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Does lateral banking and radius affect well-trained sprinters and team-sports players 
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Gareth Irwinc and Timothy A. Exella

aSchool of Sport, Health and Exercise Sciences, University of Portsmouth, Portsmouth, UK; bDepartment for Health, University of Bath, Bath, UK; 
cCardiff School of Sport and Health Sciences, Cardiff Metropolitan University, Cardiff, UK; dSports Performance Research Institute New Zealand 
(SPRINZ), Auckland University of Technology, Auckland, New Zealand; eDepartment of Kinesiology, School of Public Health and Health Sciences, 
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ABSTRACT
This study investigated the short-term responses of step characteristics in sprinters and team-sports 
players under different bend conditions. Eight participants from each group completed 80 m sprints 
in four conditions: banked and flat, in lanes two and four (L2B, L4B, L2F, L4F). Groups showed 
similar changes in step velocity (SV) across conditions and limbs. However, sprinters produced 
significantly shorter ground contact times (GCT) than team sports players in L2B and L4B for both 
left (0.123 s vs 0.145 s and 0.123 s vs 0.140 s) and right steps (0.115 s vs 0.136 s and 0.120 s vs 
0.141 s) (p > 0.001–0.029; ES = 1.15–1.37). Across both groups, SV was generally lower in flat condi
tions compared to banked (Left: 7.21 m/s vs 6.82 m/s and Right: 7.31 m/s vs 7.09 m/s in lane two), 
occurring due to reduced step length (SL) rather than step frequency (SF), suggesting that banking 
improves SV via increased SL. Sprinters produced significantly shorter GCT in banked conditions 
that led to non-significant increases in SF and SV, highlighting the importance of bend sprinting 
specific conditioning and training environments representative of indoor competition for sprint 
athletes.
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Introduction

Curvilinear running is relevant for many sports and main
taining high running speed around bends with tight radii 
leads to increases in performance. For example, sprints dur
ing official soccer matches are rarely along a linear path 
(Fitzpatrick et al., 2019), with approximately 85% being 
curvilinear (Caldbeck, 2019) and along a curve radius of 
3.5–11 m (Brice et al., 2004). Within track and field, long 
sprint athletes (200–400 m) are required to run around 
bends of varying radii on both outdoor and indoor facilities. 
Furthermore, the use of banked bends is common in indoor 
athletic facilities, where tracks are typically 200 m rather 
than 400 m. The lateral banking enables athletes to main
tain higher running speeds compared to flat curves of simi
lar radii (Greene, 1987).

It is commonly accepted that performance, kinematic 
and kinetic variables are affected when sprinting around 
a bend compared to linear sprinting (Alt et al., 2015; 
Chang & Kram, 2007; Churchill et al., 2015, 2016; Smith 
et al., 2006). Performance and step characteristics have 
also been shown to be affected by tightening radii (Chang 
& Kram, 2007; Churchill et al., 2019). For example, the effect 
of lane radius between the inside lanes and outer lanes has 
been proposed to be between 0.123 and 0.23 s over a 200  
m race on an outdoor track (Churchill et al., 2019; Greene,  
1985; Quinn, 2009). Chang and Kram (2007) observed 

significant reductions in step length as the bend radii 
became smaller (1.0 m−6.0 m). In contrast, Churchill et al. 
(2019) reported that reductions in mean race speed 
decreased mainly due to reductions in step frequency as 
the radius of the bend decreased (38.5 m−45.1 m). While 
these differing results could be attributed to the difference 
in the bend radii used, Churchill et al. (2019) also reported 
that the effects of tighter bend radii typical of outdoor 
competition were not consistent at a group level, with 
greater variability in performance between participants. 
This finding indicates that athletes may possess differing 
abilities for maintaining sprint performance on tighter 
radii. Ohnuma et al. (2018) grouped well-trained sprinters 
as “good” and “poor” bend runners based on an ad-hoc 
division of the difference in velocity between the straight 
and the bend. Their results showed reductions in sprinting 
speed, step length, and flight distance when bend sprinting 
in the “poor” group only. This suggests that even within 
a well-trained population, the ability to maintain velocity on 
the bend varies between athletes.

