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The impact of physique on strategy and performance in the 400 m hurdles race
among elite male athletes

Abstract

Introduction: the objective of this study was to assess the impact of physique on the stride pattern and
performance of elite male 400-m hurdles runners. Materials and Methods: this study is based on the
analysis of the performance of 297 male 400-m hurdlers in 13 Olympic games, 16 world championships,
and 15 European championships. The hurdlers were divided into 4 groups, based on their height and body
mass index (BMI) - taller and heavier (TH), taller and lighter (TL), shorter and heavier (SH), and shorter
and lighter (SL). Times taken to complete various phases of the 400-m hurdles race — HO-1 (from starting
line to hurdle 1), H1-3 (from hurdle 1 to hurdle 3), H3-5, H6-8, H8-10, and H10-F (from hurdle 10 to the
finishing line) — were noted. Similarly, the number of strides to complete 3 inter-hurdle phases (H1-4, H4-7,
and H7-10) was recorded. Results: The technical index (TI = time for 400m hurdles run - time for 400m
flat run) was the lowest in TH, followed by TL, SL, and SH. The stride number increased from H1-4 to
H7-10. Taller hurdlers took fewer strides than shorter ones. Only 8.5% of the hurdlers followed a uniform
stride number (13 or 15). Conclusions: the physique of elite 400-m men hurdlers can vary widely. Taller
hurdlers fly over hurdles more efficiently; a uniform stride pattern is independent of height and BMI, and is
followed by a few hurdlers only, and physique has a significant impact on running performance at a few
phases of the 400-m hurdles run.
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Abstract: Introduction: the objective of this study was to assess the impact of physique on the stride
pattern and performance of elite male 400-m hurdles runners. Materials and Methods: this study is
based on the analysis of the performance of 297 male 400-m hurdlers in 13 Olympic games, 16 world
championships, and 15 European championships. The hurdlers were divided into 4 groups, based
on their height and body mass index (BMI) — taller and heavier (TH), taller and lighter (TL), shorter
and heavier (SH), and shorter and lighter (SL). Times taken to complete various phases of the 400-
m hurdles race — HO-1 (from starting line to hurdle 1), H1-3 (from hurdle 1 to hurdle 3), H3-5, H6-8,
H8-10, and H10-F (from hurdle 10 to the finishing line) — were noted. Similarly, the number of strides
to complete 3 inter-hurdle phases (H1-4, H4-7, and H7-10) was recorded. Results: The technical in-
dex (TI = time for 400m hurdles run - time for 400m flat run) was the lowest in TH, followed by TL,
SL, and SH. The stride number increased from H1-4 to H7-10. Taller hurdlers took fewer strides
than shorter ones. Only 8.5% of the hurdlers followed a uniform stride number (13 or 15). Conclu-
sions: the physique of elite 400-m men hurdlers can vary widely. Taller hurdlers fly over hurdles
more efficiently; a uniform stride pattern is independent of height and BMI, and is followed by
a few hurdlers only, and physique has a significant impact on running performance at a few phases
of the 400-m hurdles run.

Keywords: stride pattern, stride number, technical index, inter-hurdle phase, mixed stride.

