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Force-velocity relationships and EMG from lower extremity
on cycle ergometer exercise for a short time

Hiroshi KYOGOKU
Summary

(1) The purpose of the present study was to clarify the specificity
of EMG activity patterns obtained for strength-type(n=6) and speed-

type(n=6) groups with the same muscular power level,but different

strength or speed.

(2) Twelve male subjects rode an ergometer at six workloads from
3kp to 8kp for 8 sec,respectively. Simultaneously,EMG from m.rectus
femoris(RF),vastus lateralis(VL) and m.gluteus maximus(GM) were
integrated every 10 percent of each pedalling cycle.

(3) Pedalling speed in speed-type group was higher than that in
strength-type group at light loads, as load increased that in speed-
type had doropped and that in strength-type was higher than speed-
type at heavy load.

(4) In strength-type group, peak values of IEMG of all musculs
did not show any change during one pedalling cycle at any load.
And onset of EMG activity in VL and GM was constant at any load but
that in RF was advanced toward the knee flexion phase as load
decreased.

(5) On the other hand, in speed-type group, as load decreased, peak
of |EMG was observed when pedall went through the top dead center at
any load. And peak |IEMG value of RF and VL decreased and that of GM
increased during one pedalling cycle. Additionaly onset of EM(G
activity in VL and GM was not constant at any load but that in RF
was advanced toward the knee flexion phase as load decreased.

(8) From that data,it is guessed that at heavy load,the difference
in muscular power resulted from difference in muscular strength,and
the smooth of RF activity in speed-type makes high pedalling speed
and high muscular power at light loads.



Tahle 1. Characteristics of the subjects.

Subj. Age Stature Weight Leg Pedalling Pedalling Muscular
length forces speed power
yr cm kg cm kg m/sec kgm/sec

Strength-type group

1 19 165.0 61.20 78 46.40 1.95 90.48

2 19 169.5 65.70 80 45.29 1.97 89.22

3 21 173.5 68.35 9 49.30 1.85 91.20

4 21 168.0 64.15 88 46.61 1.93 89.96

5 21 166.3 63.00 83 46.40 1.95 90.48

6 22 170.0 65.00 84 44.43 2.02 89.75

M 21 168.7 64.57 84 46.40 1.95 90.18

Sh 1 2.7 2.23 4 1.50 0.05 0.63
Speed-type group

20 166.6 65.60 80 33.10 2.77 91.68

20 170.7 62.75 82 33.79 2.66 89.88

20 173.5 68.30 85 33.42 2.74 91.58

10 21 167.5 65.00 76 34.37 2.65 91.08

11 21 165.0 57.90 83 32.49 2.74 89.02

12 26 166.5 66.20 79 31.93 2.81 89.72

M 21 168.3 64.29 81 33.18 2.73 90.49

SD 2 2.9 3.30 3 0.81 0.06 1.01




Table 2. Average IEMG in strength-type group.

m. load Crank angle (° )
0-36 -72 -108 -144 -180 -216 -252 -288 -324 -360
(mVesec/sec)
3kp 0.239 0.134 0.048 0.055 0.052 0.101 0.181 0.242 0.295 0.300
0.078 0.087 0.042 0.054 0.037 0.056 0.091 0.112 0.116 0.108
dkp 0.204 0.113 0.045 0.042 0.035 0.057 0.126 0.212 0.282 0.294
0.075 0.057 0.041 0.049 0.019 0.026 0.056 0.122 0.128 0.121
5kp  0.306 0.174 0.070 0.034¢ 0.019 0.053 0.120 0.183 0.250 0.318
RF 0.150 0.066 0.058 0.014 0.008 0.030 0.074 0.127 0.140 0.135
6kp 0.328 0.216 0.050 0.030 0.023 0.027 0.048 0.116 0.188 0.283
0.164 0.081 0.030 0.029 0.012 0.009 0.021 0.042 0.075 0.138
Tkp 0.320 0.262 0.100 0.035 0.022 0.024 0.060 O0.117 0.224 0.299
0.126 0.116 0.055 0.035 0.011 0.004 0.048 0.078 0.139 0.131
8kp 0.307 0.269 0.126 0.034 0.012 0.027 0.059 0.111 0.210 0.285
0.165 0.147 0.092 0.027 0.010 0.011 0.042 0.064 0.115 0.123
3kp 0.353 0.277 0.142 0.066 0.045 0.030 0.050 0.059 0.321 0.391
0.174 0.135 0.145 0.034 0.015 0.013 0.031 0.038 0.133 0.185
4kp 0.384 0.339 0.091 0.047 0.038 0.031 0.035 0.048 0.323 0.392
0.213 0.223 0.051 0.023 0.009 0.022 0.011 0.018 0.130 0.195
5k 0.370 0.364 0.129 0.042 0.040 0.022 0.028 0.045 0.272 0.352
VL 0.209 0.214 0.091 0.021 0.022 0.007 0.008 0.018 0.120 0.146
6kp 0.375 0.319 0.177 0.048 0.032 0.023 0.018 0.029 0.155 0.395
0.202 0.172 0.108 0.031 0.010 0.012 0.010 0.008 0.077 0.185
Tkp 0.399 0.374 0.244 0.069 0.027 0.025 0.025 0.033 0.174 0.356
0.216 0.228 0.204 0.060 0.010 0.008 0.007 0.013 0.069 0.187
8kp 0.385 0.358 0.241 0.051 0.028 0.016 0.024 0.028 0.136 0.386
0.209 0.198 0.157 0.043 0.013 0.002 0.009 0.014 0.090 0.173
3kp 0.241 0.333 0.250 0.086 0.025 0.019 0.022 0.026 0.080 0.212
0.096 0.151 0.155 0.082 0.018 0.016 0.021 0.028 0.026 0.110
4kp 0.241 0.306 0.275 0.114 0.031 0.015 0.024 0.021 0.082 0.192
0.100 0.139 0.176 0.114 0.029 0.015 0.021 0.022 0.035 0.078
5kp 0.269 0.333 0.296 0.142 0.016 0.025 0.020 0.024 0.058 0.203
GM 0.108 0.165 0.175 0.139 0.016 0.028 0.015 0.022 0.023 0.097
6kp 0.233 0.271 0.270 0.109 0.027 0.018 0.025 0.021 0.045 0.184
0.075 0.111 0.132 0.100 0.020 0.013 0.013 0.023 0.031 0.115
Tkp 0.243 0.281 0.285 0.122 0.027 0.018 0.022 0.031 0.050 0.164
0.103 0.118 0.123 0.110 0.027 0.014 0.016 0.021 0.032 0.091
8kp 0.259 0.291 0.299 0.109 0.020 0.015 0.025 0.019 0.040 0.142
0.114 0.129 0.199 0.115 0.018 0.015 0.017 0.011 0.025 0.073

