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2019 Women’s 400m Hurdles World Record Season
Dalilah Muhammad (USA) - 52.16

Meetings Overview:

Dalilah Muhammad Season Overview 3
IAAF World Championships (Doha, QAT) — Final 5
IAAF World Championships (Doha, QAT) (TV Analysis) — Semi-Final 1 6
IAAF World Championships (Doha, QAT) (TV Analysis) — Heats NEw 7
Weltklasse (Zirich, SUI) (TV Analysis) — Final 8
USATF National Championships (Des Moines, IA) — Final 9

Bislett Games (Oslo, NOR) (TV Analysis) — Semi-Final 2 & Heat 2 10

Golden Gala Pietro Mennea (Rome, ITA) (TV Analysis) — Final 11

Seiko Golden Grand Prix (Osaka, JPN) — Final 12

Doha Diamond League (Doha, QAT) (TV Analysis) — Final 13
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

2019 Women's 400m Hurdles World Record Season - Dalilah Muhammad (USA) (1990)

2019 IAAF World Championships (Doha, QAT) (TV Analysis)

FINAL date 04-Oct-19
H1 H2 H3 H4
Muhammad, Dalilah (USA) (199( time 6.19 10.11 1423 1849
reactiontime  0.200 interval 3.92 4.12 4.26
velocity 727 893 8.50 8.22
H1lead leg R strides 23 15 15 15

Semi-Final 1 date 02-Oct-19
H1 H2 H3 H4
Muhammad, Dalilah (USA) (199( time 6.14 10.07 1425 1855
reactiontime  0.167 interval 3.93 4.18 4.30
velocity 7.33 891 8.37 8.14
H1lead leg R strides 23 15 15 15

Heat 3 date 01-Oct-19
H1 H2 H3 H4
Muhammad, Dalilah (USA) (199( time 6.24 1028 1460 18.96
reactiontime  0.194 interval 4.04 4.32 4.36
velocity 7.21 8.66 8.10 8.03
H1lead leg R strides 23 15 15 15

2019 Weltklasse (Ziirich, SUI) (TV Analysis)

FINAL date 29-Aug-19
H1 H2 H3 H4
Muhammad, Dalilah (USA) (199(time 624 1020 1448 19.06
reactiontime  0.193 interval 3.96 428 4.58
velocity 7.21 8.84 8.18 7.64
H1lead leg R strides 23 15 15 15

2019 USATF National Championships (Des Moines, 1A)

FINAL date  28-Jul-19
H1 H2 H3 H4
Muhammad, Dalilah (USA) (199( time 6.25 1015 1427 1848
reactiontime  0.287 interval 3.90 4.12 421
velocity 720 897 8.50 8.31
H1lead leg R strides 23 15 15 15

Heat 2 date 27-Jul-19
H1 H2 H3 H4

Muhammad, Dalilah (USA) (199( time

reactiontime  0.381 interval No Information Available
velocity
H1lead leg strides

2019 Bislett Games (Oslo, NOR) (TV Analysis)

FINAL date 13-Jun-19
H1 H2 H3 H4
Muhammad, Dalilah (USA) (199(time 6.10 1004 1420 1858
reactiontime  0.205 interval 3.94 4.16 4.38
velocity 7.38 8.88 841 7.99
H1lead leg R strides 23 15 15 15

2019 Golden Gala Pietro Mennea (Rome, ITA) (TV Analysis)

FINAL date 06-Jun-19
H1 H2 H3 H4
Muhammad, Dalilah (USA) (199( time 6.24 1026 1458 1910
reactiontime  0.147  interval 4.02 4.32 4.52
velocity 721 8.71 8.10 7.74
H1lead leg R strides 23 15 15 15

2019 Seiko Golden Grand Prix (Osaka, JPN) (TV Analysis)

FINAL date 19-May-19
H1 H2 H3 H4
Muhammad, Dalilah (USA) (199(time 6.21 1023 1451 1894
reactiontime  0.181 interval 4.02 428 443
velocity 725 8.71 8.18 7.90
H1lead leg R strides 23 15 15 15

2019 Doha Diamond League (Doha, QAT) (TV Analysis)

FINAL date 03-May-19
H1 H2 H3 H4
Muhammad, Dalilah (USA) (199( time 6.24 10.31 1468 19.11
reactiontime  0.147 interval 4.07 4.37 443
velocity 7.21 8.60 8.01 7.90
H1lead leg R strides 23 15 15 15
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Henson (2020) - Athlete First: 2019 year end hurdle report

Official Time
52.16
WR
7.67
180

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

13.23

7.94

14.51
7.24

12.30
854

Henson (2020) - Athlete First: 2019 year end hurdle report

Official Time
53.91

742
180.2

Lane/Place H1-H4 H4-H7 H7-H10
5/1

13.81

7.60

15.28
6.87

1241
846

Henson (2021) - Athlete First: 2019 year end hurdle report

Official Time
54.87

7.29
179.2

Lane/Place H1-H4 H4-H7 H7-H10
5/1

14.28

7.35

15.44
6.80

12.72
825

Henson (2020) - Athlete First: 2019 year end hurdle report

Official Time
54.13

7.39
180.5

Lane/Place H1-H4 H4-H7 H7-H10
4/3

13.72

7.65

14.70
7.14

12.82
8.19

Vazel (2019) - statistical analysis and historical context of the new 400H world record
H10 Run-In Official Time
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15
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16
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52.20
WR
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4/1

13.18
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14.66
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Henson (2020) - Athlete First: 2019 year end hurdle report
Run-In  Official Time Lane/Place H1-H4 H4-H7 H7-H10

54.35

7.36
1815

5/2
13.82
7.60

15.48
6.78

12.48
841

Henson (2020) - Athlete First: 2019 year end hurdle report

Official Time
53.67

745
1785

Lane/Place H1-H4 H4-H7 H7-H10
5/1

13.90

7.55

14.70
7.14

12.86
8.16

Hirokawa (2019) - research on athlete performance and technique- 2019 data book
H10 Run-In Official Time Lane/Place H1-H4 H4-H7 H7-H10

