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Abstract: Problem statement: Fatigue is a complex phenomenon that can be testias a time-
dependent exercise-induced reduction in the maxforak generating capacity of a muscle. The aim
of the present study was to examine the effeckbéesting exercise induced fatigue on the doulde-le
balance of elite male athlete&pproach: This study included 30 apparently healthy youngltad
(handball and basketball professional playerskulfects in the control group (15 men with mean age
23+2.1 years old, Body Mass 82+1.3 kg and Body Hteig81+9.7 cm) and 15 subjects in the
experiment group (15 men; age 23.1+2.2 years oggmweight 81+0.9 kg and mean height 183+7.4
cm), matched evenly for age. In this study RAST tised for fatigue protocole. Biodex balance system
and lactometer used for evaluation of balance dnddblactate level (respectively). For statistical
analysis, Pearson correlation coefficient, pair¢est and sample t-test were us&tksults: Results
revealed that there aren't any significant mairea# for time, such that double legged balance
performance was maintained throughout the triaer&haren’t any significant main effects for time in
the mean lateral deflection of the biodex matf. However, there was a significant main effect
(p = 0.091) in the mean anterior-posterior deftattiThe mean deflection was significantly reduced,
i.e., toward the anterior direction, at the endcath half relative to all other time points. Hetloere
wasn't a significant relationship between lactatél accumulation and variations of stability irefic

(r = -0/661, p<0.05). The balance index was sigaifily lower for standing with eyes open compared
with eyes closed. The sensorimotor system norma#gs inputs from three afferent systems:
vestibular, somatosensory and visual. When onbadé systems (somatosensory) is impaired, the two
intact systems compensate for the impaired onertesextent. Therefore, balance index in the eyes-
closed situation becomes higher compared with epes.Conclusion: Balance was maintained (in
eyes opened situation) and this shows that balhave a little decreases in double leg stance in
professional athletes.
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INTRODUCTION fatigue can be the result of a failure in any pssce
involved in the muscular contractiéth Historically,
Fatigue is a complex phenomenon that can bé¢he potential factors involved in the fatigue
described as a time-dependent exercise-inducedevelopment are divided in two categories: the re¢nt
reduction in the maximal force generating capacftg ~ factors that should provoke the fatigue by a disoid
musclé®. Alteration in performance tends to vary the neuromuscular transmission between the CNS and
across sports that are influenced more or lesatipfs the muscular membrane and peripheral factors that
like decreased muscular power and endurancewould cause an alteration inside the mus&leAnother
decreased motor skill performance and mental lapses characteristic of the fatigue is the fact thatdpdnds on
is well known that impairment of performance resgit the task, that is, its causes vary in a very widsg and
from neuromuscular fatigue differs according to theit behaves according to the way it is indUfedrhe
type of contraction, the muscular group tested tied muscular fatigue is considered as a predisposiciprfa
exercise duration/intenslffl. Therefore, the muscular to the appearance of injuri@ssuch as the ankle sprain.
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Lactic acid accumulation is one of the cases thatle  according to the regular training. Participanterated
interfering in fatigue protocol and subsequentlyhaving performed no vigorous exercise in the 24ibrp
decreasing the functional stability. Surenketkal.®®  to testing and with diet standardized for 48 h
showed that there was no correlation between lactiproceeding in each test. Players were required to
acid accumulation and balance changes. It can beonsume 500 mL of water 2 h prior to testing toueas
concluded that knee muscle fatigue has an advers#ehydration. Thereafter the subjects consumeduid fl
effect on balance; however, this impairment was noso as to control for the possible influence of layin
correlated with the degree of lactic acid accunimfat ~ status on performan@d. Subjects participated in the
Several authors have been studying the effecthef t RAST test 30 min after having a standard breakfadt
muscular fatigue on the neuromuscular cofftrathich  after having their blood lactate levels measuredtiie
is related to the proprioceptive afferents thattaien  un-preferred hand mid-fingertip blood samples by a
by the peripheral receptors to the upper centetistan certificated lactometer. All subjects completed
the efferent (motor) responses generated with théamiliarization trials of the balance task in thested
purpose to keep the dynamic muscular stabfllty state on a minimum of previous laboratory visiteeT
Studies have shown that the muscular fatigue cearses stabilometer trial comprised a (30's eyes closet3is
adverse change in the propriocepfidna sensorial eyes opened respectively) double-legged balande tas
modality comprising the sensations of the jointwhere the subjects was instructed to keep the dignam
movement and positioniHg, as well as the postural and unstable platform level to the best of theilitgb
controf®. Balance is defined as the ability to maintain
inter-vertebral and global torso equilibrium despite  Instruments:
presence of small mechanical disturbances and/all sm Dynamic postural stability: Participants stood
neuromuscular control errors. Stability of the spmay  barefoot on a biodex system (level 3). The biodex
be impaired by fatigue of the paraspinal mustfe#An  system measured any postural sway resulting fram th
etiological risk factors associated with joint spra focal movement by recording the displacement and
injury incidence and severfy include impaired velocity of the Center Of Pressure (COP). To assess
proprioceptive capacity! and postural stabilit}. balance and neuromuscular control, this study wsed
Rozzi et al.”® suggested that in the fatigued state thecommercially available balance device, the BSS
joint may fail to produce the appropriate muscular(Biodex Medical Systems, Shirley, NY, USA), which
responses which have a protective function inconsists of a movable balance platform that pravige
maintaining joint stability. The aim of the presstidy  to 20° of surface tilt in a 360° range of motiorhelT
was to examine the effect of exhausting exerciselatform is interfaced with computer software (Baag
induced fatigue on the double-leg balance of elisde  Version 3.1, Biodex Medical Systems) that enalies t
athletes. device to serve as an objective assessment ofdmalan
The measure of postural stability includes the @Wer
MATERIALSAND METHODS (OA), the Anterior/Posterior (AP) and the
Medial/Lateral (ML) stability scores. A high scome
Participants: This study included 30 apparently the OA index indicates poor balance. The OA stibili
healthy young adults (handball and basketballscore is believed to be the best indicator of therall
professional players), 15 subjects in the controug  ability of the subjects to balance the platf§Pin We
(15 men; with mean age 23+2.1 years old, mean Bodgssessed bilateral stance at level 3 (more unjtaiite
Mass 82+1.3 kg and mean Body Height 181+9.7 cm}he BSS over a period of (30's eyes closed andeye's
and 15 subjects in the experiment group (15 mea; agopened respectively). Following the recommendations
23.1+2.2 years old, mean Body Mass 81+0.9 kg anaf the previous studi€d, level 3 is used as the unstable
mean Body Height 183+7.4 cm), matched evenly forevels. Subjects were asked to step on the platfmirm
age. The protocol used in this study was reviewstl a the BSS and assume a comfortable position while
approved by Tehran University’s Institutional Revie maintaining slight flexion in the knees (15°), ok
Board prior to participant recruitment and all straight ahead and to place arms across the dfest.
participants provided written informed consent ptm  position coordinates were constant throughout &s¢ t
beginning the study. As assessed by a medicalrhisto session. Subjects were tested without footwearllat a
guestionnaire, each participant was free oftimes.
cardiovascular and neurological diseases, severe
musculoskeletal injuries and low back pain. FirstlyFatiguing task: RAST test: Anaerobic power was
Subjects were tested between 8:00 and 10:00 hmeasured by a RAST test. The Running-based
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Anaerobic Sprint Test (RAST) was developed at thewell as all equipment used, were consistent foheac
University of Wolverhampton (United Kingdom) totes subject and were recorded to establish controlled
an athlete's anaerobic performance. RAST is sindlar experimental conditions.