The potential difference in performance between athletes 
when negotiating tight-bend radii has greater bearing during 
indoor competition where radii are smaller (Usherwood & 
Wilson, 2006). The increased effect of bend radii on indoor sprint 
performance led to 200 m indoor events being abandoned by 
the International Association of Athletics Federations in 2004. 
The tighter radii of indoor bends may place a greater challenge 
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on the athlete’s coordinative structures through having to gen
erate greater turning forces with each step and therefore have 
a greater impact on step characteristics and performance out
come. Ryan & Harrison (2003) reported reduced step lengths 
(SLs) and flight times (FTs) but increased step frequency (SF) 
and longer ground contact times (GCT) on banked indoor 
bends (lanes 1 and 4) compared to flat outdoor bends (lanes 1 
and 8), suggesting the effect of lateral banking and radius 
impacts SL and SF differently. Nonetheless, the comparison of 
banked indoor radii and flat outdoor radii means that the change 
in lateral banking may have led to differences in step character
istics rather than the difference in lane radius.

To compensate for tighter bend radii, indoor athletic facil
ities have incorporated lateral banking (Greene, 1987). Lateral 
banking minimises the amount of body lateral lean required 
during bend sprinting, meaning that the lower limbs are in 
a better position to generate ground reaction forces. For exam
ple, during bend sprints with a radius of 2.5 m, Luo and 
Stefanyshyn (2012), found that laterally wedged footwear 
aligned the ankle in a more neutral position (less eversion), 
enabling greater force production and improving curved sprint 
speed. Nevertheless, only inside (left) step data is reported. 
Previous research has highlighted that the inside (left) step is 
more affected by the bend than the outside (right), with trends 
for reduced SF as a result of longer GCTs (Alt et al., 2015; 
Churchill et al., 2015, 2019). Nonetheless, this is direction- 
specific due to the athletic competition occurring in a counter- 
clockwise direction.

Other than track and field, athletes are required to run in 
a curvilinear manner in multiple team sports (Fitzpatrick et al.,  
2019; Gomez-Carmona et al., 2021; Nian, 2021). Recent findings 
showed that soccer players sprint marginally faster (2.45 s ± 
0.11 s) during a curved sprint in comparison to a linear sprint 
(2.47 ± 0.13 s) around a 9.5 m radius (Filter et al., 2020). The 
authors also suggested that the inside leg appeared to be more 
affected than the outside limb (Filter et al., 2020). Smith et al. 
(2006) suggested that overall force production was reduced on 
a 5 m radius at 5.4 m/s compared to straight running at 
matched speed and that the reduced inside limb force produc
tion accounted for this reduced force (compared to the out
side), postulating that the outside limb contributes more to the 
turning of the centre of mass. However, Churchill et al. (2015) 
found in lane 2 (37.72 m) of an outdoor track that the inside 
(left) step contributes 1.6º more turning (defined as the change 
in angle of consecutive flight displacement vectors on either 
side of the foot in contact with the ground) than the right step. 
Nonetheless, despite some anecdotal evidence for a greater 
impact on the left step during indoor bend sprinting (Bezodis 
& Gittoes, 2008), and for soccer players sprinting curvilinearly 

(Filter et al., 2020), research is yet to investigate the relationship 
between bend radius, lateral banking, and inter-limb differ
ences in both well-trained sprinters and team sports players.

Therefore, the aim of this study was to examine the short- 
term responses to bend sprinting in flat and banked bend 
conditions on step characteristics in well-trained and team 
sports athletes. The overall purpose was to provide original 
insights into the mechanical adaptations that both sprint 
athletes and team sports athletes undergo when exposed 
to the constraints of different bend conditions to inform 
training prescription. The identification of the mechanisms 
for performance reduction with tighter radii and unbanked 
bends can enable practitioners to focus training to target 
these areas. It was hypothesised that the effect of the condi
tions would affect both groups similarly (H1). Secondly, sprint 
athletes would demonstrate significantly faster step veloci
ties (SVs) through a combination of greater SF and SL than 
the team sports group (H2). Thirdly, SV would be significantly 
reduced when sprinting on flat bends in comparison to 
banked bends (H3), and when on tighter radii compared to 
less tight radii for both left and right steps (H4). Finally, it was 
hypothesised that right SV would be greater than left SV 
across conditions as a result of shorter ground contact 
times (GCT) (H5).

