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Effect of hurdling step strategy on the kinematics of the block 
start
Lee James Rowleya, Sarah M. Churchill b, Marcus Dunn a and Jon Wheat b

aCentre for Sports Engineering Research, Sheffield Hallam University, Sheffield, UK; bAcademy of Sport and 
Physical Activity, Sheffield Hallam University, Sheffield, UK

ABSTRACT
Athletes use either a seven-step or eight-step strategy to reach the 
first hurdle in the 110 m hurdle event. This study investigated the 
effect of step strategy on the start position, the block exit and the first 
four approach steps. Two-dimensional video data were collected in 
the sagittal plane from 12 male sprinters, grouped as seven-step 
(n = 6) or eight-step (n = 6) strategists. Mean block spacing was 
0.08 m further apart, block contact time 0.06s longer, first step 0.25 
m longer and first ground contact 0.03s longer for seven-step ath-
letes compared with eight-step athletes. There was also a greater 
vertical displacement of the centre of mass (CoM) (0.04 m) for the 
seven-step athletes compared with the eight-step athletes. 
Additionally, the front hip mean angular acceleration was 197°/s2 

slower for the seven-step athletes than the eight-step athletes. 
There was limited difference between groups for mean horizontal 
velocity at the moment of block exit (0.14 m/s). These technical 
alterations provide an important first insight into start kinematics. 
The findings of this study identify the position in the starting blocks, 
and the key parameters which pertain to the initial phases for a 
successful seven-step approach strategy to be employed.
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Introduction

The 110 m hurdles event is essentially a sprint, with a series of 10 barriers. While there 
was no documented use of a seven-step strategy to reach the first hurdle until the 1960 
Olympic Games, a seven-step approach has now become the preferred strategy of many 
elite hurdlers. A seven-step strategy was used by six of the eight finalists at the 2012 
Olympic Games, including all three medallists (Pinho et al., 2017). At the 2016 Olympic 
Games, six of the eight finalists used a seven-step approach, including the silver and 
bronze medallists. The decision to use either a seven or eight-step approach strategy 
directly influences the relationship between step length and step frequency. Sprint speed 
is the product of step length and step frequency and an increase in either (as long as it is 
not detrimental to the other) or both will result in a greater horizontal velocity (Hunter et 
al., 2004). There is no absolute consensus on the preferred way to increase sprint speed in 
individual athletes (Salo et al., 2010), but it is considered to be essential that an optimal 
relationship between the two is a primary focus when selecting a step strategy. Sprint 
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hurdlers are required to maximise step frequency to the first hurdle without compromis-
ing the step lengths necessary for successful execution of their selected approach step 
strategy. Irrespective of step strategy, athletes are required to alter their step lengths and 
step frequency from those which they would use for a flat sprint. These alterations might 
influence the positioning of the athlete in the set position and the technique of the block 
clearance (Tidow, 1991).

The placement of the starting blocks is critical to a successful approach phase and 
clearance of the first hurdle, and research shows that the distances for the front and rear 
block from the start line directly influence the position of the CoM in the set position 
(Čoh et al., 2006). Once movement is initiated from the blocks the trajectory and velocity 
of the athlete’s CoM throughout the first step is dependent upon correct positioning of 
the CoM in the set position (Schot & Knutzen, 1992). For both flat and hurdle sprint 
races, a medium start (spacing between the block faces between 0.3 and 0.5 m) is most 
commonly used and often accepted as the most effective way of developing acceleration 
as sprint distance increases. Several studies have shown the medium start to result in the 
quickest performance times at distances of up to 50 yards (45.72 m) (Čoh et al., 1998; 
Henry, 1952), although, Čoh et al. (1998) identified positive correlations between the 20– 
30 m phase of acceleration from the blocks and not the initial acceleration phase. Sprint 
hurdlers have 13.72 m to accelerate before the first hurdle clearance and it is possible that, 
based upon a chosen step strategy, athletes are adopting start positions that are not 
optimal to developing horizontal acceleration.

It has previously been identified in both flat (Charalambous et al., 2012; Mero & 
Luhtanen, 1985; Mero, 1988) and hurdle (Tidow, 1991) sprint races that the success of 
the start and acceleration phases are decisive to the outcome of the race. When hurdlers 
leave the starting blocks, they must develop horizontal acceleration via a suitable step 
strategy, which also positions them correctly for clearance of the first hurdle. Elite 
hurdlers take-off approximately 2.10–2.40 m from the first hurdle (Mann, 2011; Tidow, 
1991). This leaves 11.32–11.62 m from the start line to the point of take-off for the athlete 
to generate as much horizontal acceleration as possible. Whilst there has been consider-
able investigation into the biomechanics of the block clearance and start phase of flat 
sprint races (N. E. Bezodis et al., 2019; Čoh & Žvan, 2015; Čoh et al., 2006; Debaere et al., 
2012; Morin et al., 2015; Rabita et al., 2015), there has been little investigation into the 
seven or eight-step first hurdle approach used by sprint hurdlers.

The first step following the block clearance is the most difficult to execute correctly, yet 
the most important step of the entire race (Mann, 2011). The first ground contact is 
critical and particularly the foot’s location in relation to the position of the whole-body 
CoM. If the CoM is behind the ground contact of the first step, then unnecessary braking 
occurs. Therefore, if seven-step athletes are taking longer steps out of the blocks to cover 
the same approach distance as eight-step athletes, it essential to ensure the first step 
ground contact continues to occur posterior of the CoM.

As the athlete approaches the first hurdle, adjustments are made to the technique of 
each step in preparation for hurdle clearance. It is therefore not possible to compare like- 
for-like steps throughout the entire acceleration phase. Essentially, there is a functional 
difference between the strategy used to balance the need for continued acceleration 
alongside preparation for the hurdle clearance. Previous research (McDonald & 
Dapena, 1991) has identified a reduction in both step length and flight time prior to 
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take off, rendering like-for-like step parameters throughout the final approach steps, 
incomparable. Previous research has also identified the initial acceleration to last only 
four to six steps following block clearance (Nagahara et al., 2014).

