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2021 Men’s 400m Hurdles World Record Season
Karsten Warholm (NOR) - 45.94

Meetings Overview:

Karsten Warholm Season Overview 3
ISTAF (Berlin, GER) (TV Analysis) — Final 5
Weltklasse (Zirich, SUI) (TV Analysis) — Final 6
2020 Olympic Games (Tokyo, JPN) (TV Analysis) — Final 7
2020 Olympic Games (Tokyo, JPN) (TV Analysis) — Semi-Final 2, Heat 3 8
Herculis Meeting International d’Athletisme (Monaco, MON) (TV Analysis) — Final 9
Bislett Games (Oslo, NOR) (TV Analysis) — Final 10
Bislett Night of Highlights (Oslo, NOR) (300m Hurdles) (TV Analysis) — Final 11

Notes:

e The times listed as TV Analysis are taken from youtube.com videos and generally coming from Television broadcasts. These
are not always the best angles or coverage for getting times. They are often trying to tell a story by focusing on one athlete, and
sometimes while shifting camera angles an extra frame can get added or removed.

e Where times are taken from the first movement, instead of the gun, there is at least a + 0.12 second difference/error. This will
show up from the start to the first hurdle and then from hurdle 10 to the finish. The between hurdle intervals should be fairly
consistent, but there is still the usual = 0.03 second

e Data errors, missing data, spelling mistakes, anything that need correction - please let me know. As always, | try to put
together the most complete and accurate report possible.

e | have done the best | could, | hope people find it useful or at least interesting.



Biomechanical Analysis

2021 Men's 400m Hurdles World Record Season - Kasten Warholm (NOR) (1996)

2021 Trond Mohn Games (Bergen, NOR) (300m)

FINAL date 18-Sep-21

Warholm, Karsten (NOR) (1996) time

reaction time interval
velocity

2021 ISTAF (Berlin, GER) (TV Analysis)

FINAL date 12-Sep-21
Warholm, Karsten (NOR) (1996) time
reactiontime  0.189 interval
velocity
H1lead leg L strides

2021 Weltklasse (Ziirich, SUI) (TV Analysis)

FINAL date 09-Sep-21

Warholm, Karsten (NOR) (1996) time

reactiontime  0.150 interval
velocity
H1lead leg L strides

2021 Athletissima (Lausanne, SUI)
FINAL date 26-Aug-21

Warholm, Karsten (NOR) (1996) time
reactiontime  0.136 interval
velocity

50m

H1
5.76

7.81
20

H1
5.72

7.87
20

50m
6.1

8.20

100m

150m

No Information Available

H2
9.28
3.52
9.94

13

H2
9.28
3.56
9.83

13

100m
1.1
5.00

10.00

2020 Olympic Games (Tokvo, JPN) (TV Analysis)

FINAL date 03-Aug-21
Warholm, Karsten (NOR) (1996) time
reactiontime  0.145 interval
velocity
H1lead leg L strides

Semi-Final 1 date 01-Aug-21

Warholm, Karsten (NOR) (1996) time

reactiontime  0.156 interval
velocity
H1lead leg L strides

Heat 3 date  30-Jul-21
Warholm, Karsten (NOR) (1996) time
reactiontime  0.157 interval
velocity
H1lead leg L strides

