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Kinematic Analysis of the
Women's 400m Hurdles

by Kenny Guex

The women's 400m hurdles is a relatively
new discipline and a complex event that
cannot be approached as a "simple" 400m
"decorated" with ten hurdles. It is, of course,
fundamental to develop physical qualities
such as speed, strength and endurance,
but it is also essential to develop techni-
cal and tactical aspects. Literature on the
biomechanics of the 400m hurdles, which
would guide this development, is relatively
sparse. Moreover, the existing studies have
analysed only a few kinematic parameters.
The aim of this study was to observe differ-
ent kinematic parameters in women 400m
hurdlers of different performance levels
in order to describe the management and
structure of this discipline. Based on the
video observation of 46 female athletes
competing at a national meeting in France
and the 2011 IAAF World Championships in
Athletics, it provides among other things an
analysis of stride length, stride frequency,
velocity, distribution of effort and the
structure of the race. A large range of per-
formance levels was analysed (from 52.47
sec to 71.39 sec) in order to identify the
most relevant biomechanical parameters
and to isolate the most important ones for
world-class performance.

Kenny Guex is currently a lecturer at the De-
partment of Physiotherapy of the Univer-
sity of Applied Sciences Western Switzer-
land, a PhD student in the Institute of Sport
Sciences of the University of Lausanne, and
400m hurdles coach at the Swiss National
Centre of Performance Lausanne-Aigle.

Introduction

he women's 400m hurdles is a rela-
tively new discipline. Indeed, the first

race over this distance was in 1971. It
was included in the European Athletics Cham-
pionships programme only in 1978, then the
IAAF World Championships in Athletics in
1983 and finally, the Olympic Games in 1984.

Figure 1 shows the evolution of the yearly
world leading performances in the 400m hur-
dles for both women and men between 1977
and 2011. We can see that the men’s perfor-
mances have been stable since 1977, while
women’s performances seem to level off only
in the last ten years after a significant improve-
ment up until the late 1980's. As the men’s
event is more than 100 years old, the relative
stability of the performances is as would be
expected. For women, however, the discipline
has only been around for about 40 years and
it would not be surprising if the performance
level keeps improving in the near future.
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Literature on the biomechanics of the 400m
hurdles is relatively sparse'234567 Moreover,
these studies have analysed only a few kine-
matic parameters: time per interval, number
of strides per interval, distribution of effort
(e.g. time difference between first and second
200m, time difference between first and sec-
ond 200m relatively to the final time, time dif-
ference between fastest and slowest interval),
location of first change of rhythm (e.g. add-
ing of one stride between hurdles) and finally
race’s structure.

To calculate the time per interval, one com-
monly uses the touchdown time after each
hurdle’. The 200m split time is equal to the time
after the fifth hurdle plus 1.7 sec for top-level
male athletes and plus 2.3 sec for women®. It
can also be calculated by adding to the time af-
ter the fifth hurdle to 40% of the time in the fifth
interval. Based on his observations in major
championships (from 1988 to 2006), BEHM re-
ported a difference of 2.4 sec between first and
second 200m for men finalists and 3.4 sec for
womenZ. In the men'’s final at the 2000 Olympic
Games, a difference of 2.6 sec was observed®*.
For LINDEMAN, the difference between the
two 200m splits should not exceed 5% of the
final race time (e.g. 2.6 sec for arace in 52 sec,
3 sec for a race in 60 sec...)). BEHM also noted
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a difference of 0.9 sec between the fastest and
the slowest interval for men finalists and more
than 1.0 sec for women at the 2000 Olympics?.

Four typical race structures have been identi-
fied in the 400m hurdles'’. The first is named
the “n” structure, where the athlete starts in a
given number of strides between hurdles and
maintains this rhythm to the end. According to
BEHM'’s observations, this structure was used
by 12% of the finalists (6% of the women) in
the major championships between 1978 and
1999'. The second is the “n+1” structure, where
one time in the race the athlete adds one stride
between the hurdles to the original rhythm and
maintains this new number of strides to the end.
This structure was used by 33% of finalists (37%
of the women) in the major championships be-
tween 1978 and 19991 For LINDEMAN, this is
the most relevant race structure’. The third is the
“n+1+1” structure, where the athlete adds, twice
in the race, one stride between the hurdles. This
structure was used by 35% of finalists (45% of
the women) in the major championships be-
tween 1978 and 1999'. The last structure identi-
fied is the "n +2", where the athlete adds, one
time in the race, two strides between hurdles.
This structure was used by 20% of finalists (13%
of the women) in the major championships be-
tween 1978 and 1999'. This structure is com-
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Figure 1: Evolution of the yearly 400m hurdles World leading performance for women (black) and men

(white) between 1977 and 2011
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monly used by athletes who are unable to hurdle
with both lead legs. They run in an odd number
of strides between hurdles, this allows them to
hurdle always with the same lead leg.

