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Abstract
Lower limb muscle asymmetries have been thoroughly examined in many studies, which highlighted their
detrimental role in sport performance as a risk factor for injury to players. Specifically, in handball, asymmetries
in muscle activation and balance asymmetries cause injuries and generally appear as a factor of possible injury of
the lower limbs. The asymmetry between two limbs should be evaluated to determine whether limb recovery is
successful. The purpose of this study was to evaluate the symmetry in muscular strength and dynamic balance,
in high-level handball players through the isokinetic assessment of knee joint and one – legged hops using the
limbsymmetry index (LSI). The sample consisted of 15 handball players, i.e. 9 men and 6 women. All of them
were high-level players who competed in teams from the two top leagues of Greece (Handball Premier for men
and A1 Division for women) had previous injuriesof the lower extremities and abstained, for at least 7 days,
from playing activities. Isokinetic dynamometry was performed at: 60°/s, 180°/s and 300°/s., angular velocities,
while the LSI measurements used included: a) one-legged single hop, b) one-legged triple hop, c) one-legged
cross-over triple hop and d) one-legged timed hops. Descriptive and inferential statistics were used. Theobtained
results showed that at the angular velocity of 60°/s 9 cases were outside normative limits. At 180°/s, 13 cases
were outside normative limits at 300°/sec we had 15 cases outside normative limits. Concerning LSI, 8 players
showed positive results. High correlation scores were not observed. Strong relationships were found only
between triple cross-over hop and timed hops. In conclusion, based on both assessments, it was determined that
these players were not completely ready for their safe return to sport.
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Introduction
Lower limb muscle asymmetries have been thoroughly examined in many studies, which highlighted
their detrimental role in sport performance as a risk factor for injury to players (Bell et al., 2014; Bishop et al.,
2018; Hofmann et al., 2007). To assess, whether lower limb recovery is successful, and to assure a safe return to
the same activity, the asymmetry between two limbs should be evaluated (Di Stasi et al., 2013).
According to many studies, muscle activation and balance asymmetries cause injuries and are a factor of possible
injury of the lower extremities (Dos Santos, et al., 2014; Rauh et al., 2007). Regarding the main causes of lower
limb injuries, Fousekis et al. (2010) considered that, asymmetries in muscle strength, proprioception and joint
stability are important factors. Performing a complete assessment of asymmetriesbetween two limbs is very
useful, prior to return to the training process and will significantly reduce the possibility of injury (Dos Santos et
al., 2014). Strength asymmetry between the two limbs, increases the risk of re-injury (Di Stasi et al., 2013;
Paterno et al., 2010). In addition, strength asymmetry may appear either as an asymmetry between the right and
left limb, or as a ratio difference between flexor and extensor muscles of the same limb (Knapik et al., 1991).
Tsiokanos et al., (2002) have report that isokinetic evaluation can produce comparable and repetitive
results. Therefore, isokinetic dynamometers are very popular and allow to easily evaluate maximum
strength.Several studies used the isokinetic assessment of knee joint to assess players' return to sport after an
injury. This assessment isused in handball, especially after an anterior cruciate ligament injury (Myklebust et al.,
2003). According to the literature, the deficit between two limbs and, in particular, the deficit between flexors
and extensors of the knee, ranges from 10% to 15%. This deficit is the normative limit for safe return to
competitive activity after an injury (Dauty et al., 2007; Dvir, 2004; Foreman et al., 2006; Texeira et al., 2014).
Xaverova et al. (2015) have reported that, although the relationship concerning asymmetry between two
extremities and the occurrence of injury is not clear, we should, accept a deficit of less than or equal to 10%as a
limit. The normative limit of the ratio between the hamstrings and quadriceps (H / Q ratio) at the angular
velocity of 60°/s ranges from 50% to 70%, for the angular velocity of 180°/s it ranges from 60% to 80% , for the
angular velocity of 300°/s it ranges from 60% to 80% (Coombs and Carbutt, 2002; Gerodimos et al., 2003;
Kyritsis et al., 2016; Texeira et al., 2014; Wright et al., 2009).
