
 
 

 
 

Injury Surveillance and Injury Prevention 
in Female Lacrosse 

SANOMURA, Manabu 



 
 

1  .......................................................................................................... 1 

1   ............................................................................................................ 2 

2   ....................................................................................... 21 

2  .............................................................. 23 

1 2  ............................................. 24 

2-1-1  ...................................................................................................... 24 

2-1-2  ........................................................................................... 26 

2-1-3  ...................................................................................................... 27 

2-1-4  ...................................................................................................... 42 

2-1-5  ...................................................................................................... 52 

3  ................................ 53 

2

 ................................................................................................................ 54 

3-2-1  ...................................................................................................... 54 

3-2-2  ........................................................................................... 55 

3-2-3  ...................................................................................................... 63 

3-2-4  ...................................................................................................... 74 

3-2-5  ...................................................................................................... 80 

4
 ....................................................................................................................... 81 

3
 ...................... 82 

4-3-1  ...................................................................................................... 82 

4-3-2  ........................................................................................... 83 

4-3-3  ...................................................................................................... 86 

4-3-4  ...................................................................................................... 89 



4-3-5  ...................................................................................................... 91 

4
 ....................................................... 92 

4-4-1  ...................................................................................................... 92 

4-4-2  ........................................................................................... 93 

4-4-3  ...................................................................................................... 96 

4-4-4  ...................................................................................................... 98 

4-4-5  .................................................................................................... 102 

5

 .......................................................................................... 103 

5  ................. 104 

5-5-1  .................................................................................................... 104 

5-5-2  ......................................................................................... 105 

5-5-3  .................................................................................................... 109 

5-5-4  .................................................................................................... 114 

5-5-5  .................................................................................................... 115 

6

 ................ 117 

5-6-1  .................................................................................................... 117 

5-6-2  ......................................................................................... 119 

5-6-3  .................................................................................................... 126 

5-6-4  .................................................................................................... 130 

5-6-5  .................................................................................................... 136 

6  ...................................... 138 

7

 ............................................................................ 139 

6-7-1  .................................................................................................... 139 

6-7-2  ......................................................................................... 140 



6-7-3  .................................................................................................... 142 

6-7-4  .................................................................................................... 146 

6-7-5  .................................................................................................... 152 

8

 .......................................... 153 

6-8-1  .................................................................................................... 153 

6-8-2  ......................................................................................... 155 

6-8-3  .................................................................................................... 156 

6-8-4  .................................................................................................... 169 

6-8-5  .................................................................................................... 174 

7  .............................................................................................. 175 

 ...................................................................................................... 176 

8  .................................................................................................. 181 

 .......................................................................................................... 182 

 ............................................................................................................. 183 

 ............................................................................................................. 209 

 ..................................................................................................................... 212 



1 

 

 

 

 

 

 

 

 

 

 

 

 

1  

 

  



2 

1  

1-1.  

21

1 [Meeuwisse, 1994]

somatotype

maturation stage

[Meeuwisse, 1994]  

 

 

1  A new multifactorial model of athletic injury epidemiology [Meeuwisse, 1994] 
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1 Bahr Krosshaug 2005

2 [Bahr and Krosshaug, 2005]

 

 

 

2  Comprehensive model for injury causation [Bahr and Krosshaug, 2005] 

  

van Mechelen 1992 4
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3  Four step sequence of injury prevention research  [van Mechelen, 1992]. 
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1-2.  

International Olympic Com-

mittee IOC

[Junge et al., 2006]

FIFA [Dvorak 

et al., 2011; Dvorak et al., 2007; Junge et al., 2004-1; Junge et al., 2004-2; Junge and 

Dvorak, 2007] IAAF [Alonso et al., 2009] IHF

[Langevoort et al., 2007] FINA

[Mountjoy et al., 2010] [Yoon et al., 

2004] IOC

2004

8 [Junge et al., 2007]

2008

[Junge et al., 2009]

[Junge et al., 2006]
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IOC Injury Surveillance System 2008

[Junge et al., 2009] 32

10977 1055

96.1 1000 1055

633 73.8 197

225 26.2

7

496 156 31.5

126 34 27.0 382 78 20.4

334 58 17.4 255 43 16.9

281 42 14.9 119 16 13.4

189 21 11.1

81 1108 7.3

75 6.8

13.3 12.1

9.4

4

600 54.2 218 19.7 149

13.4 133 12.0

282 32.9

1/3 172 20.0

110 12.8

78 9.1

844 419 49.6

1 275 33.0

1 1 93 11.2 4

41 4.9 4

41 13 8 6

5 3 3
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6 4.8 4 3.0

5 1.8 6 1.2 10 0.5

4 3.2

8 2.1 7 2.1 5 2.0

5 1.5 2 0.7

3 0.6 1

549 54.2 464 45.8

IOC 2011

4 The 3rd World 

Congress on Injury Prevention, The IOC World Conference on Prevention of Injury & 

Illness in Sport

[IOC World Conference on Prevention of Injury & Illness in Sport, 2011 ]

[Abstracts from 

the IOC World Conference on Prevention of Injury & Illness in Sport, 2011 ; 

Sanomura and Irie, 2011(abstract); , 2012]  

 

1-3.  

[Murphy et al., 2003]
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anterior cruciate ligament ACL

24 [Seil et al., 1998]

25 [Stuart and Smith, 1995] ACL

30

[Myklebust et al., 1998]

[Dick et al., 2012; Hinton et al., 2005; Matz and Nibbelink, 2004]  

Peterson 2000

2 Chomiak 2000

2

[Hopper et 

al., 1995]

 

Powell 1992

ACL Arnason 1996

2

Olsen 2003

Olsen 2003
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[Heidt et al., 

1996; Inklaar, 1994]  

Backous 1988

Hosea 2000

Baumhauer

1995

Beynnon 2001

3

3 [Lindenfeld et al., 1994]

60

ACL 3.6

[Messina et al., 1994]

ACL

2 8 [Liederbach et al., 2008; 

Stevenson et al., 1998; Agel et al., 2005; Olsen et al., 2003; Arendt et al., 1999; 

Myklebust et al., 1998; Ireland, 1999; Gray et al., 1985]  

[McKay et al., 2001; Bahr et al., 1997; Surve et al., 1994]
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[Messina et al., 1994]

Ekstrand Gillquist 1983

25.8

Chomiak 2000

24

 

Baumhauer 1995

Ekstrand Gillquist 1983

92.3

[ Faude et al., 2006]

[Yeung et al., 1994]

Orchard 2001

[Engström et al., 2005]

[Beynnon, 2005]
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[Beynnon et al., 2001; Seil et al., 1998; Surve et al., 1994]

 

Ostenberg Roos 2000

4 Söderman 2001

3.1 ACL

849 ACL

ACL [Uhorchak et 

al., 2003] Ramesh 2005 ACL ACL

Ekstrand Gillquist 1983

Chomiak 2000

 

Söderman 2001

10

Beynnon

2001

Kaufman 1999

[Wiesler et al., 1996; Barrett and Bilisko, 

1995]  

Souryal  Freeman

1993 902 notch 
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width index NWI ACL

ACL NWI LaPrade

Burnett 1994

213 NWI ACL

NWI

NWI ACL

NWI ACL

 

Shambaugh 1991

Q-angle Q-angle

Cowan

1996 246 Q-angle

15 Wen 1998

255 Tubercle sulcus angle

( )

Tubercle sulcus 

angle

 

 

1-4. ACL  

6 7 [Messina et al., 1994; Peterson et al., 2000; 

Chomiak et al., 2000; , 2012; , 2013; Dick et al., 2012; Mats and 

Nibbelink, 2004; Junge and Dvorak, 2007; Jørgensen, 1984; Dick et al., 2007]

[Messina et 

al., 1994; Zelisko et al., 1982; Lindenfeld et al., 1994; de Loës et al., 2000; Gray et 

al., 1985; Schmidt-Olsen et al., 1991; Miyasaka et al., 1991]

ACL
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ACL

NCAA [Hootman, 2007]

ACL [Bahr and Krosshaug, 2005; 

Baker, 1998; Bing and Garrett, 2007; Faunø and Wulff Jakobsen, 2006; Flynn et al., 

2005; Griffin et al., 2000; Griffin et al., 2006; Hewett et al., 2006; Hewett et al., 

2007; Hutchinson et al., 1995; Hutchinson and Ireland, 1995; Ireland, 1999; Ireland et 

al., 1997; Ireland and Nattiv, 2004; Ireland and Ott, 2004; Joy et al., 2009; Kelly, 

2008; Yu and Garrett, 2007; Quatman and Hewett, 2009; Griffin et al., 2006; Hewett 

et al., 2006; Renstrom et al., 2008; Shimokochi and Shultz, 2008] ACL

6

2000 ACL

ACL ACL

ACL

MBIM techniques model-based image-matching 

techniques [Bore et al., 2013; 

Koga et al., 2010; Krosshaug et al., 2007] ACL  

Ireland 2002 ACL

not 

controllable

controllable Ireland 2002

Q-angle

miserable malalignment syndrome
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ACL

position of no return

ACL 

Q-angle

BMI

Body mass index  

ACL

ACL

[Olsen et al., 2004; Kross-

haug et al., 2007; Boden et al., 2009; Hewett et al., 2009; Krosshaug et al., 2007]