1. Introduction

The 400-m hurdles race is one of the most demanding track events where perfor-
mance depends on motor conditioning, speed, and the technique of overcoming the hur-
dles at a regular interval [1-4]. In the 400-m men’s hurdles race, there are 10 hurdles, each
91 cm high and placed 35-m apart. Success in the 400-m hurdles demands an ideal phy-
sique and appropriate technical training besides other physiological factors [2, 5-7]. Time
required by elite hurdlers to complete the 400-m hurdles race ranges between 46 s and 50 s
and depends on an ideal combination of both anaerobic and aerobic energy systems. Com-
pared to the 400-m (flat) run, the aerobic contribution is greater during the 400-m hurdles
run [8]. Elite hurdlers commonly use 13 to 15 steps to complete the 35-m distance between
two hurdles. However, in the later part of the race, fatigue forces gradual reduction of
speed and increases step frequency in many, including elite hurdlers.
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The 400-m hurdles strategy is based on two basic elements: the temporal one ("split
times") and the spatial one ("step pattern”) [9-11]. In the history of the 400-m hurdles,
athletes with a wide range of physiques have been very successful. The first 400-m hurdles
Olympic medalists in 1900 were relatively shorter (Tewskbury 170 cm, Tauzin and Orton
169 cm each). Successful hurdlers in the next Olympics showed a wide range of body
height and mass, 173-196 cm, and 70-85 kg, respectively [12-14]. The effects of hurdlers'
height and mass on 400-m hurdles performance have not been clearly established up to
this point. Studies related to the impact of the hurdlers” physique on their 400-m hurdles
performance do not unanimously conclude any significant findings that are important
from the training and strategy point of view [15, 16]. However, it is widely accepted that
physique is an important component in determining 400-m hurdles race strategy and suc-
cess [6, 13, 17-19]. An important component of 400-m hurdles race strategy is the “step
pattern”, which not only determines the step frequency and step length but dictates the
leading leg flying over the hurdles as well. Unfortunately, despite dependence of 400 m
hurdles performance on the hurdlers' BMI and physique, scientific studies describing the
hurdles race strategy based on the physique and BMI are lacking. The aim of the study
was to assess the influence of body height and body mass index (BMI) of elite male hur-
dlers on the 400-m hurdles race strategy and performance.

2. Materials and methods

2.1. Procedure

This study is based on an analysis of the performance of 297 male 400-m hurdlers
participating at some of the highest levels of competition from 1968 to 2017. Only the final
runs at the Olympic Games (13 editions, 1968 to 2016), World Championships (16 editions,
1983 to 2017) and the European Championships (15 editions, 1969 to 2016) were consid-
ered. Race times below 50.00 s were included for the final analysis.

The hurdlers mean age, height, body mass, and body mass index (BMI) were 25.96 + 3.69
years (ranging 19 to 36 years), 185.51 + 5.85 cm, 76.53 + 5.71 kg, and 22.23 + 1.11, respec-
tively. The athletes” BMIs were calculated using their heights and weights from online
broadcasts. Average timing of the participants for the 400-m hurdles was 48.65 + 0.74 s
(ranging from 46.78 to 50.00 s), whereas their average timing for the 400-m (flat) run was
45.94 + 0.84 s. The hurdlers’ height and body mass were obtained from "The Association
of Track and Field Statisticians" Athletics annual entries [27]. No informed consent was
required because all the data was obtained from publicly available internet broadcasts.

This study utilized an observational research design. Hurdlers were divided into 4
groups according to their physique, based on their height and BMI, as follows:

1) taller and heavier hurdlers (TH) (n =71): height > 185 cm; BMI > 23.09;

2) taller and lighter hurdlers (TL) (n = 84): (height > 185 cm; BMI < 23.09;

3) shorter and heavier hurdlers (SH) (n = 70): height < 185 cm; BMI > 23.09;

4) shorter and lighter hurdlers (SL) (n = 72): height < 185 cm; BMI < 23.09.

The study used the following 4 temporal and spatial variables related to 400-m hur-
dles and 400-m flat races:

1. 400-m hurdles and 400-m flat run times: 400-m hurdles run time (t400mH), 400-m
flat run time (t400m), and technical index (TT = t400mH — t400m) of the athletes were noted;

2. phase timings: times taken to complete various phases of the 400-m hurdles race,
based on the inter-hurdle interval, were noted. Six phases were highlighted — Ho-1;, Hi-s,
Hs-s, He-s, Hs-10, and Hio-r. The first phase (Ho1) indicates the distance from the starting line
to the 1st hurdle, His indicates the distance from the 1st hurdle to the 3 one, and Hior
represents the distance from the 10t hurdle to the finishing line. All these data were ob-
tained from other studies [3, 20-25];

3. phase step number - this is the number of steps to complete 3 phases of the hurdles
race: Hi4 (i.e., hurdle 1 to hurdle 4), Hs7 (hurdle 4 to hurdle 7), and Hr-10 (hurdle 7 to hurdle
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10). The percentage share of even and odd step numbers per “hurdle unit” are also pre-
sented (= 9 distances between the hurdles). Step number is important in the planning and
implementation of the hurdles race [10, 19, 22];

4. inter-hurdle step number- this shows the number of steps taken between two con-
secutive hurdles (e.g., between Hi and Hz, H2 and Hs, He and Huio).

