
Recreational 1.60 ± 0.12 1.51 - 1.69 

10-15 
Sub-elite 1.82 ± 0.06 1.77 - 1.86 

−1.078 0.297 0.53 
Recreational 1.85 ± 0.09 1.79 - 1.92 

15-20 
Sub-elite 1.90 ± 0.09 1.84 - 1.97 

−0.170 0.867 0.07 
Recreational 1.91 ± 0.13 1.81 - 2.01 

20-25 
Sub-elite 2.01 ± 0.09 1.94 - 2.08 

−0.457 0.654 0.20 
Recreational 2.03 ± 0.08 1.96 - 2.09 

25-30 
Sub-elite 2.08 ± 0.11 1.99 - 2.15 

−0.251 0.805 0.12 
Recreational 2.08 ± 0.08 2.02 - 2.14 

R
el

at
iv

e 
st

ep
 l

en
g
th

 

0-5 
Sub-elite 0.63 ± 0.05 0.60 - 0.67 

−1.102 0.287 0.49 
Recreational 0.66 ± 0.06 0.61 - 0.71 

5-10 
Sub-elite 0.88 ± 0.03 0.85 - 0.90 

−0.813 0.428 0.36 
Recreational 0.89 ± 0.06 0.85 - 0.94 

10-15 
Sub-elite 1.02 ± 0.03 0.99 - 1.04 

−1.126 0.277 0.51 
Recreational 1.04 ± 0.06 0.99 - 1.09 

15-20 
Sub-elite 1.07 ± 0.04 1.04 - 1.09 

−0.137 0.893 0.11 
Recreational 1.07 ± 0.06 1.02 - 1.11 

20-25 
Sub-elite 1.12 ± 0.06 1.07 - 1.17 

−0.568 0.578 0.21 
Recreational 1.14 ± 0.05 1.10 - 1.18 

25-30 
Sub-elite 1.16 ± 0.06 1.11 - 1.20 

−0.349 0.732 0.16 
Recreational 1.16 ± 0.05 1.13 - 1.20 

 Distance (m) Group Mean ± SD 95% CI t p Effect size 

C
o
n
ta

ct
 t

im
e 

(s
) 

0-5 
Sub-elite 0.161 ± 0.012 0.152 - 0.170 

−1.345 0.197 0.80 
Recreational 0.171 ± 0.019 0.157 - 0.186 

5-10 
Sub-elite 0.128 ± 0.010 0.120 - 0.135 

−2.051 0.057 1.04 
Recreational 0.138 ± 0.011 0.129 - 0.146 

10-15 
Sub-elite 0.116 ± 0.009 0.109 - 0.122 

−1.985 0.065 1.39 
Recreational 0.131 ± 0.006 0.125 - 0.137 

15-20 
Sub-elite 0.106 ± 0.009 0.099 - 0.112 

−3.394* 0.004 1.20 
Recreational 0.119 ± 0.008 0.113 - 0.125 

20-25 
Sub-elite 0.104 ± 0.010 0.097 - 0.112 

−2.966* 0.009 1.45 
Recreational 0.117 ± 0.007 0.111 - 0.122 

25-30 
Sub-elite 0.103 ± 0.009 0.97 - 0.110 

−2.500* 0.024 1.46 
Recreational 0.114 ± 0.010 0.107 - 0.122 

F
li

g
h
t 

ti
m

e 
(s

) 

0-5 
Sub-elite 0.070 ± 0.010 0.062 - 0.078 

−0.800 0.435 0.56 
Recreational 0.074 ± 0.013 0.064 - 0.085 

5-10 
Sub-elite 0.092 ± 0.010 0.085 - 0.099 

0.000 1.000 0.44 
Recreational 0.092 ± 0.010 0.085 - 0.100 

10-15 
Sub-elite 0.102 ± 0.004 0.098 - 0.106 

−1.600 0.129 0.46 
Recreational 0.106 ± 0.007 0.101 - 0.112 

15-20 
Sub-elite 0.105 ± 0.008 0.099 - 0.111 

−1.249 0.229 0.81 
Recreational 0.109 ± 0.006 0.104 - 0.114 

20-25 
Sub-elite 0.112 ± 0.007 0.107 - 0.117 

0.000 1.000 0.27 
Recreational 0.112 ± 0.007 0.107 - 0.117 

25-30 
Sub-elite 0.116 ± 0.007 0.110 - 0.121 

−0.378 0.710 0.11 
Recreational 0.117 ± 0.005 0.113 - 0.121 

S
te

p
 r

at
e 

(H
z)