H1
5.60

8.04
20

5.60
8.04
20

H1
5.67

7.94
20

H2
9.08
348
10.06

13

H2
9.14

9.89
13

H2
9.31
3.64
9.62

13

H3
12.96
3.68
9.51

13

H3
12.96
3.68
9.51

13

H3
12.62
3.54
9.89

13

H3
12.76
3.62
9.67

13

H3
13.04
3.73
9.38

13

H4
16.70
3.74
9.36

13

H4
16.72
3.76
9.31

13

150m
16.2
5.10
9.80

H4
16.28
3.66
9.56

13

H4
16.51
3.75
9.33

13

H4
16.98
3.94
8.88

13

200m

H5
20.56
3.86
9.07
13

H5
20.56
3.84
9.11
13

200m
215

943

H5
19.96
3.68
9.51

13

H5
20.42
3.91
8.95
13

H5
21.02
4.04
8.66

13

H6
24.56
4.00
8.75
13

H6
24.56
4.00
8.75
13

H6
23.86
3.90
8.97
13

H6
24.42
4.00
8.75

13

H6
2516
4.14
845
13

250m

H7
28.76
4.20
833
13

H7
28.68

8.50
13

250m
271
5.60
893

H7
27.92
4.06
8.62
13

H7
28.59
417
8.39
13

H7
29.36
4.20
833
13

2021 Herculis Meeting International d'Athletisme (Monaco, MON) (TV Analysis)

FINAL date  09-Jul-21

Warholm, Karsten (NOR) (1996) time

reactiontime  0.150 interval
velocity
H1lead leg L strides

H1
5.62

8.01
20

H2
9.12
3.50
10.00

13

2021 Bislett Games (Oslo, NOR) (TV Analysis)

FINAL date  01-Jul-21

Warholm, Karsten (NOR) (1996) time

reactiontime  0.163 interval
velocity
H1lead leg L strides

H1
5.58

8.06
20

H2
9.10
3.52
9.94

13

H3
1274
3.62
9.67

13

H3
12.70
3.60
9.72

13

H4
16.51
3.77
9.28

13

H4
16.34
3.64
9.62

13

H5
20.38
3.87
9.04
13

H5
20.16
3.82
9.16
13

H6
24.36
3.98
8.79
13

H6
24.08
3.92
8.93
13

2021 Bislett Night of Highlights (Oslo, NOR) (TV Analysis) (300m Hurdles)

FINAL date  04-Jun-21

Warholm, Karsten (NOR) (1996) time

reaction time interval
velocity
H1lead leg L strides

2021 Klubbstevne 3 (Baerun, NOR) (Indoor) (300m)

FINAL date 28-Feb-21

Warholm, Karsten (NOR) (1996) time

reaction time interval
velocity

www.athletefirst.org

H1

6.12

8.17

23

50m

H2
9.60
348
10.06

13

100m

H3
13.16
3.56
9.83

13

H4
16.78
3.62
9.67

13

150m

No Information Available

H5
20.60
3.82
9.16
13

200m

H6
24.52
3.92
8.93
13

H7
28.49
413
847
13

H7
28.18
4.10
8.54
13

H7
28.58
4.06
8.62

250m

300m

Official Time Lane/Place H1-H4 H4-H7 H7-H10
32.49 /1
NR PB
12.31

Henson (2021) - Athlete First: 2021 Karsten Warholm 400m Hurdles World Record Season

H8
33.12
4.36
8.03

13

H8
32.88
4.20

13

300m
329
5.80
8.62

H8
32.04
4.12
8.50
13

H8
32.93
4.34
8.06

13

H8
33.66
4.30
8.14
13

H8
32.74

8.24
13

H8
32.38
4.20
8.33
13

H9
37.80
4.68
748
15

H9
36.32
4.28
8.18
13

H9
37.32
4.39
797

13

H9
38.30
4.64
7.54
15

H9
37.17
443

13

H9
36.78
4.40
7.95
13

H10
42.54
4.74
7.38
15

H10
42.08
4.64
7.54
15

350m
39.0
6.10
8.20

H10
40.76

7.88
15

H10
42.07
4.75
7.37
15

H10
43.02
4.72
742
15

H10
41.87
4.70
745
15

H10
41.44
4.66
7.51
13

Run-In

5.54
722
18.5

Run-In

5.27
7.59
18

400m

45.51
6.51
7.68

Run-In

5.18
7.72
18

Run-In

523
7.65
175

Run-In

563
7.10
17

Run-In

5.21
7.68
18

Run-In

526
7.60
18

Official Time Lane/Place H1-H4 H4-H7 H7-H10
48.08 71
1094 1206 1378
832 9.60 8.71 7.62
159.5

Henson (2021) - Athlete First: 2021 year end hurdle report
Official Time Lane/Place H1-H4 H4-H7 H7-H10

47.35

8.45
159

7/1
11.00
9.55

11.96
8.78

13.40
7.84

Omega Timing (2021) - diamond league race analysis

Official Time
45.51

8.79

Lane/ Place
714
#of strides
170.2

Henson (2021) - Athlete First: 2021 year end hurdle report

Official Time
45.94
WR
8.71
157

Lane/Place H1-H4 H4-H7 H7-H10
6/1

10.68

9.83

11.64
9.02

12.84
8.18

Henson (2021) - Athlete First: 2021 year end hurdle report

Official Time
47.30

8.46
156.5

Lane/Place H1-H4 H4-H7 H7-H10
71

10.91

9.62

12.08
8.69

1348
7.79

Henson (2021) - Athlete First: 2021 year end hurdle report

Official Time
48.65

822
158

Lane/Place H1-H4 H4-H7 H7-H10
8/1

11.31

9.28

12.38
848

13.66
7.69

Henson (2021) - Athlete First: 2021 year end hurdle report

Official Time
47.08

8.50
157

Lane/Place H1-H4 H4-H7 H7-H10
71

10.89

9.64

11.98
8.76

13.38
7.85

Henson (2021) - Athlete First: 2021 year end hurdle report

Official Time
46.70
WR
8.57
155

Lane/Place H1-H4 H4-H7 H7-H10
71

10.76

9.76

11.84
8.87

13.26
7.92

Henson (2021) - Athlete First: 2021 Karsten Warholm 400m Hurdles World Record Season
H10 Run-In Official Time Lane/Place H1-H4 H4-H7 H7-H10

H8

300m

H9

4.68
8.55
17

Henson (2021) Athlete First: 2021 Karsten Warholm 400m Hurdles World Record Season

33.26
WB
9.02

118

Official Time
3247
PB
12.32

771
10.66
9.85

11.80
8.90

Lane/Place H1-H4 H4-H7 H7-H10
/1

2021.9.18
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Karsten Warholm 2021

