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ABSTRACT

This study aimed to compare the significant turning demands of English Premier League soccer match
play relative to playing position using LiDAR technology. Turning data were collected from an English
Premier League soccer team (2020-2021 season; 18 fixtures) using a Sportlight® LiDAR tracking system.
Turns were tracked during match play, sub-categorised by entry speed (<3.0, 3.0-5.5, 5.5-7.0 and >7.0 m/
s) and turning angle (Low: 20-59°; Medium: 60-119°; High: 120-180°). Turning metric frequencies were
compared between playing positions (centre backs, full-backs, central midfielders, wide midfielders, and
central forwards). On average, per match, central midfielders performed more total turns (~38 vs ~18-27),
turns with entry speeds <3.0 (~15 vs ~7-10) and 3.0-5.5 m/s (~21 vs ~8-15) and low (~4 vs ~1-2),
medium (~10 vs ~3-6) and high angled turns (~24 vs ~12-18) compared to all other playing positions
(p <0.001, d = 0.96-2.74). Approximately, 90% of turns during matches were performed with entry speeds
<5.5 m/s and ~63-70% were high angled turns. This study provides unique insights into the turning
demands of English Premier League soccer matches , which can be used to inform position-specific
physical preparation strategies, turning testing battery selection, agility drill construction, and rehabilita-
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tion and return to play standards.

1. Introduction

Soccer is a high-intensity intermittent sport whereby players
perform numerous locomotor, technical, and tactical actions for
attacking and defensive purposes (Bradley & Ade, 2018). Our
understanding of traditional high-intensity locomotor activities
in soccer, such as the distances and frequency of high-speed
running, sprints, accelerations, and decelerations, has improved
over recent years (Bradley & Ade, 2018; Harper et al, 2019;
Nassis et al., 2020; Novak et al., 2021), particularly due to the
advancements in wearable and non-wearable player tracking
devices and software (Nassis et al., 2020; Novak et al.,, 2021;
Taberner et al., 2019). However, soccer players may transition
from the aforementioned actions by performing a turning man-
oeuvre (synonymous with change of direction [COD];
Bloomfield et al., 2007; Bradley & Ade, 2018). Turning actions
preceding sprinting have been reported to be associated with
contextually decisive moments in soccer (Caldbeck, 2020;
Faude et al., 2012). Turns are considered important from an
attacking and defensive standpoint, as they are associated with
goal scoring, supporting team-mates in possession, creating
and denying space, tackling, and pressing opponents (Ade
et al,, 2016; Bloomfield et al., 2007; Bradley & Ade, 2018).
Because soccer turning actions are linked to key performance
outcomes (Caldbeck, 2020; Faude et al., 2012; Martinez
Herndndez et al., 2022), have the propensity to elicit high

mechanical loading (Dos'Santos et al., 2018; Dos’ Santos et al.,
2021; Kalkhoven et al., 2021), tissue damage (Harper & Kiely,
2018; McBurnie et al., 2021) and fatigue (Harper & Kiely, 2018;
McBurnie et al., 2021), and can be a non-contact injury mechan-
ism (Della Villa et al., 2020; Serner et al., 2019), understanding
the turning demands of soccer match play is of great interest to
practitioners to better inform physical preparation and assess-
ment strategies. This is particularly pertinent in the English
Premier League where the physical demands of soccer match
play have evolved (Barnes et al., 2014) and are envisaged to rise
over the next 10 years (Harper et al., 2021; Nassis et al., 2020).

Turning activity has traditionally been assessed during soc-
cer match play using visual observations and notational (video)
analysis (Ade et al., 2016; Bloomfield et al., 2007; Morgan et al.,
2021; Nedelec et al., 2014; Robinson et al., 2011). Bloomfield
et al. (Bloomfield et al., 2007) previously reported that English
Premier League soccer players perform ~600 turns (i.e., quali-
tative evaluation of movement based on circle) of 0-90° (i.e., V4
circle) and ~100 turns of 90-180° (i.e., Y- circle) per match,
inclusive of low to high-intensity actions, with defenders and
strikers performing more turns than midfielders. Robinson et al.
(Robinson et al., 2011) later reported that English Premier
League soccer players perform ~80 turns (i.e., qualitative path
change with two relatively straight movements with a turn in
the middle of them) of 45-135° and ~20 turns of 135-180°
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containing an action =4.0 m/s per match, with midfielders
performing the greatest frequency of turns compared to
other positional groups. Conversely, Ade et al. (Ade et al.,
2016), using the high-intensity movement programme classifi-
cation (similar to Bloomfield et al. (Bloomfield et al., 2007)),
reported centre backs performed the greatest 0-90° turning
frequency in English Premier League soccer compared to other
positional groups. More recently, however, Morgan et al.
(Morgan et al., 2021) established that English Premier League
academy soccer players performed ~300 turns (i.e., qualitative
path change caused by an identifiable plant of a leg leading to
change in path travelled) per match with no position-related
differences. Interestingly, 77% of turns were 0-90° compared to
23% of turns which were >90° (Morgan et al.,, 2021), but it is
worth noting that these included low to high-intensity efforts
pre and post turn (excluding walking). While the aforemen-
tioned research has provided further insights into the turning
demands of soccer match play, notational and qualitative ana-
lysis is subjective and time-consuming which restricts its feasi-
bility in practice for turn and load monitoring. Additionally,
these studies only provide a limited representation of the
seasonal demands of turning activity, with specific English
Premier League turning research 7-17 years old (Ade et al.,
2016; Bloomfield et al., 2007; Robinson et al., 2011), and there-
fore unlikely to be representative of the turning demands of the
modern game.

