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training robot 

 ��ƓäƩɇêƍó�êƍƠƯóɈ �ǢǋôɇêƍóɈ ćğȥǩɇƑǂƤɈ ȕ�ŕɇêƍóɈ 

Keisuke KUBOTA, Saitama University, Saitama Prefectural University 
Shota ITO, Saitama University 

 Kunihiro OGATA,National Institute of Advanced Industrial Science and Technology 
Toshiaki TUJI,Saitama University 

 
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 

 
1. l@ 
� Ǝã�ı4â-4ɅɆǍ�È3Īț0î¶4ó�0Ùɀ

.�D,/C,ǂºƟ3:.=(1)1@C.�Þí3��4

§, 75 Ŵ�{.0C 2025 ē14�75 Ŵ�{4§�È3
18%10C,ɅɆǍ�È3î¶1�/ƨ��ȵ1��Cȇ
ƒ3îó>ǬȖ:D�ȆƂ3ƥ�vƨ��ȵ±ė3¤ÿ1

Ą ,01� A3ĄƴFȁ!Cĩǫī4.C, 
Ēİ 18ē 4ŝ3�ȃ�ȲŊű12/,�ȃ�Ȯ1Ą"C

GgtwY4ą¦�D��ȮȨǮç3TU[m3ƥƯ4ĩ

ǫ.�Dø=',�D4�ɅɆǍ4ǫŉň�.C/4ǫ�

ȃƊĮ10C�.FȮ6�åè-ǛƯ ,Ɛž"C�.4

-�C@01"C�.FƜƛ. ,/C,:'�½ƙv�

ȃȇFÓ='ƨ��ȵȇ3²ƀ./0ǰƄ�A>ȹĐ1Ȩ

ǫ0ŋƴ-.C.ǌ1AD,/C, 
� Ēİ 25ēė3âźƐžéƦȀť(2)-4��ȃ4ĩǫ10

)'ÂÝ. ,�ǫŉňǍ-4ɅɆ1@CǧĜ4 15.4%�
Ʉĵvȑ�4 14.6%-.B�ǫ�ȃǍ-4ɅɆ1@CǧĜ
4 12.6%.{� 3 ��©FÀ=,/C.ëÕ�D',�D
A4�1ȏ�ůǓ3�|�ž¹ȩ3�|1ȉÝ"Cǫƺ-

.B�ȏ�ůǓ3ǁĽvŊÚ4�ȃ�Ȯ12/,ĩǫ}Ê

Ű0GgtwYŏŽ-.C.ǌ1ADC,ȏ�ůǓ3ǁĽ

1Ą"C�Ǧƛ0ŻƙŏŽ. ,4�ȭƶÊ¹èǵǄ?Ƴ

µîĝǵǄ�apuUǵǄ�¹�ǵǄ0/4üã"C,%

3�->�ɅɆǍ3ƏýƙŽ12/,�ƳµîĝǵǄ4ƨ

ÞŽ�œŠƏýƙŽï¿�NI^pIuƉ°ù×�Əýƙ

ŽǸƙNI^pIuȦ�(3)1,ńöQsw^ A�Jd\u
Ushr 2.Ɂ�D�ƎŘƄ-4ƫýƛŧļ3.CŻƙ
Ž-.C.ǌ1AD,/C, 
� ȏ�ůǓvž¹ȩ3ǁĽ12/,�ƭ¹ĲŶ3ƥ�4Ȩ

ǫ-.C,%3�->ŲǤ./0¹�4��Ȭ3ƭ¹12

/,ƆĭȂ1ǤEDC¹�-.C,iqwA(4)4�ŲǤ¹

�12�C 3*3tZMwůǓ3Ȩǫī1*/,Ǿŕ ,
/C,%3tZMwůǓ35.*1cwrtZMw4üã

"C,cwrtZMw.4�cwrRuXP]Ř1ȏ�Ȩ

ȩ4ƯǕ |Ǒ3{1ǟ|"Cȴ1Ɛİ�DCȡ¹ȩF�

ü"C'=1Ȩǫ0ůǓ-.C,ȊȦ3ǟ|țėF±Ȱ"

