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The effect of functional fatigue on dynamic and static balance in boy students with
different plantar arch

Mousavi, SH.*
* Master of Science, Sport Injuries and Corrective Exercises

Abstract

The aim of this study was to investigate the effect of functional fatigue on the dynamic and static balance of
male students aged 15 to 18 with different plantar arch. To measure the subjects' foot arch, the Navicular Drop
Test was used. The subjects were then randomly divided into three groups of 22 members with different foot
arches. Later on, SEBT test, Modified Stork Balance, Fatigue Protocol and Borg (RPE) scale were run. Using
SPSS (version 18), the data were analyzed (p< .05); in particular, dependent t-tests, One-way ANOVA and
Scheffe's post hoc test were run. The results showed a significant difference between pre-test and post-test
scores of dynamic and static balance in all three groups. Scheffe's post hoc test revealed that there was a
significant difference between the mean difference of pre-test and post-test scores of the dynamic and static
balance group of normal foot arch, the flat foot arch group and the cavus foot arch group. Meanwhile, the
difference between flat and cavus foot group was not statistically significant. Due to the significant reduction in
the balance of subjects with abnormal arch, the correction of the abnormality of the foot arch as well as the use
of appropriate training courses are recommended to improve their physical fitness.

Key words: Functional Fatigue, Dynamic and Static Balance, Different Arch Foot
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1. Star Excursion Balance Test (SEBT)

55



WY Sl 5 50 «AAJ\‘igéﬂL‘j}éb_’%J’)aﬂ_’k

by Dol ol sl ot UL G SEBT &85 8 el 58 628 .(VF) Lo S 5,158 /47
(Y0) 5,05 by Jslas oLl sl +/AA G +/A#ICC

S il Sy ol O g0l plomil &g o3l SIST susMol Oe3l 3 k) ol oLl sl
O SUS 3 s 53,8 5358 g0 03 2 YL b e alas B 51T (5 il oo Sloo o 53 b S L S350
355 6L Gy ol S 1 Sy Slas Ksasl .ol 5T 0L LS s ey Sl > 5 3,8 o Ll
ol S e CiBgme |y Olag das 13 e s 1 Lasll b sl &8 K 55,8 e o3l il s
B8 Osasl ool (sl Olay ST 35 e S 3,585 e Ol o e 5 35S oo el 5L 3 el
O e PO T VA POV | GO FIPURN LI I SRR P P [ Uy PR VO [ P JRCIU
b b S Sl liea S e el Dol i (sl 3 ge5l &S 2L

(YV) Sl (F IS2) ladm 0 V(63 Sas S S5, 5l (St 2l 055 5505 sl a0l o

NG| L;Jl.sﬁ 6LAQ)A‘)T LS‘)"‘ J:m Y L}g...l BE A o) ol enlaal (Y/\) }:l."g.:) E)

S S5 5 5 gl Y S
53 4iB3 Y 3 ol (S o DLl G3ga3l 45 Ll plad s Oys wnl o 43> 0 (Jsl oSy
oS30 i3 Y pler o) (g gt ai3s Y p g oSl LS el dsb 3 e
TSP RIRT R T S N O B N I (O 1t P VR PR ST PRWITRPI [PE R F e Sy
S Gogb el Sy Kl b Odss aids ¥ pis oSl 5 WSy as Jsb s S s,

33k S e LIS plall B g |

4%



...}@\J:Lﬁ_ﬁs:ﬁwﬂéﬁ‘\:

Osm3l ot (Sl ol (EES 5 0dy5n wiadl 5 o5 aids O-V0) pamie 03505 Sl g Laiasesl
oo A el RPE (o Soslil pness (S IS5 ool o5l 51 13 Al Jos & SEBT
S Kol 31ty Wds RPE (¢ 863101 a5 ol aas 55 oo o oKasl 5l un RPE (5,565100

ol Jas g SIS ool O gl 5 SEBT 0 yo3] g b 53 5031 51 s 5 plnl]
0350l 5 s eslizal blixal 5 ieo s (gobel gla s, 5 o,\.:chg el s 5 4 gl
Joos 5 Jite 55 a5 5 bl (R Sl A e ] =85 S el S 05051 51 ealizd L Laesls

