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Abstract

The aim was to analyze the asymmetry between dominant
and non-dominant leg, using unilateral test jump with col-
lege students who have a different pattern of weekly sports.
129 university students were divided into groups accord-
ing to the pattern of weekly physical activity: low physical
activity (LPAG; n=44; 20.9 + 2.6 years; 175.0 + 8.1 cm;
71.2+ 12.1 kg), average physical activity (APAG; n = 46;
20.7+ 1.9 years;, 174.1+7.0 cm; 68.9+9.1 kg) and
high physical activity (HPAG; n=39; 20.7 + 1.4 years;
174.8 + 7.5 cm; 68.9 + 9.1 kg). All subjects performed uni-
lateral jump test: squat jump (SJ) countermovement jump
(CMJ), triple hop test for distance (THD) and crossover hop
test for distance (COHD). The results indicate differences
in the strength of dominant and nondominant leg in HPAG:
SJ (p <0.01), CMJ (p <0.05) and COHD (p < 0.01). No
significant differences in asymmetry index between groups.
In the LPAG more subjects at high risk of injury to the lower
extremity.

Keywords: functional assessment, injury prevention,
strength

Resum

L’objectiu d’aquest estudi ha estat analitzar la asimetria entre
cama dominant i no dominant, per mitja de test de salt unilateral
horitzontal i vertical, en una mostra d’estudiants universitaris amb
diferent patr6 de practica fisicoesportiva setmanal. La mostra esta
composta per 129 estudiants universitaris dividits en grups segons
el patr6 d’activitat fisica setmanal: activitat fisica baixa (GAFB;
n=44; 20,9 4+ 2,6 anys; 175,0 + 8,1 cm; 71,2 + 12,1 kg), activitat
fisica mitjana (GAFM; n=46; 20,7 + 1,9 anys; 174.1 +7,0 cm;
68,9 +9,1 kg) i activitat fisica alta (GAFA; n =39; 20,7 + 1,4 anys;
174,8 +7,5 cm; 68,9 +9,1 kg). Tots van realitzar test de salt uni-
laterals verticals: squat jump (S)), countermovement jump (CMJ); i
horitzontals: triple hop test for distance (THD) i cross-over hop test
Jor distance (COHD). Els resultats reflecteixen diferencies en els
valors de forca entre cama dominant i no dominant pel GAFA, en
les proves SJ (p < 0,01), CMJ (p < 0,05) i COHD (p < 0,01). No
s’observen diferéncies significatives en I’index d’asimetria en funcid
del patr6 d’activitat fisica. En el GAFB el percentatge de subjectes
amb alt risc de lesié en ’extremitat inferior és més alt.

Paraules clau: avaluacié funcional, prevencié de lesions,
forca

Introduction

Physical exercise and sport have positive ef-
fects on the health of their practitioners (Leppéanen,
Aaltonen, Parkkari, Heinonen, & Kujula, 2014). It
has been shown that joining physical exercise pro-
grammes leads to an improvement in factors connect-
ed with physical (strength, endurance and flexibility)

Introduccio

Lactivitat fisicoesportiva té efectes positius sobre
la salut dels practicants (Leppanen, Aaltonen, Parkka-
ri, Heinonen, & Kujula, 2014). S’ha demostrat que la
incorporacio a programes d’activitat fisica condueix a
una millora de qualitats relacionades amb el benestar
fisic (la forca, la resisténcia o la flexibilitat) i mental
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and mental (self-esteem, decreased anxiety, etc.)
wellbeing (Darrow, Collins, Yard, & Comstock, 2009).
However, the rise in physical exercise and sports par-
ticipation has also increased the occurrence of sports
injuries (Herman, Barton, Malliaras, & Morrissey,
2012) because they are inherent in the activity itself
(Leppénen et al., 2014). Nevertheless, efforts should
focus on reducing their incidence since their emer-
gence is detrimental to health and wellbeing, leading
to various states of incapacity and disability which
hinder performance of daily activities (Darrow et al.,
2009). To address this situation it seems advisable to
accompany the main physical and sports activity with
other preventive physical exercises (McBain et al.,
2012).

Prevention strategies should be based on iden-
tifying and understanding everything which might
increase the risk of injury (Croisier, Ganteaume,
Binet, Genty, & Ferret, 2008). The agents involved
in injury incidence (Meeuwisse, 1994) have been
divided into extrinsic and intrinsic risk factors (Ar-
nason, 2004). Imbalances between agonist and
antagonist muscles or between dominant and non-
dominant segments have been described as sig-
nificant intrinsic risk factors due to the importance
of strength in motor performance (Newton et al.,
2006). Specifically, differences in strength between
the lower limbs are called ‘functional asymmetries’
(Fousekis, Elias, & Vagenas, 2010). The appear-
ance of these deficiencies may be associated with
inadequate rehabilitation after injury, the impact
of the training programme or the biomotor require-
ments of the sport concerned (Newton et al., 2006).
For example, a tennis player probably has greater
muscle mass and strength in their dominant arm
(Hewit, Cronin, & Hume, 2012) while playing profes-
sional soccer or basketball leads to dominances in
the lower segment of athletes (Rahnama, Lees, &
Bambaecichi, 2008; Theoharopoulos & Tsitskaris,
2000).

Asymmetries bring about a change in the me-
chanics of sports movements which affects per-
formance and increases the risk of injury to the
musculoskeletal system (Menzel et al., 2013).
During jumping, changing direction and braking,
the weak segment is put under pressure which
it finds hard to withstand (Hoffman, Ratamess,
Klatt, Faigenbaum, & Kang, 2007). Action pro-
grammes to offset these asymmetries need to be

(autoestima, disminucié de I'ansietat, etc.) (Darrow,
Collins, Yard, & Comstock, 2009). No obstant aixo,
I'augment de la practica fisicoesportiva també ha in-
crementat 'aparicio de lesions esportives (Herman,
Barton, Malliaras, & Morrissey, 2012) perqué es tracta
d’un fet consubstancial a la propia activitat (Leppanen
et al., 2014). Aixi i tot s’han de centrar esforcos a re-
duir la seva incidéncia, perqué la seva aparicio va en
detriment de la salut i el benestar, causant diferents
estats d’'incapacitat i invalidesa que inhabiliten per al
desenvolupament de I'activitat quotidiana (Darrow et
al., 2009). Per fer front a aquesta situacié, sembla re-
comanat acompanyar la practica fisicoesportiva prin-
cipal d’altres exercicis fisics preventius (McBain et al.,
2012).

