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Measurement of muscle force by means of electromyographic method

during anisometric-anisotonic exercise
Suguru INOKUGHI

Department of Orthopaedic Surgery, School of Medicine, Keio University

A correlation between muscle force and electro-myogram (EMG) was studied in aniso-
metric and anisotonic exercise. During the elbow flexion, the EMG was recorded by a
pair of electrodes either attached on the skin surface above the brachial biceps muscle
or inserted intramuscularly. The muscle force necessary to achieve the flexion exercise
was calculated from the angle of the elbow joint and the load on the hand, both of
which were measured simultaneously with the EMG. The calculated muscle force had
close correlations with either integrated values of the EMG or spike number contained in
the EMG. The correlations could be expressed by the following equations:

I=aebT and F=aTP
where I is integrated value of the EMG; T, calculated muscle force; F, spike number per
sec; a and b, constants. These equations were found to be little influenced by degree of the
angle of the elbow joint and by magnitude of the angular velocity of the exercise. How-
ever, the constants, a and b, inevitably varied with the individuals of the subjects as well
as the positions of the electrodes.

These results indicated that, if only the constants are estimated prior to each experiment,
the electromyographic method can be used for measurement of muscle force, instead of

conventional, time-consuming mechanical method.
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Fig. 1 A. Axis of elbow flexion (the crossing point of longitudinal axis of
the radius in two different position) in a multiexposed X-ray
photograph of the elbow joint.

B. Attaching point of brachial biceps tendon on radius (the crossing
point of longitudinal axis of the tendon on cortcx of radius) in
a soft X-ray photograph of the elbow joint.
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Fig. 2 Schematic representation of the experimental
arrangement.
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Fig. 3 Display of EMG indices, load and angle of elbow.

A: During flexion exercise in indicated angular velocity (180/sec) against constant

load (2Kg weight).

cnU?.x:.Wm»—*uj

Time (1 second/division)

: during flexion exercise in voluntary angular velocity and variable load.
Spike number/sec. of intramuscular EMG (128 spikes/division)

Spike number/sec. of surface EMG (128 spikes/division)

Integrated value of intramuscular EMG (10 V/division)

Integrated value of surface EMG (10 V/division)

Load on hand (1 Kg Weight/division)

Angle of elbow joint (30°/division)

Data are read out from magnetic tape electrically and are wrought into magnetic

cards
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Table 1 Average of EMG indices after classified in fourty
levels according to their corresonding muscle force
values calculated by dynamics.
Force Number of Data Is Fs Iw Fw
(Newton) (V)  (Spikes/sec) (V) (Spikes/sec)
0~ 1 11 2.4 15 3.6 60
1~ 2 12 2.8 20 4.0 80
2~ 3 13 3.0 28 4.2 98
3~ 4 19 3.1 37 4.3 118
4~ 5 20 8.2 34 4.5 122
5~ 6 24 3.8 37 4.6 142
6~ 7 25 8.5 39 4.8 145
7~ 8 26 3.6 41 5.0 146
8~ 9 28 4.7 45 5.9 173
9~10 29 4.2 50 6.9 178
10~11 32 5.3 55 6.3 179
11~12 35 4.7 58 -1 187
12~13 34 5-3 61 7.4 193
13~14 37 5.7 64 7.8 197
14~15 32 6.4 67 8.0 202
15~16 33 6.2 7% 8.4 206
16~17 35 6.0 73 8.3 218
17~18 32 7.0 76 8.7 222
18~19 37 6.8 80 9.3 241
19~20 38 6.5 81 9.2 251
20~21 35 7.8 82 10.7 252
21~22 36 8.3 85 11.5 253
22~23 38 8.2 83 11. % 261
23~.24 37 8.7 84 11.4 268
24~25 33 8.1 81 11.8 270
25~26 28 8.2 84 11.9 272 EMG indices are as follows:
26~27 39 10.4 86 12.0 273 Is: Integrated value of surface
27~28 34 10.1 87 2.2 287 EMG
28~29 28 10.0 83 2.6 289 5 .
2656 i § & a6 . i E\.’Igplke number/sec. of surface
30~-31 20 1.7 83 12.7 296 Iw: Integrated value of intra-
31~32 18 13.3 88 13.5 297 muscular EMG
32~33 17 14.0 90 15.9 300 2 . .
33~34 15 15.3 93 17.3 307 :::s ci}:f MG ber/sec. of intra-
34~35 13 15.0 96 15.8 295 Is and Iw are shown by unit
3530 3 15:9 93 17.1 310 values of V, measured by an
gg:g; is g 3 g; 13 2 gi; EMG integrator which is adjust-
3839 5 17‘ 0 103 18' 9 a11 ed to give 5V when square
' ) pulses (1mV, 1lmsec) are fed
39< 7 22.0 108 28.0 319 at a ratio of 100/sec.
%, ESMLTH v FAREY, EEC IO D A BAE e &ET T, 128 EO)EiHES
hBARCH LT, NS HRRA DERAE BT ot FHEE 90°/108, AT Okg OEENL