A ealaial VA ases SPSS MUﬂ)JL&@J‘JM}QB&&‘ﬁMﬁlﬁjd\.’e}&wgﬂj

basl
3 eslial bl ool V Jsim 55 05,8 aw (gl S3503] U8 5 055 oo b S esd w0 by e Slasiins
(P>+/20) Waosls 3 pdle 4 aom 5 b b ooy Lo s 8 53 Lneals 03 udle b pral = B35 S 5adS 0505
6 b sty Jdos Ogesl Sl eslinad U cpiman i eslizal ancly (5 Oge3l 51 baars b g3l g
Los S o Golssme DDl a8 A oy 2 Laos S 55 Ol3sel 55l SLL s o RPE &l s 1 Kls Ol e

(P>4/400) WS sualin

b 535051 5 5055 ¢ ol S o8 Sliabedin N gl

(osho) Sabcdl sl | (P 59hS) U39 JW) o (5i0) 03 o037
$/50(V/$7) OVANCEAS) | VZIVONY) | AWTCAA) | Gl Sl Sike | Jloy gl S
VY/OF(\/¥E) OAPACEAY) | VBIVONYY | ANVYC08) | Glas Sl Ske | Gl gl S
Y/50(+JAY) OAPACEAY) | VS/0YOY) | AWTC00) | Glas Bl Sk 355 gL s

abfu‘_;La@;yﬂo,.jwjoiju;ﬁéqﬁ)uﬁldgwatﬁoﬁMb@QF;T@\:J.T gl

P iyl @937 429 t 0903 Tom oRbe | 903l ke el | (SO mide b SagoyT
R VY Y/YSY V/¥AQ V/£44 Ls

Jb 4 ‘_;L; S
s VY Ot YOO T8 s
ey Ve V/YAY V¥ V/FAY Ly

Sle b s
e Ve a4/AQ YA/Y YA/YY G
e Ve VEASY V/FPE V/FAY s

555 b s
s \F VoYY /0 HRE s

ZA



WWAY Olue 9 5l A oyl ;Lg)_,l.‘j_,éj)_,\?.b): R

5 0503l e Sles g (Gols ame DMl &S 358 e blazad e axasly S Osesl 51T Jsdr 4 oax g5 L
5 Blo b S s b sl gl (b Gb S e b gl gosasl Sl s el Jale 05051
Dolas rals ol (glsbinn 5 gbay 3 Shas St cnl ply 3,15 3505 358 L S w3 L sla s 505

d o3 358 (Sb S 5 Dl sl S (e Sl S b ey O3l S (Sl 5 b

bos S 5 0g03T s 5 0505T S Sl I3l Sl yed Joblis 5o o (ANOVA) 6 eSS il sl 6T 05057 gl ¥ sl

c100 3T s & w03 Ol - mEileo
(P) oo cdaw | Fofio | oyttt Byt | 2O¥OE j’““"’ ot oy 5 e
0903Tom

CaYE Y Jl s sl S s

an ¥ S/EAA VY v /e Y4 Slo b S 5
el RRTRRE

v/veq /Y4 J}féb:qsm}j

VYO oNnY Jl i sl S s

ARN Y4y \/¥Y VY o gl S g3
TIPS | e sls

V/0) V/04 58 G S g

lyad Jols Sils o ()l e I S 555 e blizad i ANOVA 0051 51T Jsdr 4 a5 L
owaman (F=$/SAN P=2/00%) 505 5525 055 aw 53 W gogasl by dobes Oe3l w5 Oge3l i
055 A 53 b gl sl Jsls 0sa3T s 5 003l oty Dliad Jols ke o Sl re SN
5 b slite b S U Ol gel 2505 Glg 5 Lol J3las ol pls ((FRAVAVAY P=v/o v v) 5ls 5 5

