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1-1

[1, 2]

3)

(Figurel-1-1)

Figurel-1-1

4)

1. Establishing the
extent of the injury
problem:

* Incidence

* Severity

—>

2. Establishing the
aetiology and
mechanisms of
sports injuries

4. Assessing its
effectiveness by
repeating step 1

=

3. Introducing a
preventive measure

2)

Four step sequence of injury prevention research. (Modified from Bahr R et al. 2005)



1-2

1-2-1

[3-14]
(Biceps Femoris long head: BF long) [8, 13-15]
(Tablel-2-1) [16]
Tablel-2-1 The epidemiological researches of hamstrings strain injuries. [3-14]
Incidence Location of Mechanisms Recurrent

Author, Year

Event

(% of all injuries) ~ hamstrings strain

Bennell K L and Crossley K 1996 [4] Track and Field 14.2% - (sprint/hurdles:37%) -
Hawkins R D et al. 2001 [9] Football 67% - - -
Orchard J and Seward H 2002 [12] Australian Rules Football 6.2% - - 34%
Orchard J et al. 2002 [11] Cricket 11% - - -
Meeuwisse W H et al. 2003 [10] Basketball 6% - - -
Arnason A et al. 2004 [3] Australian Rules Football 16% - - 14%
BF 53%
Woods C et al. 2004 [13] Football 12% ST 16% Running: 57% 12%
SM  13%
Brooks J H et al. 2005 [5]-[7] Rugby 6-15% - - -
BF 42% 3%
Brooks J H et al. 2006 [8] Rugby - Med Ham 18% Running: 68% ?
? 41%
BF 61%
Okuwaki T 2008 [14] - 41% ST 6% - -
SM 29%

% of thigh muscle strain injuries

BF: Biceps Femoris, ST: Semitendinosus, SM: Semimembranosus, Med Ham: Medial Hamstrings, ?: not identified

MR/

MRI



[17, 18]

(lamina lucida)

[19]
MRI [20]
MRI [15, 21-26]
De Smet [15]
MRI
40% 15 6 (40%) BF
long 5 (33%) BF long (Semitendinosus:
ST) Gibbs [24] BFlong
76% 47% BF long BF long
ST 29% BFlong
[27] Askling
[22] BF long
[23]
83 (Semimembranosus: SM)



1-2-2

[28]
[27, 29] ( )
[30]
[27, 31]
HQ ) [32-35]
H/Q [36]
Hoskins  [27]
[30]
[17]
[37]

Hoskins  [27]



Nummela [39]

Pinniger  [40]

Alonso  [48]

Arnason

[44, 45]

[49]

Dadebo

[33, 37, 38]

[41]
Woods  [13]
Dadebo [42]
3 2
[43]
[46, 47]
Hartig [50]

[42]



Jonhagen

[51]

[52]
[44]

(descending limb)

[3, 8, 12, 13]

[16]
[44, 51]

[27, 28]

[53]

Brockett  [51]

[54]

[55]

descending limb

[8, 56, 57] Brockett



[4, 8, 13, 17, 44] BF long

[8, 13-15]
(Biceps Femoris long head: BF long)

(Biceps Femoris Short head: BF short) (Semitendinosus: ST)
(Semimembranosus: SM) (Figurel-2-1) BF
short 3 Brockett [56]

Garrett [17, 18, 58]
BF ST (Figurel-2-2;
) SM
(Figurel-2-2) BF long
[59] ST
SM (Figurel-2-1)
moment arm [60-62] BFlong momentarm ST SM
SM  moment arm
BF long moment arm [61]
Woods  [13]
BF ST

[15, 24]

BF long BF short



[63]

[32, 64]
BF long [65]
[44]
type [58](Tablel-2-1)
[17, 58, 66]
type [67 , 68]
oy () ()
( (
1/3
) )
3 )
& (
= | (
= L5-S2 L5-S2 L5-S2 L5-S2