Les estratégies de prevencio han de partir d’'una
identificacio i comprensio de tot allo que pot incremen-
tar el risc de lesi6 (Croisier, Ganteaume, Binet, Genty,
& Ferret, 2008). Els agents involucrats en la incidén-
cia lesional (Meeuwisse, 1994) han estat dividits en
factors de risc extrinsecs i intrinsecs (Arnason, 2004).
Entre aquests Ultims i a causa de la importancia que
la forca té en el rendiment motor, s’han considerat
com a importants els desequilibris entre musculatura
agonista i antagonista o entre segment dominant i no
dominant (Newton et al., 2006). En concret, les diferen-
cies de forca entre les extremitats inferiors es coneixen
amb el terme d’asimetries funcionals (Fousekis, Elias,
& Vagenas, 2010). L'aparicié d’aquests déficits pot es-
tar associada a un inadequat procés de readaptacio
després d’una lesio, a les connotacions del programa
d’entrenament o a les demandes biomotrius de la mo-
dalitat esportiva (Newton et al., 2006). Per exemple,
un jugador de tennis probablement tingui més massa
muscular i forca en el seu bra¢c dominant (Hewit, Cro-
nin, & Hume, 2012), i la practica de futbol o basquet
a nivell professional generi dominancies en el segment
inferior dels subjectes esportistes (Rahnama, Llegei-
xes, & Bambaecichi, 2008; Theoharopoulos & Tsitska-
ris, 2000).

Les asimetries provoquen una modificacié en la
mecanica del gest esportiu, que afectara el rendi-
ment i incrementara el risc de patir una lesioé en el
sistema musculoesquelétic (Menzel et al., 2013). El
segment feble rep una pressio durant les accions de
salt, canvi de direccid i frenada que dificilment po-
dra tolerar (Hoffman, Ratamess, Klatt, Faigenbaum,
& Kang, 2007). D’una banda, cal establir programes
d’accié per compensar aquestes asimetries (Hewit
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put in place (Hewit et al., 2012) while unilateral
strength has to be monitored (Murphy, Connolly, &
Beynnon, 2003) and tolerable asymmetry ranges
established (Hewit et al., 2012). Tests using free
weights (Faigenbaum, Milliken, & Westcott, 2003)
and other isokinetic testing (Croisier et al., 2008;
Impellizzeri, Rampinini, Maffiuletti, & Marcora,
2007) have traditionally been used for such mon-
itoring. However, some authors contend that these
strategies do not include the demands of physi-
cal exercise and sports activity and therefore the
information gathered lacks specificity (Lehance,
Binet, Bury, & Croisier, 2009). Jumping tests are
a widely used tool in the search for more decisive
analysis instruments as they straightforwardly pro-
vide data about the power of the lower segment,
whether bilaterally or unilaterally, in different
planes of application and cyclically or acyclically
(Hewit et al., 2012).

Strength assessment needs to reproduce the
conditions of athletic activity (Newton et al., 20086).
Most sports movements result from a succession
of unilateral reaction forces manifested in different
planes (Maulder & Cronin, 2005). As a result, and
although power has usually been assessed using
a vertical jump test (Cronin & Hansen, 2005), hori-
zontal jump tests, and specifically hop tests, have
gained ground among sports science experts (Résch
et al., 2000).

The aim of this study was to analyse asymmetry
between dominant and non-dominant legs through
unilateral horizontal and vertical jump tests in a sam-
ple of university students, classified into three groups
by their weekly physical exercise and sports activity
patterns.

Material and Method

Sample

The participant sample consisted of 129 univer-
sity students who voluntarily agreed to take part in
the study. Exclusion criteria were having been injured
in the two months prior to the date of performance of
the tests and being a registered practitioner of any
sport. The subjects were divided into three groups
according to their level of weekly physical activity:
low physical activity group (LPAG), average physical
activity group (APAG) and high physical activity group

et al.,, 2012), i d’una altra, és obligat monitoritzar la
forca unilateral (Murphy, Connolly, & Beynnon, 2003)
i establir rangs d’asimetria tolerables (Hewit et al.,
2012). Per desenvolupar aquest seguiment, tradicio-
nalment s’ha recorregut a tests que utilitzen pesos
lliures (Faigenbaum, Milliken, & Westcott, 2003) i a
altres proves isocinétiques (Croisier et al., 2008; Im-
pellizzeri, Rampinini, Maffiuletti, & Marcora, 2007).
No obstant aix0, alguns autors consideren que en
aquestes estratégies no estan incorporades les de-
mandes propies d’una activitat fisicoesportiva i que
per tant la informaci6 recollida manca d’especificitat
(Lehance, Binet, Bury, & Croisier, 2009). En la cerca
d’instruments d’analisis més determinants, les pro-
ves de salt son una eina molt emprada, a causa de la
seva facilitat per oferir dades de la poténcia del seg-
ment inferior, de manera bilateral o unilateral, en di-
ferents planols d’aplicacio i de forma ciclica o aciclica
(Hewit et al., 2012).

Lavaluacio de la forca ha de reproduir les condi-
cions de I'activitat atlética (Newton et al., 2006). La
majoria de gestos esportius resulten d’una successio
de forces de reaccio unilaterals manifestades en di-
ferents planols (Maulder & Cronin, 2005). Per aquest
motiu, i a pesar que habitualment s’ha valorat la po-
téncia mitjancant test de salt vertical (Cronin & Han-
sen, 2005), les proves de salt horitzontal, en concret
els hop test, han adquirit gran valor entre els profes-
sionals de les ciéncies de I'esport (Rosch et al., 2000).

L'objectiu d’aquest estudi ha estat analitzar
I'asimetria entre cama dominant i no dominant, per
mitja de test de salt unilateral horitzontal i vertical, en
una mostra d’estudiants universitaris, classificats en 3
grups segons el seu patré de practica fisicoesportiva
setmanal.

Material i metode
Mostra

La mostra participant esta composta per 129 estu-
diants universitaris que voluntariament van accedir a
collaborar en I'estudi. Com a criteris d’exclusio es va
establir haver sofert alguna lesio en els 2 mesos previs
a la data de realitzaci6 dels test i estar federat per a la
practica d’alguna disciplina esportiva. Els subjectes van
ser dividits en 3 grups segons el seu nivell d’activitat fi-
sica setmanal: grup d’activitat fisica baixa (GAFB), grup
d’activitat fisica mitjana (GAFM) i grup d’activitat fisica
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Age Height Weight PA
Group (years) (cm) (kg) (minutes/week)
e 20.9+2.6 175.0+x8.1 71.2+12.1 98.2+30.2
(n=44)
Hl7C] 20.7+1.9 174.1+x7.0 68.9+x9.1 229.6+30.5
(n=46)
qul:qgg) 20.7+1.4 174.8+x7.5 68.9+9.1 327.6+18.2

PA = minutes of physical activity performed per week; n=sample
size; LPAG = low physical activity group; APAG = average physical
activity group; HPAG = high physical activity group.

