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Neurophysiological Mechanisms of Dynamic
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— A TMS Study —
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Summary

Although numerous reports of various muscle contraction modes, for example
isometric and isotonic ones, were accumulated, it is still not clear whether
neurophysiological mechanisms related to these muscle contraction modes are same or
not. In particular, it is not well known how the isometric grading (dynamic) and tonic
(static) muscle contractions are controlled in spite of the same muscle contraction mode.
Thus, using transcranial magnetic stimulation (TMS) in the present study, we investigated
differences of excitability changes between these two different muscle contraction modes.
In the first experiment, using low and high TMS intensities, motor evoked potentials
(MEPs) between fast (50 % MVC at one second) and slow (50 % MVC at three seconds)
dynamic muscle contractions were examined. Additionally, active MEP thresholds were
also examined between fast dynamic and static muscle contraction modes. In the second
experiment, we investigated excitability changes induced by seven different TMS
intensities between dynamic and static muscle contractions. That is, we calculated MEP
amplitudes/background EMG activities (MEP/B.EMG) ratio and compared them between
these two different muscle contractions. The present results were described as follows: 1)
MEP amplitudes in dynamic muscle contraction were significantly larger than those in
static one at 10 % MVC level, 2) however, these differences disappeared at 30 % MVC
level, 3) there were no differences of MEP amplitude between slow dynamic and static
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muscle contractions, 4) the active MEP threshold in fast dynamic muscle contraction was
lower than that in static one, and 5) MEP/B.EMG ratios in dynamic muscle contraction
were larger than those in static one under weak TMS intensities(l.1-1.4xth). Based on
these results, it might be presumed that at low muscle contraction levels, subliminal
fringe of spinal motoneurons in dynamic muscle contraction is larger than that in static
one. Because discharge rate of human muscle spindle activity increases linearly with
muscle contraction speed and consequently susceptibility of spinal motoneuron poo! might
be different in proportion to muscle spindle afferents induced by different muscle

contraction modes.

Key words: Primary motor cortex (M1), Transcranial magnetic stimulation (TMS), Motor
evoked potential (MEP), Dynamic and static muscle force generation
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Fig. 1 A: A schematic illustration of the experimental set-up of tracking task. In

dynamic force generation, the target point (50% MVC, filled circle) was
moving from left to right on the computer screen at the speed of
500ms/division. The open circle indicates the starting point for muscle
contraction at the same speed as the target point (filled circles). The
dashed lines show the supposed force generations (1 sec and 3 sec
duration tasks). The subjects were asked to start for performing the
matching task just 0.5 second later after the beam appeared on the
computer screen. In static force generation, the subjects were asked to
maintain contraction of FDI muscles at the force level of 10% or 30%
MVC and kept them for 3-4 seconds. The down direction arrows show
the timings of TMS applied. B: EMG specimen records and force curves
from the dynamic (I1sec; top trace and 3sec; middle trace) and static
(bottom trace) muscle contraction. Filled circles show MEP recordings
under each condition. Dashed lines show the base lines of force.
Integrated EMG (iEMG: amount of integrated EMG of 50ms duration just
before TMS applied) was calculated.
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Fig. 2 A: Means and standard deviations of background IEMG (percentage of
maximal background IEMG) obtained from 5 subjects tested from
dynamic (1sec and 3sec) and static muscle contraction with the low
TMS intensity (1.2-1.4 active motor threshold) at 10% MVC level. B:
Means and standard deviations of MEP amplitudes obtained from 5
subjects in dynamic (1 sec and 3 sec) and in static muscle contraction
with low TMS intensity (open circles) and high TMS intensity (1.6-1.7
active motor threshold, filled circles) at 10% MVC level. C and D: MEP
amplitudes of dynamic (Isec; filled circles) and static (open circles)
muscle contraction with low TMS intensity at 10% MVC (C; 7 subjects)
and 30% MVC (D; 5 subjects) level. The filled and open squares show
means of all subjects tested from two different muscle contractions,

respectively. **p <0.01
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Fig. 3 A: Specimen recordings of MEP and background EMG discharges at

different TMS intensities are shown. Arrows and numbers show the
successful MEP recordings and their frequencies out of the total trials.
B: Means (percentage of maximal TMS output; 100%) and standard
deviations (7 subjects) of active motor threshold from dynamic (1sec;
filled column) and static (open column) muscle contractions. **p <0.01