Figure 1-2-1 The anatomical feathers of Hamstrings. [63]
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Figure 1-2-2 Proximal insertion of the Hamstrings. BF and ST are continuous at proximal (red thick
arrow). BF: Biceps Femoris, ST: Semitendinosus, SM: Semimembranosus

[69-72]
(Tablel1-2-1) BF long SM ST BF short
BF long SM
ST BFshort

[%]

[55]

[70, 73, 74]

[70, 75]

ST

10



ST

BF long

MRI T2

[8, 13-15]

[76]
[77]

Garrett [78] Hoskins [27]
Table 1-2-1 Morphology of the Hamstring muscles. [58, 69-72]
( (

[g] Wickiswicz et al. 1983 [71] 128.3 - 76.9 119.4
[ml] Friederich and Brand 1990 [69] 138.5 76.0 128.5 211.0
[em] Wickiswicz et al. 1983 [71] 34.2 27.1 31.7 26.2
Friederich and Brand 1990 [69] 27.4 223 28.3 20.8

Woodley and Mercer 2005 [72] 28.1 25.8 31.6 26.4

Makihara et al. 2006 [70] 31.2 - 26.8 28.5

Ave. 30.2 25.1 29.6 25.5

[em] Wickiswicz et al. 1983 [71] 8.5 13.9 15.7 6.3

Friederich and Brand 1990 [69] 7.3 11.7 9.0 6.4

Woodley and Mercer 2005 [72] 7.0 12.4 9.0 5.0

Makihara et al. 2006 [70] 7.3 - 23.8 6.0

Ave. 7.5 12.6 14.4 5.9

/ [%] Wickiswicz et al. 1983 [71] 25.0 52.0 50.0 24.0
Friederich and Brand 1990 [69] 26.5 53.0 415 31.0

Ave. 25.8 52.5 45.8 27.5

[degree] Wickiswicz et al. 1983 [71] 0.0 23.3 5.0 15.0
Friederich and Brand 1990 [69] 7.0 15.0 6.0 16.0

Makihara et al. 2006 [70] 28.0 - 0.0 31.0

Ave. 11.6 19.2 5.5 20.7

Wickiswicz et al. 1983 [71] 12.8 - 5.4 16.9

[em?] Friederich and Brand 1990 [69] 182 6.4 13.2 30.2
Woodley and Mercer 2005 [72] 10.1 3.0 8.1 15.8

Ave. 13.7 4.7 8.9 21.0

type Garrett et al. 1984 [58] Pl:oximal :55.2 Center : 59.2 Pl.'oximal :54.6 Pll'oximal :51.0
[%] Distal : 53.8 Distal : 60.4 Distal : 50.5

11



1-2-3

[791] Chapman [80]

[81]

100-180

8, 13, 17, 44]

[18, 86]

[91]

[18]
(210 deg/sec) (30 deg/sec)
Nosaka
50-130
[41
[13, 82]
[83-85]
[87]
[88-90]

12



[86]

[77, 87]

[90]

[92]

[93] Hoskins [27]

[89, 94]

Orchard[89]

(Figurel-2-3)

[14]

[14]

13



Parameters at High risk for Hamstrings strain injury

Highest Risk Movement
Overstriding during Maximum Velocity

Body Position Upper Joint Position Lower Joint Position
Forward Lean Flexed Hip Extended Knee

Maximal Strain/Stretch Occurs Maximal Tension/Stress Occurs
Late Swing Phase Early Ground Contact Phase

Figure 1-2-3  Parameters influencing during movements at high risk for hamstrings injury.
(Modified from Orchard et al. 2002)

[4, 17, 44]

[83, 92] Thelen [95, 96] Chumanov [97]
(80-100%Max)

(BF long ST SM)

ST SM BF long

[96]

BF long

Heiderscheit [98] BF long

14
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[80]
[18, 79]
BF long [8, 13-15]
[69-72] [70,
73-75] [27, 78]
[95-97]
BF long[77]
2 1

15



16



Chapman [80]

[18, 79]
[69-72] [70, 73-75]
[27, 78]
[76]
MRI T2
[8, 13-15] [77]
[76]

17

[3-14]



