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Asymmetry of lower limb strength and jumping ability
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Purpose: The aim of this study was to evaluate the potential correlation between asymmetry of lower limb muscle torque, asymmetry
of vertical ground reaction force during take-off in young soccer players and their jumping abilities. Methods: Twenty-three young soc-
cer player (16.9 + 0.64 years old) participated in measurements. An isokinetic dynamometer, the Biodex System, was applied to test
muscle torque (PT) of the knee flexors and extensors. The vertical ground reaction force (vVGRF) was recorded from two Kistler plates.
Jumping abilities were assessed with the horizontal (HJ) and vertical jump (VJ) tests. The asymmetry index (AI) was used to assess the
asymmetry of the limbs. Results: The asymmetry index showed the highest asymmetry (over 10%) for the PT under static conditions for
knee flexors and extensors. The correlation (-0.432, p = 0.038) was found between the asymmetry of vGRF and the height of the VJ.
There was no correlation between the muscle torque and the height of the vertical jump. However, a correlation between the HJ length
and muscle torque for flexors and extensors of the right and left lower limb was found. Conclusions: The asymmetry of the muscle
torque of the flexors and extensors of the knee joint does not correlate with the results of both jumping ability tests. There was a statisti-
cally significant correlation between the VGRF asymmetry index during take-off and the height of the VJ. In the HJ, such a relationship

was not found.
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1. Introduction

Many researchers have investigated the problem of
muscle strength symmetry in sports. The issue has
been mainly addressed by those who are interested in
movement asymmetry. It is also reported that asym-
metry of muscle strength results in injuries to muscle
groups directly involved in movements specific to
sports activities [16], [22], but can also cause lower
back pain [21]. Rodriquez-Lorenzo et al. [18], [19]
explained the need for symmetry in the lower limbs of
soccer players. Their study proved that strength train-
ing equal in both legs minimises the potential asym-
metry of forces acting on joints, reduces muscle im-
balances and decreases the workload on the preferred
leg, which may eventually lead to injuries. This re-
searcher, referring to the papers of other authors,
points out the relationship between the strength of

lower limbs and kicking ability manifested by maxi-
mum kicking velocity. Therefore, improving the
maximum kicking velocity with both the preferred
and non-preferred leg must be an important objective
for soccer coaches. Knee extensors in football players
are important in kicking, cutting skills or jumping to
head the ball [3]. They also stabilize knee joint during
cuts and slide tackles. These skills are clearly unilat-
eral and require asymmetric movement patterns so
they develop asymmetric adaptations of the musculo-
skeletal functions in the lower limbs [7]. As claimed
by many researchers, one of the causes of injuries in
soccer players is the asymmetry of strength between
the dominant and non-dominant limb. Therefore, the
training of young players should focus on the symmet-
rical development of the strength of the right and left
the lower side of the body [26]. Daneshjoo et al. [5]
indicated the possibility that over time the unique
muscle-loading patterns experienced in soccer, to-
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gether with the superior use of the dominant leg, may
result in a bilateral asymmetrical increase in the con-
centric strength of the quadriceps in the dominant
kicking leg.

It is common for coaches to use jumping tests such
as the vertical and horizontal jump to assess the
strength of lower limbs in young athletes. The tests
evaluate the strength of lower limb extensors in the
knee and hip joints. Coordination movements of body
segments during take-off in the vertical jump and
horizontal jump are different. The ground reaction
force vector during the vertical jump is directed verti-
cally upwards, and in the horizontal jump, forward at
an angle of approx. 45°. Moreover, Nagano and co-
authors [15] in their simulation study showed that the
profiles of the optimal muscle activation were markedly
different between the horizontal and the vertical jump.
The results of both tests depend not only on the strength
of the lower limbs but also on take-off technique, which
consists of the ability to coordinate the movement of the
arms with the rest of the body and depth of squatting [8].
The take-off for both jumps requires muscle strength in
both lower limbs. This means that the asymmetry of the
muscle strength generated in the take-off phase can af-
fect the results of both tests.

Jumping exercises performed with take-off from
both legs in different directions are popular exercises in
training because they symmetrically develop strength.
In the case of young athletes, the strength of right and
left body muscles is important in injury-prevention
training. The symmetry of force generated during
take-off in different types of jumps can be assumed to
have an influence on the performance of a competitor.
In their studies, Fousekis et al. [7] demonstrated the
importance of this problem in the case of young soc-
cer players. They found that soccer players with in-
termediate to early professional skills showed a ten-
dency for greater isokinetic strength asymmetries than
players with more professional experience.