2.2. Statistical analysis

Microsoft Excel 365 was used for data entry and processing. The normality of the
distribution was confirmed by the Shapiro-Wilk test, and the homogeneity of variance by
the Levene test. In order to compare individual groups of hurdles (TH, TL, SH, and SL),
one-way analysis of variance (ANOVA) was used, and when the F test reached the as-
sumed significance level, at a later stage of the analysis, Tukey's honestly significant dif-
ference (HSD) post-hoc tests were used to identify differences between individual pairs
of hurdler groups. Statistical significance was set at p <0.05. All statistical analyses were
conducted using Statistica 13.3 (TIBCO Software Inc., Palo Alto, CA, USA).

3. Results

The hurdlers' physique, based on their height and BMI, as well as their performance
in 400-m hurdles and 400-m (flat) runs are presented in Table 1. The SH were the best
performers in the 400-m hurdles race, followed by TH, TL, and SL, although the difference
was significant only between TL and SH (p < 0.05) and SH and SL (p <0.01). TH had the
best (least) TL followed by TL, SL, and SH. However, significant differences (p < 0.01) were
found only between TH and SH and between TL and SH. In most of the instances, the BMI
significantly varied (p < 0.001) between the groups.

Table 1. The athletes’ physical characteristics and their performance in 400-m hurdles and 400-m
flat runs.

. Group of hurdlers All Hurdlers Post-hoc
Varable o T71 TLn-84  SH@m=70) _ SL(m=72) (n=297) ANOVA comparison
TH-SH***
Body F=140.10 TH-SL***
height (om)  1902%365 1895308 1807+413 1810419  1855+585 ) <0.001 Lot
TL-SL***
TH-TL**
TH-SH***
Bodymass g5 0 336 76.1 +2.67 75.7 + 4.24 70.9 + 4.01 76.5 +5.71 F=150.53 TH-SL***
(kg) p <0.001 .
TL-SL
SH-SL***
TH-TL**
TH-SL***
Bodymass 31,060 2124078 232067  21.6+062 2224111 F=16524 TL-SH***
index p <0.001 o
TL-SL
SH-SL***
F=412 TL-SH*
t400mH (s)  48.62+0.68  4872+0.78  4843+0.72  48.84+0.71  48.65+0.74 b= 0007 SEoL
F=763 THSH
t400m (s)  46.01+1.06  4598+0.85  4557+0.62  4621+0.63  4594+0.84 ; TL-SH**
p <0.001 SELoL
F=285 TH-SH*
TI 1.97+0.95 2.03+0.73 2.29 +0.50 2.09 +0.45 2.09 +0.70 iy Lot

Note: TH - taller and heavier; TL - taller and lighter; SH — shorter and heavier; SL — shorter and
lighter; *p < 0.05; **p < 0.01; **p < 0.001.

Table 2 shows the time taken by the hurdlers to run various phases of the 400-m
hurdles. Time taken by all the groups of hurdlers gradually increases from Hi-s (known as
“the speed zone”) to Hsio (called “the endurance zone”). No significant difference



Balt ] Health Phys Act. 2024;16(1):Article4. 4 of 11

(p <0.05) in time between the groups of hurdlers was noted at the initial (Ho-1), Hss, Hes,
and the final (Hior) phases. Hs-10 was the only phase where the difference between the 4
groups of hurdlers (TH vs SH, TL vs SH, and SH vs SL) was significant (p < 0.05 in all the
cases). SL were significantly slower than both TH and SH at the His phase. Times taken
by the hurdlers to run the 4 phases of the 400-m hurdles race (Hi-3, Hs5, He-s, and Hs-10) are
presented in Figure 1.

Table 2. Time taken by hurdlers to run various phases of the 400-m hurdles race.