The aim of this study was to investigate the effect of first hurdle step strategy on the 
start position and block clearance phase kinematics, and the spatio-temporal character-
istics of seven and eight step approaches throughout the first four steps. It was hypothe-
sised that seven-step athletes position themselves differently in the blocks compared to 
eight-step athletes to achieve different block exit kinematics. Block contact times and first 
step lengths are parameters which are likely to differ; however, this is not yet known.

Methods

Participants

Twelve male sprint hurdlers (mean age, 22 ± 2.11 years; body mass, 79.4 ± 11.8 kg; 
stature, 1.83 ± 0.07 m) volunteered to take part in the study. All were experienced 
athletes, had a personal best performance time of under 15.00 s in the senior men’s 110 
m hurdles event (mean: 14.13 ± 0.39 s; range from 13.48 to 14.68 s) and were ranked in 
the top 35 in Great Britain at the time of data collection. Participants comprised of two 
groups of six, based on the number of steps taken to the first hurdle during a competitive 
performance (mean personal best: seven-step; 14.04 ± 0.42 s, eight-step; 14.21 ± 0.42 s). 
Research study procedures were approved by Sheffield Hallam University Research 
Ethics Committee. Participants were provided with an information sheet and gave 
written informed consent before taking part.

Data collection

Data were collected at seven locations, in order to minimise disruption to the athletes’ 
normal training. Standard outdoor athletics tracks were used at the Loughborough 
University Athletics Centre, Leeds Beckett University Athletics Centre and Brunel 
University Sports Park. Standard indoor athletics facilities were used at Birmingham 
Alexander Stadium, University of Bath Sports Training Village, Gateshead International 
Stadium and Lea Valley Athletics Centre. Each individual athlete’s data were collected 
during a single session. All participants wore their usual running spikes and skin-tight 
clothing.

Anthropometric data were collected of the participant’s mass (BC543, Tanita, 
Amsterdam, The Netherlands), stature (Marsden Leicester height measure, Rotherham, 
UK) and leg-length (measured in the anatomical standing position using a tape measure 
from location of surface markers at ankle joint centre to hip joint centre).

Each participant completed a self-managed warm-up before carrying out three starts 
from blocks in response to an audible stimulus. Once leaving the blocks participants were 
required to clear the first two hurdles at their normal race intensity, with hurdle spacings 
and specifications in-line with 2017–2018 International Association of Athletics 
Federations (International Association of Athletics Federations [IAAF], 2016) competi-
tion rule 168 (hurdle height, 1.067 m; start line to first hurdle distance, 13.72 m; first 
hurdle to second hurdle distance: 9.14 m). A full recovery was permitted between trials 
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(at least 5 minutes). If participants knocked down the first hurdle, then the trial was not 
included. Consequently, not all participants were able to complete three successful trials. 
In total, 16 trials were captured for seven-step athletes and 16 trials for eight-step athletes. 
The successful trial was selected for those who completed only one trial and the second 
trial was selected from those who completed either two or three successful trials.

High-speed video footage (200 Hz) of the sprint start and first step from standard 
starting blocks (set-up to the participants individual race settings) was collected using a 
single camera aligned with the start line (Table 1). A further high-speed camera was 
aligned mid-way between the start line and the first hurdle to capture the spatio-temporal 
parameters of the approach steps (Table 2). All footage was collected with Phantom Miro 
M110 high-speed cameras (Vision Research, Wayne, New Jersey, USA) which were 

Table 1. Description of technique variables calculated from the start camera view.
Parameter Description

Front block distance (m) Horizontal distance from the metatarsophalangeal joint (MTP) of the front foot on the 
starting block to the near edge of the starting line.

Rear block distance (m) Horizontal distance from the MTP of the rear foot on the starting block to the near 
edge of the starting line.

Block spacing (m) Horizontal distance from the MTP of the rear foot on the starting block to the MTP of 
the front foot on the starting block.

First step length (m) Horizontal distance from the MTP of the rear foot on the starting block to the MTP of 
the first step at the first point of ground contact.

Normalised First step length Non-dimensional normalisation. First step length divided by leg-length.
First ground contact time (s) Time that the foot can positively be identified as in contact with the ground from the 

video footage to the first frame of loss of ground contact. This is the first ground 
contact following block clearance.

Block contact time (s) Time from frame of first identifiable initiation of movement of the athlete to the frame 
that the front foot loses contact completely with the front block.

CoM set angle (°) Angle formed between the vector from the nearest edge of the start line to the 
position of the centre of mass (CoM) and the horizontal whilst static in the set 
position.

CoM relative height (%) Vertical distance of the CoM from the track surface whilst in the set position expressed 
as a percentage of the athletes standing stature.

CoM vertical displacement (m) Difference between the vertical height of the CoM at the point of first step ground 
contact and the height in the set position.

Normalised CoM vertical 
displacement

Non-dimensional normalisation. CoM vertical displacement divided by leg-length.

CoM touchdown angle (°) Angle measured from the MTP of the first step at the first frame of ground contact and 
the position of the CoM.