Edat Altura Pes AF
Grup (anys) (cm) (kg) (minuts/setmana)
i 20,9+2,6 175,0£8,1 71,2+12,1 98,2+30,2
(n=44)
Rl 20,7+1,9 174,1+7,0 68,9+9,1 229,6+30,5
(n=46)
SyAngg) 20,7+1,4 174,8+7,5 68,9+9,1 327,6+18,2

AF: minuts d’activitat fisica realitzats per setmana; n = grandaria
mostral; GAFB=grup d’activitat fisica baixa; GAFM = grup
d’activitat fisica mitjana; GAFA = grup d’activitat fisica alta.

-

Table 1. Description of the groups making up the sample under
study

(HPAG) (Table 1). Before the start of testing the par-
ticipants signed an informed consent form which set
out the benefits, risks and obligations arising from
their inclusion in the study. The experimental de-
sign was approved by the Ethics Committee of the
Pontifical University of Salamanca and meets the
guidelines established in the Declaration of Helsinki
(2013).

Procedure

A week before the assessment date the subjects
attended two sessions for familiarisation with the
tests and measuring instruments. The participants’
age, height and weight were recorded in the first as-
sessment session. In addition, the students were
asked to answer the International Physical Activ-
ity Questionnaire (IPAQ) short form (Toloza & Gémez-
Conesa, 2007) in order to evaluate their regular
physical activity pattern. Two questions were used to
estimate the pattern of strenuous weekly physical ac-
tivity: On how many of the past seven days have you
done strenuous physical activity such as lifting heavy
weights, doing aerobic exercise or cycling?; and How
much total time did you spend on strenuous physical
activity on one of those days? The sample was divided
into three groups based on the strenuous physical ac-
tivity performed (Tucker, Welk, & Beyler, 2011): less
than 150 minutes/week (LPAG), 150 to 300 minutes/
week (APAG) and over 300 minutes/week (HPAG).

To carry out the tests the subjects were asked to
avoid strenuous physical activity in the previous 48
hours, come along dressed in sportswear and have
their last meal at least 3 hours before the start of

-

Taula 1. Descripcio dels grups que componen la mostra objecte
d’estudi

alta (GAFA) (taula 1). Abans del comencament de les
proves, els participants van signar un consentiment in-
format en el qual se’ls anunciaven els beneficis, riscos i
obligacions derivades de la seva inclusié en I'estudi. El
disseny experimental va ser aprovat pel Comité d’Etica
de la Universitat Pontificia de Salamanca i complia amb
les directrius establertes a la Declaracié d’Hélsinki
(2013).

Procediment

Una setmana abans de la data d’avaluacio, els sub-
jectes van prendre part en 2 sessions de familiaritza-
ci6 amb els tests i els instruments de mesura. Es va
registrar I'’edat, la talla i el pes dels participants en la
primera sessio d’avaluacio. A més, per avaluar el patroé
d’activitat fisica habitual, es va demanar a les perso-
nes participants que completessin les preguntes del
questionari internacional d’activitat fisica (IPAQ) versio
curta (Toloza & Goémez-Conesa, 2007). Per estimar el
patro d’activitat fisica intensa setmanal es va conside-
rar la pregunta: ¢Durant els Gltims 7 dies, quants va
realitzar activitats fisiques intenses tals com aixecar
pesos pesats, fer exercici aerobic o anar amb bicicle-
ta?, i Quant temps en total va dedicar a una activitat
fisica intensa en un d’aquests dies?. En funcidé de
|'activitat fisica intensa realitzada, es va dividir la mos-
tra en 3 grups (Tucker, Welk, & Beyler, 2011): menys de
150 minuts/setmana (GAFB), 150 a 300 minuts/set-
mana (GAFM) i més de 300 minuts/setmana (GAFA).
Per a la realitzacié de les proves es va demanar als
subjectes evitar qualsevol activitat fisica intensa
en les 48 hores prévies, acudir amb roba esportiva i
haver realitzat I'Gltim apat almenys 3 hores abans

10
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the tests. After a 15-minute warm-up led by a spe-
cialist (low intensity running, joint mobility and five
horizontal and vertical jump exercises), the subjects
began the tests in the following order: squat jump
(SJ), countermovement jump (CMJ), triple hop test for
distance (THD) and cross-over hop test for distance
(COHD). The tests were performed with both legs
separately, alternating in the same test the dominant
segment first and the non-dominant afterwards. The
dominant leg was defined as the one with which the
subject presented greater proficiency in performing
basic skills such as kicking or controlling a ball (Miya-
guchi & Demura, 2010). There was always a 30-sec-
ond break between repetitions of jumps on the same
leg. Recovery time between each type of jump was
two minutes. Two attempts were made at each type
of jump and the better result for each one was se-
lected.

Using the results of each test for the dominant and
non-dominant leg, we calculated the asymmetry index
(Barber et al., 1990) in absolute values (Hewit et al.,
2012):

Non-dominant leg - Dominant leg %100

Dominant leg

Based on the symmetry presented in each jump
test, and considering a symmetry value of less than
85% as a risk, we calculated the percentage of sub-
jects in each physical activity group at each level of
symmetry (Maulder & Cronin, 2005): low risk, <90%;
medium risk, 90-85%,; high risk, > 85%.

Vertical jump test

We assessed the participants’ vertical unilateral
strength using the SJ and CMJ tests following the pro-
cedure proposed by Maulder and Cronin (2005). We
measured the height of each jump in metres using
the Globus Ergo System® (Codogné, Italy) jump plat-
form. The subjects began the SJ test with knees bent
to 90°, standing on a support and with their hands
on their hips. From this position the subject thrust
as hard as possible in order to achieve the greatest
possible vertical height. The CMJ test followed a simi-
lar procedure, but in this case the subject bent and
straightened the knees prior to takeoff. In no case
were they allowed to bend their knees whilst in the air
(Bosco & Komi, 1978). We measured the results of
both tests in metres.

del comencament dels tests. Després de 15 minuts
d’escalfament dirigit per un técnic especialista (carre-
ra de baixa intensitat, mobilitat articular i 5 accions de
salt vertical i horitzontal), els subjectes van comencar
els tests en l'ordre seguent: squat jump (SJ), coun-
termovement jump (CMJ), triple hop test for distance
(THD) i cross-over hop test for distance (COHD). Els
tests es van realitzar amb ambdues cames per sepa-
rat, alternant en la mateixa prova el segment dominant
primer i el no dominant després. Es va considerar com
a cama dominant aquella amb la qual el subjecte ma-
nifesta més mestratge per realitzar habilitats basiques
com tocs o controls de pilota (Miyaguchi & Demura,
2010). No es va repetir cap salt amb la mateixa cama
sense respectar un descans de 30 segons. El temps
de recuperacioé entre cada tipus de salt va ser de 2 mi-
nuts. Es van realitzar 2 intents de cada tipus de salt,
triant el millor resultat de cadascun.

