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APPENDIX A

Participant data

[ Y
EE I 131 OMW........ UV AIUGI..ooo.... IBUANAT NN D TANTY
seaumsuvatiy - O and O wa O wwmnends O apmudnm
L [y

seaunsal IuMTUUIVY ........... Bl
ADANITUYIVY ... U0
ANVENIU .o CFUAIAT

A 1 9 dy a
ANVIANGUYDINA IOV ................ IFUAIAT
VNN O aym O ¢y

@ Y] % 1% 4 Y] Y]
mydngey O <3Jwdlari O 3 Swdlawd O 3-5 Jwdart
O sswddani O >s fwdlani
~q Y = M o

szaznan s lumsen ... ¥ T19/5U

Y ' v

== S AaA 1 a A '
VAULUTDINTVIARUNUHAADATIINTD 1)

O il & N-L.-S.... . E.. €



61

APPENDIX B

Consent form
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APPENDIX C

Validity of angular measurement

The validity of joint angular measurement was investigated by comparing
maximum flexion and extension angles of the elbow joint measured by a two-
dimensional video analysis and by direct measurement using a goniometer. For the
video analysis, movement of nine elbow joints were recorded using the same camera
setup as described in the main study in order to obtain the sagittal view of the
subject’s body. Three spherical markers were placed on the right arm of each subject
over the following anatomical landmarks: greater tuberosity, lateral epicondyle, and
radial styloid process. Each subject was asked to move his/her elbow joint to full
flexion and full extension followed a metronome at 120 beats per minute resulting in
an angular velocity of 660 °/second. For each subject, five cycles of the alternate
elbow flexion and extension movement were used for kinematic analysis. The elbow
joint angle was calculated as the angle between the upper arm segment (greater
tuberosity to lateral epicondyle) and the lower arm segment (lateral epicondyle to
radial styloid process). Digitization of the markers coordinates and calculation
process were the same as described in the data reduction part of the main study.

For a direct measurement, a goniometer was used to measure maximum active
elbow flexion and extension angles. The stationary arm was placed along the line
connecting the greater tuberosity and the lateral epicondyle. The movable arm was

placed along the line connecting the lateral epicondyle and the radial styloid process.
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Each subject was asked to maximally flex and extend his/her elbow during the
measurement. Maximum joint angles obtained by the two measurement techniques
are shown in Table C1.

The movement of the elbow was used because it can be controlled more
accurately. It was assumed that during videotaping subjects moved their elbow joint
to the end range of motion which is at the same position as measured by a goniometer.
Therefore, if the video measurement was valid, maximum joint angles measured by
the two methods would be similar. It was found that validity correlation for video
analysis and direct measurement was 0.912 for elbow flexion and 0.855 for elbow
extension. The results showed that the maximum elbow extension angle obtained by
the video analysis tended to be greater than that obtained by a direct measurement.
The difference in angular position might be due to the fact that the forearm was forced
into full extension which resulted in over range of motion. However, it can be
concluded that video analysis was a valid method and can be used to measure

maximum angle of the joint movement.
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Table C1 Maximum joint angle obtained by direct measurement and video analysis

Arm Elbow flexion (°) Elbow extension (°)
Goniometer | Video analysis | Goniometer | Video analysis
1 148 152.77 12 9.19
2 147 151.32 2.5 2.82
3 140 143.66 35 2.85
4 148.5 152.34 14 14.76
5) 156 156.02 15 16.40
6 148.5 151.12 4 1.43
7 146 150.72 8.5 6.08
8 142.5 142.70 6.5 4.77
9 144.5 147.38 9 7.48
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APPENDIX D

Reliability of the study

The intratester reliability of kinematic measurement of this study was done to
examine the reliability of 12 kinematic variables in HI and AM. The method was the
same as described in the data reduction section. The first trials of each athlete were
used to analyze using test-retest method. Each video record was conducted two times
in the other week. Intraclass Correlation Coefficients (ICC) was calculated to

determine the intratester reliability.