13 3y (5ol e BV (3 Shae  Saus 5l
055t 0503l 5 03031t 03 by s il Jales el Lol Sl ol e Y 525 51
53 b Jals el Joolss (e 45 sl Ol (i ks odiad Ogn3] oS enlital add odiad g3l S
(P=2/VY) 3505 sy ol pme OVl Gl sl S 5 Jbo s b S 05,8 Ogail 5 Oell e
38 sl S 5 by b S oS Oseilm 5 053l ot 03 L ol Sl Jls Kl e (iees
2 by ol ol Jols J..<JL:.« e SOl sme O Jg (P=v/vv)) 5ol sy (6ol pme D
s Oga31 pman (P=2/AY) W ealin 358 sl S 5 Dlo b S o5 S sl 5 Ose3l
S 5 oy b S 055 Ggasl 5 Ol e o3 bl sl Sl Jolis . Sle oy oS 3ls OLES aid
5 0l o bl sl Sl el Sl o Kle o s (P=r/0ve) sls 355 (gols gme il Gl sl
Skl s (P= /) sols sy (gols gme ODastl 58 b S 5 by gl S 05 S Osesl e

£q



‘..}M\J:Lﬁﬁssﬁu—ﬂ«sﬁjh

Sb S 5 Olo b S o5 S Ol e 5 0ol e 3 Ly Dals Olied ol o Kle (5ol ne
(P=v/V01) WS sdaline 58

Sl (gls gme gb 4 Al VA B Y0 Ol gel 2505 55 oo jed 5l 30 Saes oS sl OlES ol Gudss =
e b S e oolmal L Ol 1l 3 Jsls EalS ) S A5 Ly s Ll sls talS
A S i oblas b 4 b gL S e g3 L Ol el Sl

Ll doles 2alS el b o dlae (Sas oS disls 0L dudoss plndl L (VYAA) OSGes 5 b o
S 53 ali sl Jolo S dpear (SKaest oS oy w28 opl @ 355 Gk 3 b b s
s Dl ks 258 ey JES 53 5 ey Slagal 52 2l 4 e L5 e o Sy e O]
Jsl Jials 4 e & Sl et OB 1050 slaply L)l & by e (Koot 5l 30 Sdlas
W5 bl (Kot sl pa Wl550 1 (T9) 35300 BB Gl S = A5 Ul 5 Oty slagly
D3l iy FalS ol pl &S b o 2alS ol 03Y ade LS Lai (gl oS ilie i slagal,
g 3y e SUbl s llas Slae sl 1S 5550 358 5 Sl sl S sl sl 3 s
b S s L Ol el (15 53 sl 5 by Jolad DL oy & i 53 58 (WWAQ) OLIKen 5 (6 g0
& Cod (58 Sl 5 bl J3las (5115 358 (Gl S L 3131 oS ks el LT il o gline
o po Yzl 355 L S L sl s Jsl 2als oS ws S 0ledl Lol timen an sl S g3 L 313l
B el S Sl e b ze fade (S sUT lle pogdle Wl sl 5555 5 Shes s
AF0) dzdls s Ol el 2l cpl dsles 2alS s

3 bl Dol b S odlae (Saas S S L3S Oly 25 el el L3 5 (VooV) LK 5 K8
5 Ol SIS sl JSo oS Wlosy51 555 slaail a5 glp & Ao 5 2pd0 28 s Ly
S ey dales 2als LY 51 Kos (S a8 e Gl ol Baie y lenel L oMl 5 il L
Olge 5 Klosls Sl b Bl iy gul 5 [ pmSIS s OVae D3 pdns & 3 1) St IO,
)3 o gl a1 6 i 5 sle plil o3brl ol 31 55 SMae ol 2y 55 45 Liles S

