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Some considerations on the training effect of muscular exercise
from the viewpoint of the comparison of absolute muscle strength

Hidetaro SHIBAYAMA*, Yusuke HIRAI*, Nobutaka TAGUCH!I"
and Hiroshi KURATA”

Abstract

The muscles are useful because they are able to produce motion, which is the
most fundamental function of the musculoskeletal system. The motion in this system
is governed by the strength of muscles. It has been understood that muscular strength
must be proportional to the physiological cross-sectional area of the muscle.

The present authors have conducted a study to determine the strength per unit
cross-sectional area by means of ultrasonic method in living human subject. The train-
ing effect on the human arm flexor and extensor, and leg flexor and extensor was
studied by subjecting 14 healthy swimmers as a training group, and 5 healthy persons
as a control group. The training was made by isotonic maximum contraction, once a
day, 5 times a week for 6 weeks. Ultrasonic measurement was employed to estimate
the subcutaneous fat thickness and the muscle tissue.

It was found that the muscle training of 6 weeks did not change the strength of
arm and leg significantly in both groups. The average value of absolute muscle strength
of arm flexor and leg extensor was not shown any significant changes. From these
experiments the conclusion can be drawn that it is necessary to investigate the abso-
lute muscle strength in order to improve training programs.

KEY WORDS : Training effect of muscular exercise, Unit cross-sectional area of mus-
cle, Ultrasonic method, Absolute muscle strength
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Table 1. Physical characteristics of subjects

TRAINED (SWIMMING)

Age Height Weight Rohrer’s Body density
(yrs) (cm) (ke) Index (g/mf)
TT 21 175.4 68.5 126.9 1.07578
ET 20 170.8 57.6 115.6 1.08106
MU 20 173.3 7.7 149.3 1.07402
YT 20 174.0 70.1 133.1 1.07866
ST 20 175.7 70.5 130.0 1.07546
™ 20 172.7 66.0 128.1 1.07882
TK 20 170.5 66.7 134.6 1.07834
TS 20 175.1 65.4 121.8 1.07946
YS 20 171.0 74.0 148.0 1.06474
MN 20 171.5 61.0 120.9 1.07962
YN 19 176.5 72.5 131.9 1.07994
HK 19 171.1 58.8 117.4 1.07962
MK 18 176.0 68.2 125.1 1.07898
KM 18 173.3 7.5 137.4 1.07322
Mean 19.6 173.4 67.8 130.0 1.07698
SD 0.9 2.2 5.9 10.5 0.00440
CONTROL (BADMINTON)
Age Height Weight Rohrer’s Body density
(yrs) (cm) (ke) Index (g /mf)
M 20 160.8 57.3 137.8 1.07402
Y 19 175.2 70.4 130.9 1.07066
H 19 167.1 57.0 122.2 1.07866
I 19 167.5 62.2 132.4 1.07226
K 19 175.0 67.4 125.8 1.07914
Mean 19.2 169.1 62.9 129.8 1.07495
SD 0.5 6.8 6.7 6.8 0.00425
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Fig. 1. Changes in muscular strength due to training for six weeks
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Table 2. Changes in physiques due to training for six weeks

TRAINED (SWIMMING)

Age

BODY FAT (%)

SKINFOLD-BACK (m) SKINFOLD-ABDOMEN (m)

AHeight Weight /Density

(yrs) PRE POST PRE POST PRE POST
T 21 0.2 —~0.4  —0.00258 10.6 11.7 4.9 5.3 6.7 6.1
ET 20 —0.5 0.1  —0.00400 8.5 10.1 4.0 48 3.7 4.4
MU 20 —0.3 -2.5 0.00272 11.3 10.2 3.7 5.3 3.0 4.8
YT 20 0 0 —0.00304 9.5 10.7 45 5.6 6.9 4.7
ST 20 —-0.3 0.6 —0.00272 10.7 11.8 5.6 6.1 9.5 10.5
™ 20 9.4 4.1 5.3
TK 20 0.5 -1.4  —0..00256 9.6 10.6 4.1 5.2 5.6 6.2
TS 20 9.2 3.6 3.6
Ys 20 0 2.8 0.00448  15.0 13.2 9.3 7.0 12.9 15.6
MN 20 9.1 4.4 2.9
YN 19 —0.5 -1.0  —0.00032 9.0 9.1 3.9 3.9 45 3.8
HK 19 0.1 3.5 0.00160 9.1 8.5 3.4 3.6 2.9 3.5
MK 18 0 0.5  —0.00128 9.3 9.9 3.5 4.2 3.6 4.3
KN 18 1.5 -1.6 0.00278 11.6 10.5 5.0 5.3 7.1 5.8
Mean 19.6 10.1 10.6 4.6 5.1 5.6 6.3
SD 0.9 1.7 1.4 1.6 1.0 3.0 3.8

