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Fig. 1-1 Foot Print Fig. 1-2 YokokuraMethos

(Fig. 1-1)

Vincent (2010)

Talo-Horizontal Angle (Fig. 1-3)

Fig. 1-3 Talo-Horizontal Angle

(Fig. 1-2)
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2-2

12.0 19.9

151+ 1.6

Table 2-1

105

Table 2-1. The Number of Samples in Each Group

Age group Chronological age The number of samples
12 yearsold | 12.0 12.9yrs-old* 6 12 feet

13 yearsold | 13.0 13.9yrs-old 7 14 feet

l4 yearsold | 14.0 14.9yrs-old 13 26 feet
15yearsold | 15.0 15.9yrs-old 16 32 feet

16 yearsold | 16.0 16.9yrs-old 26 52 feet

17 yearsold | 17.0 17.9yrs-old 24 48 feet

18 yearsold | 18.0 18.9yrs-old 10 20 feet
19yearsold |19.0 19.9yrs-old 12 24 feet

Total | 105 210 feet

-11-

*yrs-old = years old

210



3 (Dream GP Fig. 2-1)
1 5
Fig.2-2 3 15

3 Fig. 2-3

Fig.2-1 Three Dimensional Foot Scanner

Ankle, dorsum pedis, calcaneal region, and end of
fingers are measured at thirty thousand points
with laser turning around the foot along the rail,
and foot figure is replicated with three
dimensional images.

Fig. 2-2: The Image of Land marks on the foot

Fig. 2-3 A example of three dimensional foot image
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2-3

Fig. 2-4 2-12
Table 2-2  2-10
2-3-1
Table 2-2
12 14 19 ( <0.05 13
18 ( <0.05 19 ( <0.05
Table 2-2 The Value of the Length of Foot
Chronological Age Average SD Significant Difference P value
12 yrs-old 243.4 mm 15.4 14,15,16,17,18,19 <0.05
13 yrs-old 250.6 mm 12.7 18,19 <0.05
14 yrs-old 259.3 mm 9.7 12 <0.05
15 yrs-old 259.0 mm 9.0 12 <0.05
16 yrs-old 258.7 mm 8.5 12 <0.05
17 yrs-old 260.7 mm 14.4 12 <0.05
18 yrs-old 266.5 mm 10.4 12,13 <0.05
19 yrs-old 268.1 mm 10.4 12,13 <0.05
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2-3-2

13 ( <0.05

14

12

( <0.05

14 19

( <0.05

15 ( <0.05 18

Table 2-3The Value of the Width of Foot

Chronological Age Average SD Significant Difference P value

12yrs-old 234.5 mm 14.7 14,15,16,17,18,19 <0.05
13yrs-old 245.3 mm 115 18 <0.05
1l4yrs-old 247.8 mm 94 12, 18 <0.05
15yrs-old 249.8 mm 11.5 12, 18 <0.05
16yrs-old 249.9 mm 18.4 12 <0.05
17yrs-old 256.8 mm 12.3 12 <0.05
18yrs-old 260.1 mm 15.2 12, 13, 14, 15 <0.05
19yrs-old 256.3 mm 8.6 12 <0.05
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2-3-3

12 <0.05
13 17 <0.05 14 <0.05 16 0.05
18
Table 2-4The Value of the Circumference of Foot
Chronological Age Average SD Significant Difference P value

12yrs-old 96.4 mm 6.3 13,14,15,16,17,18,19 <0.05
13yrs-old 101.6 mm 53 12, 17 <0.05
1l4yrs-old 102.6 mm 4.0 12, 18 <0.05
15yrs-old 103.6 mm 4.9 12 <0.05
16yrs-old 102.8 mm 4.2 12, 18 <0.05
17yrs-old 106.2 mm 5.0 12, 13 <0.05
18yrs-old 107.6 mm 6.2 12, 14, 16 <0.05
19yrs-old 105.7 mm 3.7 12 <0.05

