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Figure 2.1

Figure 2.2

Figure 2.3

Figure 2.4

Figure 2.5

Figure 2.6

Tracings for a subject in normal walking (a) and race walking
(b). (Murray et al., 1983)

The force-time record of one foot during the right foot support
phase in race walking. The X (lateral-medial) and Y
(anterior-posterior) values indicate the force exerted by the
subject. The Z (vertical) value indicates the ground reaction
force. (Payne, 1978)

Muscle powers at the hip, knee, and foot during one stride of
race walking. (White and Winter, 1985)

Flow of energy in human movement and three Es, i.e. efficiency,
economy, and effectiveness. (Ae and Fujii, 1996b)

Detailed mechanical power analysis during various phases of
gait. (Winter and Robertson, 1978)

Energy flows between the segments during a cycle of sprinting.
Energy flow is expressed in the works done on the segment by
joint force and muscle moment during each of eight phases.
Straight arrows at the joints indicate the magnitude and
direction of energy flow by joint force and curved ones are
those by muscle moment. Arrow depict inside of each
segment represents increase (1 ) or decrease (1 ) of the energy
level. For simplicity work less than 0.09 Jkg was not
illustrated. (TO, toe-off of the right foot; CFS, contralateral

foot strike; CM S, contralateral mid-support; CTO, contralateral



Figure 2.7

Figure 2.8

Figure 2.9

toe-off; FS, foot strike; MS, mid-support) (Aeet al., 1988)
Energy transfer between segments during different portions of
running cycle. Arrows indicate direction and relative
magnitude of transfer, and + and — indicate whether energy is
gained or lost by involved segment. (Williams and Cavanagh,
1987)

Relationships of El to mechanical work (W) and mechanical
energy transfer between segments (Tp) in one running cycle.
(Enomoto et al., 1999)

Below: The total positive work Wiot = |Wext| + |Wint| and the net
energy expenditure (total - standing) per unit distance and unit
body mass are given as a function of the speed for competition
walking (continuous lines) and normal walking (dotted line).
The energy expenditure curve of normal walking (dotted line)
was traced over the average of the data of Margaria (1938),
Ralston (1958), Cotes and Meade (1960) and Dill (1965); that
of competition walking was calculated from the average of the
data of Menier and Pugh (1968) for speeds greater than 8km/hr,
and from the average of the data of Menier and Pugh and those
of normal subjects at lower speeds. Energy expenditure at
speeds greater than 14.5km/hr is extrapolated from the line
given by Menier and Pugh (1968). Above: the efficiency of
positive work, W.i/energy expenditure, is given as a function
of speed for competition walking (continuous line) and for

normal walking (dotted line). The interrupted part of the



Figure 2.10

Figure 3.1

Figure 3.2

Figure 3.3

Figure 3.4

Figure 3.5

Figure 3.6

Figure 4.1

Figure 4.2

energy expenditure and efficiency curves indicates that at these
speeds an oxygen debt may be necessary to meet the
mechanical power output. (Cavagna and Franzetti, 1980)

Efficiency in amubulation, race walking, and running as a

function of the speed. (Marchetti et al., 1982)

Twenty three points on subject’s body were digitized for two
dimensional analysis.

Free body diagram for the calculation of joint force and torque
at the segment.

Twenty five points on subject’s body were digitized for three
dimensional analysis.

Definition of the moving reference frame fixed to the segment.
Free body diagram for the calculation of joint force and torque
at the segment j.

Definition of movement phases of theright leg. Abbreviation
for five event points as follows. R-off: Right foot off; L-on:
Left foot contact with the ground; L-mid: Midpoint of the left
stance phase (instant of the center of gravity pass over left toe);

L-off: Left foot off; R-on: Right foot contact with the ground

A typical camera setting at the competitions.
Relationships of the walking speed to the step length (a) and
step length ratio to the body height (b) for all subjects in the

first half of 20km races.



Figure 4.3

Figure 4.4

Figure 4.5

Figure 4.6

Figure 4.7

Figure 4.8

Relationships of the walking speed to the step frequency for all
subjectsin the first half of 20km races.