Ol b ol ol St oS LlazS 50 (V44A) 0L 5 Osail 5 (Y00F) OLKen 5 Jo)lS
S dles S a0 Sl Ly ol cle gl s Saluls S 4 cand Skl Sl 55 sl
S 0 Soluls Sl mi o5d o Saas Jl o sddobml Slalizil O Esl &S APA' SIS 550

1. Anticipatory Postural Adjustments (APA)



WY Sl 5 50 «AAJ\‘.i;é)}L;&};;i)')J%.b)au:&_,};

o Sl 5l Ks o O 5P 5l Skl el IS s o8 ST 5 S e S8
Gladsls Sk, 3 i O e &S 5,108 o e 3l Sl dsle Jolae  Saest a5 Conl O e
S Wles S Oly (ToV0) OLKan 5 Y55 o,binhs (M0 5 ¥F) col (5 0 slaaasin 5 SSlas
Sl gl (F9) 555 o L) O3 ey ol Ly LS it 53 (550 il Sl Dlae St
s G B L G by el JAS 5o e e oK S Sl gadse ol e
b oyl 55m8 SalS ) (hae (Kot 5l ey el I8 00 i Mo 51 (S 0L 5 VS
Sl el Sse peae s Shee 53 is | S0 e 5 Al oo by e Lz 2 O Sl 4 x5 3
03 e G S (P Sl s e O3 el B aS Sl pl g slisel L(YV) les S Ol e | es e
S5 oe g Slaedi 1S3 S 3 ekl Sl dilg e b s solal sl 5 A4S e Wl ey J S
(Y+)

a st Slids 3 gl g sl jols G S L (Y00 Y) Oy 5 (Y08) 0L 5 p ks Goos ol
S Wlos S Oly Cpiman 5 3pd el et Sl ol S wliy b il JS 6 L) en
ol LU e 5 S e i s JIS S s S ) eS| Ly sl eses GMas Sax
Sl Il sl S8 ot 51 a5 el SOLas O e ses (Saust 53 4 latidls by e ) 50
Eol Siios plnil &5 dmils slizel T imas S e B 1y Dol Culgins 5 dipde aeuly S
a e b e OB Slae lacSss b Calgins 5 3 pde Olpls 5 Olsl e la W dlasl il 53l
A Slidd 4 5 L plple (A 5 IV) b e Rl 5 3 sl 5 35t e bade Conds e 3 s
Do 6,503 Jalse o8 305 OG5 Ll el IS 53 e slme L b (Sl Jlrle o8 d e
s oo S5 50S el IS 53 L (S SUT Sl 1B e oS

S 25 A%

% bl bl il S Wl e o el 51 B0 03 Shes (Saext (Gais ol mlS 4 4 S L
AL adls s sl ol ahs s Shas ialS 5 aal s Jlasl 5 das 13 5t cou 1 L UiS
Sl (S3bl Gl g o a3 slaeys Sl eslinal 5 4 S s slagsslwal #Mal nl by

.Jj.nidnwjo}j@w&)ab\}(@\ﬁ}@ﬁddiﬁgj

&b

1. Derare, W. (2002). Treadmill exercise negatively affects visual contribution to static postural stability. International
Journal Sports Medicine. 23(1): 44-9.

2. Bruno, A, Flavia,G.M., Adriana, M.P., lvan, P. (2006). Effects of the exercise-induced muscular fatigue on the time
of muscular reaction of the fibularis in healthy individuals. Journal Revista Brasileira Medicina Esporte. 12(2): 21-8.

3. Johnston, R.B., Howard, M.E., Cawley, P.W., Loose, G.M. (1998). Effect of lower extremity muscular fatigue on
motor control performance. Journal Medicine Science Sports Exercise. 30:1703-7.

