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ABSTRACT

It is important for improvement of quality of life to enhance the regulatory ability of
motor performance. This motor performance, often referred to as “steadiness” has been
quantified by the standard deviation (SD) or coefficient of variation (CV) for produced
force. Exercise training has been established to improve the steadiness, however, it is
difficult for elderly adults to perform this type training. To make clear the mechanisms
improving steadiness in synergistic muscles, the present study examined whether the
steadiness of lower limbs is influenced by noise stimulation which bases on the stochastic
resonance. The experiment 1 consisted of knee extension force matching tasks at 2.5% and

5% of maximal voluntary contraction (MVC) for 60-s that followed: 1) intramuscular
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electrical noise stimulation (ES) to the rectus femoris (ESgg) , 2) ES to the vastus
lateralis (ESyp) , 3) ES to the vastus medialis (ESyy,) , and 4) ES to the all knee
extensor muscles (ESgg) . In experiment 2, the subjects requested to perform isometric
plantar flexion at 5% of MVC with and without ES of tibialis nerve. The experiment 2 also
recorded motor unit action potential of soleus using fine-wire electrodes to examine motor
units firing variability during steady contractions. In experiment 1, the SD of forces
(anterior-posterior and medial-lateral directions) was significantly larger in ESy; than
other protocols. On the other hands, SD of plantar flexion force significantly decreased due
to ES in experiment 2. Fluctuations (SD or CV) in motor unit firing rate attenuated due to
ES irrespective of no difference of mean firing rate. This indicates that the enhanced
steadiness by ES is caused by strategy for motor unit firing. In conclusion, 1) steadiness is
influenced by noise ES, 2) the steadiness of multiple muscles changes due to noise ES
applying single synergist, and 3) the improvement of steadiness by noise ES is attributed

to the attenuated fluctuations in motor unit firing.
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Fy (+ upward / - downward)

Fy (+ medial / - lateral)

F (+ anterior / - posterior)

1 Experimental setup for measurement of upward-
downward (Fx) , medial-lateral (Fy) , and anterior-
posterior (Fz) forces of the right leg.
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B2 Typical example of Fx, Fy, and Fz forces during force matching task of 5% of maximal voluntary contraction (MVC) in
one subject, with intramuscular electrical stimulation (ES) to rectus femoris (ESgg) , ES to vastus lateralis (ESy;) , ES to
vastus medialis (ESyy,) , ES to knee extensor muscles (ESgg) , and without ESs (CON) .

®1
Intengi_ly CON ESRF ESVL ES\-"M E'SKE

Fx 2.5% 24+14 1915 22x12 22106 2012

5% 30+18 21+138 2.5 22110 29+15 29116

Force (N) Fy 2.5% 38 +14 41+16 -36t14 38+18 39x16
5% 64 +16 -7.0+27 6.8 +1.9 61+19 70+24

Fz 2.5% 13.0 £ 04 13:3 0.7 133 £0.7 133 %07 132 £06

2% 262 +13 264 £1.3 263 +14 262+15 263 +1.1

RF 2.5% 84 +32 8670 8370 9.0=+80 8078

5% 98 £6.5 98+7.1 96 +6.8 103+75 102 £ 75

VL 2.5% 1215 433 124 +£44 11.8 £3.0 138 =64 13.0 £47

AEMG (V) 5% 210173 212+82  213+70  223+103 216483
VM 2.5% 152 £ 6.8 156 +7.3 153 £15.3 16.0 £ 8.0 155+74

5% 25.1 =86 240+92 262,k 25.2 246 +88 23471

BF 2.5% .. 52x49 52148 51 £ 5.1 53 +47 52148

5% 55 4.7 54 +4.7 bbb 56 =48 5.6 £45

Summary of mean value of forces in upward-downward (Fx} , medial-lateral (Fy) , and anterior-posterior directions (Fz) , and mean amplitude of
electromyogram (AEMG) obtained from rectus femoris (RF) , vastus lateralis (VL) , vastus medialis (VM) , and biceps femoris longus (BF) during
sustained contractions at 2.5% and 5% of maximal voluntary contraction in control (CON) , intramuscular electrical noise stimulation (ES) to the rectus
femoris (ESgg) . ES to the vastus lateralis (ESy;) , ES to the vastus medialis (ESy),) ,and ES to the all knee extensor muscles (ESgg) conditions.
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%, | S fr i = 4 . deviation (SD) of Fx, Fy, and Fz forces during sustained
FEXKERIBRM A X (M6 ADRMADRR) contractions at 2.5% and 5% of MVC in CON (ogyen bars),

ES,,
15- FX E= Es,,
- I ES

1.0

SD of force (N)

SD of force (N)

SD of force (N)

P s s S b 1 A ESyp (shaded bars), ESy, (hatched bars), ESyy
DHBEHDLTRE CEBL, TOFHIEEE (crossed bars), and ESggp (closed bars). * significant
AL wEHICEZ S, . difference between the indicated pair (P <0.05) .

w/0 noise w/ noise

Force ™M™ o p,, et [N

sEMG

MUAP

1s

4 A:Representative examples of plantar flexion force, surface EMG (SEMG) , and motor unit action potential (MUAP)
during sustained contractions at 5% of MVC with (right panels) and without (left panels) electrical noise stimulation.
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SD of force (N)
AEMG (V)

SOL

5 Values (mean+ SEM) from 5 subjects of SD of force, averaged amplitude of EMG (AEMG) of soleus (SOL),
medial gastrocnemius (MG), and tibialis anterior (TA) muscles during sustained contraction before noise stimulation (open
bars), during noise stimulation (closed bars), and after noise stimulation (shaded bars). Before and after noise stimulations
mean condition without ES, * significant difference between the indicated pair (P <0.05).

A 40 ~

Firing rate (Hz)
S

10
5 | | | 1 | |
0 30 60 90 120 150 180
Time (s)
Mean SD
B (Hz) (Hz) D before noise
40 - 4 -

20

0 0

- during noise

after noise

6 A: Typical examples of MUAP firing rate during sustained plantar flexion for 180-s with and without electrical noise
stimulation. Closed area indicates period of noise electrical stimulation to tibialis nerve in the popliteal fossa.

B: Group-mean values (= SEM) from 5 subjects of mean vales of firing rate, SD of firing rate, and coefficient of variation
(CV) of firing rate before noise stimulation (open bars), during noise stimulation (closed bars), and after noise stimulation
(shaded bars). * significant difference between the indicated pair (P < 0.05).
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X7 Anexample of dramatic change in MUAP when electrical noise stimulation (ES) terminated.
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