Front block obliquity (°) Inside angle of the front foot block face measured from the track surface.
Front knee set angle (°) Posterior angle of the knee of the front leg whilst static in the set position.
Rear knee set angle (°) Posterior angle of the knee of the rear leg whilst static in the set position.
Front hip angle change (°) Change in the anterior angle of the front leg hip from the set position to the end of 

contact of the front foot on the blocks.
Rear hip angle change (°) Change in the anterior angle of the rear leg hip from the set position to the end of 

contact of the front foot on the blocks.
Front hip peak extension (°) Maximum anterior angle of the front hip throughout the block clearance phase.
Rear hip peak extension (°) Maximum anterior angle of the rear hip throughout the block clearance phase.
Front hip exit angle (°) Anterior angle of the front hip at the end of contact of the front foot with the blocks.
Rear hip exit angle (°) Anterior angle of the rear hip at the end of block contact of the rear foot with the 

blocks.
Front hip mean angular 

acceleration (°/s2)
Mean angular acceleration of the front hip from the first frame of movement in the set 

position to the end of block contact.
Rear hip mean angular 

acceleration (°/s2)
Mean angular acceleration of the rear hip from the first frame of movement in the set 

position to the end of block contact.
Rear foot block contact time 

(%)
Time that the rear foot is in block contact expressed as a percentage of the total block 

contact time.
Block exit horizontal velocity 

(m/s)
Horizontal velocity of the CoM at the end of front foot block contact.
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positioned 20 m perpendicular to the centre of the running lane and provided images of 
the sagittal plane. Cameras were set up in accordance with Figure 1 and identified as 
either the ‘start’ or ‘overview’ camera. Cameras were manually focused, and the field of 
view was set to 4.00 m wide for the start camera and 19.72 m wide for the overview 
camera. Shutter-speed was 1/500 s (exposure of 2000 µs) and aperture was fully open for 
each camera (Figure 1).

Data processing

Calibration data were collected using a chequerboard method for the start camera and 
using track markings and hurdle height for linear scaling of the overview camera. To 
calibrate the start camera a chequerboard (7 x 7 squares each measuring 0.08 m) was 
manually held in different positions and orientations across the camera image and a 
series of frames captured. These were used to calibrate the intrinsic and extrinsic camera 
parameters using Check2D software (V1.5; Centre for Sports Engineering Research, 

Table 2. Description of technique variables calculated from the overview camera view.
Parameter Description

Step length (m) 
Step frequency to Step 4 

(Hz) 
Ground contact time (s)

Horizontal distance between the metatarsophalangeal joint (MTP) of the touchdown step 
and the MTP of the following contralateral touchdown step. 

Mean number of steps taken per second from the initiation of motion in the blocks to the 
end of ground contact of the fourth step. Calculated by dividing the time to end of 
fourth ground contact by the number of approach steps. 

Time that each step foot can positively be identified as in contact with the ground from 
the video footage to the first frame of loss of ground contact.

Flight time (s) 
Approach to Step 4 Take- 

off (TO) (s) 
Approach to TO (s)

Time between steps that neither foot is in contact with the ground. 
Time from the initiation of motion to the end of ground contact of the fourth step. 
Time from the initiation of motion to the end of ground contact of the first hurdle take-off 

step.

Figure 1. Plan view of camera set-up for hurdle trials (not to scale).
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Sheffield Hallam University, UK). Track markings were used to determine the para-
meters of the overview camera, completed using SimiMotion 9.2.1. (Simi Reality Motion 
Systems GmbH, Max-Planck-Strasse 11, 85,716 Unterschleissheim, Germany). Footage 
was manually digitised using SimiMotion 9.2.1 software with an additional ten frames at 
the start and end of the required start camera footage to allow for end-point errors due to 
filtering (Smith, 1989).

A total of 18 anatomical landmarks were identified and digitised to create a 16- 
segment kinematic model based upon DeLeva (1996). Segments were; head, trunk, left 
and right upper arms, forearms, hands, thighs, shanks, and feet. Trunk data were created 
from virtual coordinates of mid-hip (mid-point between left and right hip joint centres) 
and mid-shoulder (mid-point between left and right shoulder joint centres). Gait events 
were determined by visual inspection of the footage.

Raw image coordinate data were filtered using a second-order low pass Butterworth 
filter with a cut-off frequency of 7 Hz. The cut-off frequency was identified via residual 
analysis. For the start camera, raw image coordinate data and camera calibration data 
were subsequently exported, and planar position data reconstructed (Dunn et al., 2012) 
using Matlab R2017a (The MathWorks, Natick, MA, USA). Along with the anthropo-
metric data, a total of 32 parameters were determined, 25 from the start camera (Table 1), 
six from the overview camera (Table 2) and one from the anthropometric data (Table 3). 
To quantify intra-rater reliability, re-digitisation of markers and gait events was com-
pleted by one operator on two of the athletes’ trials (one seven-step and one eight-step 
athlete). A total of eight re-digitisations were completed for each trial. The re-digitised 
results of the start camera demonstrated low variability with a mean coefficient of 
variation (CV) of 1.63 ± 1.88 and a maximum of 6.85% (Rear hip angle change) for the 
seven-step athlete, along with a mean CV of 1.41 ± 1.94 and a maximum of 6.29% (Rear 
hip angle change) for the eight-step athlete. Similarly, re-digitising of the overview 
camera yielded a mean CV of 1.19 ± 1.70 and a maximum of 6.58% (Step 1 flight time) 
for the seven-step athlete, along with a mean CV of 1.42 ± 1.46 and a maximum of 5.35% 
(Step 1 flight time) for the eight-step athlete. These results were accepted as good intra- 
rater reliability.

Statistical analysis

Independent-sample t-tests (SPSS for Windows, version 24.0; SPSS, Inc., Chicago, IL, 
USA) were performed to determine differences between the groups for all variables 
(Tables 4 and 5). Athlete stature, mass, leg-length and leg-length as a percentage of 
stature were also compared to assess whether there was a difference between groups in 
anthropometric variables (Table 6).

Table 3. Description of anthropometric variables.
Parameter Description

Stature (m) 
Mass (kg) 
Leg-length (m)

Stature of seven and eight-step athlete groups. 
Mass of seven and eight-step athlete groups. 
Leg-length of seven and eight-step athlete groups measured from the ankle-joint centre to the 

hip-joint centre.
Leg-length % of 

stature
Leg-length as a percentage of stature.
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To reduce the possibility of type II errors occurring from low participant numbers, the 
criterion alpha level was set at p < 0.05 for statistical significance with p < 0.1 accepted as a 
tendency. This approach has been taken by Alt et al. (2015) when investigating lower 
extremity kinematics of athlete curve sprinting with low participant numbers (n = 6). 
Effect size was calculated for each variable using Cohen’s d (Cohen, 1988). Only large 
effect size differences (d ≥ 0.80) were deemed relevant and examined, in-line with 
Cohen’s effect size suggestions.