RF:m.rectus femoris. VL:m.vastus lateralis. GM:m.gluteus maximus.

Top dead center and bottom dead center represent 0° and 180°

in crank angle respectively.
Values are mean=*SD.



Table 3. Average |EMG in speed-type group.

m. load

0-36

-72

-108

-144

Crank angle (° )

-180

-216

-252

-288

-324

-360

3kp

akp

5kp
RF

6kp

Tkp

8kp

0.114
0.029
0.152
0.084
0.378
0.269
0.346
0.188
0.606
0.332
0.666
0.240

0.074
0.033
0.105
0.085
0.260
0.295
0.201
0.164
0.442
0.280
0.485
0.332

0.034
0.007
0.035
0.010
0.036
0.015
0.041
0.013
0.144
0.166
0.180
0.185

0.046
0.018
0.041
0.012
0.035
0.009
0.032
0.005
0.028
0.007
0.020
0.002

0.069
0.054
0.056
0.034
0.054
0.012
0.047
0.035
0.038
0.015
0.030
0.021

0.157
0.111
0.108
0.055
0.071
0.045
0.071
0.040
0.061
0.029
0.056
0.025

0.284
0.108
0.255
0.134
0.168
0.061
0.122
0.083
0.117
0.056
0.070
0.038

0.307
0.108
0.345
0.131
0.429
0.200
0.326
0.144
0.261
0.125
0.172
0.155

(mVesec/sec)

0.266
0.129
0.356
0.140
0.483
0.238
0.497
0.261
0.529
0.339
0.544
0.306

0.199
0.100
0.240
0.083
0.473
0.238
0.587
0.278
0.631
0.281
0.686
0.274

3kp

4kp

S5kp
VL

6kp

Tkp

8kp

0.262
0.064
0.284
0.090
0.382
0.047
0.383
0.063
0.553
0.086
0.557
0.052

0.209
0.048
0.226
0.065
0.316
0.095
0.361
0.100
0.496
0.052
0.434
0.095

0.077
0.010
0.090
0.033
0.104
0.029
0.148
0.035
0.194
0.046
0.244
0.081

0.045
0.012
0.064
0.040
0.068
0.012
0.049
0.007
0.051
0.018
0.051
0.022

0.056
0.027
0.070
0.033
0.047
0.013
0.044
0.006
0.048
0.017
0.043
0.015

0.035
0.014
0.041
0.018
0.049
0.023
0.033
0.010
0.039
0.016
0.027
0.014

0.041
0.025
0.044
0.022
0.025
0.016
0.030
0.010
0.029
0.007
0.027
0.008

0.063
0.030
0.058
0.029
0.057
0.030
0.039
0.016
0.043
0.023
0.033
0.013

0.185
0.032
0.205
0.049
0.263
0.063
0.226
0.075
0.231
0.063
0.166
0.057

0.257
0.038
0.300
0.050
0.435
0.068
0.440
0.050
0.492
0.112
0.458
0.036

3kp

dkp

5kp
GM

6kp

Tkp

8kp

0.500
0.107
0.497
0.096
0.415
0.044
0.411
0.096
0.374
0.064
0.316
0.028

0.543
0.102
0.546
0.075
0.409
0.090
0.415
0.063
0.348
0.041
0.306
0.078

0.247
0.061
0.279
0.078
0.253
0.028
0.277
0.065
0.281
0.113
0.256
0.076

0.068
0.025
0.055
0.016
0.080
0.021
0.076
0.022
0.083
0.024
0.093
0.042

0.031
0.012
0.027
0.002
0.032
0.005
0.034
0.013
0.025
0.007
0.023
0.015

0.028
0.013
0.027
0.002
0.026
0.005
0.019
0.008
0.028
0.010
0.023
0.015

0.036
0.008
0.027
0.002
0.030
0.005
0.034
0.014
0.028
0.009
0.022
0.014

0.026
0.012
0.023
0.008
0.021
0.008
0.030
0.022
0.031
0.008
0.022
0.014

0.224
0.089
0.198
0.070
0.175
0.046
0.144
0.055
0.127
0.071
0.101
0.086

0.459
0.095
0.435
0.125
0.367
0.127
0.288
0.042
0.231
0.026
0.238
0.049

RF:m.rectus femoris. VL:m.vastus lateralis. GM:m.gluteus maximus.

Top dead center and bottom dead center represent 0° and 180°
in crank angle respectively.
Values are mean%SD.



Time (lsec)

-\ \./

Top dead center
EMG

1.0 p ‘Jk

)

[¢D)

7]

~

(&)

Q

[72]

$ =

E

[de)

=

(<)

0 -]

Fig.1.

Integration of EMG.
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