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ABSTRACT: (243 words) 26 

The aim was to investigate the kinematic factors associated with successful performance in the 27 

initial acceleration phase of a sprint in the best male athletes in the World at the 2018 World 28 

Indoor Athletics Championships. High speed video (150 Hz) was captured for eight sprinters 29 

in the men’s 60 m final. Spatio-temporal and joint kinematic variables were calculated from 30 

the set position to the end of the first ground contact post-block exit (GC1). Normalised average 31 

horizontal external power (NAHEP) defined performance and was the dependent variable for 32 

a series of regression analyses. Clear relationships were found between GC1 NAHEP and 10-33 

m time, 60-m time, change in velocity, acceleration and contact time in the first ground contact 34 

(r = –0.74, –0.64, 0.96, 0.91 and –0.56, respectively). Stepwise multiple linear regression of 35 

joint kinematic variables in the first ground contact revealed that trunk angle at take-off and 36 

thigh separation angle at take-off explained nearly 90% of variation in GC1 NAHEP (R2 = 37 

0.89). The athletes’ projection at take-off with a forward leaning trunk and large thigh 38 

separation is characteristic therefore of excellent initial acceleration performance and this will 39 

be a good visual guide for technical coaching instruction. This was the first study of its kind to 40 

adopt such a research design in a World-class sample in a representative environment. Future 41 

studies that combine detailed kinematic and kinetic data capture and analysis in such a setting 42 

will add further insight to the findings of this investigation. 43 

 44 

Keywords: acceleration, athletics, elite, power, running 45 

 46 

47 
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INTRODUCTION:  48 

The start and initial acceleration phase are of key importance to the short sprints (<100 m, Mero 49 

1988, Bezodis et al., 2015a), yet the biomechanical factors that distinguish performance in this 50 

phase at the very highest level of competition are not known. Given that the aim of the start 51 

and initial acceleration phase is to maximise horizontal velocity in the minimum possible time 52 

(Bezodis et al., 2019a), normalised average horizontal external power (NAHEP) has been 53 

proposed and justified as the criterion for successful performance early in the sprint (Bezodis 54 

et al., 2010; 2019a). NAHEP is therefore now widely used to define and distinguish effective 55 

acceleration performance in the sprint running biomechanics literature (e.g. Bezodis et al., 56 

2015a; Otsuka et al., 2015; Willwacher et al., 2016; Brazil et al., 2018; Wild et al., 2018; 57 

Bezodis et al., 2020; Sado et al., 2020;  Sandamas et al., 2020; von Lieres und Wilkau et al., 58 

2020a). 59 

 60 

Perhaps because of the restrictions hindering researchers from investigating performance in 61 

elite competition, ecologically valid and detailed analyses of the biomechanics of the start and 62 

initial acceleration phase in World-class (sub-10 s personal best [PB]) male sprinters in 63 

competition are limited in the scientific literature (Bezodis et al., 2019a). Indeed, to the authors’ 64 

knowledge only two such studies exist (Ciacci et al., 2017; Bezodis et al., 2019b). The first 65 

analysed spatio-temporal parameters post-block exit, finding that sprinters with faster PBs had 66 

longer contact times and shorter flight times than their slower counterparts (Ciacci et al., 2017). 67 

Secondly, Bezodis et al. (2019b) investigated differences in centre of mass (CM) translation 68 

between world-class sprinters and high hurdlers, yet did not consider factors that distinguished 69 

performance within either group. 70 

 71 
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On the other hand, studies of elite and sub-elite male athletes, but still below World-class 72 

standard (100 m PB approximately between 10 and 11 s), are more prevalent in the literature 73 

