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Abstract:�We focused on the characteristics of eccentric muscle contraction of the tibialis anterior muscle during walking. 
We developed a training robot for eccentric muscle contraction and evaluated the results in a clinical site. The subjects 
were 6 elderly in a local day care service. The total number of training, which was held twice a week, was 8 times. Timed 
up and go Test (TUG) and Functional Reach Test (FRT) were used as indices of the functional evaluation. The results 
showed a significant improvement in TUG. Some previous studies have shown strong correlation between TUG and fall. 
Hence, the results in our study suggest a positive beneficial effect of eccentric muscle contraction training of tibialis 
anterior muscle on reduction of fall risk.  
Key Words: eccentric muscle contraction, tibialis anterior muscle, training robot, Timed up and Go Test 
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Table.1 The number of times of execution of training and 
evaluation in each subject. 

Day in gray shaded were carried out both evaluation and 
training. 
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      Start position End position 
Fig3. Scene of the FRT 
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�   day Train
ing 

�  �  �  �  

No �  10/30 11/3 11/6 11/10 11/13 

Subject1 ○ ○ ○ ○ ○ 
Subject2 ○ × ○ × ○ 
Subject3 ○ ○ ○ ○ ○ 
Subject4 × ○ ○ ○ ○ 
Subject5 ○ ○ ○ ○ ○ 
Subject6 ○ ○ × × ○ 

�  day �  �  �  Evaluation  �  

No �  11/17 11/20 11/24 11/27 
 
total  

Subject1 ○ ○ × × 7 
Subject2 × × × ○ 3 
Subject3 ○ ○ ○ ○ 8 
Subject4 ○ ○ ○ ○ 7 
Subject5 ○ ○ ○ ○ 8 
Subject6 ○ ○ ○ ○ 6 
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Fig4. Attachment of the foot switch 
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Fig5.TUG-changes over time 
 

Table2	 Improvement rate between the first and last evaluation. 

 )

,

,FRT
6 2 . , 

Fig6.FRT-changes over time 
 

Table3	 Improvement rate between the first and last evaluation. 
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           Table4. Duty ratio of heel contact 
 t is the difference on the foot switch of the heel and the 
forefoot. T is the time from the foot switch of the heel to the 
foot switch for the next heel.  

 1st 2nd 3rd 4th 

Δt 0.046  0.046  0.050  0.057  
T 1.160  1.128  1.076  1.008  

Δt/T 4.0% 4.1% 4.6% 5.7% 

/ 2/

, 
TUG 2/ 6 5

6 5 4

, 1

,

0 1 / ,

/ , 1

 S1 S2 S3 S4 S5 S6 
First 
evaluation[s] 

14.1 14.9 15.3 8.9 17.8 32.8 

Last 
evaluation[s] 

11.7 12.7 10.2 9.8 11.4 19.9 

Improvement 
rate[%] 

17.2 14.5 33.2 -10.3 36.1 39.2 

 S1 S2 S3 S4 S5 S6 
First 
evaluation[cm] 

19 12 13 16 18.5 9.75 

Last 
evaluation[cm] 

23.5 9 14.5 18 16.5 12.5 

Improvement 
rate[%] 

-23.7 25.0 -11.5 -12.5 10.8 -28.2 
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