Wearable technologies have recently been implemented for
soccer turn and load monitoring, which may provide novel
insights into instantaneous speed and turning angle (Baptista
et al., 2018; Granero-Gil, Bastida-Castillo et al., 2020; Granero-
Gil, Gdmez-Carmona et al., 2020; Kai et al., 2021). Granero-Gil
et al. (Granero-Gil, Bastida-Castillo et al., 2020; Granero-Gil,
GOmez-Carmona et al., 2020) examined the turning demands
of a Russian Premier League soccer team over the course of
season using a device with embedded accelerometers, gyro-
scopes, and global positioning system. The authors reported
~600 turns were performed during soccer match play, of which
~60 and ~15 was performed at high (>16 km/hr; 4.44 m/s) and
maximum intensity (>21 km/hr; 5.83 m/s), respectively, but the
authors did not clearly define their turn classification criteria
and definition nor delineate where and how speed was
obtained during the turn. Additionally, position-related differ-
ences were observed in the turning activities (Granero-Gil,
GOmez-Carmona et al., 2020); however, it is worth noting that
they did not provide specific information regarding turning
angle. As the biomechanical demands of turning are angle-
and velocity dependent (Dos’Santos et al., 2018; Dos’ Santos
et al, 2021), and turning angle and entry speed can have
distinct implications for the potential technique, strength
requirements, braking and propulsive requirements, muscle
activation, mechanical loading and potential tissue damage
(Dos'Santos et al., 2018; Dos’ Santos et al., 2021; Kalkhoven
et al.,, 2021; McBurnie et al,, 2021), understanding the turning
demands of match play with respect to angle and entry speed
can be considered highly important to better inform physical
preparation of soccer players. To our best knowledge, using
a local positioning system wearable device, only one study (Kai
et al,, 2021) has examined the turning activity of soccer match
play with respect to angle and instantaneous speed, reporting
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no position-related differences in turns (i.e., calculated based
on speed, acceleration, jerk, and directional angle utilising
x-y coordinate data), over 15° ranges, with the majority of
turns performed with speeds at the onset of turn <5.0 m/s.
However, this study was limited to Japanese collegiate and
amateur soccer players, was only representative of nine
matches for turns which contained an acceleration =2 m/s?,
and utilised a wearable technology. Some players are reluctant
to wear devices for load monitoring purposes, thus athlete
compliance can be a problematic issue when using the afore-
mentioned technology. Nevertheless, adopting a similar
approach to Kai et al. (Kai et al., 2021) with respect to turning
angle and speed, further data is needed pertaining to turning
of English Premier League soccer match play.

One solution to accurately quantify the turning demands of
soccer match play is using light detection and ranging technol-
ogy (LiDAR) technology. This emerging technology emits infra-
red lasers to measure distances and locations of objects relative
to the LiDAR sensor and has been recently employed in other
industries, such as transportation (Williams et al., 2013), ecolo-
gical sciences (Eitel et al., 2016), and motion tracking (Clark
et al,, 2019; Dewan et al., 2016). Sportlight Technology Ltd has
recently developed a LiDAR player tracking system for the
continuous quantification of key physical metrics (i.e., total
distance, high-speed running, sprint speed, accelerations,
decelerations, turns) based on the distance and location of
the player. This system has been recently validated against
the gold standard of three-dimensional motion analysis during
football-specific movements (i.e., jogging, linear sprinting,
curved sprinting, and turns of various angles; Bampouras &
Thomas, 2022), with trivial to small differences in time spent
during different speed zones (d = 0.04-0.26) observed, and root
mean square error values of 0.04-0.014 m/s and 0.16-0.7 m/s”
for velocity and acceleration data, respectively. Importantly,
this system only consists of a single unit which can be placed
in indoor and outdoor environments for player tracking. As
such, due to its potential portability, and the fact that it does
not require athletes to wear a device, the Sportlight® system
appears to be a non-invasive and attractive solution for con-
tinuous player tracking and monitoring of turning during com-
petitive match play.