Ferber 2003

Hewett 2006

Yu 2005

Zeller

2003

Kernozak 2005

Ford

2003

McLean 2004 Malinzak

2001

Hewett 2007

205

ACL ACL
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ACL

[Yu and Garrett, 2007; Bahr and Krosshaug, 

2005; Griffin et al., 2000; Kelly, 2008; Hewett et al., 2007; Quatman and Hewett, 

2009; Griffin et al., 2006; Hewett TE et al., 2006; Renstrom et al., 2008 ]  

 

1-5. ACL  

ACL

knee-in

[Olsen et al., 2005; Petersen et al., 2005; Söderman et al., 2000; Myer 

et al., 2005; Myer et al., 2004; Myklebust et al., 2003; Hewett et al., 2006; Hewett et 

al., 1996]

[ , 2008]

ACL

 

1. Henning Griffin et al., 2000  

quad-cruciate interaction

ACL

ACL 0.33 / 0.25 /

2 1990
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Griffin 2000

 

2. Ettinger Ettinger et al., 1995  

ACL

2 26.6 / 10 /

 

3. Caraffa Caraffa et al., 1996  

600 300 300

1 20 3 30

2

0.15 / / 1.15 / /

 

4. Hewett Hewett et al., 1999  

1 60 90 3 6

366

463 434 2

0.12/1000 athlete-exposures AEs 0.43/1000 AEs

Mandelbaum  “PEP program: prevent injury and enhancement perfor-

mance program” [Mandelbaum et al., 2005; , 2013-1]  

5. Söderman Söderman et al., 2000  

211 121 100

5 1 10
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15 30 3 30

2 0.12/1000 player-hours

PHs 1.36/1000 PHs  

6. Heidt Heidt et al. 2000  

300 42 258

1 60 90 3 7 2

2.4 1 3.1 8

 

7. Myklebust Myklebust et al., 2003  

2 942

1 855 2 850

wobble

1 15 3 7 1 15

1 41 2 0.14/1000 

PHs 1 0.13/1000 PHs 2 0.09/1000 

PHs

 

8. Mandelbaum Mandelbaum et al., 2005  

PEP program: prevent 

injury and enhancement performance program

[Mandelbaum et al., 2005] 1041 2 1

1,042 1,902 2 844

1,913
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1 20 3

2 1

0.05/1000 AEs 0.47/1000 AEs 2

0.13/1000 AEs

0.51/1000 AEs 2

0.09/1000 AEs 0.49/1000 AEs

PEP program Mandelbaum F-MARC FIFA 

Medical Assessment and Research Centre  

F-MARC 2003 The 11 2006

The 11+ [

, 2013-2]  

9. Olsen Olsen et al., 2005  

958 879

wobble

1 15 20 1 32 2

3 14 PCL 2 MCL 1

 

10. Peterson Petersen et al., 2005  

134 142

1

10 3 8 1 10 1 32

2 0.04/1000 AEs
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0.21/1000 AEs  

11. Pfeiffer Pfeiffer et al., 2006  

1439

577 862

1 20 2 9

2 0.167/1000 AEs

0.078/1000 AEs Knee ligament 

injury prevention program KLIP program  

12. Gilchrist Gilchrist et al., 2008  

1435 583 852

PEP program Mandelbaum et al., 2005

3 12

2 0.199/1000 AEs 7

0.340/1000 AEs 18 0.057/1000 AEs 2

0.189/1000 AEs 10

ACL 0.000/1000 AEs 0

0.148/1000 AEs 6  

13. Kinai Kinai et al., 2010  

1506 729 49

777 48

3 2 1

20 25 6 1

2 0 5  

14. Waldén Waldén et al., 2012  

12 17 4564 230 2479

121 2085 109 1 15
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2 2 7

14  

 

 
 

ACL

 

 

2  

van Mechelen 1992

4 1

2

3

Henning 2000  vs. / 0.33 vs. 0.25
Ettinger 1995  vs. / 26.6 vs. 10.0
Caraffa 1996  vs. / / 0.15 vs. 1.15†

Hewett 1999  vs. /1000 AEs* 0.12 vs. 0.43†

Söderman 2000  vs. /1000 PHs* 0.12 vs. 1.36
Hedit 2000  vs. ( ) 1 2.4% vs. 8 3.1%
Myklebust 2003 1  vs. 2  vs. 3 /1000 PHs*
Mandelbaum 2005  vs. 1 /1000 AEs* 0.05 vs. 0.47†

 vs. 2 /1000 AEs* 0.13 vs. 0.51†

 vs. 2 /1000 AEs* 0.09 vs. 0.49†

Olsen 2005  vs. / 3 vs. 14†

Peterson 2005  vs. /1000 AEs* 0.04 vs. 0.21
Priffer 2006  vs. /1000 AEs* 0.167 vs. 0.078
Gilchrist 2008  vs. /1000 AEs* 0.199 vs. 0.340

 vs. /1000 AEs* 0.000 vs. 0.148†

Kinai 2010  vs. / 0 vs. 5
Waldén 2012  vs. / 7 vs. 14†

0.14 vs. 0.13 vs. 0.09

*ACL: anterior cruciate ligament.
*1000 AEs: 1,000 athlete-exposures.
*1000 PHs: 1,000 player-hours.
†: 

2 ACL* ACL
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4 5

6

ACL  

1

2

2 1 3

 

 

2 4

ACL

3

4 5

5

6 6

7

8 7 8
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1 2  

 

2-1-1.  

[US Lacrosse, 2011]

2011 [US Lacrosse, 2011] 684,730 424,169

260,561 361,275

52.8 275,281 40.2 33,929 5.0 14,065

2.1 180 0.1

20,397 60.1 13,532 39.9

2011

14,856

5,729

38.6 9,127 61.4 8

2 12,000

45 55

5,400

6,600

93.0

33,929 12,000

13,532 6,600
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[Dick et al., 2007]

[National Collegiate Athletic Association,  2012]

2005

[Diamond and Gale., 2001; Hinton et al.,  2005]

[Dick et al., 2007; Hinton et al., 2005; Carter et al., 2010]

[Dick et al., 2007; Hinton et 

al., 2005; Carter et al., 2010; Matz and Nibbelink, 2007]

[Dick et al., 2007; Hinton et al., 2005; Matz and Nibbelink, 2007]

[Dick et al., 2007; Hin-

ton et al., 2005] anterior cruciate ligament ACL

[Mihata et al., 2006; Hootman et al., 2007]

[Diamond and Gale., 2001; Hinton et al., 

2005; Matz and Nibbelink, 2007; Lincoln et al., 2007]

[Dick et al., 2007; Diamond and Gale., 

2001; Matz and Nibbelink, 2007; Lincoln et al., 2007; Caswell et al., 2012; Golden-

berg and Hossler, 1995; Otago et al., 2007;  Waicus and Amith, 2002; Webster et al., 

1999] [Marar et al., 2012]

1 [ , 2012-1]
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2

 

 

2-1-2.  

1.  

1

2010 4 2012 3 2

1 46 ± 20.1 ± 1.3 159.1 ± 5.2cm

53.1 ± 5.5kg 22.0 ± 16.3 2 55

19.5 ± 1.1 158.7 ± 4.9cm 53.6 ± 5.4kg 22.6 ± 13.2

2010-037

2.  

IOC injury surveillance system[Junge et al., 2008]

 3

( 2-2 )

NATABOC-ATC

1
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1,000 athlete–hours 1000 AHs  1,000 

athlete–exposures 1000 AEs

 

1000 AHs = total AHs ×1000 

1000 AEs = total AEs ×1000 

1 AHs 1 1 AEs

1 95

[Jung et al., 2006]  

 

2 - 1 - 3 .   

1 .   

2-1 2 total AHs total 

AEs 27,621 13,437 26,213 AHs

11,791 AEs 1,408 AHs 1,646 AEs

309 11.19 (9.94 — 12.43)/1000 AHs 95

23.00 (20.43 — 25.56)/1000 AEs

283 91.6 10.80 (9.54 — 

12.05)/1000 AHs 24.00 (21.20 — 26.80)/1000 AEs 26 8.4

18.46 (11.36 — 25.55)/1000 AHs 15.80 (9.72 — 21.87)/1000 

AEs total AHs total AEs

25,113 12,015 23,734 AHs

10,441 AEs 1,379 AHs 1,574 AEs

total AHs total AEs 2,508 1,422

2,478 AHs 1,350 AEs 30 AHs 72 AEs

282 11.23 

(9.92 — 12.54)/1000 AHs 23.47 (20.73 — 26.21)/1000 AEs

257 91.1 10.83 (9.50 — 12.50)/1000 AHs
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24.61 (21.61 — 27.62)/1000 AEs 25 8.9

18.13 (11.02 — 25.24)/1000 AHs 15.88 (9.66 — 22.11)/1000 AEs

27 10.77 (6.70 — 14.83)/1000 

AHs 18.99 (11.83 — 26.15)/1000 AEs 26

96.3 10.49 (6.46 — 14.52)/1000 AHs 20.00 (12.31 — 

27.69)/1000 AEs 1 3.7 33.59 (-33.25 — 99.44)/1000 

AHs 13.89 (-13.33 — 41.11)/1000 AEs   
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30 

2  

2-2

309 62 20.1

2.24 (1.69 — 2.80)/1000 AHs 4.61 (3.47 — 5.76)/1000 AEs

45 14.6 1.63 (1.15 — 2.11)/1000 AHs

3.35 (2.37 — 4.33)/1000 AEs 33 10.7

1.20 (0.79 — 7.04)/1000 AHs 2.46 (1.62 — 3.29)/1000 AEs

28 9.1 1.01 (0.64 — 1.39)/1000 AHs 2.08 (1.31 — 2.86)/1000 

AEs / 27 8.7 0.98 (0.61 — 1.35)/1000 AHs

2.01 (1.25 — 2.77)/1000 AEs  
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3  