NI | -El ectronic Library Service



Japan Soci ety of Exercise and Sports Physi ol ogy

i %58 E-ITHEILE

MVC O RIEL NV TERIEWICELR 2HED
TMS % 5.2 CTit$k L7- MEP %5, {S8MEOER
AN WA GERERLAZEBRE 12O
MEP Dtk (K3A) LHEREEE (74) O
F (K3B) 2/RL7. 1 BOEEHIREDSE
(Z0E, FERRIE ) B IR T, MEP Oi%E)
B> o7z, ZOKBRIE, HBREESETEDS
N, TOFHEOEIIEETH o712 (1 HO#iHEN
BHREBEOSHE I, BANBEBEORAL %
100% & L7:0F, 41.7+5.6%Tdh Y, HEHmhs
HREOHBEITIE, 44.046.3% TH o /2. t=
3.77, df =6, p <0.01).

C. HMOIREREEOEREVEERGHEEIIWHT S

MEP #Ri&(HE D B 1R

1 B O R 77 R & FRR R D R IR
DFETHI, BRFEMIZTMS ORI BEE*E 2 T
MEP %tk L7-. KRN LUBREOZFEFH X 4A
WRL7:. 72, MA4BIZIZ 2 OfEF O MEP IRIE
BLERKKREE (BEMG) & okt (MEP/B.EMG
ratio) DFWEER L7z, 1 B OBERNGHRER
BOREIZE, R IEEREL Y, 55V TMS
s (EBIRMEDL 1-1.44%) 2BV T, MEP DR
BEE EEHREREDLIIEEICKRE 7. &0
RERIE, HBRESBICEL RO ().
TIBESBOTOMER, TROICEELENTED
b7z (RBEREDER : Fon=8.76, p <0.001,
REOER  Fuw=4. 29, p<0. 05). 7, MR
BOFHEOEDOKRETIE, 1.1-1.4% F TOER
FIBEEE TIX, TXT5%LNIVOERECHEE
MICIZTFEENROONA, L L, [HERED
L 5-1. TR OREFRIEUREE T, T OEIIHEE L.

V. g

FUSRBHIRICE > TRIE XN S HREIEHEE
THoTh, IR ERET AROR/REN LG
RIEREL, BACHIPERL T L EO#BEY
BAREL V) R o B HREREDORTPIC
FDI %°5 MEP % sk L, ZOEBRTREL 7.

R UHARERRTHY, RUHAREL LT
HAHIZOHELT, HHREBEREDOEVICL T
MEP IZZRHMFRD b M- FHK X, WERER TES)
BRICEENDHY, FOEWITMEP 12K X7z
FERA, BEBENE IR SRS & B RE o EBfH

R

i - &xE & - EHER

FEMIRAREIC A - T ARRE AN ICTHRER TEREN
HY), TN MEP OERIZMINIFER D, D
EL LI E ) B o« EBHEMBRHOIEMEISE
WHELTRRTHLLEZONL, FL T, WH
MEFICES LTws &3, MBEOKEHRE
LTMEPICERFEL-Z LI A,

