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The relationship between rate of force development and initial rise in
muscle action potential when performing isometric exercises
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Abstract

The purpose of this study was to examine the relationship between the maximum

rate of force development (RFD) and maximum rate of rise of the absolute

electromyography amplitude (RRE) of elbow extensors in healthy subjects. Elbow

extension force and triceps brachii EMG amplitude were isometrically measured at

25, 50, 75, and 100% target contraction intensities relative to the maximal voluntary

contraction. The force signal was numerically differentiated to estimate the REFD. To

calculate the RRE, the absolute values of EMG amplitude signal were first

numerically filtered with a Gaussian filter with a cutoff frequency of 4Hz, and then

numerically differentiated. These RFD and RRE increased almost linearly with

contraction intensity, and they showed a significant positive correlation. These

results suggested that the RRE might be useful as an index of neural components in

muscle contraction activity.
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ORI, Ta > F 7 AHTEIHIABE 53 2 AR A
LB ERELTVDE, Thbb, Zhoo
RFD OB L T, DUHEFR 721 Tl 2% < il
BEROEG 2 RBENTND,

AR 213, BRI VEONEFE b LI
GBI B OELE DR KM (Rate of Rise of
absolute EMG amplitude ; RRE) ##atL 72
(Kamimura et al, 2009) , RFD IZHf#FE R & i
BEHEOHEATH DT, REFD DM DA T
BEROME &L LTEIA T3 THLE, Thbb,
i RO MR ER OG- 2 H 52023 512
. GBI EM D 518 5 b RRE OMGT 254 H
ThbrEZONL, T72. RREFHIGEHICB
LR EROIEEH S5 b % 51X, RRE X
WEE DB 7- I8 R D) e EZ5Nh D,

ARIFFE T DU BREE % 2216 & 8 72 I B Al A
I28B17 % RFD & RREOBZREMET 52 &I2 X
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WEBRE AL OUE B RY T I B 1 BEAE %
7ZZIHMEFORBRO R VWY 8 4 (4243 =
407%. BE1771 £ 32cm. KE 727 £ 12.1kg.
PIE + AR ) & L7zo BRI FEN T
B RN AT SO B Z R 72,

2. HIERS

%1 Kamimura et al. (2009) OMIEICHL
THTo 720 WEIIHEREEZBOREFTH 54
&L, #EBRE 2 I B e it ) O B % 4B
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WERBIE SOWHTE M TEHWT, BEAIC
T B & U8 BA i % KRN T 90 B2 12 JE i
LB EHITHEI L. WA TF— 7V ETKRFICE
5 L9127 fAOFE RO E T — F
YIVIZEE LARBO T L — MV MZTREE

- fREE - D - BTH

L7ze KEFL = MEF—7NVICEBEIZRD LD
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T v AR IkHZ IS TTF Y s kL, a v
¥a—%—3 2524 (Leg-1000, NITHON KODEN
Ltd) P47 L7

4. EMGAIE

WG E (EMG) ORI BT 5 BER 1% i
ZUHff (triceps brachii) & L7z, WM 3cm®
B F M FHE 2T Ag/AgClEM (B 10mm)
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WIARAHEDEATICAT E 2 B X H W2 Lo TBARARAT
MICHEHOREEEZFVIREM 720 hH, Bl
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% W ® Leg-10008 0 3A A 72,
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FHNCEEZEN S 5720, RO B
i J OVl i 2 B 7 b 720 RIS, SR D
I BT SE RYEfRR M R 2 3 AT hE, b Ed o
7 mRBEENGE (MVC) & L7ze €Dk,
EREIUAG 50 % 4 B RS LS 28 AL S & 7 I B i A e %
4 H$OF 16 AT 72, 4 B o HEEIGH i
JE1Z25%. 50%. 70%. 100% MVC & L. #E#
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BB AVZ BT B I B EN 5 RV R R A8 21
AR % Fig iR L7z, NORAFIEAE (RFD)
RIS AR M L. B EA TR O
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ZHEMT 572912, Sakmann and Neher (1983)
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y—& R, HERES (EMS amplitude) %
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7. ¥EHniE

