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ABSTRACT

The aim of this study was to quantify the influenéecompetition-induced fatigue on functional sti#piin
professional handball players. 20 male professiamahdball players (age 25.3£1.4 yr, body mass 70.3kg,
VO2max 61.2+2.2 ml kg) completed a 60 min simulatechpetition protocol replicating the activity Pilef of
match-play with a 10 min passive (rest) intervall8 min intervals players completed a 30 s silgtged balance
task on an unstable biodex platform (level 3). Baperformance was quantified as a stability ingleet the mean
deflection of the platform. Results showed no §icant (P>0.05) main effect for exercise duratianthe stability
index, suggesting that balance performance was tai@ied throughout the competition. However, the mea
deflection of the platform was significantly (P<B)&hifted toward anterior displacement during tast 10 min of
the protocol. There wasn’t significant relationshiptween lactate acid accumulation and variatiofistability
indices (r =-0/661, p<0.05). A change in balanceastgy was evident during the last stages of pratoghich may
increase the risk of injury. Therefore, the impnment of proprioception in the ankle and knee j@mecommended
as a prevention role to the injuries in the abovetimmed joints.

Keywords: handball, Fatigue, Stability, performance, Bakgroint position sense.

INTRODUCTION

Fatigue is a complex phenomenon that can be desci@dls a time-dependent exercise-induced reduaticdhed
maximal force generating capacity of a muscle Alieration in performance tends to vary across tsptitat are
influenced more or less by factors like decreasedsaular power and endurance, decreased motor skill
performance, and mental lapses. It is well knowat impairment of performance resulting from neursoular
fatigue differs according to the type of contrantithe muscular group tested and the exerciseidofaitensity [2].
Therefore, the muscular fatigue can be the resatfailure in any process involved in the muscualantraction [3].
Historically, the potential factors involved in tii@tigue development are divided in two categoribg: central
factors that should provoke the fatigue by a disoid the neuromuscular transmission between timr&leNervous
System (CNS) and the muscular membrane, and peaiptaetors that would cause an alteration inskderhuscle

[4, 6]. Another characteristic of the fatigue i® thact that it depends on the task, that is, itsea vary in a very
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wide way, and it behaves according to the way itnduced [3,7]. The muscular fatigue is consideasda
predisposing factor to the appearance of injuile®], such as the ankle sprain. Surenkok et @§p8howed that
there was no correlation between lactic acid acdatimn and stability changes. It can be concludeat knee
muscle fatigue has an adverse effect on balanagever, this impairment was not correlated with tlegree of
lactic acid accumulation [11].

Several authors have been studying the effectseofruscular fatigue on the neuromuscular contrtf&,6], which
is related to the proprioceptive afferents thattaten by the peripheral receptors to the uppetecgnand to the
efferent (motor) responses generated with the m&rgo keep the dynamic muscular stability[17]. &tschave
shown that the muscular fatigue causes an advéraege in the proprioception [15, 18] a sensorialatity
comprising the sensations of the joint movementgogitioning [12], as well as the postural conf&l14, 16, 19].
Stability is defined as the ability to maintaingntertebral and global torso equilibrium despite phesence of small
mechanical disturbances and/or small neuromusadatrol errors. Stability of the spine may be impdi by
fatigue of the paraspinal muscles [20]. Etiologidsk factors associated with joint sprain injuncidence and
severity [21] include impaired proprioceptive capa¢22, 2] and postural stability [23, 3]. Rozzi al (2000)
suggested that in the fatigued state the joint fadyto produce the appropriate muscular respomggsh have a
protective function in maintaining joint stabilif24]. The aim of the present study was to examireinfluence of
handball simulated competition induced fatigue omle-legged balance performance among Iraniae efisle
handball players.

