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Abstract
Introduction. Running, of which backwards running (BR)
is one type, is a basic skill that has to be maintained at a high
level by athletes. Aim of Study. Use cluster analysis to evaluate
some kinematic variables for BR. This analysis is applied to
classify players and identify differences in their classification
to determine relevant dynamic solutions to raise players’
performance levels. Material and Methods. Twelve volunteer
university soccer players (age: 20.8 ± 0.83 years old; experience:
4.7 ± 0.78 years; height: 175.6 ± 6.01 cm; body mass: 68.63 ±
± 5.06 kg) participated in the present study. The participants
tried two 10-m BR, in which the best attempt based on the shortest
time was analysed. Results. The study showed that cluster
analysis may be used to classify and divide participants into
two groups via evaluations of selected biomechanical variables.
The first group, which consisted of 7 participants, represents
the indistinctive performance level, while the second group,
which consisted of 5 participants, represents the distinctive
performance level. Statistically significant differences were
found between the classifications of the participants. The second
group excelled regarding certain biomechanical variables,
including average stride length, average speed, angular velocity
of the arms, peripheral velocity of the arms, angular velocity of
the legs, peripheral velocity of the legs, instantaneous force and
time of achievement. Conclusions. This classification ensures the
correct selection and full consideration of practical training to
achieve the ideal biomechanical characteristics for BR in soccer.
KEYWORDS: biomechanics, motion
performance, backwards running.
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Introduction
occer is considered an intense multi-directional and
intermittent field sport [22]. The play efficiency
depends on the player’s ability to perform certain
movements of varying intensity in different directions
and in different sections of the field [11]. Players should
exhibit well-developed basic and specific motor abilities
[15]. One of the basic skills that has to be performed
at a high level is running. A specific type of running
is backwards running (BR), which Uthoff et al. (2018)
defined as “any form of locomotion in a reverse direction
where movement is accomplished through a single leg
of support throughout foot-ground contact and both feet
simultaneously in the air between contralateral foot
strikes” [35].
There is a likely interplay of factors that influence
running performance during soccer matches. Some
of the most important factors include the player’s
characteristics, match location, field position, phase of
the season, recovery period, competition strength and
the match results [8, 32].
Match analyses revealed that elite soccer players usually
cover 9-12 km during a 90-minute game [14, 17, 21].
About 58% of a game is spent standing (15%) and
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walking (43%), whereas about 30% of a game is spent
running at 7-14 km/h. Meanwhile, about 8% of a match
is spent running at a moderate speed (15-19 km/h), 3%
is spent running at a high speed (20-25 km/h), and only
about 1% is spent sprinting at maximum speed [1].
Reports have also revealed that BR accounts for
approximately 5% of the total competition performance
[31]. Recently, BR has been proposed as a means to
enhance athletic performance due to its unique acute
and longitudinal adaptations [35]. Including BR when
preparing players for the demands of competition reduces
injury rates [29, 34] and enhances performance [16, 36].
In American football a defensive back who employs
BR, for instance, can keep both the receiver and the
quarterback in their field of vision. Once the player
turns to run forward, he loses sight of one or both of
these players, placing him at a disadvantage since both
the quarterback and the receiver know where the ball is
going. Athletes in sports such as soccer and basketball
often run forward while on offence and backwards while
on defence. Thus, superior BR speed is advantageous
for players in these sports, as it allows players to better
defend against attacks [3].
Recently, there has been an increasing interest in
examining and analysing many soccer skills (e.g. kicking,
throwing, and goalkeeper’s skills). Unfortunately, BR
has not been sufficiently investigated. Even when studies
investigated BR, it was considered merely as a training
