
 
 

 
    

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

30  
 
 
 
 
 
 
 
 
 
 

 
 
 

   
 

 

 

 

 

    



 
 

 

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

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

................................................................................................................. 3 

 .........................................................................................................10 

 ......................................................................................................... 11 

Kinematics Kinetics  ...............12 

− Kinetics  12 

 ............................................................................................................12 

................................................................................................................14 

 ......................................................................................................................35 

 ......................................................................................................................52 

 ......................................................................................................................56 

− . Kinematics Kinetics  ...................57 

 ............................................................................................................57 

................................................................................................................58 

 ......................................................................................................................66 

 ......................................................................................................................78 

 ......................................................................................................................81 

 ...............................................82 



 
 

 ............................................................................................................82 

................................................................................................................83 

 ......................................................................................................................91 

 .................................................................................................................... 113 

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

 ......................... 118 

 .......................................................................................................... 118 

.............................................................................................................. 119 

 .................................................................................................................... 126 

 .................................................................................................................... 140 

 .................................................................................................................... 144 

 ....................................................................................................... 145 

 ....................................................................................................... 145 

 ................................................................................................... 145 

 ....................................................................................................... 148 

 ............................................................................................. 150 

.............................................................................................................. 151 

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

 .................................................................................................................... 154 

 



 
 

 

 

 

OKC-Ex: Open Kinetic Chain Exercise 

CKC-Ex: Closed Kinetic Chain Exercise 

SQ: Squat 

1RM: 1 Repetition Max 

ACL: Anterior Cruciate Ligament 

RSQ: Regular Stance Squat 

WSQ: Wide Stance Squat 

Bpm: Beats Per Minute 

ES: Erector Spinae 

RA: Rectus Abdominis 

RF: Rectus Femoris 

BF: Biceps Femoris 

GM: Gluteus Maximus 

RMS: Root Mean Square 
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Table 2-1 Position and motion in MMT (Manual muscle testing). 



 27 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

  

Figure 2-8 Electrodes pasting place  

Rectus abdominis�

Rectus femoris�

Erector spinae�

Gluteus maximus�

Biceps femoris�

Front side� Back side�



 28 

 

  

MP100WS 

Figure 2-9 Overall experimental chart  

Acqknowledge 3.5 

EMG 

Multitelemeter 

transmitter 

receiver 

A/D translator 

Digital video camera 

metronome 

60bpm 

Digital video camera 

Force plate 

A/D translator 

Synchronize switch 

Synchronize lamp 

Personal Computer 

Personal Computer 



 29 

D Kinetics data  

2 VTR SONY 60

1/1000 15m

Figure 2-10

26 Figure 2-11 2 60Hz 2

2 Direct linear transformation DLT 

3 3 Wells and Winter 1980

0.6-6.0Hz Butterworth digital filter

Body Segment Parameter 1996

 

1

Kistler Kistler

A/D 1000Hz

VTR DKH

A/D

 Figure 2-9  

phase

5  



 30 

Figure 2-12 i

i+1 Fi Ti

 

 

 

ri ri i-1 i

i  

Z M

 

 

f g Ff Tf

rf Fg

rf g  

 

 

1  

2  

3  

4  

5  

6  

7  

8  

 

€ 

Fi −Fi−1 −migk = mia i

€ 

Ti −Ti−1 + ri ×Fi − ri,i−1 ×Fi−1 = ˙ H i

iH!

€ 

Tf + r f ×F f − r f ,g ×Fg −M = ˙ H f



 31 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Digital video camera 1�

Force plate�

1m�

0.5m�

0.5m�

0.5m�

0.5m�

0.5m�
1m�

1m� 1m�

Digital video camera 2�

Figure 2-10 Shooting range and rest frame for calibration  



 32 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1: Right hand;  2: Right wrist;   3: Right elbow;  4: Right shoulder;  5: Left hand;  

6: Left wrist;  7: Left elbow;  8: Left shoulder;  9: Right toe;  10. Right thenar;  

11: Right heel;  12:Right ankle;  13: Right knee;  14: Right hip;  15: Left toe;  

16: Left thenar;  17: Left heel;  18: Left ankle;  19: Left knee;  20: Left hip;  

21: Top of head;  22: Right tragion;  23: Left tragion;  24: Upper margin of sternum; 

25: Right costal margin;  26: Left costal margin 

Figure 2-11 Target point  

��

��

	�

��

�� ��

�� ���

���

���

��� ���

���

���

���

���

�
�

�	�

���

���

���


� ��� ���
���



 33 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

i
H!

i
T

i
T-

i
F

i
F-

1-i
F

1-
-

i
F

1-
-

i
T

1-i
T

kgm
i

-

ii
ma

i
r

1, -ii
r

Figure 2-12 Free body diagram  



 34 

 

±  SPSS for mac 19 

SPSS, SPSS Inc. Chicago IL, USA phase %MVC

Tukey-Kramer

5  

  



 35 

 

phase MVC  

A  Figure 2-13  

7.9 ± 7.3% RSQ 20.4 ± 4.7%

  

8.3 ± 8.2% RSQ 20.5 ± 3.8% WSQ 21.8 ± 4.9%

 

Hold   

  



 36 

 

 

 

 

 

 

 

:p<0.05  

 

            

0

10

20

30

40

50

Early
descending

Late
descending

Hold Early
ascending

Late
ascending

K :KOSHIWARI Z : Zenkei KI : Knee in

R : RSQ W : WSQ

(%MVC)

0
10
20
30
40
50

K Z KI R W

(%MVC)

0
10
20
30
40
50

K Z KI R W
0

10
20
30
40
50

K Z KI R W

0
10
20
30
40
50

K Z KI R W
0

10
20
30
40
50

K Z KI R W

	�

�

* * 
* 

Figure 2-13 Muscle activity of the elector spinae  

: %MVC All phases of erector spinae in each exercise. 

	: Comparison among exercise for each phase.
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B  Figure 2-14  

Hold 13.5 ± 8.8% 14.1 ± 8.5% KI 4.4 

± 2.9% 3.4 ± 2.5% RSQ 3.1 ± 2.2% 3.3 ± 2.5% WSQ 3.2 ± 2.5% 3.3 ± 2.5%
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Figure 2-14 Muscle activity of the gluteus maximus  
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: %MVC All phases of gluteus maximus in each exercise. 