A partir dels resultats obtinguts en cada test per a
la cama dominant i no dominant, es va calcular I'index
d’asimetria (Barber et al., 1990), en valors absoluts
(Hewit et al., 2012):

ma n minant - cam minan
Cama no dominant - cama dominant <100

Cama dominant

A partir de la simetria manifestada en cada test de
salt, i considerant com a situacioé de risc un valor infe-
rior al 85% de simetria, es va calcular el percentatge de
subjectes de cada grup d’activitat fisica situat en cada
nivell de simetria (Maulder & Cronin, 2005): sota risc,
<90%; risc mitja, 90-85%; alt risc, >85%.

Test de salt vertical

La forca unilateral vertical dels participants va ser
avaluada a través dels tests SJ i CMJ segons el procedi-
ment proposat per Maulder i Cronin (2005). Es va prendre
I’altura de cada impuls en metres emprant amb la plata-
forma de salt Globus Ergo System® (Codogne, Italia). En
el test SJ els subjectes van partir amb 90° de flexio de ge-
nolls, es van mantenir en un suport i amb les mans fixes
sobre els malucs. Des d’aquesta posicio el subjecte realit-
zava un impuls maxim amb I'objectiu d’aconseguir I'altura
maxima vertical possible. La realitzacio del test CMJ va
seguir un procediment similar, perd en aquesta prova el
subjecte va realitzar una flexio i extensio del genoll pre-
vi a I'enlairament. En cap cas es va permetre la flexio de
genoll durant la fase aéria (Bosco & Komi, 1978). En tots
dos tests el resultat es va mesurar en metres.
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The reliability of both tests has been examined in
previous studies of populations who did recreational
sport (Maulder & Cronin, 2005) with good values in
the Intraclass Correlation Coefficient (ICC) of 0.82 to
0.86 and 0.86 to 0.95 in the SJ and CMJ tests respec-
tively.

Horizontal jump test

Following other studies (Maulder & Cronin, 2005;
Noyes, Barber, & Mangine, 1991; Roésch et al.,
2000) we assessed unilateral horizontal strength
using the THD and COHD tests. In the THD the par-
ticipant performed three horizontal thrusts with the
dominant leg or non-dominant leg, trying to achieve
the greatest length of jump possible. In the COHD
the participant performed the same thrusts but al-
ternating each support on either side of a reference
line. For the attempt to be valid, hands had to be on
hips and the landing position had to be held for 2-3
seconds without loss of balance or additional move-
ments involving the free limb. We measured the re-
sults in metres.

The reliability of both tests has been examined
in previous studies of populations of active young
people (Bolgla & Keskula, 1997), with ICC values of
0.95 and 0.96 for the THD and COHD tests respec-
tively.

Statistical analysis

The values for each variable are expressed through
the mean and standard deviation (+ SD). We used the
Shapiro-Wilk W-test to test the normal distribution of
the data, which allows the use of parametric statis-
tics. We used the Anova test to compare the strength
of each segment (i.e. dominant leg and non-dominant
leg) in the jump tests (i.e. SJ, CMJ, THD and COHD) by
level of physical activity (i.e. LPAG, APAG and HPAG).
We also used this test to compare the influence of
the level of physical activity on the asymmetry index
observed in each jump test. We used the t-Student
test for related samples to compare differences in
strength between dominant and non-dominant leg in
each activity group. In all cases the significance level
was set at p<0.05 or p<0.01. We performed statisti-
cal analysis using the Statistical Package for the So-
cial Sciences for Windows v. 19.0 (SPSS, Inc., Chica-
go, IL. USA).

La fiabilitat d’ambdues proves ha estat examinada
en treballs anteriors duts a terme sobre poblacions que
realitzaven esport recreatiu (Maulder & Cronin, 2005),
amb bons valors en el coeficient de correlacio intraclas-
se (CCl) de 0,82-0,86 i de 0,86-0,95, en els tests SJ i
CMJ, respectivament.

Test de salt horitzontal

Segons el test de salt horitzontal emprat en altres
treballs (Maulder & Cronin, 2005; Noyes, Barber, & Man-
gine, 1991; Résch et al., 2000), es va avaluar la forca
horitzontal unilateral per mitja dels tests THD i COHD. En
el THD, el participant va realitzar 3 impulsos horitzontals
amb cama dominant o amb cama no dominant, inten-
tant aconseguir la major longitud possible. Durant el
COHD, el participant va realitzar els mateixos impulsos,
pero alternant cada suport a un costat i un altre d’'una
linia de referéncia. Perqué I'intent fos valid, les mans
havien d’estar sobre els malucs i la posicié d’aterratge
s’havia de mantenir durant 2-3 segons, sense péerdua
d’equilibri 0 moviments addicionals que impliquessin
I’extremitat lliure. El resultat es va mesurar en metres.

La fiabilitat d’ambdues proves ha estat examinada
en treballs anteriors duts a terme sobre poblacions de
joves actius (Bolgla & Keskula, 1997), amb valors del
CCl de 0,95 i 0,96 per als test THD i COHD, respectiva-
ment.