The aim of this study was to evaluate the potential
correlation between asymmetry of lower limb muscle
torque, asymmetry of vertical ground reaction force
during take-off in young soccer players and their
jumping abilities. It has been assumed that the sym-
metry of muscle torque in knee flexors and extensors
may be related to the results of jumping tests. Take-
off in the jumping tests takes place with both limbs
simultaneously; thus the study also assessed the pos-
sible correlation between the symmetry of the vertical
component of the ground reaction force in the take-off
phase in jumping tests and their results. To our
knowledge, no previous studies have examined this
dependency.

2. Materials and methods

2.1. Participants

The research group comprised twenty-three soccer
players — with a minimum of four years’ training ex-
perience — playing in the Central Junior League,
which is the highest level of competition in Poland
under age 19. Their mean age was 16.9 + 0.64 years,
body height 1.78 £ 0.055 m, body mass 70.9 £+ 5.6 kg.
A survey carried out prior to measurements showed
that the players indicated their right lower limb as
dominant in playing soccer. To determine the domi-
nant limb, subjects were asked which limb they usu-
ally use to do the penalty shot. They did not suffer
from any injuries at least 6 months prior to testing and
signed a health declaration, which enabled them to
perform testing with maximum loading. All the par-
ticipants expressed informed consent to participate in
the experiment. In the case of minors, consent was
expressed by their guardians. All the participants were
informed about the aim and methodology of the study.
The study was conducted according to the principles
expressed in the Declaration of Helsinki and received
the approval of the Senate Ethics Committee of our
university. All the measurements were carried out in
the Biomechanics Analysis Laboratory (PN-EN ISO
9001:2001).

2.2. Measurement procedure

The tests were carried out during the transitional
period that occurs before the beginning of prepara-
tions for the spring season. The measurements were
preceded by a 5-minute warm-up including a run, two
and single-leg jumps and squats. Each athlete per-
formed the tests randomly in order to eliminate the
effect of fatigue on the results.

Torque measurements

An isokinetic dynamometer, Biodex System 4 Pro.,
was applied to test peak muscle torque (PT) in knee
flexors and extensors under isometric and isokinetic
conditions. The measurements were taken in accordance
with the measurement procedure recommended by the
manufacturer of Biodex System 4 Pro. The measurement
setup consisted of a chair with an adjustable back
angle and seat height, and straps to stabilize the trunk
(2 straps) and pelvis (1 strap). All individuals were
allowed to familiarize themselves with the type and
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resistance of movement to be performed. The design
of the device enabled the alignment of the dyna-
mometer axis of rotation with the axis of the knee-
joint movement. All measurements were taken in the
sagittal plane under isokinetic (angular velocity 30 °/s,
60 °/s and 120 °/s) and isometric conditions (0 °/s).
The subject performed five cycles of maximum knee
flexion under isometric conditions with the lower
right and left limb at a 30° flexion position, and the
extension, with the limb at a 75° position at the knee
joint. The measurement under isokinetic conditions
was also performed in five motion cycles too. The
range of knee flexion and extension was this same as
in isometric measurements. Out of the five cycles, the
first and the last were excluded from statistical calcu-
lations. The sequence of measurements, for each limb
and each measurement, was random.

Ground reaction force

Vertical ground reaction force (vGRF) data were
collected using two Kistler 9286AA-A plates with the
frequency of 1 kHz. To carry out the jumping ability
tests, a subject took a standing erect position on two
parallel Kistler plates. Each athlete, in both jumping
ability tests, performed three jumps. The vertical
ground reaction force (VGRF) was recorded for each
limb during the take-off phase in the horizontal (HJ)
and vertical jump (VJ). Also, time of flight was re-
corded for each limb in order to calculate the height of
the vertical jump (from the moment of take-off from
the Kistler plate to contact of the feet with the plate).

Horizontal jump test

An athlete stood with both feet on the Kistler
plates on a line, and upon a signal performed the
longest possible jump, employing an arm swing to
enhance performance. There was a one-minute inter-
val between individual samples. The longest jump was
selected out of the three samples for maximum vGRF
analysis and statistical calculations. Jump length was
measured from the take-off line to the point of contact
between the heel and the ground. The accuracy of the
length measured was to the nearest 1 cm.