49.00
48.50
48.00
47.50
47.00
46.50
46.00
45.50 45.94
1-Jul 9-Jul 30-Jul 1-Aug 3-Aug 9-Sep 12-Sep
Hurdle Rhytmic Units
Velocity (m/s) —8—4808 (12-Sep)
10.00
=8-—=147.35 (9-Sep)
=8-—4594 (3-Aug)
9.50 4730 (1-Aug)
~8— 4865 (30-Jul)
9.00 ~8—47.08 (9-lul)
—8—146.70 (1-ul)
—8—3326 (4-Jun)
8.50
8.00
7.50
7.00
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 Run4n 400m
Time Intervals (s) Hu rdle Phases
14.00
12.00
10.00
8.00
6.00
4.00
2.00
0.00
Start-H1 H1-H4 H4-H7 H7-H10 H10-Finish

www.athletefirst.org Henson (2021) Athlete First: 2021 Karsten Warholm 400m Hurdles World Record Season 2021.9.18
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Biomechanical Analysis

2021 ISTAF (Berlin, GER) (TV Analysis)

Men's 400m Hurdles

Warholm, Karsten (NOR) (1996)

reactiontime
H1lead leg
Mégi, Rasmus (EST) (1992)
reaction time
H1lead leg
Hyde, Jaheel (JAM) (1997)
reaction time
H1lead leg
10.00
Velocity (m/s)
9.50
9.00
8.50
8.00
7.50 r)
7.00
H1 H2

Time Intervals (s)

14.00

0.189

L

0.191

0.180

Date 2021.09.12

time
interval
velocity
strides

time
interval
velocity
strides

time
interval
velocity
strides

H1
5.76

7.81
20

6.04

745
20

5.80

7.76
21

SN

H3

H4

H2 H3
928 1296
3.52 3.68
9.94 9.51

13 13

13.64

7.60

9.21

13.28

7.48

9.36
H5

H4
16.70
3.74
9.36

13

17.52

3.88

9.02
13

17.12

3.84

9.1
13

H6

H5 Hé
2056 24.56
3.86 4.00
9.07 8.75
13 13
2148 2560
3.96 4.12
8.84 8.50

13
25.32
8.20
8.54
H7

H7
28.76
4.20
8.33
13

29.92
4.32
8.10

13

29.68
4.36
8.03

14

H8

H8
33.12
4.36
8.03

13

14

34.08
440
795

14

Hurdle Phases

H9
37.80
4.68
748
15

38.92
9.00
7.78

38.68
4.60
7.61

H9

H10
4254
4.74
7.38
15

43.52
4.60
7.61

14

43.44
476
7.35

15

H10

Run-In

5.54
722
18.5

5.21
7.68
17

5.51
7.26
18

400m
48.08

8.32
159.5

48.73

8.21
104

48.95

8.17
95

Run4n

FINAL
Lane/Place H1-H4 H4-H7 H7-H10
711
1094 1206 13.78
9.60 8.71 762

6/2
1148 1240 13.60
9.15 847 7.72
4/3
11.32 1256 13.76
9.28 8.36 763
—8— Karsten Warholm
=B Rasmus Magi
=B Jaheel| Hyde
400m

12.00

10.00

8.00

6.00

4.00

2.00

0.00

Start-H1

Evaluated with: ObjectusVideo

Quality & Frame Rate: 1920 x 1080 @ 25fps

Timing From: First Movement
Source: hitps://www.youtube.com/watch?v=WnwIXqMzib0&t=8s

www athletefirst.org

H1-H4

H4-H7

H7-H10

Henson (2021) Athlete First: 2021 Karsten Warholm 400m Hurdles World Record Season

H10-Finish

2021.09.18
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Biomechanical Analysis