H9
42.46
4.97
7.04
16

H9
42.28
5.05
6.93
16

47.80
5.34
6.55
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H10
47.48
5.20
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16
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6.58
20

Run-In  Official Time

6.13
6.53
20

Henson (2021) Athlete First: 2019 Dalilah Muhammad 400m Hurdles World Record Season

53.88

7.42
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5/1
13.81
7.60

15.05
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1273
825

Henson (2020) - Athlete First: 2019 year end hurdle report

53.61

7.46
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Lane/Place H1-H4 H4-H7 H7-H10
5/1

1287 1345 14.92
8.16 7.81 7.04
2021.08.26
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Dalilah Muhammad 2019

55.00
5450
54.00
53.50
53.00
5250
52.00 5220 516
3-May 19-May 8-Jun 13-Jun 27-Jul 28-Jul 29-Aug 1-Oct 2-0ct 4-0ct
Hurdle Rhytmic Units
9.00
Velocity (m/s) —8—52.16 (4-Oct)
~8-—5391 (2-Oct)
#5487 (1-Oct)
8.50 54.13 (29-Aug)
5220 (28-Jul)
«8—=54.35 (13-Jun)
8.00 —8—5367 (6-Jun)
815388 (19-May)
—8-—15361 (3-May)
7.50
7.00
6.50
6.00
1 2 3 4 5 6 7 8 9 10 11
Time Intervals (s) Hurdle Phases
16.00
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: 2019 Dalilah Muhammad 400m Hurdles World Record Season 2021.08.26
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Biomechanical Analysis

2019 IAAF World Championships (Doha, QAT)

Women's 400m Hurdles Date 2019.10.04 FINAL
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 Run-In 400m Lane/Place H1-H4 H4-H7 H7-H10
Muhammad, Dalilah (USA) (1990) time 619 1011 1423 1849 2286 2724 3172 3639 4121 4623 52.16 6/1
reactiontime 0.200 interval 3.92 412 4.26 437 4.38 448 467 4.82 5.02 5.93 WR 1230 1323 1451
velocity 727 8.93 8.50 8.22 8.01 7.99 781 7.49 7.26 6.97 6.75 7.67 8.54 794 7.24
H1lead leg R strides 23 15 15 15 15 15 15 15 16 16 20 180
McLaughlin, Sydney (USA) (1999) time 6.27 1027 1438 1865 2298 2742 3196 3673 4157 46.58 52.23 4/2
reactiontime 0.161 interval 4.00 411 4.27 4.33 444 454 4.77 4.84 5.01 5.65 PB 1238 1331 1462
velocity 7.18 8.75 852 8.20 8.08 7.88 7.7 7.34 723 6.99 7.08 7.66 848 7.89 7.18
H1lead leg R strides 23 15 15 15 15 15 15 16 16 16 19.2 180.2
Clayton, Rushell (JAM) (1992) time 642 1061 1487 1924 2379 2838 3316 3800 4291 4791 53.74 5/3
reactiontime 0.137 interval 4.19 4.26 4.37 4.55 4.59 4.78 4.84 491 5.00 5.83 PB 1282 1392 1475
velocity 7.01 8.35 822 8.01 7.69 763 7.32 723 713 7.00 6.86 744 8.19 754 712
H1lead leg L strides 23 15 15 15 15 15 16 15 16 16 19 180
Sprunger, Lea (SUI) (1990) time 628 1047 1471 19.00 2349 2811 3293 3793 4294 4808 54.06 9/4
reactiontime 0.199 interval 4.19 424 429 449 4.62 4.82 5.00 5.01 5.14 598 NRPB 1272 1393 1515
velocity 717 8.35 8.25 8.16 7.80 7.58 7.26 7.00 6.99 6.81 6.69 7.40 825 7.54 6.93
H1lead leg R strides 23 14 14 14 14 15 15 15 15 15 185 1725
Hejnova, Zuzana (CZE) (1986) time 6.47 10.71 1498 1932 2382 2836 33.03 37.94 4291 4805 54.23 8/5
reactiontime 0.141 interval 424 4.27 434 4.50 454 4.67 491 4.97 514 6.18 1285 1371 1502
velocity 6.96 8.25 8.20 8.06 7.78 7.71 749 713 7.04 6.81 6.47 7.38 8.17 7.66 6.99
H1lead leg R strides 22 15 15 15 15 15 16 16 20 149
Spencer, Ashley (USA) (1993) time 644 1071 1498 1935 2382 3303 3787 4297 4808 54.45 2/6
reactiontime 0.163 interval 4.27 4.27 4.37 447 9.21 4.84 5.10 511 6.37 12.91 1368 15.05
velocity 6.99 820 820 8.01 7.83 7.60 723 6.86 6.85 6.28 7.35 8.13 768 6.98
H1lead leg L strides 22 15 15 15 15} 16 19 117
Ryzhykova, Anna (UKR) (1989) time 640 1048 1465 1898 2345 2813 3300 3800 4304 4835 54.45 3/7
reactiontime 0.173 interval 4.08 417 433 447 4.68 4.87 5.00 5.04 5.31 6.10 1258 1402 1535
velocity 7.03 8.58 8.39 8.08 7.83 7.48 719 7.00 6.94 6.59 6.56 7.35 8.35 7.49 6.84
H1lead leg R strides 22 14 14 14 15 15 15 16 192 1442
Watson, Sage (CAN) (1994) time 6.27 1048 1475 1912 2366 2826 33.06 3807 4324 4861 54.82 718
reactiontime 0.186 interval 421 4.27 437 454 4.60 4.80 5.01 517 537 6.21 1285 1394 1555
velocity 7.18 8.31 8.20 8.01 7.7 761 7.29 6.99 6.77 6.52 6.44 7.30 8.17 753 6.75
H1lead leg R strides 22 15 15 15 15 15 15 16 17 20 165
9.00
Velocity (m/s) =8 Dalilah Muhammad
= Sydney McLaughlin
8.50
=8 Rushell dayton
Led Sprunger
8.00
=8-—7uzana Hejnova
=B Ashl| ey Spencer
7.50
=@ Anna Ryzhykova
=8 Sage Watson
7.00
6.50
6.00