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assessments have been developed. Functional tests (e.g. one-legged hops) have been studied to evaluate their
usefulness in assessing patients with lower extremity dysfunction and problems (Greenberger and Paterno,
1995). One-legged hops are measurements that are based on sport-specific movements and are used to assess the
combination of muscle strength, neuromuscular control, confidence in the tested limb, and the ability to
withstand loads that are commensurate with competitive activity. Functional tests are mainly used to measure the
performance of knee joint after a recovery (Logerstedt et al., 2012; Reid et all, 2007). According to Greenberger
and Paterno (1995), these tests are designed to assess the functional level of a player by, taking into account
strength, endurance, power, and muscle coordination. In addition, they include various movements that mimic
changes that occur during the dynamic stabilization of knee in game-specific movements (Reid et al., 2007).
These tests include a) one-legged single hop for distance, b) one-legged triple hop for distance, c) onelegged cross-over triple hop for distance and d) one-legged timed hops at a distance of 6 m. Measurements are
made at both limbs for comparisons. The result of these measurements, which is expressed as a percentage of the
injured limb in relation to the uninjured one, is called limb symmetry index (LSI) (Noyes et al., 1991; Reid et al.,
2007). The index of readiness of an injured member has been reported to be a rate greater than or equal to 85%
of the contralateral uninjured one (Hamilton et al., 2008; Noyes et al., 1991; Reid et al., 2007). Gustavsson et al.
(2006) have report a rate greater than or equal to 90% of the uninjured limb.
In addition, when these four tests are included in a battery of multiple tests, their sensitivity index
(which is an indicator that shows the reliability of a measurement) reaches 82% (Gustavsson et al., 2006). Noyes
et al. came to the same conclusion (1991), and recommended that these tests must be used in conjunction with
other assessment tests. Finally,the reliability of hop tests has been investigated and shown to be highin both
injured and uninjured athletes (Ross et al., 2002).
The purpose of this study was to evaluate the symmetry in muscular strength and dynamic balance, in
high-level handball players, (priorto their return to sport after an injury of the lower limbs)through the isokinetic
evaluation of knee joint and one-legged hops to obtain LSI.In addition, this approach was used to determine,
whether there were any statistically significant differences between injured and non-injured limbs.
Materials and methods
Participants
The sample consisted of 15 handball players, i.e. 9 men and 6 women. All of them were high level
players and competed in teams from the two top categories of Greece (Handball Premier for men and A1
Division for women). The mean age of the subjects was 22 ± 3.13 years. Prior to their injury, all of them
participated in all activities (training and games) of their teams. All players whoparticipated in this study
hadlower limbs injuries. These injuriesforced the participants to abstain from the team's activities (training and
games)for at least 7 days. Prior to participating in the research process and in the measurements, the participants
obtained the consent of either the doctors, physiotherapists or their coaches to return to full playing activity.
Measures
For the purposes of this study, laboratory and field tests were performed. Isokinetic dynamometry was
performed in the laboratory, while LSI measurements were performed in the field. In addition, during their
presence in the laboratory, the above-mentioned handball players responded to a questionnaire that included
some of their personal information (e.g. name, age, team, years of experience with handball, and preferred limb),
details about training (training level, training quality and quantity, evaluation of training process) and details
about the specific injury (e.g. when, how, treatment after injury, rehabilitation process, and time of absence).
Instruments
The following instrumentswere used in the laboratory and in the field:
(a) In the laboratory: measurements were performed using a Humac Norm 770 CSMi isokinetic
dynamometer (Stoughton, MA, USA) at the Human Biological Performance Assessment Laboratory
at SPESS - Aristotle University of Thessaloniki.
(b) In the field, distances were measured with 10 m. tape measure and time was measured with a
chronometer Accusplit Pro 601X.
Procedures
All handball players who were part of our sample, started their evaluation in the laboratory with the
isokinetic assessment. This assessment was performed on the first day.
The next day, the subjects continued their evaluation in the field, by participating in the assessment process of
one-legged hops, using the LSI, after warming-up for 20 min.
Description of Assessments
Isokinetic assessment of the knee joint:
In the isokinetic assessment of the knee joint, the measurement of strengthof flexors and extensor
muscles in the knee at a specific angular velocity was performed. Prior to the isokinetic assessment procedure,
the subjects warmed up on a stationary bicycle for 10 min. After placing the subject in isokinetic dynamometer
chair in a sitting position, we immobilized him/her andfollowed the adjustment procedures according to the
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60°/s, 180°/s and 300°/s. At each angular velocity three repetitions of flexion and extension were performed and
the interval between angular velocity changes was 30 s. Prior to the first measurement, three trial attempts were
performed to familiarize the examinee with the measurement. The same procedure was repeated for the other
limb.