ST

[70]

18



2-2
2-2-1

10 ( 23.4+13 172.1+6.4cm 66.6 + 9.8 kg;

I+
~—

2-2-2

BIODEX System3 (BIODEX Medical Systems)

0 105

( 0 ) 10 deg/sec 60 deg/sec 180 deg/sec
300 deg/sec 4 (Figure2-2-1)

90 0
( ) (75-100 W) 8
ME6000(Mega Electronics Ltd, Finland)
(Mega Electronics Ltd, Finland) Power Lab.(AD Instruments

Japan Inc.) A/D

19



(Figure2-2-2) 1,000 Hz

(Biceps Femoris long head: BF) (Semitendinosus:
ST) (Semimembranosus: SM) (Gracilis: G) 10 mm -
(Blue Sensor M, Anbu, Denmark) 30 mm
Delagi  [99] (BF; ST,
SM; BF ST ST G;
) (Figure2-2-3)

SSD-1000 (ALOKA Co, Ltd. Japan)

Figure2-2-1 Testing position of the torque and EMG activation during the eccentric knee flexion.

20



Dynamometer

BIODEX

System3

I
Amp.

———————— ME6000

Analog Output
Adaptor

EMG Signal

Knee Flexion Angle

Power Lab.

Torque

PC

Figure2-2-2 Measurement set up for the torque and EMG activation during the eccentric knee

flexion.

Figure2-2-3 Placement of the surface electrodes.

21




2-2-3

(90-75 75-60 60-45 45-30 30-15 15-0)
(Chart5.0 for Windows, AD Instruments, Japan)

(Band-pass filter; 8 Hz-500 Hz)

(Average Rectified Value: ARV) 90
ARV 15 ARV ARV

[70, 73, 74] ARV
2-2-4

( > )
90
ARV ( > )
15 ARV ( x

> )

Bonferroni 5%

22



2-3

2-3-1

Figure2-3-1 (F=1.926,
p<0.05) 30-15

(p<0.05) 60deg/sec 180 deg/sec 300 deg/sec 15-0

60-45 10 deg/sec 60 deg/sec (p<0.01)
45-30 10 deg/sec 60 deg/sec 180 deg/sec
(p<0.01, p<0.05) 30-15
10 deg/sec 60 deg/sec 180 deg/sec
(p<0.05)
200

__ 150 — ]
-3 —— 10deg/sec
=

% T —- 60deg/sec
§ e —0— 180degfsec
5 ——

¥ 100 —

— -%- 300deg fsec

o

90-/5 £5-00 e0-45 45-30 30-15 150

Knee Flexion Angle (deg)

Figure2-3-1 Eccentric knee flexion torque (mean + SD) at the knee flexion angle of every 15

degree. t: p<0.05, t+: p<0.01 (10 deg/sec vs. 60 deg/sec) *: p<0.05 (10 deg/sec vs.
180 deg/sec)
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2-3-2

Figure2-3-2

—_ 05 T —
> >
£ £
BF ¢ ;. BF ¢
= =
a =
3 3
< <
0.5 -
3.5 .
= S
£ £
ST ¢ 2
2 97 2
g
£ £
3.5 - r
G5 _
>
£ £
(] [
SM £ | :
s s
£ £
3.5 - r
__ a5 =
z E
[ [
G T g E
a3 a3
£ £
-3.5
100
Torque s¢ |
(Nm)
G U
150 +
Knee
Flexion % 1
Angle  s5¢ |
(deg)
g |

(A) 10 deg/sec (B) 60 deg/sec

Figure2-3-2 (A)(B) Typical example of the raw EMG, knee flexion torque and knee flexion angle
at 10 deg/sec (A) and 60 deg/sec (B) of eccentric knee flexion.
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(% (%]
L
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n n

ST ST

Amplitude (mV)
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|
Amplitude (mV)
a

a &
Mo
-
a &
(S

SM SM

Amplitude (mV)
a
\
Amplitude (mV)
=1

Q Q
w %]
L
@ &
n n

(0)
Amplitude (mV)
; a
|
(0]
Amplitude (mV)
a

=l
n
L
]
n

100 - 100 +

Torque sg Torque 50 -
(Nm) (Nm)
g g -

130 + 150

Knee o4 | . Kn(?e 100
Flexion Flexion
Angle 507 Angle 5o
(deg) (deg)
g o

(C) 180 deg/sec (D) 300 deg/sec

Figure2-3-2 (C)(D) Typical example of the raw EMG, knee flexion torque and knee flexion angle
at 180 deg/sec (C) and 300 deg/sec (D) of eccentric knee flexion.