H1 H2 H3

Time Intervals (s)

H4 H5 H6 H7 H8

Hurdle Phases

H9 H10 Rundn 400m

16.00
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
Dalilah Muhammad
Source: Sugimoto, K. (2019). World championship competition performance analysis: Women's hurdles. Bulletin of Studies in Athletics of JAAF, 15, p 19.
(in Japanese)
2nd - 8th Places (TV Analysis)
Evaluated with: ObjectusVideo
Quality & Frame Rate: 1920 x 1080 @ 30fps
Timing From: First Movement

Source:

www athletefirst.org

hitps:/Awww youtube.com/watch?v=ZAz0GS_4QTY
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Biomechanical Analysis

2019 IAAF World Championships (Doha, QAT) (TV Analysis)

Women's 400m Hurdles

Muhammad, Dalilah (USA) (1990)
reactiontime  0.167

H1lead leg R

Watson, Sage (CAN) (1994)
reactiontime  0.183

H1lead leg R

Ryzhykova, Anna (UKR) (1989)
reactiontime  0.171

H1lead leg R

Hechavarria, Zurian (CUB) (1995)
reactiontime 0.216

H1lead leg L

Claes, Hanne (BEL) (1991)
reactiontime  0.159

H1lead leg R

Rudakova, Vera (ANA) (1992)
reactiontime  0.246

H1lead leg L

Bol, Femke (NED) (2000)
reactiontime  0.219

H1lead leg L

Beesley, Meghan (GBR) (1989)
reactiontime  0.173

H1lead leg L
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4.87
718

16

33.30
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42.37
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16

43.13
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6.78

16

43.21
4.97

H10 Run-In
47.64
5.27 6.27
6.64 6.38
16 19.2
48.35
522 5.97
6.70 6.70
16 20
48.35
514 6.10
6.81 6.56
15 19.2
48.85
5.37 6.18
6.52 6.47
17 212
48.81
547 6.44
6.40 6.21
17 21
49.38
5.24 6.19
6.68 6.46
16
49.98
5.50 6.39
6.36 6.26
16
50.05
5.77 6.84
6.07 5.85
19

400m
53.91

742
180.2

54.32
NR PB
7.36
151
54.45

7.35
172.2

55.03

7271
156.2

55.25

7.24
108

55.57

720
144

56.37

7.10
69

56.89

7.03
127

Semi-Final 1

Lane / Place
5/1
1241 1381
8.46 7.60
4/2
6/3
1268  14.08
8.28 7.46
714
3/5
8/6
1305 14.35
8.05 7.32
217
13.01 1432
8.07 7.33
9/8

H1-H4 H4-H7 H7-H10

15.28
6.87

15.32
6.85

15.05
6.98

15.65
6.71

15.71
6.68

15.48
6.78

16.01
6.56

16.59
6.33

=@ Dalilah Muhammad

=B Sage Watson

Anna Ryzhykova

Zurian Hechavarria

=8 Hanne Claes

=8 \/era Rudakova

=@ e mke Bol

=8 \eghan Beesley

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 Run4n 400m
Time Intervals (s) Hurdle Phases
18.00
16.00
14.00 -
12.00 H
10.00 -
8.00 H
6.00 - - -
: Il ' ‘
2.00 - - -
0.00

Start-H1 H1-H4 H4-H7 H7-H10 H10-Finish

Evaluated with: ObjectusVideo

Quality & Frame Rate: 1920 x 1080 @ 30fps

Timing From: First Movement

Source: hitps:/www.youtube.com/watch?v=_yJCe4ANu-0

www athletefirst.org
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Biomechanical Analysis

2019 IAAF World Championships (Doha, QAT) (TV Analysis)

Women's 400m Hurdles

Clayton, Rushell (JAM) (1992)
reactiontime  0.176

H1lead leg L

luel, Amalie (NOR) (1994)
reactiontime  0.157

Hileadleg L

Muhammad, Dalilah (USA) (1990)
reactiontime  0.194

H1lead leg R

McLaughlin, Sydney (USA) (1999)
reactiontime  0.176

Hileadleg R

Sprunger, Lea (SUI) (1990)
reactiontime  0.182

H1lead leg R

Velocity (m/s)

8.00

7.50

7.00

6.50

6.00

H1 H2

Time Intervals (s)

Date 2019.10.01
H1 H2
time 660 10.76
interval 4.16
velocity 6.82 841
strides 23 15

Date 2019.10.01

H1 H2
time 6.32 10.48
interval 4.16
velocity 712 841
strides 23 15

Date 2019.10.01

H1 H2
time 624 10.28
interval 4.04
velocity 721 8.66
strides 23 15

Date 2019.10.01

H1 H2
time 648 1064
interval 4.16
velocity 6.94 841
strides 23 15
time 636  10.52
interval 4.16
velocity 7.08 841
strides 21 14

=
H3 H4

H3
15.04
4.28
8.18

15

H3
14.76
4.28
8.18

15

H3
14.92
4.28
8.18

15

14.76

424

8.25
14

H5

H4
19.36
4.32
8.10

15

H4
19.08
4.32
8.10

15

H4
19.40
448
7.81

15

19.16
4.40
7.95

H6

H5
23.88
4.52
7.74
15

H5
23.72
4.64
7.54

H5
23.92
4.52
7.74
15

2364
4.48
7.81

14

Hé H7
33.60
9.72
720
Hé H7
2840 33.18
4.68 4.78
748 7.32
15 15
Hé H7
2840 3324
4.84 4.84
723 723
15 15
Hé H7
33.40
9.48
7.38
2836 3324
4.72 4.88
742 717
15 15

