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Abstract: Problem statement: The proprioception information is a prerequisite halance, body’s
navigation system and the movement coordinator. dine of this study was to investigate the
effects of fatigue and chronic ankle instability dgnamic postural controlApproach: Thirty
physical education students (14 males, 16 fematetsyo groups (15 healthy age = 21+0879 years,
height = 168.35.6 cm and weight = 63t2.6 kg, 15 with chronic ankle instability age =43t0.83
years, height = 168+%.5 cm and weight = 63t3.2 kg) participated in this study voluntary. Star
Excursion Balance Test was used for evaluationyofathic postural control. Subjects performed a
functional fatigued protocol that lasted 15 min.indgsthe Borg scale, also measured rating of
perceived exertion before, middle and after thgyfis protocol.Results: The findings indicated that
dynamic postural control decreased after fatiguénio groups (p<0.05). In contrast, there was only
significance different between two groups afteigia¢ in lateral and antrolateral directions of Star
Excursion Balance Test (p<0.08yonclusion: Fatigue and chronic ankle instability can effeat o
dynamic postural control also, combination fatigared chronic ankle instability can increase this
effect. High incidence of ankle sprains especiallyateral and antrolateral directions which lead t
reducing of balance can be practical guidelinetfaining programs and management of fatigue in
athletes. This finding also helps to sport physadpists to more emphasis on ankle sprain in
rehabilitations on lateral and antrolateral direas.
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INTRODUCTION resistance sports and is a common experience in the
daily activities (Johnstoat al., 1998). The beginning of
Lateral ankle sprains are one of the most commothe voluntary muscular activity involves several
injuries among athletes (Garrick and Requa, 1988)processes that start with the cortical controhi brain
After initial injury, the rate of recurrence may las and end with the cross-bridges inside the muscular
high as 80% among athletes (Yeumpal., 1994). fiber. Therefore, the muscular fatigue can be twsulit
Altered mechanical joint stability due to repeatedof a failure in any process involved in the muscula
disruptions to ankle integrity with resultant peveel  contraction (Johnstoet al., 1998). Until recently, most
and observed deficits in neuromuscular control hasesearch completed on proprioception and the lower
been described as Chronic Ankle Instability (CAIl) extremity examined balance or joint position sense
(Beynnon et al.,, 2002). Aspects of neuromuscular (Nakagawa and Hoffman, 2004). These studies often
control may be quantified through measures of pabtu examined proprioception of the ankle and/or knee
control. Postural control can be defined as eiitatic  during an injured state, or evaluated the benefits
(maintaining a position with minimal movement), $em balance training when rehabilitating an injury
dynamic (maintaining a position while the base of(Nakagawa and Hoffman, 2004). More recently, fagigu
support moves), or dynamic (maintaining a stableeba has become a popular focus of research, examining
of support while completing a prescribed movementfatigue and the relationship to ankle sprains (&b
(Winteret al., 1990). and Hertel, 2004; Hustoet al., 2005; Nakagawa and
The Muscular Fatigue (MF) that is defined as anyHoffman, 2004) and knee injuries (Hiemstea al.,
reduction in the neuromuscular ability to produce2001; Roweet al., 1999; Skinneret al., 1986) with
strength (Rozzet al., 2000) is a usual phenomenon inregard to altered postural control. Gribble andtéler
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(2004) examined this further as they conductedidyst weight = 63.62.6 kg) and CAIl (7 males, 8 females,
on how fatiguing various muscles of the lowerage = 21.480.83 years, height = 16&8.5 cm and
extremity (flexors and extensors of the hip andekne weight = 63.33.2 kg). The healthy subjects were free
and dorsiflexors and plantarflexors of subtalamtpi of any self-reported lower extremity injury in the
affected static postural stability as measured Bf@tic  previous 6 months. Subjects in the CAI group weee f
unilateral leg stanc&hey found that fatiguing muscles from injury to the lower extremity other than thekke
more proximally altered static postural control BOr in the previous 6 months; had a history of at lefst
than fatiguing the more distal muscles (Gribble andacute ankle sprain that resulted in swelling, peinl
Hertel, 2004) Other prOblem with the current resea temporary loss of function (but none in thevmas

is that it often uses a repeated isokinetic exer@s an 3 months); and a history of multiple episodes af th
isometric hold to fatigue the muscle or musclesgei ankle “giving way” in the past 6 months.