Time taken to run various phases of 400-m hurdles race

Phases
(seconds) Post-hoc
ﬁi tr}(‘;l’e‘lsofage‘ TH L SH SL Allhurdlers  “NOVA mparison
(n="71) (n=84) (n = 70) (n="72) (n =297)
Ho 5.99 +0.10 5.99 +£0.12 596 +£0.13 6.04 +£0.12 6.00+£0,13 NS NS
F=297 TH-SL*
His 7.52+0.19 7.55+0.20 7.53 0,20 7.62 +0,23 7.56 £0.21 p=0.032 SH-SL*
Hss 7.85+0.16 7.85+0.22 7.83+0.21 7.81+£0.16 7.86 +£0.21 NS NS
Hes 8.60 £0.19 8.61 £0.20 8.55+0.17 8.63 +£0.18 8.60 +£0.19 NS NS
F=509 TH-SH*
Hs-10 9.20+0.26 9.22 +£0.26 9.07 £0.22 9.18 £0.22 9.17 £0.24 -0 (')02 TL-SH*
p=v SH-SL*
Hior 5.32+0.28 5.36 £0.29 5.37+0.28 5.35+0.29 5.35+0.28 NS NS

Note: NS - not significant; *p < 0.05.

9.5

. -o- Taller & Heavier
% Taller & Lighter

Time (sec)
oo
(6) ]
1

oo
o
1

-* Shorter & Heavier
7.59 -+~ Shorter & Lighter

I 1 1 I
H1—3 H3—5 H6—8 H8—1O

Phases of 400-m hurdles

Figure 1. Time required by hurdlers to run the 4 phases (His, Hss, Hes, and Hs-10) of the 400-m
hurdles race.

The number of steps taken by the hurdlers at various stages of the 400-m hurdles race
is presented in Table 3. The step number increases from Hi-4 and attains maximum at H~-
10 in all the groups. Shorter hurdlers used more steps than taller hurdlers at each corre-
sponding phase of the race (p <0.01 to <0.001). No difference in the step number was
found between TH and TL, and between SH and SL.
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Table 3. The number of steps taken by the hurdlers at various stages of the 400-m hurdles race.

Step number

Variable Al(lnh:;g;';rs ANOVA Ciﬁ“;‘i‘;fm
TH (n=71) TL (n = 84) SH (n =70) SL (n=72) p
Phases of 400-m hurdles
TH-SH***
F=15.07 TH-SL**
His 39.13+1.23 39.28 +1.29 40.62 +2.21 40.43 +1.88 39.84 +1.84 p<0.001 TL-SE***
TL-SL**
TH-SH***
F=2235 TH-SL**
Haz 39.91+1.46 40.25+1.41 41.70 +1.98 41.55 +1.64 40.83 +1.81 p<0.001 TL-SH***
TL-SL***
TH-SH***
F=28.04 TH-SL***
H710 42.47 +1.83 42.71+2.04 4431 +1.24 4435 +1.14 4343 +1.84 p<0.001 TL-SE***
TL-SL***
% of odd and even steps
F=465 TH-SL*
%odd 23.63+18.86 28.73 +21.87 28.48 +21.22 36.93 +23.96 29.42 +21.96 ) TL-SL*
p=0.003 .
SH-SL
%even 76.37+18.86 71.27 +21.87 7152 +£21.22 63.07 +£23.96 70.58 £ 21.96 NS NS

Note: NS — not significant; *p < 0.05; **p < 0.01; **p < 0.001.

Table 4 presents the hurdlers' step pattern. It shows that only 8 TL and 2 TH (or 3.4%
of the total) used a uniform (or fixed) step pattern of 13 between 2 consecutive hurdles
throughout the race. On the other hand, a uniform step number of 15 was found in only
15 (5.1% of the total) hurdlers, mainly in shorter participants (14 of 15). Many tall hurdlers
(68 of 155) preferred to use a 13 + 14 step pattern, whereas many short hurdlers (54 of 142)
liked to use a mixed step pattern of 14 + 15 + 16 to complete the race. Some tall hurdlers
(13 of 155) chose a 12+13 step pattern, which was not found in short hurdlers at all.
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Table 4. The hurdlers’ step pattern in the 400-m hurdles race.