the Wingate Anaerobic 30 cycle Test (WANT) in that

provides measurements of power and fatigue indexgexperimental protocol: The subjects arrived at the
This test was chosen primarily due to its validityd  stadium at 8:00 am in a fasted state and a staizedrd
reliability in relation to the Wingate test and @ls preakfast (approximately 380 kcal) was servadd
because this test requires minimal equipment an@o min afterward they lactic and balance tests was
training of the assessors and because of its dpyefia  taken. Then, the subjects were taken to a synttrati&
field based anaerobic activities that are of atitpe  (where the RAST test was performed). Since the RAST
nature. It is easy to perform, provides scores #1at test is an all-out test, the subjects warmed umfdeast
easily reproduced and can be used to successfullys min. The warm-up was standardized for all of the
estimate anaerobic capa€ify In order to carry out a participant§'. During the RAST test, the time of each
correct and precise testing process, the subjéotgls repetition and the rest intervals was measured roy a
70 cm in the back of the starting line (on eaclesthd  automatic timing photo-cell system. Before and % mi
the apparatus would let the timer start after thigjext  after the RAST test, the balance tests were pegdrm
passed in front of the first photocell. It was ateeided  on Biodex system.

that if in any of the cases the subject's bestriee@s

achieved after the second repetition, the testge®c Siatistical analysis. Pearson correlation coefficient
should be finished and the subject was allowedatteh sed for evaluation of relationship between lactatie
another opportunity to participate in the test. a\@id  accymulation and variations of stability indicebeTpre
these unwanted cases, subjects were asked to to eagq post-test data’s were analyzed with a pairestt-
repetition at maximum power and avoid dividing 5nq other datas analyzed by sample t-test an #pba
energy between the six repetitions. Also in order t (0.05) was used in determining statistical

increase the subjects’ motivation, the record (_nfnea significance using the SPSS program for Windows,
repetition was announced loudly and there wereiapec version 16.0

rewards for three individuals who could achieve the
best record, in addition to the payment in consitien
of all the participants".