For the athletes who do not use the “n” struc-
ture, the location of the first change of rhythm
should not take place prior the sixth interval. For
LINDEMAN a change too early would indicate a
low anaerobic capacity”. BEHM observed that
97% of the finalists of the major championships
between 1978 and 1999 ran at least until the
fourth interval with the same number of strides
and 90% of athletes ran until the fifth™,

The aim of this study was to observe dif-
ferent kinematic parameters among women
400m runners of different performance lev-
els in order to describe the management and
structure of this discipline. The 400m hurdles
is a complex discipline allowing a wide range
of approaches. It is, therefore, important to
analyse what is realised by the best athletes in
the World and to compare with their lower level
counterparts. Given the limited literature on
this topic, the purpose of this study was also
to determine the most relevant kinematic pa-
rameters to achieve world-class performance.

Methods

The races of a national meeting in Tarare
(FRA) in July 2011 and the final of the 2011
IAAF World Championships in Athletics in Dae-
gu (KOR) in September 2011 were videoed. An
analysis software (Dartfish Software, ProSuite
5.5, Fribourg, Switzerland) was used to identify
the touchdown times after the hurdles and to
calculate the number of strides per interval.

Several spatial and temporal parameters were
analysed:

Temporal parameters

®  400m hurdles time (T,

e First 200m time (T, ,,)

e Second 200m time (T, ,00)

e Time difference between first and second

200 m (D

Tist - 2nd 200)
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¢ Relative time difference between first and
second 200 M (D%, ong 200)

e Time difference between first and second
200 m relatively to final time (Dy,, 514200 %ra00)

* Mean interval time (T )

e Fastestinterval time (T, ..)

e Slowest interval time (T, )

¢ Time difference between fastest and slow-
estinterval (D, st siow)

e Relative time difference between fastest
and slowest interval (D%;;, 1 - sow)

* Mean loss of time per interval (L, )

e Relative mean loss of time per interval
(L%,,)

e |oss of time at the first change of rhythm
compared with previous interval (L, ,,)

¢ Relative loss of time at the first change of
rhythm compared with previous interval
(L%,

e Difference between loss of time at the first
change of rhythm and mean loss of time
per interval (DUSt+1 - Lim.)

¢ Relative difference between loss of time at
the first change of rhythm and mean loss
of time per interval (D%, ; . .im)

Spatial parameters
e Mean number of strides per interval (NS )

e Number of strides before the first hurc‘jnlté
(Nsstart)
*  Number of strides in first interval (NS, ;)
e Number of strides in ninth interval (NS, , )
e Difference between number of strides
before first hurdle and in first interval
(DNSstart - st int.)
e Difference between number of strides in
ninth and first interval (D4 15t inc)
Location of first change of rhythm (Loc
*  400m hurdles mean stride length (SL, )
First 200m mean stride length (SL ,,,)
Second 200m mean stride length (SL,, , ,0,)
Stride length difference between first and
second 200m (DsuSr—znd 200)
¢ Relative stride length difference between
first and second 200 M (D%, 1o, - pna 200)
®  400m hurdles mean stride frequency (SF,)
*  First 200m mean stride frequency (SF, )
e Second 200m mean stride frequency
(SF

st +1)

2nd 200)
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e Stride frequency difference between first
and second 200mM (Dgc,; - o 200)

e Relative stride frequency difference between
first and second 200m (D%, o200

e 400 m hurdles stride length to stride fre-
quency ratio (SL/SF,,)

e First 200 m stride length to stride fre-
quency ratio (SL/SF, )

e Second 200 m stride length to stride fre-
quency ratio (SL/SF,,  ,,)

e  Stride length to stride frequency ratio dif-
ference between first and second 200 m
(DSL/SF1st -2nd 200)

e Relative stride length to stride frequency
ratio difference between first and second
200 m (D%SL/SHst—an 200)

e Race’s structure: n, n+1, n+1+1, n+1+1+1, ...