Relationships of the walking speed to the Wy, and Ty in the
first half of races.

Relationships of EI to the Wy, and Ty, in the first half of races.
Patterns of the mechanical energy of the whole body, HAT (the
head, arms, and torso), recovery (right) leg, support (left) leg,
and DIF (the absolute difference in the mechanical energy
between the recovery leg and support leg) during the recovery
phase in the fastest subject A. R-off, Right (recovery) foot
toe off; L-on, Left (support) foot heel contact; L-mid, Left foot
mid-stance; L-off, Left foot toe off; R-on, Right foot heel
contact.

Patterns of the mechanical energy of the whole body, HAT (the
head, arms, and torso), recovery (right) leg, support (left) leg,
and DIF (the absolute difference in the mechanical energy
between the recovery leg and support leg) during the recovery
phase in the slowest subject B. R-off, Right (recovery) foot
toe off; L-on, Left (support) foot heel contact; L-mid, Left foot
mid-stance; L-off, Left foot toe off; R-on, Right foot heel
contact.

Rates of the mechanical energy change for the segment (dE/dt),
joint force powers (JFP), and segment torque powers (STP) in
the recovery (right) thigh (a), shank (b), and (c) foot during the

recovery phase in the fastest subject A. R-off, Right (recovery)



Figure 4.9

Figure 4.10

Figure 4.11

Figure 4.12

Figure 4.13

Figure 4.14

foot toe off; L-on, Left (Support) foot heel contact; L-mid, Left
foot mid-stance; L-off, Left foot toe off; R-on, Right foot heel
contact.

Rates of the mechanical energy change for the segment (dE/dt),
joint force powers (JFP), and segment torque powers (STP) in
the recovery (right) thigh (a), shank (b), and (c) foot during the
recovery phase in the slowest subject B. R-off, Right
(recovery) foot toe off; L-on, Left (support) foot heel
contact; L-mid, Left foot mid-stance; L-off, Left foot toe off;
R-on, Right foot heel contact.

Mean joint force powers (straight arrows) and segment torque
powers (curved arrows) of the recovery (right) leg that
significantly relate to the walking speed, step length, step
frequency and support time.

Joint force power at the recovery (right) hip for means of fast
(N=6) and slow (N=6) groups of all subjects (N=35) during the
recovery phase.

Horizontal (a) and vertical (b) component of the joint velocity
at the recovery (right) hip for means of fast (N=6) and slow
(N=6) groups of all subjects (N=35) during the recovery phase.
Horizontal (a) and vertical (b) component of the joint force at
the recovery (right) hip for means of fast (N=6) and slow
(N=6) groups of all subjects (N=35) during the recovery phase.
Joint torque at the recovery (right) hip for means of fast (N=6)

and slow (N=6) groups of all subjects (N=35) during the



Figure 5.1

Figure 5.2

Figure 5.3

Figure 5.4

Figure 5.5

Figure 5.6

Figure 5.7

recovery phase.

Experimental set-up.

Patterns of the joint torque at the hip (a), knee (b), and ankle
(c) of the right (support) leg during the normalized support
phase for all twelve subjects and the significant relationships
to the walking speed (p<0.05).

Rates of the mechanical energy change for the segment (dE/dt),
joint force powers (JFP) and segment torque powers (STP) in
the support (right) thigh (a), shank (b) and foot (c) during the
support phase for the fastest subject C.

Rates of the mechanical energy change for the segment (dE/dt),
joint force powers (JFP) and segment torque powers (STP) in
the support (right) thigh (a), shank (b) and foot (c) during the
support phase for the slowest subject D.

Mean joint force powers and segment torque powers for all
subjects (N=12) during the normalized support phase.
Horizontal component of joint velocity (a) and horizontal
component of joint force (b) at the support (right) hip during
the support phase for all twelve subjects and the significant
relationships to the walking speed (p<0.05).