To our best knowledge, no study has quantified the turning
demands of English Premier League soccer match play with
accurate and comprehensive information pertaining to angle
and entry speed. Additionally, mixed observations have been
observed in relation to position-related differences in turning
activity during soccer match play (Ade et al., 2016; Baptista
et al, 2018; Bloomfield et al., 2007; Granero-Gil, Gémez-
Carmona et al., 2020; Kai et al., 2021; Morgan et al., 2021;
Robinson et al.,, 2011). This could potentially be attributed to
differences in turn classifications adopted within the literature.
For example, researchers via observational analysis have
included low to high intensity turning movements
(Bloomfield et al., 2007), low to high intensity turning move-
ments with a clear foot plant (excluding walking; Morgan et al.,
2021), and observations of turns with an action =4 m/s
(Robinson et al., 2011). Additionally, researchers using objective
methods such as accelerometers, gyroscopes and global posi-
tioning system have provided unclear turning classification
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criteria (Granero-Gil, Bastida-Castillo et al., 2020; Granero-Gil,
Gomez-Carmona et al.,, 2020), while Kai et al. (Kai et al., 2021)
using local positioning system wearable device quantified turns
which contained an acceleration =2 m/s2 Furthermore, most
studies which have quantified turns have included turns per-
formed at low intensity (Baptista et al., 2018; Bloomfield et al.,
2007; Granero-Gil, Gbmez-Carmona et al., 2020; Morgan et al.,
2021) which are likely to elicit limited mechanical loading,
fatigue, and tissue damage (Dos'Santos et al., 2018; Dos’
Santos et al., 2021; Harper & Kiely, 2018; Kalkhoven et al.,
2021; McBurnie et al., 2021). Conversely, significant turns,
which in the current study are described as “an occurrence
where a player completes a deceleration (< —2 m/s?), an angle
change in direction of travel (=20°) and a subsequent accelera-
tion (=2 m/s?) within a 1 second duration” are likely to be of
greater interest to practitioners due to their importance for
decisive match-related outcomes such as goal scoring and
assists (Caldbeck, 2020; Faude et al, 2012; Martinez
Hernandez et al., 2022), and their potential to generate greater
mechanical loading, particularly knee joint loading (Dos'Santos
et al,, 2018; Dos’ Santos et al., 2021; Kalkhoven et al., 2021),
fatigue (Harper & Kiely, 2018; McBurnie et al., 2021), and tissue
damage (Harper & Kiely, 2018; McBurnie et al., 2021) from the
potentially damaging nature of significant turning.

Therefore, the aim of this study, was to present and compare
the significant turning demands of English Premier League
soccer match play relative to playing position using LiDAR
technology. It was hypothesised that positional differences
would exist in turning activity, with central midfielders per-
forming the greatest turning frequency. It is expected that the
results of the research will improve our understanding of the
physical demands of soccer match play and can be used to
assist practitioners in the development of physical preparation
strategies, position-specific agility and multidirectional speed
(MDS) drill construction, turning testing battery selection and
return to play protocols for rehabilitating athletes.

2. Methods
2.1 Research design

This study used a longitudinal between-subject comparative
design, whereby turn metrics were compared between soccer
players’ positional groups of an English Premier League soccer
team.

2.2 Match analysis and player data

Turning data were collected from a single English Premier
League soccer team over 18 home fixtures during the 2020-
2021 season using a Sportlight® LiDAR tracking system
(Sportlight®, Oxford, UK; LiDAR). This system included
a single sensor head consisting of a high-resolution LiDAR
sensor sampling 1.2 million spatial readings/second over
a 200 m range at 10 Hz, which was mounted in the football
stand approximately 7 m above the pitch, close to the half-
way line. The LiDAR system tracked all movement on the
pitch by determining a ground plane (the pitch),
a background model (static objects), and a foreground

model (all moving points within the LIDAR data) using
a proprietary software. Clusters of foreground points were
identified to localize players. The proprietary software then
identified the centre of each cluster, which has been shown
to provide accurate positional information when compared
with a 3D motion capture system using a four-marker pelvis
model (Bampouras & Thomas, 2022). Additionally, three cam-
eras collected high-resolution imagery (Sony IMX253,
12.4MPx, 10fps synchronized with the LiDAR data) which
was used as the input to an artificial intelligence system for
temporal tracking of individual clusters and to re-identify
players from previously collected imagery. Gait-neutralised
velocity was calculated by filtering the raw velocity data
with a fourth order low-pass Butterworth filter (1 Hz cut-off;
Bampouras & Thomas, 2022). Gait-neutralised acceleration
was defined as a change in the gait-neutralised velocity
over time (Bampouras & Thomas, 2022). The output from
the Sportlight® system then provided positional information
and derived metrics for turning.