Prognostic tools

A proposition of race distribution (for target
performances between 52 and 70 sec) was
created on the basis of regression curves be-
tween interval times and final time of the 46
athletes.

Moreover, interval times with regard to the
number of strides per interval were proposed.
This was calculated on the basis of the regres-
sion curve between the number of strides per
interval and the interval time for the 414 anal-
ysed intervals.

Statistics

Results are presented as mean + standard
deviation. Analyses of variance (ANOVA) sup-
plemented by Tukey post-hoc tests were per-
formed to compare the differences in various
kinematic parameters between the Daegu final
group (see below) and the other groups. In ad-
dition, Pearson correlations were performed to
identify the relationships between the different
parameters analysed and the performance.
The concordance was considered excellent for r
values between 0.81 and 1, good for r values
between 0.61 and 0.80, moderate for r values
between 0.41 and 0.60, and weak for r values
between 0.21 and 0.40. The significance level
was set at p <0.05 (SigmaPlot 11.0).

Sample

Forty-six female runners were analysed for
this study: 38 competing in Tarare and eight in
Daegu. Five groups were defined: The Daegu
final group comprised the eight finalists (26.5
+ 2.3 years) of the 2011 IAAF World Cham-
pionships in Athletics; the Tarare<60 group
comprised the 10 athletes (26.1 + 5.5 years)
who ran under 60 sec in Tarare; the Tarare<63
group comprised the nine athletes (21.2 + 3.6
years) who ran between 60 and 63 sec; the
Tarare<66 group comprised the 10 athletes
(23.2 + 4.4 years) who ran between 63 and
66 sec; and finally, the Tarare>66 group com-
prised nine athletes (22.4 + 8.2 years) who ran
more than 66 sec in Tarare.

Results

Table 1 shows the values obtained for the
five groups for the different kinematics param-
eters. Table 2 displays the correlations be-
tween the different kinematics parameters and
the final performance.

Temporal parameters

The first and second 200m times were sig-
nificantly lower in the Daegu final group than
in the other groups. First and second 200m
times were excellently correlated with the final
performance. The time difference (absolute or
relative) between first and second 200m was
not different between the Daegu final group
and the other groups (except between Daegu
final and Tarare<63). Time difference between
first and second 200m relative to final time was
not different between the Deagu final group
and the other groups. These parameters of
distribution of effort were not correlated with
the final performance.

The mean interval time, and the fastest and
slowest interval times were significantly low-
er in the Daegu final group than in the other
groups. These three parameters were excel-
lently correlated with the final performance.
Mean loss of time (absolute or relative) per
interval and the time difference (absolute or
relative) between fastest and slowest interval

44 New Studies in Athletics * no. 1/2.2012



Kinematic Analysis of the Women's 400m Hurdles

Table 1: Spatial and temporal analysed parameters (* for significant differences with Daegu final group (p<0.05))