-17-




2-3-4

12 19 <0.05

(mm) The Width of Heel *p<0.05

74.0

x

72.0

4
70,0

680

66.0 |

64.0

62.0 |

0.0 T == = == = = [ I

12yrs 13yrs 14yrs  15yrs  16yrs 17yrs  18yrs  1%9yrs

Fig. 2-7 The Width of Heel in Various Age

Table 2-4 The Value of the Width of Heel

Chronological Age Average SD
12yrs-old 65.1 mm 2.9
13yrs-old 66.5 mm 2.7
14yrs-old 67.6 mm 2.9
15yrs-old 66.6 mm 2.3
16yrs-old 66.5 mm 2.0
17yrs-old 66.6 mm 3.6
18yrs-old 67.1 mm 2.7
19yrs-old 68.6 mm 4.0
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2-3-5

12 15 <0.05 16 <0.05 , 18 <0.05
{mm) The Height of Arch *p<0.05
600 -~ 1 " 1

55.0 ~

it

\“.
w! il H H H H § B B

1Zyrs 13yrs 14yrs 15yrs 16yrs 17yrs  18yrs  19yrs

Fig. 2-8 The Height of Arch in Various Age

Table 2-5 The Value of the Height of Arch

Chronological Age Average SD
12yrs-old 40.5 mm 5.9
13yrs-old 41.6 mm 6.3
14yrs-old 44.0 mm 7.2
15yrs-old 46.2 mm 8.1
16yrs-old 46.4 mm 4.6
17yrs-old 43.7 mm 5.9
18yrs-old 46.9 mm 5.6
19yrs-old 45.8 mm 7.4
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2-3-6
(%) The Rate of Height of Arch

180 -
16.0 -
140
120 |

oo Il 1 I H B N EH B

12yrs 13 wyrs  14wyrs 15yrs  16yrs 17yrs  18yrs  19yrs

] ,,/’.r

Fig. 2-9 The Rate of Height of Arch in Various Age

Table 2-5 The Value of the Height of Arch

Chronological Age Average SD
12yrs-old 16.7 % 2.6
13yrs-old 16.6 % 2.2
14yrs-old 17.0% 2.8
15yrs-old 17.9% 3.6
16yrs-old 17.9% 15
17yrs-old 16.8 % 25
18yrs-old 17.6 % 2.2
19yrs-old 171 % 3.1

2-3-7
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12 <0.05

(deg.) The Angle of Calcaneus “p<0.05

16.0 - *
b !
X /
¥ ]
¥ 1

i

12yrs 13yrs 1dwyrs 15yrs  16yrs 17vyrs  18yrs  19yrs
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Fig. 2-10 The Angle of Calcaneus in Various Age

Table 2-5 The Value of the Height of Arch

Chronological Age Average SD
12yrs-old 9.6° 5.3
13yrs-old 7.0 ° 2.8
14yrs-old 57 ° 4.9
15yrs-old 53° 2.4
16yrs-old 6.6 ° 45
17yrs-old 5.5 ° 4.8
18yrs-old 4.7 ° 5.3
19yrs-old 53° 4.6
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Joseph, 1992, Forriol et al., 1990
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(2010)
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(Bandholmet al., 2008, Ribeiroet al.,

2011, Kaufmanet al., 1999)
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Simonsen et al.(2006)
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50cm
i Ml :Camers
© :Subject
Fig. 3-2 The Diagram of Experiment Court
3-2-3
Fig. 3-2 1m 9
50 cm 3
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ASIS
Fig. 3-3
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Fig. 3-3
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Front Left Risht
= Back Black Lisht Tape and Plastie Taps

Fig. 3-3 The Images of Markers on the Patient and Tapes Used as Marker

1 300 EXILIM EX-F1

CASIO 4 Fig. 3-2

3-2-4
Flame Dias DKH
Take off Phase Landing Phase 2
Phase
Heel Strike/ Initial Contact Phase, Initial Cont. Phase

Foot Flat Phase Max Flexion Phase, Max Flex.

Phase 6 Table 3-1 Fig.34
6 1 2 3
4 5 6
Table 3-2
3 3
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Table 3-1. The Definitions of Each Phase for the Analyzed Motion

Major phase Minor phase Definition

Take off Heel Strike. First touch of the foot to step to the jump
Foot Flat Touch the all planter part of the foot
Max Flex. Flexion at the deepest angle

Landing Initial Cont. First touch of the foot to land on
Foot Flat Touch the all planter part of the foot
Max Flex. Flexion at the deepest angle

Heel Contact Foot Flat Max Flex.