Horizontal component of joint force at the support (right) knee
(a) and ankle (b) during the support phase for all twelve
subjects and the significant relationships to the walking speed

(p<0.05).
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Figure 5.8 The anterior-posterior component of the ground reaction force

Figure 6.1

Figure 6.2

Figure 6.3

Figure 6.4

Figure 6.5

Figure 6.6

normalized by the body mass of all subjects (a) and the relative
horizontal distance of the center of the right foot to the ankle
position (b) during the support phase for all twelve subjects.
The significant relationships to the walking speed (p<0.05)

were indicated.

Relationships between race records and the walking speed
difference between the first and second halves of the races.
Relationships of the walking speed difference to the Wy, (@)
and Ty, (b) between the first and second halves of the races.
Relationships of El to the Wwy, () and T, (b) between the first
and second halves of the races.

Changes of Wy, (a) and T, (b) between the first and second
halves of the races for Increase (N=11) and Decrease (N=11)
groups.

Mean joint force powers (straight arrows) and segment torque
powers (curved arrows) of the recovery (right) leg in which the
difference between the first and second halves of the races was
significant for the Increase (black arrows) and Decrease (white
arrows) group (N=11, p<0.05). Arrows are indicated in the
mean magnitude of the second half of the races for each group.
Mean joint force powers (straight arrows) and segment torque
powers (curved arrows) of the recovery (right) leg normalized

by the walking speed , in which the difference between the first

Vil



Figure 6.7

Figure 6.8

Figure 7.1

Figure 7.2

Figure 7.3

Figure 7.4

and second halves of the races was significant for the Decrease
group (N=11, p<0.05). There was no power which
significantly changed for the Increase group. Arrows are
indicated in the mean magnitude of the second half of the races.
Mean horizontal component of joint force at the recovery
(right) hip (a) and knee (b) joint for Decrease group at the first
and second halves of the races.
Mean joint torques at the recovery (right) hip (a) and knee (b)
joint for Decrease group at the first and second halves of the

races.

Experimental set-up.

Joint torque at the upper end of the lower torso (a), moment of
joint force at the upper end of the lower torso (b) and effective
moment of the lower torso (c) about the Z axis in the absolute
coordinates system at the center of mass for the lower torso
during the right foot support phase of the average of all
subjects on the experiment.

Joint torque at the right (support, a) and left (recovery, b) hips

and moment of the joint force at the right (support, c) and left

(recovery, d) hips about the Z axis in the absolute coordinates

system at the center of mass for the lower torso during the right

foot support phase of the average of all subjects on the

experiment.

Joint torque at the upper end of the lower torso and the sum of

viii



Figure 7.5

Figure 7.6

Figure 8.1

Figure 8.2

Figure 8.3

the joint force moment of the right (support) and the left
(recovery) hip about the center of the lower torso (JFMs) during
the normalized right foot support phase. Significant difference
between torso torque and the JFMs was indicated (p<0.05).
The anterior-posterior joint forces at the right (recovery, a) and
left (support, b) hips during the right foot support phase of the
average of all subjects on the experiment.
Segment angular velocity of the lower torso about the Z axisin
the absolute coordinates system of the average of all subjects
on the experiment and the significant relationships to the joint

torque at the upper end of the lower torso (p<0.05).

Schema of the mechanical energy flows which are related to
walking speed in race walking during right foot recovery phase.
‘Hip rolling’ exercise. (LaTorre, 1994)

Large step exercise with extended knee.



Table 3.1

Table 4.1

Table 4.2

Table 4.3

Table 5.1

Table 6.1

Table 7.1

Methods of data collection for each chapter.

Characteristics of the subjects (N=35).

Races videotaped.

Walking speed, step length and step frequency of all subjects
(N=35). Step length was divided into support distance and
flight distance. Step time, which was a reciprocal of the step

frequency, was divided into support time and flight time.

Characteristics of the subjects (N=12).

Walking speed, step frequency and step length of the first and

second halves of races for the speed-increase (N=11) and speed-

decrease (N=11) groups.