Results

Seven-step athletes were 0.08 m taller (p = 0.047, d = 1.31) than eight-step athletes, and 
tended to be heavier (11.7 kg, p = 0.100, d = 1.05). There was no real difference in leg- 
length (p = 0.290, d = 0.65) between the seven and eight-step athletes (seven-step; 
0.91 ± 0.02 m, eight-step; 0.88 ± 0.04 m). There was also no identifiable difference 
between the groups when considering leg-length as a percentage of stature (p = 0.360, 
d = 0.61).

In the set position, the seven-step athletes positioned the front foot and rear foot plates 
of the starting blocks 0.08 m further apart (p = 0.043, d = 1.34) compared with the eight- 
step athletes. Block contact time of the front foot was 0.06 s longer (p = 0.022, d = 1.51) 
for the seven-step athletes than the eight-step athletes. The first step length was also 0.25 
m longer (p = 0.008, d = 1.91) for the seven-step athletes than the eight-step athletes. 
There was a tendency for a longer first ground contact time for the seven-step athletes, 
contacting the ground for 0.03 s longer (p = 0.073, d = 1.18) than the eight-step athletes. 
From the set position to the point of first ground contact, there was also a tendency for 
seven-step athletes to increase the vertical displacement of the CoM by 0.04 m (p = 0.081, 
d = 1.12) compared with eight-step athletes. Additionally, the seven-step athletes showed 
a tendency of 197°/s2 slower hip extension acceleration (p = 0.075, d = 1.15) than the 
eight-step athletes throughout the block contact phase (Figure 2; Table 4).

Both the second and the fourth steps were 0.30 m (p = 0.028 and 0.000, d = 1.48 and 4.20, 
respectively) longer for the seven-step athletes than the eight-step athletes (Figure 3). The 
first ground contact time showed a tendency to be 0.03 s longer (p = 0.073, d = 1.18). The 

Figure 2. Mean first step differences of seven-step athletes compared with eight-step athletes.
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fourth ground contact time also showed a tendency, being 0.02 s longer (p = 0.055, d = 1.25) 
for the seven-step athletes compared with the eight-step athletes. The third step ground 
contact time was also 0.02 s longer (p = 0.018, d = 1.64). Additionally, the flight time of the 
fourth step showed a tendency to be 0.02 s longer (p = 0.052, d = 1.52) for the seven-step 
athletes. The seven-step athletes also had a 0.34 Hz lower step frequency (p = 0.001, 
d = 2.59) and were 0.17 s slower (p = 0.001, d = 2.52) over the first four steps (Table 5).

There was no reportable difference between the seven and eight-step performance 
times from the blocks to the take-off for the first hurdle (p = 0.791, d = 0.09) (Table 5).

Table 4. Seven and eight-step group mean values (±SD), effect size and p values for kinematic 
variables. 

Seven-step Eight-step Cohen’s d p

Front block distance (m) 0.43 ± 0.11 0.53 ± 0.11 0.93§ 0.137
Rear block distance (m) 0.80 ± 0.09 0.83 ± 0.12 0.27 0.652
Block spacing (m) 0.38 ± 0.08 0.30 ± 0.02 1.34§ 0.043*
First step length (m) 1.65 ± 0.17 1.40 ± 0.08 1.91§ 0.008*
Normalised First step length 1.83 ± 0.20 1.59 ± 0.05 1.65§ 0.017*
First step ground contact time (s) 0.23 ± 0.03 0.20 ± 0.02 1.18§ 0.073#
Block contact time (s) 0.42 ± 0.05 0.36 ± 0.02 1.51§ 0.022*
CoM set angle (°) 72.7 ± 1.9 72.8 ± 4.8 0.05 0.938
CoM relative height (%) 34.5 ± 1.4 35.6 ± 1.3 0.81§ 0.193
CoM block contact angle (°) 39.0 ± 2.1 38.7 ± 1.8 0.17 0.771
CoM vertical displacement (m) 0.24 ± 0.04 0.20 ± 0.03 1.12§ 0.081#
Normalised CoM vertical displacement 0.27 ± 0.48 0.22 ± 0.31 0.12 0.092#
CoM touchdown angle (°) 84.3 ± 5.8 81.8 ± 2.6 0.56 0.356
Front block obliquity (°) 46.7 ± 6.5 48.3 ± 7.0 0.25 0.678
Front knee set angle (°) 93.0 ± 7.5 94.0 ± 8.2 0.13 0.830
Rear knee set angle (°) 111.2 ± 17.0 121.2 ± 8.9 0.73 0.232
Front hip angle change (°) 129.2 ± 13.5 122.7 ± 10.2 0.54 0.368
Rear hip angle change (°) 49.0 ± 19.6 38.0 ± 12.6 0.67 0.274
Front hip peak extension (°) 165.2 ± 7.5 169.8 ± 7.7 0.61 0.313
Rear hip peak extension (°) 116.3 ± 13.6 116.5 ± 11.2 0.01 0.982
Front hip exit angle (°) 161.8 ± 7.9 166.2 ± 8.9 0.52 0.393
Rear hip exit angle (°) 115.2 ± 13.9 111.3 ± 11.3 0.30 0.611
Front hip mean angular acceleration (°/s2) 741 ± 220 938 ± 102 1.15§ 0.075#
Rear hip mean angular acceleration (°/s2) 1028 ± 375 1061 ± 306 0.10 0.869
Rear foot block contact time (%) 53.1 ± 4.5 50.7 ± 4.4 0.54 0.370
Block exit horizontal velocity (m/s) 3.66 ± 0.53 3.52 ± 0.23 0.34 0.568

* significant at p < 0.05; # tendency at p < 0.10; § effect size > ± 0.8.