tool or for rehabilitation. As far as the researchers know,
no study has applied cluster analysis of the kinematic
variables that are investigated in the present work. Thus,
our study aims to use cluster analysis to evaluate selected
kinematic variables for BR to evaluate applicability of
this analysis to classify players and identify differences
in players’ classifications to propose relevant dynamic
solutions to raise players’ skill levels.
Methods
Participants
A total of 12 voluntary university soccer players (age:
20.8 ± 0.83 years old; experience: 4.7 ± 0.78 years;
height: 175.6 ± 6.01 cm; body mass: 68.63 ± 5.06 kg)
participated in the present study. The players belonged
to the same team, which at the time of the study was
training three times a week (for a total of 6 hours of
training per week) and was playing one official match
every week. All participants were informed of the study
design and protocol; accordingly, each participant signed
a free informed consent before the testing procedure.
The study protocol was approved by the university
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ethics committee, while all the procedures followed the
ethical standards of the Declaration of Helsinki for the
study on humans.
Experimental approach to the problem
This study followed a cross-sectional design. The data
collection occurred over four weeks after the beginning
of the 2018/2019 academic year. The participants
performed two BR trials, with the best attempt selected
based on the shortest time taken to cover 10 metres.
None of the participants reported any previous injuries.
The tests were performed on the same day at the
same time on the same field with natural grass. Each
participant was asked to avoid any strenuous activity
for 12 hours before the test. They were also instructed
to follow their regular diet as closely as possible before
the test. It was ensured that each participant reached the
recovery stage before performing their second attempt.
Testing procedure
Before starting the basic test, the players warmed up for
10 minutes by running on a treadmill at 5 km/h and then
stretching. The participants wore soccer boots with all
the equipment required for soccer players as determined
by FIFA. During the main session, each participant
performed a BR test for 10 metres. One of the most
important tests was to run backwards as fast as possible.
After all participants performed one trial, a second trial
was carried out. The best attempt (i.e. the shortest time)
of each participant was chosen for analysis.
The data were collected using a mobile phone (Huawei
Y9 prime 2019, China) with a frequency of 120 FPS.
The mobile was placed 14 metres away from the middle
of the test area and from the player’s movement field,
with a height of 125 cm between the centre of the
lens and the surface of the ground to correspond to
approximately the centre of the mass of the participants.
Then the video clips were transferred to the Kinovea
software program (2D motion analysis software under
the GPLv2 license, version 0.8.27) to perform motion
analysis and extract biomechanical variables.
Biomechanics variables
1. Time of achievement (TA): The BR time during the
test distance of 10 meters.
2. Stride number (SN): Number of the participant’s
BR strides to finish the 10-meter test.
3. Average stride frequency (ASF): The rhythm for
the stride’s movement at a specific period of time
(stride number per second).
4. Average stride length (ASL): The distance between
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the point of initial contact of one foot and the point
of initial contact of the opposite foot during the
10-m test distance.
5. Average speed (AS): The test distance of 10 meters
divided over the time of achievement.
6. Angular velocity of the arms (AVA): The angular
velocity of the arms is extracted by counting the
number of degrees from the end of the back swing
to the forward swing end of the time unit.
7. Peripheral velocity of the arms (PVA): The arms’
circular distance during a specified period of time.
8. Angular velocity of the legs (AVL): The angular
velocity of the legs is extracted by counting the
number of degrees from the end of the back swing
to the forward swing end of the time unit.
9. Peripheral velocity of the legs (PVL): The legs’
circular distance during a specified period of time.
10. Instantaneous force (IF): The rate of change of
linear momentum with respect to time.
Statistical procedures
The statistical package for Social Sciences (SPSS for
Windows, version 22.0, IBM Corp., Armonk, NY, USA)