examined. Although an easy standardized way to
fatigue a muscle or muscle group, these activities Instruments:

usually not functional or sport related in anyway. oo evcursion balance test: This is a test that
However, there are few times in any sport where ?‘ncorporates a single-leg stance on one leg with

player will be standing in a static isometric maximum reach of the opposite leg. The test is

plantarflexed position until they can not hold it consisted of 8 lines that make a 45° angle to one

anymore and then play in a game. Since researcheg‘?other. The 45° increments are from the centeéhef

have been able 1o develop this vast base of SuppOé id. The 8 lines positioned on the grid are labtiele

knowledge in this area, it is time to take 'ghe PR according to the direction of excursion relativethe
Research needs to support a more functional ort-spor

L . stance le anterior, anterolateral, anteromedial,
related fatiguing protocol, to observe how the riggof g (

athletic competition affects the dynamic posturalmedial’ lateral, posterior, posterolateral,
control system of the body. There is a need t osteromedial) (Kinzey and Armstrong, 1998). The

LIS . ; “diameter of the circle is 182/9 cm and it is placada
determine if the coordinated movements involved INe - surface. The width of each line is 7/62 cm. In

sports along with cardiovascular_ endurance Combin%rder to reduce the learning effect each subjecost
to produce a different level of fatigue that cavéia 6 directions out of the 8 to practice (Blackbwtrel.

e e o e Posral, Sonta, 2000, The subjec stood in he midle of the Grc
dynamic postural control and fatigue and the CLIrrenWIth the dominant leg; then with .the opposite &g h
concepts in rehabilitation that one would want torea(_:hed for the furthest marked distance (FlgE@:h
examine the possible connection between overaly bodSl.Jb]ect was asked to touch_the furthest part ofitres
fatigue and how it interacts with dynamic posturalw!th the most d|st_al part of his reach foot. Thasidone
control. Also, a majority of these fatiguing stusiie with control and in a slow manner to ensure ad@qqat
' ' euromuscular control of the stance leg. The sutibjec

Eaé\:teelevzaétéjt.edH S;?;Ir(;tpglsturza(ljloggnlzlrgll(a((irlb;lzn?jn hen returned to the original stance and the tqathts
! » T - ' gaw that were marked during examination were réedr

Hoffman, 2004)or joint position sense at the ankle
with or without a fatiguing protocol (Hiemstet al., y
2001; Roweet al., 1999; Skinneret al., 1986).
Therefore the purpose of this study is to examiree t
effects of an activity related fatiguing protocatifue
and chronic ankle instability on dynamic postural
control.

MATERIALSAND METHODS

Participants: Thirty physical education students from
Guilan University volunteered as subjects. Indiaildu
with self-reported vestibular disorders or mild thea
injury in the previous 6 months were excluded fritnve
study. After completing the consent form, subjewtse
placed into 1 of 2 groups: healthy (7 males, 8 fesia Fig. 1: A subject performing the posterior-reach
age = 21.780.79 years, height = 16&8.6 cm and component of the star excursion balance tests
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Three second rest were allocated between each.reach RESULTS
The direction of the revolution based on the righteft

reach legs was clock wise and counter clock wise, Repeated measured (1x3) ANOVA showed there
respectively (Blackburet al., 2000). The reach was not |, - significant difference for RPE (for control gm
accepted if the leg could not touch the target, lihthe F,..= 3988.31, p<0.001, for experiment group

subject’'s weight was shifted to the reach leg,hé t _ :
support leg was lifted from the center, or if bakanvas F1,14= 4355.34, p<0.001). also post-hoc (LSD) showed

disturbed during the reach (Blackbutral., 2000). that pre-test to mid-test (p<0.001), pre-test tstgost
(p<0.001) and mid-test to post-test (p<0.001) wadte

Fatigue protocol: The fatiguing protocol consisted of Statistically significant in two groups (Fig. 2)aired
seven stations each designed to fatigue the subject sample test showed there was significant difference
using different energy systems to represent a sporbetween mean of reached distance (cm) in pre ast po
related fatigue. Each station was timed by Triathlo test in 8 directions of star excursion balance itesivo
watch. Just prior to the first station, the primdip groups (Fig. 3 and 4, p<0.05). In contrast, thees w
investigator took the Rating of Perceived Exertionsignificance different between two groups afteigia
(RPE) (Winter et al., 1990) reading from the in lateral and antrolateral directions in dynamistoral

participant. _ _ control only (p<0.05) (Table 1).
Station one consisted of a 5 min moderate Jog at

the subjects self-selected pace. This jog tookeplac 5, _

around the perimeter of the gym in order to help th B Control
participant maintain a steady pace. Station two B Experiment
consisted of 2 min of sprints up and down the lerajt

a basketball court. Station three was 1 min of pysh
After station three was completed, the RPE
measurement was taken as station three is condidere
the half-way point. Station four consisted of 1.5 rof
sit-ups. Station five was 2 min of 12 inch step-ups
Station six consisted of another 2 min of springs u
and down the basketball court and station seven was
1.5 min run at as fast a pace as the participanldco 0 : e et 1
maintain for the entire 1.5 min (Suseb al., 2004; Station 1 station 2 station 3
Wilkins et al., 2004) A third RPE was recorded as soon