Assessment using LSI:
LSI testsincluded a) one-legged single hop for distance, b) one-legged triple hop for distance, c) onelegged cross-over triple hop for distance and d) one-legged timed hops at a distance of 5 m.
1) One-legged single hop for distance: The subject stood at one limb, jumped in length and had to land on
the same limb. Two attempts were made, and the hop length was measured and recorded. The same
procedure was repeated for the other limb. For an attempt to be considered valid, during landing, the subject
had to: a) not move the limb, b) not have any kind of support, and c) not allow the other limb to come in any
contact with the ground. If any of the above-mentioned conditions occurred, the measurement was
considered invalid and repeated.
2) One-legged triple hop for distance: The subject stood on one limb and made three hops in length,
without interruption between hops, and always landing on the same limb. Two attempts were made, and the
total length of the hops was measured and recorded. The same procedure was repeated for the other limb. For
an attempt to be considered valid, during landing, the subject had to: a) not move the limb, b) not have any
kind of support, and c) not allow the other limb to come in any contact with the ground. If any of the abovementioned conditions occurred, the measurement was considered invalid and repeated.
3) One-legged cross-over triple hop for distance: The subject stood on one limb and then attempted three
diagonal hops in length passing over a line made of self-adhesive sticker, on the right and left side, at a
distance of approximately 15 cm away of the line, without interruption between hops, and always landing on
the same limb. Two attempts were made, and the total length of the hops was measured and recorded. The
same procedure was repeated for the other limb. For an attempt to be considered valid, during landing, the
subject had to: a) not move the limb, b) not have any kind of support, and c) not allow the other limb to come
in any contact with the ground. If any of the above-mentioned conditions occurred, the measurement was
considered invalid and repeated.
4) One-legged timed hops at a distance of 6 m. The subject stood on one limb, and performed successive
long hops without interruption between hops and always landing on the same limb. The subject tried to cross
the six measures set by the self-adhesive sticker, as fast as he/she could. Two attempts were made, and the
time for each attempt was timed and recorded. The same procedure was repeated for the other limb. For an
attempt to be considered valid, during landing, the subject had to: a) not move the limb, b) not have any kind
of support and c) not allow the other limb to come in any contact with the ground. If any of the abovementioned conditions occurred, the measurement was considered invalid and repeated.
To evaluate the symmetry of lower extremities, the evaluation of LSI was as follows.
The calculation of the LSI of the injured limb in relation to the uninjured one was performed by
calculating the average of the two attempts recorded in the tests. Then, the tests aimed at distance, the LSI
was calculated using the following formula:
LSI = (INL /NNL) ×100.
For the test aimed at best time, the LSI was calculated using the following formula:
LSI = (NNL / INL) ×100.
Where LSI is the limbsymmetry index, INL are the values for the injured limb and NNL are the values for
the non-injured limb. LSI values were calculated separately for each of the four tests.
Statistical Analysis
Descriptive statistics and correlation analysis were used toanalyze the results. Specifically, the
frequency and proportion of the values were used as well as the mean value and standard deviation (SD). In
addition, owing to the abnormal distribution of the sample, the non-parametric Mann - Whitney U test was used
to identify statistically significant differences between injured and non-injured limbs. Correlation analysis was
performed to demonstrate the relationship between the tests of LSI with each other. The significance level was
set at 0.05 and statistical analysis of the study’s data was performed using SPSS 25 (IBM SPSS Statistics 25.0).
Results
For the sample of 15 players (6 women and 9 men) who suffered an injury during theseason ofour
study, the average age was 22 ± 3.13 years. All of them were high-level players (Handball Premier and A1
Division for women) and had an average body height and body weight of 180.46 ± 7.7 cm and 81.73 ± 10.18 kg
respectively. A total of 6 players were back players, 4 were wing players, 4 were line players, and one was a
goalkeeper.
Isokinetic Assessment
The assessment of the knee joint using an isokinetic dynamometer was performed at three angular speeds, i.e.
60°/s, 180°/s and 300°/s. The deficit between the two limbs in the extensors and flexors of the knee was recorded
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analysis of data using the non-parametric Mann-Whitney U test showed that there were no statistically
significant differences between the injured and non-injured limbs. Specifically, at the angular velocity of 60°/s, p
= 0.539, at the angular velocity of 180°/s, p = 0.624, at the angular velocity 300°/s, p = 0.713.