was used for the statistical processing to calculate the
mean, standard deviation (SD), and to perform the
cluster analyses. Significant statistical changes were
set at p < 0.05. Practical differences were assessed
by calculating Cohen’s d effect size (ES) [10]. The
interpretation of inference’s magnitudes was used by
following [6]: <0.2 = slight; 0.2-0.6 = small; 0.6-1.2 =
= moderate; 1.2-2.0 = large; 2.0-4.0 = very large; and
>4.0 = extremely large.
Results
Cluster analysis for the measured biomechanical
variables was used to classify the participants into two
groups as shown in Table 1.
Table 1 clearly shows the possibility of dividing the
participants into two groups using cluster analysis
according to the measured biomechanical variables: the
first group, which consists of 7 participants, represents
the indistinctive performance level, while the second
group, which consists of 5 participants, represents the
distinctive performance level.
For comparison and to acquire accurate information
about these groupings, one-way analysis of variance

Table 1. Classification of participants into two groups using cluster analysis
Player No.
TA (sec)
Cluster No.

1

2

3

4

5

6

7

8

9

10

11

12

2.74

2.62

2.81

2.78

2.64

2.71

2.79

2.73

2.66

2.63

2.60

2.68

1

2

1

1

2

1

1

1

2

2

2

1

Note: TA = time of achievement

Table 2. Biomechanical parameters (mean ± standard deviation, F values, and effect size) during BR
Biomechanical
variables

Distinctive
performance

Indistinctive
performance

F(p)

Effect size

Magnitude

SN (number)

13.40 ± 0.55

15.14 ± 1.22

8.809(0.014)

1.735

Large

ASF (number/sec)

5.07 ± 0.16

5.50 ± 0.37

5.898(0.036)

1.422

Large

ASL (cm)

74.55 ± 3.03

66.25 ± 4.16

14.281(0.004)

2.213

Very large

AS (m/sec)

3.78 ± 0.06

3.63 ± 0.07

15.549(0.003)

2.309

Very large

AVA (degree/sec)

4.69 ± 0.30

4.21 ± 0.25

8.827(0.014)

1.740

Large

PVA (m/sec)

2.39 ± 0.17

1.99 ± 0.17

16.21(0.002)

2.357

Very large

AVL (degree/sec)

3.12 ± 0.16

2.88 ± 0.15

6.808(0.026)

1.528

Large

PVL (m/sec)

3.21 ± 0.20

2.88 ± 0.15

11.161(0.007)

1.956

Large

2627.06 ± 297.12

1943.81 ± 214.73

21.62(0.001)

2.723

Very large

2.63 ± 0.02

2.75 ± 0.05

27.182(<0.001)

2.539

Very large

IF (N)
TA (sec)