25



90 ARV Figure2-3-3

120
B F n.s.
100 -
z
= 80 -
=
60
=
U 1 1 1
10deg/sec 60deg/sec 180deg/sec 300deg/sec
Angular Velocity
120 -

%ARV

ST n.s.
100
30
60
§
0 )

10deg/sec 60deg/sec 180deg/sec  300deg/sec

Angular Velocity

120
n.s.
SM
100
-
ﬂé 20
B
60
<L
G } 1 1 1
10deg/sec 60deg/sec 180deg/sec 300deg/sec
Angular Velocity
120

%ARV

G n.s.
100
80
60 -
=
ﬂ 1

10deg/sec 60deg/sec 180deg/sec 300deg/sec

Angular Velocity

Figure2-3-3 Percent change of the ARV value (mean % SD) in response to different angular velocity.
n.s.: non-significant differences.
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15 ARV

Figure2-3-4 ARV ( =< > )
Table2-3-1
(p<0.001 p<0.001)
3 ARV
Figure2-3-5 Figure2-3-6 90-75

ST G (p<0.05; Figure2-3-5) 60-45 45-30

BF G (p<0.01 p<0.05; Figure2-3-5)
30—15 15-0 ST G (p<0.05;
Figure2-3-5) BF G 15-0

(p<0.05; Figure2-3-6) ST SM

Table2-3-1 The results of statistical analysis.

Three-way ANOVA

Source df F-value P-value

Muscle 3 3.469 0.030  **
Velocity 3 0.138 0.936 n.s.
Angle 5 10.038 0.000  ***
Muscle x Velocity 9 0.718 0.691 n.s.
Muscle x Angle 15 4.855 0.000  ***
Velocity x Angle 15 2.296 0.000  ***
Muscle x Velocity x Angle 45 1.112 0.294 n.s.

**: p<0.01, ***: p<0.001, n.s.: non-significant differences.

27



190 -

9d -

%ARY

60 -

50 4

40

80-75 75-60 60-45 45-30 30-15 159

Knee Flexion Angle {degree]
100 - gle {degree}

80 4

70 A

ARV

60 -

40

—&— 10eteg/fsec

—— 60deg/sec
90-75 75-60 50-15 45-30 34-15 15-0

Kree Flexion Angle {degree} --Or-- 180deg/sec
100

SM - 300deg/sec

80

74 A

ARV

60 -

40

S0-75 75-60 60-45 45-30 39-15 15-0
Knee Flexion fngle {degree}

100 4

“AARYV

90-75 75-60 60-45 45-30 3g-15 15-0
Knee Flexion Angle {degree}

Figure2-3-4 %ARV value (mean % SE) at the knee flexion angle of every 15 degree during eccentric
knee flexion.
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T T
) 6,_1 ‘/\;\
e T
T T
?O | v L \ }“ :
- i
2 T N
S 60 T —0-BF
= i 1 |
ST
50 T SM
] G
40 +
-“‘\
0
90-75 75-60 60-45 45-30 30-15 15-0
Knee Flexion Angle (deg)
Figure2-3-5 %ARV value (mean * SE) without regard to velocity at the knee flexion angle of every 15
degree during eccentric knee flexion.
+:p<0.05 (ST vs. G), $:p<0.05, $1:p<0.01 (BF vs. G)
90
BF ST SM G
1 EZ 3
F0 4+ —T—l I ] | I T * %
T l_ r I Fk Aok
T
2 (LU L
% 60 . S SN . . .. ... & . o um om.g......] ' . — ] ] ................
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NI BT, N BT, N BT I BT
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aN~NO <o aAaN~NO <o aAaN~NO <o AN O < o
Knee flexion angle (deg)
Figure2-3-6  %ARV value (mean * SE) without regard to velocity at the knee flexion angle of every