	: Comparison among exercise for each phase.
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C  Figure 2-15  

KI 12.1 ± 6.1% 4.7 ± 2.4%

 

Hold KI 18.9 ± 7.0% 26.9 ± 16.0% 8.1 

± 4.6% 9.8 ± 5.4% 5.2 ± 2.3% 6.0 ± 2.8%

  

  

  



 40 

 

 

 

 

 

 

:p<0.05  

 

 

 

 

0

10

20

30

40

50

Early
descending

Late
descending

Hold Early
ascending

Late
ascending

K :KOSHIWARI Z : Zenkei KI : Knee in

R : RSQ W : WSQ

0
10
20
30
40
50

K Z KI R W0
10
20
30
40
50

K Z KI R W
0

10
20
30
40
50

K Z KI R W

0
10
20
30
40
50

K Z KI R W
0

10
20
30
40
50

K Z KI R W

	 

 

%MVC  

%MVC  

* 
* 

* 

* 

Figure 2-15 Muscle activity of the rectus femoris  

* 

: %MVC All phases of rectus femoris in each exercise. 

	: Comparison among exercise for each phase. 
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Figure 2-16 Muscle activity of the biceps femoris  
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	: Comparison among exercise for each phase. 
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E  Figure 2-17  
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Figure 2-17 Muscle activity of the rectus abdominis  

: %MVC All phases of rectus abdominis in each exercise. 

	: Comparison among exercise for each phase. 
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Kinetics Phase  

A  Figure 2-18  

Hold KI 12.8 ± 2.0Nms 14.3 ± 1.6Nms

7.6 ± 3.1Nms 7.7 ± 2.8Nms   

Hold KI 14.3 ± 1.6Nms RSQ 9.7 ± 1.0Nms WSQ 10.2 

± 1.1Nms   
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Figure 2-18 Angular impulse of knee extension  

* 

: Angular impulse All phases of knee extension in each exercise. 

	: Comparison among exercise for each phase. 
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Figure 2-19 Angular impulse of knee flexion  

: Angular impulse All phases of knee flexion in each exercise. 

	: Comparison among exercise for each phase. 
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Figure 2-20 Angular impulse of knee eversion  

: Angular impulse All phases of knee eversion in each exercise. 

	: Comparison among exercise for each phase. 
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D  Figure 2-21  

Hold phase KI 2.2 ± 0.9Nms 3.7 ± 1.1Nms

3.8 ± 1.3Nms 0.1 ± 0.1Nms 0.1 ± 0.1Nms 0.1 ± 0.2Nms RSQ 0.3 ± 

0.5Nms 0.4 ± 0.6Nms 0.7 ± 0.8Nms  
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Figure 2-21 Angular impulse of knee inversion  

: Angular impulse All phases of knee inversion in each exercise. 

	: Comparison among exercise for each phase. 
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E  Figure 2-22  

phase 0.2 ± 0.3Nms 0.1 ± 0.2Nms

0.1 ± 0.2Nms KI 0.1 ± 0.1Nms 0.2 ± 0.3Nms 0.1 ± 0.2Nms WSQ 1.1 

± 0.6Nms 1.3 ± 0.6 1.1 ± 0.6Nms  

0.2 ± 0.2Nms 0.3 ± 0.4Nms WSQ 1.1 

± 0.6Nms 1.3 ± 0.6 Nms   
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Figure 2-22 Angular impulse of knee external rotation  

: Angular impulse All phases of knee external rotation in each exercise. 

	: Comparison among exercise for each phase.
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Figure 2-23 Angular impulse of knee internal rotation  

: Angular impulse All phases of knee internal rotation in each exercise. 

	: Comparison among exercise for each phase.
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Figure 2-24 Temporal sequence in a KOSHIWARI Sumo Squat
exercise and Squat exercise with wide stance WSQ . 
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1: Right hand;  2: Right wrist of radial;  3: Right wrist of ulnar;   

4: Right elbow of radial;  5: Right elbow of ulnar;  6: Right shoulder;  7: Left hand;   

8: Left wrist of radial;  9: Left wrist of ulnar;  10: Left elbow of radial;   

11: Left elbow of ulnar;  12: Left shoulder;  13: Right toe;  14: Right heel;  

15: Right ankle;  16: Right ankle medial;  17: Right shank;  18: Right knee;  

19: Right knee medial;  20: Right thigh;  21: Left toe;  22: Left heel;  23: Left ankle;  

24: Left ankle medial;  25: Left shank;  26: Left knee;  27: Left knee medial;  

28: Left thigh;  29: Front head;  30: Top of head;  31: Rear head;   

32: Upper margin of sternum;  33: Vertebra prominens;  34: Xiphoid process;  

35: Right scapula;  36: Tenth thoracic vertebra;  37: Right anterior superior iliac spine;  

38: Left anterior superior iliac spine;  39: Sacrum 
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Figure 2-25  Location of reflective markers on the body. 
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Figure 2-26 Definition of hip joint coordinate system and vector 

of the longitudinal axis for the trunk segment. 
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Kinematics  

Table 2-2 Table 

2-3  

 

a. , −  

WSQ Figure 2-27  

WSQ Figure 2-28  

Figure 2-27 Figure 2-28

 

 

b. , −  

WSQ Figure 2-29  

WSQ Figure 2-30  

 

c. , −  

WSQ Figure 2-31  

WSQ

Figure 2-32  
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Figure 2-32

 

 

d. , −  

Hold

WSQ Figure 2-33  

WSQ Figure 2-34
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�deg� 

Direction Exercise Early 
descending 

Late 
descending Hold Early 

ascending 
Late 

ascending 

Ext + , Flex - 
KOSHIWARI -18.6 ± 9.4 -41.4 ± 8.5 -50.0 ± 10.4 -46.9 ± 11.6 -25.4 ± 11.4 

WSQ -18.1 ± 11.2 -61.7 ± 14.1** -84.0 ± 12.9** -83.8 ± 12.6** -56.4 ± 13.7** 

Abd + , Add - 
KOSHIWARI 31.8 ± 6.6* 46.7 ± 8.3* 49.3 ± 8.0* 48.2 ± 8.3* 34.3 ± 7.8* 

WSQ 16.6 ± 3.4 25.6 ± 5.1 28.9 ± 6.1 28.9 ± 6.4 22.7 ± 5.6 

Ext ro + , Int ro - 
KOSHIWARI 38.8 ± 11.1* 33.5 ± 12.6* 29.9 ± 13.9* 31.5 ± 13.8* 38.1 ± 11.1* 

WSQ 24.8 ± 7.6 20.1 ± 8.0 17.3 ± 6.9 18.8 ± 6.5 25.6 ± 9.4 

Forw tilt + ,  
Back tilt - 

KOSHIWARI 14.3 ± 2.0 16.7 ± 2.3 17.5 ± 2.4 17.2 ± 2.5 14.8 ± 2.5 

WSQ 12.5 ± 1.6 18.8 ± 3.8 22.3 ± 4.3** 21.9 ± 4.2** 17.9 ± 3.6** 
      

* indicates that KOSHIWARI is greater than WSQ �p<0.05� 
      

** indicates that WSQ is greater than KOSHIWARI �p<0.05� 

Ext + , Flex -�Extension + , Flexion - 
Abd + , Add -�Abduction + , Adduction -  
Ext ro + , Int ro -�External rotation + , Internal rotation - 
Forw tilt + , Back tilt -�Torso forward tilt + , Torso backward tilt - 

Table 2-2 Comparison of the hip joint and torso angle between KOSHIWARI and WSQ. 