Vertical jump test

As in the previous test, the competitor stood with
each foot on separate Kistler plates and upon a signal
performed a vertical jump with the highest possible
arm swing. The Bosco formula [2] was used to calcu-
late the height of the jump for all three samples of
flight time. Time from take-off to landing was calcu-
lated for each limb separately. The final result of the

jump height was calculated as the mean of both limbs.
For statistical calculations, the highest value of height
was selected from the three samples.

2.3. Assessment of symmetry

The following formula (1) was applied to assess
the asymmetry of muscle torque of knee flexors and
extensors and asymmetry of vGRF during take-off in
the jumping tests:

AI:M‘IOO%, (1)
0.5-(x; +x,)

Al — asymmetry index,

x — variable, [ — left limb, » — right limb.

2.4. Statistical analysis

Prior to statistical calculations, the vGRF values
and the muscle torque of knee flexors and extensors
were normalized to the body mass of each athlete. The
distribution of all variables investigated was evaluated
by the Kolmogorov—Smirnov test and the Shapiro—Wilk
test. None of the variables had a normal distribution.
Spearman’s rank correlation coefficient was used to
evaluate correlations between all parameters. For the
statistical analyses, the value of & = 0.05 was considered
significant. All computations were performed with
STATISTICA software.

3. Results

Analysis of the asymmetry index (Al) of the vari-
ables studied (Table 1) showed the highest asymmetry
(over 10%) between the lower limbs for the measure-
ment of muscle torque (PT) under static conditions for
both knee flexors and extensors. The mean values in
the remaining measurement conditions were within
normal limits (Al under 10%). However, the values of
the standard deviation of PT and vGRF showed an
increase in individual cases of Al (over 15%). This
included asymmetry of muscle torque (PT) in knee
flexors at 30°/s and vGRF asymmetry during the take-
off of horizontal jumps (HJ).

The aim of the study was to test the hypothesis
that the results of jumping tests may be related to the
symmetry of muscle torque of the lower limb. The
asymmetry of the muscle torque of the flexors and



82

A. RUTKOWSKA-KUCHARSKA

Table 1. Mean values of variables describing the strength of the right (R) and left (L) leg and asymmetry index.
PT — peak torque. vGRF — vertical ground reaction force

Dominant leg (R) Non-dominant leg (L) Asymmetry Index [%]
] e | Sl | M| omont | Mo SD
PT [Nm/kg] Flexors

0% | 2.35+0.246 10.22 2.18 £0.025 11.56 11.40 + 7.84
30% | 2.25+0.386 16.91 2.11 £0.027 12.85 9.01 + 10.89

60°s | 2.15+0.200 9.33 2.01 £0.021 10.28 7.96 + 531

1209 [ 1.90+0.191 10.06 1.81 +0.023 12.50 8.41 + 6.66

Extensors

0% | 3.64+0.496 13.63 3.84 +0.069 18.04 10.50 + 8.32

30% | 3.43+0.492 14.38 3.48 + 0.060 17.29 7.80 + 4.60

60°% | 3.16+0.371 11.75 3.13 +0.042 13.57 5.89+4.17

120 | 2.56+0316 12.32 2.51£0.033 12.84 6.75+5.55

Vertical jump (VJ)
VGRF [N/kg] | 12.15+1.288 | 10.60 | 1201+ 1111 | 9.18 | 8.16+544
Horizontal jump (HJ)
VGRF [N/kg] | 11.49+2.691 | 23.40 | 11.43£2.115 | 18.49 | 8.69+7.03

Table 2. Spearman’s correlations (only statistically significant) matrix between the length of horizontal jump
and muscle torque (PT) and vertical ground reaction force (VGRF) for the right (R) and left (L) leg

Correlation coefficient
Variables Muscles Leg
0°/s 30 °/s 60 °/s 120 °/s
PT
Extensors
R 0.434 0.430 0.528 0.549
L 0.483 — - 0.527
Flexors
R — 0.460 0.532 -
L 0.455 0.542 0.537 -
vGRF L 0.456

Table 3. Mean value, standard deviation, variation and correlation coefficient between the height of VI and length of HJ