2021 Weltklasse (Ziirich, SUI) (TV Analysis)

Men's 400m Hurdles Date 2021.09.09 FINAL
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 Run-In 400m Lane/Place H1-H4 H4-H7 H7-H10
Warholm, Karsten (NOR) (1996) time 572 928 1296 1672 2056 2456 2868 3288 3744 4208 47.35 711
reactiontime 0.150 interval 3.56 3.68 3.76 3.84 4.00 412 4.20 4.56 464 5.27 11.00 1196 1340
velocity 7.87 9.83 9.51 9.31 9.11 8.75 8.50 8.33 7.68 754 7.59 8.45 9.55 8.78 7.84
H1lead leg L strides 20 13 13 13 13 13 13 13 15 15 18 159
dos Santos, Alison (BRA) (2000) time 5.80 1324 17.04 2092 2500 2912 3336 37.80 4244 47.81 6/2
reactiontime 0.181 interval 744 3.80 3.88 4.08 412 4.24 444 464 5.37 1124 1208 13.32
velocity 7.76 941 9.21 9.02 8.58 8.50 825 7.88 7.54 745 8.37 9.34 8.69 7.88
H1lead leg L strides 20 12 12 13 13 13 13 14 16.5 126.5
McMaster, Kyron (IVB) (1997) time 572 13.08 1688 2076 2480 29.00 3336 37.88 4265 48.24 5/3
reactiontime 0.160 interval 7.36 3.80 3.88 4.04 4.20 4.36 4.52 4.77 5.59 1116 1212 13.65
velocity 7.87 9.51 9.21 9.02 8.66 8.33 8.03 7.74 7.34 7.16 829 9.41 8.66 769
H1lead leg L strides 21 13 13 13 14 14 14 14 175 1335
Mégi, Rasmus (EST) (1992) time 6.00 2144 2556 29.84 3880 4352 48.84 3/4
reactiontime 0.158 interval 1544 412 428 8.96 4.72 5.32 13.68
velocity 7.50 9.07 8.50 8.18 7.81 742 7.52 8.19 7.68
H1lead leg R strides 20 13 13 14 17 77
Preis, Constantin (GER) (1998) time 6.08 9.84 1384 1784 2196 2620 3044 3484 3936 4392 49.08 8/5
reactiontime 0259 interval 3.76 4.00 4.00 412 424 4.24 4.40 4.52 4.56 5.16 1176 1260 1348
velocity 7.40 9.31 8.75 8.75 8.50 825 825 7.95 7.74 7.68 7.75 8.15 8.93 8.33 7.79
H1lead leg L strides 21 13 14 14 14 14 15 15 120
Angela, Ramsey (NED) (1999) time 6.04 2172 2592 3024 39.28  44.00 49.39 2/6
reactiontime 0.167 interval 15.68 4.20 4.32 9.04 472 5.39 13.76
velocity 745 893 8.33 8.10 7.74 742 742 8.10 763
H1lead leg R strides 22 15 15 18 70
McAlister, Chris (GBR) (1995) time 6.24 2240 2664 39.88 4448 49.73 117
reactiontime 0.168 interval 16.16 424 1324 460 5.25
velocity 721 8.66 825 7.93 7.61 7.62 8.04
H1lead leg R strides 22 14 15 51
10.00
Velocity (m/s) —=8— Karsten Warholm
9.50 =@ Alison dos Santos
=@ Kyron McMaster
9.00 Rasmus Mégi
=8 Constantin Pries
8.50
=@ Ramsey Angela
8.00 e Chris McAlister
°
7.50
L
7.00
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 Run4n 400m
Time Intervals (s) Hurdle Phases
14.00
12.00
10.00
8.00
6.00
4.00
2.00
0.00
Start-H1 H1-H4 H4-H7 H7-H10 H10-Finish

Evaluated with: ObjectusVideo
Quality & Frame Rate: 1920 x 1080 @ 25fps
Timing From: First Movement

Source: ;

www athletefirst.org

Henson (2021) Athlete First: 2021 Karsten Warholm 400m Hurdles World Record Season