 

0-5 
Sub-elite 3.45 ± 0.31 3.21 - 3.69 

2.824* 0.012 1.33 
Recreational 3.06 ± 0.27 2.85 - 3.27 

5-10 
Sub-elite 4.73 ± 0.27 4.52 - 4.94 

2.257* 0.038 1.07 
Recreational 4.41 ± 0.33 4.16 - 4.66 

10-15 
Sub-elite 4.66 ± 0.25 4.47 - 4.85 

2.728* 0.015 1.29 
Recreational 4.30 ± 0.31 4.05 - 4.54 

15-20 
Sub-elite 4.77 ± 0.27 4.57 - 4.98 

2.540* 0.022 1.21 
Recreational 4.44 ± 0.29 4.21 - 4.66 

20-25 
Sub-elite 4.68 ± 0.24 4.49 - 4.87 

3.403** 0.004 1.62 
Recreational 4.32 ± 0.20 4.16 - 4.48 

25-30 
Sub-elite 4.66 ± 0.28 4.45 - 4.88 

3.084** 0.007 1.46 
Recreational 4.30 ± 0.22 4.13 - 4.47 
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Discussion  

The present study examined the sprint mechanical characteristics between sub-elite and recreational 

male sprinters during a 30-m linear sprint. Supporting our hypothesis, the two groups showed different force-

power-velocity profiles. Significant differences were found for v0, Pmax and RFmax. This observation partially 

explains the differences in sprinting performance between the two groups, with sub-elite athletes exhibiting 

superior mechanical characteristics compared to recreational athletes. On the other hand, the theoretical maximal 

horizontal force (F0), which represents the capability to generate high level of horizontal force at low running 

velocities, did not differ between sub-elite and recreational sprinters. Additionally, the graphic representation of 

the inverse linear F-v relationship, indicates that sub-elite sprinters can develop higher horizontal force at any 

given velocity than recreational sprinters (Figure 2). However, the differences in the mechanical characteristics 

in the acceleration phase between the two groups are more prominent in the velocity component of the F-v 

relationship. 

Analytically, v0 provides an indication that the sub-elite sprinters benefit from inherent internal 

mechanisms and functions by having the capacity to a) attain higher running velocities, and b) produce larger 

horizontal forces at higher velocities than recreational sprinters. This is also explaining the finding that the same 

sprinters generated greater overall mechanical power output (Pmax) than their lower-level competitors. 

Additionally, the proportion of horizontal to resultant force (RFmax) was higher in the sub-elite sprinters 

suggesting a more effective pattern of force application, allowing them to direct more of the total force towards 

the anteroposterior direction. This in conjunction with the capability to generate large forces at high velocities 

create a powerful combined effect that enables the faster sprinters to propel their body forwards quicker than the 

slower sprinters. This observation is related to the significant differences of mean running velocity values in all 

distance intervals between the sub-elite and recreational sprinters of our study. These results are consistent with 

the study by Rabita et al. (2015) who reported that elite sprinters are able to achieve higher forward orientation 

of the generated force at null velocity, compared to lower-level competitors. 

Interestingly, the ability to maintain the RF related mechanical effectiveness throughout the acceleration 

phase as it was measured through DRF was similar between the two groups, indicating the same rate of decrease 

in RF with increasing running speed Thus, the sub-elite sprinters in our study did not handle the rate of loss in 

the efficiency of force application differently, but they remained in a superior position compared to the rest of 

the sprinters because of their initial RF values. Our findings support the observations of previous studies that 

high-level athletes can apply higher propulsive forces onto the ground (Jiménez-Reyes et al., 2018; Morin et al., 

2011). 

Regarding sprint kinematics, there were significant differences in the mean step rate between the two 

groups, whilst there were no significant differences in the mean step length. The higher step rate suggests that 

the sub-elite sprinters keep their nervous system in a state of readiness, achieving faster leg turnover than 

recreational athletes. Moreover, higher step rate implies a high rate of nervous activation and a high rate of 

cross-bridges cycle within the fast muscle fibers (Salo et al., 2011). Furthermore, the higher step rate in the 15-

30 m intervals may be attributed to the shorter ground contact time in the sub-elite group. This agrees with 

Morin and colleagues (Morin et al., 2012), who found that a higher step rate is caused by a shorter contact time. 