Characteristics of the subjects (N=18).
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(a) Normal walking (b) Race walking

Figure 2.1 Tracings for a subject in normal walking (@) and race walking (b).
(Murray et a., 1983)
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Figure 2.2 The force-time record of one foot during the right foot support phase

in race walking. The X (lateral-medial) and Y (anterior-posterior) values indicate
the force exerted by the subject. The Z (vertical) value indicates the ground reaction
force. (Payne, 1978)

- 13 -



Fenton

White

Cairns

1984 6 1

3
Winter 1985
2
Figure 2.3
A2
H3
H1
1986 8 2

- 14 -



Figure 2.3 Muscle powers at the hip, knee, and foot during one stride of race walking.
(White and Winter, 1985)
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Figure 2.4 Flow of energy in human movement and three Es, i.e. efficiency, economy,
and effectiveness. (Ae and Fujii, 1996b)
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Figure 2.5 Detailed mechanical power analysis during various phases of gait.
(Winter and Robertson, 1978)
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Figure 2.6 Energy flows between the segments during a cycle of sprinting. Energy flow
is expressed in the works done on the segment by joint force and muscle moment during
each of eight phases. Straight arrows a the joints indicate the magnitude and direction of
energy flow by joint force and curved ones are those by muscle moment. Arrow depict
inside of each segment represents increase (1 ) or decrease (1 ) of the energy level. For
simplicity work less than 0.09 Jkg was not illustrated. (TO, toe-off of the right foot; CFS,
contralateral foot strike; CMS, contralateral mid-support; CTO, contralateral toe-off; FS,
foot strike; MS, mid-support) (Aeet al., 1988)
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Figure 2.7 Energy transfer between segments during different portions of running cycle.
Arrows indicate direction and relative magnitude of transfer, and + and — indicate whether
energy is gained or lost by involved segment. (Williams and Cavanagh, 1987)
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Figure 2.8 Relationships of El to mechanical work (W,,,) and mechanical energy transfer
between segments (T,) in one running cycle. (Enomoto &t al., 1999)
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Figure 2.9 Below: Thetotal positive work W, = W | + [W,,| and the net energy
expenditure (total - standing) per unit distance and unit body mass are given as a function
of the speed for competition walking (continuous lines) and normal walking (dotted line).
The energy expenditure curve of normal walking (dotted line) was traced over the average
of the data of Margaria (1938), Ralston (1958), Cotes and Meade (1960) and Dill (1965);
that of competition walking was calculated from the average of the data of Menier and
Pugh (1968) for speeds greater than 8km/hr, and from the average of the data of Menier
and Pugh and those of normal subjects at lower speeds. Energy expenditure at speeds
greater than 14.5kmvhr is extrapolated from the line given by Menier and Pugh (1968).
Above: the efficiency of positive work, W, /energy expenditure, is given as a function of
speed for competition walking (continuous ling) and for normal walking (dotted ling). The
interrupted part of the energy expenditure and efficiency curves indicates that at these

speeds an oxygen debt may be necessary to meet the mechanical power output. (Cavagna
and Franzetti, 1980)
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Figure 2.10 Efficiency in amubulation, race walking, and running as a function of the
speed. (Marchetti et al., 1982)
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2 7
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3.1 2 4 - 6
3.11 2
VTR 1
23 Figure 3.1 4
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2 Wells Winter 1980
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Table 3.1 Methods of data collection for each chapter.

Chapter 4 Chapter 5 Chapter 6 Chapter 7

Official races Two dimensional analysis O O
Two dimensional analysis O
Experiment Three dimensional analysis O

Measurement of O O

ground reaction force

- 31 -
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Figure 3.1 Twenty three points on subject’s body
were digitized for two dimensional analysis.
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Figure 3.2 Free body diagram for the calculation
of joint force and torque at the segment.
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1, 5: Thethird metacarpophalamgeal joint