Figure 3. Seven and eight-step strategy mean (±SD) step lengths and time to fourth step (not to 
scale).
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Discussion and implications

The aim of this study was to investigate the effect of first hurdle step strategy on the start 
position and block clearance phase kinematics, and the spatio-temporal characteristics of 
the first four steps. The results are in agreement with the hypothesis; that seven-step 
athletes position themselves differently in the blocks compared to eight-step athletes to 
achieve different block exit kinematics.

In the set position, the seven-step athletes set up the blocks with the block plates 
further apart, which appeared primarily due to positioning of the front block plate closer 
to the start line rather than the rear block further from the start line. Although no 
tendency was identified for either of these parameters, this finding is in keeping with 
previous research into initial acceleration between both flat sprinters and hurdlers (I. N. 
Bezodis et al., 2019). Subsequently, the front foot of the seven-step athletes remained in 
contact with the block plate for longer than the eight-step athletes. The front hip mean 
angular acceleration of the seven-step athletes was almost 27% slower than that of the 
eight-step athletes. It is likely that the lower mean hip extension acceleration identified in 
the seven-step athletes was linked to an increased block contact time, itself due to the 
increased distance between the starting blocks in the set position.

Table 5. Seven and eight-step group mean values (±SD), effect size and p values for approach step 
variables.

Seven-step Eight-step Cohen’s d p 

Step length (m)
Step 1 1.65 ± 0.17 1.40 ± 0.08 1.91§ 0.008*
Step 2 1.43 ± 0.26 1.13 ± 0.12 1.48§ 0.028*
Step 3 1.47 ± 0.17 1.38 ± 0.14 0.65 0.281
Step 4 1.75 ± 0.07 1.45 ± 0.07 4.20§ 0.000*

Step GCT (s)
Step 1 0.23 ± 0.03 0.20 ± 0.02 1.18§ 0.073#
Step 2 0.19 ± 0.02 0.17 ± 0.02 0.90§ 0.148
Step 3 0.17 ± 0.02 0.15 ± 0.01 1.64§ 0.018*
Step 4 0.16 ± 0.02 0.14 ± 0.01 1.25§ 0.055#

Step flight time (s)
Step 1 0.07 ± 0.03 0.07 ± 0.02 0.24 0.680
Step 2 0.08 ± 0.02 0.06 ± 0.02 1.00§ 0.115
Step 3 0.09 ± 0.02 0.09 ± 0.03 0.07 0.905
Step 4 0.11 ± 0.02 0.09 ± 0.01 1.27§ 0.052#

Approach to Step 4 Take-off (TO) (s) 1.51 ± 0.08 1.34 ± 0.56 2.52§ 0.001*
Step Freq to Step 4 (Hz) 2.66 ± 0.14 3.00 ± 0.13 2.59§ 0.001*
Approach to TO (s) 2.29 ± 0.09 2.28 ± 0.10 0.09 0.791

*significant at p < 0.05; # tendency at p < 0.10; § effect size > ± 0.8.

Table 6. Seven and eight-step group mean anthropometric measurements (±SD), effect size and p 
values.

Seven-step Eight-step Cohen’s d p

Stature (m) 1.87 ± 0.05 1.79 ± 0.07 1.31§ 0.047*
Mass (kg) 85.3 ± 8.6 73.6 ± 13.3 1.05§ 0.100
Leg-length (m) 0.91 ± 0.02 0.88 ± 0.04 0.65 0.290
Leg-length % of stature 48.3 ± 0.94 49.3 ± 2.13 0.61 0.366

# significant at p < 0.10; * significant at p < 0.05; § effect size > ± 0.8.
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The greater spacing between the blocks led to a longer first step for the seven-step 
athletes. Schot and Knutzen (1992) identified that athletes who set up their blocks with an 
elongated position (> 0.5 m) took a first step which was 6% longer than athletes using a 
medium position (0.3–0.5 m). Although seven-step athletes used a medium position, 
based upon Schot and Knutzen (1992) findings, it is reasonable to conclude that as block 
spacing increases within the medium start thresholds, first step length also increases. 
Schot and Knutzen (1992) further suggested that an athlete’s physical characteristics can 
be used to determine the medium block spacing by measuring the athlete’s leg-length 
from the greater trochanter to the lateral malleolus. The front block position suggested 
was at 60% of the leg-length from the start line, and the inter-block spacing, 45% of the 
leg-length. Consequently, the longer the athlete’s leg-length, the further the feet from the 
start line and the longer the block spacing. Further to Schot and Knutzen (1992) 
suggestions, Cavedon et al. (2019) found that using the Cormic Index (ratio of height 
whilst sitting to stature) to identify block placement led to an improvement in the 
kinematic and kinetic block start performance, when compared to usual block placement. 
Despite differences in block positions between the seven and eight-step athletes, calculat-
ing the leg-length as a percentage of the stature confirmed that this was not due to any 
difference in leg-length between the two groups. Further, the normalised first step length 
identified that the longer step taken by the seven-step athletes was not due to leg-length 
(Table 4).

To limit the horizontal velocity lost for each step, it is important that the braking phase 
during foot contact is as short as possible (Čoh & Iskra, 2012; Harland & Steele, 1997). 
Hunter et al. (2005) identified that better sprinters use an ‘active touchdown’ (reduced 
horizontal velocity of the foot and minimised touchdown distance) to minimise hor-
izontal braking force. Due to the longer first step, for a seven-step approach to be 
successful it is crucial that the first step touchdown remains posterior of the CoM and 
that an active touchdown can be used to prevent unnecessary braking forces. CoM 
touchdown angle (Table 4) was not different to the eight-step athletes despite a longer 
step length. Thus, it is likely seven-step athletes were able to minimise braking by 
ensuring the CoM touchdown angle was less than 90°.