Foot Flaz Afax Flex

Ipitial Contact

Fig. 3-4 The Split Image of One-Leg Running Jump

-28-



Table3-2. The Definition of Analysis for Each Movement

Analyzed Movement

Basement Line

Various Line

Angle of knee flexion

Lateral cleavage

lateral malleolus

Lateral cleavage

greater trochanter

Abduction of pelvis

ASIS

lateral cleavage

ASIS

opposite ASIS

Rotation of pelvis

Medial malleolus

lateral malleolus

Opposite ASIS
ASIS

The rotation of knee joint

Medial malleolus

lateral malleolus

Medial cleavage

lateral cleavage

Center of knee joint variation

X axis

Center of knee joint

Angle of calcaneus

3-2-5

I+

VS.

T

Foot Flat

Z axis

Heel Strike Phase

-29-

Bottom of center part of calcaneus

top of center part of calcaneus

Initial Contact Phase

VS. VS.

5%
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3-3-1 VS. VS.

VS. VS.
Fig. 3-5 3-10

VS.
Fig. 3-5

Heel Strike Phase VS. : 0.01+0.05
cmvs.-0.02+0.05 cm  Foot FlatPhase -0.28+1.06 cmvs.0.40+1.95 cm Max Flex.Phase
VS. :-2.54+ 5.43cm vs.0.67+ 6.68 cm

Initial
ContactPhase VS. : 14.07+ 25.87 cmvs. 5.83 +
33.66 cm
Foot FlatPhase -4.09 + 16.03 cmvs.2.07 + 31.85cm
Max Flex.Phase VS. :-5.36 + 19.28 cmvs. 2.69+ 36.23 cm

Initial ContactPhase

(cm) Center of Knee Joint

40.0
350 -
30,0 -
250 !
20.0 |
15.0
10.0
5.0

0.0 S 1l a I %

B [nversion

‘Eversion

-10.0 !

Heel FootFlat MaxFlex. Initial FootFlat MaxFlex.
Strike Cant

Take off Phase Landing Phase

Fig. 3-5 The Value of Center of Knee Joint by the Phases
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VS.

Fig. 3-6
Initial ContactPhase Max
Flex.Phase
Heel Strike Phase VS. : -0.02+0.04 cmvs.0.01 +0.06
cm  Foot Flat Phase VS. :0.02+0.89cmvs.0.13+£2.09cm Max Flex.
Phase VS. :0.43+ 3.83cm vs.-1.93+ 7.74 cm
Initial Contact Phase
VS. :7.71+ 31.10 cm vs.11.40+ 30.12 cm Foot Flat Phase VS.
:-0.53+ 27.89cmvs. -1.04+ 24.25cm  Max Flex. Phase VS. :
0.96+ 31.14 cm vs.-2.85+ 28.76 cm
(e Center of Knee Joint
46.0
41.0 F |
36.0 -
31.0 - |
26.0 |
21.0 i |
16.0 i W Flat Foot
11.0 i High Arch
60 - |
1.0 _ T i i
ao LHEE W N O mem N
Heel FootFlat MeaxFlex. Initial FootFlat MaxFlex.
Strike Cont.
Take off Phase Landing Phase

Fig. 3-6 The Value of the Center of Knee Joint at Flat Foot and Max Flex. in Take off Phase

VS.

-32-



Fig. 3-7 0

10° 20°
Heel
StrikePhase VS. ;11.09+ 11.49 ° vs.17.25+ 10.77° Foot FlatPhase 10.44
+ 10.34° vs.16.78+ 12.01° Max Flex.Phase 11.82+ 9.57° vs.20.45+ 13.81°

Initial Contact VS. : 14.49+ 10.85 ° vs.36.52+ 17.83° Foot Flat
15.16+ 9.70° vs.29.39+ 14.36° p<0.05
Max Flex.Phase VS. :19.94

+ 16.34° vs.31.38+ 16.16°

(deg.) The Rotation of Knee Joint
£0.0 -

500 -

400
30.0 -
W [nversian
20.0 m Eversion
10.0
00 -

Heel FootFlat MaxFlex. Injtial FootFlat Max Flex.
Strike Cont.

Fig. 3-7 The Value of the Rotation of Knee Joint by the Phases
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VS.

