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Abstract

The relationship between inter-limb strength asymmetry and athletic performance is not clearly well-known. Different results
in the literature makes it difficult to form a common consensus on this issue. The aim of this study was to investigate the
relationship between contralateral inter-limb strength asymmetry (ILLSA) values and jump and sprint performances. Forty-
eight individuals (21.5+2.8 years, 1.74+0.1 m, 67.3+9.7 kg) voluntarily participated in this study. All participants participated in
squat (S]), Countermovement jump (CM]), 40m sprint run tests and right and left isokinetic concentric knee flexion and
extension strength (IS) test at low (60°.s-1) and high (300°.s-1) angular velocities. The symmetry angle formula was used in
order to determine the isokinetic knee strength asymmetry values between inter-lower limb. According to the results it was
revealed that there was no relation (p>0.05) between ILSSA at low and high angular velocities and squat jump (r = -0.106—0.200),
-0.11-0.087) and 40m sprint (r = 0.012—0.810) performance. In conclusion, there is no negative or
positive relationship between inter limb isokinetic knee strength symmetry angle and jump and sprint performances in

countermovement jump (r =

physically active individuals.
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INTRODUCTION

While in most of the sports branches (long
jump, high jump, 100m, 200m sprint), reaching
jump height and sprint speeds
determines the winner, however it does not affect

maximum

the result in some sports (volleyball, basketball,
football etc.) jump and sprint are performance
components that are performed repeatedly in many
sports branches and are very important to win. It is
stated that there is a direct relationship between
jump and sprint performances and muscular
strength such as lower extremity strength, strength-
velocity relationship or indirect relationship such as
strength generation rate and also that individuals
with more muscle strength are better at jump and
sprint performances than those with less muscle
strength (36).

In humans, there is a tendency to use one side
of the body in motor activities such as jump and
sprint. This preference tendency is due to the fact
that one hemisphere is dominant over the other,
which is called cerebral dominance. This preference
in humans is usually seen as a preference for the
hand or foot on a particular side during a motor
skill. This is usually associated with mechanical

asymmetry, which is defined as a kinetic / kinematic
difference between the right and left sides of the
lower extremity (1, 11, 18). There are many studies
showing that protecting the strength rate between
both the agonist-antagonist muscles (Hamstring-
Quadriceps) and the contralateral muscles in lower
extremities (predominant and non-dominant or the
right/left  side  of
Quadriceps-Quadriceps) is very important in terms
of both protection from injuries and elimination of
losses which could develop during athletic
performance (10, 14, 21, 28, 38). Bilateral strength
asymmetry, in the assessments of neuromuscular
function of lower extremity, generally refers to the
maximal strength difference between the two legs

Hamstring-Hamstring  or

according to a reference point or the strength rate in
relation to the contralateral muscle (7, 20, 41).

In many research samples, the asymmetry index
is obtained by calculating the percentage by taking
the dominant or stronger side as a reference point
(31). In the literature, there are different formulas
such as right/left side ratio, asymmetry index,
symmetry angle, which are symmetry- or
asymmetry-oriented (7, 20, 31, 41). For example, the



expression of that the left knee flexor strength is 15%
lower than the right knee provides an opportunity
of the assessment of asymmetry percentage in a
simple way for coaches or sports experts. Along
with that, the terms symmetry and asymmetry can
be used in the same sense; while symmetry is
defined as the ability of an extremity to reflect the
movement of the other extremity in the same way,
asymmetry means deviation from symmetry (16).

Strength is a basic performance component in
many sports branches. The strength of the lower
extremity muscle groups is very important to
generate or absorb high strengths during athletic
performances such as bounce, tapping, sprint,
acceleration or deceleration. The isokinetic strength
is defined as the maximum torque (turning moment)
value that can be improved at all the angles of the
movement during voluntary contraction at a stable
velocity.
electromechanical devices that can measure the
performance of isokinetic muscle movements
involving major joints. Isokinetic dynamometers are
widely used in the tests determining of the strength

angular Isokinetic dynamometers are

difference between the lower extremities (22, 28, 29,
32).