 

69 

 
�deg� 

Direction Exercise Early 
descending 

Late 
descending Hold Early 

ascending 
Late 

ascending 

Ext +�Flex - 
KOSHIWARI -13.1 ± 3.4 -35.9 ± 4.4 -44.6 ± 7.5 -41.4 ± 10.2 -19.9 ± 12.5 

WSQ -17.9 ± 7.4 -61.5 ± 10.7** -83.9 ± 10.5** -83.7 ± 10.0** -56.3 ± 16.6** 

Abd +�Add - 
KOSHIWARI 8.5 ± 3.3* 23.3 ± 7.2* 25.9 ± 7.1* 24.9 ± 8.3* 11.0 ± 9.5 

WSQ 5.1 ± 1.8 14.0 ± 3.8 16.3 ± 4.6 16.4 ± 4.7 10.6 ± 4.3 

Ext ro +�Int ro - 
KOSHIWARI -0.5 ± 4.4 -5.8 ± 7.2 -9.4 ± 8.7 -7.8 ± 9.4 -1.2 ± 4.8 

WSQ -0.2 ± 2.4 -6.4 ± 4.1 -10.6 ± 4.0 -10.8 ± 3.8 -4.9 ± 5.6 

Forw tilt +� 
Back tilt - 

KOSHIWARI 1.0 ± 0.6 3.4 ± 1.4 4.2 ± 1.4 3.9 ± 1.5 1.4 ± 1.1 

WSQ 1.4 ± 1.1 7.7 ± 3.8** 11.2 ± 4.2** 10.8 ± 4.3** 6.7 ± 3.8** 

 *indicates that KOSHIWARI is greater than WSQ �p<0.05� 

  **indicates that WSQ is greater than KOSHIWARI �p<0.05� 
Ext + , Flex -�Extension + , Flexion - 
Abd + , Add -�Abduction + , Adduction -  
Ext ro + , Int ro -�External rotation + , Internal rotation - 
Forw tilt + , Back tilt -�Torso forward tilt + , Torso backward tilt - 

Table 2-3 Comparison of the corrected joint angle of hip joint and torso between KOSHIWARI and WSQ. 
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Figure 2-27 Comparison of the joint angle of hip flexion between 
KOSHIWARI and WSQ. 
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Figure 2-28 Comparison of the corrected joint angle of hip flexion between 

KOSHIWARI and WSQ. 
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Figure 2-29 Comparison of the joint angle of hip abduction between 
KOSHIWARI and WSQ. 
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Figure 2-30 Comparison of the corrected joint angle of hip abduction between 

KOSHIWARI and WSQ. 
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Figure 2-31 Comparison of the joint angle of hip external rotation between 
KOSHIWARI and WSQ. 

:p<0.05  

 

 

 

 

 

0

20

40

60

80

Early
descending

Late
desceding

Hold Early
ascending

Late
ascending

KOSHIWARI WSQ

deg  

deg  

Figure 2-32 Comparison of the corrected joint angle of hip internal rotation between 
KOSHIWARI and WSQ. 
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Figure 2-34 Comparison of the corrected joint angle of torso forward tilt between 

KOSHIWARI and WSQ. 
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Kinetics  

	 Table 2-4  

 

a. , −  

WSQ

Figure 2-35  

Figure 2-35 	

 

 

b. , −  

Hold

WSQ Figure 2-36  

Figure 2-36 	

 

 

c. , −  

WSQ Figure 2-37  
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�Nms/kg� 

Direction Exercise Early 
descending 

Late 
descending Hold Early 

ascending 
Late 

ascending 

Ext + , Flex - 
KOSHIWARI -0.4 ± 0.1* -0.3 ± 0.1* -0.2 ± 0.1* -0.2 ± 0.1* -0.4 ± 0.1* 

WSQ -0.2 ± 0.1 -0.1 ± 0.1 0.1 ± 0.1 0.1 ± 0.1 -0.2 ± 0.1 

Abd + , Add - 
KOSHIWARI -0.1 ± 0.2 -0.4 ± 0.2* -0.5 ± 0.2* -0.4 ± 0.2 -0.1 ± 0.2 

WSQ -0.1 ± 0.1 -0.2 ± 0.2 -0.3 ± 0.1 -0.3 ± 0.2 -0.1 ± 0.1 

Ext ro + , 
Int ro - 

KOSHIWARI 0.3 ± 0.2* 0.7 ± 0.1* 0.8 ± 0.2* 0.8 ± 0.1* 0.3 ± 0.2 

WSQ 0.2 ± 0.1 0.5 ± 0.2 0.7 ± 0.2 0.7 ± 0.2 0.3 ± 0.2 

 *indicates that KOSHIWARI is greater than WSQ �p<0.05� 

Ext + , Flex -�Extension + , Flexion - 
Abd + , Add -�Abduction + , Adduction -  
Ext ro + , Int ro -�External rotation + , Internal rotation - 

Table 2-4 Comparison of the angular impulse of hip joint between KOSHIWARI and WSQ. 
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Figure 2-35 Comparison of the angular impulse of hip joint flexion between 
KOSHIWARI and WSQ. 

Figure 2-36 Comparison of the angular impulse of hip joint adduction between 
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Figure 2-37 Comparison of the angular impulse of hip joint external rotation between 

KOSHIWARI and WSQ. 
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A. Kinematics Kinetics  
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Figure 3-2 Star Excursion Balance Test. 
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± ° SPSS for mac 20 

SPSS, SPSS Inc. Chicago IL, USA

3 Bonferroni
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C Figure 3-5  

60.0 ± 5.8° Control 53.5 ± 6.7° SQ 54.0 ± 4.6  
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Figure 3-6 ROM of hip adduction. 
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E Figure 3-7  
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Figure 3-7 ROM of hip external rotation. 

Figure 3-8 ROM of hip internal rotation. 
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G Figure 3-9  

50.0 ± 8.5 Control 49.5 ± 6.9  SQ 54.5 ± 5.0  
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Figure 3-9 ROM of hip external rotation (Abdominal position). 

Figure 3-10 ROM of hip internal rotation (Abdominal position). 
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I SLR Figure 3-11  

81.5 ± 7.1 Control 72.0 ± 16.4  SQ 79.5 ± 9.3  
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Figure 3-11 ROM of SLR. 
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A Figure 3-12, Figure 3-13  

60deg/sec ° 214.4 ± 52.1Nm Control

196.7 ± 45.1Nm SQ 246.5 ± 46.6Nm SQ Control

 

180deg/sec ° 189.7 ± 49.4Nm Control

134.6 ± 41.8Nm SQ 192.2 ± 37.6Nm SQ Control

 

60deg/sec 302.3 ± 84.1Nm/kg Control

275.9 ± 69.2Nm/kg SQ 345.0 ± 69.8Nm/kg SQ Control

 

180deg/sec 266.9 ± 73.6Nm/kg Control

212.2 ± 75.7Nm/kg SQ 268.8 ± 53.8Nm/kg
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Figure 3-12 Joint torque of hip flexion (Peak torque). 