Fig. 3-8 Fig. 3-7
Heel Strike Max Flex.
Initial ContactPhase Max.
Flex.Phase Initial
ContactPhase Max Flex.Phase
Heel StrikePhase VS. ; 22.0348.69°
vs.7.67 £8.64° |, Foot FlatPhase VS. ; 21.50+ 9.48° vs.7.10 £8.35°
Foot Flat Phase VS. :30.73% 13.49° vs.15.77+ 10.93°
p<0.05 Max Flex. Phase
VS. 1 22.44+ 12.14° vs.11.17+ 10.71° Initial Contact Phase
VS. ; 32.86+ 15.32° vs.20.45+ 19.85° ,  Max Flex. Phase
VS. : 27.34+ 10.40° vs.24.91+ 21.54°
(deg.) The Rotation of Knee Joint
e0.0 -
50.0 | i .1
400 - ¥ i
30.0 }
E W Flat Foot
200 m High Arch
100 -
0.0 ’
Heel FootFlat MaxFlex. Initial FootFlat Max Flex.
Strike Cont. #p<0.05
Take off Phase Landing Phase

Fig. 3-8 The Value of the Rotation of Knee Joint at Flat Foot and Max Flex. in Take off Phase
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VS.

Fig. 3-9 0

Heel
StrikePhase Initial ContactPhase Max Flex.Phase

Heel StrikePhase VS. :11.87+
6.00vs.18.72+ 9.59 Foot FlatPhase 15.03+ 4.65° vs.15.14+ 7.71° Max Flex. Phase
21.19+ 3.98° vs. 19.23+ 8.63°
Initial Contact Phase VS. :19.10+ 6.37° vs.23.28+ 2.42° Foot
FlatPhase 19.18+ 2.31° vs.21.03+ 2.65° Max Flex.Phase 25.20+ 3.95° vs.18.27
+ 2.28°

(deg.) The Angle of Clcaneus
35.0
30.0 +
Heel FootFlat MaxFlex. Initial FootFlat NViax Flex.
Strike Cont.

100 -~
75.0 | I T il
200 | [ | T |
- M |nwversion

15.0 _
10.0 Eversion

10 T 2

0.0

Take off Phase Landing Phase

Fig. 3-9 The Value of the Angle of Calcaneus by the Phases
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VS.

Fig. 3-10 Fig. 3-9
Heel StrikePhase Max
Flex. Phase
Heel Strike Phase VS. :12.92+4.41° vs.17.65 +£10.98°
Foot Flat Phase VS. ;12.30£1.94° vs.17.53 £7.75° , Max Flex. Phase
VS. ; 16.45+ 5.56° vs.23.38+ 6.17°
Initial Contact Phase VS.

; 23.49+ 5.71° vs.23.18% 8.61° |, Foot Flat Phase VS. ; 19.53+
1.47° vs.21.82+ 5.07° , Max Flex. Phase VS. 1 21.22+ 5.54° vs.24.25
+ 4.63°

(deg.) The Angle of Clcaneous

350 -

300 -

5 |

200 |

15.0 i W Flat Foot

10,0 - : m High Arch

50 |
0.0 | - =
Heel FootFlat MaxFlex. Initial FootFlat MaxFlex.
Strike Cont.
Take off Phase Landing Phase

Fig. 3-10 The Value of the Angle of Calcaneus at Flat Foot and Max Flex. in Take off Phase
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VS.

Fig. 3-11 0

Heel StrikePhase
VS. : 38.19+ 35.03° vs.27.60+ 23.68° Foot FlatPhase 37.33+ 38.08°
VS.22.66+ 20.49° Max Flex.Phase 39.85+ 39.04° vs.18.16% 21.59°

Initial ContactPhase VS. :59.31+ 40.62° vs.43.92+
17.89° Foot FlatPhase VS. : 48.68+ 43.84° vs. 37.17+ 23.61° Max
Flex.Phase 51.79+ 45.55° vs. 37.00+ 22.08°

(deg.) The Rotation of Pelvis
1200 l
1000 | | <
800 | I
600 | _
w ® Inversion
40,0 - ® Fvarsion
200 —
0.0 - —
Heel FootFlat Max Flex. Initial FootFlat Max Flex.
Strike Cont.
Take off Phase Landing Phase

Fig. 3-11 The Value of the Rotation of Pelvis by the Phases
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VS.