Materials and methods

Following institutional ethical approval, eight sprinters and eight 
team sports athletes provided informed consent. Characteristics 
for all participants including their 200 m personal best (PB) are 
presented in Table 1. Participants were well-trained long sprin
ters (200–400 m) who had competed on a banked indoor track 
within the last 6 months or team sports players (rugby, soccer, 
cricket) who regularly sprinted in those games.

Experimental setup

Twenty-four optoelectronic cameras (Vicon, Oxford, 250 Hz) 
were set up to capture two consecutive steps on the bend 
across lanes two and four (Figure 1). Participants were prepared 
with an adapted plug-in gait marker set previously validated for 
bend sprinting (Judson et al., 2020a), with additional technical 
marker clusters. A 200 m indoor track capable of raising and 
lowering the bend to be banked or flat and radii of 13.98 m for 
lane two and 15.94 m for lane four was used for testing. Two 
sprints were undertaken at 85% of their perceived maximum in 
both lane two and four when the bend was banked and flat 
(L2B, L4B, L2F, L4F); thus, participants were asked to undertake 
eight 80 m sprints. These were undertaken at submaximal 

Table 1. Mean ± standard deviations (SD) of participant characteristics: age, height, mass and 
200 m personal best (PB).

Variable
Sprinters (Male)  

n = 6
Sprinters (Female)  

n = 2
Team Sport Athletes (Male)  

n = 8

Age (years) 2.14 ± .86 18 ± 1.41 23.43 ± 4.32
Height (m) 1.79. ± .05 1.65 ± .03 1.80 ± .04
Mass (kg) 69.86 ± 11.63 61.85 ± 4.59 83.4 ± 9.28
200 m PB (s) 23.35 ± .86 25.49 ± .91 N/A
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velocity and were selected due to the injury risk associated with 
maximum velocity on flat bends of small radii (Ryan & Harrison,  
2003). To avoid the effects of fatigue, recovery time was self- 
selected, but typically lasted 5 to 10 min, similar to previous 
sprint research (Douglas et al., 2020; Exell et al., 2017), with 
testing carried out in a randomised counter-balanced order. 
Kinematic data were captured at the apex of the curve 50–60  
m into the sprint.

Data processing

Kinematic marker trajectories were labelled using Vicon 
Nexus (v2.9.3) and gap filled when necessary using both 
rigid body (for gaps in marker cluster trajectories) and 
pattern functions. Additionally, when no suitable trajectory 
was appropriate for pattern gap filling, the spline function 
was used. Rigid-body and pattern gap-filling were used 
where appropriate with the spline function only utilised 
for gaps <10 frames (0.04 s). Data were exported for 
further processing using Visual 3D software (C-Motion 
Inc, Germantown, USA). Custom MATLAB (MathWorks, 
USA, 2018a) code was used to determine foot contact 
events: touchdown was identified using peak vertical 
accelerations of the toe marker, and toe-off was identified 
as the first frame after the minimum toe position 
(Nagahara & Zushi, 2013). Step characteristics were 
defined in line with Churchill et al. (2015).

Statistical analysis

IBM SPSS Statistics (Version 27, SPSS Inc, Chicago Illinois, 
USA) was used to undertake statistical analyses. A linear 
mixed effects model including fixed effects of limb, con
dition and athlete group and a random effect of athlete 
were utilised (Limb*Condition*Athlete Group) for each 
variable, and Bonferroni corrections were applied for post- 
hoc pairwise difference testing. Most sprint research has 