IO DU REMERET T 5 72O ICAKE T, 3
O R & B D RIERE R I
L7z, 2R, TMS OFIBOEREICERR L, W
EH O MEPIRIBMEICZIZE, - 72, BIL, Tk
BEESPREL > TV T, THARERE CHEE o EH)
MO ICERIE L o7, o
T, FTATHEEBRSOERIZ, FH o EHAEMKE
HOREHOEIIIKE LHRENIRLTH W
T EAIREEI NN T 18 E 3o
NEBRETIE, HPHREIRZ2D00, HI
Faad & LTI E Uit (865 b R%BE
BIE) " TH A EEZTIVWI Lo, EBAMIC
B TATHEBRESICIRELERIEVEEION
TP ZOFEHE LT, b OB HEERC
MEP R OE RGN ER, # L CHEINEN % [
12528k L 7> Di Lazzaro 57D —# O R TIX, HH
DI RIZHE > T MEP OIRIE & B R RE R IL LG
LTHRY 57%, WMENEMOHEKIITFETIEA
Molz, EmELTWS, ZoERIL, EBDFHT
RE D BRI EREM D - TV 258 o ESHEE
MBS &, Zh e XBEL TV 5 PTHIBLOTE
i, LTLOBELTEESL TV ARTIE S W
LRI TS, BIL, FESHHOH A PT
M DOIEBIE DO RS TIE R W & 2 R%
LTwa. LaL, RERERTIE, MEP DIRIGE
BRILHREETHAICHEHL LT, WHE TS
MRS Tz, TOFEREICEHL T, KERTHO
BRI EE RE T, BREETOBEICHEY
L TOBEREADORENFEFEICKEVD, HEA
DR EAROBREANICITIEREZS 2 %
. %€- T, Di Lazzaro 5 DOFE L, FLIZHEL
oA DIKER? 2 E 2 HbE b L, EHEEORL
BERMMEEL BV TEBE XN/ MEP RIED
AR, TITHEBESOEVIZILDLEVI XY
&, EHREORENIE) B RERE OB VITK
LSRR OBEATIOERDS, HhiaE
BN ORI E b 5 2 R, ok
D GEREBELSHEIIRELRE L TV BT,

V)Z))

NI | -El ectronic Library Service



Japan Soci ety of Exercise and Sports Physi ol ogy

T ) FEHE & FRRTRYE D S O AR TR AR AR

A

Dynamic :
(1sec) Static
TMS Intensity
bty 1 i an a1 1.1xTh T R SYENPS

ww»—w\-——w 1.3xTh  ammamas s A

W-W-—w R 1

W—&——W 1.7<XTh

30ms
B

— tr B Dynamic
o] )
S O Static
Sy
5 3t
8
15
m *
w 2T x
=
=
[as)] | * *
& 1
=
2

0 —_

1.1 1.2 1.3 14 1.5 1.6 1.7

TMS Intensity [xTh]

Fig. 4 A: Specimen recordings (superimposed four trials) from dynamic (1sec)
and static muscle contractions with TMS intensities at 1.1, 1.3, 1.5, 1.7
active MEP thresholds, respectively. B: Means and standard deviations
of each TMS intensities obtained from a single subject shown in A were
represented. Filled columns are mean MEP/B.EMG ratios obtained from
dynamic (1 sec) muscle contractions and open columns are static
muscle contractions, respectively. *p <0.05
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Table 1 Mean MEP/B. EMG ratios and standard deviations of dynamic (1sec) and static force

generations in order of TMS intensities

TMS intensity Dynamic (1sec) (arb.u.)

Static (arb.u.) Difference (arb.u.)

1. 1X Th(5) 0.37+0.15
1.2X Th(7) 0.46+0.17
1.3X Th(7) 0.67+0.33
1.4 X Th(6) 1.06%0.35
1.5X Th(6) 1.08+0.49
1.6 X Th(5) 1.194+0.45
1.7X Th(b) 1.45+0.88

0.22£0.10 0.15=+0. 10"
0.30%0.12 0.16+0.17*
0.45+0.23 0.22+0.23*
0.66+0. 32 0.40%£0.23*
0.91+0.40 0.1740.16™
1.12%0.60 0.07£0.39*
1.57+0.33 —0.124+0.79™

Note; arb.u.: arbitrary unit; N.S.: No Statistical Significance; *p <0.05
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