Analisi estadistica

Els valors corresponents a cada variable s’expressen
a través de la mitjana i desviacié estandard (+ SD). Per
a la comprovacio de la distribucié normal de les dades,
que permet I'is de I'estadistica parameétrica es va apli-
car la prova Shapiro-Wilk W-test. Per comparar la forca
de cada segment (cama dominant i cama no dominant),
en les diferents proves de salt (SJ, CMJ, THD i COHD) se-
gons el nivell d’activitat fisica (GAFB, GAFM i GAFA) es va
emprar la prova Anova. També va ser emprada aquesta
prova per comparar la influéncia del nivell d’activitat fi-
sica sobre I'index d’asimetria observat en cada prova de
salt. La prova t-Student per a mostres relacionades va
ser utilitzada per comparar les diferéncies de forga entre
cama dominant i no dominant en cada grup d’activitat.
En tots els casos es va establir un nivell de significacio
de <p0,05 o p<0,01. Uanalisi estadistica es va realitzar
usant el programa Estadistic per a les Ciéncies Socials
SPSS per Windows v. 19.0 (SPSS, Inc., Chicago, IL. USA).
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Results

Table 2 shows the values for each jump test (i.e.
SJ, CMJ, THD and COHD), for the dominant and non-
dominant leg in each of the assessment groups (i.e.
LPAG, APAG and HPAG). The intergroup analysis
shows significant differences in the strength values
of both dominant and non-dominant legs in the THD
and CMJ tests (p<0.01 in LPAG vs. HPAG and APAG
vs. HPAG). There are significant differences (p <0.01)
in the COHD test conducted with the non-dominant leg
in LPAG vs. HPAG, although this was not found in LPAG
vs. APAG and APAG vs. HPAG. Finally, the values regis-
tered in the SJ test show no differences when compar-
ing LPAG vs. APAG in any of the segments analysed,
but do (p<0.01) when comparing jump results on
both legs in LPAG vs. HPAG and APAG vs. HPAG.

In addition the intra-group analysis reflects differ-
ences in strength values between dominant and non-
dominant legs in the SJ (p<0.01) and CMJ (p<0.05)
tests performed by the HPAG. Significant differences are
maintained in the CMJ test (p<0.01) in the other two
groups. No differences were observed between domi-
nant and non-dominant legs in the horizontal jump test.

Dominant
THD
(m) Non-dominant
Dominant
HD (m
oD i) Non-dominant
Domi
S oninant
> Non-dominant
Table 2. oMJ (m) Dominant

Strength levels Non-dominant

in dominant and
non-dominant leg
depending on the
level of physical

Resultats

En la taula 2 es mostren els valors de cada prova de
salt (SJ, CMJ, THD i COHD), per a la cama dominant i no
dominant en cadascun dels grups d’avaluacié (GAFB,
GAFM i GAFA). Lanalisi intergrup reflecteix diferéncies
significatives en els valors de forca tant en cama domi-
nant com no dominant, en els tests THD i CMJ (p<0,01
en GAFB vs. GAFA i GAFM vs. GAFA). En la prova COHD
realitzada amb cama no dominant existeixen diferén-
cies significatives (p<0,01) en GAFB vs. GAFA, no ob-
servant-se tal comportament en GAFB vs. GAFM i GAFM
vs. GAFA. Finalment, els valors registrats en el test SJ
no revelen diferéncies en comparar GAFB vs. GAFM
en cap dels segments analitzats, perdo si (p<0,01)
quan es contrasten els resultats de salt en amb-
dues extremitats en GAFB vs. GAFA i GAFM vs. GAFA.
D’altra banda, I'analisi intragrup reflecteix diferéncies
en els valors de forca entre cama dominant i no domi-
nant en les proves SJ (p<0,01) i CMJ (p<0,05) realit-
zades pel GAFA. Les diferéncies significatives es man-
tenen en la prova CMJ (p<0,01) en els altres dos grups.
No s’han observat diferéncies entre cama dominant i
no dominant en els test de salt horitzontal.

LPAG APAG HPAG
5.07+0.84*# 5.568+1.14% 6.15+0.76%
5.00+0.83* 5.44+0.70% 6.19+0.84%
4.58+0.82* 4.98+0.84* 5.30+0.61%
4.60+0.83 4.88+0.81 5.24+0.71%
0.17+0.04 0.17+0.04* 0:23=0.02**%%
0.17+0.03 0.17+0.03" 0.22+0.03%
0.21+0.03**## 0.19+0.02**¥¢ 0.30+0.02%**$3
0.20+0.03## 0.18+0.03* 0.29+0.02%¢

LPAG = low physical activity group; APAG = average physical activity group; HPAG = high physical activity group; THD = triple
hop test for distance; COHD = cross-over hop test for distance; SJ=squat jump; CM.J=countermovement jump.
* Differences between dominant and non-dominant leg; * Differences between LPAG and APAG; * Differences between
LPAG and HPAG; ¥ Differences between APAG and HPAG. Significance levels, * p<0.05 and **p<0.01; # p<0.05 and
## p<0.01; % P<0.01; ¥ P<0.05 and *¥ p<0.01.

activity
GAFB GAFM GAFA

THD (m) Dominant 5,07+0,84# 5,58+1,14* 6,15+0,76°%

No dominant 5,00+0,83* 5,44+0,70" 6,19+0,84%%
COHD (m) Dominant 4,58+0,82* 4,98+0,84" 5,30+0,61%%

No dominant 4,60+0,83 4,88+0,81 5,24+0,71%%
SJ (m) Dominant 0,17+0,04 0,17+0,04 0,23+0,02**%$

No dominant 0,17+0,03 0,17+0,03* 0,22+0,03%¢
cMJ (m) Dominant 0,24l ==0) 05+ 0,1920,02***¢ 0,30+0,02%*$$ P

No dominant 0,20+0,03## 0,18+0,03* 0,29+0,02%¢ Taula 2.
GAFB =grup d’activitat fisica baixa; GAFM =grup d’activitat fisica moderada; GAFA =grup d’activitat fisica alta; Nivell de forga en
THD = triple hop test for distance; COHD = cross-over hop test for distance; SJ=squat jump; CMJ = countermovement cama dominant i
jump. * Diferéncies entre cama dominant i no dominant; # Diferéncies entre GAFB i GAFM; ¢ Diferéncies entre GAFB i no dominant en
¥GAFA; ¥ Diferéncies entre GAFM i GAFA. Nivells de significacio, * p<0,05y **p<0,01; # p<0,05y ## p<0,01; % P<0,01; ol Gl vl

P<0,05y ¥ p<0,01. s o
d’activitat fisica
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Figure 1. Asymmetry depending on the pattern of low (LPAG),
average (APAG) and high (HPAG) physical activity present in the
participating subjects, analysed by the Triple hop for distance (A,
THD), Cross-over hop for distance (B, COHD), Squat jump (C, SJ) and
Countermovement jump (D, CMJ) tests

No significant differences were observed in the
asymmetry index depending on the physical activity
pattern presented by the subjects participating in the
study in any of the jump tests used (Fig. 1). There is
only, irrespective of the test analysed, a tendency to
reduce the strength asymmetry in the lower limb in
the group with greater time spent on physical activity
and sport.