Deagu final  Tarare<60 Tarare<63 Tarare<66 Tarare>66
PRI (r?:s) (n=10) (n=9) (n=10) (n=9)
Tao0 [SEC] 53.88+0.85 58.84+0.78* 61.66+0.89* 64.54+0.92* 68.60+1.16*
Tist200 [S€C] 25.08+0.44  27.82+0.44*  29.44+0.94*  30.23+0.58*  32.08+0.79*
Tand 200 [S€C] 28.79+0.56 31.02+0.73* 32.2240.52* 34.31+0.87* 36.52+0.73*
Drst-2nd 200 [SEC] 3.7140.56 3.20+0.92 2.79+1.23 4.08+1.16 4.44+0.98
D%1st - 2nd 200 [%6] 14.81+2.33 11.53+3.44 9.58+4.42* 13.534.02 13.88+3.35
v Drtst- 2nd 200 %400 [%] 6.89+1.01 5.43+1.53 4.53+2.03* 6.31+1.77 6.47+1.45
_‘; Tint. [sec] 4.60+0.08 5.08£0.10* 5.35+0.14* 5.64+0.21* 5.88+0.17*
5 Tint fast [S€C] 4.10£0.11 4.55+0.10* 4.70+0.17* 4.99+0.15* 5.15+0.19*
& Tin sow [seC] 5.24+0.11 5.6140.21* 5.99+0.25* 6.21+0.36* 6.48+0.20*
& Drint. fast - slow [S€C] 1.14£0.13 1.06+0.26 1.2810.24 1.22+0.36 1.34+0.20
1 D%7int. fast - siow [%] 27.80+3.66  23.4316.15 27.37+5.21 24.5247.32 26.04+4.47
' Lt [sec] 0.15+0.02 0.13+0.03 0.13+0.04 0.17+0.03 0.16+0.03
L%int, [%] 3.23+0.47 2.57+0.55 2.49+0.79 2.93+0.55 2.80+0.49
List+1 [sec] 0.15+0.16 0.19+0.08 0.18+0.09 0.27+0.07 0.22+0.13
L%1st +1 [%] 3.27+3.45 3.68+1.58 3.5741.67 5.04+1.36 3.9242.25
Duiist+ 1-tint. [S] 0.00+£0.17 0.06+0.09 0.04+0.08 0.11+0.07 0.06+0.12
D% 1st+ 1 - Lint, [%] 8.40+112.76 50.11+¢71.95 37.27+73.01  77.50+69.59  39.08+72.53
NS [n] 15.43+0.37 16.57+0.43" 16.93+0.22* 17.93+0.32* 18.61+0.89*
NSgiart [N] 22.1320.64  23.40:0.70*  23.560.73*  24.10+0.74*  24.56+1.33*
NS1stint. [N] 14.88+0.35  15.80+0.42*  16.00+0.50*  16.60+0.52*  17.33+0.87*
NSt int. [n] 16.50+0.54  17.70+0.68*  17.89+0.33*  19.20+0.42*  19.67+1.12
Dpsstart - 1stint, [N] 7.25+0.46 7.60+0.52 7.56+0.53 7.50+0.71 7.22+0.67
Dnsoth - 1stint. [N] 1.63+0.52 1.90+0.57 1.8940.78 2.60+0.52* 2.33+0.5
LOC1st +1 [int. #] 6.38+1.30 4.90+0.74 4.3342.45* 3.30+1.34* 3.56+1.24*
SLgo [M] 2.09+0.04 1.97+0.05* 1.93+0.03* 1.84+0.03* 1.78+0.08*
SL1gt200 [M] 2.16+0.05 2.03+0.06* 1.98+0.04* 1.9240.04* 1.86+0.08*
SLong 200 [M] 2.02+0.06 1.91+0.05* 1.8840.03* 1.760.03* 1.71£0.08*
v DstL1st-2nd 200 [M] -0.14+0.08 -0.1240.05 -0.10+0.05 -0.15%0.04 -0.15+0.05
= D%s 1st - 2nd 200 [%] -6.27+2.94 -5.75+2.32 -5.102.56 -8.0141.90 -7.9642.59
® SF400 [HZ] 3.55+0.10 3.46+0.07 3.36+0.09* 3.38+0.07* 3.28+0.14*
& SFist200 [HzZ] 3.69+0.09 3.55+0.07 3.43+0.14* 3.45+0.10* 3.36+0.16*
i SF2nd 200 [HZ] 3.431£0.11 3.3840.09 3.30+0.07 3.31+0.08 3.21+0.14*
DsF1st- 2nd 200 [HZ] -0.26+0.07 -0.17+0.08 -0.13%0.13 -0.1410.12 -0.150.11
D %sF1st - 2nd 200 [%] -7.00+1.89 4.78+2.12 -3.67+3.69 -4.1243.38 -4.49+2.93
SL/SF 400 0.59+0.03 0.57+0.03 0.58+0.02 0.55+0.02* 0.54+0.04*
SL/SF st 200 0.59+0.03 0.57+0.03 0.58+0.03 0.56+0.03 0.55+0.05
SL/SF 214 200 0.59+0.03 0.57+0.03 0.57+0.02 0.53+0.02* 0.53+0.05*
DsLisF1st - 2nd 200 0.00+£0.03 -0.01+0.02 -0.01+0.03 -0.0240.03 -0.02+0.03
D%SL.'SF1SI - 2nd 200 0.86+4.95 -0.97+3.58 -1.34£5.12 -3.9314.30 -3.5145.02
n [%] 0.0 0.0 1.1 0.0 0.0
n+1 [%] 37.5 20.0 0.0 0.0 0.0
n+1+1 [%)] 62.5 70.0 77.8 40.0 66.7
n+1+1+1 [%] 0.0 10.0 11.1 60.0 33.3