15 degree during eccentric knee flexion.
*: p<0.05, **: p<0.01 (compared with 15-0)
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2-4

[77]
30-15 Aagaard [100] 30 deg/sec 240 deg/sec
50
40 30
[70, 74, 100]
30-15 — moment
arm
[101, 102]
10 deg/sec 60 deg/sec 180 deg/sec 300
deg/sec 10 deg/sec

60 deg/sec 180 deg/sec
300 deg/sec Westing [103, 104]

Komi [105] Linnamo [106]

30



[55]

(Possible Neural Inhibition)

180 deg/sec

60 deg/sec
moment arm

0 [61]

ARV

; Negative Feedback)

[111]

300 deg/sec

10 deg/sec

moment arm

(210 deg/sec)
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3-2

3-2-1

I+

3-2-2

50%

201+x11

173.6 + 4.8cm

63.4 £ 2.5kg;

(XELG 2, Woodway, Weil am Rhein, Germany)

75% 85%

4 km/h

(Figure3-2-1)

95%%(

10

50%max 75%max 85%max 95%max) 4
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Technology, Inc. Japan) 4.0m

1/250 500 Hz

(Figure3-2-2)

ME6000(Mega
Electronics Ltd, Finland) (Mega Electronics Ltd,

Finland) Power Lab.(AD Instruments Japan Inc.) A/D
(Figure3-2-2) 2,000 Hz (Ractus
Femoris: RF) (Vastus Lateralis: VL) (Biceps Femoris long

head: BF) (Semitendinosus: ST) (Gluteus Maximus: GM)
10 mm - (Blue Sensor M, Anbu, Denmark) 30 mm

Delagi [99] (RF; VL;

BF; ST;

GM; )

(Figure3-2-1)
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Figure3-2-1 Placement of reflective markers and surface electrodes.
C \ _ A Mes000
-
- Analog Output
Adaptor
| i A
High Speed Treadmill i
Synchronizer EMG Signal
4.0m Trigger Signal Power La b

PC

High Speed Camera

Figure3-2-2 Measurement set up for treadmill running.
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3-2-3

10

2. Early Swing Phase;

1 4 (1. Stance Phase;

3. Middle Swing Phase;

4. Late Swing Phase;

) (Figure3-2-3)

The four phases of the sprinting gait cycle

140
<>
120 Stance Early Swing Late
Phase Swing
100 Phase
80 :
. Middle
iy .
i Swing
T 60 —= Hip
W@ Phase
j
ol —eE
40
___/ '.o P
&
20 ‘-.‘
\‘
\s s
0 »Z
.~~--¢."
20 £oot Strike Toe Off Foot Strike
0 20 40 80 100
%gait

Figure3-2-3  Four phases of the running motion.
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(Frame Dias System. DKH Co.,Ltd., Japan)
1

Figure3-2-4

Middle Swing Phase

Late Swing Phase

Hip flexion Hip extension

ol o
angle (4) angle’() "

Figure3-2-4 Convention used for calculation of segmental and joint angles.
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(Chart5.0 for Windows, AD Instruments, Japan)
Band-pass filter

500Hz 50 Hz

(Root Mean Square: RMS)

8 Hz  Low-pass filter MMT
5 (Maximal Voluntary Contraction: MVC) 1

RMS  100% (%MVC ) 4

BF ST
1 RMS
3-2-4
(Phase>< )
BF ST RMS Phase
(> )
Bonferroni 5%
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3-3
3-3-1
Table3-3-1 1
1 Table3-3-2
(p<0.001) 1

(p<0.001)

Table3-3-1 Mean treadmill velocities.