(for a comprehensive review see Bezodis et al., 2019a), and tend to be based on training or 74 

laboratory-based data. Within that broad performance classification, for the first step post block 75 

exit, better sprinters touch down and take-off with the CM further down the track, have a longer 76 

step length, and also a greater horizontal velocity at take-off (Slawinski et al., 2010a). A 77 

theoretical investigation showed that reducing the amount of ankle dorsiflexion early in the 78 

first stance phase can increase NAHEP in that ground contact (Bezodis et al., 2015b), yet 79 

despite three studies investigating the block phase and first flight (Bezodis et al., 2015a; Ciacci 80 

et al., 2017; Bezodis et al., 2019b), there is little other applied evidence in the literature that 81 

has shown which joint kinematic parameters play an important role in determining initial sprint 82 

acceleration performance post-block exit.  83 

 84 

Therefore, there is a significant gap in the peer-reviewed sprinting literature preventing 85 

scientists and coaches from forming a complete understanding of the key mechanical factors 86 

governing the explosive movement of the body during the first step post-block exit. The most 87 

effective way to address this gap, so findings are ecologically valid, would be to derive data 88 

from a highly competitive environment including the very best sprinters in the world. Such 89 

data will provide an unprecedented insight into the mechanics of maximal human acceleration. 90 

Consequently, this study investigated the kinematic factors that were associated with successful 91 

performance in the initial acceleration phase of a sprint in a sample of the very best male 92 

athletes in the World at the highest possible competition level. Developing an understanding 93 

of those key factors will aid coaches and scientists in designing technical training programs to 94 

develop and facilitate optimal performance in elite athletes. 95 

 96 
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METHODS:  97 

Participants 98 

Data were collected as a part of the Birmingham 2018 IAAF World Indoor Championships 99 

Biomechanics Research Project (Walker et al., 2019). The use of the data for this study was 100 

approved by World Athletics (formerly known as IAAF), who own and control the data, and 101 

locally via institutional research ethics approval. The eight finalists of the men’s 60 m race (25 102 

± 3 years, PB prior to the race: 6.51 ± 0.10 s), who included the world record holder, were 103 

recorded on the evening of 3rd March 2018 at Arena Birmingham, UK. The race was the fastest 104 

of all men’s 60 m races in the history of World Championships (World Athletics, 2020a) with 105 

three sprinters achieving sub-6.50 s times and the winner setting a new Championship Record 106 

(6.37 s).  107 

 108 

Data Collection and Processing 109 

All data collection and initial processing was carried out as previously described in Bezodis et 110 

al. (2019b, pp3-4 for more detail). Briefly, four Sony PXW-FS7 cameras operating at 150 Hz 111 

captured a three-dimensional volume covering the starting blocks to 5 m beyond the start line. 112 

Videos were processed in SIMI Motion (version 9.2.2, Simi Reality Motion Systems GmbH, 113 

Germany). To address the aim of this study, the analysis was focused on the following phases: 114 

a; block phase (from the onset of movement to the final frame of foot contact with the starting 115 

block), b; the subsequent flight phase (from the first frame after block exit to the final frame 116 

before ground contact), and c; the first ground contact post-block exit (GC1; from the first to 117 

the final visible frame of foot contact with the track). The onset of movement was defined via 118 

visual inspection of the first visible movement of the athlete in lane 8 using an additional Sony 119 

PXW-FS5 camera at close proximity, operating at 200 Hz. This camera was synchronised to 120 
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the other four cameras, and the official reaction times were used to calculate the onset of 121 

movement in the other athletes from the athlete in lane 8. 122 

 123 

Shoulder, hip, knee, ankle and metatarsophalangeal joints were digitised continuously on the 124 

side of the rear leg in the blocks from the onset of movement in the block to the second 125 

touchdown. Additionally, a 17-point whole-body model was digitised at onset of movement, 126 

block clearance, and each subsequent take-off and touchdown event. Co-ordinates were 127 

reconstructed using the Direct Linear Transformation algorithm (Abdel-Aziz et al., 2015). 128 

Three dimensional co-ordinates were projected onto a two-dimensional sagittal plane for 129 

analysis. Segmental and whole body centres of mass were calculated according to de Leva 130 

(1996), and continuous joint centre coordinates were filtered with a recursive second-order, 131 

low-pass Butterworth filter (zero-phase lag), with cut-off frequencies calculated by residual 132 

analysis (Winter, 2009; mean value for all joint centres 13.4 Hz, range 10.0-15.5 Hz). 133 

 134 

The dependent variable was GC1 NAHEP, calculated as described by Bezodis et al. (2010). 135 