MATERIALSAND METHODS

Twenty professional male handball players (age258yr, body mass 70.3+2.7 kg, VO2max 61.2+2.Z&gimin)
participated in this study. VO2 max was determibgdoreath-by-breath analysis of a laboratory- Bageded
treadmill protocol to volitional failure. All paxipants provided written informezbnsent prior to beginning the
study. Subjects were tested between 18:00 and 20:@€cording to the regular training or competititnes, and to
account for the effects of circadian variation [25, Participants attended the laboratory in a [8bkt-absorptive
state, having performed no vigorous exercise in2#eh prior to testing, and with diet standardiZed 48 h
proceeding in each test. Players were requirednisume 500 ml of water 2 h prior to testing to easlehydration.
Thereafter the subjects consumed no fluid so asotdrol for the possible influence of hydrationtstaon
performance [1].

Players completed the intermittent handball- speditigue protocdl Pre-exercise, and at 10 min intervals
throughout the exercise protocol, each player cetepl the balance task to assess dynamic balaneebdlance
task was administered using the Biodex stabilom@igdex Medical Systems, New York, USA).

All subjects completed familiarization trials ofetfbalance task in the rested state on a minimuthreé previous
laboratory visits. The stabilometer trial comprige80 s single-legged balance task where the dubginstructed
to keep the dynamic and unstable platform leveh&obest of their ability. Subjects balanced orirttieminant leg
(identified bye the forward pushing test; researgheshed athletes forward then, first leg that scitsjwere used for
balance control in additional step come dominag}.|®uring the balance task each player was instduto look
directly ahead, with slight flexion at the kneeurglent to the stork stance. A difficulty level ®on Biodex was
applied to all tests. No visual feedback was pregido the subject with regard to performance. Furnttore the
lactate scout (production of Sense Lab Company) tseneasure the lactate acid accumulation. Ferrdason the
middle finger blood sample were used (at initiatéom after the protocol). Subjects participatethenhandball test.
Before and immediately after the fatigue protobbbod lactic acid levels measureBlood samples were collected
from unpreferred hand mid-fingertips two times [ihmediately prior to the handball protocol (prejla2) and five
minutes after the last 10 min of the protocol. e purpose of estimating blood lactate using tatacanalyzer
(Analox P-LM55, UK) found in an Analox lactate kitipplied by Analox (UK). It should be noted thag tnalyzer
had been calibrated with known lactate standards §6d 15.0 mM). Since environmental conditions affect
blood lactate levels and performance [13], air terajure and relative humidity values for the tragke recorded
(21.4 + 1.4°C and 50.2 + 7.1%, for first sessiamsing an Arco device (Model TC14P; Germaagy then single-
leg balance measured after each 10min handbatiigaprotocol. Indices of stability were quantifiaed an overall

! Intermittent handball- specific fatigue protoaas a handball playing in short time that eacthethandball techniques were executed with
players in intermittent 10 min.
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measure, and also in both the anterior—posteridr rardio-lateral planes. The same directional irglisere
quantified for the mean deflection over the dumatxd the balance task. Task performance was queah@t 10 min
intervals throughout the competition protocol, udihg at the start and end of the passive half-tinterval.
Pearson correlation coefficient used for evaluatiorrelation between lactate acid accumulation\aréhtions of
stability indices. The main effect for exercise ation was analyzed using Repeated measure ANOWhifRiant
differences between means were identified usingst poc test (TOKEY Test), all results reportedhas meant
standard deviation, with significance acceptedllav€<0.05.

RESULTS

Table 1. Repeated Measure ANOVA test resultsfor stability indices and Platform deflection

Variables df F sig
stability indices

overall stability index 35.32| 0.19
Ant-Post stability index 32.17 0.1p
Med-Lat stability index 19,7 | 27,63 0.1
Ant-Post Platform deflection| 21.44 0.09
Med-Lat Platform deflection 29.14 0.1p

Repeated measure ANOVA test results for stabititlides and Platform deflection cited in tableThe Repeated
measure ANOVA test results revealed that there'taagry significant main effects for time in eithecore. There
wasn't significant relationship between lactatedaaccumulation and variations of stability indides= -0/661,

p<0.05).