H8
38.68
5.08
6.89
16

H8
38.16
4.98
7.03

15

H8
38.52
512

16

38.28
5.04
6.94

15

S S

H7

H8

Hurdle Phases

H9
43.88
520
6.73
16

H9
43.20
5.04
6.94
16

H9
4344

STl
16

43.40
512
6.84

15

H9

H10
49.16
5.28
6.63
16

H10
48.56
5.36
6.53
16

48.68
5.28
6.63

15

H10

Run-In
6.07

6.59
19

Run-In
6.16

6.49
19

Run-In
6.19

19.2

Run-In

5.93
6.75
18.2

6.30
6.35
19

400m
55.23

7.24
135

400m

54.72

NR PB
7.31
164

400m
54.87

7:29,
179.2

400m
54.45

7.35
149.2

54.98

7.28
157

Rundn

Heat 5
Lane/Place H1-H4 H4-H7 H7-H10
711
1276 1424 1556
823 7.37 6.75
Heat 4
Lane/Place H1-H4 H4-H7 H7-H10
5/1
1276 1410 1538
823 745 6.83
Heat 3
Lane/Place H1-H4 H4-H7 H7-H10
5/1
1272 1428 1544
825 7.35 6.80
Heat 1
Lane/Place H1-H4 H4-H7 H7-H10
8/1
1292 1400 1512
8.13 7.50 6.94
412
1280 14.08 1544
820 7.46 6.80

=8 Rushell Cayton

=8 Amalie luel

=B D alilah Muhammad

Sydney McLaughlin

=B | €4 Sprunger

400m

16.00

14.00
12.00

10.00

8.00

6.00
4.00
2.00

0.00
Start-H1

H1-H4

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

Source: hitps://www.youtube.com/watch?v=U3vPCqgclUSE

www athletefirst.org

H4-H7

welEEIE

H7-H10

Henson (2021) Athlete First: 2019 Dalilah Muhammad 400m Hurdles World Record Season

H10-Finish

2021.08.26


Todd Henson
7


Biomechanical Analysis

2019 Weltklasse (Ziirich, SUI) (TV Analysis)

Women's 400m Hurdles

McLaughlin, Sydney (USA) (1999)
reactiontime  0.147

H1lead leg R

Little, Shamier (USA) (1995)
reactiontime  0.202

Hileadleg L

Muhammad, Dalilah (USA) (1990)
reactiontime  0.193

H1lead leg R

Hejnova, Zuzana (CZE) (1986)
reactiontime 0.144

H1lead leg R

Sprunger, Lea (SUI) (1990)
reactiontime  0.140

Hileadleg R

Ryzhykova, Anna (UKR) (1989)
reactiontime  0.149

H1lead leg R

Russell, Janieve (JAM) (1993)
reactiontime  0.144

H1lead leg R

Spencer, Ashley (USA) (1993)
reactiontime  0.132

Hileadleg L

9.00

Velocity (m/s)

8.50

8.00

7.50

7.00

6.50

6.00

H1 H2

Time Intervals (s)

16.00

Date 2019.08.29
H1
time 6.32
interval
velocity 712
strides 23
time 6.18
interval
velocity 7.28
strides 22
time 6.24
interval
velocity 721
strides 23
time 6.64
interval
velocity 6.78
strides 22
time 6.32
interval
velocity 712
strides 21
time 6.48
interval
velocity 6.94
strides 22
time 6.60
interval
velocity 6.82
strides 23
time 6.44
interval
velocity 6.99
strides 22

H3

H4

H2
10.44
4.12
8.50

15

10.40

422

8.29
15

10.20
3.96
8.84

15

10.96

4.32

8.10
15

10.48

4.16

841
14

H3

14.48

15.00

4.32

8.10
15

H5

H4
19.02

8.16

18.96

8.18

19.06

19.92
9.00
7.78

19.52

4.52

7.74
15

H6

24.16
4.64
7.54

15

Hé
28.16
4.60
761
15

27.92
4.54
7.7

15

729
15

H7

H7
32.76
4.60
761
15

32.68
4.76
7.35

15

32.78
4.56
7.68

15

34.36
4.96
7.06

16

33.92
4.96
7.06

15

H8

H8

39.36
5.00
7.00

16

39.04
5.12
6.84

16

Hurdle Phases

H9
42.32
4.92
71
16

42.56
9.88
7.09

44.48
544
6.43

16

H10 Run-In
47.24
4.92 5.61
711 7.13
16 19
47.74
518 6.12
6.76 6.54
16 20
47.48
5.02 6.65
6.97 6.02
16 19.5
48.64
5.16 6.1
6.78 6.55
16 20
48.60
548 6.54
6.39 6.12
16 20
49.20
5.32 6.08
6.58 6.58
16 19.7

H10

400m
52.85

757
149

53.86

743
118

54.13

7.39
180.5

54.75

7.31
180

55.14

7.25
130

55.28

7.24
131.7

55.87

7.16
101

56.90

7.03
144

Rundn

FINAL
Lane/Place H1-H4

3/1

12.70

8.27
2/2

12.78

8.22
4/3

12.82

8.19
6/4

13.12

8.00
715

12.72

825
1/6

12.76

823
8/7

13.32

7.88
5/8

13.08

8.03

400m

H4-H7 H7-H10
13.74 1448
764 725
1372 15.06
765 6.97
13.72 1470
765 7.14
13.80 15.08
761 6.96
13.96  15.60
752 6.73
1444 1552
727 6.77
14.44
727
14.40
729

=@ Sydney McLaughlin

=8 Shamier Little

==8-=Dalilah Muhammad

Zuzana Hejnova

=@ e3 Sprunger

=8 Anna Ryzhykova

=8 |anieve Russell

=B Ash|ey Spencer

14.00

12.00

10.00

8.00
6.00
4.00
2.00

0.00
Start-H1

Evaluated with: ObjectusVideo

Quality & Frame Rate: 1280 x 720 @ 25fps

Timing From: First Movement

Source: hitps://www youtube com/watch?v=poeeZDX--3Q

www athletefirst.org
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Biomechanical Analysis