2-3

309 77 24.9

2.79 (2.17 — 3.41)/1000 AHs 5.73 (4.45 — 7.01)/1000 AEs

/ 76 24.6 2.75 (2.13 — 

3.37)/1000 AHs 5.66 (4.38 — 6.93)/1000 AEs /

52 16.8 1.88 (1.37 — 2.39)/1000 AHs 3.87 (2.82 — 

4.92)/1000 AEs / / 44 14.2 1.59 (1.12 — 2.06)/1000 

AHs 3.27 (2.31 — 4.24)/1000 AEs  
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4  

2-4

361 1

110 30.5

3.98 (3.24 — 4.73)/1000 AHs 8.19 (6.66 — 9.72)/1000 AEs

62 17.2 2.24 (1.69 — 2.80)/1000 

AHs 4.61 (3.47 — 5.76)/1000 AEs

50 13.9 1.81 (1.31 — 2.31)/1000 AHs 3.72 (2.69 — 

4.75)/1000 AEs 43 11.9 1.56 (1.09 — 2.02)/1000 

AHs 3.20 (2.24 — 4.16)/1000 AEs  
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5  

2-1

205 66.3 2

40 12.9 35 11.3
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6.  

2-2

46 263

84

31.9 81 30.8

76 28.9 22 8.4  
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7   

2-5 3 7 117

37.9 4.24 (3.47 — 5.00)/1000 AHs

8.71 (7.13 — 10.29)/1000 AEs 1 2 1 2

63 20.4

2.28 (1.72 — 2.84)/1000 AHs 4.69 (3.53 — 5.85)/1000 AEs

4 6 30 9.7

1.09 (0.70 — 1.47)/1000 AHs 2.23 (1.43 — 3.03)/1000 AEs  
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39 

8  

309 62

20.1

2 0.6 ACL

 

9  

2-3

21 58.3

15 41.7

113 49.8 107 47.1  

 

 
 

  

21 
(58.3%)

15 
(41.7%) 113

(49.8%)107
(47.1%)

7
(3.1%)

2-3
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10.  

2-4, 2-6 4

105 34.0 15.69 

(12.69 — 18.69)/1000 AHs 33.08 (26.75 — 39.41)/1000 AEs

2 47

15.2 1 8.30 (6.42 — 

10.18)/1000 AHs 16.85 (13.04 — 20.67)/1000 AEs  
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2-1-4.  

2

total AHs total AEs

3-1 total AHs 94.9 26,213 AHs

5.1 1,408 AHs total AEs 87.8 11,791 AEs

12.2 1,646 AEs 9

[Matz and 

Nibbelink, 2004] AEs

82 18 Lincoln 2007

83 17 total AEs

total AEs

NCAA National Collegiate Athletic Association NCAA

5 9 (NCAA) 16 23 [NCAA women’s 

lacrosse, Rankings, 2012] 309

283 26 91.6

8.4 10

1000 AHs 10.80 9.54 — 12.05

18.46 11.36 — 25.55 1.7 1000 AEs

24.00 21.20 — 26.80 15.80 9.72 — 21.87 1.5

1000 AEs

1000 AEs

[Matz and Nibbelink, 2007] 2.7/1000 AEs

8.8/1000 AEs 16 NCAA Injury Surveillance System ISS

[Dick et al., 2007] 3.30/1000 AEs 7.15/1000 AEs

2 3
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[Dick et al., 2007; Matz et al., 2004]

7 9 2 3

15 361,275

52.8 [US Lacrosse, 2011]

[ , 2012-1]

total AHs total AEs

2-1 total AHs

90.9 25,113 AH’s 10.1 2,508 AHs total 

AEs 89.4 12,015 AEs 11.6

1,422 AEs 90

282 91.3

27 8.7

11.23 (9.92 — 12.54)/1000 AHs 23.47 (20.73 — 26.21)/1000 AEs

10.77 (6.70 — 14.83)/1000 AHs 18.99 (11.83 — 

26.15)/1000 AEs

[Andresen et al., 1989; Orchard J, 2002; Orchard and 

Powell, 2003]

[Andresen et al., 1989; Orchard J, 2002; Orchard and Powell, 2003; Heidt 

RS Jr et al., 1996]  



44 

2-2

62 20.1

45 14.6 33 10.7 28 9.1

/ 27 8.7 [Dick et al., 

2007; Hinton et al., 2005; Matz and Nibbelink, 2007]

15 25

[Dick et al., 2007; Hinton 

et al., 2005; Matz and Nibbelink, 2007] 12 21

4

2-7 18 5.8 0.65 

(0.35 — 0.95)/1000 AHs 1.34 (0.72 — 1.96)/1000 AEs 28 9.1

1.01 (0.64 — 1.39)/1000 AHs 2.08 (1.31 — 2.86)/1000 AEs

36 11.7 1.30 (0.88 — 1.73)/1000 AHs 2.68 (1.80 — 

3.55)/1000 AEs 227 8.22 (7.15 — 9.29)/1000 

AHs 16.89 (14.70 — 19.09)/1000 AEs 73.5

7

6

[Dick et al., 2007; Matz and Nibbelink, 2007] 10

2-2 3.1

[Dick et al., 2007; 

Diamond and Gale., 2001; Hinton et al., 2005; Matz and Nibbelink, 2007; Lincoln et 

al., 2007; Caswell et al., 2012; Goldenberg and Hossler, 1995; Otago et al., 2007; 

Waicus and Smith, 2002; Webster et al., 1999]

14.1 [Hinton et al., 2005] 18.2 [Otago et al., 2007]

28.8 [Goldenberg and Hossler, 1995] 30.1 [Diamond and Gale., 2001] 35.7

[Matz and Nibbelink, 2007]
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[Caswell et al., 2012]

ACL

[Mihata et al., 2006; Hootman et al., 2007]

ACL 1 0.04 (-0.04 — 0.11)/1000 AHs 0.07 

(-0.07 — 0.22)/1000 AEs 2-8 1000 AEs

Hootman 2007 0.17 (0.14 — 0.20)/1000 AEs Mihata 2006 0.18/1000 

AEs

ACL

ACL

2-3

[Beynnon et al., 2005] [Seil et al., 1998]

 

  



46 

 

 

2-3 309 77

24.9 [Dick et al., 2007; Hinton et al., 2005]

[Nielsen and Yde, 1989; Engström et al., 

1991; Faude et al., 2005; Yard et al., 2008] [Borowski et al., 

2008; Gomez et al., 1996; Messina et al., 1996; Zelisko et al., 1982]

[Lindblad et al., 1992; Seil et al., 1998]

[Diamond and Gale, 2001; Hinton et al., 2005; Matz and Nibbelink, 2007; Lincoln et 

al., 2007] 44 14.2 4

2-3 [Hinton et al., 2005]

2 17.9

2-4

 ( ) 4

44 30 68.2 13 29.5

0 1 2.3

30

8 26.7 Dick 2007

26.0 35.9
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[Diamond and Gale, 2001] 86

[Waicus 

and Smith, 2002]  

2-4

110 30.5

62 17.2 50 13.9

 

 3

141 39.1 5.10 

(4.26 — 5.95)/1000 AHs 10.49 (8.76 — 12.23)/1000 AEs

90 24.9 3.26 

(2.59 — 3.93)/1000 AHs 6.70 (5.31 — 8.08)/1000 AEs

62 17.2 2.24 (1.69 — 2.80)/1000 AHs 4.61 (3.47 — 5.76)/1000 AEs

3 293

361 81.1

3  

2-9

30  ( 8.3 )

1.09 (0.70 — 1.47)/1000 AHs 2.23 (1.43 — 3.03)/1000 AEs

/ / 23 6.4

0.83 (0.49 — 1.17)/1000 AHs 1.71 (1.01 — 2.41)/1000 AEs

/ 15 4.2 0.54 (0.27 — 

0.82)/1000 AHs 1.12 (0.55 — 1.68)/1000 AEs

14 3.9 0.51 (0.24 — 0.77)/1000 

AHs 1.04 (0.50 — 1.59)/1000 AEs 10

2.8 0.36 (0.14 — 0.59)/1000 AHs 0.74 (0.28 — 1.21)/1000 AEs

63 20.4 2.28 (1.72 
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— 2.84)/1000 AHs 4.69 (3.53 — 5.85)/1000 AEs / /

26 8.4 0.94 (0.58 — 1.30)/1000 

AHs 1.93 (1.19 — 2.68)/1000 AEs / 22 7.1

0.80 (0.46 — 1.13)/1000 AHs 1.64 (0.95 — 2.32)/1000 AEs

/ 20 6.5 0.72 (0.41 — 1.04)/1000 AHs

1.49 (0.84 — 2.14)/1000 AEs

[Dick et al., 

2007; Hinton et al., 2005]

[Dvorak et al., 2011; Engström et al., 

1991; Faude et al., 2006; Yard et al., 2008; Le Gall et al., 2008 ; Nielsen and Yde, 

1989] [Gomez et al., 1996; Messina et al., 1996; Zelisko et al., 

1982; Leanderson et al., 1993; Meeuwisse et al., 2003] [Lindblad et al., 

1992; Jørgensen., 1984]