Fig. 3-12 Fig. 3-11
Heel Strike VS. : 35.69+10.04vs.29.79
+39.59 |, Foot Flat VS. : 28.84+ 8.04° vs.30.08 +41.49° |, Max Flex.
Phase VS. :25.47+ 9.30° vs.30.74+ 43.98°
Initial Contact Phase VS. :47.98
+ 53.83° vs.40.19+ 8.61° , Foot Flat Phase VS. :32.08+ 12.26°
vs.51.69+ 44.06° , Max Flex. Phase VS. :30.96+ 14.47° vs.55.23+
43.47°
(deg.) The Rotation of Pelvis
120.0 |
1000 i

80.0

0 i ] ® Flat Foot
0 [ T T i ( I High Arch
20.0 i

00 — - | - __i_ S || L

Heel FootFlat MaxFlex. Initdal FootFlat Max Flex.
Strike Cont.

Take off Phase Landing Phase

Fig. 3-12 The Value of the Rotation of Pelvis at Flat Foot and Max Flex. in Take off Phase
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VS.

Fig. 3-13

Heel StrikePhase

Initial ContactPhase Max FlexPhase

Heel StrikePhase
VS. :154.47+ 9.38° vs. 153.62+ 4.47° Foot FlatPhase 148.08+ 8.07° vs.
144.88+ 3.75° Max Flex.Phase 128.81+ 5.99° vs. 126.03+ 4.38°

Foot FlatPhase 144.40+ 5.84°
151.25 + 4.94° p<0.05 Initial Contact
Phase VS. :161.72+ 10.43° vs. 160.33+ 6.23° Max Flex. Phase 115.83

+ 15.68° vs.107.66+ 21.63°

(deg:) The Flexion of Knee Joint
| %
I‘ T 1
W Inversion
m Eversion
| — m— -

Heel FootFlat MaxFlex. |Initlal FootFlat Max Flex.
Strike Cont. *p<0.05

Take off Phase Landing Phase

Fig. 3-13 The Value of the Flexion of Knee Joint by the Phases
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VS.

Fig. 3-14 Fig. 3-13
Heel StrikePhase Initial
ContactPhase Max Flex.Phase
Heel Strike Phase VS. : 154.47+8.47° vs. 153.62
+5.83° |, Foot Flat Phase VS. :146.47+48.39° vs.146.29+3.86° |, Max
Flex. Phase VS. :128.64+ 6.80° vs.127.29+ 5.64°
Initial Contact Phase
VS. :161.57+ 8.45° vs.160.47+ 8.44° , Foot Flat Phase VS.
: 146.61+ 7.53° vs. 148.06+ 4.88° , Max Flex. Phase VS. :

121.85+ 6.55° vs.120.92+ 8.83°

The Flexion of Knee Joint

W Flat Foot
m High Arch

| I 2 NN ..

(deg.)
180.0 -

170.0
160.0

150.0
140.0
130.0
120.0
110.0 ly

g0 To NN E— —

Heel FootFlat MaxFlex. Initial FeotFlat Max Flex.
Strike Cont.

Take off Phase Landing Phase

Fig. 3-14 The Value of the Flexion of Knee Joint at Flat Foot and Max Flex. in Take off Phase
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VS.

Fig. 3-15

Heel StrikePhase VS. ; 92.43+
21.41° vs.88.65+ 20.57° Foot Flat Phase 91.76+ 21.80° vs.85.80+ 18.09° Max
Flex.Phase 92.10+ 23.98° vs.79.89% 16.22° Initial Contact Phase

VS. ; 104.83+ 11.87° vs.101.99+ 9.05° Foot FlatPhase 103.79+ 15.08°
vs.97.11+ 9.25° Max Flex.Phase 100.91+ 20.49° vs.103.16+ 13.88°

(ceg.) The Abduction of Pelvis
1400 {
1200 | | |
100.0 | |
80.0 i
60.0
40.0
20.0
0.0 -

W Inversion

m Eversion

Heel FootFlat Max Flex. Initial Foot Flat Max Flex.
Strike Cont.

Take off Phase Landing Phase

Fig. 3-15 The Value of the Abduction of Pelvis by the Phases
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VS.