BN —EME
BLIG+ (k- 10 EMS

Icc =

BMS = mean square between subjects
EMS = error mean square

k = number of measurement (k = 2)

The reliability of 12 kinematic variables ranged from 0.8 to 1.0. The highest
reliability is mean horizontal velocity. The lowest reliability is time to maximal hip

flexion. The Intraclass Correlation Coefficients were as the following.
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Variables ICC

mean horizontal velocity 1.0000
Takeoff distance 0.9999
Landing distance 0.9999
CM lift 0.9789
Clearance height 0.8814

Horizontal displacement of peak of

CM parabola path to the hurdle 0.9997
Maximal trunk flexion 0.9786
Maximal hip flexion 0.9553
Maximal knee extension 0.9770
Time to maximal trunk flexion 0.9535
Time to maximal hip flexion 0.8768

Time to maximal knee extension 0.9806
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APPENDIX E

Residual analysis

Residual analysis is the method for calculating the difference between filtered
and unfiltered signals over a range of cutoff frequencies (21). The suitable cutoff
frequency should be balance between the amounts of signal distortion versus the
amount of noise allowed through. The residual analysis at any cutoff frequency is

calculated as follows for a signal of N sample points in time:

Where < = raw data at ith sample

% = filtered data at the ith sample
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APPENDIX F

Results of the study

Table D1 The descriptive statistics for mean horizontal velocity, flight time, step

length, takeoff distance, and landing distance during hurdle step

Variables HI AM p-value

mean horizontal velocity (m.s™) 7.21-8.23 6.06 — 6.90 0.021*
Flight time (s) 0.36-0.43 0.50 — 0.54 0.021*

Step length (m) 3.14-3.86 347-3.21 1.000
Takeoff _ distance (m) 1.96 - 2.28 1.95-2.21 0.386
Landing _ distance (m) 1.15-1.63 1.42 -2.00 0.149
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Table D2 The descriptive statistics for CM lift, clearance height, horizontal

displacement of peak of CM parabola path to the hurdle, CM height at takeoff, and

CM height at landing during hurdle step

Variables HI AM p-value

CM lift (m) 0.16 - 0.21 0.27-0.35 0.021*
Clearance height (m) 0.21-0.32 0.27-0.32 0.773
Peak CM displacement (m) 0.14 - 0.69 0.58 -0.70 0.149
CM height at takeoff (m) 1.00-1.13 0.92-0.98 0.021*
CM height at landing (m) 1.08 -1.13 0.90-0.94 0.020*

Table D3 The descriptive statistics for maximal trunk flexion, maximal hip flexion,

maximal knee extension, time to maximal trunk flexion, time to maximal hip flexion,

and time to maximal knee extension during hurdle step

Variables HI AM p-value
Maximal trunk flexion (°) 57.28 - 67.49 46.34 — 77.98 0.386
Maximal hip flexion (°) 94.12-103.78 | 95.15-113.79 0.773
Maximal knee extension (°) 170.82 -178.84 | 166.41 — 179.84 0.386
Time to max trunk flexion (s) 0.17-0.20 0.19-0.35 0.080
Time to max hip flexion (s) 0.05-0.09 0.15-0.19 0.020*
Time to max knee extension (s) 0.33-0.36 0.42 -0.50 0.021*
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Table D4 The mean horizontal velocity of trial 1-3 and mean + SD of high-level and

amateur-level hurdlers during hurdle step

Participant Trial 1 Trial 2 Trial 3 Mean + SD
HI1 7.47 7.33 7.46 7.42£0.08
HI2 8.06 8.22 8.41 8.23+£0.17
HI3 7.69 7.94 7.89 7.84+0.13
Hl4 7.13 7.39 7.11 7.21+£0.16

AM1 6.35 5.85 5.97 6.06 + 0.26
AM2 6.29 6.03 6.03 6.11+0.15
AM3 6.20 6.15 6.50 6.28 £ 0.19
AM4 6.73 6.90 7.07 6.90 + 0.17