Figure 3-13 Joint torque of hip flexion (Peak torque / BW). 
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B Figure 3-14, Figure 3-15  

60deg/sec ° 115.4 ± 55.6Nm Control

97.7 ± 22.2Nm SQ 101.2 ± 16.6Nm  

180deg/sec ° 84.6 ± 46.6Nm Control

63.3 ± 23.3Nm SQ 68.8 ± 19.8Nm  

60deg/sec 158.4 ± 64.0Nm/kg Control

136.4 ± 30.0Nm/kg SQ 141.7 ± 24.4Nm/kg  

180deg/sec 115.5 ± 53.9Nm/kg Control

90.2 ± 35.0Nm/kg SQ 96.1 ± 25.9Nm/kg  
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Figure 3-14 Joint torque of hip extension (Peak torque). 

Figure 3-15 Joint torque of hip extension (Peak torque / BW). 
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C Figure 3-16, Figure 3-17  

60deg/sec ° 101.6 ± 17.0Nm Control

97.2 ± 28.4Nm SQ 93.4 ± 15.5Nm  

180deg/sec ° 72.2 ± 16.0Nm Control

69.3 ± 54.1Nm SQ 60.7 ± 18.8Nm  

60deg/sec 141.8 ± 21.9Nm/kg Control

135.2 ± 36.6Nm/kg SQ 130.4 ± 20.9Nm/kg  

180deg/sec 101.0 ± 23.5Nm/kg Control

81.4 ± 39.1Nm/kg SQ 84.7 ± 24.2Nm/kg  
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Figure 3-16 Joint torque of hip abduction (Peak torque). 
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Figure 3-17 Joint torque of hip abduction (Peak torque / BW). 
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D Figure 3-18, Figure 3-19  

60deg/sec ° 115.9 ± 31.3Nm Control

95.9 ± 19.6Nm SQ 113.5 ± 20.8Nm  

180deg/sec ° 99.0 ± 31.6Nm Control

72.8 ± 33.7Nm SQ 107.1 ± 30.5Nm SQ Control

 

60deg/sec 164.0 ± 53.4Nm/kg Control

134.2 ± 29.1Nm/kg SQ 158.8 ± 31.5Nm/kg

 

180deg/sec 139.3 ± 48.7Nm/kg Control

100.3 ± 48.5Nm/kg SQ 148.6 ± 37.7Nm/kg SQ Control
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Figure 3-18 Joint torque of hip adduction (Peak torque). 
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Figure 3-19 Joint torque of hip adduction (Peak torque / BW). 
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E Figure 3-20, Figure 3-21  

60deg/sec ° 204.3 ± 29.9Nm Control

160.0 ± 52.6Nm SQ 200.2 ± 19.5Nm  

180deg/sec ° 134.1 ± 19.0Nm Control

109.9 ± 24.8Nm SQ 130.6 ± 20.6Nm  

60deg/sec 285.6 ± 43.5Nm/kg Control

224.6 ± 77.8Nm/kg SQ 273.6 ± 42.7Nm/kg  

180deg/sec 188.1 ± 30.3Nm/kg Control

154.1 ± 38.6Nm/kg SQ 181.3 ± 31.1Nm/kg  
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Figure 3-20 Joint torque of knee extention (Peak torque). 

Figure 3-21 Joint torque of knee extension (Peak torque / BW). 
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F Figure 3-22, Figure 3-23  

60deg/sec ° 118.5 ± 20.6Nm Control

131.5 ± 48.2Nm SQ 115.1 ± 19.4Nm  

180deg/sec ° 94.0 ± 17.5Nm Control

88.5 ± 45.8Nm SQ 87.4 ± 14.6Nm  

60deg/sec 165.1 ± 28.7Nm/kg Control

183.2 ± 64.8Nm/kg SQ 167.1 ± 37.8Nm/kg  

180deg/sec 131.3 ± 23.4Nm/kg Control

123.1 ± 61.7Nm/kg SQ 181.3 ± 31.1Nm/kg  
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Figure 3-22 Joint torque of knee flexion (Peak torque). 
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Figure 3-23 Joint torque of knee flexion (Peak torque / BW). 
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A Figure 3-24  

227.2 ± 19.4cm Control 222.8 ± 15.9cm  SQ 221.4 ± 19.0cm
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Figure 3-24 Broad jump. 

Figure 3-25 Vertical jump. 
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C Figure 3-26  
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Figure 3-26 Side step. 
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SEBT 

A Figure 3-27  

271.5 ± 15.3cm Control 255.4 ± 13.1cm  SQ 264.1 ± 13.2cm

Control  
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B  Figure 3-28, Figure 3-29, Figure 3-30  

Anterior 62.6 ± 5.1cm Control 60.7 ± 5.9cm  SQ 62.5 ± 

4.6cm  

Posterolateral 102.7 ± 7.6cm Control 96.4 ± 4.8cm  SQ

99.9 ± 7.1cm Control  

Posteromedial 106.2 ± 6.0cm Control 98.3 ± 5.9cm  SQ

101.7 ± 5.8cm SQ Control  
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Figure 3-28 Anterior of SEBT. 
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Figure 3-29 Posterolateral of SEBT. 
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Manabe, 2007; McCaw, 1999
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Figure 4-1 Experimental protocol for long-term effect. 
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A  

Straight Leg Raise: 

SLR

, 1974  
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c.  
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± ° SPSS for mac 20 

SPSS, SPSS Inc. Chicago IL, USA Pre

t SQ Pre Mid Post

2

Bonferroni

Bonferroni
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Pre  

28.7 ± 4.6

170.2 ± 5.9cm 71.3 ± 10.9kg SQ 27.8 ± 5.4 172.2 ± 4.3cm 73.6 ± 7.1kg

SQ Pre

Table 4-1 180deg/sec Table 4-3
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 Table 4-1 

