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An evaluation of the stiffness of human muscle

Youjirou DOI Kazutoshi KOBAYASHI

Sometimes muscles are stiffened after a hard training or a race. It is difficult to recognize how
much the muscles are stiffened for lack of method to measure muscle stiffness. Therefore, two types
of instrument were made for measuring muscle stiffness:

1. Muscle Stiffness Testing Device:-- An instrument which measures muscle stiffness through

the outer skin with a static loading.

2 . Muscle Dynamic Testing Device:- An instrument which measures muscle dynamic response

through the outer skin with an impulsive dynamic loading.
Muscle Stiffness Testing was utilized for analyzing three problems as follows:
1) How much does an exercise stiffen human muscle?
2) Does the skinfold have an influence on the changes of muscle stiffness?
3) Does the muscle stiffness have anything to do with the muscle fatigue?
Muscle Dynamic Testing was utilized for solving a nonlinear viscoelastic model by least square

method.
Results:

a) Muscle Stiffness Testing was effective for measuring the changes of muscle condition.
b) When the muscle stiffness of the same person was measured, the skinfold did not have an

influence on the changes of muscle stiffness.

¢) In order to investigate wheather the muscle was in fatigue or not, it was an effective method

to measure the changes of the muscle stiffness.

d) Muscle Dynamic Testing might be a useful method to reveal the mechanical character of the

various muscle conditions.

Key words: muscle stiffness, muscle fatigue, dynamic loading, viscoelastic model.
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Fig. 2 An instrument for muscle stiffness
(Muscle Stiffness Testing).
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Fig. 3 Static response of the instrument
for testing muscle stiffness
(Muscle Stiffness Testing).

EE L) 2REL THOERICER M 2H~N
720
HERAREEDOHMIR 2K 4 2R T, ZOEE
BETER 2FEo BB —~y F 35
BEEIRS WHRT S, $5L, 5e—fktio
T SelRD B ERE S SEEE 2 L oY, KB
WRIZAEBRT B, ZORBOERNE, D1
FEEEFTHf 2HER Y 7T, £-EEM
g ($3) 2IEE € 6 TRIET 30T
Hb, BTEEIPZTOETEREZDLILT,
FREELE(LI 2 I E0HEkS,



— 268 —

1 Impact weight

I:_:I 4— 3 Impulsive head

4 Shock absorber

\5 Bounce head

!

L—" 6 Accelerometer

7 Forcemeter

9 Skin(Muscle)
Aéééﬂ/ AZZ%Zééé

Fig. 4 Muscle Dynamic Testing device.
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Table 1 Muscles measured by Muscle
Stiffness Testing.

5000m running 200m freestyle swimming

trapezius triceps brachii
pectoralis deltoideus

latissimus dorsi latissimus dorsi
triceps drachii triceps drachii
rectus abdominis biceps brachii

biceps femoris brachioradialis
gastrocnemius rectus femoris

e 1s . gastrocnemius
tibialis anterior - .
tibialis anterior
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Table 2 Changes between the skinfold thickness and
stiffness on the trapezius muscle in 200m
freestyle swimming.

Skinfold thickness(mm) Stiffness value(degree)
Sub. Before race After race Before race After race

A 7.3 7.5 12.0 15.0
B 5.5 5.5 8.5 11.5
C 6.7 6.7 10.0 12.0
D 8.5 8.4 10.0 13.0
E 6.6 6.7 11.0 13.5
F 6.2 6.2 9.5 13.5

(Stiffness value 1 degree=0.21N/cn’/mm)
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Table 3 Stiffness values on the tibialis anterior muscle
in 5000m running race.

Stiffness value(degree)

Sub. Before w-up After w-up After race After rest
A 19 22 35 19
B 20 18 20 16
C 17 16 21 18
D 11 14 18 17
E 18 19 20 18
F 20 21 41 22
G 18 14 18 15
H 20 18 25 21
1 17 20 18 21
J 15 18 23 18
K 21 17 19 16
L 18 18 20 15
M 12 12 14 13
N 16 15 17 14
0 20 22 18 18
P 16 16 18 14

(Stiffness value 1 degree=0.211N/cn’/mm)
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Table 4 Modulus of
viscoelasticity and
muscle stiffness value.

' Before race After race

K 9.89%x10® 2.28X108

C 8.48X10° 2.59%10!

a 1.14X10° 8.10x107!

b 8.60x107! 9.80% 107!

stiffness 21 degree 33 degree
value
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