2, 6: Center of thewrist joint

3, 7: Center of the elbow joint
4, 8: Shoulder
9, 15: Big toe

10, 16: Ball of the foot

11, 17: Pternion

12, 18: Center of the ankle joint

13, 19: Center of the knee joint

14, 20: Greater trochanteric head

21  :Vertex

22  : Midpoint between both tragions

23  : Sprasternale

24, 25: Lower end of Thorax

Figure 3.3 Twenty five points on subject’s body
were digitized for three dimensional analysis.
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Figure 3.4 Definition of the moving reference frame fixed to the segment.
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Figure 3.5 Free body diagram for the calculation of
joint force and torque at the segment j.
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Figure 3.6
1 Phase 1 R-off L-on
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L-mid
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AL E X

Phase 1 Phase 2 Phase 3 Phase 4

( Flight phase) ( Left foot support phase ) ( Flight phase)

A
v

Right foot recovery phase

Figure 3.6 Definition of movement phases of the right leg. Abbreviation
for five event points as follows.

R-off: Right foot off

L-on: Left foot contact with the ground

L-mid: Midpoint of the left stance phase (instant of the center of gravity pass over left toe)
L-off: Left foot off

R-on: Right foot contact with the ground
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Table4.1 Characterigtics of the subjects (N=35)

Mean SD Max - Min
Age(yrs) 231 4.3 34-18
Height(m) 1.71 0.05 1.83-1.63
Body Mass(kg) 57.8 4.4 68 - 50
Racetime 1, 27,554 1 403345 1, 190 50 - 1y 34in 5%
Best time 1, 26,in 075  54in10gc 1 1,18 27 - L1y 34iin 9%
Performance Ratio (%) 97.0 3.6 100.0 - 88.0
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Table4.2 Racesvideotaped.

Competition Date Course N of subjects
7 1997.11.2 3
81 1998.1.26 8
37 * 1998.4.12 6
12 1998.7.20 4
8 1998.11.5 4
38 * 1999.4.18 10
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Figure4.1 A typical camera setting at the competitions.
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4.3

4.3.1
Figure 4.2 20km N=35
3.80%+ 0.20m/s 1.13+ 0.05m
r=0.73 p<0.001
0.66+ 0.03
r=0.78 p<0.001 Figure 4.3
3.38+ 0.12 steps/s
r=0.41 p<0.05
2006
20km
Table 4.3
1.00+ 0.05m 0.13+ 0.04m
r=0.38 p<0.05 r=0.48
p<0.01
0.27+ 0.01s r=-0.56 p<0.001
0.03%+ 0.01s r=0.35
p<0.05

r=-0.66 p<0.001
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Figure 4.2 Relationships of the walking speed to the step length (a) and
step length ratio to the body height (b) for all subjectsin the first half of 20km races.
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Walking speed (m/s)

Figure 4.3 Relationships of the walking speed to the step frequency for all subjectsin
the first half of 20km races.
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Table4.3 Walking speed, step length and step frequency of all
subjects (N=35). Step length was divided into support distance and
flight distance. Step time, which was areciprocal of the step frequency,
was divided into support time and flight time.

£ toth
Mean  SD walrkitn(;tggeed ""(ar‘lzki:”g g‘g%d
Walking speed (m/s)  3.80 0.20

Step length (m) 113 0.05 0.73***
Support distance (m)  1.00 0.05 0.38* 0.88***
Flight distance (m)  0.13 0.04 0.48** 0.71***

Step frequency (steps/s) 3.38 0.12 0.41*

Support time (s) 0.27 0.01 -0.56*** -0.95***
Flight time (s) 0.03 0.01 0.35* S0.63%**

*p<0.05, ** p<0.01, ***p<0.001
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p<0.001

=0.71 p<0.001

4.3.2

Figure 4.4

Tp

Figure 4.5

p<0.01 T,
Wb
4.3.3
Figure 4.6
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[ =0.88 p<0.001 B
B =-0.63 p<0.001
r? 0.999
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Wwp, 2.54% 0.66J/kg
r=-0.003 T, 6.79+ 0.84Jkg
r=0.73 p<0.001 To
20km
El Effectiveness Index Wb Ty
El 3.05%+ 0.84 Wb r=-0.91
r=0.43 p<0.001 EI
Th
R-on Figure
B 3.44m/s
R-on B
A
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Figure 4.4 Relationships of the walking speed to the W,,, and T, in the first half of races.
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Work (Jkg)