Treadmill Velocity

(%Maximum) (km/h)
50% 16.240.2
75% 242404 *
85% 27.540.4 *+
95% 30.640.5 *t%
100% 32.340.5 *t18

Values represent mean == SD across subjects.
*:p<0.001 (vs.50%max), :p<0.001 (vs.75%max), $:p<0.001 (vs.85%max), &: p<0.001 (vs.95%max)

Table3-3-2 Stride characteristics during treadmill sprinting over range of velocities.

Treadmill Velocity 1 Stride Time Stance Time Flight Time
(%Maximum) (msec) (msec) (msec)
50% 330.6+14.3 90.6*+4.6 240.0%12.5
75% 278.24+139* 68.74.6 * 209.5414.6 *
85% 258.4412.7 *t 61.044.3 *t 197.3%+13.0 *t
95% 240.0x8.6 *t% 54.643.5 *t% 185.449.1 *+%

Values represent mean == SD across subjects.
*:p<0.001 (vs.50%max), T:p<0.001 (vs.75%max), ¥:p<0.001 (vs.85%max)
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Figure3-3-1 1

50%max
(p<0.001) 75%max
85%max 95%max
50%max
(p<0.001) 75%max 85%max
Stance Phase
95%max
(p<0.001,p<0.01)
50%max
(p<0.001) 75%max
(p<0.001,p<0.01)
95%max
(p<0.001,p<0.05)
(p<0.001)
85%max  95%max
Late Swing Phase

(p<0.001) 75%max

(p<0.01, p<0.05)
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(p<0.001) 75%max

75%max 85%max 95%max

Table3-3-3
75%max 85%max 95%max
85%max (p<0.05)
(p<0.05)

Early Swing Phase

75%max 85%max 95%max

(p<0.001)
50%max 75%max 85%max

85%max 95%max

75%max 85%max 95%max
85%max 95%max

Late Swing Phase

75%max 85%max

50%max

(p<0.001)
50%max 85%max 95%max

85%max 95%max



Hip Flexion Angle(deg)

Knee Flexion Angle(deg)

Hip flexion angle during the sprinting gait cycle

50
= = 50%max
40 = = 75%max
------- 85%max
— 95%max
30
20
10
c
-10
-20
0 20 a0 60 80 100
%gait
Knee flexion angle during the sprinting gait cycle
140
=~ T 50%max
=== 75%max
120 85%max
95%max
100
80
60
40
20
0
o 20 40 60 80 100
%gait
Figure3-3-1 Hip (upper) and knee (lower) flexion angle during the sprinting gait cycle.
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Table3-3-3 Hip (upper)and knee (lower) kinematics during sprinting over range of velocities.

Treadmill Maximum Maximum Hip Flexion Hip Extension
Velocity Hip Flexion Hip Extension Angular Velocity Angular Velocity
(%Maximum) (deg) (deg) (deg/sec) (deg/sec)
50% 30.0%8.5 -9.1%6.0 415.8+61.8 -336.9457.1
75% 37.252*% -10.57.2 543.24+77.0 * -394.0471.8 *
85% 40.846.7 *t -10.9+7.8 606.44110.8 **t+ -460.2486.5 *Tt+
95% 40.0x7.4 * -8.4+8.2 % 583.14+114.9 * -455.9492.7 *tt
Treadmill Maximum Minimum Knee Flexion Knee Extension
Velocity Knee Flexion Knee Flexion Angular Velocity Angular Velocity
(%Maximum) (deg) (deg) (deg/sec) (deg/sec)
50% 104.8413.1 16.742.9 906.9+113.3 -949.14139.3
75% 117.8410.5 * 20.542.7 % 1035.7+113.6 * -1140.497.7 *
85% 123.3410.4 ¥ttt 214439 * 1132.84113.4 *+t+  -1211.924117.9 *++
95% 123.77.6 *t+ 239424 *tt+f 1145.6485.7 *t++ -1205.64121.1 *t

Values represent mean == SD across subjects.

Hip extension angle, hip extension angular velocity and knee extension angular velocity defined as negative.