used averaged scores or selected the fastest trial rather 
than examining individual trials, so the use of linear mixed 
effects models, which enable assessment of trial level data, 
allows a more sensitive approach that more accurately 
models within-participant variance (Speelman & McGann,  
2013). Nonetheless, in order to determine pairwise differ
ences, mean data for step characteristics were averaged 
across the two sprint trials for each participant in each 
condition. Group descriptive data (mean ± SD) were calcu
lated for all variables and checked for normal distribution 
using the Shapiro–Wilk statistic (p > 0.05). To identify any 
differences between limbs within a condition, post-hoc 
paired-t tests were run, whilst for differences between 
sprint and team-sport groups, independent t-tests were 
run. Significance was set at p < 0.05 for interactions and 
main effects, whilst for post-hoc comparisons 0.025 was 
used to reflect the one-tailed hypotheses (H2–H5). Effect 
sizes were calculated for Hedges G pairwise differences 
(small = 0.2, medium = 0.5, large = 0.8).

Results

Interactions

The mean ± SD results for the combined data set (sprinters 
and team sports groups together) across all conditions are 
presented in Table 2. Linear mixed effect modelling 
revealed no significant 3-way interactions (Limb *  
Condition * Athlete Group) (all F = 0.23–1.234; p = 0.302– 
0.88). Significant interactions were observed for Limb *  
Condition in SV (F (3, 204.011) = 3.752; p = 0.012), SF (F 
(3,206.016) = 5.198; p = 0.002), GCT (F (3, 205.99) = 3.37; p  
= 0.019), and FT (F (3, 205.99) = 3.37; p = 0.019) but not for 
SL (F (3,204.289) = 1.408; p = 0.241). No Limb * Athlete 
Group interactions were observed for any variable (all F  
= 0.12–2.91; p = 0.089–0.73). No Condition * Athlete Group 
interactions were observed for SV (F (3, 204.153) = 0.655; p  
= 0.580), SL (F (3, 204.568) = 0.540; p = 0.655), SF (F (3, 
206.199) = 0.713; p = 0.545) or FT (F (3, 206.37) = 1.67; p =  
0.174); however, there was a Condition * Athlete Group 
interaction for GCT (F (3, 206.198) = 3.981; p = 0.009).

Main effects

Group
No significant main effects were observed for Group: SV (p  
= 0.234), SL (p = 0.567), SF (p = 0.460), GCT (p = 0.125), or 
FT (p = 0.16). Figure 2 shows Team Sports group versus 
Sprint group for SV, SF and GCT for the left and right 
steps. Post-hoc independent t-tests revealed sprinters pro
duced shorter GCTs for both left and right steps than 
team sport group in the banked conditions (p > 0.001– 
0.029; ES = 1.15–1.37), whilst on the flat conditions no 
significant differences were found (p > 0.05; ES = 0.72– 
1.33). No differences were observed between groups 
across any lane for left or right step for SV (p > 0.05; ES  
= 0.06–0.88), SF (p < 0.05; ES = 0.02–0.68), SL (p > 0.05; ES  
= 0.05–0.43) and FT (p > 0.05; ES = 0.29-1.43).

Figure 1. Plan view of the experimental set up (not to scale). = Camera.
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Condition
Significant main effects were observed for condition in SV (p <  
0.001), SL (p < 0.001), GCT (p < 0.001) and FT (p = 0.021) but not 
SF (p = 0.361).

The effect of condition on the left step
Post-hoc comparisons revealed that for SV, both L2B and 
L4B were greater than both L2F and L4F (all p < 0.05; ES =  
0.47-0.87). SF in L2B was greater than in L2F (p = 0.017; ES =  
0.32), whilst for SL, both L2B and L4B were greater than 
both L2F and L4F (all p < 0.05; ES = 0.56-0.67). No pairwise 
differences were observed for GCT or FT (p > 0.05; ES  =  
0.122-0.289).

The effect of condition on the right step
For the right step, SV in L2B was greater than in L4F (p =  
0.017; ES = 0.50), whilst L4B were greater than L4F (p =  
0.041; ES = 0.44). For SF, no pairwise differences were 
observed between conditions. SL in L2B and L4B was 
greater than L2F (p = 0.002; ES = 0.68 and p = 0.001; ES =  
0.71, respectively). FT in L4B was greater than L2F (p =  
0.046; ES = 0.65) with no pairwise differences observed for 
FT in the other lanes (p > 0.05; ES = 0.06–0.58) or GCT across 
all conditions (p > 0.05; ES = 0.04–0.60).