2019 USATF National Championships (Des Moines, IA)

Women's 400m Hurdles Date 2019.07.28 FINAL
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 Run-In 400m Lane/Place H1-H4 H4-H7 H7-H10
Muhammad, Dalilah (USA) (1990) time 6.25 1015 1427 1848 2279 2719 3166 3639 4126 46.32 52.20 4/1
reactiontime  0.287 interval 3.90 412 421 4.31 4.40 4.47 473 4.87 5.06 5.88 WR 1223 1318 1466
velocity 720 8.97 8.50 8.31 8.12 7.95 7.83 7.40 7.19 6.92 6.80 7.66 8.59 797 7.16
H1lead leg R strides 23 15 15 15 15 15 15 16 16 16 20 181
McLaughlin, Sydney (USA) (1999) time 6.37 10.54 1471 1898 2332 2812 3272 3752 4255 4752 52.88 6/2
reactiontime 0.198 interval 417 417 4.27 4.34 4.80 4.60 4.80 5.03 4.97 5.36 1261 1374 14.80
velocity 7.06 8.39 8.39 8.20 8.06 7.29 7.61 7.29 6.96 7.04 7.46 7.56 8.33 7.64 7.09
H1lead leg R strides 23 15 15 15 15 15 15 15 16 16 18.5 178.5
Spencer, Ashley (USA) (1993) time 6.57 10.74 1498 1932 2376 3313 3760 4244 4734 53.11 3/3
reactiontime 0.202 interval 417 4.24 4.34 4.44 9.37 447 4.84 4.90 5.77 =PB 1275 1381 14.21
velocity 6.85 8.39 8.25 8.06 7.88 747 7.83 7.23 714 6.93 7.53 8.24 7.60 7.39
H1lead leg L strides 22 15 15 15 15 15 15 15 18.2 145.2
Little, Shamier (USA) (1995) time 6.15 1011 1428 1845 2278 2736 3213 37.07 4210 4734 53.91 5/4
reactiontime 0.198 interval 3.96 417 417 4.33 4.58 477 4.94 5.03 5.24 6.57 1230 1368 1521
velocity 7.32 8.84 8.39 8.39 8.08 7.64 7.34 7.09 6.96 6.68 6.09 7.42 8.54 7.68 6.90
H1lead leg L strides 23 14 14 14 14 15 16 16 16 17 21 180
9.00 )
Velocity (m/s) —=8— Dalilah
Muhammad
8.50 —8—Sydney
\ Mclaughlin
=@ Ashley Spencer
8.00
Shamier Little
7.50
7.00
6.50
6.00
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 Run-n 400m
Time Intervals (s) Hurdle Phases
16.00
14.00

Start-H1

Daliliah Muhammad

Source: Vazel, PJ. (2019). Statistical analysis and historical context of the new 400H world record.

2nd - 4th Place (TV Analysis)

Evaluated with: ObjectusVideo
Quality & Frame Rate: 1920 x 1080 @ 30fps
Timing From: Gun Flash

Source: :

www athletefirst.org

H1-H4

12.00
10.00
8.00
6.00
4.00
2.00
0.00

H4-H7

H7-H10

Henson (2020) Athlete First: 2019 Dalilah Muhammad 400m Hurdles World Record Season
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Biomechanical Analysis

2019 Bislett Games (Oslo, NOR) (TV Analysis)

Women's 400m Hurdles Date 2019.06.13 FINAL
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 Run-In 400m Lane/Place H1-H4 H4-H7 H7-H10
McLaughlin, Sydney (USA) (1999)  time 636 1064 1496 2376 2830 3300 3802 4314 4838 54.16 4/1
reactiontime 0.213 interval 4.28 432 8.80 454 4.70 5.02 512 5.24 5.78 15.38
velocity 7.08 8.18 8.10 7.95 7.7 7.45 6.97 6.84 6.68 6.92 7.39 6.83
H1lead leg R strides 23 15 15 15 15 16 16 16 19 150
Muhammad, Dalilah (USA) (1990) time 6.10 10.04 1420 1858 2312 2772 3240 3728 4244 4788 54.35 5/2
reactiontime 0.205 interval 394 4.16 4.38 454 4.60 4.68 4.88 5.16 5.44 6.47 1248 1382 1548
velocity 7.38 8.88 841 7.99 7.7 761 748 717 6.78 6.43 6.18 7.36 841 7.60 6.78
H1lead leg R strides 23 15 15 15 15 15 15 15 16 17 20.5 181.5
Little, Shamier (USA) (1995) time 632 1042 1462 1883 2338 2806 3290 37.86 4310 4850 54.92 6/3
reactiontime 0.273 interval 4.10 4.20 4.26 4.50 4.68 4.84 4.96 5.24 540 6.42 1256  14.02 15.60
velocity 712 854 833 822 7.78 748 723 7.06 6.68 6.48 6.23 7.28 8.36 749 6.73
H1lead leg R strides 24 15 15 15 15 16 16 16 17 17 20 186
Carter, Kori (USA) (1992) time 624 1028 1440 2308 2776 3280 3800 4344 49.12 55.67 3/4
reactiontime 0.137 interval 4.04 412 8.68 4.68 5.04 5.20 544 5.68 6.55 16.32
velocity 721 8.66 8.50 8.06 748 6.94 6.73 6.43 6.16 6.11 719 6.43
H1lead leg L strides 23 15 15 16 17 17 18 18 207 159.7
luel, Amalie (NOR) (1994) time 6.36 1052 1484 1924 2383 2868 33.72 3872 4404 4948 55.80 8/5
reactiontime 0.169 interval 4.16 432 4.40 4.64 4.80 5.04 5.00 532 5.44 6.32 1288 1448 1576
velocity 7.08 841 8.10 7.95 7.54 729 6.94 7.00 6.58 6.43 6.33 717 8.15 725 6.66
H1lead leg L strides 23 15 15 15 15 15 16 16 16 16 19.2 181.2
Ryzhykova, Anna (UKR) (1989) time 652 1072 1496 2420 29.04 3404 39.04 4428 4980 56.26 2/6
reactiontime 0.178 interval 4.20 4.24 9.24 4.84 5.00 5.00 524 5.52 6.46 15.76
velocity 6.90 8.33 825 7.58 723 7.00 7.00 6.68 6.34 6.19 711 6.66
H1lead leg R strides 22 14 14 15 15 15} 15 16 21 147
Sprunger, Lea (SUI) (1990) time 640 1064 1504 1944 2408 2892 3396 39.08 4448 50.16 56.46 717
reactiontime 0.179 interval 424 4.40 440 464 484 5.04 512 540 5.68 6.30 13.04 1452 1620
velocity 7.03 8.25 7.95 7.95 754 723 6.94 6.84 6.48 6.16 6.35 7.08 8.05 723 6.48
H1lead leg R strides 21 14 14 14 14 15 15 15 16 16 192 1732
Beesley, Meghan (GBR) (1989) time 6.40 10.64  15.00 2416 2880 3396 39.12 4464 50.36 57.13 1/8
reactiontime  0.166 interval 424 4.36 9.16 4.64 5.16 5.16 5.52 572 6.77 16.40
velocity 7.03 825 8.03 7.64 754 6.78 6.78 6.34 6.12 591 7.00 6.40
H1lead leg R strides 24 16 16 16 17 17 18 19 235 166.5
9.00 .
Velocity (m/s) =B Sydney McLaughlin
=8 Dalilah Muhammad
8.50 \
Shamier Little
8.00 Kori Carter
L
=B Amallie | uel
p—
7.50 =8 Anna Ryzhykova
=B | ¢4 Sprunger
7.00 =8 \eghan Beesley
6.50
6.00
5.50
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 Run-n 400m
Time Intervals (s) Hurdle Phases
18.00
16.00
14.00 i
12.00 H
10.00 i
8.00 H
6.00 H i H
4.00 H - -
2.00 - i H
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: https://www.youtube.com/watch?v=763wZ-yc8Bk