Post: 66.7 ± 6.1°, Pre: 58.3 ± 5.2°

Post: 63.3 ± 5.2°, Pre: 52.5 ± 8.2°

Post Pre Figure 4-2  
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deg	 

Test Exercise Pre Mid 4week	 Post 8week	 

Hip Flexion KOSHIWARI 135.8 ± 4.9 139.2 ± 2.0 135.8 ± 3.8 

 Squat 136.0 ± 6.5 136.0 ± 2.2 134.0 ± 4.2 

Hip Extension KOSHIWARI 23.3 ± 5.2 23.3 ± 2.6 25.0 ± 3.2 

 Squat 18.0 ± 2.7 21.0 ± 2.2 24.0 ± 4.2 

Hip Abduction KOSHIWARI 58.3 ± 5.2 68.3 ± 7.5 66.7 ± 6.1* 

 Squat 51.0 ± 7.4 59.0 ± 6.5 61.0 ± 7.4 

Hip Adduction KOSHIWARI 15.8 ± 8.0 15.0 ± 5.5 15.8 ± 3.8 

 Squat 13.0 ± 5.7 15.0 ± 0.0 15.0 ± 3.5 

Hip External Rotation KOSHIWARI 52.5 ± 8.2 62.5 ± 8.2 63.3 ± 5.2* 

 Squat 70.0 ± 10.6 # 68.0 ± 10.4 68.0 ± 17.9 

Hip Internal Rotation KOSHIWARI 40.8 ± 8.0 40.8 ± 6.7 42.5 ± 5.2 

 Squat 28.0 ± 14.8 29.0 ± 2.2 33.0 ± 10.4 

Hip External Rotation KOSHIWARI 51.7 ± 9.8 55.8 ± 6.6 54.2 ± 5.8 

(Abdominal Position) Squat 48.0 ± 9.1 58.0 ± 2.7 46.0 ± 14.8 

Hip Internal Rotation KOSHIWARI 40.0 ± 8.4 36.7 ± 5.2 46.7 ± 8.2 

(Abdominal Position) Squat 41.0 ± 11.9 58.0 ± 2.7 46.0 ± 14.8 

Strait Leg Raising KOSHIWARI 69.2 ± 23.5 80.8 ± 8.6 78.3 ± 12.1 

 Squat 65.0 ± 10.0 70.0 ± 12.8 70.0 ± 10.0 

   
            * Comparing of ROM test between Pre and 8 week p<0.05	 

# Comparing of pre test between KOSHIWARI and Squat p<0.05	 
 

Table 4-1 ROM of hip joint. 
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* Comparing of ROM test between Pre and 8 week p<0.05	 
# Comparing of pre test between KOSHIWARI and Squat p<0.05	 
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Figure 4-2 The difference between the ROM of hip joint. 
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 Table 4-2 	  Table 4-3 60deg/sec

	 	

 

60deg/sec Post: 140.6 ± 31.7Nm, 

Pre: 99.4 ± 20.0Nm 	 Post: 204.8 ± 40.6Nm/kg, Pre: 144.2 

± 21.0 Nm/kg 	 Post Pre

180deg/sec Post: 

232.4 ± 49.6 Nm, Pre: 151.9 ± 40.7Nm 	 Post: 354.3 ± 

56.5Nm/kg, Pre: 262.3 ± 56.6Nm/kg 	

Post Pre SQ 180deg/sec

Post: 173.2 ± 12.4Nm, Pre: 113.6 ± 29.4Nm 	

Post: 244.4 ± 26.0Nm/kg, Pre: 161.3 ± 49.2Nm/kg

	 Post Pre Figure 4-3, Figure 4-4
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�Nm� 

Test Exercise Pre Mid �4week� Post �8week� 
Hip Flexion KOSHIWARI 206.7 ± 44.1 212.0 ± 70.1 248.9 ± 57.2 
�Peak Torque, 60deg/s� Squat 173.0 ± 54.0 159.6 ± 46.4 219.6 ± 64.4 
Hip Extension  KOSHIWARI 93.1 ± 28.0 105.5 ± 17.4 88.8 ± 15.3 
�Peak Torque, 60deg/s� Squat 93.2 ± 21.4 114.9 ± 19.6 111.3 ± 19.8 
Hip Abduction  KOSHIWARI 101.9 ± 21.4 98.1 ± 15.0 100.0 ± 7.9 
�Peak Torque, 60deg/s� Squat 87.9 ± 34.0 78.7 ± 24.4 93.8 ± 29.7 
Hip Adduction KOSHIWARI 99.4 ± 20.0 111.2 ± 27.1 140.6 ± 31.7* 
�Peak Torque, 60deg/s� Squat 91.3 ± 26.1 124.1 ± 14.2 100.5 ± 18.4 
Hip Flexion  KOSHIWARI 151.9 ± 40.7 167.2 ± 58.5 232.4 ± 49.6* 
�Peak Torque, 180deg/s� Squat 113.6 ± 29.4 135.3 ± 31.4 173.2 ± 12.4* 
Hip Extension KOSHIWARI 72.2 ± 24.1 83.4 ± 17.8 64.0 ± 15.1 
�Peak Torque, 180deg/s� Squat 50.2 ± 13.5 59.6 ± 32.3 69.0 ± 22.6 
Hip Abduction KOSHIWARI 85.6 ± 61.2 68.8 ± 17.4 77.9 ± 9.5 
�Peak Torque, 180deg/s� Squat 44.5 ± 29.2 36.0 ± 21.1 60.6 ± 22.9 
Hip Adduction KOSHIWARI 85.2 ± 25.2 103.5 ± 25.1 118.4 ± 38.5 
�Peak Torque, 180deg/s� Squat 62.7 ± 36.0 77.2 ± 20.4 85.5 ± 24.2 
Knee Flexion KOSHIWARI 119.3 ± 50.6 100.7 ± 18.2 97.7 ± 24.2 
�Peak Torque, 60deg/s� Squat 115.1 ± 41.9 111.7 ± 17.6 115.3 ± 20.7 
Knee Extension KOSHIWARI 167.6 ± 33.9 194.2 ± 32.7 190.9 ± 27.6 
�Peak Torque, 60deg/s� Squat 160.4 ± 62.7 206.6 ± 31.5 208.1 ± 32.2 
Knee Flexion KOSHIWARI 90.3 ± 46.6 79.6 ± 14.7 80.0 ± 15.0 
�Peak Torque, 180deg/s� Squat 64.5 ± 32.1 83.6 ± 11.9 88.1 ± 13.9 
Knee Extension KOSHIWARI 113.2 ± 14.5 127.7 ± 26.6 126.3 ± 26.3 
�Peak Torque, 180deg/s� Squat 108.4 ± 31.3 131.7 ± 11.6 137.6 ± 3.7 
  * Comparing of muscle strength test between Pre and 8 week �p<0.05� 

Table 4-2 Muscle strength of around hip and knee muscle (Peak torque). 
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*Comparing of muscle strength test between Pre and 8 week�p<0.05� 
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Figure 4-3 The difference between muscle strength of around hip muscle (Peak torque). 
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�Nm/kg� 