El

Figure 4.5 Relationships of the El to the W,,,, and T, in the first half of races.
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Figure 4.6 Patterns of the mechanical energy of the whole
body, HAT (the head, arms, and torso), recovery (right) leg,
support (left) leg, and DIF (the absolute difference in the
mechanical energy between the recovery leg and support leg)
during the recovery phase in the fastest subject A. R-off, Right
(recovery) foot toe off; L-on, Left (support) foot heel contact;
L-mid, Left foot mid-stance; L-off, Left foot toe off; R-on,
Right foot heel contact.
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Figure 4.7 Patterns of the mechanical energy of the whole
body, HAT (the head, arms, and torso), recovery (right) leg,
support (left) leg, and DIF (the absolute difference in the
mechanical energy between the recovery leg and support leg)
during the recovery phase in the slowest subject B. R-off,

Right (recovery) foot toe off; L-on, Left (support) foot heel
contact; L-mid, Left foot mid-stance; L-off, Left foot toe off; R-
on, Right foot heel contact.
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Power (W/kg)

® E/dt
—— JFP(hip)
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® dE/dt
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— JFP(ankle)
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(c) Foot
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= JFP(ankle)
----- STP(ankle)

= < =
S 9 g
x - 2
Phase 1 Phase 2
0 0.1 0.2
Time(9)

Phase 3

L-off

Figure 4.8 Rates of the mechanical energy change for the segment
(dE/dt), joint force powers (JFP), and segment torque powers (STP) in
the recovery (right) thigh (a), shank (b), and (c) foot during the
recovery phase in the fastest subject A. R-off, Right (recovery) foot
toe off; L-on, Left (support) foot heel contact; L-mid, Left foot mid-
stance; L-off, Left foot toe off; R-on, Right foot heel contact.



Power (W/kg)

® dE/dt
= JFP(hip)
— JFP(kneg)
= = "STP(hip)

® dE/dt
= JFP(knee)
— JFP(ankle)
= = *STP(knee)
"""" STP(ankle)

(c) Foot
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[E VR p——

R-off
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L-mid

3 L-off
§ R-on

Phase 1 Phase 2 Phase 3
0.1 0.2 0.3

Time(9)

o

Figure 4.9 Ratesof the mechanical energy change for the segment
(dE/dt), joint force powers (JFP), and segment torque powers (STP) in
the recovery (right) thigh (a), shank (b), and (c) foot during the
recovery phase in the slowest subject B. R-off, Right (recovery) foot
toe off; L-on, Left (support) foot heel contact; L-mid, Left foot mid-
stance; L-off, Left foot toe off; R-on, Right foot heel contact.
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Figure 4.10 MJFP
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p<0.05
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Figure 4.10 Mean joint force powers (draight arrows) and segment torque
powers (curved arrows) of the recovery (right) leg that significantly relate to
the walking speed, step length, step frequency and support time.
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Normalized recovery phase (%)

Figure4.11 Joint force power at the recovery (right) hip for means of
fast (N=6) and slow (N=6) groups of all subjects (N=35) during the
recovery phase.
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Figure 4.12 Horizontal (a) and vertical (b) component of the joint
velocity at the recovery (right) hip for means of fast (N=6) and slow
(N=6) groupsof all subjects (N=35) during the recovery phase.
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Figure 4.13 Horizontal (a) and vertical (b) component of the joint
force at the recovery (right) hip for means of fast (N=6) and slow
(N=6) groupsof all subjects (N=35) during the recovery phase.
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Figure 4.14 Joint torque at the recovery (right) hip for means of fast (N=6)
and slow (N=6) groups of all subjects (N=35) during the recovery phase.
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Table5.1 Characterigtics of the subjects (N=12).