were not significantly different between the
Daegu final group and the other groups. Other
parameters of distribution of effort were not (or
weakly) correlated with the final performance.
The loss of time (absolute or relative) at the first
change of rhythm compared with the previous

interval was not significantly different between
the Daegu final group and the other groups.
This parameter was not correlated with the fi-
nal performance. The difference (absolute and
relative) between loss of time at the first change
of rhythm and mean loss of time per interval
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Table 2: Correlations between temporal and spatial parameters and the final performance (The concordance
was excellent for r values between 0.81 and 1, good for r values between 0.61 and 0.80, moderate for r values
between 0.41 and 0.60, and weak for r values between 0.21 and 0.40.)

Correlation with the final performance
(n=46)

Parameters r P p<0.05 Correlation
T1st 200 [S€C] 0.97 0.94 Yes Excellent
T2nd 200 [S€C] 0.98 0.96 Yes Excellent
Dist - 2nd 200 [SBC] 0.29 0.08 No a
D%1st - 2nd 200 [%0] 0.00 0.00 No (%]
D115t - 2nd 200%7400 [%] 0.00 0.00 No g

| T [sec] 0.96 0.92 Yes Excellent

® Tint rast [S€C] 0.94 0.88 Yes Excellent

S Tint. stow [S€C] 0.90 0.81 Yes Excellent

E Drint. fast - slow [SEC] 0.31 0.10 Yes Weak

= D%7int. fast - siow [%}] -0.05 0.00 No (%]

| L [sec] 0.26 0.07 No 1}
L%int. [%] -0.14 0.02 No @
Lt +1 [seC] 0.25 0.06 No (%]
LO/D1st +1 [%] 0.13 0.02 No (%]
Di1st+ 1-Lint. [S€C] 0.17 0.03 No (5]
D%L1sl +1 - Lint. [O/o] 0.12 0.01 No %]
NS, [n] 0.91 0.83 Yes Excellent
NSgtart [N] 0.67 0.45 Yes Good
NSistint. [n] 0.83 0.69 Yes Excellent
NSgih int. [N] 0.84 0.71 Yes Excellent
Dusstart - 1stint. [N] -0.06 0.00 No g
Dnseth - 1stint. [N] 0.42 0.18 Yes Moderate
LOC1st +1 [int. #] -0.54 0.29 Yes Moderate
SLaoo [M] -0.91 0.83 Yes Excellent

! SL1st200 [M] -0.88 0.77 Yes Excellent

_+ Slang200 [M] -0.89 0.79 Yes Excellent
% DstL1st - 2nd 200 [M] -0.14 0.02 No %}
& D%sL1st - 2nd 200 [%] -0.28 0.08 No 5]

1t SFago [Hz] -0.72 0.52 Yes Good

' SFiet200 [Hz] -0.70 0.49 Yes Good
Sand 200 [HZ] -0.64 0.41 Yes Good
Dsk1st - 2nd 200 [HZ] 0.30 0.09 Yes Weak
D %sF1st - 2nd 200 [%] 0.25 0.06 No @
SL/SF 400 -0.47 0.22 Yes Moderate
SL}"SF*]S{ 200 -0.32 0.10 Yes Weak
SL/SF 204 200 -0.53 0.28 Yes Moderate
Dsu/sFast - 2nd 200 -0.32 0.10 Yes Weak
D(yosusﬁsl - 2nd 200 -0.33 0.11 Yes Weak
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had a tendency to be lower in the Daegu final
group than in the other groups. However this
difference was not significant. This parameter
was not correlated with the final performance.