Step pz;tltirdxi;etween Number of hurdlers who ran the race with a specific step pattern
Uniform Mixed TH TL SH SL All hurdlers (n.
step step (n=71) (n=84) (n=70) (n=72) =297)
13 - 2 : - - p
(2.8%) (9.5%) (34%)
15 - ! - : ; it
(1.4%) (12.9%) (6.9%) (5.1%)
35 33 7 5 80
- 13+ 14 (49.3%) (39.3%) (10.0%) (6.9%) (26.9%)
1 7 13 23 44
— 14+15 (1.4%) (8.3%) (18.6%) (31.9%) (14.8%)
16 14 8 8 46
_ 13+14+15 (22.5%) (16.7%) (11.4%) (11.1%) (15.5%)
10 14 28 26 82
_ 14+15+16 (14.1%) (16.7%) (40.0%) (36.1%) (27.6%)
1 2 3
— 13+15 - (12%) (29%) - (10%)
3 5 8
— 14+16 - - (4.3%) (6.9%) (2.7%)
. 7 13
_ 12+13 85%) (8.3%) - - (4.4%)
Sum — 7 - - . o0
(100%) (100%) (100%) (100%) (100%)

4. Discussion

The key findings of this study are that male 400 m hurdle runners having a wide
range of body height and physique can compete 400 m hurdles successfully, hurdlers of
tall stature can run more smoothly over the hurdles than their shorter counterparts, only
a few elite hurdlers make an equal number of steps between hurdles, and total number of
steps taken by a hurdler is largely determined his height but not by the BMI. Findings also
indicate that only a few phases of the 400 m hurdles run are influenced by the hurdlers'
height and BMI.

Anerobic endurance is an important requirement to complete a 400-m hurdles race
successfully. The hurdles run is a form of repetitive activity that involves spatio-temporal
constraints. The step pattern of elite hurdlers during the hurdles race is very stable [26].
The 400-m hurdles run is certainly a race that demands extensive racing experience as
a prerequisite for success. The more times the athletes run hurdles in a competitive envi-
ronment, the more programmed and effective the step pattern is likely to be, which finally
leads to improved performance [1].

The data shows that the physique of successful 400-m men hurdlers considerably
varies. Record timings were broken and Olympic medals were won by hurdlers with body
heights of 169-198 cm and body mass of 62-90 kg [12, 13, 27]. Most authors agree that
physique (body height, in particular) is related to the adopted running strategy [18, 28,
29]. The hurdlers in this study are taller but have similar body mass when compared to
early studies [15, 16, 30-32]. Tanner [32: 126] and Hirata [30] investigated the body struc-
ture of elite runners, including sprinters and hurdlers. They analyzed the height and mass
of the participants in the 1964 Tokyo Olympics and determined the average body height
of 183.04 + 6.7 cm. Khosla [31] analyzed finalist runners from the Munich Olympics (1972)
and found body height of 182.5 + 7.3 cm and body mass of 77.14 + 7.04 kg. Ivan and Gheor-
ghe [16] reported the body height and body weight of elite 400-m hurdlers as 184.79 + 5.50
cm and 77.74 + 5.15 kg, respectively. The analysis over the course of the competition at the
World Championships in Daegu (2009) determined the mean body height at 183.04 + 6.7 cm
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[33]. Sedeaud et al. [34] analyzed the body structure of a large group (n = 160) of elite 400-
m runners and presented their body weight, height, and BMI as 74 + 6.38 kg, 182.75 + 6.24
cm and 22-23 respectively. The study conducted by Kostial, Matousek, and Zahorec [18]
showed that the adoption of step frequency largely depends on the length of the limbs
(r=-0.80), body height (r=-0.487) and body mass (¥ =0.359). In a study conducted by Iskra
and Walaszczyk [15], the best hurdlers in Poland were 183.5 + 4.8 cm in height and with
the body mass of 74.4 + 4.9 kg.

The issue of the 400-m hurdles performance in the context of the technique is often
analyzed by trainers and scientists, especially biomechanists [35]. The technical index is
one of the basic parameters assessing the level of technical aspects of the hurdles race [4].
A low technical index, around 2 s, in leading 400-m hurdlers, confirms its importance in
achieving success in this event [4, 28, 36]. A lower (better) technical index in taller hurdlers
indicates their superior skills of “flying over” the hurdles.

