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1- 1- 2 MPJ   

.

Salford foot model Nester et al. 2014

. . .  

Toe muscular strength MPJ

Goldmann et al. 2012 Goldmann et al.

2013 MPJ

Goldmann et al. 2012 MPJ

. .

. Smith et al. 2014

MPJ
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Riley et al. 2013 MPJ

MPJ  

 

1- 1- 3  
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Toe flexor strength

MPJ

MPJ

.   

1° 0.5mm MPJ 1°

0.22mm Refshauge et al. 1995

MPJ

Goldmann et al. 2012



11 

 

MPJ

Kurihara et al. 2014

Maximum voluntary isometric contraction MVIC

Kurihara et al. 2014  

Endo et al. 2002 Menz et al. 2005

Mickle et al 2009 2002

. MPJ

Goldmann et al. 2013

Hashimoto et al. 2014  
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1- 2- 1  

. Markovic. 2007  Newman et al. 2004 Young et al. 2002

.

. 2008 2012 2002 Farley. 1998 MPJ

.
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1.1

 

 

 



15 

 

1.1  

 

TMS Toe muscul ar strength  

Pl antar f l exed  

 

 

 

TMS

Plantar
flexed

Speed Jump

Morita et al

(2015)

301
M:146
W:155

8.6 ± 0.5yr
50m sprint

Overall : r=-0.17 -0.35 : P<0.05

Broad jump
(Overall : r=0.26~0.42 : p<0.01)

Rebound jump
(Overall : r=0.24~0.25 : p<0.01)

Otsuka et al

(2015)

161
M:85
W:76

14.1 ± 0.3yr
50m sprint

r=-0.40 : p<0.01
Broad jump

(r=0.37 : p<0.01)

Yamada et al
( 2015)

M 101 20.3 ± 0.5 yr
50m sprint

Bare foot, r=0.28 : p<0.01
Shoes, r=0.30 : p<0.01

Shikanai et al

(2017)

86
M:43
W:43

Elementary
school
4th -6th
grade

50m sprint

(r=-0.26~-0.33 : p<0.05)

Uritani et al

2017

338
M:178
W:160

4.7 ± 0.6 yr

25m sprint

(M, =-0.14 : p<0.01, R2=0.49)

(W, =-0.10 : p<0.01, R2=0.45)

Broad jump

(M, =2.74 : p<0.01 : R2=0.45)

(W, =3.26 : p<0.01 : R2=0.38)

Ikeda et al

(2015)

153
M:71
W:82

4.4 ± 0.5 yr

Side jump

(r=0.42 : p<0.01)

Broad jump
(r=0.36 : p<0.01)

Yun et al

(2016)
18 23.3 ± 2.5 yr

Counter movement jump

(r=0.77 : p<0.001)

Author
(year)

n Participants

Performance
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. MPJ

Goldmann et al. 2012 MPJ
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55.6 ± 11.3N m ±SD 51.5 

± 3.5° 63.9 ± 14.9 N m 42.3 ± 5.7°
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.  ( 2019) .  ,  

68( 1) ,  83- 90.  
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Relationship between toe muscular strength and the 

ability to change direction in athletes. (2018). Journal of Human Kinetics 64, 47 55. 
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Toe flexor strength
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2. 2  T. K. K. 1268  

A 0 60  B   

C  D  

E 0 100kgf  

F 1. 0197mV/ V+15 - 0 , 0. 015  of  R. O.  

W 265 D 450 H 225mm    15. 0kg 
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  ( A)  MPJ    (B)  MPJ 45  
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2. 1 ,  

 

 

   

n. s. :  Not si gni f i cant.  

 (cm) 173.3 ± 6.6 170.1 ± 6.9 n.s.

 (kg) 71.8 ± 10.1 77.6 ± 15.2 n.s.

25.6 ± 0.8 25.4 ± 1.4 n.s.

25.8 ± 0.8 25.2 ± 1.4 n.s.

6.8 ± 0.6 6.6 ± 0.3 n.s.

6.7 ± 0.6 6.7 ± 0.2 n.s.

51.6 ± 5.7 55.4 ± 5.7 n.s.

53.4 ± 6.6 55.9 ± 5.0 n.s.

n 7
vs 

° n.s. n.s.

 (cm) n.s. n.s.

  (cm) n.s. n.s.

n 8
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2013
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 et al. 2013  
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3. 1  

 

* 0. 05 ef f ect si ze.  n. s Not si gni f i cant.   

 

3. 2  

 

* 0. 05.  

p

 (cm) 175.6 ± 10.1 172.8 ± 5.4 n.s.

 (kg) 68.1 ± 9.4 79.2 ± 8.1 n.s.

1.89 ± 0.45 1.54 ± 0.35 n.s. 0.82

1.90 ± 0.49 1.65 ± 0.57 n.s. 0.49

3.05 ± 0.85 2.63 ± 0.74 n.s. 0.51

2.91 ± 0.95 2.49 ± 0.74 n.s. 0.46

1.75 ± 0.50 1.71 ± 0.48 n.s. 0.08

2.92 ± 0.59 2.44 ± 0.27 * 0.90

33.3 ± 5.7 34.5 ± 6.3 n.s. 0.21

236.3 ± 27.3 228.8 ± 17.5 n.s. 0.30

d
 (n=24) (n=8)

 ±  ± 

(N/kg)

 (cm)

(cm)

 (sec)

 (m/s)

 (N/kg)

r = 0.23 r = 0.07 r = 0.20 r = 0.37

r = 0.09 r = 0.01 r = 0.28 r = 0.10

r = 0.55* r = 0.25 r = 0.40* r = 0.24

r = 0.08 r = 0.53 r = 0.15 r = 0.53
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2016 3

1995
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 et al. 2013
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.