Seven-step athletes elevated their CoM higher than the eight-step athletes at the point 
of first ground contact, despite there being no difference in the relative height of the CoM 
in the set position between groups (Table 4). Čoh et al. (1998) previously reported slightly 
lower figures for mean relative height of the CoM in the blocks (30% of stature) from a 
sample of 13 sub-elite (mean 100 m time of 10.73 s) male sprinters. It might be that 
hurdlers use the blocks differently to flat sprinters due to needing to be more upright in 
fewer steps to clear the first hurdle. Seven-step athletes took a first step that was almost 
18% longer than the eight-step athletes and might have required more space below the 
CoM to position the foot for the first ground contact. The normalised data for leg-length 
and the change in height of the CoM identified only a tendency for the difference to be 
due to leg-length and therefore casts doubt upon leg-length being a decisive factor. It 
must be considered though that the seven-step athletes were taller than the eight-step 
athletes and the longer step length might be a result of increased stature despite there 
being no identifiable difference in leg-length (Hunter et al., 2004).

Despite the first four like-for-like step lengths being longer for the seven-step athletes 
than the eight-step athletes, step three does not satisfy the criteria as defined by the 
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statistical analysis. It does though appear that the third step behaved as a recovery step for 
the seven-step athletes following the longer first two steps (Figure 3). In agreement with 
findings from previous sprint-based literature (Salo et al., 2005), there was a regular 
progression of increasing step lengths following the first step from the eight-step athletes, 
but the third step of the seven-step athletes was only slightly longer than the second step. 
The step frequency of the seven-step athletes was, as expected, lower than the eight-step 
athletes. Likewise, the seven-step athletes took 0.17 s longer to reach the end of the fourth 
ground contact. For seven-step athletes, this event occurred almost 1 m further from the 
front block plate, or 1 m closer to the first hurdle.

All like-for-like ground contact times were longer for the seven-step athletes although, 
only the first, third and fourth ground contact times satisfied the criteria as defined by the 
statistical analysis. As the seven-step athletes completed longer steps, it is possible that 
this was achieved from generating greater impulse. Previous findings have shown that as 
sprinters move through the acceleration phase to maximum velocity, the time of each 
flight phase increases and the time of each ground contact decreases (Salo et al., 2005). 
This occurred, step-by-step for both seven and eight-step athletes in this study. Only the 
flight time of the fourth step was longer for the seven-step athletes. Compared with the 
eight-step athletes, the fourth step length of the seven-step athletes was longer, which 
accounts for the increase in flight time. Despite the seven-step athletes taking longer steps 
out of the blocks, there was no real increase in equivalent flight times compared with the 
eight-step athletes. This is consistent with current maximal velocity sprint literature 
whereby the ability to exert mass-specific forces during ground contact, in the shortest 
possible time and not the ability to reposition the limbs, is a limiting performance factor 
(Weyand et al., 2000).

The findings of this study identify that seven-step athletes are positioning the block 
plates further apart in the set position, front block contact was maintained for longer and 
the CoM was raised. This led to a longer first step and a longer first ground contact time. 
Despite reducing angular acceleration of the front hip, the increased block contact time 
of the seven-step athletes may have led to an increase in impulse. Although horizontal 
velocity of the CoM at the point of block exit was not different, it is not yet known 
whether there is a difference at the point of first hurdle take-off or where any difference 
might occur throughout the approach phase. There was no discernible difference 
between the time taken from the blocks to the take-off for the first hurdle but, this 
parameter must be interpreted with caution as the position of the take-off event in 
relation to the hurdle position is not considered. It is not possible to favour either step 
strategy from the findings of this study alone. The research does though, provide an 
important insight into the sprint hurdle start performances of seven and eight-step 
athletes. Compared with the eight-step approach, seven-step athletes position the block 
plates further apart, maintain contact with the front block for longer, elevate the CoM to 
a greater extent and take a longer first step.

There are a number of limitations associated with this study. The use of two-dimen-
sional analysis of footage with manual digitisation as a research method has accuracy 
limitations when compared to more favourable methods such as three-dimensional 
analysis or motion capture. As well as the first hurdle clearance, future research should 
look closely at the steps prior to the hurdle clearance and identify whether the step 
differences seen in this study continue throughout the entire acceleration phase. 
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Additionally, future studies should consider the kinetics of each of the approach steps to 
achieve a more comprehensive understanding of the seven-step strategy. There is a lack 
of research into the influence of anthropometric characteristics on the sprint start, 
therefore, research is needed into the physical characteristics of the athlete and the 
optimum block settings.

Conclusion

The effect of step strategy to the first hurdle on the block start was investigated in this 
study. Seven-step athletes position their blocks with a greater distance between the front 
and rear block plates. This allows seven-step athletes to maintain contact with the front 
foot for longer and results in displacing of the CoM to a greater extent during a longer 
first step. Presented technical alterations to the block positioning and the execution of the 
first steps are useful considerations for coaches and athletes who may be experimenting 
with the transition between seven or eight-step strategies. By ensuring the athlete trains 
with a block spacing which is increased from their normal eight-step block spacing, and 
takes a longer first step, the capacity to perform a seven-step approach is increased. 
However, care should be taken to ensure increases in block spacing and first step length 
do not lead to subsequent increases in approach step time parameters. To gain a clearer 
understanding of the seven and eight step strategies, further studies must investigate the 
kinematics of the steps prior to the first hurdle and the hurdle clearance, as well as the 
individual step kinetics of the entire phase.

Disclosure statement

No potential conflict of interest was reported by the author(s).