Jumping . Coefficient Correlation
+ -
ability tests Mean = SD Min-max of variation [%] coefficient
Vertical jump [m] 0.331 +0.029 0.28-0.40 8.61
Horizontal jump [m] 2.369 + 12.86 2.17-2.63 543 0.123

extensors of the knee joint does not correlate with the
results of jumping ability tests. It is interesting to note
that there was no statistically significant correlation
between muscle torque knee flexors and extensors un-
der isometric and isokinetic conditions for the height
of the vertical jump (Table 2). On the other hand, a sta-
tistically significant correlation between the length of
a horizontal jump and muscle torque for flexors and
extensors of the right and left lower limb was found in
many cases for HJ.

The next aim of the study was to examine the re-
lationship between the asymmetry of lower limb mus-
cle strength generated in the take-off phase and the
results of the jumping ability tests. Statistical analysis
showed a statistically significant correlation (—0.432,
p = 0.038) between asymmetry index of vGRF during
take-off and the height of the vertical jump. It means
that the smaller the asymmetry of the vGREF, the
higher is the vertical jump. There was no such corre-
lation for length of the horizontal jump. Moreover, the
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analysis showed the relationship between vGRF of the
left lower limb and jump length found for the HJ test,
while the height of the V] was statistically significant
(0.605, p = 0.006) for the vGRF of the right limb
(Table 2).

Since the relationship between the muscle torque
of the lower limb and the results of the jumping tests
were different for both tests, the correlation between
the results of both tests was examined. There was no
statistically significant association between the HIJ
length and the VJ height (Table 3).

4. Discussion

Authors investigating the causes of lower limb in-
juries in soccer mainly focus on the incorrect PT ratio
of flexors to extensors in the knee joint [3], [8], [17],
[24]. Thus, there are not many studies which have
aimed to assess the asymmetry of strength between
the lower limbs of soccer players with regard to inju-
ries. As mentioned in the introduction, each player
prefers either the right or the left limb during the
game. In the case of young competitors with short
training experience, such conditions may cause a sig-
nificant load on one of the lower limbs which can lead
to an injury. With this in mind, this study aimed to
assess the asymmetry in the lower limbs under isoki-
netic conditions and during the performance of a mo-
tor task similar in structure to the exercises shaping
the jumping abilities of a soccer player. The tested
players participated in the same training programme;
therefore, they were a homogeneous group. They pre-
sented similar skills, but the relative difference in
training experience suggested that the participants
may have different strength capabilities in the lower
limbs. The level of jumping abilities in the examined
athletes evaluated by the height of a vertical jump with
an arm swing was lower than athletes from national
teams tested by Turner et al. [24] (45.1 £ 1.7 cm),
Chamari [4] (62 £ 5.6 cm), and Yanci [25] (48.86
+ 5.71 cm), but higher than those of physical educa-
tion university students [14] (23.15 = 3.66 cm). On the
other hand, the length of the horizontal jump of the
examined players was greater than that of professional
soccer players (2.39 £ 0.14 m) examined by Yanci
and co-authors [25].

The asymmetry index (Al) exceeding 10% is
considered by many researchers to be the deficit of
strength that can contribute to the knee risk factor
[1], [5], [7] Also in this study, the researchers as-
sumed the value of 10% asymmetry index as a safe

value for players. It is interesting that Hoffman et al.
[11] found in their study that such an asymmetry in
lower limb power does not appear to relate to per-
formance differences during direction-specific agility
tests. Maly [12], when researching young soccer
players, did not find any differences in muscle torque
between preferred and non-preferred limb. Zakas
[26], when studying elite soccer players, did not find
asymmetry between muscle torque of lower limbs.
This was explained by the fact that training sessions
and matches appear to have imposed a strength bal-
ance for the right and left body sides of professional
soccer players. In this study, some variables were
characterized by an asymmetry exceeding 10%. The
highest asymmetry was reported between the lower
limbs for the measurement of muscle torque (PT)
under static conditions for both knee flexors and
extensors. Although the mean values of the tested
group in the remaining measurement conditions were
within normal limits (Al below 10%), the values of
the standard deviation of peak torque (PT) and
ground reaction force (vGRF) indicated an increase
in individual cases of Al (above 15%). This includes
asymmetry of muscle torque in knee flexors at 30°/s
and VGRF asymmetry during the take-off of a hori-
zontal jump (HJ). In our opinion, this Al value may
indicate an increased risk of injury in these players in
the future. This is confirmed by much research. It
would seem magnitudes of 15% or more are often
associated with players who have recently sustained
an injury, whereas magnitudes below 10% are typi-
cally reported in non-injured populations. A thresh-
old of 15% can be used to identify players who may
be at risk of incurring a lower limb injury and, there-
fore, requiring additional training focused on cor-
recting the limb asymmetry in the appropriate man-
ner [10], [16], [22].

