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ABSTRACT
Background: During Multidirectional sprinting, linear speed is typically affected by lower-limb power, but its
influence on change-of-direction speed remains less clear. These athletes are prone to develop asymmetric
adaptations due to unilateral actions, potentially affecting performance and injury risk. The present study
aims to explore the association between single-leg jump asymmetries and the speed of change of direction at
multiple angles in female athletes.
Material and Methods: In this cross-sectional study, 42 young female team sport athletes aged between 18
and 24 years, actively participating in sports with a history of at least one year of training, were included in
the study. Athletes with recent lower limb injury, surgery or any medical condition impeding the study were
excluded. athletes were asked to perform Single-leg countermovement jump, vertical, horizontal, and lateral
jumps, along with 10m linear sprints and change of direction tests.
Result: The data were analysed using IBM SPSS Statistics (Version 27.0, IBM Corp, Armonk, NY, USA).
Pearson’s correlation was established between single-leg countermovement jump-lateral asymmetries and
change of direction deficit at 45° and 180° angles. No significant correlation was observed between jump
asymmetries and change of direction at multiple angles.
Conclusion: The present study concluded that interlimb asymmetry does not have any influence over the
change of direction ability of female team sports athletes.
Keywords: Change of Direction Speed, Leg Asymmetries, Single-leg Countermovement Jump, Team sports.
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Introduction

Leg Power is an essential part of the built of athletes
in team sports like football, hockey, handball,
volleyball, etc.! It should be exhibited in their
running patterns.z However, it is also crucial to note
that these athletes must be able to sprint in multiple
directions, accelerate, reverse or quickly and
effectively change direction and re-accelerate.3*

Multiple-direction sprinting ability includes both
linear and change-of-direction (COD) speed.’ Linear
speed encompasses running at maximum speed in a
straight line, while change-of-direction speed
combines rapid acceleration, deceleration, and

direction changes, all of which are integral to agility.
It has been previously stated that leg power is
essential for both linear speed and COD speed.!3
However, the COD test was used because, in
evaluating agility, only assessments involving
spontaneous action-reaction tasks are conducted,
whereas in assessing change-of-direction (COD)
performance, tests use pre-planned actions.® In team
sports, the results of games are greatly impacted by
vigorous unilateral movements such as jumping and
changes of direction (COD).” Hence, professionals
and researchers are continually investigating more
efficient ways to optimize an athlete's ability to
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accelerate and re-accelerate.” These intense
unilateral movements often lead athletes in team
sports to develop asymmetrical neuromuscular
adaptations in their lower limbs.8 Asymmetry is the
difference in performance of the lower limb on
specific tests. It has been previously reported that,
asymmetries in lower limb power may detrimentally
affect athletic performance.!® Even though the
association between asymmetries and change of
direction skills is not fully understood.!%12 Due to
the unpredictable nature of agility requirements, it
seems logical that in sports necessitating
multidirectional movement, having equal
proficiency and speed in changing direction from
both limbs would be advantageous.!3

In recent times, a novel concept (COD deficit) has
emerged as a suitable approach for evaluating
change of direction ability!* in several team sports
such as soccer?5, handball4, basketballlé or netball.!3
The COD deficit calculates the extra time needed to
execute a change in direction compared to covering
the same distance.!* Likewise, Frietas et al (2018)
described the COD deficit as the difference in time
required to complete the linear sprint and a COD
task of equal distance.!” As a result, COD deficit time
is suggested to offer a more precise gauge of an
athlete's genuine change of direction (COD)
capability, enabling a more focused measurement
that is less affected by the athlete's linear sprint
velocity.14

Hence, given that the unilateral jumping does
provide an indication of lower limb function, there is
limited research that has documented the influence
of leg power asymmetries as measured through
jump performance on change-of direction sprinting.
Also, empirical studies surrounding the use of COD
deficit to calculate lower limb asymmetry in young
female athletes are scarce; further research in this
area is warranted. Research is required to quantify
the COD deficit using different COD angles, such as
45°, 90° or 135°, and comparing asymmetries from
different team-sports athletes and genders.18
Furthermore, the COD deficit can also be used for
calculating lower-limb neuromuscular asymmetries.
However, despite the current Popularity of this
concept?s, a few Studies have analysed lower-limb
asymmetries using this phenomenon.
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Methodology

In this cross-sectional study, a sample size of 42
participants was selected on the basis of specific
inclusion and exclusion criteria. The study was
carried out after the approval of the Institutional
Ethical Committee of Guru Nanak Dev University,
Amritsar, Punjab (1417/HG dated 27/03/2023).
The sample consisted of female athletes aged
between 18 and 24 years actively engaged in sports
such as football, hockey, and Handball with a
minimum one-year history of training. Female
athletes with recent lower limb injury, surgery or
medical conditions impeding study participation.
The variables investigated were: unilateral jump
performance, encompassing vertical single-leg
counter-movement jump height, horizontal and
lateral counter-movement jump distances, as well as
10-meter linear sprint speed and change of direction
speed. The study was carried out at the MYAS-GNDU
Department of Sports Sciences and Medicine, funded
by the Ministry of Youth Affairs and Sports,
Government of India.