ORCID

Sarah M. Churchill http://orcid.org/0000-0001-9542-3812
Marcus Dunn http://orcid.org/0000-0003-3368-8131
Jon Wheat http://orcid.org/0000-0002-1107-6452

References

Alt, T., Heinrich, K., Funken, J., & Potthast, W. (2015). Lower extremity kinematics of curve 
sprinting. Journal of Sports Sciences, 33(6), 552–560. https://doi.org/10.1080/02640414.2014. 
960881, 

Bezodis, I. N., Brazil, A., Von Lieres Und Wilkau, H. C., Wood, M. A., Paradisis, G. P., Hanley, B., 
Tucker, L. P., Merlino, S., Vazel, P.-J., Walker, J., & Bissas, A. (2019). World-class male sprinters 
and high hurdlers have similar start and initial acceleration techniques. Frontiers in Sport and 
Active Living, 1(23), 1–18. https://doi.org/10.3389/fspor.2019.00023, 

Bezodis, N. E., Willwacher, S., & Salo, A. I. (2019). The biomechanics of the track and field sprint 
start: A narrative review. Sports Medicine, 49(9), 1345–1364. https://doi.org/10.1007/s40279- 
019-01138-1, 

Cavedon, V., Sandri, M., Pirlo, M., Petrone, N., Zancanaro, C., & Milanese, C. (2019). 
Anthropometry-driven block setting improves starting block performance in sprinters. PloS 
One, 14(3), 1–20. https://doi.org/10.1371/journal.pone.0213979, 

12 L. J. ROWLEY ET AL.

https://doi.org/10.1080/02640414.2014.960881
https://doi.org/10.1080/02640414.2014.960881
https://doi.org/10.3389/fspor.2019.00023
https://doi.org/10.1007/s40279-019-01138-1
https://doi.org/10.1007/s40279-019-01138-1
https://doi.org/10.1371/journal.pone.0213979


Charalambous, L., Irwin, G., Bezodis, I. N., & Jošt, K. (2012). Lower limb joint kinetics and ankle 
joint stiffness in the sprint start push-off. Journal of Sports Sciences, 30(1), 1–9. https://doi.org/ 
10.1080/02640414.2011.616948, 

Čoh, M., Jošt, B., Škof, B., Tomažin, K., & Dolenec, A. (1998). Kinematic and kinetic parameters of 
the sprint start and start acceleration model of top sprinters. Gymnica, 28, 33–42. https:// 
citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.479.8837&rep=rep1&type=pdf, 

Čoh, M., Jošt, B., & Škof, B., (2000). Kinematic and dynamic analysis of hurdle clearance 
technique. In XVIII International Symposium on Biomechanics in Sport. https://ojs.ub.uni- 
konstanz.de/cpa/article/view/2376, 

Čoh, M., Tomažin, K., & Štuhec, S. (2006). The biomechanical model of the sprint start and block 
acceleration. Physical Education and Sport, 4(2), 103–114. http://facta.junis.ni.ac.rs/pe/ 
pe200602/pe200602-03.pdf, 

Čoh, M., & Iskra, J. (2012). Biomechanical studies of the 110 m hurdle clearance technique. Sport 
Science, 5(1), 10–14. https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1059. 
8059&rep=rep1&type=pdf, 

Čoh, M., & Žvan, M. (2015). Differences between the elite and sub-elite athletes in kinematic and 
dynamic variables of sprint-start. Research in Physical Education, Sport & Health, 4(2), 3–6.

Cohen., J. (1988). Statistical power analysis for the behavioral sciences. 2nd ed. Lawrence Erlbaum 
Associates.

Debaere, S., Delecluse, C., Aerenhouts, D., Hagman, F., & Jonkers, I. (2012). From block clearance 
to sprint running: Characteristics underlying an effective transition. Journal of Sports Sciences, 
31(2), 137–149. https://doi.org/10.1080/02640414.2012.722225, 

DeLeva, P. (1996). Adjustments to Zatsiorsky-Seluyanov’s segment inertia parameters. Journal of 
Biomechanics, 29(9), 1223–1230. https://doi.org/10.1016/0021-9290(95)00178-6, 

Dunn, M., Wheat, J., Miller, S., Haake., S., & Goodwill, S. (2012). Reconstructing 2D planar 
coordinates using linear and non-linear techniques. In Proceedings of the 30th International 
Conference on Biomechanics in Sports (381–383).

Harland, M. J., & Steele, J. R. (1997). Biomechanics of the sprint start. Sports Medicine, 23(1), 11–20. 
https://doi.org/10.2165/00007256-199723010-00002, 

Henry, F. M. (1952). Force-time characteristics of the sprint start. The Research Quarterly, 23, 301–318. 
https://doi.org/10.1080/10671188.1952.10624871, 

Hunter, J. P., Marshall, R. N., & McNair, P. J. (2004). Interaction of step-length and step-rate 
during sprint running. Medicine and Science in Sports and Exercise, 36(2), 261–271. https://doi. 
org/10.1249/01.MSS.0000113664.15777.53, 

Hunter, J. P., Marshall, R. N., & McNair, P. J. (2005). Relationship between ground reaction force 
impulse and kinematics of sprint-running acceleration. Journal of Applied Biomechanics, 21(1), 
31–43. https://doi.org/10.1123/jab.21.1.31, 

International Association of Athletics Federations. (2016). Competition Rules 2017–2018, 6–8 Quai 
Antoine 1er – BP 359 MC 98007 MONACO Cedex.

Mann, R. V. (2011). The mechanics of sprinting and hurdling. CreateSpace Independent Publishing 
Platform.

McDonald, C., & Dapena, J. (1991). Linear kinematics in the men’s 110 m and women’s 100 m 
hurdles races. Medicine and Science in Sports and Exercise, 23(12), 1382–1391. https://journals. 
lww.com/acsm-msse/pages/articleviewer.aspx?year=1991&issue=12000&article=00010&type= 
abstract, 

Mero, A. (1988). Force-time characteristics and running velocity of male sprinters during the 
acceleration phase of sprinting. Research Quarterly for Exercise and Sport, 59(2), 94–98. https:// 
doi.org/10.1080/02701367.1988.10605484, 

Mero, A., & Luhtanen, P. (1985). A biomechanical analysis of top hurdling. Modern Athlete and 
Coach, 3, 3–6.