This study confirms in part findings in our previous studies, where we observed high-level sprinters 

producing greater step length and step rate values (6.0% and 4.7%) than a group of medium-level sprinters 

(Paradisis et al., 2019). A typical pattern depicting kinematic differences between performance levels supports 

that better sprinters show higher step lengths and rates values (Rabita et al., 2015). These kinematic 

characteristics are diminished when differences in performance are getting smaller. Hence, in the present 

research, step rate was one of the kinematic characteristics that affect performance. However, it is important to 

reference that elite sprinters are divided into step rate-reliant athletes and step length-reliant athletes (Salo et al., 

2011) therefore, in other cases the performance may be affected by the step length. 

Furthermore, contact time was shorter in the 15-30 m intervals for the sub-elite sprinters whereas flight 

time showed no significant differences between the sub-elite and recreational athletes. Similar tendencies 

(−13.5% for contact time) were presented previously (Paradisis et al., 2019). All the above temporal 

observations confirm that shorter ground contact times can lead to higher running velocities (Morin et al., 2012; 

Paradisis & Cooke, 2006; Weyand et al., 2000). 

There is less information regarding the differences in sprint mechanics between sub-elite and 

recreational athletes. Therefore, a strength of the current study is that it provides data of the specific sprint 

mechanics and kinematics determinants from the sub-elite to recreational male sprinters. The outcomes of the 

differences in sprinting mechanics between two distinct groups of sprinters in this study, provide us with a 

unique understanding of the origins of the performance differences between the two groups and an indication of 

the direction coaches could take to develop running speed. In practical terms, this type of data can reveal the 

neuromuscular and technical components affecting the sprint acceleration performance and guide coaches to 

distinguish the strengths and weaknesses in their athletes depending on whether a force-oriented or velocity-

oriented profile dominates. From a practical point of view, athletes with horizontal force deficits, at the begging 

of the sprint, should prioritize their training by using horizontal resistance training at low velocities, such as 
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pushing or pulling heavy sleds. Whereas athletes with velocity deficits should be prescribed more maximal 

velocity sprinting by using overspeed training and light sleds (Hicks et al., 2020; Morin & Samozino, 2016). 

Limitations of the study need to be mentioned. The sample size is small and may reduce the statistical 

power. Further experimental research with higher sample sizes, involving athletes with various performance 

level, should be conducted to confirm our findings. 

 

Conclusion 

The sub-elite sprinters in our study demonstrated the capability to reach higher running speeds, generate 

greater amounts of anteroposterior forces at higher running speeds, apply force to the ground more efficiently, 

achieve higher step rate and spend less time in contact with the ground during the acceleration phase of a linear 

sprint running section than recreational sprinters. Therefore, the current study indicate that the force-velocity 

profiling method can reveal the neuromuscular and technical components affecting the sprint acceleration 

performance among sprinters of various performance levels. The findings improve our understanding of the type 

and nature of contributing factors to speed development in male sprinters and as such inform coaches of the need 

to develop appropriate training stimuli to trigger the right responses. 

Conflicts of interest 

The authors state no conflict of interest. 

Funding 

No funding was received for this study. 

Acknowledgements 

The authors would like to thank Dr. Jean-Benoit Morin for reviewing the draft manuscript.  

 

References 

Brughelli, M., Cronin, J., & Chaouachi, A. (2011). Effects of running velocity on running kinetics and 

kinematics. Journal of Strength and Conditioning Research, 25(4), 933–939. 

https://doi.org/10.1519/JSC.0b013e3181c64308 

Chow, J. W. (1993). A Panning Videographic Technique to Obtain Selected Kinematic Characteristics of the 

Strides in Sprint Hurdling. Journal of Applied Biomechanics, 9(2), 149–159. 

https://doi.org/10.1123/jab.9.2.149 

Cohen, J. (1992). Statistical Power Analysis. Current Directions in Psychological Science, 1(3), 98–101. 

https://doi.org/10.1111/1467-8721.ep10768783 

Cronin, J., Hansen, K., Kawamori, N., & McNair, P. (2008). Effects of weighted vests and sled towing on sprint 

kinematics. Sports Biomechanics, 7(2), 160–172. https://doi.org/10.1080/14763140701841381 

Economou, T., Stavridis, I., Zisi, M., Fragkoulis, E., Olanemi-Agilara, G., & Paradisis, G. (2021). Sprint 

mechanical and kinematic characteristics of national female track and field champions and lower-level 

competitors. Journal of Physical Education and Sport, 21(6), 3227–3235. 

https://doi.org/10.7752/jpes.2021.s6441 

Zisi, M., Stavridis, I., Agilara, G.-O., Economou, T., & Paradisis, G. (2022). The Acute Effects of Heavy Sled 

Towing on Acceleration Performance and Sprint Mechanical and Kinematic Characteristics. Sports, 10(5), 

77. https://doi.org/10.3390/sports1005007 

Gervais, P., Bedingfield, E. W., Wronko, C., Kollias, I., Marchiori, G., Kuntz, J., Way, N., & Kuiper, D. (1989). 