www athletefirst.org
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Biomechanical Analysis

2019 Golden Gala Pietro Mennea (Rome, ITA) (TV Analysis)

Women's 400m Hurdles

Muhammad, Dalilah (USA) (1990)
reactiontime  0.147

H1lead leg R

Little, Shamier (USA) (1995)
reactiontime  0.215

Hileadleg R

Hejnova, Zuzana (CZE) (1986)
reactiontime  0.162

H1lead leg R

Carter, Kori (USA) (1992)
reactiontime  0.153

H1lead leg L

Russell, Janieve (JAM) (1993)
reactiontime  0.173

Hileadleg L

Ryzhykova, Anna (UKR) (1989)
reactiontime  0.157

H1lead leg R

Watson, Sage (CAN) (1994)
reactiontime  0.171

H1lead leg R

Folorunso, Ayomide (IRA) (1996)
reactiontime  0.194

Hileadleg R

Sprunger, Lea (SUI) (1990)
reactiontime  0.143

H1lead leg R

9.00

Velocity (m/s)

8.50

8.00

7.50

7.00

6.50

6.00

H1 H2

Time Intervals (s)

Date 2019.06.06

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

time
interval
velocity
strides

time
interval
velocity
strides

H3

H1
6.24

721
23

6.28

7 il
24

6.66

6.76

6.32

712
23

6.64

6.78
23

6.44

6.99

6.52

6.90
22

6.56

6.86
23

6.48

6.94
21

H4

H2
10.26
4.02
8.71

15

10.44

4.16

841
15

10.96

4.30

8.14
15

H3
14.58
4.32
8.10

15

14.72
4.28
8.18

15

15.34
4.38
7.99

15.20

4.40

795
14

H5

H4
19.10
4.52
7.74
15

19.72

452

7.74
15

19.68

H6

H5
2376
4.66
7.51
15

23.64
4.52
7.74

15

24.40
4.60
7.61

15

2344
4.52
7.74

16

24.08
4.52
7.74

15

Hé
28.40
4.64
754
15

28.32
4.68
748

16

20.04
4.76
7.35

16

29.32
4.88
717

15

H7

H7
33.00
4.60
761
15

33.08
4.76
7.35

16

33.74
4.70
7.45

15

33.00
4.88
el

16

33.68
4.84
7.23

16

33.84
4.88
717

15

33.92
4.92
71

16

33.88
4.84
7.23

16

34.32
5.00
7.00

15

H8

H8
37.68
4.68
748
15

38.04
4.96
7.06

16

38.58
4.84
7.23

16

38.08
5.08
6.89

17

38.68
5.00
7.00

16

38.80
4.96
7.06

15

Hurdle Phases

H9
42.58
4.90
7.14
15

43.12
5.08
6.89

16

H9

H10 Run-In
47.70
5.12 597
6.84 6.70
16 19.5
48.30
5.18 6.10
6.76 6.56
16 20
48.78
5.16 6.04
6.78 6.62
16 20
48.56
5.36 6.53
6.53 6.13
18 21
49.20
5.32 6.22
6.58 6.43
17 20
49.40
5.40 6.06
6.48 6.60
16 19.5
49.60
540 6.1
6.48 6.55
17 19.7
49.60
5.56 6.39
6.29 6.26
17 21
50.24
5.52 6.12
6.34 6.54
16 19

H10

400m
53.67

745
1785

54.40

7.35
184

54.82

7.30
180

55.09
7.26
191
55.42

7.22
185

55.46

721
174.5

55.71

718
181.7

55.99

714
191

56.36

710
173

Rundn

FINAL
Lane/Place H1-H4
5/1
12.86
8.16
4/2
12.84
8.18
713
13.14
7.99
2/4
12,60
8.33
3/5
12.92
8.13
8/6
12.96
8.10
117
13.20
7.95
9/8
13.12
8.00
6/9
13.28
791

400m

H4-H7 H7-H10
13.90 1470
7.55 7.14
13.96 1522
752 6.90
13.94 15.04
753 6.98
1408 1556
7.46 6.75
1412 1552
744 6.77
1444 1556
727 6.75
1420 1568
7.39 6.70
1420 1572
7.39 6.68
1456 1592
7.21 6.60

