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Abstract

Although the effect of ankle muscles on postural control and muscle synergies have well
investigated, it is needed to study more about contribution of central and peripheral fatigue
of submaximal contractions on postural control and muscle synergies. The aim of this
study was to investigate the effect of submaximal fatiguing exercise that induce
preferentially central fatigue on muscle synergy and postural control. For this purpose, 12
volunteer subjects participated in this study. The tibia nerve was electrically stimulated to
assess the M-wave, central fatigue (voluntary activation) and peripheral fatigue (rest
imposed twitch) during voluntary maximal contractions on dynamometer. Moreover,
electromyography activity of ten muscles and COP were recorded to assess muscle
synergy and postural stability respectively during anterior-posterior voluntary sway on
force plate. In order to induce fatiguing exercise the subjects performed submaximal
fatiguing contractions on dynamometer and all of the mentioned variables again were
measured. The effect of the fatiguing protocol was assessed through paired-samples T-
Testand Z Fisher Test. Submaximal contractions induced greater increases of COP sway
area. Muscles activation and muscle synergies variance decreased and the number of co-
contractions increased significantly after submaximal contractions (P = 0.01).
Contribution of central fatigue (16.64%) was significantly greater than peripheral fatigue
(2.32%) after submaximal contractions (P = 0.02). The results of this study showed that
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the more central fatigue after submaximal contraction leads more COP changes.
Therefore, investigating central and peripheral mechanisms following ankle fatiguing
contractions may be useful for scheduling rehabilitation and balance training programs.

Keywords: Postural Stability, Muscle Synergy, Submaximal Contractions, Maximal
Contractions, Voluntary Activation.

Extended Abstract

Background and Purpose

Although the effect of ankle muscles on postural control and muscle synergies
have well investigated, but it is needed to study more about contribution of central
and peripheral fatigue of submaximal contractions on postural control and muscle
synergies. The aim of this study was to investigate the effect of submaximal
fatiguing exercise that induce preferentially central fatigue on muscle synergy and
postural control.

Materials and Methods

For this purpose, 12 volunteer subjects participated in this study. The tibia nerve
was electrically stimulated to assess the M-wave, central fatigue (voluntary
activation) and peripheral fatigue (rest imposed twitch) during voluntary maximal
contractions on dynamometer. Moreover, electromyography activity of ten
muscles and COP were recorded to assess muscle synergy and postural stability
respectively during anterior-posterior voluntary sway on force plate. In order to
induce fatiguing exercise, the subjects performed submaximal fatiguing
contractions on dynamometer and all of the mentioned variables again were
measured. The effect of the fatiguing protocol was measured through paired-
samples T-Test and Z Fisher Test.

Findings

Submaximal contractions induced greater increases of COP sway area. Muscles
activation, muscle synergies variance decreased and the number of co-
contractions increased significantly after submaximal contractions (P = 0.01).
Central fatigue (16.64%) contributed significantly greater than peripheral fatigue
(2.32%) after submaximal contractions (P = 0.02).

Conclusion
The results of this study showed that the more central fatigue after submaximal
contraction leads more COP changes. Therefore, investigating central and
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peripheral mechanisms following ankle fatiguing contractions may be useful for
scheduling rehabilitation and balance training programs.

Keywords: Postural Stability, Muscle Synergy, Submaximal Contractions,
Maximal Contractions, Voluntary Activation.
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Table 1- Mean of muscles activation
E) E) 3 Col ol
s ey PP P e
T b I T ST
(Muscles) (TA) (SOL) (8T
MG)  (LG) (BF) RF) (VL) (RA)
S I
)‘ 0.19 0217 0234 0234 0174 01635 0130 0129 0073 0.09
(Before fatigue)
St s
‘ 0076 0045 0038 0041 0025 003 005 0071 0016 0.025
(After fatigue)