Table 1 shows the results of the isokinetic assessment of the knee joint, expressed in means and
standard deviations. Specifically, the results of the isokinetic assessment are shown in terms of deficit between
the two limbs (injured and non-injured) in the extensors and flexors of the knee. In addition, the ratio of flexorsextensors for each limb (injured and non - injured) is shown separately.

Table 2 shows the analysis of the results of the isokinetic assessment in terms of deficit between the two
limbs (injured and non-injured) in the extensors and flexors of the knee in relation to the acceptable normative
limits of 10% and 15%.

Table 3 shows the analysis of the results of isokinetic assessment in terms of the ratio of
flexors-extensors for each limb (injured and non-injured) in relation to the normative limits per angular
velocity.

Table 4 shows the results of the evaluation of the symmetry of the lower limbs using LSI. More
specifically, the values of the LSI expressed as means and standard deviations are shown. Table 4 also shows the
analysis of results regarding the normative limit of 85% of the injured limb, in relation to the non-injured limb.
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By analysing the results of the 4 one-legged hops of LSI, we determine that, in terms of the relationship
between single hop and triple hop, the results from the non-parametric correlation analysis, (owing to the
abnormal distribution of two variables, determined using the Spearman rs correlation coefficient), showed that
there was no strong relationship between these two trials. Specifically, we obtained rs = 0.57 and p = 0.26.
Regarding the relationship between single hop and triple cross-over hop, the results of the non-parametric
correlation analysis, (owing to the abnormal distribution of two variables), obtained with the Spearman rs
correlation coefficient showed that there was no strong relationship between these two tests. Specifically, we
obtained rs = 0.4 and p = 0.13.
Regarding the relationship between single hop and timed hops, the results of the non-parametric
correlation analysis, (owing to the abnormal distribution of two variables), obtained with the Spearman rs
correlation coefficient showed that there was no strong relationship between these two tests. Specifically, we
obtained rs = 0.45 and p = 0.85.
Concerning the relationship between triple hop and triple cross-over hop, the results of the nonparametric correlation analysis, (owing to the abnormal distribution of two variables), obtained with the
Spearman rs correlation coefficient showed that there was not a very strong relationship between these two tests.
Specifically, we obtained rs = 0.62 and p = 0.12.
Regarding the relationship between triple hop and timed hops, the results of the non-parametric
correlation analysis, (owing to the abnormal distribution of two variables), obtained with the Spearman rs
correlation coefficientshowed that there was no strong relationship between these two tests. Specifically, we had
rs = 0.45 and p = 0.86.
Finally, regarding the relationship between triple cross-over hop and timed hops, the results of the nonparametric correlation analysis, (owing to the abnormal distribution of two variables), obtained with the
Spearman rs correlation coefficient showed that there was a strong relationship between these two tests.
Specifically, we obtained rs = 0.79 and p = 0.00.
Discussion
The isokinetic assessment and specifically the assessment of the knee joint, performedat three angular
speeds, 60°/s, 180°/s and 300°/s. The deficit between the two limbs in the extensors and flexors of the knee was
recorded and evaluated as well as the ratio of flexors-extensor muscles for both lower limbs, toidentify any
asymmetries between them. According to Gerodimos et al. (2003), the ratio of flexors-extensors of the knee joint
is one of the most important parameters of isokinetic assessment. Its importance is based on the role it plays in
intermuscular coordination and joint stability. The statistical analysis of results regarding the ratio of flexorsextensions (H/Q ratio) showed that at 60°/s the total average (injured and non-injured) was 58.65% ± 11.85%
with 9 cases (injured and non-injured) outside normative limits.At this angular velocity, the results of thisstudy,
agree with those of Xaverova et al. (2015), in which the researchers evaluated high level handball players, and
with those of Ergun et al. (2004) and Texeira et al. (2014).
In addition, at 180°/s we obtained thetotal average (injured and non-injured) of 63.6% ± 12% and 13
cases out of 30 (injured and non-injured) were outside normative limits. The specific results differ from the
measurements of other researchers at this angular velocity and more specifically from the measurements of
Pincivero, Coelho and Campy (2003), and Texeira et al. (2014). Moreover, these results agree with those of
Andrade et al. (2012) and Xaverova et al. (2015). This difference in the results of our study in relation to those of
other researchers may exist because in all the other studies the sample consisted of healthy populations, while the
sample of this study assessed handball players who were returning to the same competitive activity after an
injury.