Limb
Significant main effects for Limb were observed for SV (p <  
0.001), SF (p < 0.001), GCT (p = 0.001) and FT (p = 0.001) but 
not for SL (p = 0.708). Significant pairwise differences, direc
tion and magnitude of effect size are reported in Table 3. 
No significant differences were observed between left and 
right SV in L2B, L4B and L4F, FT in L4F and SL or GCT across 
all lanes (all p > 0.05; ES < 0.51).

Discussion

The aim of the study was to examine the short-term responses 
to different bend conditions on step characteristics in well- 

Table 2. Mean ± SD for all variables across conditions for left (L) and right (R) steps (team sports group and sprinters 
group data have been grouped together).

Variable Lane 2 Bank Lane 4 Bank Lane 2 Flat Lane 4 Flat

SV (m/s) L: 7.21 ± 0.52BC 

R: 7.31 ± 0.52C
L: 7.23 ± 0.44DE 

R: 7.26 ± 0.64E
L: 6.82 ± 0.48 BDG 

R: 7.09 ± 0.48 G
L: 6.96 ± 0.47C 

R: 6.94 ± 0.43C

SF (Hz) L: 3.82 ± 0.24BG 

R: 4.00 ± 0.28
L: 3.76 ± 0.24G 

R: 3.92 ± 0.35 G
L: 3.74 ± 0.26 BG 

R: 4.05 ± 0.33G
L: 3.75 ± 0.28 G 

R: 3.94 ± 0.33 G

SL (m) L: 1.90 ± 0.10BC 

R: 1.90 ± 0.11B
L: 1.91 ± 0.11D E 

R: 1.90 ± 0.11D
L: 1.85 ± 0.10BD 

R: 1.82 ± 0.12 BD
L: 1.84 ± 0.11 CE 

R: 1.87 ± 0.12
GCT (s) L: 0.131 ± 0.020 

R: 0.127 ± 0.018
L: 0.131 ± 0.015 
R: 0.129 ± 0.017

L: 0.133 ± 0.017 
R: 0.130 ± 0.013

L: 0.137 ± 0.021 
R: 0.134 ± 0.018

FT (s) L: 0.131 ± 0.016G 

R: 0.124 ± 0.01G
L: 0.136 ± 0.014G 

R: 0.129 ± 0.016 GD
L: 0.136 ± 0.016 G 

R: 0.119 ± 0.015 GD
L: 0.132 ± 0.022 
R: 0.121 ± 0.019

*A L2B V L4B, B L2B V L2F, C L2B V L4F, D L4B V L2F, E L4B V L4F, F L2F V L4F, G L V R SV = Step Velocity; SF = Step Frequency; 
SL = Step Length; GCT = Ground Contact Time; FT = Flight Time; L = Left; R = Right.

Figure 2. Mean ± SD step velocity (top row), step frequency (second row) and ground contact time (bottom row) for sprinters (light grey) versus team sports 
(dark grey). Left hand side figures (a, c, e) show values for the left step and right-hand side figures (b, d, f) show values for the right step. Note. p < 0.05 and 
** denotes p < 0.001 between sprint athletes and team-sports group.

Table 3. Test statistics and magnitude of effect size for significant within lane left 
versus right comparisons.

