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Fundamental study of the evaluation of the stiffness in human muscle
Mitsuyoshi MURAYAMA
Summary

The purpose of this study was to investigate the methods of evaluation of muscle
stiffness. The dynamic method, which evaluates muscle visco-elasticity, was combined
with the static indentaion method, which correlate with human tactile determination
of stiffness. Subjects were 11 healthy male adults and stiffness in triceps surae
muscle was investigated. The following experiments were performed:

1) Investigation was made with regard to the displacement value and relationship
between load and displacement. Tomograms utilizing Magnetic Resonance Imaging (MRI)
scans were used in order to investigate the relationship between muscle stiffness
values and the constitution of the internal tissues. ‘

2) The relationship between muscle response force and differential force in dynam1c

loading of fixed displacement indenting and indenting speed was investigated.

3) Investigation of the changes of muscle stiffness in a single day, comparing the
normal pattern of muscle condition during the day (no task condition) with the
experimental condition where a fatigue task was performed at 20% Maximum Voluntary
Contraction(MVC). Measurements were made in an initial resting situation and then at
periodic intervals during the 30 minute recovery time after performing the task.

The experimental results were as follows:

a) The relationship between load and displacement was non-linear and displacement
values were different for each measured point and subject. Displacement values with
1600g/cm® load for esch subject were 20-30mm. According to the MRI scans, highly
significant correlations (p<0.01) were obtained between small loads and
cross-sectional areas (CSA) of occupied hypodemic tissue. Significant correlations
were also obtained between large loads and total CSA, CSA of occupied muscle and
tissue circumference for each measured point.

b) Differential force of muscle was shown to be proportional to visco-elastic
changes of response force and indenting speed(or indenting time)in dynamic loading.
Response force was not related to indenting speed.

¢) Muscle stiffness indicated a slight change during a single day but maintained a
regular level through a range of changes and the whole relation among points and
subjects did not change. After a 20% MVC task, muscle stiffness immediately
increased from it’s initial value, then decreased to the pre-task level during the
recovery time.

According to these experiments, it is suggested that the fixed displacement
indentation method which measures differential force in dynamic loading can be a
useful method for investigation of stiffness and visco-elasticity of muscle.
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Table 1. Correlation coefficients between'displacelents with static loading
' and parameters measured by MRI scan (see Fig.2-8.).
a:coefficient of regressional equation, Y=aX®

b:constant of regressional equation,Y=aX® (Y:displacement,X:load)
(n=15)
MR I isplacement corresponded load(X) Y = aXb
parameter | X= 200g/cif X= 5008/cf X=1000g/cff X=1500g/cif a b
() 0.3493 0.4619 0.5894x 0.6728x%xx 0.1988 0.0774
® 0.2744 0.3754 0.4957 0.5783xx 0.1681 0.1363
® 0.1602 0.2706 0.4087 0.5101 0.0516 0.2582
@ -0.0397 ~0.1147 -0.2068 -0.2750 0.0546 -0.1969
® 0.4881 0.5829x% 0.6833xx 0.7403x%xx 0.3654 -0.0639
® 0.4171 0.5244x 0.6433xx 0.7173xx 0.27172 0.0244
@ 0.6608xx 0.6383xx 0.5818% 0.5109 0.6776x%xx 0.b637x

x:p<0.05, xx:p<0.01

icircumference,

:length of tissue from measure point to end,
:length of tissue from measure point to tibia,
:length of hypodemic tissue, :
icross-sectional area of all tissue,

® :cross-sectional area of occupied muscle,

@ :cross-sectional area of occupied hypodemic tissue,
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@ : circumference,

® : length of tissue from measure point to end,

® : length of tissue from measure point to tibia,

@ : length of hypodermic tissue,

® : cross-sectional area of all tissue,

® : cross-sectional area of occupied muscle,

@ : cross-sectional area of occupied hypodermic tissue,

Fig.2-5. Photograph of transverse section at lower leg girth
and parameter measured by MRI scan.
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