2021.09.11


Todd Henson
6


Biomechanical Analysis

2020 Olympic Games (Tokyo, JPN) (TV Analysis)

Men's 400m Hurdles Date 2021.08.03 FINAL
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 Run-In 400m Lane/Place H1-H4 H4-H7 H7-H10
Warholm, Karsten (NOR) (1996) time 5.60 908 1262 1628 1996 2386 2792 3204 3632 4076 45.94 6/1
reactiontime 0.145 interval 348 354 3.66 3.68 3.90 4.06 412 428 444 5.18 WR 1068 1164 1284
velocity 8.04 10.06 9.89 9.56 9.51 8.97 8.62 8.50 8.18 7.88 7.72 8.71 9.83 9.02 8.18
H1lead leg L strides 20 13 13 13 13 13 13 13 13 15 18 157
Benjamin, Rai (USA) (1997) time 564 9.20 1284 1652 2028 2416 2816 3224 3644 40.80 46.17 5/2
reactiontime 0.168 interval 3.56 364 3.68 3.76 3.88 4.00 4.08 4.20 4.36 5.37 AR 1088 1164 1264
velocity 7.98 9.83 9.62 9.51 9.31 9.02 8.75 8.58 8.33 8.03 745 8.66 9.65 9.02 8.31
H1lead leg R strides 20 13 13 13 13 13 13 13 13 13 17 154
dos Santos, Alison (BRA) (2000) time 5.76 936 1308 1676 2060 2464 2880 3300 3726 4158 46.72 713
reactiontime 0.156 interval 3.60 3.72 3.68 3.84 4.04 4.16 4.20 4.26 4.32 5.14 AR 11.00 1204 1278
velocity 7.81 9.72 941 9.51 9.1 8.66 841 8.33 822 8.10 7.78 8.56 9.55 872 822
H1lead leg L strides 20 13 13 12 12 13 13 13 14 13 162 1522
McMaster, Kyron (IVB) (1997) time 568 924 1296 1672 2060 2460 2886 3320 3760 41.96 47.08 4/4
reactiontime 0.157 interval 3.56 3.72 376 3.88 4.00 4.26 434 4.40 4.36 512 NRPB 11.04 1214 1310
velocity 7.92 9.83 9.41 9.31 9.02 8.75 8.22 8.06 7.95 8.03 7.81 8.50 9.51 8.65 8.02
H1lead leg R strides 20 13 13 13 13 13 14 14 14 14 17 158
Samba, Abderrahman (QAT) (1995) time 584 948 1312 1688 20.72 2480 2892 3316 3748 41.90 4712 8/5
reactiontime 0.186 interval 364 3.64 3.76 3.84 4.08 412 424 4.32 442 522 11.04 1204 1298
velocity 7.7 9.62 9.62 9.31 9.11 8.58 8.50 8.25 8.10 7.92 7.66 849 9.51 8.72 8.09
H1lead leg R strides 21 13 13 13 13 13 13 13 14 14 17 157
Copello, Yasmani (TUR) (1987) time 572 936 1304 1680 2068 2472 29.08 3344 3796 4248 47.81 3/6
reactiontime 0.166 interval 3.64 3.68 3.76 3.88 4.04 4.36 4.36 4.52 452 533 =NR=PB 11.08 1228 1340
velocity 7.87 9.62 9.51 9.31 9.02 8.66 8.03 8.03 7.74 7.74 7.50 8.37 948 855 7.84
H1lead leg R strides 20 13 13 13 13 13 14 14 14 14 172 1582
Mégi, Rasmus (EST) (1992) time 592 960 1332 1716 2112 2528 2956 3396 3844 4288 48.11 917
reactiontime 0.167 interval 368 3.72 384 3.96 4.16 428 4.40 448 444 523 NRPB 1124 1240 1332
velocity 7.60 9.51 9.41 9.11 8.84 8.41 8.18 7.95 7.81 7.88 7.65 8.31 9.34 8.47 7.88
H1lead leg L strides 20 13 13 13 13 13 13 14 14 14 140
Sibilio, Alessandro (ITA) (1999) time 6.04 9.84 13.76 1768 2164 2584 3484 3924 4368 48.77 2/8
reactiontime 0.144 interval 3.80 3.92 3.92 3.96 420 9.00 4.40 4.44 5.09 11.64
velocity 745 9.21 8.93 8.93 8.84 8.33 7.78 7.95 7.88 7.86 820 9.02
H1lead leg R strides 21 13 13 13 13 13 14 15 15 130
Velocity (m/s) =@ Karsten Warholm
9.80 =B Rai Benjamin
=8 Alison dos Santos
9.30 Kyron McMaster
=8 Abderraham Samba
8.80 =8 Yasmani Copello
e Rasmus Magi
8.30 =8— Alessandro Sibilio
7.80
730
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 Run-n 400m
Time Intervals (s) Hurdle Phases
14.00
12.00
10.00
8.00
6.00
4.00
2.00
0.00
Start-H1 H1-H4 H4-H7 H7-H10 H10-Finish

Evaluated with: ObjectusVideo
Quality & Frame Rate: 1920 x 1080 @ 25fps
Timing From: First Movement

Source: hitps://www youtube com/watch?v=mGzBtenifve

www athletefirst.org Henson (2021) Athlete First: 2021 Karsten Warholm 400m Hurdles World Record Season
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Biomechanical Analysis

2020 Olympic Games (Tokyo, JPN) (TV Analysis)

Men's 400m Hurdles

Warholm, Karsten (NOR) (1996)

reactiontime  0.156

H1lead leg L
Benjamin, Rai (USA) (1997)
reactiontime  0.184
H1lead leg R

Copello, Yasmani (TUR) (1987)

reactiontime  0.183

H1lead leg R

Men's 400m Hurdles

Warholm, Karsten (NOR) (1996)

10.00

9.50

9.00

8.50

8.00

7.50

7.00

reactiontime  0.157

H1lead leg L

Velocity (m/s)

Time Intervals (s)

14.00

12.00

10.00

8.00

6.00

4.00

2.00

Date 2021.08.01

H1 H2
time 5.60 9.14
interval 3.54
velocity 8.04 9.89
strides 20 13
time 557 9.11
interval 3.54
velocity 8.08 9.89
strides 20 13
time 577 941
interval 3.64
velocity 7.80 9.62
strides 20 13

Date 2021.07.30

H1 H2
time 5.67 9.31
interval 3.64
velocity 7.94 9.62
strides 20 13

H3
12.76
3.62
9.67

13

12.78
3.67
9.54

13

13.14
3.73
9.38

13

H3
13.04
3.73
9.38

13

H4
16.51
3.75
9.33

13

16.51

3.73

9.38
13

16.95

3.81

9.19
13

H5
20.42
391
8.95
13

Hé
24.42
4.00
8.75
13

2442
3.97
8.82

13

24.92
4.03
8.68

13

H6
25.16
4.14
845
13

H7
28.59
417
8.39
13

28.56
4.14
845

13

29.23
431
8.12

14

H7
29.36
4.20
833
13

H8
3293
4.34
8.06
13

32.86
4.30
8.14

13

3357
434
8.06

14

H8
33.66
4.30
8.14
13

Hurdle Phases

H9
37.32
4.39
797
13

37.30
4.44
7.88

13

38.04
447
7.83

H9
38.30
4.64
7.54
15

H10 Run-In
42.07
4.75 5.23
7.37 7.65
15 17.5
41.92
4.62 5.45
7.58 7.34
13 16.7
42.54
4.50 5.34
7.78 7.49
14 17.2
H10 Run-In
43.02
4.72 5.63
742 7.10
15 17