Participants’ body mass could not be directly measured because of the access granted for data 136 

collection. However, despite NAHEP normalising for body mass (based on the approach of 137 

Hof, 1996), mass itself is not required to perform the calculation (see appendix). For the block 138 

phase and GC1, the times between events (e.g. block time defined from first visible movement 139 

to block exit) were combined with CM horizontal displacements and used to calculate CM 140 

velocities, acceleration and NAHEP. Touchdown and take-off distances were calculated as the 141 

coordinate of the metatarsophalangeal joint of the contact foot minus the coordinate of the CM 142 

in the antero-posterior direction. Segment angles were defined with anticlockwise as positive 143 

relative to the global forward horizontal, and joint angles with extension as positive (see Figure 144 

1). Joint angular velocities were calculated as the differential of joint angle with respect to time. 145 
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Vertical and horizontal foot touchdown velocities were calculated as the differential of the 146 

respective segment CM displacement with respect to time. Thigh separation angle was defined 147 

as the difference between the segment angles of the thighs of the swing and ground contact 148 

legs. 149 

*** Insert Figure 1 near here *** 150 

 151 

Statistical Analysis 152 

To assess the relationships between specific biomechanical data and first stance performance 153 

(GC1 NAHEP), Pearson correlation coefficients and 90% confidence intervals (using the 154 

Fisher Z’ method; Fisher, 1921) were calculated (Batterham & Hopkins, 2006). If the 155 

confidence intervals overlapped, i.e. completely crossed, the trivial threshold (–0.1 to 0.1) 156 

based on the smallest practically important correlation, the relationship was deemed unclear. 157 

For correlations deemed clear, the magnitude of the relationship was interpreted using the 158 

convention proposed by Hopkins (2016): moderate (0.30-0.49), large (0.50-0.69), very large 159 

(0.70-0.89) and practically perfect (0.90-1.00). To further investigate the segment and joint 160 

kinematic determinants of first stance performance, a stepwise multiple regression was 161 

performed (IBM SPSS Statistics, v. 22.0) using 0.1 as the criterion value of entry of a variable 162 

in the regression model, with the alpha level set at 0.05. Normality of the residuals was 163 

confirmed (Shapiro-Wilk = 0.93 for both standardised and unstandardised residuals), and there 164 

was minimal autocorrelation (Durbin-Watson = 2.103). 165 

 166 

RESULTS:  167 

Group mean ± standard deviation (SD) block, 10-m and 60-m times were 0.34 ± 0.02 s, 1.91 ± 168 

0.03 s and 6.51 ± 0.10 s, respectively (Table 1). Clear relationships were found between first 169 

stance performance and 10-m and 60-m times (r =–0.74, very large and –0.64, large, 170 
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respectively, Figure 2). After exiting the blocks with a horizontal velocity of 4.28 ± 0.35 m∙s-171 

1, sprinters increased their running velocity on average by 1.57 ± 0.17 m∙s-1 during first stance, 172 

in a ground contact time of 0.175 ± 0.014 s. For data collected during GC1, change in CM 173 

velocity (r = 0.96, nearly perfect), CM acceleration (r = 0.91, nearly perfect) and contact time 174 

(r = –0.56, large) all possessed clear relationships with first stance performance. NAHEP 175 

during first stance (1.624 ± 0.269) was greater than that demonstrated in the block phase (0.953 176 

± 0.143), with no clear relationship observed between the two (r = 0.12, Table 1, Figure 2). 177 

 178 

*** Insert Table 1 near here *** 179 

*** Insert Figure 2 near here *** 180 

 181 

Of all kinematic variables quantified during first stance (Table 2), only thigh separation (r = 182 

0.62, large) and trunk (r = –0.59, large) angles at TO possessed a clear linear relationship with 183 

first stance performance (Figure 3). Individual scatter plots for all bivariate correlations deemed 184 

clear are presented in Figure 4. Following stepwise multiple regression analysis for kinematic 185 

data, two variables explained nearly 90% of the variance in first stance performance (R2 = 186 

0.89): thigh separation angle at take-off and trunk angle at take-off (Table 3).  187 