Table D5 The takeoff distance of trial 1-3 and mean + SD of high-level and amateur-

level hurdlers during hurdle step

Participant Trial 1 Trial 2 Trial 3 Mean = SD
HI1 2.17 2.06 212 2.12 £0.06
HI2 2.36 2.15 2.32 2.28+0.11
HI3 2.15 2.18 2.24 2.19+0.04
HI14 2.00 1.87 1.99 1.96 £ 0.07

AM1 2.22 1.86 191 2.00£0.20
AM?2 2.28 1.97 1.96 2.07+0.18
AM3 2.03 1.86 1.97 1.95+0.09
AM4 211 2.14 2.38 2.21+0.15
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Table D6 The landing distance of trial 1-3 and mean = SD of high-level and amateur-

level hurdlers during hurdle step

Participant Trial 1 Trial 2 Trial 3 Mean = SD
HI1 1.62 1.62 1.63 1.63 £0.01
HI2 1.58 1.60 1.58 1.58 £0.01
HI3 1.46 1.61 1.31 1.46 £0.15
Hl4 1.15 1.25 1.15 1.18 £ 0.06

AM1 1.75 1.63 1.68 1.69 £ 0.06
AM?2 1.37 1.42 1.42 1.40£0.03
AM3 1.61 1.75 1.67 1.68 £ 0.07
AM4 2.05 1.93 2.00 2.00 £ 0.06

Table D7 The CM lift of trial 1-3 and mean + SD of high-level and amateur-level

hurdlers during hurdle step

Participant Trial 1 Trial 2 Trial 3 Mean = SD
HI1 0.21 0.19 0.22 0.21£0.01
HI2 0.20 0.19 0.19 0.20 £0.01
HI3 0.17 0.14 0.18 0.16 £ 0.02
HI14 0.22 0.24 0.22 0.23+0.01

AM1 0.29 0.25 0.29 0.27 £0.02
AM?2 0.30 0.31 0.30 0.30+£0.01
AM3 0.32 0.31 0.33 0.32+0.01
AM4 0.35 0.36 0.33 0.35+0.01
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Table D8 The clearance height of trial 1-3 and mean = SD of high-level and amateur-

level hurdlers during hurdle step

Participant Trial 1 Trial 2 Trial 3 Mean = SD
HI1 0.32 0.31 0.33 0.32+0.01
HI2 0.25 0.30 0.25 0.27 £0.03
HI3 0.27 0.25 0.27 0.26 £ 0.01
HI4 0.22 0.22 0.21 0.21+£0.01

AM1 0.18 0.31 0.31 0.27 £0.07
AM2 0.20 0.25 0.25 0.23+0.03
AM3 0.30 0.29 0.29 0.29+£0.01
AM4 0.34 0.34 0.28 0.32+0.04

Table D9 The horizontal displacement of peak of CM parabola path to the hurdle of

trial 1-3 and mean + SD of high-level and amateur-level hurdlers during hurdle step

Participant Trial 1 Trial 2 Trial 3 Mean = SD
HI1 0.51 0.29 0.25 0.35x0.14
HI2 0.03 0.29 0.09 0.14+£0.13
HI3 0.58 0.82 0.66 0.69 £0.12
HI14 0.10 0.36 0.10 0.19+0.15

AM1 1.00 0.33 0.42 0.58 £ 0.36
AM?2 0.74 0.58 0.71 0.68 £ 0.08
AM3 0.78 0.43 0.64 0.59+0.22
AM4 0.78 0.43 0.88 0.70+0.23
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Table D10 The maximal trunk flexion of trial 1-3 and mean + SD of high-level and

amateur-level hurdlers during hurdle step

Participant Trial 1 Trial 2 Trial 3 Mean = SD
HI1 57.61 57.40 56.84 57.28 £ 0.40
HI2 64.25 68.08 70.14 67.49 £ 2.99
HI3 55.49 60.48 64.55 60.17 £ 4.54
HI4 62.25 64.16 61.72 62.71+1.28

AM1 48.06 41.53 49.44 46.34 + 4.23
AM?2 73.40 79.41 78.73 77.18 £ 3.29
AM3 65.02 65.03 60.15 63.40 + 2.82
AM4 75.26 84.79 73.88 77.98+5.94