fr¥ CRM IR, BERLH KRBT, AE
90° % B%RE 10, 5, 2, 1 CHRx BT 2 AEEY
R, 0,1,2,3ke OEFETATRINZ oo A
B e R L 3 R D, AEE, AR

A n—RACfTWEBSEEL - L BVEB R <,
90°/1 ¥, 3kg OEBNT D - & ARV EENTIE
otce HIERD BHHOMEERD D KRBT, H
Mo BB LTHEBOAEETAZ IOELT S




1981.

Table 2 Relations between indices of EMG and muscular force.
Equations in the columns express relations. Two figures
on the top in each column show coefficients of equa-
tions (a, b), and figure on the bottom shows coefficient

of correlation (r).
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Bk 1mV/em & Uiz,
Bisratit MEC @R
WERYFERL, RKE
$0.03%, HEERE
0.03%, RREEX B

Case | Name | Age Is Iw ‘ Fw Fs
No. I&(:igg};:t Sex Is=aebT Iw=aebT ) Fw=aT?b Fs=aTt 1mV, FEEEREE 1m
" 3 < £ T DEMFI00E/HT
K.Y 2.60 0.050 | 3.93 0.042 | 59.6 0.46 | 15.4 0.52
1 | 169cm AR, 0.5V oHA
73kg | M 0.990 0. 982 0. 997 0. 989 BB T 5 HE i
H.I | 21 | 204 0.058 | 4.01 0.041 | 58.1 0.46 | 16.3 0.51 PRI S8R5 K.
2 174
74 | M 0. 992 0. 979 0. 992 0.972 K. DY 7+ A7 ax
T.T | 18 | 2.43 0.050 | 4.14 0.036 | 65.8 0.45 | 18.7 0.47 v =T, FEREY
3 171 10,1V 3
63 | M 0. 981 0.973 0. 981 0.984 23 0l ¢)§§E§EEEE?2
LRI 5 oxEH
: 24 | 2.78 0. A ) .2 0.51 | 15.7 0.52
: Hé 78 0.045 | 3.82 0.046 | 48.2 0.5 5.7 0.5 L
55 | M 0. 967 0. 961 0. 995 0. 938 B+ 7SR
M.K | 21 | 3.01 0.049 | 3.95 0.041 | 45.9 0.52 | 17.3 0.50 &Y 12¢h 5 — &
5 170 N .
58 | M 0.974 0. 965 0. 989 0. 963 —a— &= LRPERE
S.S | 18 | 2.32 0.048 | 3.80 0.037 | 70.8 0.41 | 20.6 0.44 EHEA LT,
6 158 = TOut,
48 | F 0. 972 0. 962 0. 984 0.971 Bt AAECT)
BH~<27 b ORI
. 1 ; L ; i .2 0. 21.0 4. .
. Hg 8 | 2.08 0.053 | 3.71 0.039 | 51.2 0.46 0 4.49 BEES AR
56 | F 0. 984 0.973 0.972 0. 967 B, EHCG)DHEY
M. A | 18 | 2.54 0.041 | 3.35 0.040 | 48.1 0.42 | 22.8 0.44 Zi b, AW
8 158 - .
50 | F 0. 991 0. 983 0. 993 0.981 CHLT, €—2 Vb
K.K | 19 | 25 0040 | 5.57 0.043 | 70.7 0.40 | 243 0.1 ¢ LOEFEORMME - T
’ 12; F 0. 951 0. 932 0. 996 0.992 B () TR
; ) i S @BLLTEHEZIR
A.T | 19 | 2.28 0.048 | 3.84 0.035 | 63.3 0.44 | 20.8 0.46 e
10 160 %5, Tihibb, Hil
51 | F 0. 993 0. 980 0. 995 0. 987 FOBEER(M), K