*.p<0.001 (vs.50%max), T:p<0.05/1+:p<0.01/71+:p<0.001 (vs.75%max), :p<0.05 (vs.85%max)

Table3-3-4
50%max 85%max 95%max
85%max 95%max (p<0.05,p<0.01)
75%max  95%max

Table3-3-4 Hip and knee flexion angle at foot strike.

Treadmill Velocity Hip Flexion Knee Flexion
(%Maximum) (deg) (deg)
50% 18.8+5.0 18.3#3.5
75% 20.7%3.9 222428
85% 23.3+4.2 *+ 23.4%+4.4
95% 22,9439 *tt 26.6+6.3 t

Values represent mean==SD across subjects.
*:p<0.001 (vs.50%max), t:p<0.05/11:p<0.01 (vs.75%max)
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Middle Swing Phase Late Swing Phase

Table3-3-5 Middle Swing Phase
50%max 75%max 85%max 95%max
(p<0.001) 75%max 85%max (p<0.01)
Middle Swing Phase 50%max
75%max 85%max 95%max (p<0.01 p<0.001 p<0.001)
75%max 85%max 95%max (p<0.001)
Late Swing Phase 85%max 95%max 50%max 75%max
85%max
95%max 50%max 75%max Middle
Swing Phase Late Swing Phase
(p<0.001) 85%max 95%max 2Phase

Table3-3-5 Hip and knee angle displacement at middle swing phase and late swing phase.

Treadmill Hip angle displacement Knee angle displacement
Velocity Middle Swing Late Swing Middle Swing Late Swing
(%Maximum) (deg) (deg) (deg) (deg)
50% 11.3x54 -11.14+54 -29.7%+14.0 -50.8+13.9
75% 17.543.8 *** -16.944.3 *¥** -40.148.6 ** -55.947.8
85% 20.143.0 ¥***+tt -17.245.4 ** -46.946.7 *¥**ttt -49.8+15.3
95% 19.74=3.0 *** -17.3%+6.1 % -48.147.2 *¥**ttt -48.449.8 tt

Values represent mean==SD across subjects.
Hip extension and knee extension displacement defined as negative.
*:p<0.05/**:p<0.01/***p<0.001 (vs.50%max), t:p<0.05/11:p<0.01/1+1:p<0.001 (vs.75%max)
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3-3-2

Figure3-3-2 95%max 1
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Figure3-3-2 Typical raw EMG data recorded from 1stride during 95%max sprinting.
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Figure3-3-3 Change in %MVC values of each phase over range of running velocities.
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RF (Figure3-3-4) Phase

(F=3.224, p<0.01) Stance Phase 50%max 95%max
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Figure3-3-4 Change in %MVC values of RF over range of running velocities. (n=8. Mean % SD)
*:p<0.05, **:p<0.01, ***:p<0.001 (vs.50%max)
t:p<0.05, T1:p<0.01, t17:p<0.001 (vs.75%max)
$:p<0.05, 1:p<0.01, +$%:p<0.001 (vs.85%max)
#:p<0.05, ##:p<0.01, ###:p<0.001 (between Middle Swing and Late Swing Phase)
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VL (Figure3-3-5) Phase
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Figure3-3-5 Change in %MVC values of VL over range of running velocities. (n=8. Mean * SD)
*:p<0.05, **:p<0.01, ***:p<0.001 (vs.50%max)
t:p<0.05, T1:p<0.01, t17:p<0.001 (vs.75%max)

$:p<0.05, 1:p<0.01, +$%:p<0.001 (vs.85%max)
#:p<0.05, ##:p<0.01, ###:p<0.001 (between Middle Swing and Late Swing Phase)
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BF (Figure3-3-6) Phase
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Figure3-3-6 Change in %MVC values of BF over range of running velocities. (n=8. Mean * SD)
*:p<0.05, **:p<0.01, ***:p<0.001 (vs.50%max)
t:p<0.05, T1:p<0.01, T11:p<0.001 (vs.75%max)
$:p<0.05, £%:p<0.01, $+$:p<0.001 (vs.85%max)
#:p<0.05, ##:p<0.01, ###:p<0.001 (between Middle Swing and Late Swing Phase)
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ST (Figure3-3-7) Phase