Procedure

One week prior to data collection, participants
underwent a familiarization session to acquaint
themselves with the testing protocols, allowing
them to practice each test between 2 and 5 times.
Prior to the commencement of data collection, all
participants engaged in a 10-minute warm-up,
consisting of light jogging and dynamic stretches
focusing on the lower body, such as multidirectional
lunges, inchworms, bodyweight squats, and core
activation exercises. Following the warm-up,
participants were reintroduced to the testing
procedures and were given up to three practice
attempts for each task. Data collection involved
recording two valid trials per limb, as specified for
each task. Each trial was separated by a 60-second
recovery period.

Single leg Countermovement Jump (Fig.1,2)

Participants completed two successful trials on each
leg for three types of single-leg countermovement
jumps (SLCMJ): wvertical (SLCM]J-V), horizontal
(SLCM]J-H), and lateral (SLCM]J-L). They were
instructed to stand on one leg, perform a
countermovement, and then explosively extend the
stance leg to jump as high or as far as possible in the
specified direction (vertical, horizontal, or lateral).
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Participants were instructed to land on both feet
simultaneously, with a successful trial defined by
maintaining hands on hips throughout the
movement and maintaining balance for at least
three seconds upon landing. Jump height in meters
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was calculated for SLCJ-V, while distances for
SLCMJ-H and SLCMJ-L were measured in meters
using a measuring tape fixed to the floor, starting
from a designated starting line. These tasks have
demonstrated good test-retest reliability.

Figure 2. Single leg countermovement jump -lateral.
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Change of Direction Test (Figure.3,4)

Each trial involved sprinting 5 meters toward a
cone, changing direction around it, then sprinting
another 5 meters to the endpoint. Four conditions
were tested: straight-line running and making cuts
of 45° 90° 135° and 180°1° Athletes were
instructed to complete each change of direction
(COD) run in the shortest total time possible. In the

“ A
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first attempt, athletes could start with any limb
placed forward. In the second attempt, they were
required to start with a different limb placed
forward. The participants were given one attempt at
each condition, but in case of violations of the test
requirements, one extra attempt could be
performed.

A 45

A

138

>4

A 138

Figure 3. Demonstrative model of Change of direction test.

Figure 4. Change of direction test.
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10 m linear Sprint Test

Sprint speed was assessed using a 10-meter sprint
test. Clearly marked cones indicated the start and
finish lines. Participants positioned their front foot
0.5 meters before the first timing gate. Each player
performed two sprints, with a three-minute rest
period between each sprint. The faster time of the
two sprints was selected for subsequent analysis.

Result

Forty-two female team sport athletes of mean age
(19.97+1.94 years), weight (57.06+3.67 kg), height
(1.62+0.04 m), and BMI (21.82+ 1.81 kg/m2)
underwent the procedure. Descriptive statistics,
Mean, and SD of the data were calculated. The data
was analyzed using SPSS, and normality of the

COD deficit

45°-L 45°-R

(0.33+0.26)

r- value p-value r- value

SLCMJ-L
Asymmetry

COD deficit

(0.31+0.27)
p- value

0.417 0.005 0.225 0.145 0.093 0.550 0.095 0.543
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variables was assessed using the Shapiro-Wilk test.
As the data followed a normal distribution,
Pearson'’s test was applied to find out the correlation
between the variables.

Lateral Countermovement jump asymmetry is
somewhat correlating with COD deficit at 450 and
1800. However, no significant correlation could be
established  with  horizontal and  vertical
countermovement jump asymmetries and COD
deficits at any angle.

Asymmetries in countermovement jump
performance in all 3 directions did not correlate
with COD speed at any of the 4 angles.

COD deficit
90°-R

COD deficit
90°-L

(0.74+0.27)
r- value

(0.68+0.37)
r- value

p-value

Table 1: Shows correlation between COD deficit and Jump asymmetries at 45 ° and 90 °©

COD deficit 135° - L
(1.010.38)

COD deficit
135°-R

(1.01+0.37) (1.37+0.40) (1.39+0.33)

COD deficit
180°-R

COD deficit
180°-L

Table 2: Shows correlation between COD deficit and Jump asymmetries at 135° and 180e.
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(3.19£0.28) (3.18%£0.29)
r- value p- value r-value

(3.55+0.41) (3.61+0.32)

COD L45° COD R45°
‘ p- value, r-value ‘ p- value r-value p-value

COD L 90° COD R90°

SLCM]J- L 0.264 0.086 -0.026 0.864 0.126 0.419 -0.024 0.877
Asymmet

Table 3: Shows correlation between SLCM]J asymmetries and COD speed at 45° and 90e.