 188 

*** Insert Table 2 near here *** 189 

*** Insert Figure 3 near here *** 190 

*** Insert Figure 4 near here *** 191 

*** Insert Table 3 near here *** 192 

 193 

  194 
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DISCUSSION: 195 

The aim of this study was to investigate the kinematic factors associated with successful 196 

performance in the initial acceleration phase of a sprint in the very best male athletes in the 197 

World. Based on the simple bivariate correlation analysis undertaken, the better performers in 198 

this study, defined by the power generated during the first ground contact post-block exit (GC1 199 

NAHEP), were quicker to both 10 and 60 m (Table 1, Figure 2). Additionally, those better 200 

performers increased their CM velocity more in a shorter contact time in GC1, thereby 201 

achieving a greater amount of CM acceleration during that ground contact (Table 1, Figure 2). 202 

This study then addressed the lack of previously published evidence regarding the influence of 203 

joint and segmental kinematics on elite initial acceleration sprint performance. Based on 204 

bivariate correlation analyses of the first stance (Table 2, Figure 3), trunk angle at take-off and 205 

thigh separation angle at take-off were found to be associated with GC1 NAHEP, and together 206 

they explained almost 90% of the variance in first stance performance (Table 3).  207 

 208 

The scope for comparison with equivalent previous studies is limited because of the highly 209 

novel nature of this study. Ciacci et al. (2017) reported spatio-temporal variables for four 210 

World-class male sprinters with a mean 100 m PB of 10.03 s from a Diamond League event. 211 

Comparisons reveal shorter block times (0.342 vs. 0.356 s) and greater block clearance 212 

velocities (4.28 vs. 4.16 m∙s-1) in the current study. Direct comparison between the two studies 213 

is difficult, since exact differences in athlete abilities and performance on the day relative to 214 

that are not possible to identify, and there could be further differences due to potential 215 

variations in data collection and processing. Other studies have reported values of block 216 

NAHEP of 0.53 ± 0.08 (Bezodis et al., 2015a), 0.539 ± 0.053 (Otsuka et al., 2015) and 217 

approximately 0.2-0.5 (Willwacher et al., 2016). These are clearly lower than the value of 0.953 218 

± 0.143 reported here. There are two reasons for this. Firstly, the range of abilities of athletes 219 
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studied were much greater in the previous literature than here, despite the inclusion of some 220 

World-class athletes across the samples (100 m PB range; 9.98-11.6 s (Bezodis et al., 2015a), 221 

10.21-11.65 s (Otsuka et al., 2015), 9.58-14.00 s (Willwacher et al., 2016)). Secondly, 222 

Willwacher et al. (2016) normalised their data to height rather than leg length, due to the 223 

inclusion of a comparison with lower-limb amputee sprinters in their study. This has the effect 224 

of increasing the denominator in the NAHEP calculation, and therefore reducing the calculated 225 

value. 226 

 227 

Bezodis et al. (2015a) reported a mean GC1 touchdown distance of –0.20 ± 0.07 m in 16 male 228 

sprinters with a range of 100 m PBs from 9.98 to 11.6 s. That investigation showed a mean foot 229 

position farther behind the CM than in the current study (-0.12 ± 0.06 m, Table 2), but in 230 

athletes of a much wider range of abilities than this study. Using a simulation modelling 231 

approach for an individual athlete with a 100 m PB of 10.28 s, Bezodis et al. (2015b) showed 232 

that the optimum touchdown distance in GC1 for the generation of NAHEP was approximately 233 

–0.09 m. That result is based on the specific individual characteristics of the athlete in question 234 

(such as leg length and stature) but suggests that there might be a similarly located optimum 235 

value for all sprinters. Bezodis et al. (2015b) used their simulation model to further show the 236 

importance of reducing ankle dorsiflexion angle in early GC1 stance to the generation of 237 

NAHEP, supporting the previous findings of Charalambous et al. (2012). The results of the 238 

current study showed a moderate but unclear contribution of dorsiflexion range of motion to 239 