While the effects of the inter-limb strength
asymmetry index or symmetry angle on sports
performance are not known clearly, there are
different results in the literature. While there are
results indicating that high asymmetry in strength is
associated with the risk of disability (26), may limit
athletic performance of the athlete (40) or may have
a negative effect on jump performance (2), there are
also study results indicating that high strength
asymmetry is associated with a better performance
(6). These different research results cause confusion
for researchers and coaches. It can help coaches and
sports experts plan strength training programs to
reduce possible strength imbalances between the
extremities that may be present in athletes and thus
it can increase functional performance by reducing
performance losses. Therefore, the aim of this study
is to investigate whether there is a relationship
between ILSSA and 40-meter sprint performances in
physically active but not highly trained individuals.

METHOD

In this study, whether there is a relationship
between isokinetic knee strength asymmetry angle
and squat jump, countermovement jump and 40-
meter sprint time was investigated. The isokinetic
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knee strength was obtained by the peak torque
obtained as a result of 5 maximal repetition of
concentric flexion and extension at slow and fast (60
and 300°.s-1) angular velocities. As for the jump, it
was obtained by a jump test conducted with hands
on hips and a mat that calculates the time spent in
the air. The sprint time was measured with a
photocell stopwatch.

Participants

The participants of this study were 50 volunteers
who were physically active but not highly trained 35
male and 15 female and whose ages were 21.5+2.8
(average =+ standard deviation), heights were
1.74+0.1 m, body weights were 67.3+9.7 kg, body fat
percentages were 14.4 + 5.6%, and body mass
indexes were 21.7+2.4 kg/m2. In this cross-sectional
study, all participants participated in all
measurements. The criterion for inclusion in the
study was determined as doing regular physical
conditioning training for at least 2 days a week, and
the criteria for exclusion were determined as having
suffered from lower extremity sports injury or
disability. All participants were verbally informed
prior to the study, their informed consent was
obtained with signatures after stating that they were
going to participate in the study on a voluntary basis
and be free to leave the study in any part of it. The
study was performed in compliance with the
Helsinki Declaration and approved by Eskisehir
Osmangazi  University = Non-invasive  Clinical
Researches Ethical Committee (Date: 02/01/2019,
No0:25403353-050.99-E.291, 2018-308,
Confirmation link:
https://ebysnetm.ogu.edu.tr/Home/Dogrulama/6235
d729-673e-495e-b290-43168{fb7e27).

Decision:

Research Design

One week before the measurements, all participants
were given an introduction and trial of the
measurements for their adaptation. On this trial day,
the heights of the participants were measured with a
fixed wall stadiometer (Holtain Ltd. UK), and the
body weights and body fat percentages were
measured with a bioelectrical impedance analyzer
(Tanita MC 180MA, Japan). Measurements were
taken on 2 different days and there were at least 48
hours between the measurements. On the first day
of the measurements, jump and sprint tests were
conducted and on the second day, isokinetic knee
strength measurements were taken. It was stated
verbally to the participants that they should not
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participate activities, take
diuretics like caffeine or alcohol, that they should
continue their routine diet and hydration and sleep

for a sufficient time during the day before the

in heavy physical

measurements. The measurement days started with

calisthenics involving dynamic stretches and
dynamic contractions for
approximately 10 minutes and warm-ups involving

plyometric jumps. After warm-up, 3-5 minutes

submaximal

break was given for a passive rest and then the
measurements started. Before every measurement,
the content of the test was repeated verbally to the
participants.

Measurements and Analyses

Squat Jump: S] was measured as a vertical maximal
jump (without moving up and down and not
involving an eccentric phase and elastic energy)
from a 1-2 seconds long half squat position in which
the body is slightly forward in flexion, knees and
hips are at approximately 950 flexion, eyes are
looking across, hands are on waist, feet are shoulder
width apart (8, 30).

Countermovement Jump: CM] starts with a
downward movement (eccentric phase) with knee
and hip flexion from the standing position where the
hands are on waist and the feet are shoulder width
apart. It is an upward vertical jump with a knee and
hip extension in a fluid and maximal way (stretch-
shortening cycle) without any pause after getting

into the half-squat position (8, 23).