400m
47.30

8.46
156.5

47.37

8.44
153.7

47.88
8.35
144.2
400m
48.65

8.22
158

Semi-Final 1

Lane/Place H1-H4 H4-H7 H7-H10
71
1091 1208 1348
9.62 8.69 7.79
5/2
1094 1205 13.36
960 871 7.86
4/3
1118 1228 13.31
939 855 789
Heat 3
Lane/Place H1-H4 H4-H7 H7-H10
8/1
1131 1238  13.66
928 848 769

Karsten Warholm (SF1)

=8 Rai Benjamin (SF1)

=8 Yasmani Copello (SF1)

=B arsten Warholm (H3)

Semi Final 1
Evaluated with: ObjectusVideo
Quality & Frame Rate: 1920 x 1080 @ 24fps
Timing From: First Movement
Source: hitps://www.youtube.com/watch?v=1J8ubwEhee8

www athletefirst.org

R =

Heat 3

Evaluated with: ObjectusVideo
Quality & Frame Rate: 1920 x 1080 @ 24fps
Timing From: First Movement

Henson (2021) Athlete First: 2021 Karsten Warholm 400m Hurdles World Record Season
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Biomechanical Analysis

2021 Herculis Meeting International d'Athletisme (Monaco, MON) (TV Analysis)

Men's 400m Hurdles

Warholm, Karsten (NOR) (1996)
reactiontime  0.150

H1lead leg L

dos Santos, Alison (BRA) (2000)
reactiontime  0.177

Hileadleg L

Magi, Rasmus (EST) (1992)
reactiontime  0.152

H1lead leg R

Preis, Constantin (GER) (1998)
reactiontime  0.231

H1lead leg L

Happio, Wilfried (FRA) (1998)
reactiontime  0.123

Hileadleg L

McAlister, Chris (GBR) (1995)
reactiontime 0.144

H1lead leg R

Bailey, Aldrich (USA) (1994)
reactiontime  0.225

H1lead leg L

10.00

Velocity (m/s)

9.50

9.00

8.50

8.00

7.50

7.00
H1 H2

Time Intervals (s)

14.00

Date 2021.07.09

time
interval
velocity
strides

time
interval
velocity
strides

time
interval
velocity
strides

time
interval
velocity
strides

time
interval
velocity
strides

time
interval
velocity
strides

time
interval

velocity
strides

H3

H1
562

8.01
20

5.70

7.89
20

592

7.60
20

6.00

7.50

5.84

7.7
20

5.94

7.58
21

H4

H2
9.12
3.50

10.00

13

9.31

3.61

9.70
13

9.64

3.72

9.41
13

9.84

3.84

9.1
14

9.54

3.70

9.46
13

H3
12.74
3.62
9.67

13

13.44
3.80
9.21

13

H5

H4
16.51
3.77
9.28

13

17.31

3.87

9.04
13

H6

H5
20.38
3.87
9.04
13

20.64
3.88
9.02

12

21.25
3.95
8.86

21.33
4.02
8.71

13

Hé
24.36
3.98
8.79
13

24.74
4.10
8.54

13

25.39
4.14
845

13

25.79
417
8.39

15

25.52
4.15
843

13

25.52
4.19
8.35

13

H7

H7
28.49
413
847
13

28.93
4.19
8.35

14

29.64
4.25
8.24

13

30.08
4.29
8.16

15

30.05
453
7.73

14

29.96

7.88
14

H8

H8
3274
4.25
8.24
13

33.16
4.23
8.27

3410
446
7.85

14

34.50
442
92,

34.60
4.55
7.69

34.77
17.12
8.18

34.40

7.88
14

Hurdle Phases

H9
37.17
443
7.90

13

37.60
4.44
7.88

15

38.70
460
761

14

H9

H10 Run-In
41.87
4.70 5.21
7.45 7.68
15 18
42.31
4.71 5.20
743 7.69
15 16.5
4341
4.7 542
743 7.38
14
44.04
484 545
723 7.34
16
4417
4.83 5.49
7.25 729
15
4457
497 541
7.04 7.39
16
H10

400m
47.08

8.50
157

47.51

8.42
1315

48.83

8.19
114

49.49

8.08
112

49.66

8.05
103

49.98

8.00
68
dnf

114

Run-n

FINAL

Lane/Place H1-H4

711

6/2

5/3

4/4

3/5

400m

10.89
9.64

11.06
949

11.38
9.23

11.60
9.05

11.48
9.15

11.68

11.37
9.23

H4-H7 H7-H10
11.98 1338
8.76 7.85
1217 1338
863 7.85
1234 1377
8.51 763
1248 1396
8.41 752
1273 1412
8.25 744
12,65
8.30

=B Karsten Warholm

=8 Alison dos Santos

B Rasmus Méagi

Constantin Preis

=8 \Vilfried Happio

=@ Chris McAlister

=@ A|drich Bailey

Start-H1

Evaluated with: ObjectusVideo

Quality & Frame Rate: 1920 x 1080 @ 30fps

Timing From: First Movement

Source: hitps://www youtube com/watch?v=pl5zgnzUb0o

www athletefirst.org

H1-H4

H4-H7

H7-H10

Henson (2021) Athlete First: 2021 Karsten Warholm 400m Hurdles World Record Season