Variable Lane P value ES Direction

SV L2F <.001 0.55 Right > Left
SF L2B <.001 0.69 Right > Left

L4B .027 0.50 Right > Left
L2F .001 1.03 Right > Left
L4F .025 0.64 Right > Left

FT L2B .034 0.51 Left > Right
L4B .041 0.44 Left > Right
L2F <.001 1.11 Left > Right
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trained sprinters and team-sports players. No variables showed 
a significant three-way interaction between athlete group, limb 
and condition (all p > 0.05). These results suggest that both 
participant groups underwent similar responses to the differing 
bend conditions, and that both participant groups experienced 
the same effect on each limb as a result of the conditions. 
Therefore, the first hypothesis is accepted (H1). Previous 
research has highlighted that team sports athletes often 
move in a curvilinear fashion (Fitzpatrick et al., 2019; Gomez- 
Carmona et al., 2021; Nian, 2021) and achieve similar velocities 
during a bend sprint in comparison to a linear sprint (Filter 
et al., 2020). This is potentially one of the reasons that the team 
sports athletes were competent at adapting to the different 
bend conditions. Nonetheless, the sprint athletes produced 
shorter GCTs than the team sports group for both steps in 
both L2B and L4B, with this resulting in non-significantly 
greater SF and SV in the banked conditions (Figure 2). Thus, 
H2 can be rejected. Previous research has highlighted that elite 
sprinters apply greater forces more rapidly during early stance, 
with this leading to shorter GCT and ultimately faster velocities 
(Clark & Weyand, 2014). This indicates that improving team- 
sports athletes’ ability to apply force during early stance when 
bend sprinting would lead to reduced GCTs and thus, faster 
SVs. Faster SV during bend sprinting could have impact on 
sporting performance (Caldbeck, 2019). Furthermore, this has 
greater bearing due to the fact that radii of curvilinear sprints 
typically occur along a curve radius of 3.5–11 m (Brice et al.,  
2004), in comparison to the 13.98 m for lane two and 15.94 m 
for lane four radii tested in this study. Interestingly, sprinters 
produced significantly shorter GCTs only in the banked condi
tions, suggesting that negotiating a banked bend requires 
specific conditioning and familiarisation. Thus, it could be ben
eficial to ensure sufficient bend sprint training is undertaken on 
banked bends prior to indoor competition.

For the left step, results showed SV in both flat conditions to 
be significantly lower compared to the banked equivalents. 
Reduced SV occurred through a combination of reduced SL 
and SF in lane 4 but only reduced SF in lane 2 (Table 2). 
Therefore, for the effect of banking, H3 can be accepted. 
Lateral banking has previously been shown to affect peak 
sprinting velocities (Greene, 1987; Luo & Stefanyshyn, 2012) 
and competition times (Barnes & Malcata, 2017). For example, 
Luo and Stefanyshyn (2012) found a 4.3% (p = 0.0001) increase 
in curved sprinting speed when wearing laterally raised foot
wear in comparison to a flat shoe (recreating a laterally banked 
surface of 7.5°). The increase in sprint speed occurred as a result 
of shorter inside limb GCTs and increased SF (Luo & 
Stefanyshyn, 2012), suggesting that SL would have been similar 
between conditions. Additionally, during cutting manoeuvres 
on a 10-degree bank, Wannop et al. (2014) found lower inver
sion angles and reductions in frontal and transverse plane 
angular impulses, whilst reporting increased angular impulse 
in the sagittal plane. The authors postulated that the banking 
assisted in force generation during plantar-flexion which in turn 
may lead to improved performance. Nonetheless, the methods 
employed by Luo and Stefanyshyn (2012) and Wannop et al. 
(2014) are not generalisable to conditions representative of 
indoor competition and so results should be interpreted with 
caution. Nonetheless, lateral banking appears to improve SV by 

enabling athletes to maintain greater SL and SF. However, the 
reduction in SV in flat conditions appears to occur through 
larger reductions in SL (larger ES and significant differences in 
both L2 and L4). Therefore, strategies to improve athlete’s 
ability to maintain SL on flat and tighter bends could be ben
eficial to performance. Whilst sprinting linearly, Hunter et al. 
(2004) report that long step length sprinters achieve signifi
cantly larger flight distances through combination of 
a significantly greater angle at take-off and vertical velocity at 
take-off. Furthermore, Weyand et al. (2000) highlight that faster 
running speeds occur through generation of greater vertical 
ground reaction forces rather than more rapid leg movements. 
Nonetheless, research is yet to propose mechanisms for 
improving force production on the bend and ultimately SL. 
Sprint athletes should ensure that training reflects the nature 
of competition, for example if competing indoors on a banked 
track, incorporating bend sprints on banked bends of varying 
radii in preparation.