A total of 22 players (age: 29.8 = 3.1 years; height:
1.83 £ 0.04 m; mass: 83.5 £ 6.6 kg) were tracked during match
play multiple times and were analysed across five positions
similar to previous research (Ade et al., 2016): centre back (CB:
n = 5), full-back (FB: n = 5), central midfielder (CM: n = 7), wide
midfielder (WM: n = 8) and central forward (CF: n = 8). These
observations were collected over 18 home fixtures (3 wins, 6
draws, and 9 losses) on an outdoor natural grass pitch, with
a consistent 4-4-2 playing formation. If a starting player was
substituted by a like-for-like replacement, the data were still
treated as one observation, similar to previous procedures
(Caldbeck, 2020). This resulted in 36 total observations per
position group. The number of substitutions by playing posi-
tion over the 18 fixtures was as follows: FBs one substitution,
CBs no substitutions, WMs 13 substitutions over 10 matches;
CMs four substitutions over three matches and CFs 15 substitu-
tions over 13 matches. Ethical approval was granted by the
university institutional review board (ID:39846), and the soccer
team provided informed written consent to publish the data for
research purposes.

2.3 Turning metrics

Players’ significant turns were tracked during match play, which
was defined as an occurrence where a player completed
a deceleration (<—2 m/s?), an angle change in direction of travel
(220°), and a subsequent acceleration (=2 m/s?) within a -
1 second duration. These thresholds are typically used to clas-
sify accelerations and decelerations above a moderate intensity
level during team-sport match play (Delves et al., 2021; Newans
et al.,, 2019). The significant turns were further sub-categorised
by entry speed (<3.0 m/s, 3.0-5.5 m/s, 5.5-7.0 m/s and >7.0 m/
s) and turning angle (Low: 20-59°; Medium: 60-119°; and High:
120-180°). The entry speed was classified as the instantaneous
speed of the player upon initiation of the deceleration (i.e.,
when a player's deceleration exceeded < -2 m/s? threshold).
The angle of turn was calculated as the angle between the
deceleration and acceleration vector in the horizontal plane
based on coordinates of the centre of the cluster (i.e., estimated
whole-body centre of mass; Bampouras & Thomas, 2022). The



frequency of total significant turns and sub-categories of entry
speed and turning angle were calculated for each playing
position, with the average, standard deviation, maximum and
minimum values also calculated.

2.4 Statistical analysis

Statistical analyses were performed using JAMOVI software
(V1.6.7.0, Sydney, Australia; The jamovi project, 2021) and
Microsoft Excel (version 2016, Microsoft Corp., Redmond, WA,
USA). Normality for all variables was assessed using a Shapiro-
Wilks test and confirmed that all variables did not meet the
assumptions for a parametric test. The coefficient of variation
(CV%) was calculated as SD/mean x 100 for each observation
and then averaged across all observations to indicate intra-
positional match to match variability (Ade et al., 2016). Turn
metrics were compared across positions using a Kruskal-Wallis
test with Dwass-Steel-Critchlow-Fligner pairwise comparisons
in cases of significant differences. Epsilon squared effect sizes
were also calculated for all Kruskal-Wallis tests. Standardized
differences were calculated for all pairwise comparisons using
Cohen's d effect sizes (ES) and the following formula: Cohen
d =M1 - M2/c pooled, where o pooled = the square root of (517
+ 02%/2; Cohen, 1977) and interpreted as trivial (<0.19), small
(0.20-0.59), moderate (0.60-1.19), large (1.20-1.99), very large
(2.00-3.99), and extremely large (=4.00; Hopkins, 2002).
Statistical significance was defined p < 0.05 for all tests. The
average of all 36 observations per playing position was used for
analysis, thus the presented data reflects average turning fre-
quency per match. Finally, the proportion of total turns was
split by turning angle and entry speed.

3. Results

Descriptive statistics for turn metrics for each positional group
are presented in Table 1. The results of the Kruskal-Wallis test,
pairwise comparisons with effect sizes, and match-to-match
variability are presented in Table 1.