S] and CM]J tests measured (with 1 cm precision)
with a mat (Smartspeed, Fusion Sport, Australia)
determining the time spent in the air during the
jump with double leg (bilateral). The best of 3
attempts, which had one minute breaks between
them, was recorded for analysis (30).

40-Meter Sprint Test: Sprint performances of the
participants were determined by a flat running test
at a maximum speed of 40 meters. The sprint test
was performed on a closed athletic tartan track,
which had a sufficient distance from the finish line
for deceleration. Two pairs of photocells are
positioned at the start (0. meter) and finish lines (40
meters). It was applied from the standing position
between the starting line and the line which was
approximately 1 meter behind this line with a high
start and without pre-acceleration. Before the sprint
test, at least two test runs at the submaximal speeds
were performed by the participants and following
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this, the test was performed after a sufficient break
was given. Sprint tests were measured twice with
0.01 seconds precision and the better performance
was recorded for analysis. At least 2 minutes of
active rest was given between two tests (30, 37).

Isokinetic Strength Test: Isokinetic knee strength
tests were conducted by wusing an isokinetic
dynamometer = (Humac Norm  Testing &
Rehabilitation System, Model TM 770, USA). On the
measurement day, firstly the calibration of the
device was done. After 10 minutes of general warm-
up including no-load cycling, the seat and
dynamometer angle adjustment of the device was
made according to the physical characteristics of the
individual to be tested. Then the participant was
fixed to the seat with calf and body belts which were
tightened as so not to cause any disturbance. The
test procedure was explained to the participants
again and the participants were verbally motivated
during the tests. The soft pad on the adjustable arm
of the dynamometer is fixed to the leg from the
proximal alignment of the medial malleol as so to
allow the dorsal flexion of the participant's ankle.
The axial rotation of the dynamometer arm is
adjusted to the lateral femoral epicondyle alignment.
Before each angular velocity, for warm-up and
acclimatization 3 submaximal repetitions were
performed and they were followed by a 30 sec rest
period. Then, it was completed with concentric 5
maximal flexion/extension movements at low (60°.s-
1) and high (300°.s-1) angular velocities with 1-
minute rest intervals between the angular velocities.
The tests were performed on right and left
extremities and at the end of the test, peak torque
values (Nm) were recorded via a computer
connected to the device (9, 12, 15).

While
asymmetry indexes (4, 20, 31, 34) are used in
calculation of asymmetry between extremities, the
results of these calculations may differ from each
other. In the
calculation can be calculated as a percentage by

Asymmetry  Analysis: very different

simplest form, an asymmetry
taking the predominant or stronger side as a
reference value (Equilibrium 1). The symmetry angle
formula can reveal the direction of the asymmetry
by using the values of the right and left sides as a
vector. If the result is negative in the symmetry
angle, it shows that the left side value is higher; if
positive, it shows that right side value is higher (41).
In addition to this, in this study, contralateral
isokinetic knee strength asymmetry values of each
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participant were determined with the symmetry
angle of Zifchock et al. (41) (Equilibrium 2), because
it uses a standard reference point in interpreting
lateral dominance and decreases the possibility of
artificial inflation of the data. In this formula, if the
symmetry angle value is 0%, it means that it is
perfectly symmetrical (7).

max—min

Asym% = * 100
(M
(459 — arctan(;;liefl_ft))
0, = 4 100%

6_sym:symmetry angle, Xleft:left side isokinetic strength value,
Xright:right side isokinetic strength value

Statistical Analysis

The sample size was calculated by using a statistical
power (Gpower  3.1.9.2,
Brunsbuttel, Germany). Assuming the effect size =
0.3 (medium), P = 0.05, power (1-f) = 0.7, the
minimum sample size, according to the apriori
power analysis result, was 47 participants (30).

analysis  software

Descriptive statistics were given as average,

Kagogls, 2019

standard deviation. The Shapiro-Wilk test (p>0.05)
showed that all the data were normally distributed
and it was observed that there was no extreme
value. Pearson Correlation Coefficient Analysis was
used to determine the relationship between
isokinetic knee flexion and extension strength
asymmetry values at slow and fast angular velocities
and the average values of SJ, CMJ and 40m sprint
performance. The alpha value for the statistical
significance was set at 0.05. All statistical analyses
were calculated by using SPSS v20 computer
software (IBM SPSS Inc., IL, USA). In order to
determine the correlation level, r = 0-0.3 was set to
be weak, r = 0.3-0.6 to be medium, r = 0.6-0.9 to be
strong, 0.9-1 to be very strong and 1 was set to be

full correlation (19).