The main problem of our research was related to
the relationship between the asymmetry of muscle
strength in lower limbs and the jumping abilities of
soccer players. The asymmetry of the muscle torque
of the flexors and extensors of the knee joint does not
correlate with the results of both jumping ability tests.
However, a statistically significant correlation was
found between the asymmetry of vGRF and the
height of the vertical jump. This problem was taken
up because it is common for coaches to assume that
the results of jumping tests depend on the strength
and power of the lower limbs. Therefore, we pre-
sumed that a smaller asymmetry of vGRF during take-
off will lead to better jumping results. Yanci et al. [25],
in their studies on the symmetry of length and height
of single-legged jumps, found slight differences be-
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tween the results for the right and left limb (from 0.63
to 4.04%). Similar results were obtained by Maulder
[13], who verified the asymmetry index in jumping
tests in healthy young men and observed very little
difference between dominant and non-dominant legs.
In the case of our soccer players, there was a statisti-
cally significant correlation (-0.432, p = 0.038) be-
tween the vGRF asymmetry index during take-off and
the height of the VJ. In the HJ, such a relationship was
not found.

There have been numerous studies that have in-
vestigated the relationship between muscle torque
and physical fitness tests, including the jumping
tests used in this study [4], [6], [9], [20]. The re-
sults of our study indicated a relationship between
PT (isometric conditions and 120°/s) extensors and
flexors (30 °/s and 60 °/s) of both lower limbs and HJ
length. However, this study did not reveal any cor-
relation between the VJ height and muscle torque (PT)
measurement. The relationship between VI height
and PT (60 °/s and 180 °/s) in collegiate soccer play-
ers was reported by Hamilton [9]. Also Rodriguez-
Lorenzo [18] confirmed the link between peak torque
of right and left leg knee flexor muscles, evaluated at
60 °/s speed with countermovement jump. In a study
on professional striker soccer players, Busko et al.
[3] looked for a link between peak muscle torque
(PT) and the height of akimbo countermovement
(ACMJ), countermovement (CMJ) and spike (SPJ)
jumps. Their results demonstrated a relationship
between maximum muscle torque in knee extensors
developed during the isokinetic contraction of three
types of jumps. Jump height correlated with isoki-
netic muscle strength in the knee extensor, but not
with muscle torques developed in isometric con-
traction. Dobbs [6], looking for a relationship be-
tween kinetic and kinematic variables measured in
the horizontal jump, found stronger correlations with
sprint speed than vertical jump height. Sliwowski
[23] found no significant correlations between any
of the jumping tests and peak torque of knee exten-
sors of both legs at 60 °/s. The results obtained in
our study revealed an interesting fact, namely the
relationship between the length of the HJ and the
vGRF. The higher the value of the vGRF was, the
longer was the jump. The lack of unequivocal results
indicating a relationship between laboratory meas-
urements and jumping tests, especially in the case of
young athletes, may be due to the fact that jumping
abilities, apart from the strength and power of the
lower limbs, is determined by other factors. This
may be related to the ability to coordinate move-
ments of body segments.

5. Conclusions

Our findings and those of other authors indicate the
necessity to perform laboratory measurements evalu-
ating the asymmetry of strength in injury prevention.
Such measurements cannot be replaced by jumping
tests. That laboratory tests evaluating the strength of
soccer players are better at diagnostics. It should be
kept in mind that the strength capabilities of a player
are one of the building blocks of success in this sport.

In the case of these soccer players, the average
values of the asymmetry index (Al), muscle torque
(PT) and ground reaction force (vGRF) did not exceed
10%. However, the values of standard deviation in
individual cases of Al were significantly higher than
15%. This applied especially to the asymmetry of PT
30°%s in knee flexors. This means that the assessment
of the asymmetry of the strength of the lower limbs is
useful primarily in the prevention of injury.
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