Kinematic measurement from panned cinematography. Canadian Journal of Sport Sciences = Journal 

Canadien Des Sciences Du Sport, 14(2), 107–111. 

Gleadhill, S., & Nagahara, R. (2021). Kinetic and kinematic determinants of female sprint performance. Journal 

of Sports Sciences, 39(6), 609–617. https://doi.org/10.1080/02640414.2020.1837449 

Haugen, T. A., Breitschädel, F., & Samozino, P. (2020). Power-force-velocity profiling of sprinting athletes: 

methodological and practical considerations when using timing gates. The Journal of Strength & 

Conditioning Research, 34(6), 1769-1773. https://doi.org/10.1519/JSC.0000000000002890 

Hicks, D. S., Schuster, J. G., Samozino, P., & Morin, J.-B. (2020). Improving Mechanical Effectiveness During 

Sprint Acceleration: Practical Recommendations and Guidelines. Strength & Conditioning Journal, 42(2), 

45–62. https://doi.org/10.1519/SSC.0000000000000519 

Jiménez-Reyes, P., Samozino, P., García-Ramos, A., Cuadrado-Peñafiel, V., Brughelli, M., & Morin, J.-B. 

(2018). Relationship between vertical and horizontal force-velocity-power profiles in various sports and 

levels of practice. PeerJ, 6, e5937. https://doi.org/10.7717/peerj.5937 

Morin, J.-B., Bourdin, M., Edouard, P., Peyrot, N., Samozino, P., & Lacour, J.-R. (2012). Mechanical 

determinants of 100-m sprint running performance. European Journal of Applied Physiology, 112(11), 

3921–3930. https://doi.org/10.1007/s00421-012-2379-8 

Morin, J.-B., Edouard, P., & Samozino, P. (2011). Technical ability of force application as a determinant factor 

of sprint performance. Medicine and Science in Sports and Exercise, 43(9), 1680–1688. 

https://doi.org/10.1249/MSS.0b013e318216ea37 

Morin, J.-B., & Samozino, P. (2016). Interpreting Power-Force-Velocity Profiles for Individualized and Specific 



IOANNIS STAVRIDIS, THEODOSIA ECONOMOU, JOSH WALKER, ATHANASSIOS BISSAS, ANGELA 

TSOPANIDOU, GIORGOS PARADISIS 

--------------------------------------------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------------------------------- 

JPES ®      www.efsupit.ro  
1133

Training. International Journal of Sports Physiology and Performance, 11(2), 267–272. 

https://doi.org/10.1123/ijspp.2015-0638 

Morin, J.-B., Samozino, P., Murata, M., Cross, M. R., & Nagahara, R. (2019). A simple method for computing 

sprint acceleration kinetics from running velocity data: Replication study with improved design. Journal of 

Biomechanics, 94, 82–87. https://doi.org/10.1016/j.jbiomech.2019.07.020 

Nagahara, R., & Girard, O. (2021). Alterations of spatiotemporal and ground reaction force variables during 

decelerated sprinting. Scandinavian Journal of Medicine & Science in Sports, 31(3), 586-596. 

https://doi.org/10.1111/sms.13884 

Nagahara, R., Matsubayashi, T., Matsuo, A., & Zushi, K. (2014a). Kinematics of transition during human 

accelerated sprinting. Biology Open, 3(8), 689–699. https://doi.org/10.1242/bio.20148284 

Nagahara, R., Naito, H., Morin, J. B., & Zushi, K. (2014b). Association of acceleration with spatiotemporal 

variables in maximal sprinting. International Journal of Sports Medicine, 35(9), 755–761. 

https://doi.org/10.1055/s-0033-1363252 

Nicholson, B., Dinsdale, A., Jones, B., & Till, K. (2021). Sprint and Jump Mechanical Profiles in Academy 

Rugby League Players: Positional Differences and the Associations between Profiles and Sprint 

Performance. Sports, 9(7), 93. https://doi.org/10.3390/sports9070093 

Panoutsakopoulos, V., Theodorou, A. S., Kotzamanidou, M. C., Exell, T. A., & Kollias, I. A. (2021). Gender 

differences in pole vault approach run kinematics and step parameter asymmetry during an elite indoor 

competition. International Journal of Performance Analysis in Sport, 21(4), 477-490, 1–14. 