=8 Dalilah Muhammad

=B Shamier Little

=®-=7uzanna Hejnova

Kori Carter

=8 | anieve Russell

8- Anna Ryzhykkova

el Sag e Watson

=8 Ayomide Folorunso

B | €3 Sprunger

16.00

14.00
12.00

10.00

8.00

6.00
4.00
2.00

0.00
Start-H1

Evaluated with: ObjectusVideo

Quality & Frame Rate: 1280 x 720 @ 25fps

Timing From: First Movement

Source: hitps://www.youtube.com/watch?v=1zAyiONcI3U

www athletefirst.org
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Biomechanical Analysis

2019 Seiko Golden Grand Prix (Osaka, JPN)

Women's 400m Hurdles Date 2019.05.19 FINAL
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 Run-In 400m Lane/Place H1-H4 H4-H7 H7-H10
Muhammad, Dalilah (USA) (1990) time 6.21 1023 1451 1894 2347 2816 3275 3749 4246 47.80 53.88 5/1
reactiontime 0.181 interval u] 4.02 428 443 453 4.69 4.59 474 497 5.34 6.08 1273 1381 1505
velocity 725 8.71 8.18 7.90 7.73 7.46 7.63 7.38 7.04 6.55 6.58 7.42 8.25 7.60 6.98
H1lead leg R strides 23 15 15 15 15 15 15 15 16 16 20 180
Belle, Tia Adana (BAR) time 6.51 1064 1485 1924 2377 2856 3360 3866 43.88 49.23 55.42 6/2
reactiontime 0.177 interval 413 421 4.39 453 4.79 5.04 5.06 522 5.35 6.19 1273 1436 1563
velocity 6.91 847 8.31 7.97 7.73 7.31 6.94 6.92 6.70 6.54 6.46 7.22 825 7.31 6.72
H1lead leg strides 15 15 15 15 15 16 16 16 16 139
Tate, Cassandra (USA) (1990) time 634 1038 1458 1917 2389 2865 3352 3844 4366 49.18 55.45 8/3
reactiontime 0.233 interval 4.04 4.20 4.59 4.72 4.76 4.87 4.92 522 5.52 6.27 1283 1435 15.66
velocity 7.10 8.66 833 763 742 7.35 7.19 711 6.70 6.34 6.38 7.21 8.18 7.32 6.70
H1lead leg strides 15 15 15 15 15 15 15 16 16 137
Linkiewicz, Joanna (POL) (1993) time 656 1084 1530 19.81 2457 2951 3452 3957 4476 50.07 56.35 714
reactiontime 0.112 interval 4.28 446 451 4.76 4.94 5.01 5.05 519 5.31 6.28 1325 1471 1555
velocity 6.86 8.18 7.85 7.76 7.35 7.09 6.99 6.93 6.74 6.59 6.37 7.10 7.92 7.14 6.75
H1lead leg strides 16 16 16 16 17 17 17 17 17 149
Utsunomiya, Eri (JPN) (1993) time 6.52 10.82 1533 19.87 2456 2960 34.70 3996 4533 50.83 57.31 9/5
reactiontime 0.167 interval 4.30 4.51 454 4.69 5.04 5.10 526 537 5.50 6.48 1335 1483 1613
velocity 6.90 8.14 7.76 7.7 7.46 6.94 6.86 6.65 6.52 6.36 6.17 6.98 7.87 7.08 6.51
H1lead leg strides 15 15 15 15 16 16 17 17 17 143
Koyama, Kana (JPN) (1998) time 667 1099 1553 2029 2521 3018 3525 4042 4585 51.32 57.45 3/6
reactiontime 0.173 interval 4.32 4.54 4.76 4.92 4.97 5.07 517 543 5.47 6.13 PB 1362 1496 16.07
velocity 6.75 8.10 7.71 7.35 711 7.04 6.90 6.77 6.45 6.40 6.53 6.96 7.7 7.02 6.53
H1lead leg strides 15 15 15! 16 16 17 17 17 17 145
Ito, Akiko (JPN) (1995) time 649 1079 1525 19.95 2482 2986 3487 4014 4563 51.16 57.61 217
reactiontime  0.141 interval 4.30 4.46 4.70 4.87 5.04 5.01 527 549 553 6.45 PB 1346 1492 1629
velocity 6.93 8.14 7.85 7.45 7.19 6.94 6.99 6.64 6.38 6.33 6.20 6.94 7.80 7.04 6.45
H1lead leg strides 15 15 16 16 16 16 17 17 17 145
Seymour, Katrina (BAH) (1993) time 6.72 1123 1580 2059 2551 3056 3552 4056 4585 51.42 58.04 4/8
reactiontime 0.163 interval 451 4.57 4.79 4.92 5.05 4.96 5.04 529 557 6.62 1387 1493 1590
velocity 6.70 7.76 7.66 7.31 711 6.93 7.06 6.94 6.62 6.28 6.04 6.89 7.57 7.03 6.60
H1lead leg strides 15 15 15 15 16 16 16 16 17 4
Aoki, Honoka (JPN) (2001) time 674 1109 1565 2035 2528 3043 3562 4097 4655 5217 58.45 1/9
reactiontime 0.167 interval 4.35 4.56 4.70 4.93 5.15 5.19 5.35 5.58 5.62 6.28 PB 13.61 1627  16.55
velocity 6.68 8.05 768 745 7.10 6.80 6.74 6.54 6.27 6.23 6.37 6.84 7.7 6.88 6.34
H1lead leg strides 16 17 17 17 17 17 18 18 19 156
9.00
Velocity (m/s) =@ Dalilah Muhammad
=8-—Tia Adana Belle
850 =@ Cassandra Tate
Joanna Linkiewicz
8.00 =B Er i Utsunomiya
=@ Kana Koyama
7.50 =B Akiko |tO
=@ Katrina Seymour
=B Honoka Aoki
7.00
6.50
6.00
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 Run-n 400m
Time Intervals (s) Hurdle Phases
18.00
16.00
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
Source: Hirokawa (2019) - research on athlete performance and technique- 2019 data book. Masaaki, S., & Miura, K. (Eds.). p. 74, 75. (in Japanese)
hitps:/A jaaf or jp/pdf/aboutiresistt-12019/07 pdf
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Biomechanical Analysis