Note: SN = step number; ASF = average step frequency; ASL = average step length; AS = average speed; AVA = angular velocity of the
arms; PVA = peripheral velocity of the arms; AVL = angular velocity of the legs; PVL = peripheral velocity of the legs; IF = instantaneous
force; TA = time of achievement
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(ANOVA) was used. It is part of the classification method
to determine the statistical differences between the two
groups in the biomechanical variables as shown in
Table 2. Significant differences were found between the
two groups under investigation in all the biomechanical
variables (p < 0.05). A very large effect size was also
observed for the differences between the two the groups
in: (i) ASL (d = 2.213); (ii) AS (d = 2.309); (iii) PVA
(d = 2.357); (iv) IF (d = 2.723); (v) TA (d = 2.539). Large
ES was found for differences in: (i) SN (d = 1.735);
(ii) ASF (d = 1.422); (iii) AVA (d = 1.740); (iv) AVL
(d = 1.528); (v) PVL (d = 1.956).
Discussion
Cluster analysis was used to reduce the amount of
interference between the two groups according to the
measured biomechanical variables, not according
to just one variable. As such, the treatment and
distinction between the two groups were simplified
when BR is practised. This is because cluster analysis
is a classification method, by which a class of data
reduction methods is used to sort cases, observations, or
variables of a given data set into homogeneous groups
that differ from each other. Using just one standard for
classification cannot provide a classification that is free
from criticism [2].
A crucial distinctive skillful performance factor is the
player’s application of proper mechanical principles
that are suitable for an accomplished skill based on the
situation the player is in by relying on the extensive
range of motion that he has acquired for this skill [19].
Appropriate motor coordination, which is considered
the most important factor in starting a run, affects the
amount of force generated by the legs at the right time
and for the optimal duration [7].
The difference in the SN variable is due to the influence
of the ASL variable; this is the case because any SL
will reduce the SN in the specified distance. Some
studies claim that ASF is the most significant variable
affecting AS [26, 28], whereas others claim that ASL
is the most significant [38]. Some researchers indicated
that the interaction between ASL and ASF is important
for maximising AS [24]. However, Murphy et al. (2003)
examined the difference between faster and slower field
sport athletes (including soccer players) and found that
the faster group had greater ASF [27].
The AS increase could be explained by the significant
increase in SL when compared with ASF and SN, which
allowed the participants to better coordinate the actions
of their body parts to accomplish the requirements of the
technique acceleration. Babić et al. (2011) defined ASL as
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a very complex kinematic variable that depends on many
factors apart from the morphological characteristics (leg
length), such as muscle structure, reflex mechanisms,
and ground force in the propulsion phase, as they are of
particular importance in speed development [4]. Optimal
ASL has been recommended for both the sub-maximal
and maximal phases of FR [20].
It is believed that the increases in ASF lead to maximal
sprint running performance [35]. Therefore, AS is
considered as the result of an interaction between SF
and SL [13]; greater speeds are achieved through large
ground reaction forces that are produced during short
ground contact times [37]. The results of many studies
have revealed that stride length is a biomechanical
variable that is related to running economy [5, 9]. It
would be worthwhile to conduct an in-depth study of
joint kinematic and kinetic variables to understand the
mechanisms that cause such a relationship. Usually,
sprint running at maximal velocity is considered the most
important part of a race [12]. The most apparent general
performance description in the sprint is horizontal
velocity (i.e. the athlete who can produce the most
horizontal velocity will be the most successful) [25].
The arms actively contribute to balance the rotary
momentum of the legs. They are also vital to sprint BR
performance and contribute to propulsive forces [23].
The arms act as passive mass dampers that move by the
lower part of the body [30]. When a push is made by the
right leg, for instance, the body rushes backwards and
rotates around its centre of gravity to the left direction.
To stop body rotation, the participant has to move the
opposite arm of the driving leg with the same speed and
force. As for the AVL during the swing, the significant
mechanic basis that the participant has to meet is to let
the leg’s parts approach the rotation axis and any means
that could reduce the moment of inertia while increasing
the angular velocity amount. This is accomplished by
bending the hip and knee joint angles.
One of the mechanical bases in the BR is to control the
leg’s length (turning radius) during the performance
period, by which the knee joint angle plays a significant
role in determining the leg’s peripheral velocity. This,
in turn, affects the force production, and, consequently,
the body velocity. Force production during multi-joint
leg extension depends on the combined effects of angle
and angular velocity [18]. Slawinski et al. (2010) were
of an opinion that improved synchronisation between
the upper and lower limbs can increase the efficiency
of the pushing phase [33]. Thus, faster participants
are probably able to achieve higher running speed by
striking the ground with greater force and much faster
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than the slower ones. This might be due to another
mechanical element that distinguishes fast participants
from the slower ones. Accordingly, one could say that
maximum running speed is largely determined by how
much force a participant can apply on the ground during
each stride [24].
As far as we know, this is a pioneering study in that
we classified the players using cluster analysis according
to several biomechanical variables. Nevertheless, one
should acknowledge that, as with any study, this study
faced some limitations. For one, the test that participants
completed during BR did not include all aspects of an
official match, such as the psychological, physical and
physiological pressure. Therefore, a test that mimics
match situations should be designed. Undoubtedly,
analysing 2D movement would reveal some significant
and essential issues concerning soccer players’ BR skills.
As such, the 2D study has set the basis to evaluate this
skill. Nevertheless, we cannot be sure that the 2D analysis
can accurately describe the movement of the entire body
without losing some significant characteristics. Hence,
additional studies need to be conducted using other
techniques, such as 3D analysis.
We recommend the extensive use of cluster analysis to
include the physical, skillful, planned and psychological
aspects of sports, since such an analysis can organise
observations and divide them into homogeneous groups
that share some characteristics. We also recommend that
soccer coaches adopt the mechanical bases and rules
that are essential during the soccer players’ training
while providing an environment that mimics that of
a real match.
Conclusions
Cluster analysis can be used to classify and divide
the participants into two groups by evaluating
some biomechanical variables for the BR skill.
Statistically significant differences were found
between the classifications of participants regarding
the biomechanical variables of BR. A very large effect
size was also found for the differences between the two
groups in variables: ASL, AS, PVA, IF and TA. Large
ES was recorded for differences in such variables as SN,
ASF, AVA, AVL and PVL. It has become evident that the
second group (i.e. the group with the distinctive skillful
performance) excelled in terms of certain biomechanical
variables, including ASL, AS, AVA, PVA, AVL, PVL
and IF. Hence, we can say that this classification ensures
correct selection and fully considers practical training
to achieve the ideal biomechanical characteristics for
the BR skill in soccer.