C'=1³ǖɄƳ3ȣĨīÆǅ4ĩǫ.0C,%3�->�

cwrtZMw4ŲǤțė1ȭȜī4.C.ëÕ"CƤƮ
(5)4üã �ªƃ0ŲǤ¹�3ÿƎ14��3cwrtZ

MwůǓ1ơƜ"Cĩǫ4.C.ǌ1ADC, � �ǚ

ĕƛ0ǮƄ�A�Ƴ3ȣĨīÆǅ3]sw_uQ4Wpe

U]3�ǰ4Ó:D�ĶĴµvĶĴF¶1CŏÑƲ4xþ

1 ,Ǥ0�.4ßȸ-.C,@B«Ǝī3Ʌ/Ǻ�vŻ

ƙFǤ0.0C.óç0ůÛ4ĩǫ.0C'=�åè3Ő

Ƕ-āŖ1ÿŐ"C�.4ßȸ-.C, 
� %�-�ı�4cwrtZMwůǓ1ȭEC³ǖɄƳ1

ơƜ ,�ƋǛ1ǌũ 'Ćç3ǵǄůÛFȫƚ ',Š

ůÛ4ƳµFÊǮ¼ ,ŅƧ 04AȣĨīÆǅ]sw_

uQFǤ0�.1@B�Ȥ®0ȅǞ-3]sw_uQFÿ

Ő"C>3-.C,% ,åè3\IpwdU6Ț),/

CɅɆǍFĄȄ1ŠǵǄůÛF�ƒ ']sw_uQFǤ

)',Ito A(6)3ëÕ4�ŠÿɃůÛ3ȫƚŏŽ.�ȿī�

ǚĕǻɃ3ƿţ1*/,ș7,/C,�Ü4��DAǚĕ

ǻɃ1@CƿţFƏýƙŽ./0ǮƄ�AǱȧ �ǌă 

,/��.FƜƛ. ,ƤƮFǤ)', 
 
2. ?E 
1.1 TZN 
� ǨɃǍ4�åè3\IpwdU6Ț),/CŲǤÊǓ0

ɅɆǍ�Ɣ÷ 8ÐɇƔī 2Ð�÷ī 6Ð�ēɆ:86.9±5.6Ŵ�
ȏȪ:149.3±7.2cm��Ȩ:52.0±6.0kgɈ. ',|Ǒ3ƗƘF
Ş"C>3�ȢÃ1ȨƷ0Œģŵ3.C>34ȱñ ',

ǨɃǍ.%3Āő14�.A�!=ƤƮ©āFǾŕ �Ï

ĭFħ,ǳƁFǤ)',Ǻ�vǳƁ3ÿŐşȬ1�ǵǄ3

ĹÒFǷ1' 2Ð3ǨɃǍ4ȱñ �ŜƼƛ14 6Ð4ǳ
Ɓ1Ä¶ ', 
 
1.2 UhCT 
� �Ü�ƒ 'ǵǄůÛ4 Ito A3ëÕ.Ïŭ3ƈF�ƒ
 ',:'�ŠǵǄůÛ1@CǵǄŘ3³ǖɄƳ3Ƴž¹

\wXFƒ/,�ÏxǨɃǍ©3ǻǤȬ.ÌǨɃǍȬ-3

IEMG 3ƞȭ�ŌFƵ¬ ',%3ƿţ�/#D12/,

2016年9月4日～6日，仙台（東北大学）

127



 

>Ʌ/ƞȭ4Ƨ�D�ŠǵǄůÛ4«Ǝī3Ʌ/ǵǄ4ÿ

ŐÊǓ-.C�.4ǹŕ�D', 
�

 
            Fig.1 Ankle training robot 
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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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Fig3. Scene of the FRT 
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ing 
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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. 
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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% 
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 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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