For both the left and right steps, no significant differences 
were found between lane 2 and lane 4, flat or banked. 
Therefore, for the effect of lane radius, H4 is rejected. Previous 
research on outdoor athletics tracks found reduced left SV in 
lane 2 compared to lane 8 as a result of for a reduced SF 
(Churchill et al., 2019). For the right step, reductions in SV due 
to radius resulted from non-significant reductions in both SL 
and SF (Churchill et al., 2019). On smaller radii, Chang and Kram 
(2007) found peak velocity to reduce with each decrease in 
radius (6 m: 5.66 ± 0.08 m/s to 1 m: 2.99 ± 0.07 m/s) through 
reductions in left and right SL from 1.53 ± 0.1 m (left) and 
1.70 ± 0.10 (right) on a 6 m radius to 0.77 ± 0.02 m (left) and 
0.80 ± 0.04 (right) on a 1 m radius, whilst SF remained similar. 
On banked indoor bends, Bezodis and Gittoes (2008) report left 
SV decreases of 0.2% in lane 4 compared to lane 1, with this 
coming from a combination of SF and SL. For the right step, 
Bezodis and Gittoes (2008) reported an increase of 1.5% in SV in 
lane 4 compared to lane 1. This occurred due to a larger SL but 
lower SF. Therefore, the interaction of SL and SF appears to be 
different between left and right steps on differing radii. Bezodis 
and Gittoes’s (2008) study contained a limited sample size of 
four well-trained sprinters and so results cannot be generalised 
to non-trained sprinters such as team-sports athletes. The pre
sent study found that no significant differences were observed 
between lanes 2 and 4, it is possible that the difference in radii 
(1.96 m) is not sufficiently large to see meaningful difference in 
step characteristics.

Right SV was greater than left in all conditions except L4F, 
however only in L2F did this reach statistical significance. 
A similar pattern emerged for SF, where right SF was signifi
cantly greater in L2B, L2F and L4F. Faster right steps occurred 
due to shorter FT than left in all conditions except for L4F 
(Table 2). Consequently, the fifth hypothesis is partially 
accepted (H5) due to the right step achieving faster SV as 
a result of shorter FT rather than GCT. These findings agree 
with previous research in that the left steps have lower SF 
(Churchill et al., 2016) but contrast to the mechanism for 
reduced SF. For example, previous research has found reduced 
left SF to occur as a result of longer GCTs rather than FTs (Alt 
et al., 2015; Churchill et al., 2015, 2019). Nonetheless, the longer 
left FT observed in the present study suggests that it took 
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participants longer to reposition the left limb in preparation for 
touchdown, potentially as a result of the more altered kine
matics during the left step across the lower extremity during 
bend sprinting (Alt et al., 2015; Churchill et al., 2015; Judson 
et al., 2020b). On the other hand, Ishimura and Sakurai (2016) 
found both GCT and FT to be longer for the left step in com
parison to the right step during maximal sprints on a 43.51 m 
radius. It has been suggested that longer left GCTs occur due to 
the left step generating medial-lateral forces in order to follow 
the path of the bend (Churchill et al., 2016), with previous 
research demonstrating that on tighter radii these require
ments are greater (Chang & Kram, 2007). Nevertheless, these 
were carried out on flat bends of either too small or too large 
radii for comparison; thus, the lateral banking may reduce the 
disproportionate effect on GCT for the left step by aligning the 
ankle in a more neutral position (Greene, 1987), enabling more 
efficient force production during stance (Luo & Stefanyshyn,  
2012) and thus, reducing the GCT. No differences in SL were 
observed between limbs across conditions, supporting pre
vious anecdotal research where SF contributes to reductions 
in left SV on indoor radii (Bezodis & Gittoes, 2008).