(F=6.573, p<0.001) Stance Phase 50%max 75%max 85%max 95%max
(p<0.001) Early Swing Phase 50%max
75%max 85%max 95%max (p<0.01 p<0.001
p<0.001) Middle Swing Phase 50%max 75%max 85%max 95%max
75%max 85%max 95%max
(p<0.001) Late Swing Phase 50%max 85%max 95%max
(p<0.001) 75%max 85%max 95%max
(p<0.01 p<0.001) 85%max 95%max (p<0.01)
Middle Swing Phase Late Swing Phase
(p<0.01)
160 - o
ST # [
140 1 i Ig‘
120 ' ' n
. ’7 Hi — ExE
o 100 -
>
§ 80
T de ek
ad -~ - [ (
40 4 | g FEE *T* ]
20 4 7 ] T
0 -
E E|E|E|E|E| E]| &g E| | 2| E
X | £ | 2| 82| £ 8| 8] = 2| 2| 8 =
F 2|33 228 & 2R @ a
Stance Phase Early Swing Phase Middle Swing Phase Late Swing Phase

Figure3-3-7 Change in %MVC values of ST over range of running velocities. (n=8. Mean + SD)
*.p<0.05, **:p<0.01, ***:p<0.001 (vs.50%max)
t:p<0.05, T1:p<0.01, T11:p<0.001 (vs.75%max)
$:p<0.05, £%:p<0.01, $+$:p<0.001 (vs.85%max)
#:p<0.05, ##:p<0.01, ###:p<0.001 (between Middle Swing and Late Swing Phase)
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GM (Figure3-3-8) Phase
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Figure3-3-8 Change in %MVC values of GM over range of running velocities. (n=8. Mean + SD)
*:p<0.05, **:p<0.01, ***:p<0.001 (vs.50%max)
t:p<0.05, T1:p<0.01, T11:p<0.001 (vs.75%max)
$:p<0.05, %:p<0.01, $+$:p<0.001 (vs.85%max)
#:p<0.05, ##:p<0.01, ###:p<0.001 (between Middle Swing and Late Swing Phase)
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BF ST Figure3-3-9 Middle Swing Phase
75%max 85%max 95%max ST BF

(p<0.001 p<0.01 p<0.05)

BF ST 1
RMS (Table3-3-6) RMS
1 Figure3-3-10
BF ST Stance Phase Late Swing Phase
ST  Stance Phase RMS 95%max
85%max (p<0.05) Late Swing Phase 85%max
95%max (p<0.05) Stance Phase Late
Swing Phase 95%max BF-ST RMS
ST RMS Stance Phase BF (p<0.05) Late
Swing Phase BF (p<0.01)
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Figure3-3-9 %MVC value differences between BF and ST over range of running velocities at each
phase of gait cycle.(n=8. Mean £ SE.) *:p<0.05, **:p<0.01, ***:p<0.001 (BF vs.ST)
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Table3-3-6 Mean and standard deviation of the peak time (%gait cycle), at which each RMS in the
individual muscles during sprinting reached maximal value.

Treadmill Stance Phase Late Swing Phase
Velocity

(%maximum) BF ST BF ST
50%max 12.143.1 11.44+4.1 87.613.5 85.0%4.6
75%max 12.7%6.1 9.7x7.2 85.0%+4.0 85.31+4.6
85%max 8.2+4.38 6.61+6.2 4 84.7%6.8 86.543.9

# #

95%max 87481 % 15.9#42.1-' 86.1%45.1 ** 83.1+4.9-

Values represent mean == SD (%gait cycle) across subjects.
*:p<0.05, **: p<0.01 (BF vs. ST), #: p<0.05
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Figure3-3-10 Mean and standard deviation of the peak time, at which each RMS in the individual

muscles during sprinting reached maximal value. (Blue: BF, Green: ST)
Typical RMS data during each sprinting were standardized by maximal value.
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