A significant effect of positional group for all turning metrics
was observed (Table 1). Specifically, CMs performed signifi-
cantly more total turns, more turns with entry speeds of
<3.0 m/s and 3.0-5.5 m/s, and low, medium and high angled
turns compared to all other playing positions (moderate to very
large ES; Table 1). CMs also performed significantly more turns
with entry speeds of 5.5-7.0 m/s compared to CBs and CFs
(moderate ES; Table 1).

WMs performed significantly more total turns, more turns
with entry speeds of 3.0-5.5 m/s and medium and high angled
turns compared to FBs, CBs and CFs (moderate to large ES;
Table 1). WMs also performed significantly more turns with
entry speeds <3.0 m/s compared to CFs, and they also per-
formed more turns with entry speeds of 5.5-7.0 m/s compared
to CBs and CFs (moderate ES). Finally, FBs performed signifi-
cantly more turns with entry speeds of 5.5-7.0 m/s compared to
CBs and CFs (moderate ES), while CBs performed significantly
less turns with entry speeds >7.0 m/s compared to WM and
CMs (moderate ES; Table 1). Match-to-match variability for all
turning metrics was high (CV = 20.7%), with large individual
and positional variation (Table 1, Figure 1, Figure 2,
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Supplementary material 1). The proportion of turns by entry
speed and angle by positional group are presented in Table 2.
Generally, ~90% of turns irrespective of playing position were
<5.5 m/s, while ~70% of turns were high angled.

4. Discussion

This is the first study to comprehensively examine the signifi-
cant turning demands of English Premier League soccer match
play with respect to turning frequency, entry speed, and angle,
using LiDAR technology, with previous turning research in this
area 7-17 years old and limited to notational analysis (Ade
et al,, 2016; Bloomfield et al., 2007; Robinson et al., 2011). To
our best knowledge, only one study has quantified turning
demands in soccer, objectively quantifying both entry speed
and angle (Kai et al., 2021); however, this study was limited to
Japanese collegiate and amateur soccer players. The primary
findings of the present study were that, on average, CMs per-
form double the number of significant turns per match (~38 vs
~19) compared to the other positions (CB, FBs, and CFs), with
WMs performing the second most (~27; Table 1, Figure 1a).
These findings support the study hypothesis. Additionally, irre-
spective of playing position, most turns (~90%) during match
play were performed with entry speeds <5.5 m/s (Table 2,
Figure 2), while ~63-70% of turns were high angled across all
positions (Table 2, Figure 1). Overall, this study provides unique
insights into the physical and turning demands of English
Premier League soccer match play, which can be used to assist
and help inform position-specific physical preparation strate-
gies, turning testing battery selection, contextually inform agi-
lity drill construction, and rehabilitation and return to play
standards for soccer practitioners.

From a positional group perspective, CMs performed sub-
stantially more total turns, turns with entry speeds of <3.0 m/s
and 3.0-5.5 m/s and low, medium and high angled turns com-
pared to all other playing positions (Table 1, Figure 1, Figure 2).
This observation is likely attributable to the dual attacking and
defensive roles that CMs have, who therefore have more game
involvements compared to the other positional groups who
primarily have defensive or attacking responsibilities.
Unfortunately, previous research into the turning activities in
the English Premier League did not divide defenders and mid-
fielders into central or wide positional groups (Bloomfield et al.,
2007; Robinson et al., 2011), with defenders and strikers
observed to perform more total turns than midfielders
(Bloomfield et al., 2007). But it is worth noting that the turns
were inclusive of lower intensity turns. Conversely, Robinson
et al. (Robinson et al., 2011) only monitored turns that con-
tained an action =4.0 m/s and observed that midfielders per-
formed the most turns compared to defenders and strikers.
More recently, however, no position-related differences in
turns were demonstrated in Japanese soccer players (Kai
et al., 2021) and English Premier League academy soccer
players (Morgan et al., 2021), whereas Baptista et al. (Baptista
et al., 2018) reported that Norwegian WMs and FBs performed
significantly more turns >90° than CBs, but unfortunately they
did not classify turns of <90°. Ade et al. (Ade et al, 2016)
observed that English Premier League soccer CBs performed
more high-intensity effort 0-90° turns compared to FBs, CMs
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Table 2. Proportion of turns by entry speed and angle across playing position groups.