Table D11 The maximal hip flexion of trial 1-3 and mean %

amateur-level hurdlers during hurdle step

SD of high-level and

Participant Trial 1 Trial 2 Trial 3 Mean = SD
HI1 95.12 98.33 101.39 98.28 £ 3.14
HI2 94.93 95.94 91.50 94.12 + 2.33
HI3 103.00 105.36 102.06 103.47 £1.70
HI14 104.03 105.13 102.18 103.78 £1.49

AM1 108.02 115.78 117.57 113.79 £5.08
AM?2 101.31 97.85 100.69 99.95 +1.84
AM3 101.63 104.84 100.84 102.44 £2.12
AM4 94.36 96.35 94.74 95.15+1.05
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Table D12 The maximal knee extension of trial 1-3 and mean + SD of high-level and

amateur-level hurdlers during hurdle step

Participant Trial 1 Trial 2 Trial 3 Mean = SD
HI1 177.83 178.65 179.07 178.52 + 0.63
HI2 175.01 179.93 181.57 178.84 £3.41
HI3 174.86 168.52 180.02 174.47 £5.76
HI4 172.68 170.15 169.63 170.82 £ 1.63

AM1 164.84 171.96 173.88 170.23 £ 4.76
AM2 162.29 169.81 167.14 166.41 + 3.81
AM3 180.98 178.18 180.79 179.98 + 1.57
AM4 171.91 168.87 173.02 171.27 £2.15

Table D13 The time to maximal trunk flexion of trial 1-3 and mean + SD of high-

level and amateur-level hurdlers during hurdle step

Participant Trial 1 Trial 2 Trial 3 Mean = SD
HI1 0.18 0.22 0.20 0.20 £0.02
HI2 0.22 0.18 0.20 0.20 £0.02
HI3 0.18 0.14 0.18 0.17 £0.02
HI14 0.16 0.18 0.16 0.17+£0.01

AM1 0.32 0.38 0.34 0.35+0.03
AM?2 0.24 0.22 0.22 0.23+0.01
AM3 0.20 0.20 0.18 0.19+0.01
AM4 0.26 0.26 0.26 0.26 £ 0.00
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Table D14 The time to maximal hip flexion of trial 1-3 and mean + SD of high-level

and amateur-level hurdlers during hurdle step

Participant Trial 1 Trial 2 Trial 3 Mean = SD
HI1 0.10 0.10 0.08 0.09 £0.01
HI2 0.16 0.06 0.06 0.09 +£0.06
HI3 0.06 0.14 0.06 0.09 +£0.05
HI4 0.04 0.06 0.06 0.05+0.01

AM1 0.16 0.14 0.14 0.15+0.01
AM2 0.18 0.20 0.20 0.19+0.01
AM3 0.16 0.18 0.14 0.16 + 0.02
AM4 0.16 0.16 0.18 0.17+0.01

Table D15 The time to maximal knee extension of trial 1-3 and mean = SD of high-

level and amateur-level hurdlers during hurdle step

Participant Trial 1 Trial 2 Trial 3 Mean = SD
HI1 0.34 0.28 0.40 0.34 £ 0.06
HI2 0.34 0.32 0.34 0.33+0.01
HI3 0.28 0.40 0.40 0.36 £ 0.07
HI14 0.34 0.36 0.34 0.35+0.01

AM1 0.40 0.42 0.44 0.42 £0.02
AM?2 0.54 0.54 0.42 0.50 £0.07
AM3 0.44 0.46 0.44 0.45+0.01
AM4 0.44 0.42 0.42 0.43+0.01
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Figure D1 Average maximal trunk flexion of three trials of high-level and amateur-

level hurdlers during hurdle step
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Figure D2 Average maximal hip flexion of three trials of high-level and amateur-

level hurdlers during hurdle step
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Figure D3 Average maximal knee extension of three trials of high-level and

amateur-level hurdlers during hurdle step
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