Table 3 shows the percentage of subjects belong-
ing to each physical activity group (LPAG, APAG and
HPAG) that present levels of strength symmetry with
different degrees of importance: low risk, <90%,; me-
dium risk, 90-85%; high risk, >85%. The LPAG has
the highest percentage of high-risk subjects, espe-
cially in the COHD test. This test also reveals more
subjects in the APAG and the HPAG with a high risk
of injury to the lower limbs. In the HPAG low percent-
ages of participants are observed at levels of sym-
metry related to the high risk of lower limb injury

Figura 1. Asimetria en funcié del patré d’activitat fisica baixa
(GAFB), moderada (GAFM) i alta (GAFA) present en els subjectes
participants, analitzada a través de las proves de salt Triple Hop
for distance (A, THD), Cross-over hop for distance (B, COHD), Squat
jump (C, SJ) y Countermovement jump (D, CMJ)

No s’observen diferéncies significatives en I'index
d’asimetria en funcié del patré d’activitat fisica manifes-
tat en els subjectes participants en I'estudi, en cap dels
tests de salt emprats (fig. 1). Unicament es pot apreciar,
amb independéncia de la prova analitzada, una ten-
déncia a disminuir I'asimetria en forca en I'extremitat
inferior a favor del grup amb major temps de practica
fisicoesportiva.

En la taula 3 s’observa el percentatge de subjectes
pertanyent a cada grup d’activitat fisica (GAFB, GAFM
i GAFA), que presenten nivells de simetria en forca en
diferent grau d’importancia: sota risc, <90%; risc mi-
tja, 90-85%; alt risc, >85%. En el GAFB el percentatge
de subjectes amb alt risc és més alt, especialment en
la prova COHD. Aquest test també revela major nom-
bre de subjectes en GAFM i GAFA amb alt risc de le-
si6 en I'extremitat inferior. En GAFA s’observen baixos
percentatges de participants en nivells de simetria re-
lacionats amb I'alt risc de lesié en extremitat inferior
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THD(%) COHD(%) SJ(%) CMJ(%)
Dif LPAG (n=44)
>90% 78.3 67.4 71.7 738
85-90% ill5,2 13 13 ill5,2
<85% 6.5 19.6 15.2 10.9
APAG (n=46)
>90% 87.2 71.8 88.1 84.6
85-90% 10.3 17.9 12.8 12.8
<85% 2.6 10.3 5.1 2.6
HPAG (n=39)
>90% 86.4 77.3 725 81.8
85-90% 9.1 18.2 20.5 (5,€)
<85% 4.5 4.5 0 2.3
n=sample size; Dif =symmetry indexes; LPAG=Ilow physical
activity group; APAG = average physical activity group; HPAG = high
physical activity group; THD = triple hop for distance; COHD = cross-
over hop for distance; SJ = squat jump; CMJ = countermovement
jump.

THD(%) COHD(%) SJ(%) CMJ(%)
Dif GAFB (n=44)
>90% 78,3 67,4 71,7 73,9
85-90% 1587, 13 13 1587
<85% 6,5 19,6 5.2 10,9
GAFM (n=46)
>90% 87,2 71,8 88,1 84,6
85-90% 10,3 17,9 12,8 12,8
<85% 2,6 10,3 51 2,6
GAFA (n=39)
>90% 86,4 77,3 795 81,8
85-90% 9,1 18,2 20,5 15,9
<85% 4,5 4,5 0 2,3

n=mida de la mostra; Dif=indexs de simetria; GAFB=grup
d’activitat fisica baixa; GAFM =grup d’activitat fisica moderada;
GAFA=grup d’activitat fisica alta; THD=Triple hop for distance;
COHD = Cross-over hop for distance; SJ=Squat jump; CMJ = Coun-
termovement jump.

-

Table 3. Percentage (%) of subjects in each physical activity group
with different symmetry indexes

(symmetry <85%), as reflected in the results of the
THD, COHD, SJ and CMJ tests (4.5, 4.5, O and 2.3,
respectively).

Discussion

The aim of this study was to analyse the asym-
metry between dominant and non-dominant legs
through unilateral horizontal and vertical jump tests
in a sample of university students classified into
three groups according to their weekly pattern of
physical and sports activity. Studies have analysed
the influence of age (Atkins, Hesketh & Sinclair,
2013), sports injuries (Paterno, Ford, Myer, Heyl &
Hewett, 2007) and competitive level on strength
asymmetries (Schiltz, Maquet, Bury, Crielaard, &
Croisier, 2009). However, as far as we know there
are no studies which have looked at the influence of
hours of physical exercise and sports activity on the
strength levels of dominant and non-dominant legs.
Our results show significant intergroup differences in
this respect, with better results in the strength tests
for both legs in people who do more weekly exercise.
In addition, the results reveal significant differences

-

Taula 3. Percentatge (%) de subjectes en cada grup d’activitat
fisica amb diferents indexs de simetria

(simetria <85%), tal com reflecteixen els resultats en
els test THD, COHD, SJ i CMJ (4,5, 4,5, 0i 2,3, respec-
tivament).

Discussio

L'objectiu d’aquest estudi ha estat analitzar
I'asimetria entre cama dominant i no dominant, per
mitja de tests de salt unilateral horitzontal i vertical,
en una mostra d’estudiants universitaris classificats
en 3 grups segons el seu patré de practica fisicoes-
portiva setmanal. Es disposa d’estudis que han analit-
zat la influéncia de I'edat (Atkins, Hesketh & Sinclair,
2013), les lesions esportives (Patern, Ford, Myer, Heyl
& Hewett, 2007) o el nivell competitiu en les asime-
tries de forca (Schiltz, Maquet, Bury, Crielaard, & Croi-
sier, 2009). No obstant aix0, no sabem que existeixin
treballs que s’hagin ocupat d’estudiar la influéncia
de les hores de practica fisicoesportiva en els nivells
de forca de cama dominant i no dominant. Els resul-
tats mostren diferéncies significatives intergrups en
aquesta qualitat, observant-se millors resultats en els
tests de forca en una i una altra extremitat en aquells
que practiquen més exercici setmanal. A més, els
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in the strength of dominant and non-dominant legs
measured by the CMJ test in the three groups, as well
as the SJ test in the HPAG. Finally, although we found
no differences between groups, there is a tendency
to decrease the asymmetry index in the groups with
a greater physical exercise and sports activity pat-
tern. The results show there are more subjects with
low symmetry (<85%), and therefore increased risk
of lower limb injury, in the LPAG compared with the
APAG and the HPAG.

