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Headline

During football match-play sprinting is a crucial element
of performance. Actions that prove to be key to the out-

come of a match are often performed whilst sprinting, such
as, sprinting through on goal, sprinting down the channel
and sprinting to make a tackle (1). Research into high in-
tensity running and sprinting during match-play has tended
to focus on distances covered or number of efforts above a
predetermined threshold (2, 3). Furthermore, when training
and testing sprint ability, the focus will often be on linear
actions. However, due to the open nature of football, the crit-
ical actions previously mentioned will often be completed in a
curvilinear manner. Previous research has shown that curved
running is something that regularly occurs in football, with
positional differences being evident and also an influence of
contextual factors (4). A few studies have assessed the biome-
chanical determinants of curved running in football players (5,
6). However, no research to date has looked to quantify the
typical characteristics of curved sprinting, such as sprint angle
during football match-play.

Aim.The aim of this study was therefore to assess the char-
acteristics of sprinting, such as sprint angle, and evaluate any
positional differences using spatio-temporal data collected dur-
ing football match-play in a group of elite youth players.

Methods
Athletes. Thirteen elite youth male football players (age: 17.5
± 0.7, height: 177.2 ± 4.6, weight: 73.5 ± 6.6) (full back
[FB] = 3, centre defence [CD] = 2, centre midfield [CM] = 4,
wide midfield [WM] = 2, centre forward [CF] = 2) competing
in the Under-18 Premier League agreed to participate in the
present study. Before inclusion, players were examined by the
club medical staff and were deemed to be free from illness and
injury. Data were collected as part of the clubs monitoring
procedures, which all conformed to the recommendations of
the Declaration of Helsinki.

Design. Observational case report

Methodology. Spatio-temporal data were collected during six
official matches via GPS technology (Catapult Innovations,
Scoresby, VIC, Australia) and downloaded via the manufac-
turer’s software (Catapult Sports Sprint 5.1.7). Raw latitude
and longitude coordinates were collected from the GPS units,
sampling at a frequency of 10 Hz (CV%; latitude = 1.19%, lon-
gitude = 0.75%). These data were collected alongside smooth
velocity and exported to R Studio (version 3.4.1) for further
analysis. Latitude and longitude points were converted to XY
coordinates (see Supplementary Material 1) and plotted when
a player was running above a threshold of 24 km.h−1. This
allowed for the spatio-temporal pattern of sprint efforts to be
assessed. To evaluate sprint angle the tangent-chord method
was used. Firstly, the XY coordinates of the sprint were plot-

ted. A chord line was then fit between the first and last point
of the sprint. The gradient of the chord line was calculated as
follows;

m =
y2 − y1
x2 − x1

From here the intercept of the chord line was calculated;

y = mx+ c

y −mx = c

Where y is the y coordinate of the first point of the sprint
and m is the gradient as calculated above. A tangent line was

Fig. 1. A visual example of how ‘sprint angle’ is calculated using the tangent-chord

method. The black line represents the sprint (>24km.h−1), the red line represents

the chord and the blue line represents the tangent.

Fig. 2. Sprint angle (°) data for five playing positions. Box plot represents the

median and interquartile ranges, whiskers represent 10% and 90% quartiles and dots

represent outliers <10% or >90% quartiles.
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Table 1. Sprint characteristics; average number of sprints per match, sprint distance, sprint angle and the number of sprints
between 0-5°, 5-10°, 10-15°, and 15°+ for each position.

No. of
Sprints

Sprint
Distance

(m)

Sprint
Angle (°)

No. of
Sprints 0 -

5°

No. of
Sprints 5 -

10°

No. of
Sprints 10 -

15°

No. of
Sprints
15°+

Full Back 20 ± 8 bc 13.1 ± 9.8 3.7 ± 4.1 15 ± 7 bc 3 ± 2 c 1 ± 1 1 ± 1

Centre Back 14 ± 4 c 13.1 ± 10.7 4.8 ± 5.2 a 9 ± 3 c 3 ± 1 c 1 ± 1 1 ± 1

Centre Midfield 9 ± 9 12.5 ± 10.6 4.9 ± 5.3 a‘ 6 ± 5 2 ± 2 1 ± 2 1 ± 1

Wide Midfield 19 ± 4 bc 13.1 ± 9.9 4.7 ± 4.8 a 13 ± 3 bc 3 ± 2 c 2 ± 2 a 1 ± 1

Centre Forward 21 ± 8 bc 12.2 ± 9.7 6.2 ± 6.7 abcd 12 ± 6 c 5 ± 3 bcd 3 ± 1 abc 2 ± 1 abcd

Substantially greater than; a = full back, b = centre back, c = centre midfield, d = wide midfield.

then plotted using the first three data points of the sprint, this
was selected to calculate the initial trajectory of the sprint ef-
fort. Once the gradients of the chord and tangent lines were
obtained the angle between them was calculated;

θ = tan−1(| m1 +m2

1 +m1 ×m2
|)

Where m1 and m2 are the gradients of the two lines as
calculated before. Note that this will be in radians so a con-
version to degrees allowed for a more interpretable angle, this
was done by the following transformation;

θdegrees = θ × 180

Π

Examples of sprints plotted on a football pitch are displayed
in Figure 1. The average number of sprints per match, sprint
distance, sprint angle, number of sprints between 0-5°, 5-10°,
10-15°, and 15°+ were calculated and differences between po-
sitions assessed.