RESULTS

The performance values of 40 meters sprint, squat
and countermovement jump and the values (Table
1) and flexion-extension knee isokinetic strength and
inter-limb contralateral strength symmetry angle are
shown in Table 2.

Table 1. SJ, CM]J, 40m sprint average and standard deviation values

Performance Parameters Mean Standard Deviation
Countermovement jump height (cm) 35.3 7.1

Squat jump height (cm) 31.8 6.1

40m sprint time (s) 5.80 0.57

Table 2. Isokinetic knee strength, symmetry angle and asymmetry index values

60°.s1 Angular Velocity 300°.s1 Angular Velocity
Isokinetic Parameters Torque value Symmetry angle ~ Asymmetry Torque value Symmetry angle  Asymmetry
(Nm) (Osym) index (%) (Nm) (Osym) index (%)

Right 131.5+34.1 85.6+20.9

Flexion 1.26+3.44 8.7+5.9 0.26+3.13 7.3+5.4
Left 126.1+31.5 84.7+19.5
Right 178.7+47.5 94.0+25.1

Extension 0.56+3.32 7.3+6.4 1.11+2.72 7.5+4.5
Left 175.3+45.6 90.8+24.8

ortxss, Nm: Newtonmeter, ;,,,: Symmetry angle (Zifchock et al., 2008), %: Asymmetry angle (Impellizzeri et al., 2007)

Table 3, shows the relationship between the inter-limb  symmetry angle values and squat jump,
strength symmetry angle values and jump and sprint countermovement jump and 40 meters sprint
performances. There was no statistically significant performances (Table 3).
relationship (p> 0.05) between the contralateral strength
Table 3. The relationship between contralateral inter-limb strength symmetry angles and SJ, CM] and 40m sprint
performance (Pearson’s correlation test).
Symmetry Angles Values SJ CM] 40m sprint

r R p r 4
Extension symmetry 60°.s1 -0.106 0.473 -0.116 0.434 0.016 0.916
Flexion symmetry 60°.s1 0.024 0.870 0.010 0.948 0.012 0.938
Extension symmetry 300°.s1 0.200 0.892 0.087 0.557 0.810 0.583
Flexion symmetry 300°.s1 0.050 0.737 0.062 0.678 0.090 0.542
SJ: Squat jump, CMJ: Countermovement jump
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DISCUSSION

The aim of this study was to investigate the
relationship between inter-limb flexion and
extension isokinetic knee strength asymmetry at low
and high angular velocities and sprint and jump in
physically active and healthy individuals. The main
findings of this study are that there is no significant
relationship between inter-limb strength asymmetry
and SJ, CMJ and 40m sprint performances. There are
different research results in the literature about the
relationship between asymmetry and jump and

sprint performance. While there are studies
indicating that there is a negative correlation
between Quadriceps and Hamstring strength

asymmetry and S] and CM] performances (13), there
are also studies indicating that contralateral knee
extensor asymmetry has no effect on jumping in
volleyball players (35).

The S] and CMJ findings of this study show
parallelism with Yoshioka et al.'s (39) and Bell et al.'s
(5) results revealing that 10% bilateral strength
asymmetry does not affect jump performance. In
addition, it also have parallels with Maloney et al.’s
(25) study whose results have indicated that there is
no correlation between the asymmetry determined
particularly by the movement of depth jump
measured unilaterally and jump height and reactive
strength index. According to these results, although
the strength outputs between the right and left
extremities do not differ, it can be said that there is
no difference in jump performance in relation to the
symmetrical extremities and the stronger extremity
can compensate the strength loss of the weak side.
According to the results of this study, the fact that
the strength asymmetry in the range of 7.3-8.7%
(Table 1), based on the index calculation of
Impellizzeri et al. (20), does not affect the S] and
CM] performance negatively or positively might
have derived from this.