[Junge et al., 2009] 32

/ / /
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50 

2-1 2 40 12.9

35 11.3 3 6

1.9 81 26.1 1/4

18

22.2  [Nielsen and Yde, 1989; Le 

Gall et al., 2008; Brynhildsen et al., 1990; Ekstrand and Gillquist, 1983]

[Borowski et al., 2008; Leanderson et al., 1993; Agel et al., 2003; McKay et 

al., 2001]

[Mattacola and Dwyer, 2002]

[Thacker et al., 1999]  

2-2

31.9

[Engström et al., 1991]

3.2

 

2-5

7 180 58.3

2

66 21.4 4

31 10.0 2 66

13 29.5 9 20.5

6 13.6 18 40.9

/ 13 29.5 / 7 15.9

9 20.5

/ / / 5

11.4

[Dick 

et al., 2007; Hinton et al., 2005; Nielsen and Yde, 1989; Borowski et al., 2008; Junge 
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and Dvorak, 2007; Langevoort et al., 2007; Peterson et al., 2000]

 

62 20.1

247 79.9

 

[ , 2012-1]

2-4, 2-6

4 15.69/1000 AHs 33.08/1000 AEs

105 34.0 3 12.70/1000 AHs 26.40/1000 AEs 82

26.5 2 8.64/1000 AHs 17.36/1000 AEs 47 15.2

1 8.30/1000 AHs 16.85/1000 AEs 75 24.3

2-4 4 1

2

 

1
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[ , 

2012-1]

 

 

2 -1 -5 .   

2

 

1) 

7  

2) / /

7  

3) 3

 

4) 

 

5) 1/4

 

6)  

7) 3 7

2 20  

8) 4 1

4 1 2  

9) 
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3  
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2

 

 

3-2-1.  

anterior cruciate ligament ACL

[Agel et al., 2005; Olsen et al., 2003]

[Boden et al., 

2000; Olsen et al., 2004]

[Boden et al., 2009; Krosshaug et al., 2007]  

ACL

[Grindstaff et al., 2006; Hewett et 

al., 1999; Hewett et al., 2006; Mandelbaum et al., 2005; Myklebust et al., 2003]

[Mandelbaum et al., 2005; Myer et al., 2004; Myer et al.,  

2005; Myklebust et al., 1998; Petersen et al., 2005; , 2008]

knee-in

[ , 2008]

knee-in

 

[Mattacola and Dwyer, 2002; 

, 2003; , 2011; Wolfe et al., 2001]

[Anderson et al., 2009; Hirth, 2004; 

, 2008]
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3-2-2.  

1  

50 6

± 20.0 ± 1.3 159.6 ± 5.8cm 55.1 ± 6.3kg

 

008-H15

 

2  

[ , 1996]

2-1

100

%

50 2-2

3 0 6.5%
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2 9.0% 29.0%

29.0% 11 -1.1 ± 3.7%

± 24 19.7 ± 5.3% 15 38.8 ± 6.5%  
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3  

3

3

[Ford et al., 2003]

Neutral Open

 

  

2-2   

0

1

2

3

4

5

6

7

8

9

10

n=15

-6
.0

~-
3.

5
-3

.5
~-

1.
0

-1
.0

~1
.5

1.
5~

4.
0

4.
0~

6.
5

6.
5~

9.
0

9.
0~

11
.5

11
.5

~1
4.

0
14

.0
~1

6.
5

16
.5

~1
9.

0
19

.0
~2

1.
5

21
.5

~2
4.

0
24

.0
~2

6.
5

26
.5

~2
9.

0
29

.0
~3

1.
5

31
.5

~3
4.

0
34

.0
~3

6.
5

36
.5

~3
9.

0
39

.0
~4

1.
5

41
.5

~4
4.

0
44

.0
~4

6.
5

46
.5

~4
9.

0
49

.0
~5

1.
5

n=11

n=24
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a  

2-3

90°

60° 2

1

ST

SQ  

 

 

  

a b

2-3
ST a 60 SQ b
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b  

2-4 30cm

30cm

30cm 15cm

IC IC

LD  

 

 

 

  

ba

2-4
30cm IC a IC

LD b
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c  

2-5 5m

45cm 45cm

45° 35° 55°

4.5 5.5m/sec

IC IC

LD  

 

 
  

c

b

45

55

5m

a

2-5
5m 45 35 55

a IC b IC
LD c

35

START
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4  

12mm

1 2 5

FASTCAM ultima1024 PHOTORON Tokyo

Japan 60Hz

250Hz

Frame- DIAS DKH Tokyo

Japan  

4

2-6 ℓ1(cm)

ℓ2(cm) L(cm) 2  

(%) ℓ1 L ×100 

(%) ℓ1 ℓ2 L ×100

 

2

 

(°)

 

(°)
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5.  

SQ ST SQ

IC LD IC LD
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6  

Tukey-Kramer

Neutral Open t

5  

 

3 - 2 - 3 .   

1  

Open 2-1  

 

 

 

  

SQ 55.7 ± 11.1

ST SQ 21.3 ± 10.4

SQ 56.7 ± 19.7

ST SQ 39.6 ± 18.4

SQ 15.3 ± 5.8

ST SQ 7.2 ± 5.5

SQ 2.8 ± 3.5

ST SQ 0.4 ± 3.4
  ( )

 SQ
 ST
 ST SQ ST SQ

2-1  (n=50) ( mean SD )

  (%)

  (%)

  ( )
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Open 2-2

r = -0.307 p = 0.030 r = -0.295 p = 0.038

r = -0.331 p = 0.019 2-7 2-8 2-9  

 

 

 

 

 

 

 

 

 

 

ST SQ
 
ST  SQ

     
      ST  SQ

    
     ST  SQ

-.307* -.295* -.331* .208

*: p < 0.05

2-2  (n = 50)

2-7 ST  

SQ  

2-8 ST SQ  

2-9 ST  

SQ  
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Open 2-3

SQ ST SQ

 

 

 
 

  

SQ 59.3 ± 14.8 57.2 ± 8.1 50.7 ± 11.2

ST  SQ 25.1 ± 13.8 22.4 ± 8.0 16.8 ± 10.0

SQ 63.2 ± 25.2 59.8 ± 12.5 46.9 ± 22.3

ST  SQ 45.7 ± 22.8 41.7 ± 13.5 31.9 ± 20.3

SQ 17.2 ± 9.1 15.7 ± 4.2 13.2 ± 4.8

ST  SQ 9.0 ± 8.1 7.8 ± 4.5 4.9 ± 4.2

SQ 1.8 ± 4.6 3.1 ± 3.1 3.1 ± 3.2

ST  SQ 0.2 ± 4.1 0.4 ± 3.2 1.0 ± 3.2

2-3

 ( )

        (n=15)

 (%)

 (%)

 ( )

 (n=11)  (n=24)

SQ
ST
ST → SQ ST SQ

( mean SD ) N.S.
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Open Neutral 2-4 Open

Neutral SQ ST SQ

p < 0.05 p < 0.01

p < 0.01  

 

 

 

  

P value

SQ 54.2 ± 9.7 55.7 ± 11.1 0.087

ST SQ 19.8 ± 9.1 21.3 ± 10.4 0.087

SQ 52.9 ± 16.9 56.7 ± 19.7 0.029*

ST SQ 35.8 ± 16.0 39.6 ± 18.4 0.029*

SQ 16.7 ± 5.2 15.3 ± 5.8 0.006**

ST SQ 8.6 ± 5.0 7.2 ± 5.5 0.006**

SQ 1.5 ± 3.4 2.8 ± 3.5 0.001**

ST SQ -0.9 ± 3.2 0.4 ± 3.4 0.001**
  ( )

 Neutral ; Open
 SQ
 ST
 ST SQ ST SQ

* p<0.05,  **p<0.01   ( mean±SD )

2-4 Neutral Open  (n=50)

              Neutral          Open

  (%)

  (%)

  ( )
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2  

Open 2-5  

 

 

 

  

IC 18.8 ± 6.2

LD 41.5 ± 10.6

IC LD 22.7 ± 8.1

IC 11.7 ± 8.5

LD 31.8 ± 16.7

IC LD 20.1 ± 12.7

IC -0.6 ± 3.1

LD 10.0 ± 6.3

IC LD 10.6 ± 6.0

IC 6.8 ± 2.6

LD 4.6 ± 3.7

IC LD -2.3 ± 3.1

 IC
 LD
 IC LD IC LD

  ( )

2-5  (n=50) ( mean±SD )

  (%)

  (%)

  ( )
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Open

2-6 LD IC LD

r = 

-0.356 p = 0.011 r = -0.338 p = 0.016 2-10 2-11

LD IC LD

r = -0.388 p = 0.005 r = -0.299 p = 0.035 2-12 2-13

LD IC LD

r = -0.422 p = 0.002 r = -0.451 p = 

0.001 2-14 2-15 IC LD

r = 0.312 p = 0.028 2-16  

 

 

 

   

 

 

 

LD IC LD LD IC LD LD IC LD LD IC LD

-.356* -.338* -.388** -.299* -.422** -.451** .224 .312*

2-6  (n = 50)

   

**: p < 0.01, *: p < 0.05

2-10 LD  

 

2-11 IC  

LD
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2-12 LD  

 

2-13 IC  

LD  

2-14 LD  

 

2-15 IC  

LD  

2-16 IC  

LD  
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Open

2-7 LD

IC LD

LD

IC LD

LD

IC

LD

 

 

 
  