i Ji g HED,

AR I L CHBS % E i3 2&8% 12[E 17 -
s

R, RER LIOHNHER, NESRBE,
AW TIT, HER HEAREREY h OFf
SELR U BARHY Y oS (T, B
o fE, BEEH L) RREL, BIRREEAL
KBTI —BIEORT AR 2 1055 LI &R,
HRER L b OEERD 5 RRTRERDI2O
RRC, EEROHEMEELRDTHR Y — FITEFL
7z (Fig. 3-A,-B), HHEiHE, HAREK. K. D
VC-7A %L, BEH0.038, REF7 Vv
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S bLOAEY (0) LT,
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Fig. 4 Fig. 5
Fig. 4 A: Ratios of spike number contained in intramuscular EMG to muscle force (Fw/T)

and ratios of integrated values of surface EMG to muscle force (Is/T) are plotted
against angles of elbow joint. Both of them change hardly between 30° and 120°
B: Ratios (Fw/T, Is/T) are plotted against magnitude of angular velocity of elbow
flexion. Both of them change hardly between 20°/sec. and 120°/sec.
Either angle of elbow joint or angular velocity of elbow flexion has little influence on
relation between indices of EMG and muscle force.

Fig. 5 Integrated values of surface EMG (Is) and of intramuscular EMG (Iw), and spike
numbers contained in intramuscular EMG (Fw) and in surface EMG (Fs) are plotted
against muscle force calculated from angle of elbow joint and load on hand by
dynamics. Curve in each graph is obtained by least squares method. Equation in
left under each graph stands for relation between indices of EMG and muscle force
values. The r in right under each graph is coefficient of correlation.
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Fig. 6 Relationship between muscle force values
measured by electromyographic method
and calculated by dynamics.

A: Muscle force values are estimated by
electromyographic method using inte-
grated value of surface EMG as an
index.

B: Muscle force values are estimated by
electromyographic method using spike
number contained in intramuscular
EMG as an index.

There are strong correlations between

both values and mean error of both arc

small.
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Table 3 Relations between values of muscular force measured

by electromyographic method and by dynamics me-
thod. Numerical values in each column show coeffici-
ent of correlation, average of errors (Newton) and
also relative errors (%), respectively. Each one in
parenthesis shows standard deviation.

BT EO I L B TERT

Do Case No. Is Iw Fw Fs
D Eo#ERY, EEHERNOB — S
B (Fs), #HAHERO FoH ki gg(() 0.94) ') 23% 1.24) T ng((5 1.73) N gg(() 2.04)
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3) HERKS & HAFEE O 0.991 0.977 0.984 0. 962
2 | 1.26( 0.92) | 1.85( 1.38) | 1.39(.1.82) | 2.33( 3.17)
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HROZ L <, #HERRGE 0.984 0.972 0.976 0.975
8 TR L, 3 | 1.55( 1.13) | 2.07¢ 1.57) | 1.72( 2.29) | 1.77( 2.36
gg*;ﬁ;ﬁggfi;g; ﬁz 11. 40(10. 543 15.20(14. 073 12.03(16. 45% 12. 40(16. 33%
Tk, MEORMRCHEHPEL 0| 250 172 | o B 1 88) 35 ooy | Sear 4 87)
o LMo te, T, BE 17.11(15. 83) | 19.05(17.68) | 9.69(13.21) | 25.43(34. 36)
R s B—DiE L LTH D ; gwg ;—0£? y 6%? Oﬁ?
) ~ . 07( 1.5 2.47( 1.82) | 1.30( 1.71) | 2.48( 3.16
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by o Fig. Tabl Z o | ‘
?auf ig. 5 1% Table1 ¥ 0.971 0. 960 0.981 0.964
IR LI ERAI D £ BHERRS & % 6 2.12( 1.54) | 2.59( 1.92) | 1.52( 1.99) | 2.24( 3.01)
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h, 777 ToRX, HEEEDL Q%? éﬁra%% | 0.983 0.974
: = 8 | 1.40( 1. 1.68( 1.26) | 1.42( 1.96) | 1.83( 2. 32
TR TH Y, WEOBMRRLR 10.15¢ 9. 37% 12, 36(11. 423 10. oogls. 623 12, 63%17.41%
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e
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T. REMHEMESME () REEL LR, #
BB O LF OFE 0.979, FIEBRZEDFHIT
1. 77 Newton, EHiHE%FRE D FHIL 12.96% T
Hotc. HGRHRERESME (Iw) OB, Th
#h, 0.968, 2.26 Newton, 16.50%, HiHLE
Rk (Fw) 0%4&13, 0.981, 1.51 Newton,
10. 58% , ZRTHI ffi T RIBR# B (Fs) DA, 0. 967,
2.14 Newton, 14.95% TH - 720
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