The mean number of strides per interval, num-
ber of strides before the first hurdle and number
of strides in first and ninth intervals were sig-
nificantly lower in the Daegu final group than in
the other groups. These four parameters were
excellently (or well) correlated with the final per-
formance. The difference between the num-
ber of strides before the first hurdle and in first
interval was not significantly different between
the Daegu final group and the other groups. This
parameter was not correlated with the final per-
formance. The difference between the number of
strides in the ninth and first intervals was signifi-
cantly lower in the Daegu final group than in the
Tarare<66 group and tended to be lower than in
the Tarare>66 group. This parameter was mod-
erately correlated with the final performance. The
location of the first change of rhythm was signifi-
cantly later in the race in the Daegu final group
than in the Tarare<63, <66 and >66 groups and
this change tended to take place later in the race
than in the Tarare<60 group. This parameter was
moderately correlated with the final performance.

The mean stride length and the first and sec-
ond 200m mean stride lengths were significantly
higher in the Daegu final group than in the other
groups. These three parameters were excellently
correlated with the final performance. The stride
length difference (absolute or relative) between
the first and second 200m was not significantly
different between the Daegu final group and the
other groups. This parameter was not correlated
with the final performance.

The mean stride frequency and the first 200m
mean stride frequency were significantly higher in
the Daegu final group than in the Tarare<63, <66
and >66 groups and tended to be higher than in
the Tarare<60 group. The second 200m mean
stride frequency was significantly lower in the
Deagu final group than in the Tarare>66 group
and tended to be lower than in the other groups.
These three parameters were well correlated with
the final performance. The stride frequency dif-

Kinematic Analysis of the Women's 400m Hurdles

ference (absolute or relative) between the first
and second 200m was not significantly differ-
ent between the Daegu final group and the other
groups. This parameter was not (or weakly) cor-
related with the final performance.

The stride length to stride frequency ratio
and the second 200m stride length to stride fre-
quency ratio were significantly higher in the Dae-
gu final group than in the Tarare<66 and >66
groups. The first 200m stride length to stride
frequency ratio was not significantly different in
the Daegu final group than in the other groups.
These three parameters were moderately (or
weakly) correlated with final performance. The
stride length to stride frequency ratio difference
(absolute or relative) between the first and sec-
ond 200m tended to be lower in the Daegu final
group than in the Tarare <66 and >66 groups.
This parameter was weakly correlated with the
final performance.

The most used race structure in the Daegu
final, Tarare<60, <63 and >66 groups was
n+1+1 while n+1+1+1 was the most used in
the Tarare<66 group. The second most used
structure was n+1 in Daegu final and Tarare<60
groups while structures with more rhythm
changes were preferred in the slower groups.

Prognostic tools

Table 3 shows the race distribution for tar-
get performance between 52 and 70 sec. Ta-
ble 4 proposes interval times with regard to the
number of stride in interval. Conversely, it also
sets the number of stride per interval in regard
to the interval time.

Discussion

Several temporal and spatial parameters
were used to compare the performances of the
world’s best female 400m hurdlers and their low-
er-level counterparts. Some of these parameters
have already been used in kinematic analyses
(e.g. the time difference between first and sec-
ond 200m, the time difference between first and
second 200m relative to final time, the time differ-
ence between fastest and slowest interval, race’s
structure, etc.)224567 whereas others have been
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Table 3: Time to be achieved at each hurdle in order to run in the desired final time (between 52 and 70 sec)

Time at each hurdle [sec]

Final
time

HA1 H2 H3 H4 H5 H6 H7 H8 H9 H10
52.0 6.1 10.0 14.1 18.2 22.5 26.9 31.5 36.1 41.0 46.0
53.0 6.2 10.2 14.3 18.6 23.0 27.4 32.1 36.9 41.8 47.0
54.0 6.3 10.4 14.6 19.0 23.4 28.0 32.8 37.6 42.7 47.9
55.0 6.4 10.6 14.9 19.3 23.9 28.6 33.4 38.4 43.5 48.8
56.0 6.5 10.8 15.2 19.7 24.3 29.1 34.1 39.1 44.4 49.8
57.0 6.6 11.0 15.5 20.1 24.8 29.7 34.7 39.9 45,2 50.7
58.0 6.7 11.2 15.7 20.4 25.3 30.2 35.4 40.6 46.1 51.6
59.0 6.9 11.4 16.0 20.8 25.7 30.8 36.0 41.4 46.9 52.6
60.0 7.0 11.6 16.3 21.2 26.2 31.3 36.7 421 47.8 53.5
61.0 7.1 1.7 16.6 21.5 26.6 31.9 37.3 42.9 48.6 54.4
62.0 7.2 11.9 16.9 21.9 27 .1 32,5 38.0 43.6 49.5 55.4
63.0 7.3 12.1 171 22.3 27.6 33.0 38.6 44 .4 50.3 56.3
64.0 7.4 12.3 17.4 22.7 28.0 33.6 39.3 451 51.2 57.3
65.0 7.5 12.5 17.7 23.0 28.5 34.1 39.9 45.9 52.0 58.2
66.0 7.7 12.7 18.0 23.4 28.9 34.7 40.6 46.6 52.9 59.1
67.0 7.8 12.9 18.3 23.8 29.4 35.2 41.2 47.4 53.7 60.1
68.0 7.9 13.1 18.5 24.1 29.8 35.8 41.9 48.1 54.6 61.0
69.0 8.0 13.3 18.8 24.5 30.3 36.3 42.5 48.9 55.4 61.9
70.0 8.1 13.5 19.1 24.9 30.8 36.9 43.1 49.6 56.3 62.9