GC1 NAHEP (Table 2). Further investigations in elite athletes that explore the role of the 240 

dorsiflexors in developing sprint acceleration in more detail are required. 241 

 242 

Those athletes who were the most effective starters in this study adopted a body position at 243 

take-off from the first contact that was characterised by a large forward lean in the trunk and a 244 
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large amount of separation between the two thigh segments. It is highly likely that the body 245 

position at take-off of the most successful starters described here comes about as an effect of 246 

the successful ground contact that has preceded it, rather than being the cause of the high 247 

standard of performance in itself. Nevertheless, from a technical coaching perspective, a body 248 

position at GC1 take-off characterised by large forward trunk lean, and a large amount of thigh 249 

separation is likely to be a good visual marker of highly effective initial acceleration 250 

performance. 251 

 252 

It is well established that effective maximal sprint acceleration is dependent upon the athlete 253 

adopting a primarily horizontal orientation of the resultant external force vector (Morin et al., 254 

2011; Rabita et al., 2015). A study of 41 non-sprint trained physical education students (Kugler 255 

and Janshen, 2010) showed that the orientation of the external force vector at maximum force 256 

was highly correlated with body lean (r = 0.93), and therefore that greater forward lean of the 257 

body resulted in greater propulsive forces. In the block start, Otsuka et al. (2014) showed that 258 

there was no difference in the magnitude of resultant force between well-trained (mean PB = 259 

10.87 s) and trained sprinters (mean PB = 11.31 s), but that the anteroposterior force component 260 

was greater and the angle of the resultant force more forward, in the well-trained sprinters. 261 

Further studies of the kinematics of the acceleration phase in well-trained sprinters have 262 

confirmed that the athletes’ trunk angle raises throughout the sprint (Nagahara et al., 2014; von 263 

Lieres und Wilkau et al., 2020b) at the same time as the resultant force vector become more 264 

vertical (Morin et al., 2011). However, to the authors’ knowledge there are currently no studies 265 

that comprehensively investigate the relationship between joint or segment kinematics and 266 

external kinetics throughout the initial acceleration phase in well-trained or elite sprinters. Such 267 

studies have the potential to be particularly revealing regarding the underlying mechanisms 268 

that dictate initial sprint acceleration performance in this population. 269 
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There is limited evidence available in the literature to support the finding here of the importance 270 

of thigh separation angle at take-off to sprint acceleration performance. However, there are two 271 

possible mechanisms that might be responsible. Firstly, the individual segments of the body 272 

each contribute to the overall kinetic energy of the athlete’s body. Slawinski et al. (2010b) 273 

investigated segmental contributions during the block phase only. They showed that the thigh 274 

segments combined created more maximal kinetic energy than any other segments (thighs – 275 

156.1 J; thorax 142.5 J). In creating a large separation of the thighs at take-off in this study it 276 

is possible that the better starters are maximising the amount of kinetic energy created. 277 

Secondly, thigh angular velocity is thought to be an important component of sprint running. 278 

Clark et al. (2020) investigated maximum velocity trials and found strong positive relationships 279 

between thigh angular velocity and both lower limb velocity at touchdown and running speed. 280 

This suggests that the large thigh separation angle at take-off seen in this study might be putting 281 

the athletes in an effective position to create large thigh angular velocities in the swing phase 282 

immediately prior to the subsequent touchdown, to optimise the mechanics of the foot-ground 283 

interaction during that ground contact. 284 

 285 

Overall, spatio-temporal data suggest that the change in CM velocity during GC1 was more 286 

important to the development of GC1 NAHEP than was the corresponding ground contact time 287 

(r = 0.96, nearly perfect, and –0.56, large, respectively, Table 1). This is supported by data 288 

from the block phase in 103 male and 51 female trained sprinters, presented by Willwacher et 289 

al. (2016), which showed r values across all 154 participants of 0.91 and 0.52 respectively for 290 

change in horizontal velocity and block time in relation to NAHEP. The importance of 291 

horizontal impulse to sprint acceleration performance is well established (Hunter et al., 2005; 292 