\al


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwj64bnc5q7KAhUCrD4KHVO2BUEQFgg3MAM&url=http%3A%2F%2Fwww.journal-database.com%2Fjournal%2Frevista-brasileira-de-medicina-do-esporte.html&usg=AFQjCNFBNvJDA18LsAXgO1P2Xg3kF8TpJA&sig2=H3fEBDfEMC6MkWUhf2gBkQ&bvm=bv.112064104,d.d2s

‘.‘}Lﬁ\d:bjﬁssﬂu—ﬂ«sﬁjh

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

joice, C.J. (2001). Dorsiflexor and plantarflexor muscle fatigue decreases postural control. Journal Athletic
Training. 36(2): 32-44.

Marchetti, P.H., Orselli, M.1.V., Duarte, M. (2012) The effects of uni- and bilateral fatigue on postural and power
tasks. Journal of Applied Biomechanics. 11: 728-39.

DePaoli, F.V., Overgaard, K., Pedersen, T.H., Nielsen, O.B. (2007). Additive protective effects of the addition of
lactic acid and adrenaline on excitability and force in isolated rat skeletal muscle depressed by elevated
extracellular. Journal Physiology sport. 581: 829-39.

Riemann, B.L., Myers, J.B., Lephart, S.M. (2003) Comparison of the ankle, knee, hip, and trunk corrective actions
shown during single-leg stance on firm, foam and multiaxial surfaces. Journal Arch Physiology Medicine
Rehabilitation. 84: 90-5.

Madigan, M.L., Davidson, B.S., Nussbaum, M.A. (2006). Postural sway and joint kinematics during quiet standing
are affected by lumbar extensor fatigue. Journal Human Movement Science. 25: 788-99.

Adriana, C., Sancho, J., Moncada, J. (2005) The acute effect of energy drinks on the physical and cognitive
performance of male athletes. Journal Kinesiologia Slovenia. 11(2): 5-16.

Olivier, C. (2004) Is there interaction between vision and local fatigue of the lower limbs on postural control and
postural stability in human posture. Journal Athletic Training. 38(5): 123-9.

Annica, K. (2000). correlation between force plate measures or assessment of balance. Journal Clinical
Biomechanic. 15: 365-9.

Hosseini, S., Rostamkhany, H., Panahi, M., Darzi Ramandi, L. (2012) Exercise-Related Fatigue Change Dynamic
Postural Control in Healthy Males. Journal Scientific Research. 11(2): 230-6.

Hewett, T.E., Lindenfeld, T.N., Riccobene, J.V., Noyes, F.R. (1999) The effect of neuromuscular training on the
incidence of knee injury in female athletes: A prospective study. American Journal of Sports Medicine. 27: 699—
705.

Asimenia, G., Paraskevi, M., George, P., Anastasia, B., George, G. (2011). Effects of a soccer training session
fatigue on balance ability. Journal of Human Sport & Exercise. 6(3): 521-7.

Davidson, B.S., Madigan, M.L., Nussbaum, M.A. (2004). Effects of lumbar extensor fatigue and fatigue rate on
postural sway. Europe Journal Applied Physiology. 93: 183-9.

Strang, A.J. Berg, W.P. (2007). Fatigue-induced adaptive changes of anticipatory postural adjustments. Journal
Experience Brain Research. 178: 49-61.

Brown, J.P. (2002). Effects of fatigue on ankle stability and proprioception in university sports people. British Sport
Journal Medicine. 10: 306-10.

Abdolvahabi, Z., Shirpour Bonab, S., Rahmati, H., Salimie Naini, S. (2011). The Effects of ankle plantar flexor and
knee extensor muscles fatigue on dynamic balance of the female elderly. Journal World Applied Sciences. 15(9):
1239-45.

Taylor, J.L., Butler, J.E., Gandevia, S.C. (2000). Changes in muscle afferents, motoneurons and motor drive
during muscle fatigue. Europe Journal Applied Physiology. 83: 106-15.