2019 Doha Diamond League (Doha, QAT) (TV Analysis)

Women's 400m Hurdles Date 2019.05.03 FINAL
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 Run-In 400m Lane/Place H1-H4 H4-H7 H7-H10
Muhammad, Dalilah (USA) (1990) time 624 1031 1468 1911 2359 2802 3256 37.23 4228 4748 53.61 5/1
reactiontime 0.179 interval 4.07 437 443 448 443 454 467 5.05 5.20 6.13 1287 1345 1492
velocity 721 8.60 8.01 7.90 7.81 7.90 7.7 7.49 6.93 6.73 6.53 7.46 8.16 781 7.04
H1lead leg R strides 23 15 15 15 15 15 15 15 16 16 20 180
Spencer, Ashley (USA) (1993) time 6.47 10.70 15.06 1955 2420 2881 3356 3840 4342 4864 54.72 2/2
reactiontime 0.156 interval 423 4.36 449 4.65 4.61 4.75 4.84 5.02 522 6.08 13.08 14.01 1508
velocity 6.96 8.27 8.03 7.80 7.53 7.59 7.37 723 6.97 6.70 6.58 7.31 8.03 749 6.96
H1lead leg L strides 22 15 15 15 15 15 15 15 15 15 19 176
Ryzhykova, Anna (UKR) (1989) time 658 1070 1491 1935 2399 2873 3360 3860 4364 4884 54.82 4/3
reactiontime 0.149 interval 412 4.21 4.44 464 4.74 4.87 5.00 5.04 5.20 598 1277 1425 1524
velocity 6.84 8.50 8.31 7.88 7.54 7.38 7.19 7.00 6.94 6.73 6.69 7.30 8.22 7.37 6.89
H1lead leg R strides 22 14 14 14 15 15 15 15 15 16 192 1742
Russell, Janieve (JAM) (1993) time 660 1078 1508 1952 2399 2863 3346 3847 4364 4892 55.28 6/4
reactiontime 0.131 interval 418 4.30 444 447 464 4.83 5.01 517 5.28 6.36 1292 1394 1546
velocity 6.82 8.37 8.14 7.88 7.83 754 2o 6.99 6.77 6.63 6.29 724 8.13 753 6.79
H1lead leg L strides 23 15 15 15 15 16 16 16 17 17 20 185
Boden, Lauren (AUS) (1988) time 6.54 10.74 1505 1948 2396 2856 3330 3834 4354 49.01 55.60 9/5
reactiontime 0.147 interval 4.20 4.31 443 448 4.60 474 5.04 520 547 6.59 1294 1382 1571
velocity 6.88 8.33 8.12 7.90 7.81 7.61 7.38 6.94 6.73 6.40 6.07 7.19 8.11 7.60 6.68
H1lead leg L strides 22 15 15 15 15 15 15 16 16 17 21 182
Beesley, Meghan (GBR) (1989) time 634 1051 1488 1918 2379 2853 3350 3884 4428 4975 56.01 3/6
reactiontime 0.157 interval 417 4.37 4.30 461 4.74 4.97 5.34 5.44 5.47 6.26 1284 1432 1625
velocity 7.10 8.39 8.01 8.14 7.59 7.38 7.04 6.55 6.43 6.40 6.39 7.14 8.18 7.33 6.46
H1lead leg L strides 24 16 16 16 16 17 17 18 18 18 227 1987
Nel, Wenda (RSA) (1988) time 654 1088 1535 19.95 2462 2923 3410 39.10 4421 4975 56.16 717
reactiontime 0.206 interval 434 447 4.60 4.67 4.61 4.87 5.00 511 554 6.41 1341 1415 1565
velocity 6.88 8.06 7.83 7.61 7.49 7.59 719 7.00 6.85 6.32 6.24 712 7.83 742 6.71
H1lead leg L strides 23 16 16 16 16 16 17 17 17 18 22 194
van der Walt, Zenéy (RSA) (2000) time 6.54 10.88 2452 29.36 39.54 4491 5035 56.45 118
reactiontime  0.167 interval 4.34 1364 484 10.18 537 5.44 6.10
velocity 6.88 8.06 7.70 723 6.88 6.52 6.43 6.56 7.09
H1lead leg L strides 23 15 16 17 17 20.5 108.5
Pedroso, Yadisleidis (ITA) (1987) time 6.71 11.08 1551 2012 2472 2946 3437 3944 4464 5038 57.20 8/9
reactiontime 0.257 interval 4.37 443 461 4.60 4.74 4.9 5.07 5.20 5.74 6.82 13.41 1425 16.01
velocity 6.71 8.01 7.90 7.59 7.61 7.38 713 6.90 6.73 6.10 5.87 6.99 7.83 7.37 6.56
H1lead leg R strides 24 16 16 16 16 16 16 17 17 18 22 194
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Velocity (m/s) =8 Dalilah Muhammad
8.50 =B Ashl| ey Spencer
Anna Ryzhykova
8.00 Janieve Russell
=8 |auren Boden
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—8-—|\eghan Beesley
—8—\\/enda Nel
7.00
=B 7enéy van der Walt
6.50 =8 Yadisleidis Pedroso
6.00
5.50
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 Run-n 400m
Time Intervals (s) Hurdle Phases
18.00
16.00
14.00 1
12.00 H H
10.00 H H
8.00 H H
6.00 H H H
4.00 - - - -
2.00 H H H H
0.00
Start-H1 H1-H4 H4-H7 H7-H10 H10-Finish

Evaluated with: ObjectusVideo
Quality & Frame Rate: 1920 x 1080 @ 30fps
Timing From: First Movement

Source: hitps:/www youtube com/watch?v=cJPqro3A0v0
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