Mean SD Min - Max
Age (yrs) 20.9 3.0 18 - 29
Height (m) 1.72 0.04 1.64 -1.78
Body mass (kg) 56.0 33 50 - 62

Personal best time 43, 43,93  2,,,14,58  40,,,52.,.70 - 48,,,,50...76

min
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Figure5.1 Experimental set-up.
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Figure 5.3 Rates of the mechanical energy change for the segment
(dE/dt), joint force powers (JFP) and segment torque powers (STP) in the
support (right) thigh (&), shank (b) and foot (c) during the support phase for
the fastest subject C.
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Figure 5.4 Rates of the mechanical energy change for the segment (dE/dt),
joint force powers (JFP) and segment torque powers (STP) in the support

(right) thigh (a), shank (b) and foot (c) during the support phase for the
slowest subject D.

- 92 -



80% R-off

40% 80%

40%

dE/dt

40%

JFP R-on

80
STP R-on
STP

R-off

dE/dt
dE/dt
JFP
40% 60%
5.3.3
Figure 5.5

MJFP

MSTP

80%

R-off

R-on

JFP

80%

80%

R-off

- 03 -

JFP

R-off
R-on
R-on
40%
R-off
R-on 70%
JFP
R-off
20%
MSTP
MJIFP

STP

JFP

STP



Normalized support phase (%)
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Correlation relationships to the walking speed: * p<0.05, ** p<0.01

Mean joint force power (W/kg) : l ﬂ. ﬂ ﬂ @ ﬂ

0-2 2-4 4-6 6-8 8-10 10-

Mean segment torque power (W/kg) : < g % % % %

0-2 2-4 4-6 6-8 8-1010-

Figure 5.5 Mean joint force powers and segment torque powersfor all subjects
(N=12) during the normalized support phase.
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Figure 5.6 Horizontal component of joint velocity (a) and horizontal component
of joint force (b) at the support (right) hip during the support phase for all twelve
subjects and the significant relationships to the walking speed (p<0.05).
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Figure 5.7 Horizontal component of joint force at the support (right) knee
(a) and ankle (b) during the support phase for all twelve subjects and the
significant relationships to the walking speed (p<0.05).
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Figure 5.8 The anterior-posterior component of the ground reaction force
normalized by the body mass of all subjects (a) and the relative horizontal
distance of the center of pressure of the right foot to the ankle position (b)
during the support phase for all twelve subjects. The significant relationships
to the walking speed (p<0.05) were indicated.
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Figure 6.1 Relationships between race records and the walking speed difference
between the first and second halves of the races.
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Table6.1 Walking speed, step frequency and step length of the first and second
halves of races for the speed-increase (N=11) and speed-decrease (N=11) groups.

First half Second half
Mean SD Mean SD

t value

Increase 3.75 0.20 3.86 024 1.17
Decrease 3.95 0.15 355 0.19 B.71x**

Walking speed (m/s)

Increase 1.11 0.06 1.13 0.07 0.78

Step length (m)
Decrease  1.16 0.06 1.07 0.06 4.40%*

Increase 1.00 0.05 0.99 0.06 0.31

Support distance (m)
Decrease  1.02 0.06 099 0.05 1.45
Flight distance (m) Increase 0.11 0.04 0.14 0.04 1.70
Decrease  0.14 0.05 0.09 0.03 2.56*
I 3.38 0.14 341 011 0.60
Step frequency (steps/'s) nerease

Decrease  3.40 0.12 331 0.17 2.68*

Increase 0.27 0.01 0.26 0.02 164

Support time (s)
Decrease  0.26 0.02 0.28 0.02 2.85*

Increase 0.03 0.01 0.03 0.01 157

Flight time (s
ight time (s) Decrease  0.03 0.01 002 001 232

Difference between the first and second half or race: *p<0.05, **p<0.01, ***p<0.001
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Figure 6.2 Relationships of the walking speed difference to the W, (8) and T,, (b)
between the first and second halves of the races.
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Figure 6.5 Mean joint force powers (straight arrows) and segment torque powers
(curved arrows) of the recovery (right) leg in which the difference between the first and
second halves of the races was significant for the Increase (black arrows) and Decrease
(white arrows) group (N=11, p<0.05). Arrowsareindicated in the mean magnitude of
the second half of the races for each group.
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Figure 6.6 Mean joint force powers (straight arrows) and segment torque powers
(curved arrows) of the recovery (right) leg normalized by the walking speed , in which
the difference between the first and second halves of the races was significant for the
Decrease group (N=11, p<0.05). There was no power which significantly changed for
the Increase group. Arrows are indicated in the mean magnitude of the second half of

the races.
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Figure 6.7 Mean horizontal component of joint force at the recovery (right) hip (a) and
knee (b) joint for Decrease group at the first and second halves of the races.
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Figure 6.8 Mean joint torques at the recovery (right) hip (a) and knee (b) joint for
Decrease group at the first and second halves of the races.