IC 19.4 ± 6.4 19.2 ± 5.3 17.7 ± 7.4

LD 44.3 ± 10.5 44.1 ± 9.4 a) 35.2 ± 10.2 a)

IC LD 25.0 ± 7.3 b) 24.9 ± 8.0 c) 17.5 ± 6.8 b) c)

IC 13.9 ± 7.4 12.7 ± 6.8 8.6 ± 10.9

LD 37.3 ± 16.5 d) 35.7 ± 13.0 e) 21.5 ± 18.5 d) e)

IC LD 23.4 ± 12.0 23.0 ± 11.6 f) 12.9 ± 13.0 f)

IC -1.2 ± 2.3 -0.6 ± 2.5 -0.4 ± 4.5

LD 12.5 ± 3.6 g) 11.1 ± 4.7 h) 6.4 ± 8.5 g) h)

IC LD 13.7 ± 3.5 j) 11.7 ± 4.5 i) 6.7 ± 7.8 i) j)

IC 7.2 ± 2.3 6.8 ± 2.5 6.6 ± 2.9

LD 3.5 ± 2.1 4.9 ± 3.6 5.0 ± 4.6

IC LD -3.8 ± 1.5 -2.0 ± 3.1 -1.7 ± 3.7

2-7

 (n=11)  (n=24)         (n=15)

  ( )

  ( )

  (%)

  (%)

IC
LD
IC → LD IC LD

( mean SD )  a) ~ i)  p<0.05,  j)  p<0.01
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Open Neutral 2-8

Open Neutral IC

p < 0.01 p < 0.05 LD

p < 0.05 IC LD

p < 0.05  

 

 

  

P value

IC 17.4 ± 5.3 18.8 ± 6.2 0.007**

LD 42.3 ± 11.1 41.5 ± 10.6 0.444

IC LD 24.9 ± 9.3 22.7 ± 8.1 0.055

IC 10.1 ± 7.6 11.7 ± 8.5 0.016*

LD 34.2 ± 17.7 31.8 ± 16.7 0.187

IC LD 24.1 ± 13.7 20.1 ± 12.7 0.029*

IC -1.1 ± 3.0 -0.6 ± 3.1 0.132

LD 11.3 ± 5.4 10.0 ± 6.3 0.039*

IC LD 12.4 ± 4.5 10.6 ± 6.0 0.016*

IC 6.8 ± 2.7 6.8 ± 2.6 0.707

LD 4.1 ± 3.7 4.6 ± 3.7 0.235

IC LD -2.6 ± 2.7 -2.3 ± 3.1 0.273

 Neutral ; Open
 IC
 LD
 IC LD IC LD

           * p<0.05,  **p<0.01  ( mean±SD )

  ( )

2-8  Neutral  Open  (n=50)

                 Neutral           Open

  (%)

  (%)

  ( )
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3  

Open 2-9

39  

 

Open 2-10

 

 

 

 

IC -21.2 ± 11.8

LD -16.7 ± 13.4

IC LD 4.4 ± 8.6

IC 17.2 ± 15.4

LD 27.5 ± 21.1

IC LD 10.3 ± 13.5

IC -5.4 ± 6.5

LD -1.9 ± 6.6

IC LD -3.5 ± 3.5

IC -3.3 ± 4.5

LD -4.6 ± 5.2

IC LD 1.3 ± 2.8

 ( )

IC
LD IC
IC LD IC LD

2-9  (n=39) ( mean±SD )

 (%)

 (%)

 ( )

LD IC LD LD IC LD LD IC LD LD IC LD

.184 -.006 .158 .016 .139 -.307 .031 .257

2-10  (n = 50)

   

N.S.
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Open 2-11

39

10 20 9 IC

LD

p < 0.05

 

 

 

 

  

IC -21.2 ± 11.2 -23.3 ± 12.4 -16.4 ± 10.9

LD -22.1 ± 19.1 -16.9 ± 11.4 -10.3 ± 7.2

IC LD -0.9 ± 13.9 6.3 ± 4.8 6.1 ± 5.6

IC 18.9 ± 15.0 14.2 ± 16.7 21.9 ± 12.7

LD 17.9 ± 28.9 27.7 ± 18.4 37.7 ± 11.8

IC LD -1.0 ± 19.2 a) b) 13.5 ± 8.2 b) 15.8 ± 8.4 a)

IC -5.5 ± 7.6 -5.8 ± 6.6 -4.4 ± 5.8

LD -3.1 ± 7.8 -2.1 ± 6.8 -0.1 ± 4.9

IC LD 2.4 ± 5.3 3.7 ± 2.8 4.3 ± 2.0

IC -2.6 ± 5.0 -3.6 ± 4.2 -3.4 ± 4.9

LD -4.7 ± 7.2 -4.6 ± 4.5 -4.4 ± 4.8

IC LD -2.1 ± 3.9 -1.0 ± 2.6 -1.1 ± 1.3

2-11

 (n=10)  (n=20)         (n=9)

  ( )

  ( )

  (%)

  (%)

IC
LD
IC→LD IC LD

( mean SD )   a)  p<0.05 ,  b)  p<0.01
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Open Neutral 2-12 Open

Neutral  

 

 

 

3-2-4.  

1) LD IC LD

2) LD IC LD

3) LD

IC LD

4) IC LD

P value

IC -23.0 ± 11.6 -21.2 ± 11.8 0.109

LD -18.8 ± 13.1 -16.7 ± 13.4 0.117

IC LD 4.2 ± 9.4 4.4 ± 8.6 0.822

IC 17.4 ± 16.1 17.2 ± 15.4 0.902

LD 28.1 ± 19.8 27.5 ± 21.1 0.733

IC LD 10.8 ± 14.4 10.3 ± 13.5 0.787

IC -5.7 ± 7.9 -5.4 ± 6.5 0.779

LD -2.9 ± 7.8 -1.9 ± 6.6 0.332

IC LD -2.7 ± 3.7 -3.5 ± 3.5 0.254

IC -3.4 ± 4.7 -3.3 ± 4.5 0.803

LD -4.6 ± 6.0 -4.6 ± 5.2 0.933

IC LD 1.2 ± 2.5 1.3 ± 2.8 0.835

  ( )

 Neutral ; Open
 IC
 LD IC
 IC LD IC LD

N.S.  ( mean±SD )

2-12  Neutral  Open  (n=39)

     Neutral               Open

  (%)

  (%)

  ( )
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1)

2)

3)

4)

[Kapandji, 1987]

Bonci 1999 Coplan 1989

Lephart 2002
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Zazulak 2005

IC IC LD

LD

LD

IC

IC

IC LD

[Lephart et al., 2005; Zazulak et al., 2005]
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SQ ST SQ

SQ

SQ ST

SQ

 

11
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Hewett 2005

“Dynamic valgus” ACL

ACL [Bing and William, 

2007]

ACL

 

McLean 2005
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ACL

 

 

3 -2 - 5  

 

1 )  

 

2 )  

 

3 )  
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4) 

 

5) 

 

6) 

 

7) 
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4  
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3

 

 

4-3-1.  

anterior cruciate ligament ACL

2 8 [Agel et al., 2005]

[Boden et al., 2000]

ACL [Hootman et al., 2007]

[Dick et al., 2007]  

ACL

[Boden et al., 2009]

drop vertical 

jump DVJ

ACL

[Hewett et al. 2006]

DVJ [Noyes et al., 2005; Renstrom et al., 2008]

ACL

DVJ

DVJ
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4-3-2.  

1.  

1

9 20.0 ± 1.3 159.6 ± 5.8 cm 55.1 ± 6.3 kg

24 ± 3.4

2010-037

2.  

DVJ 30cm

DVJ not holding a stick

NH

3-1-a DVJ holding 

a stick with right hand side RH

3-1-b RH

holding a stick with right hand side with a target RHT

3-1-c

3 3

1 2

3 DVJ  
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3.  

8 Motion Analysis 

Kistler 

240Hz 2400Hz

3-2-a 36

3-2-b

2 9 Point Cluster

[Andriacchi et al., 1998] 10 6

3-2-b

3  

 

 
 

4.  

Grood Suntay 1983

  

3-2 a b  

a b  
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initial contact IC toe off

TO Landing phase

Landing phase 100 IC

Landing phase 30

IC Landing phase 30

IC

Landing phase 30

IC Landing phase 30

ACL IC

[Koga et al., 

2010; Krosshaug et al., 2007]

Bonferroni

5  

 

4-3-3.  

NH RH RHT IC

IC

Landing phase 30

3-1

Landing phase

3-3

IC Landing phase 30%

RHT RH p < 0.05
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(a)

(b)

(c)

(d)
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4-3-4.  

1

DVJ

DVJ

ACL [Hewett et al., 2006; 

Renstrom et al., 2008] Decker 2003

(e)

(f)



90 

Yu 2005

DVJ

ACL

[Hewett et al., 2005] ACL

[Hewett et al., 2005]

Nunley 2003 X ACL

ACL

 

RHT RH NH 3-3 (b) 3-1

ACL

[Boden et al., 2009] ACL

IC RHT

RH NH 3-3 (a)

RHT RH 3.8

ACL

ACL
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ACL

ACL

DVJ

ACL

[Pollard et al., 1994]

 

 

4-3-5.  

Landing phase 30

ACL

ACL
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4

 

 

4-4-1.  

anterior cruciate ligament ACL

NCAA National Collegiate Athletic Association

[Hootman et al., 2007]

 

ACL

ACL

[Quatman and Hewett, 2009; Hewett et al., 2006]

Malinzak 2001 McLean 2004

Ford 2003 McLean

2005

Pollard 2007

Pollard

2004

Pollard 2007
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ACL

[

, 2012-2]

ACL

 

 

4-4-2.  