Strength and power are very important qualities
in most sports (Mcguigan, Wright, & Fleck, 2012).
Nowadays they are also related to injury prevention,
as good strength levels can reduce muscle damage
resulting from participation in strenuous sports
(Owen et al., 2015). As is apparent from this study,
the increase in minutes of activity (LPAG <150 min
of strenuous physical activity per week; APAG 150-
300 min of strenuous physical activity per week;
HPAG >300 min of strenuous physical activity per
week) leads to a difference in strength values. Ac-
cording to most authors, recreational physical and
sports activity has a positive impact on physical
condition and in particular on strength (Darrow et
al., 2009). This is confirmed by the results of our
study, as limb strength values in the LPAG are low-
er than in the APAG and the HPAG. HPAG subjects
will be better prepared for doing exercise and sport
because higher strength levels mean they can deal
with and absorb training loads better (Johnston,
Gabbett, Jenkins, & Hulin, 2014).

In spite of the improvement of certain fitness
factors, increased practice patterns have been
linked to an increased risk of injury (Leppénen et
al., 2014). These injuries may be caused by the
appearance of triggers including the presence of
asymmetric strength levels between dominant and
non-dominant leg (Newton et al., 2006). Identifying
these bilateral differences should be a concern for
sports coaches and trainers, who need to master
those basic strategies in order to monitor strength
values (Hewit et al., 2013). Traditionally isokinetic
tests (non-functional) and jump tests (function-
al) have been used to measure imbalances be-
tween dominant and non-dominant legs (Maulder
& Cronin, 2005). However, the poor relationship
observed between the variables associated with
an isokinetic test and other sports performance
factors means these tests are at a disadvantage

resultats revelen diferéncies significatives en la forca
de cama dominant i no dominant, mesurada a través
de la prova CMJ en els 3 grups, aixi com en el test SJ
en el GAFA. Finalment, encara que no s’han trobat di-
feréncies entre grups, s’observa una tendéncia a dis-
minuir I'index d’asimetria en els grups amb un patr6
d’activitat fisicoesportiva major. Segons els resultats
obtinguts existeixen més subjectes amb baixa simetria
(<85%), i per tant més risc de lesio en I'extremitat infe-
rior dins del GAFB, en comparacio entre GAFM i GAFA.

La forga i la poténcia son qualitats molt importants
en la majoria d’esports (Mcguigan, Wright, & Fleck,
2012). Actualment també es relacionen amb la preven-
ci6 de lesions, ja que bons nivells de forca poden reduir
el dany muscular derivat de la participacié en activitats
esportives intenses (Owen et al., 2015). Tal com es
desprén del present estudi, I'increment en els minuts
d’activitat (GAFB <150 min d’activitat fisica intensa set-
manal; GAFM 150-300 min d’activitat fisica intensa
setmanal; GAFA >300 min d’activitat fisica intensa set-
manal), promou una diferéncia en els valors de forca.
Segons la majoria d’autories, la practica fisicoesportiva
recreativa té efectes positius sobre la condicié fisica i
en concret sobre la forca (Darrow et al., 2009). Aixo es
confirma amb els resultats d’aquest estudi, ja que en el
GAFB existeixen uns valors de forca per extremitat me-
nors que el GAFM i el GAFA. Els subjectes del GAFA esta-
ran més ben predisposats per a la practica, ja que més
nivells de forca permeten afrontar i assimilar de manera
optima les carregues d’entrenament (Johnston, Gabbett,
Jenkins, & Hulin, 2014).

Malgrat la millora de determinats factors de la
condicié fisica, 'augment en els patrons de practica
ha estat relacionat amb un increment del risc de le-
si0 (Leppanen et al., 2014). Aquesta lesié I'ocasiona
I’aparici6 d’agents desencadenants entre els quals
podem assenyalar la preseéncia de nivells de forca asi-
métrics entre cama dominant i no dominant (Newton et
al., 2006). La identificaci6 d’aquestes diferéncies bila-
terals ha de ser una preocupacio per al personal téc-
nic esportiu i preparador fisic, els quals han de dominar
aquelles estratégies basiques per poder monitoritzar
els valors de forca (Hewit et al., 2013). Tradicionalment
s’han emprat proves isocinétiques (no funcionals) i test
de salt (funcionals) per al mesurament d’asimetries en-
tre cama dominant i no dominant (Maulder & Cronin,
2005). No obstant aixo, la baixa relacié observada en-
tre les variables associades a un test isocinétic i altres
factors de rendiment esportiu, situen a aquestes proves
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compared to other tools such as hop tests (Hewit
etal.,, 2012).

In our study there is no uniform imbalance pat-
tern due to the test performed. As noted by other
authors, asymmetries seem to be highly dependent
on the recording methodology used (Schot, Bates,
& Dufek, 1994). There are differences between
dominant and non-dominant legs in the CMJ regard-
less of the physical activity pattern presented, and
in the SJ within the HPAG. Similar to the findings in
our study, another study using the jump test with a
sample of healthy non-athletes found no significant
differences in the strength of dominant and non-
dominant legs in any of the tests (Maulder & Cronin,
2005).

Although strength asymmetry increases the risk
of injury in sports (Askling, Karlsson, & Thorstens-
son, 2003; Newton et al., 2006), there is no specific
magnitude in the literature that identifies a thresh-
old from which there is more risk of injury or the
range that characterises the injured player (Hewit
et al., 2012). However, it appears that 15% differ-
ences in strength values between each leg are as-
sociated with injured or endangered players, while
10% asymmetry defines uninjured or low risk ones
(Maulder & Cronin, 2005; Meylan, Nosaka, Green, &
Cronin, 2010; Newton et al., 2006). Values of 15%
are the signal to set up intervention programmes,
but lower indexes must also be accompanied by
prevention protocols in order to reduce the effect of
triggers (Hewit et al., 2012). One of these triggers
may be the practice itself (Maulder & Cronin, 2005)
since the asymmetries between limbs reflect the de-
mands of the sport done (Hewit et al., 2012). How-
ever, although no significant intergroup asymmetry
index differences have been observed, in our study
the mean and limit values for this variable are high-
er in the LPAG and APAG groups compared with the
HPAG. This is contrary to what was found in other
research, where increasing competitive require-
ments and therefore hours of training also meant
an increase in asymmetry (Schiltz et al., 2009). The
asymmetry index obtained by the jump tests used in
this study is substantially higher than that found for
non-athletes by other authors (Barber et al., 1990;
Maulder & Cronin, 2005). In addition, the results of
the CMJ and SJ tests in the APAG and the HPAG show
values similar to those of a sample of sportspeople
from different team sports (Meylan et al., 2010)

en desavantatge pel que fa a altres eines com els hop
test (Hewit et al., 2012).