Position Full backs (FB)  Centre back (CB)  Wide midfield (WM)  Central midfield (CM)  Central forward (CF)
Entry speed Proportion turns <3.0 m/s (%) 40.4 52.8 36.6 40.1 40.0
Proportion turns 3.0-5.5 m/s (%) 513 433 55.0 54.8 56.8
Proportion turns 5.5-7.0 m/s (%) 7.7 39 7.3 44 43
Proportion turns >7.0 m/s (%) 0.8 0.0 1.1 0.7 0.5
Angle of turn Proportion low turns (%) 10.7 11.2 7.8 10.5 8.5
(20-59°)
Proportion medium turns (%) 18.8 19.9 23.8 25.6 21.7
(60-119°)
Proportion high turns (%) 70.1 68.8 67.6 63.3 703
(120-180°)

and WMs, while in Russian Premier League soccer players, CBs
were observed to perform the most total turns, whereas CMs
and CBs performed the most turns >16 km/hr (>4.44 m/s) and
>21 km/hr (>5.83 m/s), respectively (Granero-Gil, Gémez-
Carmona et al., 2020). Consequently, the lack of consensus on
positional group turning activity across the soccer literature is
likely attributed to methodological differences, definitions,
classifications, inclusion and exclusion criteria of turns
(Morgan et al,, 2021), while player physical capacity and team
playing style and tactical differences are likely to influence
turning outcomes.

Although, on average, CMs performed a greater number of
significant turns compared to CBs, FBs, CFs (~38 vs ~19) and
WMs (~38 vs ~27), it is worth noting that large match-to-match
variability was displayed, with turning frequencies as low as 7
(CFs) to as high as 55 (WM and FB) observed (Table 1, Figure 1a).
While most statistical analysis procedures are based on group
mean analysis and comparison, to better prepare players for
the physical demands of match play, it is vital to consider the
maximum demands (i.e., potential worst-case scenarios; Novak
et al., 2021). Figure 1 and supplementary material 1 illustrate
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the variability of turning frequency metrics between fixtures,
which are likely attributed to a range of factors including
tactical and contextual factors (i.e., playing formation, style of
play, attacking and defensive organisation and transition),
player physical capacity, and possible fatigue (Novak et al.,
2021). Nevertheless, the results of this study related to the
turning demands have significant implications for the physical
preparation strategies of English Premier League soccer
players, particularly for CMs who consistently perform the
most turns (Table 1, Figure 1a), and FBs and WMs who on
occasions also display similar and high turning frequencies to
CMs. These players are likely to experience greater mechanical
loading, particularly knee joint loading (Dos’Santos et al., 2018;
Dos’ Santos et al.,, 2021; Kalkhoven et al., 2021), fatigue (Harper
& Kiely, 2018; McBurnie et al., 2021), and tissue damage (Harper
& Kiely, 2018; McBurnie et al., 2021) from the potentially dama-
ging nature of significant turning that contain high acceleration
and deceleration demands. Thus, CMs, FBs, and WMs must be
physically conditioned and robust to tolerate the significant
turning demands associated with elite soccer match play com-
pared to other positions to optimise performance and mitigate
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Figure 1. Box and whisker plots for Total turns (panel a), Low turns (20-59°) (panel b), Medium turns (60-119°) (panel ¢) and High turns (120-180°) (panel d). FB: Full

backs; CB: Centre back; WM: Wide midfield; CM: Central midfield.
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Figure 2. Box and whisker plots for turns with entry speeds <3.0 m/s (panel a), turns 3.0-5.5 m/s (panel b), turns 5.5-7.0 m/s (panel ¢) and turns >7.0 m/s (panel d). FB:

Full backs; CB: Centre back; WM: Wide midfield; CM: Central midfield.

injury risk. Moreover, from a sports medicine perspective, the
average and maximum data presented in this study can be
used to provide position-specific return to play standards.
This, in turn, may better inform rehabilitation practices of soc-
cer players to ensure they are sufficiently physically prepared to
tolerate the competitive turning demands associated with elite
match play (Buckthorpe, 2021; Taberner et al., 2019).