1.  

10 ±  19.4 ± 1.0  158.6 

± 5.3 cm  55.7 ± 5.6 kg 24 ± 11.8

2010-037  
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2.  

5m

45

4-1

3 1. not 

holding a stick NH 4-2-a 2.

holding a stick with right hand side: RH 4-2-b

3. holding a stick with left 

hand side LH 4-2-c 5

1) 4

4.5m/s 2)

3)

4) 4-1

5)

 

 

 

4-1  
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3.  

3[ , 2012-3] 8 Motion 

Analysis Kistler 

240Hz 2400Hz

3 [ , 2012-3] 

36  

4.  

3 [ , 2012-3] 

initial contact IC

toe off TO Landing phase IC Landing 

phase 30 IC

IC Landing 

phase 30

IC Landing phase

30 4

IC Landing phase 30

4-2   a NH b  
RH c LH  
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ACL IC

[Koga et al., 

2010; Krosshaug et al., 2007]

Bonferroni

5

 

 

4-4-3.  

NH RH LH IC

IC Landing phase 30

4-1 IC

LH NH LH vs. NH: 4.2 8.8 vs. -0.2 7.8 , p = 0.031

4-3 IC Landing phase 30%

RH NH RH vs. NH: 48.6 6.4 vs. 45.4

6.7 , p = 0.036 4-4 RH LH

NH RH vs. NH: 5.4 5.9 vs. 1.1 7.7 , p = 

0.007; LH vs. NH: 5.4 8.1 vs. 1.1 7.7 , p = 0.015 4-5
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4-4-4.  

1

IC LH NH IC



99 

Landing phase 30% RH

NH RH LH NH

IC

 

[Chaudhari et al., 2005]
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ACL [Hewett and Myer, 2011]

ACL
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Landing phase 60

Ferber, 2004

Pollard 2004

Mclean 2004

RH NH

RH vs. NH: 0.41 0.86Nm/( * ) vs. 

0.37 0.06Nm/( * ), p = 0.070 ACL

Hewett 2005

Dynamic valgus ACL

4-3 Quatman Hewett 2009

4-4  

 

   
 4-3 Dynamic valgus [Hewett, 2005] 4-4 Multiplanar loading mechanism in 

women [Quatman and Hewett, 2005] 
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ACL

ACL

ACL  

 

 

4-4-5.  

Initial contact Initial contact

Landing phase 30%

ACL
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5  
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5.  

5-5-1.  

[Oatis, 2009]

1999

2000

[

, 2002; , 2004; , 2002]

 

[Burton et al., 1998]

Time Up and Go Test Functional Reach 

Test

Star Excursion Balance Test SEBT

[Plisky et al., 2006; Gray, 1995; Hertel et al., 2002; Kinzey et al., 

1998; Olmsted et al., 2002; , 2009] SEBT
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, 2009

[Plisky et al., 2006]

[Gray, 1995; Hertel et al., 2002; Kinzey et al., 1998; Olmsted et al., 

2002]  

2

5

 

 

5-5-2.  

1.  

33 ±

19.4 ± 1.2 160.0 ± 6.2cm 54.7 ± 5.4kg BMI21.4 ± 1.4kg/m2

2013-015
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2.  

a.  

5-1

2 2

 

 

 

 

b.  

5-2

GP-7

[ , 2005] [ 2004]

90 0

2m × 30

1

5-1  
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c. SEBT Star Excursion Balance Test  

SEBT 5-3 Y Balance Test, Move2Perform, Evansville, IN

BOX

anterior A posteromedial PM

posterolateral PL BOX

Hertel 2000 6

1) 2)

3)

4)

A PM PL

3 3

5-2  
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100 [Gribble and 

Hertel, 2003]  

 

 

 

3.  

SEBT A PM PL

2 SEBT

 

4.  

SEBT A PM PL

t

SPSS Statistics Student Version 19.0 5%

 

 

  

5-3 SEBT Star Excursion Balance Test  
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5-5-3.  

SEBT 5-1  

 

 
  

(kg) 15.0 ± 3.8 14.9 ± 4.0

  (cm) 91.3 ± 25.6 88.9 ± 23.8

  (cm/ ) 3.0 ± 0.9 3.0 ± 0.8

  (cm/cm2) 29.8 ± 18.0 29.3 ± 16.7

  (cm2) 4.0 ± 2.0 3.8 ± 1.5

  (cm2) 9.8 ± 4.8 9.2 ± 3.7

SEBT*

  A 0.66 ± 0.66 0.66 ± 0.06

  PM 1.14 ± 0.05 1.14 ± 0.06

  PL 1.10 ± 0.06 1.10 ± 0.08

  A, PM, PL 0.96 ± 0.05 0.97 ± 0.06

5-1 SEBT  (  ± )

*SEBT Star excursion balance test, A: , PM: , PL: . SEBT
100

N.S.



110 

SEBT 5-2

 r = -0.354 p = 0.043 5-4 5-5

 

 

 

 

 

 

 

 

 

  

-.354* -.354* -.054 -.070 -.063

SEBT
A

SEBT
PM

SEBT
PL

SEBT
A, PM, PL

.272 .320 .002 .252

5-2 SEBT* 

*: p < 0.05

*SEBT Star excursion balance test, A: , PM: , PL: . SEBT
  100

5-4  

 

5-5  

 



111 

5-3

SEBT 5-4

p = 0.043

 

 

 

 

 

 

  

(kg) 11.6 ± 2.0* 17.9 ± 2.1*
*:  vs. , p < 0.01

5-3  (  ± )

(n=15) (n=18)

SEBT*

 A 0.63 ± 0.07 0.68 ± 0.06

 PM 1.13 ± 0.06 1.15 ± 0.04

 PL 1.10 ± 0.05 1.09 ± 0.07

 A, PM, PL 0.95 ± 0.05 0.97 ± 0.04

 (cm) 101.1 ± 26.3a) 83.2 ± 22.7a)

 (cm/ ) 3.4 ± 0.9b) 2.8 ± 0.8b)

 (cm/cm2) 30.6 ± 17.1 29.2 ± 19.3

 (cm2) 4.1 ± 1.7 3.9 ± 2.3

 (cm2) 10.0 ± 4.0 9.6 ± 5.5

5-4  (  ± )

(n=15) (n=18)

*SEBT Star excursion balance test, A: , PM: , PL: . SEBT
100

a), b):  vs. , p < 0.05.
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SEBT 5-5

SEBT

 

 

 

 

 

  

-.257 -.256 .173 -.307 -.300

SEBT
A

SEBT
PM

SEBT
PL

SEBT
A, PM, PL

.305 .208 .040 .209

5-5 SEBT* 

N.S.

*SEBT Star excursion balance test, A: , PM: , PL: . SEBT
  100
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5-6

SEBT 5-7

SEBT A

p = 0.020

 

 

  

(kg) 11.6 ± 1.5* 18.3 ± 2.6*

5-6  (  ± )

(n=17) (n=16)

*:  vs. , p < 0.01

SEBT*

 A 0.64 ± 0.05a) 0.69 ± 0.06a)

 PM 1.13 ± 0.06 1.16 ± 0.07

 PL 1.09 ± 0.06 1.11 ± 0.09

 A, PM, PL 0.95 ± 0.04 0.98 ± 0.06

 (cm) 93.8 ± 15.8 83.6 ± 29.7

 (cm/ ) 3.1 ± 0.5 2.8 ± 1.0

 (cm/cm2) 26.1 ± 13.3 32.7 ± 19.6

 (cm2) 4.1 ± 1.2 3.4 ± 1.8

 (cm2) 10.1 ± 2.9 8.2 ± 4.2
*SEBT Star excursion balance test, A: , PM: , PL: . SEBT

100
a):  vs. , p < 0.05.

5-7  (  ± )

(n=17) (n=16)
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5-5-4.  

 r = -0.354 p 

= 0.043

p = 0.043

[Oatis, 2009]

[Fiolkowski et al., 2003; Headlee et al., 

2008; Jung et al., 2012; Mann and Inman, 1964; Wong, 2007]

[Carlson et al., 2000; Franco, 1987; Thordarson et al, 1997]

[Kapandji, 1987]

 

SEBT A

1989

2002

1 5 1 2 5
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2 5 1

2007 1 2 5

2 5

 

 

 

 

5-5-5.  