BIOC.)d -samplles were coIIectgd f“’m unpreferred Table 1 shows the t-test results for stabilityiced
hand mid-fingertips two times (1_) |mm9d|ately prior and platform deflection.
the RAST test (pre-lac), (2) five minutes after the  There wasn't significant relationship between
RAST test (Slac)) for the purpose of estimatingddlo |actate acid accumulation and variations of stabili
lactate using a lactate analyzer (Analox P-LM55,)UK indices (r = -0/661, p<0.05).
found in an Analox lactate kit supplied by Analox  The mean deflection is a function of the average
(UK). It should be noted that, the analyzer hadnbee position of the participant during the task.
calibrated with  known lactate standards (5@ a Results revealed that there weren't significaninma
15.0 mM). Since environmental conditions can affecteffects for time in either score.
blood lactate levels and performance (32), air The t-test results revealed that there aren’t any
temperature and relative humidity values for theckr significant main effects for time in the mean later
were recorded(21.7+5.9 and 21.2+2.3°C and 48.4+11.€eflection of the Biodex platform.
and 52.1+9.7%, for first and second sessions
respectively) using an Arco device (Model TC14P;Tab|e 1: t-test resultsforstabilityinQicgs anatiorm deflection
Germany). Statistics

RESULTS

Variables Mean differences t Sig.
Procedure: One week before the data collection took Overall stability index -0.258 -1.184  0.195
. P ; nt-post stability index (eye open) -0.241 -2.117.087
place; the participants were instructed on h_ow_ 1 ed iat stability index (eye open)  -0.268 1112 190
perform the RAST test and underwent a familiar@ati Lactate (after 5 min) 0.272 3.111 0.028*
session (after performlng 400 m runr”ng test) |nAnt-p05t stability index (eye close) -0.545 -3.213.012*
dditi h ked f ble. do Med-lat stability index (eye close)  -0.643 -3.3120.011*
addition, they were asked to wear comiortable, 800S ant.post platform deflection -0.313 -1.098  0.091
fitting clothing and get an adequate amount ofsi@  Med-lat platform deflection -0.273 -2.231  0.152

8 h) the night before the t&&t The clothing, shoes, as * Significant differences
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DISCUSSION activity in student's ankle stability and propriptien
concluded that despite muscular fatigue, anklegapp
The purpose of this study was to determine thd¢o be more stable after exercise. Doing exercidada
effects of exhausting exercise induced fatigue oran increase in afferent/efferent nerve impulsesurid
balance. One of the factors evaluated in this study from muscle spindles around the ankle leading to
the (overall, ant-post and med-lat) stability indeximproved joint position sense.
throughout the exhausting exercise induced fatihaée Further support for the proposition that lactiédac
The paired t-test results revealed that there ti@my  accumulation is advantageous during muscle actisity
significant main effects for time, such that doubleprovided by the properties of the 2 major
legged balance performance was maintained throaghoionocarboxylate Transporters (MCTs), which play a
the trial. results revealed that there aren't anymajor role in the regulation of intracellular pHdan
significant main effects for Ant-Post stability exl lactate concentration during intense muscle agtivit
(eyes opened) (p = 0.087), Med-Lat stability indexThe MCT4 isoform that is predominantly and
(eyes opened) (p = 0.087), Ant-Post Platformabundantly expressed in fasttwitch glycolytic fiaethe
deflection (p = 0.091) and Med-Lat Platform defleet major producer of lactic acid, has a relatively thig
(p = 0.152), but there was significant main effefcis  dissociation constant (low affinity) Km of 20-35 mM
Lactate acid accumulation (after 5 min) (p = 0.028) whereas the MCT1 isoform, which is predominantly
Ant-Post stability index (eyes closed) ( p = 0.0425 expressed in slow-twitch oxidative fibers, has a Km
Med-Lat stability index (eyes closed) ( p = 0.011).3-5 mM (15). The high Km of MCT4 for lactate
Double legged balance performance was maintainedxplains why lactic acid is allowed to accumulatéhe
throughout the trial in eyes opened situation bat'd  fast-twitch glycolytic muscle during exercise, cags
maintained throughout the trial eyes closed. Theacidification of the myoplasm. This must be benafic
sensorimotor system normally uses inputs from threéor the muscle because otherwise the muscle would
afferent systems: vestibular, somatosensory anghlis have expressed the lom MCT isoform. The lower
When one of those systems (somatosensory) iKm value for lactate of MCT1 isoform in the slow-
impaired, the two intact systems compensate for théwitch, oxidative muscle fibers provide a higheiirafy
impaired one to some extent. But when the subjectiptake mechanism for lactate and protons to be used
closes his or her eyes, only one intact afferestesy  these fibers as a respiratory fuel. Finally, weertbat a
remains for balance control. Therefore, balancexrid  rise in blood lactate (the “lactate threshold”) dadeed
the eyes-closed situation becomes higher compardoe used as an indicator of exhaustion. However,
with eyes opefi!. Few studies have directly measuredalthough lactate may well increase when muscle
the effects of sport induced specific fatigue onperformance declines, lactate is not the canfs¢éhe
functional stability. Greiget al.”® indicated that sport decline. Lactate rises in the blood when the musels
specific fatigue couldn't affect stability index biynes. are using ATP faster than they resynthesize it
Schieppaff® and TorbjorF" completed a study in aerobically in the mitochondria. But it is the athe
fatigue mechanisms; they found that fatigue caaralt changes occurring in the muscle, not the lactid aci
the stability indices. According to this study riksu accumulation, which cause the fatigue. Acidity
there wasn't significant relationship between laeta associated with lactic acid accumulation actuakyph
acid accumulation and variations of stability ireic  delay the onset of muscle fatigue that would otlesw
We concluded that lactate acid accumulation cotildn'ensue from the other effects of vigorous actfiityThe
affect stability index. One reason for this ressithat effectiveness of sports injury prevention programs
the professional handball and basketball playetsnof been well documented both in epidemiological staidie
training in above than lactate threshold (based otthat showed a decrease of athletic injifiesn the
energy systems), that this can improved they bodgontext of the multi-sensory control of balance,ewh
resistance for lactate acid accumulation and tbezef the availability or the reliability of input from a
the lactate acid accumulation probably couldn'ectff particular body location decreases, it is concdevathe
stability index. Also Surenkolet al.”® showed that central nervous system to increase the weighting of
there was no correlation between lactic acidinput from other locations that provide reliable
accumulation and stability changes. It can be emted  information for maintaining stable postfire
that knee muscle fatigue has an adverse effect on The Biodex stabilometer task provides a measure
balance; however, this impairment was not corrdlate of deviation of a surface which pivots about a rant
with the degree of lactic acid accumulation. Broawd  axis, such that it is free to move simultaneouslyhe
Bowyef?” for assess the effect of fatigue from sportinganterioposterior and medio-lateral plane. The d&via