CONTROL (BADMINTON)

BODY FAT (%)

SKINFOLD-BACK (am) SKINFOLD-ABDOMEN (m)

A
8°  AHeight AWeight /Density

(yrs) PRE POST PRE POST PRE POST

M 2 0 —-0.9 0.00400  11.3 9.7 6.3 3.8 6.6 7.2

Y 19 0.5 0.3 0.00336  12.6 11.3 7.6 5.9 8.0 7.8

H 19 0.5 —-0.3 0.00224 9.5 8.6 3.0 3.4 5.9 3.6

I 19 0.3 1.5 0.00272  12.0 10.9 5.9 4.0 6.9 8.2

K 19 9.3 3.6 2.7
Mean 19.2 10.9 10.1 5.3 4.3 6.0 6.7
SD 0.5 1.7 1.4 2.2 1.3 2.2 2.4
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Table 3. Measurement of upper and lower extremities before training

TRAINED (SWIMMING)

GIRTH (cm) SKINFOLD THICKNESS {nm)
Upperarm Forearm Thigh Calf | Upper-F  Upper-B  Forearm Thigh-F  Thigh-B  Calf
TT 30.9 26.0 53.5 37.3 4.5 4.8 4.5 4.5 4.9 4.0
ET 27.5 25.0 50.0 35.7 2.9 2.4 3.1 4.6 4.7 4.3
MU 32.5 28.4 58.7 404 4.2 7.1 2.7 3.8 5.1 3.6
YT 28.7 26.5 55.6 38.2 4.6 3.4 5.2 5.8 4.0 3.8
ST 30.8 25.6 544 35.2 4.6 4.3 3.2 6.0 74 5.9
™ 28.0 25.0 53.0 37.5 3.9 3.7 3.7 4.1 5.4 4.6
TK 28.7 25.7 50.6 36.0 4.5 4.0 34 2.9 4.9 3.9
TS 29.9 27.0 52.1 345 3.3 3.8 3.0 3.7 4.9 3.9
YS 3L.2 26.4 55.1  36.7 5.5 7.3 4.2 5.8 9.8 6.3
MN 24.9 25.3 51.5 35.0 2.8 2.9 3.0 4.2 5.0 5.4
YN 30.2 27.0 575 374 4.2 3.2 3.7 4.4 4.5 3.7
HK 28.5 25.4 48.5 35.7 2.9 3.9 3.5 3.2 3.7 3.3
MK 28.6 217.0 52,7 35.5 3.9 4.2 5.1 5.6 4.3 6.2
KM 30.5 27.2 56.1 40.4 5.5 6.3 4.7 7.1 7.2 5.2
Mean 29.4 26.3 53.5 36.8 4.1 4.4 3.8 4.7 5.4 4.6
SD 2.0 1.0 3.0 1.9 0.9 1.6 0.8 1.2 1.7 1.1
CONTROL (BADMINTON)
GIRTH (cm) SKINFOLD THICKNESS (mm)
Upperarm Forearm Thigh Calf | Upper-F Upper-B Forearm Thigh-F Thigh-B Calf
M 29.1 26.9 54,6 37.2 4.4 4.5 3.5 3.3 5.9 4.6
Y 29.2 27.5 58.0 39.3 5.3 5.3 3.1 4.7 6.5 4.3
H 25.1 23.7 51.5 34.2 4.3 49 3.8 5.9 4.5 5.2
I 30.3 26.8 54.7 37.2 5.4 6.0 3.5 3.5 6.5 5.4
K 28.5 26.8 56.5 39.5 6.4 4.0 4.2 4.3 5.8 4.2
Mean 28.4 26.3 55.1 37.5 5.2 4.9 3.6 4.3 5.8 4.7
SD 2.2 1.7 2.7 2.4 1.0 0.9 0.5 1.2 0.9 0.6
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Table 4. Measurement of upper and lower extremaities after training