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studies (Andrade et al., 2012; Hewett et al., 2007). The analysis of data with the non-parametric Mann-Whitney
U test showed that there were no statistically significant differences between the injured and non-injured limbs.
According to various studies, when the angular velocity increases, the ratio of flexors to extensors increases, i.e.,
the participation of flexors increases (mainly in men and less in women) (Andrade et al. 2012; Hewett et al.,
2007; Xaverova et al. 2015).
This occurs because knee flexors consist of a relatively larger number of fast-twitch muscle fibers than
knee extensors, which results in faster firing during fast movements (Garrett et al., 1984). However, in this study
the ratio of flexors to extensors at the angular velocity of 300°/s is lower than the corresponding ratio at the
angular velocity of 180°/s. The above-mentionedfact in combination with the results of the assessment using an
isokinetic dynamometer at all angular velocities, where flexor deficits appeared, suggested that the players in this
study, although they followed a rehabilitation program, probably had a power deficit in their flexors. Therefore,
this deficiency could possibly lead to new injuries, because the increased activation of knee flexors, during
dynamic movements is important factor for injury protection (Hewett et al., 2008). In terms of symmetry and
whether all players under evaluation were able to return safely to the same competitive activity, none of them
fully met the criteria of isokinetic assessment of the knee joint for safe return.
LSI specifically evaluated the symmetry of two limbs. Using the 4 tests performed by executing onelegged hops during the LSIassessment, the symmetry between injuredand non-injured limb was assessed. The
value greater or equal to 85% of the percentage of non-injuredwas considered as positive a result for the injured
limb.
The results in Table 4 show, that in two evaluations, (i.e. triple cross-over hops and timed hops), the highest
frequency was below the limit of 85%. In addition, the inferential statistical analysis showed that in the
abovementioned tests (i.e. triple cross-over hop and timed hops), there was a strong relationship between them.
This occurred probably owing to the degree of difficulty of the two specific tests because, these tests submitted
the subjects, to demanding physical and psychological tests of controlling their limb. In addition, according to
LSI, 8 players (53.4%) showed positive results in terms of symmetry of their two limbs, (i.e.the result of injured
limb greater or equal to 85% of the non-injured limb) and, therefore, could safely return to playing activity.
Regarding the correlation analysis, to examine any correlations between various LSI evaluations, no
high correlation scores were observed in most performed comparisons. The only strong relationships were
observed between the triple cross-over hop and timed hops.

Conclusions
Regarding the main causes of lower limbs injuries in handball, asymmetries in muscle strength,
proprioception, and dynamic balance seem to be important factors. The complete assessment of these
asymmetries between the two limbs should be mandatory prior to return to the training process and
willconsiderably reduce the possibility of injury.
Thus, in this study, we attempted to assess these factors and evaluate the rehabilitation process.
Concerning the isokinetic assessment of the knee joint, at all three angular velocities, in terms of the deficit
between the two limbs and consequently in whether the players under evaluation were able to return safely to the
same activity, none of these players, fully met the criteria for a safe return.In addition, the combination of the
results of the assessment of flexors to extensors ratio at all angular velocities, where flexors deficits appeared,
indicated that the players in this study, probably had a power deficit in their flexors.
In contrast, concerning the dynamic balance assessment, using the one-legged hops LSI test, 8 players
showed good results in terms of values above the normative limit and in terms of symmetry. Thus, in this
particular assessment, these players met the criteriafor a safe return to the same competitive activity. This
probably occurred, because these players made extensive use of the dynamic balance during their recovery
programs.
In addition, statistically significant differences between injured and non-injured limbs were not
observed except between the triple cross-over hop and timed hops.
Overall, in relation to this sample and by taking into account both assessments, the players were not
completely ready for the safe return to sport owing to lack of muscle strength, although some of them presented
good dynamic balance and functionality.These results indicatedthat these players, although they followed a
rehabilitation program before returning to playing activity, did not completed recover. Thisresult may be due to
poor rehabilitation program or short recovery time owing to pressure for early return either from team members
(e.g. coaches, managers, doctors, and physiotherapists) or from the players themselves. Finally, the lack of
scientific and documented evaluation of rehabilitation, during their recovery and upon their return to the same
competitive activity is probably an additional factor. Of course, additional in-depth analysis is needed toobtain
clearer results concerning the safe return to sport, especially at this level.
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