Interestingly, ~90% of turns during soccer match play
were performed with entry speeds <5.5 m/s (Table 2),
whereas turns with entry speeds >7.0 m/s were rarely per-
formed (~1%), with CBs failing to perform a turn at the
aforementioned entry speed across 18 matches (Figure 2d).
To our best knowledge, only two other research groups have
qguantified objective measures of instantaneous speed dur-
ing turning in soccer players (Granero-Gil, Bastida-Castillo
et al., 2020; Granero-Gil, Gbmez-Carmona et al., 2020; Kai
et al.,, 2021). For example, Granero-Gil et al. (Granero-Gil,
Bastida-Castillo et al., 2020; Granero-Gil, Gdmez-Carmona
et al,, 2020) observed Russian Premier League players during
matches performed ~60 and ~15 turns at high (>16 km/hr;
4.44 m/s) and maximum intensity (>21 km/hr; 5.83 m/s),
respectively. The researchers tracked turning activity with
a wearable device (embedded accelerometers, gyroscopes,
and global positioning system); however, they failed to spe-
cify how and where speed was calculated during the turn.
Conversely, Kai et al. (Kai et al., 2021) examined the speed at
turn onset (based on x-y coordinates) using a local position-
ing system and a jerk threshold to verify turn onset (i.e.,
when jerk changed negative to positive). Similar to our find-
ings, most turns performed by Japanese soccer players were
<5.0 m/s, with turns >5.0 m/s rarely observed (maximum
6.99 m/s; Kai et al,, 2021). Collectively, these findings high-
light the importance of turning ability, particularly at low to
moderate entry speed (<5.5 m/s).

Therefore, to better evaluate turning abilities and to better
construct turning drills which are more representative of elite
soccer match play, practitioners may consider turning tests and
constructing and prioritising turning drills (i.e., agility training
volume) with low to moderate entry speeds for potentially
greater sports specificity. For example, turning ability could
be examined using COD speed tests from short approach dis-
tances (i.e, 5-m), as the entry speeds for 45° (~5.2 m/s), 90°
(~4.5 m/s) and 180° (~4.0 m/s) CODs assessed via 3D motion
analysis (Dos’ Santos et al., 2021) are similar to the entry speeds
observed within the current study. Additionally, to further
standardise entry speed assessments during COD, practitioners
can use two pairs of electronic timing gates over a two-to-three
-metre distance prior to changing direction to calculate aver-
age speed (i.e., approximation of entry speed). This approach
ensures that athletes fall within a target entry speed which is
standardised across participants and for longitudinal monitor-
ing. Practitioners are, however, advised not to completely
neglect conditioning and assess players for rare events of
turns with higher entry speeds.

Notably, ~63-70% of turns were high angled across all
positions (Table 2), contrasting with the observations of pre-
vious research who generally observe ~70-80% of turns during
soccer are 0-90° (Ade et al., 2016; Bloomfield et al., 2007;
Morgan et al., 2021) or 45-135° (Robinson et al., 2011).
Conversely, Baptista et al. (Baptista et al., 2018) observed 90-
180° turns were more frequently performed than =180° turns,
but they failed to quantify turns of 0-90°. The aforementioned
researchers generally use large angle ranges (90°) when quan-
tifying turns by angle, and they typically determine turning
angle through visual inspection which can be susceptible to
human error (Krosshaug et al., 2007). In contrast, Kai et al. (Kai
et al,, 2021) provided objective turning angle data within 15°
ranges, observing 0-15° and 105-135° turns tended to most



frequently occur during soccer match play. The differences in
total turns and proportion of turns by angle observed in the
present study and previous literature (Ade et al., 2016; Baptista
et al., 2018; Bloomfield et al., 2007; Kai et al., 2021; Morgan et al.,
2021) are likely attributable to the methodological differences
and definitions, classifications, inclusion, and exclusion criteria
of turns (Morgan et al., 2021). For instance, some researchers
(Bloomfield et al., 2007; Granero-Gil, Bastida-Castillo et al., 2020;
Granero-Gil, Gémez-Carmona et al., 2020; Morgan et al., 2021)
when quantifying turns do not use any specific thresholds for
speed, acceleration, deceleration, or turn duration, which
results in a greater turning frequency observed during soccer
match play (~300-700 vs 20-40), in contrast to the present
study’s significant turn definition. Moreover, Robinson et al.
(Robinson et al., 2011) observed a lower turn frequency
(~100) when using a minimum 4 m/s threshold for actions
during turning, while Kai et al. (Kai et al., 2021) reported ~180
turns per match play were observed, with turns having to
contain an acceleration =2 m/s®> with no restrictions for turn
duration for quantification. Collectively, the aforementioned
turn classifications differ to the present study which only exam-
ined “significant turns” which arguably, based on the decelera-
tion and acceleration thresholds, and turn durations required,
may omit the quantification of shallow angled turns with low
deceleration due to the angle-velocity trade-off (Dos'Santos
et al, 2018) and generally limited deceleration demands asso-
ciated with these tasks (Dos'Santos et al., 2018; Hader et al.,
2015). Further research is therefore required utilising the LiDAR
technology to quantify turns using a range of potentially more
sensitive threshold (i.e., T m/s°) to determine its impact on turn
evaluation during soccer match play.