https://doi.org/10.1080/24748668.2021.1917977 

Paradisis, G. P., Bissas, A., Pappas, P., Zacharogiannis, E., Theodorou, A., & Girard, O. (2019). Sprint 

mechanical differences at maximal running speed: Effects of performance level. Journal of Sports 

Sciences, 37(17), 2026-2036. https://doi.org/10.1080/02640414.2019.1616958 

Paradisis, G. P., & Cooke, C. B. (2001). Kinematic and postural characteristics of sprint running on sloping 

surfaces. Journal of Sports Sciences, 19(2), 149–159. https://doi.org/10.1080/026404101300036370 

Paradisis, G. P., & Cooke, C. B. (2006). The effects of sprint running training on sloping surfaces. Journal of 

Strength and Conditioning Research, 20(4), 767–777. https://doi.org/10.1519/R-16834.1 

Pueo, B. (2016). High speed cameras for motion analysis in sports science. Journal of Human Sport and 

Exercise, 11(1), 53–73. https://doi.org/10.14198/jhse.2016.111.05 

Rabita, G., Dorel, S., Slawinski, J., Sàez-de-Villarreal, E., Couturier, A., Samozino, P., & Morin, J.-B. (2015). 

Sprint mechanics in world-class athletes: a new insight into the limits of human locomotion. Scandinavian 

Journal of Medicine & Science in Sports, 25(5), 583–594. https://doi.org/10.1111/sms.12389 

Romero-Franco, N., Jiménez-Reyes, P., Castaño-Zambudio, A., Capelo-Ramírez, F., Rodríguez-Juan, J. J., 

González-Hernández, J., Toscano-Bendala, F. J., Cuadrado-Peñafiel, V., & Balsalobre-Fernández, C. 

(2017). Sprint performance and mechanical outputs computed with an iPhone app: Comparison with 

existing reference methods. European Journal of Sport Science, 17(4), 386–392. 

https://doi.org/10.1080/17461391.2016.1249031 

Salo, A. I. T., Bezodis, I. N., Batterham, A. M., & Kerwin, D. G. (2011). Elite sprinting: are athletes individually 

step-frequency or step-length reliant? Medicine and Science in Sports and Exercise, 43(6), 1055–1062. 

https://doi.org/10.1249/MSS.0b013e318201f6f8 

Samozino, P., Rabita, G., Dorel, S., Slawinski, J., Peyrot, N., Saez de Villarreal, E., & Morin, J.-B. (2016). A 

simple method for measuring power, force, velocity properties, and mechanical effectiveness in sprint 

running. Scandinavian Journal of Medicine & Science in Sports, 26(6), 648–658. 

https://doi.org/10.1111/sms.12490 

Slawinski, J., Bonnefoy, A., Levêque, J.-M., Ontanon, G., Riquet, A., Dumas, R., & Chèze, L. (2010). Kinematic 

and kinetic comparisons of elite and well-trained sprinters during sprint start. Journal of Strength and 

Conditioning Research, 24(4), 896–905. https://doi.org/10.1519/JSC.0b013e3181ad3448 

Slawinski, J., Termoz, N., Rabita, G., Guilhem, G., Dorel, S., Morin, J.-B., & Samozino, P. (2017). How 100-m 

event analyses improve our understanding of world-class men’s and women’s sprint performance. 

Scandinavian Journal of Medicine & Science in Sports, 27(1), 45–54. https://doi.org/10.1111/sms.12627 

Stavridis, I., Smilios, I., Tsopanidou, A., Economou, T., & Paradisis, G. (2019). Differences in the Force 

Velocity Mechanical Profile and the Effectiveness of Force Application During Sprint-Acceleration 

Between Sprinters and Hurdlers. Frontiers in Sports and Active Living, 26. 

https://doi.org/10.3389/fspor.2019.00026 

Watkins, C. M., Storey, A., McGuigan, M. R., Downes, P., & Gill, N. D. (2021). Horizontal force-velocity-

power profiling of rugby players: A cross-sectional analysis of competition-level and position-specific 

movement demands. The Journal of Strength & Conditioning Research, 35(6), 1576-1585. 

Weyand, P. G., Sternlight, D. B., Bellizzi, M. J., & Wright, S. (2000). Faster top running speeds are achieved 

with greater ground forces not more rapid leg movements. Journal of Applied Physiology (Bethesda, Md. : 

1985), 89(5), 1991–1999. https://doi.org/10.1152/jappl.2000.89.5.1991 