 

1) 
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2) 

 

3) Star Excursion Balance Test

 

4) 
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6

 

 

5-6-1.  

anterior cruciate ligament ACL

ACL

drop vertical 

jump DVJ [Hewett et al., 2006; Noyes et al., 2005]

ACL

DVJ

[Borotikar et al., 2008; Ford et al., 2003; Ford et al., 2006; Hewett et 

al., 2006; Hughesa et al., 2009; Kernozak et al., 2006;  Pappas et al., 2007; Russell et 

al., 2006; Schmitz et al., 2009; Zeller et al., 2003]

[Pappas et al., 2007; Salci et al., 2004; Schmitz et al., 2007]

ACL

[Renstrom et al., 2008]  

ACL

ACL

[Beckett et al., 1992; Bonci, 1999; Hertel et al., 2004; Loudon et al., 1996; Moul, 

1998; Myer et al., 2008; Ramesh et al., 2005; Shelbourne et al., 1998; Swanik et al., 

2007; Uhorchak et al., 2003; Woodford-Rogers et al., 1994] Q-angle[Bonci, 

1999; Hertel et al., 2004; Loudon et al., 1996] Navicular drop 
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test score NDTS [Allen and Glasoe, 2000; Beckett et al., 1992; Bonci, 1999;  

Hertel et al., 2004; Loudon et al., 1996; Smith et al., 1997; Woodford-Rogers et al., 

1994] General joint laxity test GJLT [Ramesh et al., 

2005; Uhorchak et al., 2003] Thigh-transmalleolar angle

TMA [Bonci, 1999] Hip internal rotation HIR [Hertel 

et al., 2004]

[Zazulak et al., 2005; Zeller et al., 2003]

ACL

[Pappas et al., 2007; Salci et al., 2004; Schmitz et al., 2007]

[Decker et al., 2006; De-

vita and Skelly, 1992; Kernozak et al., 2005; Schot et al., 1994; Zhang, 2000]

ACL

[Anderson et al., 2009]

[Powers, 2003; 

Schamberger, 2002; Tiberio, 1987] ACL

ACL

ACL

DVJ

 

 

  



119 

5-6-2.  

1.  

12 ± 19.3 ± 0.9

159.2 ± 5.4cm  55.3 ± 5.1kg

3

2010-037

2.  

a.  

 

1) Leg-heel angle LHA  

3 1

[Haight, 2005] 6-1  

 

 

6-1  Leg-heel angle [Haight, 2005] 
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2) NDTS Navicular drop test score  

Brody 1982

[Brody, 1982]

mm

mm 6-2

mm mm

NDTS  

 

 

6-2  Navicular drop test [Beckett, 1992] 

 

3) Arch index AI  

[McCrory et al., 1997]

mm mm

mm mm 100 AI  
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4) Q-angle 

[Loudon et al., 1996] 6-3  

 

 
6-3 Q-angle [Bonci, 1999] 

 

5) TMA Thigh-transmalleolar angle  

[Staheli et al., 1985] 90°

6-4  

 

 

6-4 Thigh-transmalleolar angle [Güven, 2009] 



122 

6) Thigh-foot angle TFA  

[Stuberg et al., 1991] 90°

6-5  

 

 

6-5 Thigh-foot angle [Stuberg, 1991] 

 

7) Femoral anteversion angle Craig’s test

FAA  

[Cibulka, 2004] 90°

6-6  

 

 

6-6 Femoral anteversion angle[Nguyen and Shultz, 2007] 
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b.  

1) HIR Hip internal rotation  

[ , 1995]

 

2) Ankle dorsiflexion with knee 

extension ADKE  

HIR [

, 1995]

 

3) Ankle dorsiflexion with knee 

flexion ADKF  

ADKE [

, 1995]

 

c.  

1) GJLT General joint laxity test  

[ , 

1984] 7

7  

d.  

1) HAS hip abduction strength  

[Kendall et al., 2005]

30

MicroFET, Hogan Health Industries Inc. 5

6-7

N/( )  
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6-7 [Krause, 2007] 

 

3.  

30cm DVJ

6-8 3

1

2  

 

   

a. initial contact            b. landing               c. take off 

  

6-8  a
b c  
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4.  

5[ , 2012-3] 6  

5.  

5[ , 2012-3] 6

initial contact IC

toe off TO Landing phase Landing phase

IC 30 IC Landing phase 30

3 4

IC Landing phase 30

ACL IC

z

IC 30

 

LHA NDTS AI Q-angle TMA TFA FAA HIR ADKE

ADKF GJLT HAS DVJ Landing phase IC Landing phase

30

IC

Landing phase 30

5   
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5-6-3.  

LHA NDTS AI Q-angle TMA TFA FAA HIR ADKE ADKF GJLT

HAS 6-1  
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Landing phase IC Landing phase 30

IC Landing phase 30

z 6-2  
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6-3 NDTS

r = -0.633 p = 0.027 AI

 r = -0.689 p = 0.013 r = -0.671 p = 0.017

r = 0.892 p < 0.001 Q-angle

 r = 0.654 p = 0.021 r = 0.590 p = 0.044

r = -0.744 p = 0.005

r = 

0.608 p = 0.036 TMA

 r = -0.609 p = 0.036 r = -0.637

p = 0.026 TFA

 r = -0.736 p = 0.006

r = 0.589 p = 0.044 FAA

 r = 

0.584 p = 0.046 r = 0.589 p = 0.045 ADKE

r = 0.596 p = 0.041

r = -0.713 p = 0.009 ADKF

r = -0.729

p = 0.007 HAS

 r = -0.681 p = 

0.015 r = -0.635 p = 0.023 r = -0.697 p = 0.012

r = 0.611 p = 0.035

r = 0.703 p = 

0.011 LHA HIR GJLT
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5-6-4.  

ACL

DVJ

DVJ

DVJ

 

[Levangie and Norkin, 2001; Neumann, 2002; Schamberger, 2002; Su-

botnick, 1989; Oatis, 2009]

Beckett 1992

ACL

Tiberio 1987

Coplan 1989

ACL
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NDTS

r = -0.633 p = 0.027 NDTS

NDTS

NDTS

NDTS NDTS

 

AI

 r = -0.689 p = 0.013 r = -0.671 p = 0.017

r = 0.892 p < 0.001

AI

AI

AI

NDTS

AI

AI

 

Q-angle

 r = 0.654 p = 0.021 r = 0.590 p = 0.044

r = -0.744 p = 0.005
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r 

= 0.608 p = 0.036 Q-angle 

[Moul, 1998; Medina McKeon and Hertel, 2009; Horton and Hall, 1989; 

Livingston, 1998; Emami et al., 2007; Smith et al., 2008] Q-angle

Q-angle

[Cowan et al., 1996] Q-angle

[Shambaugh et al., 1991]

Q-angle

[Powers, 2003] Q-angle

Q-angle

Q-angle

Q-angle

Q-angle

 

TFA ACL ACL

TFA

ACL

[Trimble et al., 2002] TMA

TFA

r = -0.736 p = 0.006

r = 0.589 p = 0.044

TMA

 r = -0.609 p = 0.036 r = -0.637 p = 0.026

TFA TMA

TFA
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TMA

TFA

TMA TFA

 

FAA

 r = 0.584 p = 0.046 r = 0.589 p = 0.045 FAA

toe-in

[Cranel, 1959] knee-in

FAA knee-in

 

ADKE r = 

0.596 p = 0.041

r = -0.713 p = 0.009 ADKF

r = -0.729 p = 0.007

Hewett 2005 DVJ

ACL ACL

20 ACL

McNair Marshall 1994

ACL Kernozek

2005
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Decker

2006

[Kernozak et al., 2005; Decker et al., 2006]

ACL

[Schmitz et al., 2007; Zhang et al., 2000; Devita and Skelly, 1992; 

Schot et al., 1994]  

[Zeller et al., 2003; Kiriyama et al., 2009; Hewett et al., 1996; Salci et al., 2004; 

Nagano et al., 2007; Fagenbaum and Darling, 2003; Lephart et al., 2002; Pappas et al., 

2007; Zazulak et al., 2005; Jacobs et al., 2007]

Zazulak 2005

Zeller 2003

 r = 0.681 p = 0.015 r = -0.635 p = 0.023 r = 

-0.697 p = 0.012
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r = 0.611 p = 0.035

r = 0.703 p = 0.011

[Zazulak et al., 2005; Zeller et al., 2003]

 

ACL Hertel 2004

ACL

DVJ

GJLT

[Decoster et al., 1991; Quatman et al., 2008] ACL

Uhorchak 2003 GJLT 1±

ACL Ramesh 2005

ACL GJLT

ACL

 

ACL

DVJ

ACL

Q-angle
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Femoral antevertion angle

 

 

5-6-5.  

ACL

 

1) Navicular drop test score

 

2) 

 

3) Q-angle

 

4) Thgh-transmalleolar angle

 

5) Thigh-foot angle

 

6) 

 

7) 
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8) 

 

9) ACL

Q-angle Femoral ante-

vertion angle
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6  
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7

 

 

6-7-1.  

21

anterior cruciate ligament

ACL

2

[ , 2012; , 2013]

5

Star Excursion Balance Test SEBT

7
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navicular drop test score NDTS

 

 

6-7-2.  

1.  

1

20 ± 19.4±1.2 160.0±5.0cm 54.7±5.4kg

BMI 21.4±1.4kg/m2

 

2010-037  
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2.  

20

7-1

Line to line 10m

2011 6 2012 3

 

 

 

 

a.  

2[ , 

2012]

b.  

5  

c. NDTS 

NDTS 6  
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d.  

6  

e.  

5  

f. SEBT 

SEBT 5  

3.  

NDTS SEBT

t

SPSS Statistics Student Version 

19.0 5%  

 

6-7-3.  

1.  

7-2

21.4 13.8

26.5 13.5 p = 0.042

18.7 16.0 28.9 17.7 p = 0.012  
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2.  

7-3

10.7 3.0kg

13.0 3.1kg p < 0.001

10.7 3.3kg 12.6 2.7kg p 

< 0.001 14.0 2.9kg 16.8

3.8kg p = 0.001

14.1 3.5kg 16.6 4.2kg p = 0.001  

 

 

 

3. NDTS  

NDTS 7-4 NDTS

NDTS 4.7 2.7 3.7 2.4

p = 0.166 NDTS

4.3 2.5 3.5 2.1

p = 0.111  
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4. 