Morin et al., 2015). Impulse is the product of the force produced and the time taken to produce 293 

it and, when divided by body mass, equates to the change in velocity of the athlete. The spatio-294 
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temporal results from this study and Willwacher et al. (2016) suggest that it could be the 295 

magnitude of the propulsive force rather than its duration that is the most important component 296 

in creating impulse, and therefore increasing velocity. This is supported by a recent study by 297 

von Lieres und Wilkau et al. (2020a), who used a commonality regression analysis to show 298 

that magnitude of the propulsive force was the largest contributor to NAHEP in the initial 299 

acceleration phase in 28 well-trained sprinters. Von Lieres und Wilkau et al. (2020a) did not 300 

include joint kinematics in their regression analysis, so further studies that combine detailed 301 

measures of kinematics and kinetics in the initial acceleration phase in well-trained and elite 302 

sprinters are necessary to investigate these relationships further. 303 

 304 

The sample size here was limited by the nature of the data collection setting, but in keeping the 305 

participants to the very best male sprinters in the World, this study gives the first insight in the 306 

peer-reviewed literature into the factors that determine initial acceleration performance in elite 307 

sprinters in competition. Indeed, in the race studied here, the medallists ran three of the 20 308 

fastest times in the history of the event (World Athletics, 2020b). One possible outcome of that 309 

is that homogenous nature of the sample investigated here might have reduced the number of 310 

clear relationships found in the data. The benefit of focusing this novel analysis on the best 311 

sprinters in the World outweighs that risk, however. Further, the data collection environment 312 

precluded the capture of kinetic data, something that will remain unfeasible during official 313 

competitions due to the constraints imposed by the rules of the sport and technological 314 

complexities. However, this is the first study in the peer-reviewed literature to investigate the 315 

kinematic factors that determine performance in World-class male sprinters in the initial 316 

acceleration phase in elite competition. In doing so, it maintained a truly representative 317 

environment that ensured the integrity of the competitive task (i.e., the data collection took 318 

place during a World Indoor Championships final and did not interfere with the athletes’ 319 
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performance in any way). As such, it provides an extremely useful insight into previously 320 

unreported aspects of performance in this otherwise widely studied skill (Bezodis et al., 2019a), 321 

which will provide a useful insight from an ecologically valid setting for coaches and technical 322 

analysts when looking to improve performance in other sprinters. 323 

 324 

In conclusion, this study identified two key joint kinematic variables that were associated with 325 

initial acceleration performance in World-class male sprinters in the World Indoor 326 

Championships final of 2018. Those two variables were trunk angle and thigh separation angle 327 

at take-off, and they are likely to provide a good visual guide to coaches and scientists when 328 

attempting to identify the technical characteristics of successful initial acceleration technique.  329 

 330 
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APPENDIX: 449 

Average horizontal external power (𝑃̅) is calculated based on the rate of change of kinetic 450 

energy with respect to time in the horizontal (antero-posterior) direction (Bezodis et al., 2010); 451 

𝑃̅ =
𝑚(𝑣𝑓

2 − 𝑣𝑖
2)

2 ∙ Δ𝑡
 452 

Where 𝑣𝑖 and 𝑣𝑓 are the horizontal velocities at the start and end of the push phase, respectively, 453 

𝑚 is the mass of the sprinter and 𝛿𝑡 is the duration of the push phase. 454 

 455 

Normalised average horizontal external power (NAHEP) is then calculated based on a 456 

modification of the function presented by Hof (1996), to obtain a dimensionlesss normalised 457 

power value (Bezodis et al., 2010); 458 

𝑁𝐴𝐻𝐸𝑃 =
𝑃̅

𝑚 ∙ 𝑔
3
2⁄ ∙ 𝑙

1
2⁄
 459 

Where 𝑔 is acceleration due to gravity, and 𝑙 is some measure of length or height, in the case 460 

of this study, the sum of the length of shank and thigh segments of each athlete taken from the 461 

reconstructed data (mean value = 0.843 m). 462 

 463 

Therefore, 𝑁𝐴𝐻𝐸𝑃 can be calculated when body mass is not known, thus; 464 

𝑁𝐴𝐻𝐸𝑃 =
(𝑣𝑓

2 − 𝑣𝑖
2)

2Δ𝑡 ∙ 𝑔
3
2⁄ ∙ 𝑙

1
2⁄
 465 

 466 
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FIGURES: 468 

 469 

Figure 1. Spatial model showing mean scaled body positions across all athletes at the key events 470 