TRAINED (SWIMMING)

GIRTH (cm) SKINFOLD THICKNESS (mm)

Upperarm Forearm Thigh Calf | Upper-F Upper-B  Forearm Thigh-F  Thigh-B Calf
T 30.5 25.8 54.0 36.4 4.5 6.2 4.3 4.3 6.0 3.5
ET 29.0 25.0 49.0 344 2.6 4.1 3.9 5.8 5.8 4.6
MU 32.5 28.9 58.4 39.6 3.8 3.8 3.4 4.5 4.1 4,0
YT 29.8 26.2 54.8 36.4 4.1 4.2 5.6 3.6 4.8 3.8
ST 3L.5 26.2 58.4 35.0 4.5 5.5 3.5 3.7 3.8 5.5
™
TK 30.5 26.0 52.3 36.4 5.7 4.5 45 5.3 4.4 4.0
TS
YS 33.4 27.8 56.5 36.8 7.5 6.8 4.1 7.5 6.3 4.7
MN
YN 30.1 26.6 56.5 36.0 3.5 3.4 3.3 3.8 5.0 3.4
HK 29.3 26.5 52.0  36.5 2.6 2.7 3.8 4.0 4.1 3.9
MK 30.0 27.2 55.0 36.3 4.1 4.3 4.2 4.2 5.7 5.6
KM 31.0 27.3 57.0  39.3 4.7 4.2 3.9 4.1 6.1 5.5
Mean 30.7 26.7 54.9 36.6 4.3 4.5 4.0 4.6 5.1 4.4
SD 14 1.1 3.0 1.6 1.5 1.3 0.7 1.2 1.0 0.9

CONTROL (BADMINTON)

GIRTH (cm) SKINFOLD THICKNESS (mm)

Upperarm Forearm Thigh Calf | Upper-F Upper-B Forearm Thigh-F  Thigh-B Calf

M 28.4 21.5 52.6 372 4.6 4.5 3.5 49 7.7 5.5

Y 28.0 27.5 52.4 37.2 5.7 4.9 3.8 5.9 4.5 4.5

H 25.3 24.6 50.8 33.6 2.2 3.1 3.3 3.6 3.9 3.1

I 29.7 26.5 54.9  36.5 6.0 6.2 4.5 4.0 4.6 4.3
K

Mean 27.8 26.5 52.4 36.1 4.6 4.7 3.8 4.6 5.2 4.4

SD 2.1 1.6 1.5 2.0 2.0 1.5 0.6 1.2 2.0 1.1
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Table 5. Changes in absolute muscle strength due to training for six weeks

TRAINED (SWIMMING)

LEG EXTENTION (kg/ctf)

Age ARM FLEXION (kg/cif)
(yrs) PRE POST PRE POST
TT 21 4.85 4.43 4.36 3.51
ET 20 5.76 3.89 3.69
MU 20 4.34 5.16 4.04 2.90
YT 20 5.31 4.27
ST 20 4.25 4.82 2.21 1.56
™ 20 8.83 2.50
TK 20 4.92 5.48 3.43 2.77
TS 20 5.37 3.49
YS 20 5.03 3.82 3.96 2.88
MN 20 7.06 450
YN 19 5.90 3.68 2.64 3.34
HK 19 4.61 3.98 3.78 3.35
MK 18 3.19 4.78 3.55 2.77
KM 18 5.62 5.98 4.33 3.46
Mean 19.6 5.39 4.60 3.63 2.95
SD 0.9 1.30 0.74 0.70 0.57

CONTROL (BADMINTON)

Age ARM FLEXION (kg/ctf) LEG EXTENTION (kg/ctf)
(yrs) PRE POST PRE POST
M 20 5.31 4.46 3.91 2.13
Y 19 3.90 4.73 3.72 3.01
H 19 8.75 6.49 4.06 413
I 19 5.00 5.48 4.23 3.99
K 19 4.43 3.74
Mean 19.2 5.48 5.29 3.93 3.32
SD 0.5 1.65 0.73 0.27 0.70
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Fig. 2. Changes in absolute muscle strength before and after training
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