Statistical Analyses. For all variables means ± standard devi-
ations (SD) are presented. The between position differences in
sprint characteristics were compared via standardised changes
in the mean (effect size; ES) using a custom spreadsheet (7).
Uncertainty in these estimates was expressed as 90% confi-
dence intervals (CI). The magnitude of change was classified
as a substantial difference when there was a 75% or greater
likelihood of the effect being equal to or greater than the ES
± 0.2. Changes were classified as unclear when there was a
5% or greater likelihood of the effect being both positive and
negative (8).

Results
A total of 873 sprints were analysed over six matches (FB =
240, CD = 179, CM = 166, WM = 114, CF = 174). Between
position differences in the number of sprints per match, sprint
distance, sprint angle, and the number of sprints between 0-5°,
5-10°, 10-15°, and 15°+ are presented in Table 1. Substantial
between positions differences were found for sprint angle, FB
performed substantial smaller angled sprints than all positions
(CD = ES: -2.4, -4.0 to -0.7; CM = ES: -2.4, -4.0 to -0.7; WM
= ES: -1.8, -3.5 to -0.2; CF = ES: -4.4, -6.1 to -2.8). On aver-
age, CF performed substantially larger angled sprints than all
positions (FB = ES: 4.4, 2.8 to 6.1; CD = ES: 2.2, 0.6 to 3.9;
CM = ES: 2.1, 0.4 to 3.7; WM = ES: 2.3, 0.6 to 3.9) (Figure
2). Furthermore, CF performed a greater number of sprints
between 10-15°, and 15°+.

Discussion
The key finding from this study is that CF, on average, per-
form larger angled sprints and a greater number of sprints at
angles between 10-15°and 15°+ compared to other positions.
This is the first study to our knowledge that has assessed sprint
characteristics such as, sprint angle during match-play. Previ-
ous research has extensively assessed the movement patterns
and associated technical actions of elite football players high
intensity running during match-play (4, 9), indicating differ-
ent positions perform various amounts of ‘swerved’ or ‘arced’
runs, depending on the technical and tactical context of the
game. A limitation of this research however is the subjective
nature of assessing high intensity actions, furthermore there
is no information on the exact angle of the high intensity ac-
tion. The current study documents a new method of assessing
sprint angle from GPS data that is routinely collected during
football match-play.

The findings presented have important implications for the
training and testing of football players. Irrespective of play-
ing position, it appears the average sprint angle is around
5°however, the vast majority of sprint training and testing that
takes place in football will be linear. Practitioners therefore
may want to consider training curved sprint ability alongside
traditional linear sprints. One of the main differences with
curved sprinting compared to linear sprinting is that the body
leans inward. When players perform a curved sprint they are
influenced by centrifugal force, players produce a medio-lateral
ground reaction force when leaning the body inward, to bal-
ance this centrifugal force (10). Furthermore, as centrifugal
force increases with increased running velocity and increased
sprint angle, having the strength and technique to overcome
these forces may be an important determinant of curved sprint
performance. Testing curved sprinting alongside traditional
linear sprints may help to inform practitioners about play-
ers in need of developing these skills. Future research should
therefore look to establish reference values for curved sprinting
at various sprint angles (e.g. 5°, 10°and 15°).

Although some substantial differences were observed be-
tween positions (Table 1), these differences are relatively
small. However, as can be seen in Figure 2 players may be
required to performa curved sprints with up to a 30°angle.
It is evident that CF in particular perform a greater number
of curved sprints at larger angles (Table 1). This again has
important implications for training, particularly when design-
ing ‘worst case scenario’ drills for training and rehabilitation,
curved sprints of up to 30°may need to be considered.

In conclusion, this is the first study to document sprint char-
acteristics, such as sprint angle in a group of elite youth foot-
ball players. Results indicate the average sprint angle per-
formed is around 5°, however, players may be required to per-
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form curved sprints with an angle of up to 30°. Analysis of
differences between positions indicates CF, on average, per-
form substantially larger angled sprints than all other posi-
tions. Furthermore, CF perform a greater number of sprints
between 10-15°, and 15°+. These findings may have important
practical implications for training and testing, with regards to
curved sprinting compared to traditional linear sprint work.

Practical Applications
� A key finding of this study is that sprinting during football

match-play is very rarely linear. This means that practi-
tioners should consider curved sprinting as a testing and
training modality.

� Comparing a player’s performance in a linear versus a
curved sprint of a standardised distance may provide valu-
able information about a player’s ability to run at high
velocities at various curve angles.

� This study has documented that although the average
sprint angle is around 5°players may be required to perform
curved sprints with an angle of up to 30°. This is impor-
tant for practitioners and coaches to consider when design-
ing training and rehabilitation drills that are designed to
expose players to the most extreme periods of match-play.

Limitations
� A limitation of the present study is the single cohort design.

Although the sample of 873 sprints is large, this is from a
limited number of players in each position, which may have
their own individual sprint characteristics. Future research
may look to replicate this method of assessing sprint angle
with a larger sample of players.

� It is noteworthy that a ‘sprint’ in the present study was
defined as an action above 24 km.h−1, therefore sprint dis-
tances and angles were calculate from data points above
this threshold. Future research may look to utilise a lower
threshold or assess sprint characteristics from the initiation
of movement of the sprint effort.

Dataset
Data and R code available on SportPerfSci.com

Twitter: Follow John Fitzpatirck @ScienceInSoccer and
Craig Musham @CMusham
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