GC1TD and GC1TO, and joint and segmental angular kinematic definitions. 471 

 472 

 473 

Figure 2. Correlation coefficients (± 90% CI) between first stance performance (GC1 NAHEP) 474 

and global biomechanical parameters. * denotes CI does not cross the trivial zone (r = –0.1 to 475 

0.1). 476 

 477 
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 479 

Figure 3. Correlation coefficients (± 90% CI) between first stance performance (GC1 NAHEP) 480 

and linear and angular kinematic variables. * denotes CI does not cross the trivial zone (r = –481 

0.1 to 0.1). 482 

 483 
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 484 

Figure 4. Individual correlation scatter plots for those variables with a clear correlation with 485 

GC1 NAHEP. 486 
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TABLES: 488 

Table 1. Global biomechanical parameters. 489 

Variable Mean  SD r-value 

10-m time (s) 1.91 ± 0.03 –0.74 * 

60-m time (s) 6.51 ± 0.10 –0.64 * 

Block Time (s) 0.34 ± 0.02 N/A 

CM Velocity at Block Exit (m∙s-1) 4.28 ± 0.35 –0.14 

Block NAHEP 0.953 ± 0.143 0.12 

CM Velocity GC1TO (m∙s-1) 5.85 ± 0.35 0.34 

ΔCM Velocity GC1 (m∙s-1) 1.57 ± 0.17 0.96 * 

Contact Time GC1 (s) 0.175 ± 0.014 –0.56 * 

CM acceleration GC1 (m∙s-2) 9.07 ± 1.52 0.91 * 

GC1 NAHEP 1.624 ± 0.269  
 

Note: r-value is the Pearson correlation coefficient with GC1 NAHEP. * denotes a clear 490 

correlation. 491 

 492 
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Table 2. Kinematic data relating to first stance (GC1) 494 

Variable Mean  SD r-value 

TD Distance (m) –0.12 ± 0.06 –0.24 

TO Distance (m) –0.87 ± 0.03 0.12 

Contact Distance (m) 0.74 ± 0.07 –0.37  

Flight Distance (m) 0.43 ± 0.06 0.29 

Foot Vy GC1TD (m∙s-1) 0.24 ± 0.86 0.15 

Foot Vz GC1TD (m∙s-1) –1.64 ± 0.41 0.06 

Trunk Angle GC1TD (°) 39 ± 3 –0.28  

Trunk Angle GC1TO (°) 43 ± 3 –0.59 *  

Shank Angle GC1TD (°) 35 ± 3 –0.24 

Shank Angle GC1TO (°) 26 ± 3 0.45 

Thigh Separation Angle GC1TD (°) -70 ± 15 –0.02  

Thigh Separation Angle GC1TO (°) 102 ± 7 0.62 * 

Ankle Angle GC1TD (°) 87 ± 8 –0.06 

Peak Dorsiflexion Angle (°) 74 ± 5 0.29 

Dorsiflexion ROM (°) 14 ± 7 –0.41  

Peak Hip Extension Angular Velocity (°∙s-1) 202 ± 41 –0.07  

Peak Knee Extension Angular Velocity (°∙s-1) 169 ± 20 0.44 

Peak Plantarflexion Angular Velocity (°∙s-1) 395 ± 95 0.37 

Note: r-value is the Pearson correlation coefficient with GC1 NAHEP. * denotes a clear 495 

correlation. 496 
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Table 3. Angular kinematic regression model for first stance performance (GC1 NAHEP) 498 

Model 

Unstandardised 

Coefficients 95% CI 

Standardised 

Beta 

Coefficients 

Dependent: GC1 NAHEP Con. 1.434 0.495 to 4.406 
 

Independent(s)

: Thigh Separation Angle GC1TO * 

0.027 0.013 to 0.041 0.748 

R2 = 0.89 Trunk Angle GC1TO * –0.061 –0.093 to -0.029 –0.725 

R2 Adj = 0.85     

* denotes significant (p < 0.05) contribution to the regression model. 499 

 500 