Test Exercise Pre Mid �4week� Post �8week� 
Hip Flexion KOSHIWARI 299.7 ± 52.0 304.7 ± 89.6 380.8 ± 76.6 
 �Peak Torque/BW, 60deg� Squat 244.1 ± 79.7 223.5 ± 57.3 312.6 ± 111.8 
Hip Extension  KOSHIWARI 134.9 ± 33.0 152.3 ± 14.4 136.2 ± 19.2 
�Peak Torque/BW, 60deg� Squat 131.1 ± 29.1 162.8 ± 33.7 156.7 ± 27.6 
Hip Abduction KOSHIWARI 147.5 ± 16.2 143.0 ± 13.4 147.8 ± 24.3 
 �Peak Torque/BW, 60deg� Squat 124.0 ± 49.1 110.7 ± 33.6 132.6 ± 43.8 
Hip Addution KOSHIWARI 144.2 ± 21.0 161.5 ± 33.2 204.8 ±  40.6* 
 �Peak Torque/BW, 60deg� Squat 128.7 ± 38.9 176.5 ± 34.0 142.2 ± 31.9 
Hip Flexion KOSHIWARI 262.3 ± 56.6 239.6 ± 65.2 354.3 ±   56. 8* 
 �Peak Torque/BW, 180deg�  Squat 161.3 ± 49.2 # 191.7 ± 38.1 244.4 ±  26.0* 
Hip Extension KOSHIWARI 108.4 ± 35.8 115.1 ± 21.7 98.1 ± 21.2 
 �Peak Torque/BW, 180deg� Squat 70.2 ± 16.3 110.1 ± 30.5 96.1 ± 27.1 
Hip Abduction  KOSHIWARI 98.2 ± 26.7 99.9 ± 20.7 114.2 ± 14.8 
�Peak Torque/BW, 180deg� Squat 63.5 ± 45.2 50.3 ± 28.2 85.2 ± 31.9 
Hip Addution KOSHIWARI 120.1 ± 26.5 148.8 ± 26.3 170.7 ± 47.9 
 �Peak Torque/BW, 180deg� Squat 90.5 ± 60.2 108.7 ± 28.6 120.8 ± 36.8 
Knee Flexion KOSHIWARI 170.6 ± 55.7 147.1 ± 24.5 142.6 ± 33.0 
 �Peak Torque/BW, 60deg� Squat 162.0 ± 59.6 157.0 ± 22.3 161.5 ± 22.8 
Knee Extension KOSHIWARI 246.5 ± 51.5 282.5 ± 35.4 278.1 ± 27.4 
 �Peak Torque/BW, 60deg� Squat 226.1 ± 90.6 291.0 ± 45.0 291.8 ± 36.2 
Knee Flexion KOSHIWARI 128.8 ± 53.2 115.9 ± 18.4 116.6 ± 19.0 
 �Peak Torque/BW, 180deg� Squat 91.3 ± 49.3 118.2 ± 19.8 124.1 ± 20.2 
Knee Extension  KOSHIWARI 166.1 ± 22.8 184.9 ± 23.2 149.8 ± 74.9 
�Peak Torque/BW, 180deg� Squat 152.9 ± 47.6 186.3 ± 26.1 194.3 ± 17.1 

 
*Comparing of muscle strength test between Pre and 8 week �p<0.05� 

# Comparing of pre test between KOSHIWARI and Squat �p<0.05� 

Table 4-3 Muscle strength of around hip and knee muscle (Peak torque / BW). 
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*Comparing of muscle strength test between Pre and 8 week �p<0.05� 
# Comparing of pre test between KOSHIWARI and Squat �p<0.05� 

 

0

100

200

300

400

500

Pre Mid Post

Hip Addution �Peak Torque/BW, 60deg�

KOSHIWARI Squat

0

100

200

300

400

500

Pre Mid Post

Hip Flexion (Peak Torque/BW, 180deg) 

KOSHIWARI Squat

 

 

 

 

 

 

# 

Figure 4-4 The difference between muscle strengh of around hip muscle (Peak torque / BW). 
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 Table 4-4 	

 

 

 

 

  

Test Exercise Pre Mid 4week  Post 8week  

Broad Jump 
cm  

KOSHIWARI 215.5 ± 16.0 231.5 ± 26.9 222.0 ± 23.1 

Squat 229.8 ± 9.6 233.0 ± 12.3 231.4 ± 7.3 

Vertical Jump 
cm  

KOSHIWARI 53.5 ± 6.0 56.5 ± 3.4 55.5 ± 4.0 

Squat 57.0 ± 4.7 61.8 ± 2.6 60.8 ± 4.0 

Side Step 
times  

KOSHIWARI 58.3 ± 5.2 61.7 ± 5.2 61.5 ± 5.4 

Squat 57.0 ± 4.7 61.8 ± 2.6 60.8 ± 4.0 

Table 4-4 Athletic performance. 
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Figure 4-5 Athletic performance. 
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SEBT  Table 4-5 

Posteromedial 	

Posterolateral Post: 102.2 ± 

4.9cm, Pre: 94.5 ± 4.9cm Posteromedial Post: 105.0 ± 3.6cm, Pre: 98.2 ± 4.1cm 	

Total Post: 271.7 ± 11.1cm, Pre: 255.5 ± 10.5cm

	 Post Pre SQ

Posteromedial Post: 106.2 ± 6.8 cm, Pre: 95.0 ± 5.8cm

	 Post Pre Figure 4-6
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    cm	 
Test Exercise Pre Mid 4week	 Post 8week	 

Anterior 
KOSHIWARI 62.8 ± 5.4 63.8 ± 4.5 64.5 ± 4.4 

Squat 59.0 ± 5.8 59.0 ± 3.8 58.2 ± 5.1 

Posterolateral 
KOSHIWARI 94.5 ± 4.9 98.5 ± 4.8 102.2 ± 4.9* 

Squat 95.6 ± 5.1 101.2 ± 6.0 100.6 ± 7.3 

Posteromedial 
KOSHIWARI 98.2 ± 4.1 99.8 ± 4.5 105.0 ± 3.6* 

Squat 95.0 ± 5.8 104.0 ± 5.6 106.2 ± 6.8* 

Total 
KOSHIWARI 255.5 ± 10.5 262.2 ± 11.6 271.7 ± 11.1* 

Squat 249.6 ± 13.7 264.2 ± 12.6 265.0 ± 16.5     
* Comparing of SEBT between Pre and 8 week p<0.05	 

Table 4-5 Score of SEBT. 
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Figure 4-6 The difference between SEBT score. 



 140 

 

A  

Post Pre

2

2

Donald, 2005 Winters et al. 2004

6

Winters et al.