Vol. 28(1)

Funding
This work is funded by Fundação para a Ciência
e Tecnologia/Miniestrério/Ministério da Ciência,
Tecnologia e Ensino Superior through national funds
and when applicable co-funded EU funds under the
project UIDB /50008/2020.
Acknowledgements
We gratefully acknowledge the support of proof-reader
Dr. Kusay Abdul-Munim Ahmad and the participants
who were essential for the success of this research paper.
Conflict of Interests
The authors declare no conflict of interest.
References

1. Ademović A. Differences in the quantity and intensity of
playing in elite soccer players of different position in the
game. Homo Sport. 2016;18(1):26-31.
2. Arabi SM, Rahimi S. Typology as a theory building tool
in management. Rev Gestão Tecnol. 2020 Apr 6;20:
203-222. Retrieved from: http://revistagt.fpl.edu.br/get/
article/view/1783.
3. Arata AW. Kinematic comparison of high speed
backward and forward running. Air Force Acad. 2000
Nov. Retrieved from: https://pages.uoregon.edu/btbates/
backward/alan2.htm.
4. Babić V, Čoh M, Dizdar D. Differences in kinematic
parameters of athletes of different running quality. Biol
Sport. 2011 May 12;28(2):115-121. Retrieved from: http://
biolsport.com/abstracted.php?level=5&ICID=946493.
5. Barnes KR, Mcguigan MR, Kilding AE. Lowerbody determinants of running economy in male and
female distance runners. J Strength Cond Res. 2014
May;28(5):1289-1297. Retrieved from: http://journals.
lww.com/00124278-201405000-00015.
6. Batterham AM, Hopkins WG. Making meaningful
inferences about magnitudes. Int J Sports Physiol
Perform. 2006 Mar;1(1):50-57. Retrieved from: https://
journals.humankinetics.com/view/journals/ijspp/1/1/
article-p50.xml.
7. Borysiuk Z, Waśkiewicz Z, Piechota K, Pakosz P,
Konieczny M, Błaszczyszyn M, et al. Coordination
aspects of an effective sprint start. Front Physiol. 2018
Aug 17;9. Retrieved from: https://www.frontiersin.org/
article/10.3389/fphys.2018.01138/full.
8. Buchheit M, Mendez-Villanueva A, Simpson BM,
Bourdon PC. Match running performance and fitness in
youth soccer. Int J Sports Med. 2010 Nov 11;31(11):818-825. Retrieved from: http://www.thieme-connect.de/
DOI/DOI?10.1055/s-0030-1262838.