L M £ BEHERRE TR L 7. KIES:
12313 5 RFD & RREOHBBERIZE TV v D
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o # X

WL o E & 2L & & 72 B o Ji B T A R B oD
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Is

Fig.1 Representative records of force, its rate of rise (RFD), absolute amplitude of triceps brachii EMG, and its rate of
rise (RRE). Positive deviation from the baseline in the force curve (top) represents isometric elbow extension.
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W9 B EEOIHIFE O RFD 3 & O'RRE 0 F344l V. % =

% Fig.312. RFD & RRE DM MR % Fig4 2% | -

NZFN/R L7720 RFD L OFRREZ.  H REEUH ol AWFFE Tl UG % 2 b 3 & 72 B iz
CIIZMBE O Z R L7z BIGHRIEICB W T, BT A NORRBEHEAR (RFD) & HiGEE
ZNEFNRFD &L RREOMICHERE MR EZ R MoORKEI/LE RRE) OMREZMET LI &
L7z 7. RFD & RREZ. Ui o & ZHME L7,

IZIZERICHEM L, &7 — %12 X 2 MR FEROFER, WA E OBV RFD & RRE
1320824 (p<0001) THEZIEOHBEKREZR  ZIZIFEHEMICEML 72 (Fig3). 100% MVC D
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Fig.2 Representative records of rate of rise of absolute amplitude of triceps brachii EMG after applying gaussian
filter with different cutoff frequencies in one subject.

Table.1 Values of RFD and RRE at each target contraction intensity. r represents the
correlation coefficient of the data at each target contraction intensity.

%MVC 25 50 75 100
RFD (%)  38.18+6.66 63.27+£8.53 80.61+9.23 130.21+12.73
RRE (%)  26.29+5.28 44.56+8.52 70.18+12.56 113.52+14.74
r 0.841 0.639 0.436 0.703
p-value  p<0.001 p<0.001 p<0.05 p<0.001
mean=SEM

correlation
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ehs FOENE L CEMEICHLT
BAPBRZ o722 EI2kh, KE%
il oz EZ 6N b, £
7oy BNUHEEREEIC B 5 RFD &
RREEEWVIEOHBEBEHRERL 72
(Fig4)o Mirkov et al. (2004) 35
7 % WUHE R B O RFD % Meat L.
BT NOKESITL Y RFD I
BERINCZLT 52 L 25 L Tw
5o RO R S Mirkov et al.
DOEREFEBLEDDER D, RRE
X RED & [FAR A 8 B 5 B L2k
L C IR & g Ml L 72 5
CENRHL N E R T 727EL,
Fig3 TA LN & 512, KUK
JECRREIZRFD £ DKW ik %2 %
WA D o720 ZD72%, Figd T
IZRFD & RRE O BfREIE. y=xD
MMEDBRFDHFD - TW 5,
ZOER L LT, RREZMRER D
AL TWSLOIZR L. RFD
I ER OB TB Y. SR
IHETH > THMHBESEROER 2
EDHG L7-0TIid vk ifEgs
7z (Bojsen-Moller et al., 2005)
Aagarred et al. (2002) % Gurber
& Gollhofer (2004) (&, LY A% ¥
APL—== U FRMAFER L —=
R TIE, Tay 7 AR R &
OMREEERIZ & 0. JIOFHRAELA
BWims 2% %5 L Twb, RFD
IARREER L IR E OB A TH S
DZxt L. RRE AR ER O AT
bbho 2F0, TRETIIHIEE
TE7-RED ICHARIMZEFE & ZE
IR N 2 RES T 5 121E, AR
WFEDRRE O & 9 RIS L b #h
RENOZEBEZHONITELLE
ZAbNb,
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Fig.3 Values of RFD and RRE at various target contraction
intensities. mean = SEM.
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Fig.4 Correlation between RFD and RRE at several target
contraction intensities. mean = SEM.
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