-125-



R-off
t=3.32 p<0.01
R-off

t=3.72 p<0.01

6.4

6.4.1

09 Table 4.1

Table 6.1

t=3.22 p<0.01

t=3.08

p<0.01

- 126 -

15



6.4.2

Wwb
Ty
El
WWb Tb
Figure 6.3
Figure 6.4 Tp  Increase
Decrease Decrease
Th Increase Th
4 5
Figure 6.5 1 3 4

Decrease

- 127 -



Decrease
Figure 6.5
Increase 3
Figure 6.5
Figure 6.6 Increase
Decrease
Figure6.7 6.8 Decrease 60% 90%

- 128 -



6.5

p<0.01

20km

-0.15+ 0.22m/s

r=-0.24

1.16%+ 0.06m

3.31+ 0.17 steps/s t=2.68, p<0.05

0.02s

t=2.85, p<0.05

- 129 -

3.40+

0.26+

11
1.07+ 0.06m t=4.40,
0.12 steps/s
0.02s 0.28+



7.27+ 1.01Jkg 5.94+ 0.77J/kg t=3.36 p<0.01

20km

20km

-130-



7.1

1976 Kitchen

1981 Payne

McCarthy 1974

Payne 1981 Salvage 2000

-131-



7.2

7.2.1

Table 7.1

50km

7.2.2

20km

VTR

VTR

1/2000

V-719-B

DELL

20km 18
10000m
Figure 7.1
VTR NAC HSV-500C°VCR 2
V' X2000
250Hz VTR 60Hz
2 VTR NAC
VTR VTR
DKH PH-106
500Hz A/D

-132 -



Table7.1 Characteristics of the subjects (N=18).

Mean Min - Max
Age (yrs) 20.8 18- 35
Height (m) 1.71 1.60 - 1.80
Body mass (kg) 58.5 51- 66

Personal best time 1hr 3:I'min 17sec 1hr 2Omin 43930 - 1hr 49 48%(:

min
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Figure 7.2 Joint torque at the upper end of the lower torso (&), moment of joint force at the upper end
of the lower torso (b) and effective moment of the lower torso (c) about the Z axis in the absolute
coordinates system at the center of mass for the lower torso during the right foot support phase of the
average of all subjects on the experiment.
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Figure 7.3 Joint torque at the right (support, @) and left (recovery, b) hips and moment of the joint force
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Figure 7.4 Joint torque at the upper end of the lower torso and the sum of the joint force moment of the
right (support) and the left (recovery) hip about the center of the lower torso (JFMs) during the normalized
right foot support phase. Significant difference between torso torque and the JFMs was indicated (p<0.05).
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Figure 7.5 The anterior-posterior joint forces at the right (recovery, a) and left (support, b) hips during the
right foot support phase of the average of all subjects on the experiment.
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Figure 7.6 Segment angular velocity of the lower torso about the Z axis in the absolute coordinates system
of the average of all subjects on the experiment and the significant relationships to the joint torque at the
upper end of the lower torso (p<0.05).
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Figure 8.1
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-148 -



1976 McNab 1980

1982

- 149 -



McCarthy 1974 1976 Kitchen 1981 Payne

Payne 1981 Salvage 2000

LaTorre 1994

‘Hip

Rolling’ exercise Figure 8.2 LaTorre 1994

Figure 8.3

- 150 -



Figure8.2 ‘Hiprolling’ exercise (LaTorre, 1994).
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Figure 8.3 Large step exercise with extended knee.
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