used, to our knowledge, for the first time in this
study (e.g. the stride length to stride frequency
ratio, the difference between loss of time at the
first change of rhythm and mean loss of time per
interval, ...). The systematic use of relative values
is also a key point of the present study.

Temporal parameters

As expected, performance in the 400m
hurdles is strongly linked to the first 200m
time, the second 200m time, the mean interval
time and the fastest and slowest interval times.
However it was surprising to find no relation-
ship between the final performance and vari-
ous parameters of distribution of effort (i.e. the
time difference (absolute or relative) between
first and second 200m, the time difference be-
tween first and second 200m relative to final
time, the mean loss of time (absolute or rela-
tive) per interval and the time difference (abso-
lute or relative) between fastest and slowest in-
terval. These parameters are commonly used
in kinematic analysis of the 400m hurdles. For
example, LINDEMAN suggests that time dif-
ference between the first and second 200m
should not exceed 5% of the final time’. In the

present study, for the eight finalists at the IAAF
World Championships in Athletics this differ-
ence was 7%. Moreover, this parameter was
not correlated (r = 0.00, p> 0.05) with the fi-
nal performance of the 46 analysed athletes.
It is not the first time that such an important
difference is reported in a World Champion-
ship final. Indeed, a mean difference of 7.1%
was noted in the final of the 2009 IAAF World
Championships in Athletics® and, according
to data collected by BEHM, in all women fi-
nalists of major Championships (i.e. Olympic
Games, European and World Championships)
from 1988 to 2006, there is a mean difference
of 6.2% between the first and second 200m
relative to final time (i.e. mean performance =
54.5 sec, mean time difference between the
first and second 200m = 3.4 sec)?. Therefore,
we can state that this maximum difference of
5% between the first and second 200m rela-
tive to final time is not a legitimate criteria for
female athletes.

Would they really be faster if they distrib-
uted their effort better? To answer this ques-
tion we can analyse the performances of male

48 New Studies in Athletics * no. 1/2.2012



Kinematic Analysis of the Women's 400m Hurdles

Table 4: Appropriate number of strides with regard to the interval time (between 3.95 and 6.65 sec)

NS per 141 15/ 76/ 77 18/ 19/
N e L T
Time

min 3.95 4.15 4.35 4.55 4.80 5.00 5.20 5.40 5.65 5.85 6.05 6.25 6.50
[sec]

Time

max 410 430 450 475 495 515 535 560 580 600 620 645 665
[sec]

athletes. In recent major championships, men
finalists have had a difference between the first
and second 200m relative to final time close
to 5% (even if in Daegu it was more than 7%)2.
The gap between the 400m and 400m hurdles
world records is 3.6 sec in men, whereas it is
4.7 sec in women. Proportionally to race’s time,
to be comparable to men, this gap should be
4.0 sec in women. This would put the women’s
400m hurdles world record at 51.6 (currently it
is 52.3). One may, therefore, hypothesise that a
way to reduce this gap between 400m flat and
hurdles times would be to decrease this differ-
ence between first and second 200m.

Despite no correlation with the final perfor-
mance, the difference between loss of time at
the first change of rhythm and mean loss of
time per interval seems to be an interesting
parameter. Indeed, since speed is defined by
stride length multiplied by stride frequency, it is
important during the first change of rhythm (i.e.
one stride more in the interval, therefore stride
length is decreased in the interval) to increase
stride frequency in order to minimise the speed
loss in this interval. In the present study, only
the Daegu final group had no difference be-
tween loss of time at the first change of rhythm
and mean loss of time per interval. Therefore,
it is important to work this transition in training
and to emphasise increasing stride frequency.

