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Background: When humans voluntary behavior develops, there is an intention at the beginning, there are
feedforward control (FF) and Feedback control (FB) control. Feedback control: Slow motion is accomplished by
using somatosensory sensation and visual feedback information sequentially. Feedforward control:
feedback control corrects the error from the result for reaching the target of a motion trajectory. According to the
Ministry of Health, Labor and Welfare, the elderly population aged 65 years or over will number 33 million and
will account for more than 26 percent of the population.

Objectives: The purpose of this study was to examine age-related changes in the precision of control of preprogramed
movement for a rapid step-tracking movement of the wrist joint.

Subjects: The present study included three groups of subjects. The first group consisted of 16 young healthy adults.
Forty-nine healthy subjects participated in this study, and were divided into three groups depending on their ages: the
young group (20-39 years) (n = 16), the middle-age group (40-59 years) (n = 16), and the elderly group (60-79 years)
(n=17).

Methods: We asked the subjects to perform step-tracking movements of the wrist joint with a manipulandum, and
recorded the movements. We evaluated the accuracy of control of preprogramed movement in the three groups in
terms of the primary submovement, which was identified as the first segment of the step-tracking movement based on
the bell-shaped velocity profile, and calculated the distance between the end position of the primary submovement and
the target (i.e. error). The error in the young group was found to be significantly smaller than that in the middle-
age and elderly groups, i.e., the error was larger for the higher age groups.

Results: 1) Age-related changes in reaction time (RT): A comparison among the three groups showed a significant



difference in RT. 2) Age-related changes in movement time (MT): A comparison among the three
groups showed a significant difference in MT. 3) Age-related changes in maximum velocity (MVel):
A comparison among the three groups demonstrated a significant difference in MVel. MVel was significantly higher in
the young group as compared to the middle-age and elderly groups. 4) Error of final end-point: There were
no statistically significant differences among the three age groups. Evaluation of control of preprogramed
movement associated with aging 1) Parameter 1: error of primary submovement: A comparison of the three
groups showed a significant difference in the error. The young group showed a significant difference as compared to
the middle-age and elderly groups for young and middle-age groups, and for middle-age and elderly groups. However,
the error in the elderly group was not significantly different from that in the middle-age group. 2) Parameter 2:
duration of primary submovement: The duration of the primary submovement tended to be longer for the aged groups.
While a significant difference was observed between the three groups, two group comparisons revealed a significant
difference only between the young and elderly groups.

Discussion: These results suggest that young subjects have better control of preprogramed movement than middle-age
or elderly subjects. Finally, we examined the temporal property of the primary submovement and its age-
related changes. The duration of the primary submovement tended to be longer for the aged
groups, although significance was reached only for the elderly group. In particular, the ratio of the duration of the
primary submovement to total movement time tended to be lower for the aged groups, suggesting that the proportion
of additional movements that are required to compensate for the incomplete control in the preprogramed movement,
which are under feedback control, was higher for the aged groups.

Conclusion: Our results indicate that the distance between the end point of the primary submovement and the
target center (i.e. error) in the step-tracking movement is a useful parameter to evaluate the age-related changes

in control of preprogramed movement.
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