TA (Tibialis anterior), MG(Medial Gastrocnemius),LG(Lateral Gastronemius),
SOL(soleus), Biceps femoris(BF), ST(Semitendonis), RF(Rectus femoris), VL(Vastus
lateralis), RA(Rectus abdominal),ES(Erector lumbar).
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Table 2- VVariance of muscle activation

shig sl e Sy ol
ook ey . L o . L e e
Gl 2 L ; §n
(Muscles) (TA) (SOL) (BF) (VL) RA)
MG) LG) (ST) RF) (ES)
g‘ L J,«.Ié
’ 0.107 0.033 0.026 0.054 0035 0.083 0.083 0.116 0.123 0079
(Before fatigue)
RS
. 0.001 0.0001 0.001 0.015 0.005 0.001 0.002 0.002 0.002 0.013
(After fatigue)

2l el ol il ol g, 3 oslisal b cbliae ol s blie sl g8 ot S i
]y oM san VY Clid slad g fnnd SDis 855 0h s 3 (shol (sloailga b o
ao 3 VIV (Sis lam ol aalie Jloz il jls (lie ouols (rals Lol adlie am lo>
sgr olime )bl Bl 3l i ol &5 (IVVY 2o/ ay o[YAY HofoY 5l il uals
.(P=0.001)

Slyed (K sl an s J3 1, ol sloadlse )0 (oag nolie) SDlae (59 o)lod Jgar
ools Hlas 50,8 S5, L (40 3l xiy) Hlolixe slacyig ams oo LiS 0diSES 10 G 0 Aiged
o Jolis sl ool clasSll slaws Lol cloailie caS 55 ooyt (sl Coizman ilons
2 Lo (2lBilen ploied (S5ED,0 g 9l8gs alae plajen 55l lad (Jle s10) 105 O, 9l
Slomg Jd oans S0 o Lol glaaddie 51 Suye 50 059 polie ay oS (a0 a8 L
2LBlea VA (Sl g3 (colBilns )z moped SlolE Dot g bgye (S
ols lid soldil pa ioldl o 1) (g bolixe Sl id Codle el Ly 892 (Kiws 5l an
(z=2.056)

[0 4y [FA R FY 51 S e 5550 ofiln ol ez oslad Jpaz 4 x5 L
dw S5l 2alS e Ll (25X .04 P o)) 0g Jlobae (g kel Ll 5l S cdl zals /Y- Y
g loline g5ll S 51 Sy Dlae b5 pn

gy 8l mald (Sl am (e o dgSer ub)ly @ oled Joux 4 az s L
s9sS e (B IVNY P ) S Mae DS er g (S lolae Sl atily sl
i 555w 5 EZFXY P=ee o)) an Dlae 555wm (EZFAL P20 1) 55 dlae
Sl slasly @=£NY P =-0Y) o>
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Table 3- Eigen value in each principal component one subject after muscle fatigue

¥ ool idgo ¥ bl ailhe Y ool aile ) ool ala Sae
(PC4) (PC3) (PC2) (PC1) (Muscles)
Lsi.ida.«i':)a
1.00 0.06 0.51 0.00 T
Sl ssldgs
0.03 0.43 0.13 062 MGy
Lo
0.01 0.23 0.43 0.68 e
LG)
e
0.07 0.02 0.01 1.00 SoL)
Sl o9e
0.13 0.11 0.09 0.65 5
sl
0.14 0.13 0.13 0.79 ST
S el
0.54 0.47 0.66 0.23 .
S s
0.49 0.59 0.64 0.07 L
oS Sl
_0.66
0.26 0.27 0.58 2
Sl
0.09 0.14 0.35 0.93 $r5 =l
ES)

FNas gla S we (ke —F Jgux
Table 4- Mean of muscle synergy

MF chssen ¥ oiasfen Y b M) agsen
(Synergy), -
(mode (M-mode) (M-mode) (mode YNErgy) s
0.12 0.103 0.179 0.43 ’ JJ
(Before fatigue)
R CONC RV
0.006 0.009 0.02 0.01 (After fatigue)
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Table 5-Variance of muscle synergy

M-)F g MY Lhgser MO)Y Ligser M) JigSen T
(mode (mode (mode (mode (Synergy)
S 5l S
0.188 0.156 0.204 0.58 Before )
(fatigue
Sl o
0.070 0.083 0.116 0.104 After)
fatigue
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