H10-Finish

12.00
10.00
8.00
6.00
4.00
2.00
0.00

2021.07.11
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Biomechanical Analysis

2021 Bislett Games (Oslo, NOR) (TV Analysis)

Men's 400m Hurdles Date 2021.07.01 FINAL
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 Run-In 400m Lane/Place H1-H4 H4-H7 H7-H10
Warholm, Karsten (NOR) (1996) time 5.58 910 1270 1634 2016 2408 2818 3238 3678 4144 46.70 711
reactiontime 0.163 interval 3.52 3.60 3.64 3.82 3.92 4.10 4.20 440 4.66 5.26 WR 1076  11.84 13.26
velocity 8.06 9.94 9.72 9.62 9.16 8.93 8.54 8.33 7.95 7.51 7.60 8.57 9.76 8.87 7.92
H1lead leg L strides 20 13 13 13 13 13 13 13 13 13 18 155
dos Santos, Alison (BRA) (2000) time 5.74 9.36 1312 1692 2078 2486 2898 3320 37.56 4206 47.38 6/2
reactiontime 0.179 interval 362 3.76 3.80 3.86 4.08 412 422 4.36 4.50 532 ARPB 11.18 1206 13.08
velocity 7.84 9.67 9.31 9.21 9.07 8.58 8.50 829 8.03 7.78 7.52 844 9.39 8.71 8.03
H1lead leg L strides 20 13 13 12 12 13 13 13 13 16.5 138.5
Copello, Yasmani (TUR) (1987) time 582 950 1326 17.14 21.06 2514 3356 3846 4326 48.86 5/3
reactiontime 0.198 interval 3.68 3.76 3.88 3.92 4.08 8.42 4.90 4.80 5.60 11.32
velocity 7.73 9.51 9.31 9.02 893 8.58 8.31 7.14 7.29 7.14 8.19 9.28
H1lead leg R strides 20 13 13 13 13 13 14 15 114
Mégi, Rasmus (EST) (1992) time 5.90 968 1344 1730 2120 2528 3398 3858 4334 48.95 3/4
reactiontime 0.161 interval 3.78 3.76 3.86 3.90 4.08 8.70 4.60 4.76 5.61 11.40
velocity 7.63 9.26 9.31 9.07 8.97 8.58 8.05 7.61 7.35 713 8.17 9.21
H1lead leg R strides 20 13 13 13 13 13 14 14 113
Preis, Constantin (GER) (1998) time 6.00 9.82 1366 17.70 21.72 25.88 3472 3048 4438 49.79 2/5
reactiontime  0.246 interval 3.82 3.84 4.04 4.02 4.16 8.84 4.76 4.90 541 11.70
velocity 7.50 9.16 9.1 8.66 8.71 841 7.92 7.35 714 7.39 8.03 8.97
H1lead leg L strides 22 14 14 14 15 16 16 1M1
Angela, Ramsey (NED) (1999) time 6.08 9.96 1802 2216 2644 3526 3990 4454 49.81 1/6
reactiontime 0.199 interval 3.88 8.06 4.14 4.28 8.82 464 4.64 5.27 11.94
velocity 740 9.02 8.68 845 8.18 794 7.54 754 7.59 8.03 8.79
H1lead leg R strides 22 14 15 15 15 81
Vaillant, Ludvy (FRA) (1995) time 5.96 966 1344 1740 2146 2568 34.62 dnf 8/--
reactiontime 0.245 interval 3.70 3.78 3.96 4.06 4.22 8.94 11.44
velocity 7.55 9.46 9.26 8.84 8.62 829 7.83 9.18
H1lead leg R strides 21 13 13 13 13 13 86
Barr, Thomas (IRL) (1992) time 5.98 9.78 dnf 4/--
reactiontime  0.147 interval 3.80
velocity 7.53 9.21
H1lead leg R strides 21 14 35
10.00
Velocity (m/s) =8 Karsten Warholm
=8— Alison dos Santos
9.50
Yasmani Copello
Rasmus Magi
9.00
8- Constantin Preis
=B Ramsey Angela
8.50
=@ | udvy Valliant
«8—Thomas Barr
8.00
*
7.50
7.00
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 Run-n 400m
Time Intervals (s) Hurdle Phases
14.00
12.00
10.00 1
8.00 -
6.00 H
4.00 - - -
2.00 - - -
0.00
Start-H1 H1-H4 H4-H7 H7-H10 H10-Finish

Evaluated with: ObjectusVideo
Quality & Frame Rate: 1920 x 1080 @ 50fps
Timing From: First Movement