448



J. Social Sci., 5 (4):

of the platform is directly related to the stalyildf the
player, such that greater body movement creategagre
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Lateral ankle sprain is a common injury, accounfiorg
25-50% of all injuries in spoftd and 17% of soccer

deviation in the platform and subsequently a highinjuries®. Woodset al.B¥ reported that 77% of all

stability index. With no significant main effect rfo

ankle ligament sprain injuries were localized te th

exercise duration it might be interpreted that thelateral complex. An inversion force applied to foet

intermittent competition had no effect on singlgded
balance performance. Consideration of the direation
stability indices reveals that stability was greatethe
medio-lateral plane than in the anterior-postepiane,
until the post-exercise measure. This might reftaet

with the ankle in plantar-flexion was described aas
common mechanism of injury to the lateral ligament.
This scenario is analogous to cutting maneuvers and
multi-directional  jumping inherent in handball
activities. It is not possible to conclusively stahe

anatomical configuration of boney and soft tissuemechanism driving the change in balance strategy

structure8”,

Instability in the medio-lateral plane is likelp t
pose a greater risk for joint injury and the fingliof no
fatigue effect with exercise duration suggests jbit
stability was not compromised. However, considerati
of the mean deflection of the platform over theadion
of the task indicates that a change of strategyhtnig
have been employed. In each trial the mean defiecti
was Lateral to the centre of the platform, as etqubc
However, at the end of each half the mean defledtio
the anterior-posterior direction was seen to inezeia
the anterior direction. This toes down rotationtioé
platform is indicative of greater plantar flexioh the
ankle. In a more functional setting plantar-flexmirthe
ankle reduces the base of support and increasesskhe
of ankle sprain injury due to the additional ratatl

during the latter stages of each half. Fatiguedchess
have been shown to exhibit extended latency in
firing®¥, electromechanical del&§ and slower muscle
reaction time. The subsequent impairment of the
dynamic stabilizing function of muscles is a prignar
factor in the non-contact etiology of joint liganteas
injury™”.

CONCLUSION

This leads to the conclusion that, despite muscula
fatigue, ankles appear to be more stable afterciseer
Does exercise induce an increase in afferent/effere
nerve impulses to and from muscle spindles arobed t
ankle leading to improved joint position sense?slt
suggested that handball and basketball player®rperf

and transverse movements allowed towards the mongroprioception drills both in the rested and exsadistate.

open packed position of the ankle j&ift The anterior
deflection might also be achieved by increased laree
hip flexion to move the centre of mass forwardufyj
risk might be increased when placing greater reéan
on knee or hip strategies to maintain balance, tdue
changes in muscular recruitment patterns.
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