Stephen, J.M., Jeffrey, A. (2011). Lower extremity fatigue increases complexity of postural control during a single-
legged stance. Journal of NeuroEngineering and Rehabilitation. 8: 43.

Allison, G.T., Henry, S.M. (2002). The influence of fatigue on trunk muscle responses to sudden arm movements:
a pilot study. Journal Clinical Biomechanics. 17: 414-7.

Vuillerme, N., Anziani, B., Rougier, P. (2007). Trunk extensor muscles fatigue affects undisturbed postural control
mechanisms in young healthy adults. Journal Clinical Biomechanics (Bristol, Avon). 22: 489-94.

Yaggie, J.A. (2002). Effects of isokinetic ankle fatigue on the maintenance of balance and postural control. Journal
Arch Physiology Medicine Rehabilitation. 83(2): 224-8.

Raisi, M., Kallashi, M., Chahar Naei Mofrad, M.R. (2012). Does metabolic fatigue have effects on static and
dynamic postural controlin female athletes. Europe Journal Applied Physiology. 3(7): 3716-22.

Reimer, R.C., Wikstrom, E.A. (2009). Functional fatigue of the hip and ankle musculature cause similar alterations
in single leg stance postural control. Journal Science Medicine Sport. 414: 1-6.

Soren, S.0., Henning, L. (2010). The navicular position test a reliable measure of the navicular bone position
during rest and loading. International Journal Sports Physical Therapy. 6(3):191-9.

Susco, T., Valovich, T., Gansneder, B., Shultz, S. (2004). Balance recovers within 20 minutes after exertion as
measured by the balance error scoring system. Journal Athletic Training. 39(3): 241-6.

Wilkins, J.C., McLeod, D.H., Perrin, B.M. (2004). Performance on the balance error scoring system decreases after
fatigue. Journal Athletic Training. 39(2): 156-61.

A el 5l (Sas s Gl el Jlews 5 Jler S5 Shlae Saes J1LOTM) e (gala wala 3 bl cmm oGl ame .y

FAAY 1o VY el . 3ss pake L3 Jrasn ai . Dol (Sl

Sled 555 o 4, VY B gl (2505 0y 53 g s bl Dl LU S s b b Olpe o BLELOTA) el it s gge 2T

31.

32.

33.

AV YO o Y

Greig, M., Walker, J.C (2007). The influence of soccer-specific fatigue on functional stability. Journal Physical
Therapy in Sport. 8: 185-90.

Corbeil, P., Blouin, J., Begin, F., Nougier, V., Teasdale, N. (2003). Perturbation of the postural control system
induced by muscular fatigue. Gait & Posture. 18: 92—100.

Johnston, R.B., Howard, M.E., Cawley, P.W., Loose, G.M. (1993). Effect of lower extremity muscular fatigue on
motor control performance. Journal Medicine Science Sports Exercise. 30: 1703-07.

\Al



WWAY Slie ) 5 50l A opled ;Lg)_,L‘j_;;;i)')_,%Ja)a R

34.

35.

36.

37.

Davidson, B.S., Madigan, M.L., Nussbaum, M.A. (2004). Effects of lumbar extensor fatigue and fatigue rate on
postural sway. Europe Journal Applied Physiology. 93:183-9.

Hewett, T.E., Lindenfeld, T.N., Riccobene, J.V., Noyes, F.R. (1999). The effect of neuromuscular training on the
incidence of knee injury in female athletes: A prospective study. American Journal Sports Medicine. 27: 699—705.
Nicolas, V., Baptiste, A., Patrice, R. (2007). Trunk extensor muscle fatigue affects undisturbed postural control in
young healthy adults. Journal Clinical Biomechanics (Bristol, Avon). 24: 166- 72.

Vuillerme, N., Burdet, C., Isableu, B., Demetz, S. (2006). The magnitude of the effect of calf muscles fatigue on
postural control during bipedal quiet standing with vision depends on the eye-visual target distance. Gait &
Posture. 24: 166-72.

\al