8

 

 

B  

60deg/sec

Post Pre , 2005; 

Delmore et al., 2014

1-2

SQ



 141 

  

180deg/sec

Post Pre 1-2

SQ

SQ

 

180deg/sec SQ

Post Pre

SQ SQ

 

SQ

SQ

 

 



 142 

C  

1982

1 5

 

 

D  

SEBT Posterolateral Posteromedial Total

Post Pre Gribble et al. 2012

SEBT SEBT



 143 

SEBT

SEBT

 

SEBT 

Filipa et al., 2010 SEBT 

Plisky et al., 2006 SEBT

 

 

  



 144 

 

WSQ 8

  

 

Post

Pre  

 

Post Pre

 

 

SEBT Post Pre

 

  



 145 

 

 

 

SQ Kinematics Kinetics

SQ

 

 

 

1-1 SQ

Kinetics

RSQ WSQ

Kinetics

WSQ

KI

SQ SQ

KI

 

1-2 1-1

WSQ Kinematics Kinetics

Kinematics



 146 

WSQ

WSQ

Kinetics

WSQ

 

2 1-2 WSQ

, 2011

SEBT

SEBT

Alyson et al., 2010, Farzaneh et al., 2012

SEBT SEBT



 147 

 

3 WSQ 8

SEBT SEBT

 

 

  



 148 

 

 

 

 

A  

 

 

B  

 

 

3



 149 

 

  



 150 

 

SIMM

 

Kinematics Kinetics

	

 

  



 151 

 

 

SQ Kinematics Kinetics

SQ

 

 

SQ Kinematics Kinetics

SQ

SQ Kinetics

SQ Kinematics Kinetics

SQ  

 

Kinematics Kinetics

Knee in Toe out KI

 

 

SQ

SEBT

Control  

 

SQ



 152 

Post Pre

Post Pre

SEBT Post Pre

 

 

CKC-Ex

SQ

CKC-Ex

 

  



 153 

 

 

 

R&D

	

 

	

 

  



 154 

 

 

-A- 

 ,  ,  . 1994  

. . 12 0 : 97-108. 

 . 1996  . Jpn J of Sports 

Sci.15: 155-162. 

Alyson F, Robyn B, Mark VP, Gregory DM, Timothy EH. 2010  Neuromuscular 

Training Improves Performance on the Star Excursion Balance Test in Young Female 

Athletes. J Orthop Sports Phys Ther. 40 9 : 551-558. 

 . 2011  .  

. 

Aspe RR, Swinton PA. 2014  Electromyographic and kinetic comparison of the back 

squat and overhead squat. J Strength Cond Res. 28 10 : 2827-2836. 

 

-B- 

Basmajian JV, De Luca CJ. 1985  Muscles Alive 5th ed. Williams & Wilkins, Baltimore. 

Boullosa DA, Abreu L, Beltrame LG, Behm DG. 2013  The acute effect of different 

half squat set configurations on jump potentiation. J Strength Cond Res. 27 8 : 

2059-2066. 

Bryanton MA, Kennedy MD, Carey JP, Chiu LZ. 2012  Effect of squat depth and 

barbell load on relative muscular effort in squatting. J Strength Cond Res. 26 10 : 

2820-2828. 

 

-C- 



 155 

Caterisano A, Moss RF, Pellinger TK, Woodruff K, Lewis VC, Booth W, Khadra T. 2002  

The effect of back squat depth on the EMG activity of 4 superficial hip and thigh 

muscles. J Strength Cond Res. 16 3 : 428-432. 

Cotter JA, Chaudhari AM, Jamison ST, Devor ST. 2013  Knee joint kinetics in relation 

to commonly prescribed squat loads and depths. J Strength Cond Res. 27 7 : 1765-

1774. 

 

-D- 

Delmore R, Laudner K, Torry M. 2014  Adductor Longus Activation During Common 

Hip Exercises. J Sport Rehabil. 23 2 : 79-87. 

Dierks T, Manal K, Hamill J, Davis I. 2008  Proximal and distal influences on hip 

and knee kinematics in runners with patellofemoral pain during a prolonged run. J 

Orthop Sports Phys Ther. 38 8 : 448-456. 

Donald AN :  ,   . 2005  . 

, . 

 

-E- 

Escamilla RF. 2001a  Knee biomechanics of the dynamic squat exercise. Medicine 

and science in sports and exercise. 33 1 : 127-141. 

Escamilla RF, Fleisig GS, Lowry TM, Barrentine SW, Andrews JR. 2001b  A three-

dimensional biomechanical analysis of the squat during varying stance widths. 

Medicine and science in sports and exercise. 33 6 : 984-998. 

 

-F- 

Farzaneh HA, Golpaigani M, Mahdavi OS, Nodehi MA, Nikolaidis PT. 2012  The 



 156 

relationship between star excursion balance test and lower extremeity strength, 

range of motion and anthropometric characteristics. Med Sports. 16 4 : 99-103. 

Filipa A, Byrnes R, Paterno MV, Myer GD, Hewett TE. 2010  Neuromuscular training 

improves performance on the star excursion balance test in young female athletes. J 

Orthop Sports Phys Ther. 40:551-558. 

Fry AC, Smith JC, Schilling BK. 2003  Effect of knee position on hip and knee torques 

during the barbell squat. J Strength Cond Res. 17 4 : 629-633. 

 

-G- 

Garrett WE, Kirkendall DT :  ,  ,  ,  ,   . 

2010  ― . , , pp.73. 

Gayle S, Mark S, Gordon W. 2011  Effect of dynamic versus static stretching in the 

warm-up on hamstring flexibility. The Sport Journal. 14 1 . 

Gomes WA, Brown LE, Soares EG, Silva JJ, Silva FH, Serpa ÉP, Marchetti PH. 2015  

Kinematic and sEMG analysis of the back squat at different intensities with and 

without knee wraps. J Strength Cond Res. 29 9 : 2482-2487. 

 ,  ,  . 2014  

. . 41 2 . 

Gribble PA, Hertel J, Pilsky P. 2012  Using the Star Excursion Balance Test to assess 

dynamic postural-control deficits and outcomes in lower extremity injury: a literature 

and systematic review. J Athl Train. 47 3 : 339-357. 

 

-H- 

Hartmann H, Wirth K, Klusemann M, Dalic J, Matuschek C, Schmidtbleicher D. 2012  

Influence of squatting depth on jumping performance. J Strength Cond Res. 26 12 : 



 157 

3243-3261. 

Hewett T, Myer G, Ford K, Heidt R, Colosimo A, Mclean S, Bogert A, Paterno M, Succop 

P. 2005  Biomechanical measures of neuromuscular control and valgus loading of 

the knee predict anterior cruciate ligament injury risk in female athletes: a 

prospective study. Am J Sports Med. 33 4 : 492-501. 

 

-I- 

 .  1974  . . 11

2 : 127-132. 

Imai A, Kaneoka K, Okubo Y, Shiina I, Tatsumura M, Izumi S, Shiraki H. 2010  Trunk 

muscle activity during lumbar stabilization exercises on both a stable and unstable 

surface. J Orthop Sports Phys Ther. 40 6 : 369-375. 

 

-K- 

 ,  . 1982   –

−. Jpn J Sports Sci. 1: 147-151. 

Kapandji AI :  . 1992   5 . 

, . 