Source: hitps:/www.youtube.com/watch?v=QfHE_FPIDko

www athletefirst.org Henson (2021) Athlete First: 2021 Karsten Warholm 400m Hurdles World Record Season 2021.07.03
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Biomechanical Analysis

2021 Bislett Night of Highlights (Oslo, NOR) (TV Analysis) (300m Hurdles)

Men's 300m Hurdles

Warholm, Karsten (NOR) (1996)

reactiontime

H1lead leg

Date 2021.06.04

H1 H2

time 6.12 9.60
interval 348
velocity 817  10.06

L strides 23 13

H3
13.16
3.56
9.83

13

H4 H5
16.78  20.60
3.62 3.82
9.67 9.16

13 13

2020 Impossible Games (Oslo, NOR) (TV Analysis) (300m Hurdles)

Men's 300m Hurdles

Warholm, Karsten (NOR) (1996)

reactiontime

H1lead leg

Date 2020.06.11
H1 H2
time 6.24 9.74
0.182 interval 3.50
velocity 8.01 10.00
L strides 20 13

2019 Weltklasse (Ziirich, SUI) (TV Analysis)

Men's 400m Hurdles

Warholm, Karsten (NOR) (1996)

reaction time

H1lead leg

Date 2019.08.29
H1 H2
time 5.66 9.16
0.140 interval 3.50
velocity 795  10.00
L strides 20 13

H3
13.38
3.64
9.62

13

H3
12.76
3.60
9.72
13

2020 Bauhaus Galan (Stockholm, SWE) (TV Analysis)

Men's 400m Hurdles Date 2020.08.23

H1 H2

Warholm, Karsten (NOR) (1996) time 5.58 9.14

reactiontime  0.161 interval 3.56

velocity 8.06 9.83

H1lead leg L strides 20 13
10.50

Velocity (m/s)
10.00
9.50
9.00
8.50
8.00
7.50
7.00
H1 H2 H3 H4

Time Intervals (s)

H3
12.80
3.66
9.56

13

H5

H4 H5
1715 21.02
3.77 3.87
9.28 9.04
13 13
H4 H5
1640 20.22
3.64 3.82
9.62 9.16
13 13
H4 H5
1660 2044
3.80 3.84
9.21 9.1
13 13
Hé

Hé H7 H8
2452 2858
3.92 4.06
8.93 8.62

13 13

Hé H7 H8
2502 2913
4.00 4.1
8.75 8.52

13 13

Hé H7 H8
2418 2832 3256
3.96 4.14 4.24
8.84 8.45 825

13 13 13

Hé H7 H8
2442 2848 3264
3.98 4.06 4.16
8.79 8.62 8.41

13 13 13
H7 H8

Hurdle Phases

FINAL
H9 H10 Run-In 400m Lane/Place H1-H4 H4-H7 H7-H10
33.26 711
468 WBPB 1066  11.80
8.55 9.02 9.85 8.90
17 118
FINAL
H9 H10 Run-In 400m Lane/Place H1-H4 H4-H7 H7-H10
33.78 711
465 WB PB 1091  11.98
8.60 8.88 9.62 8.76
165 1145
FINAL
H9 H10 Run-In 400m Lane/Place H1-H4 H4-H7 H7-H10
37.08 41.62 46.92 71
452 454 530 AR PB 1074 1192  13.30
7.74 7.7 7.55 8.53 9.78 8.81 7.89
15 15 182 1592
FINAL
H9 H10 Run-In 400m Lane/Place H1-H4 H4-H7 H7-H10
36.94 4148 46.87 8/1
4.30 454 539 ARPB 11.02 11.88 13.00
8.14 7.71 742 8.53 9.53 8.84 8.08
13 15 18 157
=8 021 Oslo (300H)
~8-—20200Oslo (300H)
=®-=2019 Zlrich
2020 Stockholm
H9 H10 Run-n 400m

14.00
12.00
10.00
8.00
6.00
4.00 L
2.00 e
0.00
Start-H1 H1-H4 H4-H7 H7-H10 H10-Finish
2021 Bislett Night of Highlights (Oslo, NOR) 2020 Impossible Games (Oslo, NOR)
Evaluated with: ObjectusVideo Evaluated with: ObjectusVideo
Quality & Frame Rate: 1280 x 720 @ 25fps Quality & Frame Rate: 1920 x 1080 @ 30fps
Timing From: First Movement Timing From: First Movement
Source: hitps://www.youtube.com/watch?v=NivIYikNOIO&t=2s Source: hitps://www youtube .com/watch?v=aYUG74UzrSM
2019 Weltklasse (Zirich, SUI) 2020 Bauhaus Galan (Stockholm, SWE)
Evaluated with: ObjectusVideo Evaluated with: ObjectusVideo
Quality & Frame Rate: 1920 x 1080 @ 50fps Quality & Frame Rate: 1920 x 1080 @ 30fps
Timing From: First Movement Timing From: First Movement
Source: hitps://www.youtube.com/watch?v=JdYoauQ-HF ¢ Source: = =

www athletefirst.org
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