Nonetheless, the results of this study highlight the impor-
tance and frequency of high angled turns (as high as 40) in
soccer, and these turns are likely to induce greater mechanical
loading and potential tissue damage and thus potential injury
risk, compared to shallower angled directional changes
(Dos’Santos et al., 2018; Dos’ Santos et al., 2021; Harper &
Kiely, 2018; Kalkhoven et al., 2021; McBurnie et al., 2021).
Therefore, practitioners should consider developing their ath-
letes’ physical capacity and tissue robustness, particularly
eccentric lower-limb strength, to tolerate the greater mechan-
ical loading and braking demands associated with sharper turn-
ing to mitigate injury risk and tissue damage (Dos'Santos et al.,
2018; Dos’ Santos et al., 2021; Harper & Kiely, 2018; Lloyd &
Buchanan, 2001; Maniar et al., 2020; McBurnie et al., 2021).
Additionally, practitioners should consider including high
angled turning (i.e.,, COD speed) tests as part of their MDS
profiling assessments for soccer players while potentially ded-
icating larger volumes of MDS training and designing drills to
develop high angled turning ability.

It should be noted that the turning data of the present study
are representative of the specific team, formation, skill level,
and athletes’ physical capacity, and will likely be influenced by
the tactics and style of play, contextual factors, and opposition.
Therefore, practitioners should be cautious in generalising
these findings to other populations; thus, future research is
needed investigating the soccer turning demands of different
playing levels, ages, and sexes. Additionally, the data were
collected during 18 home fixtures during a season with

JOURNAL OF SPORTS SCIENCES (&) 1757

COVID-19 and thus, a shortened physical preparatory period
with periods of fixture congestion compared to traditional
seasons. Moreover, it should be noted that the turning
demands are representative of the turning classification (i.e.,
definition and criteria) and technology adopted within this
study, which differs to previous work (Ade et al, 2016;
Baptista et al., 2018; Bloomfield et al., 2007; Granero-Gil,
Gomez-Carmona et al., 2020; Kai et al.,, 2021; Morgan et al,,
2021; Robinson et al., 2011). For example, arbitrary acceleration
(22 m/s®) and deceleration (<—2 m/s?) thresholds, with
a 1-s duration, were used to classify turns, which meant turns
that did not achieve the criteria were omitted from further
analysis in this study. Additionally, the current study did not
provide the average playing time for each position, did not
distinguish turns of different magnitudes of deceleration and
acceleration preceding or following the turn, did not examine
exit speed or the specific entry speeds within the angle bands,
and the aforementioned thresholds used were arbitrary and
not relative to the individual player’'s acceleration or decelera-
tion capacities. Moreover, while turning frequency is of interest,
further research into the contextual classification of the turning
actions is warranted, such as using the high-intensity move-
ment programme classification framework to better help con-
textualise turning activity in relation to soccer performance
(Ade et al., 2016; Bradley & Ade, 2018; Caldbeck, 2020). Finally,
future work should consider quantifying the turning demands
utilising this technology during training activities to establish
whether they are reflective of the physical demands of match
play.

Nevertheless, this study provides unique insights into the
turning demands of English Premier League soccer match play,
utilising an accurate, portable, non-wearable and non-invasive
technology for monitoring turning activity during competitive
match play. Overall, this study highlights that English Premier
League soccer players require the physical capacity and
mechanical turning ability to be able to perform turns of var-
ious angle (i.e., low, medium, and high) and from a variety of
entry speeds to meet the physical demands of soccer match
play, though greater training emphasis might be warranted for
high angled and low to moderate entry speed turns.

5. Conclusion

This is the first study to comprehensively examine the sig-
nificant turning demands of English Premier League soccer
match play with respect to turning frequency, entry speed,
and turning angle using an accurate, portable, non-invasive
technology. Generally, on average, CMs perform double the
number of significant turns (~38 vs ~19) compared to the
other positions (CB, FBs, and CFs) with WMs performing
the second most (~27). Additionally, irrespective of playing
position, ~90% of turns during match play were performed
with entry speeds <5.5 m/s, while ~63-70% of turns were
high angled. Collectively, this study provides unique insights
into the physical and turning demands of English Premier
League soccer match-play, highlighting that soccer players
require the physical capacity and turning ability to be able
to perform turns of various angles (i.e., low, medium, and
high) and from a variety of entry speeds. The results of this
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study can be used to assist and help inform position-specific
physical preparation strategies, turning testing battery
selection, contextually inform agility drill construction, and
rehabilitation and return to play standards for soccer
practitioners.
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