TRENDS IN SPORT SCIENCES

33

HASAN, CLEMENTE

9. Cavagna GA, Willems PA, Franzetti P, Detrembleur C.
The two power limits conditioning step frequency in human
running. J Physiol. 1991 Jun 1;437(1):95-108. Retrieved
from: http://doi.wiley.com/10.1113/jphysiol.1991.sp018586.
10. Cohen J. Statistical power analysis for the behavioral
sciences. 2nd ed. New York: Routledge; 2013.
11. Corluka M, Bjelica D, Vasiljevic I, Bubanja M,
Georgiev G, Zeljko I. Differences in the morphological
characteristics and body composition of football players
of HSC Zrinjski Mostar and FC Siroki Brijeg in Bosnia
and Herzegovina. Sport Mont. 2018 Jun 1;16(2):77-81.
Retrieved from: http://www.sportmont.ucg.ac.me/?
sekcija=article&artid=1410.
12. Cunha L. The relation between different phases of sprint
run and specific strength parameters of lower limbs. In:
ISBS-Conference Proceedings Archive. Beijing; 2005.
pp. 183-185.
13. Debaere S, Jonkers I, Delecluse C. The Contribution
of step characteristics to sprint running performance in
high-level male and female athletes. J Strength Cond
Res. 2013 Jan;27(1):116-124. Retrieved from: http://
journals.lww.com/00124278-201301000-00016.
14. Gaetano A, Lorenzo R, Tore AP Di, Gaetano R. The
physical effort required from professional football
players in different playing positions. J Phys Educ Sport.
2017;17(3):2007-2012.
15. Gardasevic J, Vasiljevic I. The effects of the training in
the preparation period on the coordination transformation
with football players U16. Kinesiol Slov. 2017;23(3):
12-17.
16. Gomes Neto M, Conceição CS, de Lima Brasileiro AJA,
de Sousa CS, Carvalho VO, de Jesus FLA. Effects of
the FIFA 11 training program on injury prevention and
performance in football players: a systematic review
and meta-analysis. Clin Rehabil. 2017 May 3;31(5):
651-659. Retrieved from: http://journals.sagepub.com/
doi/10.1177/0269215516675906.
17. Gomez-Piqueras P, Gonzalez-Villora S, Castellano J,
Teoldo I. Relation between the physical demands and
success in professional soccer players. J Hum Sport
Exerc. 2019;14(1). Retrieved from: http://hdl.handle.
net/10045/77871.
18. Hahn D, Herzog W, Schwirtz A. Interdependence of
torque, joint angle, angular velocity and muscle action
during human multi-joint leg extension. Eur J Appl
Physiol. 2014 Aug 14;114(8):1691-1702. Retrieved from:
http://link.springer.com/10.1007/s00421-014-2899-5.
19. Hasan U. Biomechanics evaluation at football school.
Cairo: Arabic alqalam voice; 2010.
20. Hunter JP, Marshall RN, McNair PJ. Relationships
between ground reaction force impulse and kinematics

34

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

of sprint-running acceleration. J Appl Biomech. 2005
Feb;21(1):31-43. Retrieved from: https://journals.
humankinetics.com/view/journals/jab/21/1/articlep31.xml.
Kubayi A. Evaluation of match-running distances
covered by soccer players during the UEFA EURO 2016.
South African J Sport Med. 2019 Aug 22;31(1):1-4.
Retrieved from: https://journals.assaf.org.za/index.php/
sajsm/article/view/6127.
Lupo C, Ungureanu AN, Varalda M, Brustio PR. Running
technique is more effective than soccer-specific training
for improving the sprint and agility performances with
ball possession of prepubescent soccer players. Biol
Sport. 2019;36(3):249-255. Retrieved from: https://
www.termedia.pl/doi/10.5114/biolsport.2019.87046.
Macadam P, Cronin JB, Uthoff AM, Johnston M,
Knicker AJ. Role of arm mechanics during sprint running.
Strength Cond J. 2018 Oct;40(5):14-23. Retrieved from:
http://journals.lww.com/00126548-201810000-00002.
Maćkała K, Fostiak M, Kowalski K. Selected
determinants of acceleration in the 100 m sprint. J Hum
Kinet. 2015 Mar 1;45(1):135-148. Retrieved from:
http://content.sciendo.com/view/journals/hukin/45/1/
article-p135.xml.
Misjuk M, Viru M. Running velocity dynamics in 100 m
sprint: comparative analysis of the world top and Estonian
top male sprinters. Acta Kinesiol Univ Tartu. 2012 Dec
1;17:131. Retrieved from: http://ojs.utlib.ee/index.php/
AKUT/article/view/akut.2011.17.11.
Murata M, Takai Y, Kanehisa H, Fukunaga T, Nagahara R.
Spatiotemporal and kinetic determinants of sprint
acceleration performance in soccer players. Sports.
2018 Dec 9;6(4):169. Retrieved from: http://www.mdpi.
com/2075-4663/6/4/169.
Murphy A, Lockie R, Coutts A. Kinematic determinants
of early acceleration in field sport athletes. J Sport Sci
Med. 2003;2(4):144-150. Retrieved from: https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC3963247/.
Nagahara R, Takai Y, Kanehisa H, Fukunaga T. Vertical
impulse as a determinant of combination of step length
and frequency during sprinting. Int J Sports Med. 2018
Apr 7;39(04):282-290. Retrieved from: http://www.
thieme-connect.de/DOI/DOI?10.1055/s-0043-122739
Olsen O-E, Myklebust G, Engebretsen L, Holme I, Bahr R.
Exercises to prevent lower limb injuries in youth sports:
cluster randomised controlled trial. BMJ. 2005 Feb 26;
330(7489):449. Retrieved from: http://www.bmj.com/
lookup/doi/10.1136/bmj.38330.632801.8F.
Pontzer H, Holloway JH, Raichlen DA, Lieberman DE.
Control and function of arm swing in human walking
and running. J Exp Biol. 2009 Feb 15;212(4):523-534.