En el nostre estudi no existeix un esquema
d’asimetria homogeni en raé de la prova realitzada. Tal
com s’ha assenyalat per altres autors, les asimetries
semblen tenir una alta dependéncia amb la metodolo-
gia de registre emprada (Schot, Bats, & Dufek, 1994).
S’observen diferéncies entre cama dominant i no domi-
nant en el CMJ amb independéncia del patr6 d’activitat
fisica manifestat, i en el SJ dins del GAFA. Similar als
resultats d’aquest estudi, en un altre treball que es va
emprar test de salt en una mostra de subjectes sans
no esportistes, no s’hi van trobar diferéncies significati-
ves en la forca de cama dominant i no dominant en cap
dels tests (Maulder & Cronin, 2005).

Encara que I'asimetria de forca augmenta el risc
de lesié en I'esport (Askling, Karlsson, & Thorstensson,
2003; Newton et al., 2006), no existeix en la literatu-
ra cientifica una magnitud especifica que identifiqui el
llindar a partir del qual el perill de lesié o aquell rang
que caracteritza el jugador lesionat és més alt (Hewit
et al., 2012). No obstant aix0, sembla que diferéncies
del 15% en els valors de forca entre una i una altra
cama s’associa amb jugadors lesionats o en perill, men-
tre que un 10% d’asimetria defineix els no lesionats o
amb baix risc (Maulder & Cronin, 2005; Meylan, Nosa-
ka, Green, & Cronin, 2010; Newton et al., 2006). Els
valors del 15% so6n el senyal per instaurar programes
d’intervencio, pero indexs inferiors també han de ser
acompanyats de protocols de prevencié amb I'objectiu
de reduir I'efecte de factors desencadenants (Hewit et
al., 2012). Un d’aquests agents pot ser la propia prac-
tica (Maulder & Cronin, 2005), ja que les asimetries
entre extremitats reflecteixen les demandes de I'esport
practicat (Hewit et al., 2012). No obstant aixo, i a pe-
sar que no s’han observat diferéncies significatives in-
tergrups en I'index d’asimetria, en el nostre estudi els
valors mitjans i limits en relaci6 amb aquesta variable,
sén més alts en els grups GAFB i GAFM comparats amb
GAFA. Aix0 és contrari al s’observa en un altre treball,
on l'augment de I'exigéncia competitiva i per tant de
les hores de preparacio, suposava també un increment
en I'asimetria (Schiltz et al., 2009). L'index d’asimetria
obtingut pels tests de salt emprats en aquest estudi és
substancialment superior a I'assenyalat per a subjectes
no esportistes, per altres autories (Barber et al., 1990;
Maulder & Cronin, 2005). A més, els resultats dels tests
CMJ i SJ en el GAFM i GAFA, revelen valors similars als
d’'una mostra d’esportistes de diferents disciplines
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and soccer players (Menzel et al., 2013), but lower
than those indicated for athletes (Impellizzeri et al.,
2007). Consequently and although the emergence
of training stimuli has been used to explain pos-
sible asymmetries (Maulder & Cronin, 2005), we did
not find this in our study. As can be seen in Table
3, we found a higher percentage of low symmetry
cases (<85%), and therefore high risk of injury, in
the LPAG. Under these conditions, when these indi-
viduals are placed in exercise programmes their
weak leg will absorb additional pressure, jeopardis-
ing performance and making them more prone to
lower limb injury (Hoffman et al., 2007; McElveen,
Riemann, & Davies, 2009). This risk is increased if
the activity involves a significant number of high-
intensity actions and changes of direction (Hader,
Mendez-Villanueva, Ahmaidi, Williams, & Buchheit,
2014). Hence even though increased physical sports
exercise has been associated with an increased oc-
currence of risk agents (Herman et al., 2012), and
in others it has been found that greater training
load demands lead to increased asymmetry indexes
(Schiltz et al., 2009), our research shows that the
HPAG recreational activity pattern does not bring
about greater strength imbalances compared with
the APAG and the LPAG.

Conclusions

The pattern of weekly physical activity undertak-
en by university student subjects is related to the
strength levels of the lower limbs. The difference in
strength between dominant and non-dominant leg
is present in the group with the highest physical
exercise and sports activity pattern, which would
suggest supplementing such practice with counter-
vailing strength work. However, this increased level
of activity does not result in a greater asymmetry
index for participant subjects and we found more
subjects at risk of lower limb injury due to low levels
of symmetry in the groups most prone to physical
inactivity.
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d’equip (Meylan et al., 2010) i jugadors de futbol (Men-
zel et al., 2013), pero inferiors als indicats per a atletes
(Impellizzeri et al., 2007). Per tant, encara que 'aparicio
d’estimuls d’entrenament ha estat emprada per justifi-
car possibles asimetries (Maulder & Cronin, 2005), en
el nostre treball aixd no s’observa. Tal com pot compro-
var-se en la taula 3, s’ha trobat un major percentatge
de casos amb baixa simetria (<85%), i per tant alt risc
de lesio, en el GAFB. En aquestes condicions, quan
aquests subjectes s’instaurin en programes d’exercici
fisic, la seva cama feble assumira una pressi6 addicio-
nal, comprometent el rendiment i estant més predispo-
sats a la lesié en I'extremitat inferior (Hoffman et al.,
2007; McElveen, Riemann, & Davies, 2009). Aquest
risc sera superior si en 'activitat hi ha gran preséncia
d’accions d’alta intensitat i canvis de direccié (Hader,
Mendez-Villanueva, Ahmaidi, Williams, & Buchheit,
2014). Per tant, malgrat que I'augment d’exercici fisico-
esportiu ha estat relacionat amb més aparicié d’agents
de risc (Herman et al., 2012), i que en uns altres s’ha
comprovat que una major exigencia quant a la carrega
d’entrenament condueix a un increment en els indexs
d’asimetria (Schiltz et al., 2009), en el nostre treball
s’observa que el patrd d’activitat de tipus recreatiu del
GAFA, comparat amb el del GAFM i GAFB no indueix a
desequilibris de forca majors.

Conclusions

El patr6 d’activitat fisica setmanal realitzat per sub-
jectes universitaris esta relacionat amb els nivells de
forca de I'extremitat inferior. La diferéncia de forca entre
cama dominant i no dominant esta present en el grup
amb més d’activitat fisicoesportiva, per la qual cosa
sembla recomanat complementar la practica amb tre-
balls de forca compensatoria. No obstant aix0, aquest
nivell superior d’activitat no provoca en els subjectes
participants un index d’asimetria major, observant-se
més subjectes amb el risc de lesid en I'extremitat infe-
rior per nivells de simetria baix en els grups amb més
tendéncia al sedentarisme.
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