as the subject completed the last station. Adequateig. 2: Difference of fatigue reported scores inotw
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ANOVA was used to determine if a difference existed
for Rating of Perceived Exertion. Post-hoc testing
consisted of three pairwise comparisons (pre-test t
mid-test, pre-test to post-test and mid-test tot-pest)

to determine which changes were significant. Paired
sample test was used for comparison of difference
between pre and post test, Independent samplevésst
used for comparison of difference between two gsoup Fig. 3: The means comparison of the pre and pest te
in dynamic postural control. The p value for alétte for the distance in the eight directions of the
was set at p<0.05. dynamic balance in control group
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fatigue has been deemed to be an RPE of 15 which groups
represents 75-90% maximum oxygen consumption
(Suscoet al., 2004; Wilkinset al., 2004) immediately 1201 @ Pretest B Dost-test
after taking the RPE; the subject completed thé-fass E 100
(post-fatigue) Star Excursion Balance Test. The < 7 :
P . o 80 4 [ e ”
procedure was similar as the pre-test with the only ¢ 3 $ z
exception being the starting excursion was agairseh g 60 1 f 2 1
at random by the principal investigator. 5 40 g :
& 20 : :
Statistically analyses: A one-way repeated measures o g :
T T § T T T 1
B
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Anterormedial
Postromedial
Posterolateral
Antrolateral

Directions of SEBT
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Table 1: The results for the t test correlationhwiespect to the
reached distance in cm between two groups

Meant SD

Directions

of SEBT Group Pre-test Post-test t P
Control 87.784.8 82.8A26.6

Anterior 1.12 0.21
Experiment 89.867.4 81.986.4
Control 91.3454 87.086.1

Antero medial -0.92 0.36
Experiment 91.88.9 85.334.4
Control 92.2%7.9 85.334.4

Medial -1.20 0.23
Experiment 93.149.9 86.65.2
Control 99.988.5 92.3@7.8

Postero medial -0.98 0.33
Experiment 94.2#11.46 92.387.8
Control 97.1811.6 91.768.7

Posterior 0.97 0.33
Experiment 91.70.7 84.2&7.6
Control 94.7812.6 82.169.5

Postero lateral 1.20 0.22
Experiment 88.446.6 82.169.5
Control 60.885.5 56.7@7.6

Lateral -2.40 0.01*
Experiment 61.447.5 50.6&6.03
Control 88.468.6 73.7&7.6

Antero lateral -3.60 0.001*
Experiment 84.766.4 75.285.2

*: Significant differences
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Lateral
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Fig. 4: The means comparison of the pre and past te
for the distance in the eight directions of the
dynamic balance in experiment group

DISCUSSION

To begin the discussion, it must be known that thi
study is the first to report on an activity related
fatiguing protocol and chronic ankle instability on
dynamic postural control. A majority of other fatigg
studies have evaluated static postural controlbfei

25

22-26, 2010

and Hertel, 2004; Hustoet al., 2005; Nakagawa and
Hoffman, 2004pr joint position sense at the ankle with
or without a fatiguing protocol (Hiemstet al., 2001;
Roweet al., 1999; Skinneket al., 1986). These studies
that used a local fatiguing protocol followed eitfzan
isokinetic fatiguing protocol, a repeated liftingppcol,

or an isometric fatiguing protocol. Few studiesaify
exist in the literature that use a central or gaher
fatigue protocol to evaluate dynamic postural camintr
especially in athletes with chronic ankle instaili
Leperset al. (2002) used a cycling bout protocol, but
did not examine dynamic postural control (Sustal.,
2004). Susccet al. (2004)and Wilkins et al. (2004)
used this functional fatiguing protocol, but evaad
the subject’s performance on the Balance ErroriSgor
System (BESS), a measure of static balance. Altmoug
recently there has been extensive research ornuéatig
and dynamic postural control as measured by the Sta
Excursion Balance Test (SEBT), there is limited
research available examining a sport-related fatgu
process and the effects it would have on dynamic
postural control especially in athletes with chooni
ankle instability? An activity related fatiguingquess
would involve an exercise bout that would more elps
resemble a “typical” practice or game and would
fatigue both local and central processes instegjdsbf
concentrating on a single muscle or muscle grobfs
fatiguing process would include various types of
exercise in an attempt to fatigue the athlete oy
but not limited to isokinetic exercise, isotoniceesise,
plyometric and agility exercises, as well as tegtimeir
cardiovascular enduranceOne of the factors in
developing and designing a central or general diatiy
protocol is that it actually is taxing to all engrg
systems. Although fatigue substrates and metabolite
were not determined in this study or the Wilketsal.
(2004)or Suscecet al. (2004) studies, Susabal. (2004)
determined that an activity of this nature doesseau
fatigue and that fatigue lasts at least 20 min. post-
test SEBT took on average 10 min to complete, thi¢h
longest time being 13 min. If one considers the#0
fatigue time span in the Susebal. (2004)study, the
participants should still have been fatigued andewe
still reporting feelings of fatigue. To ensure ¢aie
occurred in all three studies, the rating of pereéi
exertion was used to determine the participantellef
fatigue.