There are also studies indicating that there is
a negative correlation between strength asymmetry
and jump performance (2). According to the results
of this study, it can be said that there is no positive
or negative correlation between right and left
quadriceps and  hamstring strength
asymmetry at low and high angular velocities and
bilateral closed kinetic chain activities involving
stretch and shortening cycle like jump and
performances involving cyclic activity like sprint. In

isokinetic
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addition, it can also be said that although inter-limb
strength differences were observed,
athletic performance was not
negatively affected by this. The result of the studies
of Bailey et al. (2) and Bazyler et al. (3), stating that
asymmetry has a negative effect on unloaded jumps
and jumps loaded with 20 kg, might derive from the
fact that the heights and weights of the participants
of these studies were relatively above the average.

functional
positively  or

Accordingly, it can be considered that the physical
and anthropometric properties of athletes may
further enhance the effects of asymmetry on athletic
performance. Future studies might be aimed to
investigate the degree of impact of physical
properties on the effect of
performance.

According to the results of this study, it was
that  there

relationship between

asymmetry on

observed was no  statistical

concentric  flexion and
extension knee strength asymmetry at high and low
angular velocities and 40m sprint time. Lockie et al.
(24) stated that in individuals playing team sports
with strength training, there was a negative
correlation between concentric isokinetic knee
strength asymmetry at 180 and 240°s' angular
velocities and 40m sprint time. Sannicandro et al.
(33) stated that in elite football players, ILSSA,
measured functionally, affected 10m sprint time but
did not have effect on 20m sprint time. In addition,
Coratella et al. (13) reported that in elite young
football players, there was a positive correlation
between inter-limb hamstring isokinetic strength
asymmetry at high angular velocities (300°.s) and
10 and 30m sprint. Meyers et al. (27) stated that
there was no relationship between asymmetry and
maximal sprint in 11-16 years old males.
Considering the results of this study, there are very
different literature about the
relationship between asymmetry and sprint.
According to the obtained results, it is
observed that in healthy individuals, approximately

7-8% inter-lower extremities strength difference has

results in the

no negative effect on jump and sprint performance.
However, the diversity in the results of the studies is
insufficient to create a consensus about the effects of
asymmetry. For this reason, if the coaches and
sports experts, aiming to decrease asymmetry, carry
out asymmetry evaluations specific to sports branch,
training level and physical characteristics of the
individuals and movement in their studies related to
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asymmetry, they will get more accurate results. The
fact that this study’s being limited to concentric
isokinetic strength asymmetry might have an effect
on the results should be taken into account. In
addition,
ipsilateral extremity asymmetry can be evaluated as
well as that how asymmetry is affected by
individual anthropometric or physical properties
can be researched. In addition to the lower body

in future studies, contralateral and

asymmetry, there is a need for more studies on

CONCLUSIONS

People have a tendency to use one side of the body
during physical activities (18). This is seen in the
form of a hand or foot on a particular side during a
physical activity (11). It is accepted that this
preference tendency is caused by the dominance of a
hemisphere called cerebral dominance over the
other hemisphere (1). This means that a hemisphere
is more responsible than the other in a particular
function. This is usually associated with mechanical
asymmetry, which is defined as a kinetic/kinematic
difference between the left and right sides of the
lower extremity (18). It can be thought that
dominance in some athletic performances may affect
asymmetry with the laterality, task- and/or sport-
specific effects and cerebral dominance. According
to the results of this study, it can be seen that athletic
performances such as jumping and sprinting didn’t
affected by the strength asymmetry. In the light of
these results, it is thought that it will give an idea to
coaches and sports experts in determining the
specific nature of the sport or the specific training
programs specific to the sport. Besides that, the
results suggest that the lower limbs may be able to
tolerate jumping and sprinting performances in
return to sport after injuries.

As a conclusion, according to the results of this
study, there is no negative or positive relationship
between inter-lower limb concentric isokinetic knee
strength symmetry angle at high and low angular
velocities and jump and sprint performances in
physically active but not highly trained healthy
individuals.
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