Morin, J.-B., Slawinski, J., Dorel, S., De Villareal, E. S., Couturier, A., Samozino, P., Brughelli, M., 
& Rabita, G. (2015). Acceleration capability in elite sprinters and ground impulse: Push more, 
brake less? Journal of Biomechanics, 48(12), 3149–3154. https://doi.org/10.1016/j.jbiomech. 
2015.07.009, 

SPORTS BIOMECHANICS 13

https://doi.org/10.1080/02640414.2011.616948
https://doi.org/10.1080/02640414.2011.616948
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.479.8837%26rep=rep1%26type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.479.8837%26rep=rep1%26type=pdf
https://ojs.ub.uni-konstanz.de/cpa/article/view/2376
https://ojs.ub.uni-konstanz.de/cpa/article/view/2376
http://facta.junis.ni.ac.rs/pe/pe200602/pe200602-03.pdf
http://facta.junis.ni.ac.rs/pe/pe200602/pe200602-03.pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1059.8059%26rep=rep1%26type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1059.8059%26rep=rep1%26type=pdf
https://doi.org/10.1080/02640414.2012.722225
https://doi.org/10.1016/0021-9290(95)00178-6
https://doi.org/10.2165/00007256-199723010-00002
https://doi.org/10.1080/10671188.1952.10624871
https://doi.org/10.1249/01.MSS.0000113664.15777.53
https://doi.org/10.1249/01.MSS.0000113664.15777.53
https://doi.org/10.1123/jab.21.1.31
https://journals.lww.com/acsm-msse/pages/articleviewer.aspx?year=1991%26issue=12000%26article=00010%26type=abstract
https://journals.lww.com/acsm-msse/pages/articleviewer.aspx?year=1991%26issue=12000%26article=00010%26type=abstract
https://journals.lww.com/acsm-msse/pages/articleviewer.aspx?year=1991%26issue=12000%26article=00010%26type=abstract
https://doi.org/10.1080/02701367.1988.10605484
https://doi.org/10.1080/02701367.1988.10605484
https://doi.org/10.1016/j.jbiomech.2015.07.009
https://doi.org/10.1016/j.jbiomech.2015.07.009


Nagahara, R., Matsubayashi, T., Matsuo, A., & Zushi, K. (2014). Kinematics of transition during 
human accelerated sprinting. Biology Open, 3(8), 689–699. https://doi.org/10.1242/bio. 
20148284, 

Pinho, J. P., Lima, M., Claudino, J. G., Andrade, R. M., Soncin, R., Mezêncio, B., Bourgeois, F. A., 
Amadio, A. C., & Serrão, J. C. (2017). Eight-steps’ paradigm shift in men’s 110 metres hurdles: 
An 89 years retrospective study. Revista Brasileira De Educação Física E Esporte, 31(3), 543–551. 
https://doi.org/10.11606/1807-5509201700030543, 

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 and Science in Sport, 25(5), 583–594. https:// 
doi.org/10.1111/sms.12389, 

Salo, A. (2002). Technical changes in hurdle clearance at the beginning of 110 m hurdle event – A 
pilot study. In XX International Symposium on Biomechanics in Sport. https://ojs.ub.uni-kon 
stanz.de/cpa/article/view/633, 

Salo, A. I. T., Keränen, T., & Viitasalo, J. T. (2005). Force production in the first four steps of sprint 
running. In Q. Wang (Ed.), Proceedings of XXIII International Symposium on Biomechanics in 
Sports (Vol. 1, pp. 313–317). The China Institute of Sport Science.

Salo, A. I. T., Bezodis, I. N., Batterham, A. M., & Kerwin, D. G. (2010). 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, 

Schot, P. K., & Knutzen, K. M. (1992). A biomechanical analysis of four sprint start positions. 
Research Quarterly for Exercise and Sport, 63(2), 137–147. https://doi.org/10.1080/02701367. 
1992.10607573, 

Smith, G. (1989). Padding point extrapolation techniques for the Butterworth digital filter. Journal 
of Biomechanics, 22(8–9), 967–971. https://doi.org/10.1016/0021-9290(89)90082-1, 

Tidow, G. (1991). Model technique analysis sheets for the hurdles, Part VII: High hurdles. New 
Studies in Athletics, 6(2), 51–66. http://www.hurdlecentral.com/docs/hurdles/100&110_hur 
dles/tidow_modeltechniqueanalysis_110mhurdles.pdf, 

Weyand, P. G., Sternlight, D. B., Bellizzi, M. J., & Wright, S. (2000). Faster top running speeds are 
achieved with greater ground reaction forces not more rapid leg movements. Journal of Applied 
Physiology, 81(5), 1991–1999. https://doi.org/10.1152/jappl.2000.89.5.1991,

14 L. J. ROWLEY ET AL.

https://doi.org/10.1242/bio.20148284
https://doi.org/10.1242/bio.20148284
https://doi.org/10.11606/1807-5509201700030543
https://doi.org/10.1111/sms.12389
https://doi.org/10.1111/sms.12389
https://ojs.ub.uni-konstanz.de/cpa/article/view/633
https://ojs.ub.uni-konstanz.de/cpa/article/view/633
https://doi.org/10.1249/MSS.0b013e318201f6f8
https://doi.org/10.1080/02701367.1992.10607573
https://doi.org/10.1080/02701367.1992.10607573
https://doi.org/10.1016/0021-9290(89)90082-1
http://www.hurdlecentral.com/docs/hurdles/100%26110_hurdles/tidow_modeltechniqueanalysis_110mhurdles.pdf
http://www.hurdlecentral.com/docs/hurdles/100%26110_hurdles/tidow_modeltechniqueanalysis_110mhurdles.pdf
https://doi.org/10.1152/jappl.2000.89.5.1991

	Abstract
	Introduction
	Methods
	Participants
	Data collection
	Data processing
	Statistical analysis

	Results
	Discussion and implications
	Conclusion
	Disclosure statement
	ORCID
	References