COD L135°
(3.88+0.35)
r- value p-value r-value

COD R135°
(3.88+0.36)
p-value r-value p- value

(4.23+0.38) (4.25%0.35)

CODL 180° CODR 180°

SLCMJ-L 0.127 0.413 0.165 0.288 0.242 0.116 0.159 0.307
Asymmetry

Table 4: Shows Correlation between SLCM] asymmetries and COD speed at 135° and 180°.

Discussion

Although the unilateral jump performance is
considered as a crucial component of the multi-
directional sprinting ability of team-sport athletes, it
has not received extensive examination in current
literature. The potential impact of between-leg
asymmetries, as determined by unilateral jumping,
on multidirectional speed has not been thoroughly
explored. Neuromuscular imbalances have the
potential to lead to muscular and joint injuries in
team sports, particularly in the lower limbs.10
Therefore, this study aimed to investigate the
influence of unilateral leg power, assessed through
single-leg jump tests (vertical, horizontal, and
lateral), and between-leg jump asymmetries on
performance in a 10-meter sprint, both in straight
lines and at angles of 45°, 90°, 135°, and 180°. The
findings suggested that asymmetry in lateral
countermovement jumps was somewhat associated
with a deficit in change of direction (COD) at 45° and
180° angles (Table 1,2). However, no significant
correlation was found between asymmetries in
horizontal and vertical countermovement jumps and
COD deficits at any angle.

Asymmetries in countermovement jump
performance in all 3 directions did not correlate with
COD speed at any of the angles (Table 3,4).
Correlation analyses are subject to limitations, as
factors including body mass, physique, flexibility,
technique, and leg strength of the subjects can
influence the statistical models generated. The
interaction between physiological and technical
factors would have impacted the study results.
Similar findings were observed by Lockie et al.
(2014); they stated in their study that asymmetries,
as measured by between-leg differences in jump
performance in the 3 different planes of motion, did
not seem to significantly relate to multidirectional
speed.12

Our results are somewhat in line with previous
similar studies. Bishop et al. (2021a) explored the
impact of asymmetry observed in the hop test on
change of direction performance. This study,
conducted on college-level athletes across different
sports, revealed no associations between
asymmetries and performance in the COD test.20
Pardos-Mainer et al. (2021) studied the impact of
asymmetries among female soccer players across
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three age groups (U18, U16, U14) on physical
performance tests; it was found that the
asymmetries identified in jump tests did not
influence the outcomes of the change of direction
(COD) tests.?! Lockie et al. (2014) demonstrated that
jump height and distance asymmetries ranging from
3.3% to 10.4% did not correlate with speed or
change of direction speed (CODS) performance.!2
Dos’Santos et al. (2017) similarly found no
relationship between distance asymmetries from
single- and triple-hop tests and CODS performance
across two different tasks.!! Struzik et al. (2017)
investigated 12-year-old soccer players and found no
significant associations between counter-movement
jumps (CM]) and CODs during sprints.25

In contrast, Michailidis et al. (2020) observed a
correlation between lower limb asymmetry
(measured by SLCM]) and performance on the 505
test in U15 soccer players, though not with the
Arrowhead test.22 Specifically, SLCM] asymmetries
were linked to slower performance on the 505 COD
test. Madruga-Parera et al. (2020) reported that
asymmetries in jump height and distance were
associated with decreased performance in jumping,
change of direction speed (CODS), and repeated
sprint tests, but not in linear speed.23 Bishop et al
(2021a), mentioned that asymmetry among male
soccer players led to diminished physical
performance during change of direction.z* Maloney
etal. (2017) demonstrated that asymmetries in jump
height (measured by unilateral drop jump) were
linked to slower change of direction speed (CODS)
performance, but not with jump performance.® The
conflicting findings underscore the importance of
carefully selecting tests to evaluate asymmetries
based on factors such as age, gender, sport, and
position. However, besides our study, there is limited
significant data available on the relationship
between unilateral jump asymmetries and COD
ability across multiple angles (45°, 90° 135° and
180°).

The main limitation of the present investigation was
its cross-sectional nature, which precluded the
determination of any causal relationship between
the different variables. Further research is required
to analyze the difference according to the athletes’
standard and their role in the game, because of the
athletes’ physical and physiological characteristics as
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well as playing positions. Besides, the results of this
research are only representative of the time the tests
were carried out (end of the season) and, therefore,
may fluctuate at different points throughout the
season. For this reason, further research is needed to
compare the magnitude and direction of asymmetry
over a longer time period.

Conclusion

It can be concluded that interlimb asymmetry does
not have any influence over change of direction
ability of female team sports athletes. Although these
asymmetries do not affect the change of direction
performance of athletes but bilateral strength and
power training is required to prevent injuries.
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