Spatial parameters

It was expected that stride length and stride
frequency in the Daegu final group would be
higher than in the other groups and that these
two parameters are very well correlated with
final performance. However, stride length was
better correlated with performance than stride
frequency (r=-0.91, p<0.05 vs. r=-0.72, p<0.05).

To further analyse these parameters, a stride
length to stride frequency ratio was established.
It was shown that stride frequency and stride
length are negatively correlated in short sprint
events (=-0.78, p<0.05)°. We found the same
negative correlation in the Daegu final group
(r=-0.82, p<0.05). The proposed ratio appears
as a useful tool in order to assess the relation-
ship between these two parameters. A signifi-
cantly higher ratio in the Daegu final group than
the other groups was noted as well as a mod-
erate correlation between this ratio and the fi-
nal performance. This means that world-class
athletes give more importance to stride length
than to stride frequency than their lower-level
counterparts. Moreover, the Daegu final group
maintained their ratio in the second 200m while
slower groups had a 4% loss of ratio during the
second half of the race. In future kinematic stud-
ies, it would be interesting to use this ratio to
establish norms according to the discipline, per-
formance level of the athletes and gender.

Race structure is a frequently used param-
eter in 400m hurdles analysis. In this study, the
n+1+1 structure was largely preferred to the
others. In fact, two-thirds of the 46 athletes
and five finalists at the IAAF World Champion-
ships in Athletics chose this structure. In every
group (except Tarare<66) n+1+1 was the most
used structure. In the slower groups the sec-
ond most used structure was n+1+1+1 while
n+1 (or n) was the second must used in the
faster groups.

These results are consistent with BEHM’s
observations, except that in the present study,
the n+2 structure was not observed while it
was used by 13% of female finalists in major
championships between 1978 and 1999'. As
the 400m hurdles for women is a relatively
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new event, we can then expect some techni-
cal or tactical improvements. We can interpret
the absence of n+2 structure in our study as a
technical improvement in regard to the 1980’s
and 1990’s. In fact, all the 46 analysed women
were able to hurdle with both lead legs.

Overall, it seems that n+1 and n+1+1 are the
best choices. Unlike the n structure, they allow
a quick start without using an overly high stride
frequency in the first part of the race. Later in
the race, when it becomes difficult to maintain
the initial number of strides per interval, add-
ing a stride allows - in theory - to increase fre-
quency or, at least, to stabilise it and thus to
limit speed loss.

The location of the first change of rhythm is
moderately well correlated with the final per-
formance. This interesting parameter has to be
considered when determining the race tactics.
It seems that the first change of rhythm should
take place between the fifth and seventh inter-
vals if the chosen structure is n+1+1. When the
chosen structure is n+1, it should take place
between sixth and eighth intervals. This pro-
posal is consistent with observations or rec-
ommendations of BEHM and LINDEMAN'".

Prognostic tools

Table 3 allows trainers to predict final time
from intermediate times. It also gives an idea
of the time to be achieved at each hurdle in
order to run the desired final time. Of course,
this table does not take into account various
distributions of effort scenarios.

As mentioned above, the relationship be-
tween stride length and stride frequency is
an important parameter in the 400m hurdles.
Table 4 is a pertinent tool to control this re-
lationship. Indeed, it allows choosing the ap-
propriate number of strides with regard to the
interval time in order to run with the best pos-
sible compromise between stride length and
stride frequency.

Conclusion

The 400m hurdles is a complex event that
cannot be approached as a "simple" 400m
“decorated” with ten hurdles. It is, of course,
fundamental to develop physical qualities such
as speed, strength and endurance, but it is
also essential to develop technical and tacti-
cal aspects. Like in 4x100m or in other techni-
cal events, the 400m hurdles is one of those
athletics disciplines where one can success-
fully compensate some physical limitations
by a controlled management of technical and
tactical aspects. Knowledge of these aspects
is essential if we want athletes to express fully
their physical potential.

Please send all correspondence to:
Kenny Guex
Kenny.guex@hesav.ch
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