TRENDS IN SPORT SCIENCES

March 2021

CLUSTER ANALYSIS OF SELECTED BIOMECHANICAL VARIABLES RELATED TO BACKWARDS RUNNING...

31.

32.

33.

34.

Retrieved from: http://jeb.biologists.org/cgi/doi/10.1242/
jeb.024927.
Rebelo A, Brito J, Seabra A, Oliveira J, Krustrup P.
Physical match performance of youth football players
in relation to physical capacity. Eur J Sport Sci. 2014
Jan 19;14(sup1):S148-S156. Retrieved from: http://www.
tandfonline.com/doi/abs/10.1080/17461391.2012.664171.
Ryan S, Coutts AJ, Hocking J, Kempton T. Factors
affecting match running performance in professional
Australian football. Int J Sports Physiol Perform.
2017 Oct;12(9):1199-1204. Retrieved from: https://
journals.humankinetics.com/view/journals/ijspp/12/9/
article-p1199.xml.
Slawinski J, Bonnefoy A, Ontanon G, Leveque JM,
Miller C, Riquet A, et al. Segment-interaction in sprint
start: analysis of 3D angular velocity and kinetic energy
in elite sprinters. J Biomech. 2010 May;43(8):1494-1502. Retrieved from: https://linkinghub.elsevier.com/
retrieve/pii/S0021929010000850.
Soligard T, Myklebust G, Steffen K, Holme I, Silvers H,
Bizzini M, et al. Comprehensive warm-up programme
to prevent injuries in young female footballers: cluster
randomised controlled trial. BMJ. 2008 Dec 9;337:a2469.
Retrieved from: http://www.bmj.com/cgi/doi/10.1136/
bmj.a2469.

Vol. 28(1)

35. Uthoff A, Oliver J, Cronin J, Harrison C, Winwood P.
A new direction to athletic performance: understanding
the acute and longitudinal responses to backward running.
Sport Med. 2018 May 1;48(5):1083-1096. Retrieved
from: http://link.springer.com/10.1007/s40279-018-0877-5.
36. Uthoff A, Oliver J, Cronin J, Harrison C, Winwood P.
Sprint-specific training in youth: backward running vs.
forward running training on speed and power measures
in adolescent male athletes. J Strength Cond Res. 2020
Apr;34(4):1113-1122. Retrieved from: http://journals.
lww.com/10.1519/JSC.0000000000002914.
37. Weyand PG, Sandell RF, Prime DNL, Bundle MW. The
biological limits to running speed are imposed from
the ground up. J Appl Physiol. 2010 Apr;108(4):950-961. Retrieved from: https://www.physiology.org/
doi/10.1152/japplphysiol.00947.2009.
38. Wild JJ, Bezodis IN, North JS, Bezodis NE. Differences
in step characteristics and linear kinematics between
rugby players and sprinters during initial sprint
acceleration. Eur J Sport Sci. 2018 Nov 26;18(10):1327-1337. Retrieved from: https://www.tandfonline.com/
doi/full/10.1080/17461391.2018.1490459.

TRENDS IN SPORT SCIENCES

35