DISCUSSION

The Repeated measure ANOVA test results reveabddhiere aren’t any significant main effects fonej such that
single legged balance performance was maintainexighout the trial. Few studies have directly meeduhe
effects of sport induced specific fatigue on fuoctl stability. Greig et al (2007) indicated thpbd specific fatigue
couldn't affect stability index by times [1]. Scppati (2003) completed a study in fatigue mechasjgimey found
that fatigue can alter the stability indices [1Acording to this study results there wasn’t siguift relationship
between lactate acid accumulation and variationstability indices. In this study we found that tite acid
accumulation couldn't affect stability index. Omason for this result is that the professional batigplayer often
training in the lactate threshold (based on eneggiems), that this case can improved they bodgteexe for
lactate acid accumulation and therefore the laceig accumulation couldn't affect stability indétso Surenkok
et al (2006) showed that there was no correlatietwéen lactic acid accumulation and stability cleendt can be
concluded that knee muscle fatigue has an advéieset en balance; however, this impairment was catelated
with the degree of lactic acid accumulation [11} the context of the multisensory control of balenwhen the
availability or the reliability of input from a pécular body location decreases, it is conceivdbéecentral nervous
system to increase the weighting of input from otleeations that provide reliable information foramtaining
stable posture [7]. Consideration of the directigtability indices reveals that stability was gezan the medio-
lateral plane than in the anterior—posterior plamgil the post-exercise measure. This might re¢flee anatomical
configuration of boney and soft tissue structu@.[Instability in the medio-lateral plane is lik¢o pose a greater
risk for joint injury, and the finding of no fatigueffect with exercise duration suggests that jstability was not
compromised. However, consideration of the meatediébn of the platform over the duration of thekandicates
that a change of strategy might have been empldgezhch trial the mean deflection was laterahdentre of the
platform, as expected. However, at the end of émththe mean deflection in the anterior-postedimection was
seen to increase in the anterior direction. Théstdown rotation of the platform is indicative okater plantar
flexion at the ankle. In a more functional settipigntar-flexion of the ankle reduces the base qipsu and
increases the risk of ankle sprain injury due tdlditional rotational and transverse movemeihsvaell towards
the more open packed position of the ankle joi6.[2

The anterior deflection might also be achievedrayeased knee or hip flexion to move the centrmads forward.
Injury risk might be increased when placing greasdiance on knee or hip strategies to maintaimahed, due to
changes in muscular recruitment patterns. Thisrpnégation is supported by the observations of Adleet al
(2003) who reported a post-fatigue change in pasttontrol strategy, where the habitual strateggnged from
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ankle to hip following localized muscle fatiguetbe calf. The modifications made in the posturaitoa pattern

produce compensatory corrections around the jentsaintain functional stability [27]. However, visti balance
performance is maintained, the fatigue-inducedratitens in strategy might make the player more apisble to

injury. The alteration in balance strategy durihg latter stages of each half suggests that fumadtjoint stability is

impaired during the latter stages of each half.sTimding supports epidemiological observationstexhporal

patterns in ankle sprain incidence during soccecmplay [28]. The nature of the change in balastcategy, i.e.
an inverted ankle that becomes increasingly pldigaed during the latter stages of match-playalso correlated
to injury epidemiology. Lateral ankle sprain is@aronon injury, accounting for 25-50% of all injuri@ssports [29]

and 17% of soccer injuries [30]. Woods et al. (20§3orted that 77% of all ankle ligament sprairuiigs were

localized to the lateral complex. An inversion ®rapplied to the foot with the ankle in plantaxftsm was

described as a common mechanism of injury to ttegdhligament. This scenario is analogous to Bgtthaneuvers
and multi-directional jumping inherent in handbedtivities. It is not possible to conclusively stélhe mechanism
driving the change in balance strategy during #itef stages of each half. Fatigued muscles hage sleown to
exhibit extended latency in firing [30], electrorhaaical delay [28, 29], and slower muscle reactiowe [10]. The

subsequent impairment of the dynamic stabilizingcfion of muscles is a primary factor in the nomteat etiology

of joint ligamentous injury [30].

CONCLUSION

Stability was maintained and this was seeminglyea@d by a change in balance strategy during tierlatages of
each half. These stages of the game are therefuza tihe player is most susceptible to injury. Isuggested that
handball players perform proprioception drills boththe rested and exercised state.
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Practical application: this study can be used for evaluation and compgdatigue & fithess in handball players via
their coaches.
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