Proprioception is the specialized variation of the
sensory modality of touch that encompasses the
sensation of joint movement. The application of
proprioception requires afferent information frommet
many mechanoreceptors like the muscle spindlegjiGol
tendon organs, Ruffini endings, Pacinian Corpuscles
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and cutaneous receptors. Proprioception requires ttHiemstra, L.A., I.LK. Lo and P.J. Fowler, 2001. Effef
peripheral nervous system to house the fatigue on knee proprioception: Implications for
mechanoreceptors and send signals to the spindl cor ~ dynamic stabilization. J. Orthop. Sports Phys.
The central nervous system, which consists of taab Ther., 31: 598-605.
and spinal cord, sends signals from the motor gprte Huston, J.L., M.A. Sandrey, M.W. Lively and K. Kkt
down the descending tracts and out to the musites v 2005. The effects of calf-muscle fatigue on
motor neurons. Neuromuscular control is the efferen  Sadittal-plane joint-position sense in the ankle. J
response to the afferent stimuli presented by the _SPOrt Rehabil., 14:168-184.
mechanoreceptors. It is represented by the muscrohnston, R.B.,  M.E. Howard, P.W. Cawley and
movement in response to the muscle stretch sigrigled G.M. Lossee, 1998. Effect of lower extremity
the muscle spindle (Nicolas and Nicolas, 2005). In muscula_r fatigue_on motgr control erformance.
; . i Med. Sci. Sports Exerc., 30: 1703-1707.
comparison of two groups after fatigue protocothirs

Kinzey, S.J. and C.W. Armstrong, 199&he reliability
study, may be because created lateral ankle sprain of the star-excursion test in assessing dynamic

follow up decrease flexibility, rang of motion and balance. J. Orthop. Sports Phys., 27: 356-360
strength in lateral ankle in athletes with chroaitkle | gpers R ‘N, Maffiuletti. L. Rochette. J. Bruguﬁa
instability, result in decrease of distance reactaieral and F. Millet, 2002. N'euromuscular’fatigue during
and antrolateral directions in star excursion bedaest. a long-duration cycling exercise. J. Applied
Physiol., 92: 1487-1493.
CONCLUSION Nakagawa, L. and M. Hoffman, 2004. Performance in

Although it is not realistic to expect a coach to _Sta?t"é’_ o_I()j/nalmlc _";‘r:‘d chmcalttestlfl of pos_tura!]m;nt
stop practice or decrease practice times because :gelrr:alt;/': “133_53"’5'5 ggg“”e” ankie sprains. J. Bpo
someonhe 'S expenegcmg fatigue W%Ch mlay lead tcf\licolas \/I"and P Nicdlas 2005°ostural control
injury, this topic needs attention. To be realistiost A i vo ;
coaches could rearrange how practices are conducted g;ir'TJ%_qlé?ftes,[tagf'gﬁaf:”gw?ng g:;\ggfl rir:]ui?sﬂag
For example, a coach who is having 3 h basketball gue. 9 y inputs.J.

practices could schedule the more difficult andhiig Rowﬁeu,rb(\)sc'é3\7/\5/3r:i$t?t5-}3lg\)l.yland D.N.M. Caborn and

risk activities in the first half of practice angalve the R. Kling, 1999. Effects of a 2 h cheerleading
lower risk activities for the last hour when thélates pr.actice on dynémic postural stability, knee laxity
will be feeling the effects of fatigue and this plem and hamstring extendibility. J. Orthop. Phys.
must care in athletes with chronic ankle instapil®n Ther., 29: 455-462.

the other hand, high incidence of ankle sprainRozzi, S., P. Yuktanandana, D. Pincivero and Shkep
especially in lateral and antrolateral directionisick 2000. Role of Fatigue on Proprioception and
lead to reducing of balance can be practical gindel Neuromuscular Control. In: Proprioception and

for training programs and management of fatigue in  Neuromuscular Control in Joint Stability,
athletes. Also, this finding also helps to sport Lephart, S. and F. Fu (Eds.). Human Kinetics,
physiotherapists to more emphasis on ankle sprain i Champaign, IL., pp: 375-383.
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