Fig. 3-16 Fig. 3-15

Heel Strike Phase VS. :93.57+12.48° vs.87.65 +25.91° , Foot

FlatPhase VS. :90.65+9.74° vs.86.78+25.77° , Max Flex. Phase
VS. : 82.14+ 12.95vvs.87.49+ 23.93°
Initial Contact Phase VS. :
102.02+ 7.97° vs.104.44+ 11.98° , Foot Flat Phase VS. : 98.39+
8.44° vs.101.69+ 15.28° , Max Flex. Phase VS. : 90.60+ 8.90°
vs.93.65+ 17.98°
(deg.) The Abduction of Pelvis
140.0
120.0 ':

1000 - [ T . : m! I ;
80.0
600 | m Flat Foot
00 - High Arch
20.0 |

00 — = _— = -

Heel FootFlat MaxFlex. Initial FootFlat Max Flex.
Strike Cont.

Take off Phase Landing Phase

Fig. 3-16 The Value of the Abduction of Pelvis at Flat Foot and Max Flex. in Take off Phase
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3-3-2

The angle of calaneus The rotation
of knee joint, The center of knee joint Heel Strike/ Initial
Cont. Max Flex. Fig. 3-17 3-20

Fig. 3-17 0
Fig. 3-17 0
/ /
/ VS. / ; 2.38+£3.23°
vs.1.91 +6.14°
/ VS. / ; 9.68+8.03° vs.1.34+8.40°
/ /

dez.)  The Variation in Take-off Phase

14.0
12.0
10.0
8.0
6.0 | B Flat Foot/Inversion
4.0 m High Arch/Eversion
2.0

0.0

The Rotation of The Angle of
Knee loint Calcaneus

Fig. 3-17 The Variations between Flat foot and Inversion,
and High arch and Eversion at Take off Phase
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Fig. 3-18 Fig. 3-17

/ VS. / :0.11+7.40° vs.-7.34
+8.59° /
/
/ VS. / ; 5.29+7.41° vs. -4.43+3.51°
/ /

p<0.05

(dee.) The Variation in Landing Phase

20.0 0
16.0 —
12.0
8.0
4.0 '
o0 —— [ W Flat Foot/Inversion
4.0 l High Arch/Eversion
-8.0
-12.0
The Rotation of The Angle of *p<0.05
Knee Joint Calcaneus

Fig. 3-18 The Variations between Flat foot and Inversion,
and High arch and Eversion at Landing Phase
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Fig. 3-11

/ VS. / : -3.94+6.04 cm vs.0.25
+4.72 cm / /

(em) The Variation in Take-off Phase
6.0 r
4.0
2.0

0.0 W Flat Foot/Inversion

2.0 ® High Arch/Eversion

-4.0

-6.0

The Center of Knee Joint

Fig. 3-19 The Variation between Flat foot and Inversion,
and High arch and Eversion at Take off Phase
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Fig. 3-11

/ VS. / :-12.83+15.14 ¢m vs.-0.10
+6.58 cm /

(em)  TheVariation in Landing Phase
10.0 r

50 ¢
0.0
® Flat Foot/Inversion
2.0 High Arch/Eversion
-10.0 +
-15.0 -

The Center of Knee loint

Fig. 3-20 The Variation between Flat foot and Inversion,
and High arch and Eversion at Landing Phase
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3-4

VS.

Kofotolis et al. 2007

VS.

Foot Flat
Flat
Contact Max Flex.
VS.

Fig. 3-9, Fig. 3-10

VS. VS.
1
2 VS.
3
Powellet al. 2000
VS.
VS. Initial Contact
VS. Foot
VS. Initial
6.1° vs.-5.0° VS.
1.0 ° vs. 2.2° VS.
Mosca, 2010
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Williams

Fig. 3-18
Initial Contact Max Flex.
2004 30°
Initial Contact Max Flex. 6°
Initial Contact Max Flex. 5°

Khamis et al. 2007

ACL
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Olsen 2004

Fig. 3-7,
Fig. 3-13 Initial Contact Max Flex.
5.5° 45° ACL
Koga 2010
Initial Contact 40 msec. 23° 47°
8° ACL
Initial Contact Foot Flat
5.5° ACL
Zeller 2003
Initial Contact Max
Flex. 4° 1°
Fig. 3-15
3
VS. VS.
VS.
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Ogden 1982)

2003
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2010
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2010

Franco 1987
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