. 1997  − −. , . 

 . 2003  . . 27 2 : 67-71. 

 ,  ,  ,  . 2008   

. , . 

 ,  ,  . 2003  . 

. 27 1 : 29-36. 

 



 158 

-L- 

Lee SQ, Chan CK, Lam TS, Lam C, Lau NC, Law RW, Chan ST. 2006  Relationship 

between low back pain and lumbar multifidus size at different postures. Spine. 31

19 : 2258-2262. 

Li Y, Cao C, Chen X. 2013  Similar electromyographic activities of lower limbs 

between squatting on a reebok core board and ground. J Strength Cond Res. 27 5 : 

1349-1353. 

Lorenzetti S, Gülay T, Stoop M, List R, Gerber H, Schellenberg F, Stüssi E. 2012  

Comparison of the angles and corresponding moments in the knee and hip during 

restricted and unrestricted squats. J Strength Cond Res. 26 10 : 2829-2836. 

 

-M- 

Macadam P, Cronin J, Contreras B. 2015  AN EXAMINATION OF THE GLUTEAL 

MUSCLE ACTIVITY ASSOCIATED WITH DYNAMIC HIP ABDUCTION AND HIP 

EXTERNAL ROTATION EXERCISE: A SYSTEMATIC REVIEW. Int J Sports Phys 

Ther. 10 5 . 573-591. 

Manabe Y, Shimada K, Ogata M. 2007  Effect of slow movement and stretch-

shortening cycle on lower extremity muscle activity and joint moments during squat. 

Journal of sports medicine and physical fitness. 47 1 : 1-12. 

 ,  ,  . 2004  

. . 53 3 : 321-336. 

Mascal CL, Landel R, Powers C. 2003  Management of patellofemoral pain targeting 

hip, pelvis, and trunk muscle function: 2 case reports. J Orthop Sports Phys Ther.  

33 11 : 647-660. 

Matthew RR, Joseph GK, Mark DP, Drew M, Roberto S, Pedro JM, Mike F, Diogo C, 



 159 

Darren K. 2016  Joint-Angle Specific Strength Adaptations Influence 

Improvements in Power in Highly Trained Athletes. Human Movement. 17 1 : 43-

49. 

McCaw ST, Melrose DR. 1999  Stance width and bar load effects on leg muscle activity 

during the parallel squat. Med Sci Sports Exerc. 31 3 : 428-436 

McLaughlin TM, Lardner TJ, Dillman CJ. 1978  Kinetics of the parallel squat. 

Research Quarterly. American Alliance for Health, Physical Education and 

Recreation, 49 2 : 175-189. 

Michael S, Erik S, Udo S :  ,   . 2008  

 / . , . 

 ,  ,  . 1995  . . 

12 9 : 1009-1015. 

 

-N- 

Noehren B, Davis I, Hamill J. 2007  ASB clinical biomechanics award winner 2006 

prospective study of the biomechanical factors associated with iliotibial band 

syndrome. Clin Biomech. 22 9 : 951-956. 

 

-O- 

Ogasawara I, Miyakawa S, Wakitani S. 2014  The external force model for 

determining the frontal plane knee loading pattern ‒Implication for the mechanism 

of non-contact anterior cruciate ligament injury-. MJHES. 4 1 : 13-22. 

 . 2002  −

−. . 19 12 : 1417-1424.  

Orloff H, Veil G, Askins R. 1997  Forces on the lumbar spine during the parallel squat. 



 160 

In ISBS-Conference Proceedings Archive. 1 1 . 

 

-P- 

Paoli A, Marcolin G, Petrone N. 2009  The effect of stance width on the 

electromyographical activity of eight superficial thigh muscles during back squat with 

different bar loads. J Strength Cond Res. 23 1 : 246-250. 

Pereira GR, Leporace G, Chagas Dd, Furtado LF., Praxedes J, Batista LA. 2010  

Influence of hip external rotation on hip adductor and rectus femoris myoelectric 

activity during a dynamic parallel squat. J Strength Cond Res. 24 10 : 2749-2754. 

Plisky PJ, Rauh MJ, Kaminski TW, Underwood FB. 2006  Star Excursion Balance 

Test as a predictor of lower extremity injury in high school basketball players. J 

Orthop Sports Phys Ther. 36:911-19. 

Pollard CD, Sigward SM, Powers CM. 2010  Limited hip and knee flexion during 

landing is associated with increased frontal plane knee motion and moments. Clin 

Biomech. 25 2 : 142-146. 

 

-R- 

Robertson G, Caldwell G, Hamill J, Kamen G, Whittlesey S :   . 2008  

. , . 

 

-S- 

Sahrmann SA :  ,   . 2007   – 

MSI ADL  −. , . 

Sahrmann SA :  ,   . 2013   –

−. , . 



 161 

Sharma SK, Raza S, Moiz JA, Verma S, Nagvi IH, Anwer S, Alghadir AH. 2018  

Postactivation Potentiation Following Acute Bouts of Plyometric versus Heavy-

Resistance Exercise in Collegiate Soccer Players. Biomed Res Int. 2 7 : 1-8. 

Steindler A. 1955  Kinesiology of the human body under normal and pathological 

conditions. Springfield, IL: Charles C Thomas. 

 ,  ,  . 2014  . 

. 22 1 : 128-137 

 . 2005  .  

. 27: 485-488 

 

-T- 

 . 2017   Groin pain 

 ~ ~.  . 

Thomas RB, Roger WE :   . 2010  NSCA  

&  3 . , . 

 ,  ,  . 1988  

 − −. . 30: 23-33. 

Tyler TF, Nicholas SJ, Campbell RJ, Donellan S, McHugh MP. 2002  The effectiveness 

of a preseason exercise program to prevent adductor muscle strains in professional 

ice hockey players. Am J Sports Med. 30 5 : 680-685. 

Tyler TF, Silvers HJ, Gerhardt MB, Nicholas SJ. 2010  Groin injuries in sports 

medicine. Sports Health. 2 3 : 231-236. 

 

-W- 

 ,  . 2002  . . 



 162 

19 3 : 247-253. 

 ,  ,  . 2010   

. , . 

Wells RP Winter DA. 1980  Assessment of signal and noise in kinematics of normal  

pathological and sporting gaits. Proceedings of the special conference of the Canadian 

society for biomechanics-Hunan Locomotion. 92-93. 

Winters MV, Blake CG, Trost JS, Marcello-Brinker TB, Lowe LM, Garber MB, Wainner 

RS. 2004  Passive versus active stretching of hip flexor muscles in subjects with 

limited hip extension: a randomized clinical trial. Phys Ther. 84 9 : 800-807. 

Worrell TW, Smith TL, Winegardner J. 1994  Effect of hamstring stretching on 

hamstring muscle performance. J Orthop Sports Phys Ther. 20 3 : 154-159. 

 

 


