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The Relations Between the Excitability of the Stretch Reflex System and Changes in the Wrist Joint

Impedance during Isometric Muscle Contraction in Human

Toshio Tsuir*, Takashi KATo**,
Tomoaki SHIBATA* and Makoto KANEKO*

The excitability of the stretch reflex system can be examined by the gain of the stretch reflex, which includes
short latency and long latency components. However, the wrist joint impedance characteristics, such as stiffness,
viscosity, and inertia, must be estimated simultaneously in order to analyze the relations between the excitability
of stretch reflex system and the wrist joint impedance characteristics. In this paper, we developed a method
satisfying this demand using a linear motor system., While the subject maintains a wrist joint torque isometri-
cally, an external disturbance to estimate the wrist joint impedance and to elicit the stretch reflex was applied
to the subject’s hand. The wrist joint impedance is estimated by a least square method, and the stretch reflex
is recorded from the flexor carpi radialis muscle using a surface electromyogram technique. The experimental
results showed that the stretch reflex excitability was quasi-linearly facilitated by the increase of the wrist joint
torque. Also, the viscosity and the stiffness of the wrist joint were closely related to the stretch reflex excitability,
while the inertia of wrist joint was almost constant. Indeed, the natural frequency and the damping coefficient
of the wrist joint were linearly related to the increase of the wrist joint torque.
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Fig.1 The spinal reflex pathways and the muscle spindle.

Fig.2 The wrist joint impedance for small motions around
an equilibrium posture.
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Fig.5 Accuracy of estimated impedance. Mean values for 10
sets of estimated results are plotted. Standard devia-
tion is not indicated because those of estimated stiff-
ness and inertia are less than 8 N/m and 0.04 Kg,
respectively.
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Fig.6 A typical example of measured results for human wrist
during maintaining posture: subject A. The strength
of contraction is 6% of Maximum Voluntary Force
(MVF).
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Fig.7 Examples of measured EMG indicating stretch reflex:
subject A.
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Fig.9 Changes in the reflex gain of the spinal reflexes de-
pending on the wirst joint torque: subject A.
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Fig. 10 Changes in the wrist joint impedance depending on
the gain of the short latency stretch reflex. § indi-
cates the mean of the residual squared sum of the
linear regression equation.
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Fig.11 Changes in the wrist joint impedance depending on
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cates the mean of the residual squared sum of the
linear regression equation.
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Fig. 12 Changes of the natural frequency and the damping coeflicient by the increase
of the wrist joint torque. S indicates the mean of the residual squared sum of

the linear regression equation.
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