Team sports athletes struggled to maintain short GCT on 
tight and banked bends compared to sprinters. To improve 
bend sprinting performance, it may be beneficial for team 
sports athletes to undertake high-velocity sprints on radii 
representative of game situations, such as the bend sprint 
test established by Filter et al. (2020), using the arc of the 
penalty area. In addition, research has suggested that focusing 
on bend-specific strength and conditioning exercises, such as 
aiming to increase plantar flexion force production with a body 
lean and in internally rotated positions may be beneficial for 
performance (Judson et al., 2020b; Luo & Stefanyshyn, 2012). 
Further, the laterally resisted split squat has been proposed to 
closely mimic the demands of change of direction tasks via 
reorientation of the force vector (Maddy, 2020). Due to the 
similar multi-planar requirements between bend sprinting 
and change of direction, the laterally resisted split squat has 
the potential to act as a more specific training exercise to help 
prepare and develop athletes for the demands of bend sprint
ing. Wearable resistance may also provide an additional train
ing stimulus during bend sprinting, as has been shown to lead 
to improvements (or minimise reductions due to detraining) in 
linear sprint performance (Feser, Bayne, et al., 2021; Feser, 
Korfist, et al., 2021). Furthermore, tethered or assisted sprinting 
may have the potential to improve bend sprint performance 
(Chang & Kram, 2007). However, more research is needed to 
confirm these methods.

This investigation is not without limitations. For example, 
the standardisation of velocity was not achievable due to 
the effect different lane conditions had on velocity (Greene,  
1987). Furthermore, despite encouraging plenty of rest 
between trials, eight 80 m sub-maximal sprints may induce 
fatigue that may start to impact quality of the trials. To 
counter the effect of fatigue, the order of trials was ran
domly generated for every participant and sufficient rest 
was taken between trials. The team sport players may 
have been less effectively able to regulate their effort than 
the sprint group (i.e., 85% of perceived maximum); thus; for 
comparisons between groups, the average of the two trials 

was taken for further analysis. The sprint group included six 
males (200 m personal best = 23.35 ± 0.86 s) and two 
females (200 m personal best = 25.49 ± 0.91 s); thus, the 
direct comparison between sprint and team-sports groups 
may have been influenced by this difference in participant 
characteristics. Nonetheless, the aim of the study was to 
investigate the short-term responses to bend sprinting and 
not male versus female differences; thus, females were not 
excluded from participation in this study.

Conclusion

This study is the first to report step characteristics during 
bend sprinting in well-trained sprinters and athletes who 
regularly sprint as part of their sport (team sports athletes). 
Team sports athletes responded to conditions in the same 
manner as sprinters for all variables; however, sprint ath
letes produced significantly shorter GCTs in the banked 
conditions in comparison to the team sports athletes, lead
ing to non-significant increases in SF and SV. These results 
suggest that the sprinters’ physical preparation improves 
capacity to generate force more rapidly, leading to shorter 
GCTs on banked bends of tight radii and non-significant 
increases in SF and SV. Furthermore, familiarity with sprint
ing on banked bends appears to be beneficial due to the 
fact sprinters had competed on banked indoor bends pre
viously (within 6 months prior to testing). Therefore, this 
study highlights the importance of adaptation to a less 
familiar movement pattern for sprint athletes, suggesting 
that improved bend sprinting performance on banked 
bends requires specific conditioning and familiarity with 
running on banked bends representative of indoor compe
tition. Whilst previous literature has found faster SV or 
performance times on banked bends (Barnes & Malcata,  
2017; Greene, 1987; Luo & Stefanyshyn, 2012), this study 
provides new understanding of the mechanism driving 
increased SV on banked bends. Greater SV on the banked 
bends was brought about by increased SL for the left and 
right steps, with a trend for similar SF observed between 
banked and flat conditions. This suggests that strategies to 
maintain step length on flat and tight radii have the poten
tial to improve sprinting performance under these condi
tions. Consistent with previous research, the left step was 
more affected by the bend conditions than the right step; 
however, the reduced left SF was brought about by greater 
FT rather than increased GCT. Future research should focus 
on the more detailed kinematics of bend sprinting on flat 
and banked radii in order to further understand the 
demands of bend conditions typical of indoor competition.
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