7-5

18.3 2.6

19.0 2.3 p = 0.047

17.7 2.7 18.8 2.5 p = 0.032  
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5. 

7-6

86.78 27.66mm

99.46 21.66mm 85.86

26.28 100.62 26.50mm

p = 0.120 0.072

2.89 0.92mm/ 3.32 0.73mm/

p = 0.108 2.86 0.88mm/

3.46 0.91mm/ p = 0.031

34.89 21.52mm/cm2 29.14 11.22 

mm/cm2 32.23 19.75 mm/cm2 30.54 8.45 

mm/cm2 p = 0.262

p = 0.738 3.32 1.91 

cm2 4.01 2.03 cm2 3.47 1.65 cm2

3.71 1.48 cm2 8.32 4.50 

cm2 13.25 15.65 cm2 8.45 3.90 cm2

8.82 3.31 cm2

p = 0.328 p = 0.648 p = 0.214 p = 0.747  
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6. SEBT 

SEBT 7-7 SEBT

A anterior

p = 0.699, p = 0.722 PM posteromedial

114.2 6.0 117.5 4.7

p = 0.006 114.6 7.0 117.6 5.2

p = 0.018 PL posterolateral 110.1

5.3 113.2 5.3 p = 0.005 PL

110.1 8.2 112.8 6.2 p = 0.042  

 

 

 

6-7-4.  

 

7-2
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p = 0.178

p = 0.391

7-8

 

 

 
 

[Oatis, 2009]

7-2 7-8  

7-3
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7-3 3.3kg 3.4kg

3.7kg 4.0kg

3.5kg 3.7kg 3.6kg

[Oatis, 2009]

 

NDTS 7-4 0.8

1mm p = 0.166

p = 0.111

[Fiolkowski et al., 2003; Headlee et al., 2008; Jung et al., 2012; Mann and Inman, 

1964; Wong, 2007]

NDTS

 

7-5 NDTS

Jung 2012 toe-curl short-foot

short-foot
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Wong 2007 In-vitro

[Thordarson et al, 1997; Carlson et al., 2000; Franco, 1987]

 

7-6

2.86 0.88mm/ 3.46

0.91mm/ p = 0.031

[ , 

1995; , 2006; , 2009; , 2000; Guskiewicz and Perrin., 

1996]

[Wikstrom, 2006; Zech, 2010; 

Beynnon, 2002]

1cm2
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SEBT

[Plisky et al., 2006; Filipa et al., 2010; Bressel et al., 2007; Robinson 

et al., 2008] [Olmsted et al., 2002; Hertel et al., 2006; Hertel et al., 

2008; Chaiwanichsiri et al., 2005; Gribble et al., 2004; Gribble et al., 2007; Sefton et 

al., 2009; de Noronha et al., 2012; O'Driscoll et al., 2011] [Herrington et 

ak., 2009]

SEBT Hertel 2006

8 A PM PL

A PM PL

3

8

SEBT SEBT

Gribble 2004 chronic ankle 

instability CAI 8

A

Hertel 2006 CAI

8

PL

PL CAI

CAI Olmsted

2002

Hertel 2006 CAI

8 PL

SEBT

Herrington 2009 ACL

8 ACL

A PM

SEBT
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A PL

7-7 A

p = 0.699, p = 0.722 PM

p = 0.006 0.018 PL

p = 0.005 0.042

[Filipa et al., 2010; Lindblom et al., 2012; O'Driscoll et 

al., 2011] [McKeon et al., 2008] CAI

SEBT [Hale et al., 

2007] Filipa 2010

A PM PL 3

Lindblom 2012 A PM PL 3

McKeon 2008

3 PM PL

Hale 2007 8

PM PL L

A PM PL

A

A [Hoch et al., 2010]

[Robinson et al., 2008]

[Earl and Hertel, 2001]

 

5
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6-7-5.  

 

1)  

2) 

 

3)  

4) 

 

5) SEBT

 

6) 
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8

 

 

6-8-1.  

[Alentorn-Geli et al., 2009; Griffin et al., 

2006] anterior cruciate 

ligament ACL

6 12

2 3 10 30

15

20

[Myer et al., 2004; Myer et al., 

2005]

[Myer et al., 2004]

knee-in

2 5 7
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8 7
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6-8-2.  

1.  

7 1

1 46 ± 20.1 ± 1.3

159.1 ± 5.2cm 53.1 ± 5.5kg 22.0 ± 16.3 2

55 19.5 ± 1.1 158.7 ± 4.9cm 53.6 ± 5.4kg

22.6 ± 13.2

Line to Line

8-1 2011 6 2012 3

2010 6 2011 3 2011 6 2012 3

2010-037  
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2  

1[ , 2012]

1

 ‘1,000 athlete–hours 1000AHs ’ ‘1,000 athlete–

exposures 1000AEs ’

 

 

6-8-3. 

2011 6 2012 3 10

304

183 190 1

4.2 / 4.4 /

1  

8-2 AHs

AEs 11,916.8AHs 5,593AEs 11,417.6AHs

5,371AEs AHs AEs

11,447.8AHs 5,065AEs 10,721.0AHs 4,508AEs

AHs AEs 469.0AHs 528AEs

696.6AHs 863AEs AHs

22,168.8AHs Total AHs 95% 1165.6AHs 5.0%

AEs 9,573AEs Total 

AEs 87.3% 1,391 12.7% 9

143 12.00 (10.03 — 

13.97)/1000AHs ( 95 ) 25.57 (21.38 — 

29.76)/1000AEs 102 8.93 (7.20 — 10.67)/1000AHs

18.99 (15.31 — 22.68)/1000AEs

135 11.79 (9.80 — 13.78)/1000AHs
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26.65 (22.16 — 31.15)/1000AEs 92 8.58 (6.83 — 

10.33)/1000AHs 20.41 (16.24 — 24.58)/1000AEs

8 17.06 (5.24 — 28.88)/1000AHs 15.15 (4.65 — 25.65)/1000AEs

10 14.36 (5.46 — 23.25)/1000AHs 11.59 (4.41 — 

18.77)/1000AEs

227 18 9
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2  

8-3 8-4

8-1 /

0.92/1000AHs 0.35/1000AHs 1.97/1000AEs 0.74/1000AEs

11 4 1.17/1000AHs

0.79/1000AHs 2.50/1000AEs 1.68/1000AEs 14

9 0.42/1000AHs 0.09/1000AHs

0.89/1000AEs 0.19/1000AEs 5 1

0.67/1000AHs 0.35/1000AHs 1.43/1000AEs 0.74/1000AEs

8 4 / 1.09/1000AHs 0.79/1000AHs

2.32/1000AEs 1.68/1000AEs 13 9
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8-1  
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3  

8-5

/ 2.43/1000AHs

1.31/1000AHs 5.19/1000AEs 2.79/1000AEs

29 15 / / 2.01/1000AHs

1.14/1000AHs 4.29/1000AEs 2.42/1000AEs 24

13 2.77/1000AHs 1.93/1000AHs

5.90/1000AEs 4.10/1000AEs 33 22

/ 2.60/1000AHs 2.10/1000AHs 5.54/1000AEs

4.47/1000AEs 31 24  
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4  

8-6

2.27/1000AHs 1.40/1000AHs 4.83/1000AEs 2.98/1000AEs

27 16 2.35/1000AHs

1.66/1000AHs 5.01/1000AEs 3.54/1000AEs

28 19 3.94/1000AHs

3.33/1000AHs 8.40/1000AEs 7.08/1000AEs 47 38

1.34/1000AHs 0.88/1000AHs

2.86/1000AEs 1.86/1000AEs 16 10

1.43/1000AHs 1.05/1000AHs 3.04/1000AEs

2.23/1000AEs 17 12  
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165 

5  

8-7

101

60 8.48/1000AHs 5.26/1000AHs

18.06/1000AEs 11.17/1000AEs 2 19

14 1.59/1000AHs 1.23/1000AHs 3.40/1000AEs

2.61/1000AEs   
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6  

8-8 1 2

2.85/1000AHs 1.84/1000AHs 6.08/1000AEs 3.91/1000AEs

34 21 3 7 4.20/1000AHs

3.59/1000AHs 8.94/1000AEs 7.63/1000AEs 50 41

4 6 1.34/1000AHs 0.61/1000AHs

2.86/1000AEs 1.30/1000AEs 16 7 1 2

2.35/1000AHs 1.75/1000AHs 5.01/1000AEs 3.72/1000AEs

16 7  
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6-8-4.  

 

10 Total AHs Total AEs 11,916.8AHs

5,593AEs 11,417.6AHs 5,371AEs

Total AHs Total AEs

1 9

143 102

12.00 (10.03 — 13.97)/1000AHs 25.57 (21.38 — 

29.76)/1000AEs 8.93 (7.20 — 0.67)/1000AHs 18.99 (15.31 — 

22.68)/1000AEs

135 92

11.79 (9.80 — 13.78)/1000AHs 26.65 (22.16 — 31.15)/1000AEs 8.58 

(6.83 — 10.33)/1000AHs 20.41 (16.24 — 24.58)/1000AEs

8 10 17.06 (5.24 — 

28.88)/1000AHs 15.15 (4.65 — 25.65)/1000AEs 14.36 (5.46 — 

23.25)/1000AHs 11.59 (4.41 — 18.77)/1000AEs

/

2.01/1000AHs 1.93/1000AHs 4.29/1000AEs 4.10/1000AEs
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1.93/1000AHs 2.86/1000AEs 4.10/1000AEs 16
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