Stefanyshyn et al. 1998

 

40.0% 35.8% 24.2% Robertson et al.

1987
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.  

 

 

 

 3. 3  

 

n. s Not si gni f i cant.  ef f ect si ze.  

 

 

ICC P d

173.0 ± 7.0

79.7 ± 8.0

2.18 ± 0.44 0.73

2.28 ± 0.37 0.75

2.24 ± 0.57 0.81

2.35 ± 0.44 0.76

1.71 ± 0.06 0.61

5.01 ± 0.14 0.77

 (cm)

 (kg)

 (N/kg) n. s. 0.28

 (N/kg) n. s. 0.22

10 yard  (sec)

40 yard  (sec)
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3. 11   

A B 10yard  

C D 40yard .   

 

 

 

 

 

 

1.60

1.65

1.70

1.75

1.80

1.85

1.90

0.00 1.00 2.00 3.00 4.00
(N/kg)

(A)

r = 0.29
P = 0.91

1.60

1.65

1.70

1.75

1.80

1.85

1.90

0.00 1.00 2.00 3.00 4.00

(N/kg)

(B)

r = 0.32
P = 0.22

4.70

4.80

4.90

5.00

5.10

5.20

5.30

5.40

5.50

0.00 1.00 2.00 3.00 4.00

(N/kg)

(C)

r = 0.34
P = 0.47

4.70

4.80

4.90

5.00

5.10

5.20

5.30

5.40

5.50

0.00 1.00 2.00 3.00 4.00
(N/kg)

(D)

r = 0.36
P = 0.16
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MPJ

 

50m 2015 Otsuka et al.

2015 Morita et al. 2014

2

2009
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Morita et al. 2014

CV Morita et al. 2014

28.2 15.6

  

Laurent et al. 2014 McBride et al.

2009 Cronin et al. 2005 Wisløff et al. 2004

2003

MPJ 2

MPJ

Krell et al. 2006 Stefanyshyn et al. 2004

100 MPJ

Krell et al. 2006   
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1 10 yard 40 yard
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3- 3- 1  

Sassi et al. 2009 Markovic. 2007 Young et al. 2002

.

 

MPJ
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3- 3- 2  

 

3- 3- 2- 1  

17

19.9 ± 

0.9 173.0 ± 7.0cm 79.7 ± 8.0kg 7.3 ± 1.7  ± 

 

BKC 2015

002

2007  

 

 

3- 3- 2- 2  
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3-1 3-1-2-3-2  
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. .
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( A)  3  ( B) .  

 

 

(A)

(B)

5 yard 

StartFinish

5 yard 

5 yard 5 yard 

Start

Finish
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. 

P = 0.44 P = 0.67  

3.13 3

3.13 B

3 3.13 D

r = 0.50 P<0.05 3 r = 0.50 P<0.05

3.13A 3 3.13 C

40 P = 0.11 3

 P = 0.10   

 

 

 

 

 

 

 

 

 



84 

 

3. 4  

 

n. s Not si gni f i cant.  ef f ect si ze.
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3. 13  

A

B  

3 C D  

 

 

 

 

 

4.00

4.10

4.20

4.30

4.40

4.50

4.60

4.70

0.00 1.00 2.00 3.00 4.00
(N/kg)

(A)

r = 0.40
P = 0.11

6.40

6.60

6.80

7.00

7.20

7.40

7.60

7.80

8.00

0.00 1.00 2.00 3.00 4.00

(N/kg)

(C)

r = 0.41
P = 0.10

6.40

6.60

6.80

7.00

7.20

7.40

7.60

7.80

8.00

0.00 1.00 2.00 3.00 4.00

(N/kg)

(D)

4.00

4.10

4.20

4.30

4.40

4.50

4.60

4.70

0.00 1.00 2.00 3.00 4.00
(N/kg)

(B)

r = 0.50
P <0.05

r = 0.50
P <0.05
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MPJ

MPJ

 

MPJ Riley et al. 2013

 

3

McGee et al. 2003

Robbins. 2010 10yard 40yard

20yard 3 30yard

180°

2 3 2 90° 180° 1 360°

Smith et al. 2014
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4. 1  

 

4. 2 MPJ  

 

 

 

 

- 5. 0 1. 6 4. 9 0. 0 6. 6 9. 9 10. 0 16. 6 19. 9

2. 29 2. 18 2. 13 2. 63 2. 60 2. 42 3. 06 2. 90 2. 30

S.D 0. 46 0. 59 0. 55 0. 77 0. 78 0. 77 0. 88 0. 90 0. 69

- 5. 0 0. 0 10. 0 1. 6 6. 6 16. 6 4. 9 9. 9 19. 9

2. 29 2. 63 3. 06 2. 18 2. 60 2. 90 2. 13 2. 42 2. 30

S.D 0. 46 0. 77 0. 88 0. 59 0. 78 0. 90 0. 55 0. 77 0. 69
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4- 3  

MPJ

40.0% 35.8% 24.2%

 (Robertson et al. 1987

Hobara et al. 2011
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4. 3  

 

  R2  

 

 

 

 

B P

5.017 0.000

300 deg/sec -4.859 -0.838 0.002

B P

0.809 0.005

30 deg/sec -0.222 -0.713 0.006

300 deg/sec 0.937 0.489 0.031

B P

-0.360 0.270

0.234 0.670 0.034

R2 0.703

2.2Hz R2 0.449

1.5Hz R2 0.770
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