Changes in the speed of different 35-m inter-hurdle intervals is one of the most fre-
quently used methods of assessing another important technical parameter of a successful
400-m hurdler [10, 11, 19-22, 25]. Changes in speed result from many factors, e.g., the
curvature of the track, and biomechanical and physiological limitations due to fatigue [7-
9, 35, 37]. A reduction of speed from the initial phase, or HO-1 (45-m), to the final phase,
or H10-F (40 m), is an important characteristic feature of the 400-m hurdles race, although
this drop of speed is low in elite hurdlers. The average speed at the first phase (HO-1)
decreased from 7.5 m/s to ~7.477 m/s at the last phase (H10-F) of the race. Large involve-
ment of the anaerobic glycolytic system causes a large rise in blood lactate and fatigue
[38]. Hurdlers start to feel as if hurdles in the latter part of the run are increasingly higher.
This leads to an unavoidable gradual reduction of speed in the latter part of the race. An
ideal combination of anaerobic and aerobic training (plus motor conditioning) can reduce
fatigue and improve performance. The times taken to run phase HO-1 by all groups of
hurdlers were close to one another, and no significant difference existed among the
groups. This was al-so true for phases like H3-5, H6-8, and H10-F. However, TH ran sig-
nificantly faster than SL (p < 0.05) at H1-3, and the same is true in the case of SH relative
to SL. Similarly, at phase H8-10, the average speed varied (p < 0.05) among the groups of
hurdlers.

The step number used to cover different phases of the race significantly varies among
the groups of hurdlers. Taller hurdlers have longer lower limbs that favor longer and few-
er step [15, 39]. Running with 13 steps between hurdles makes it possible to use only one
leg as the leading leg. Over 75% of TL use the left leg as the lead leg, and this is important
in developing a spatial strategy for the "rhythm" of the steps [1, 4, 6, 19, 24, 28]. However,
even most of the taller hurdlers are not comfortable with fewer and longer steps (as in
9 x 13) probably because longer steps are inconvenient and not economical for them [40].
The total number of steps taken by elite hurdlers mainly depends on their height; the BMI
within a given range plays no role in it. The step length is self-optimized by runners and
has minimal oxygen uptake at the preferred step length. Thus, it is illogical to manipulate
the step pattern too much by coaches as this can result in a greater metabolic cost and
deteriorate performance [40,41]. Runners can optimize step length for economy when
change is required because of fatigue [40].

The efficiency of hurdle clearance is well reflected by the hurdle-clearance step. A
higher level of performance is correlated to a shorter clearance step with a greater per-
centage of the step in front of the hurdle. A consistent pattern of an odd number of steps
between all hurdles is one of the prerequisites of performance in the hurdles race. Only
an odd number of steps (13, 15, 17, etc.) allows a hurdler to take all hurdles with the same
lead leg. An even number of steps between the hurdles, on the other hand, forces hurdlers
to alternate their lead-leg for the next hurdle. Yet, this study confirms that an even number
of steps is predominant over an odd number of steps in elite hurdlers (Table 3). Probably
many top-class 400-m hurdlers are well-trained in swapping their lead-leg without affect-
ing their speed.
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Findings of this study indicate that top-class hurdlers mainly follow three step pat-
terns — a) consistent odd number of step (13, 15) between the hurdles; b) single alternate
pattern, where the left lead-legged hurdlers transit from 13 to 14 steps; c) double alternate
pattern, where the hurdler changes the step frequency twice (13+14+15 and 14+15+16) (Ta-
ble 4). Elite hurdlers very rarely follow the double countdown (13+15 or 14+16) step pat-
tern, where they avoid changing the lead leg at any cost. Male physique is not the only
decisive factor but plays an important role in planning and implementing step patterns in
the 400-m hurdles race. A step pattern is largely an inherent property of a runner, includ-
ing 400-m hurdlers. Physical training, motor conditioning, and experience are likely to
have a strong influence on the determination of step pattern and its implementation for a
successful 400-m hurdles race.

The track athletes included in this study were highly specialized 400 m hurdlers;
therefore, many of them might not have competed frequently in 400 m (flat) event unlike
specialized 400 m (flat) runners. Thus, their 400 m flat run performance may not be truly
representative, and it may be reasonable to assume that their 400 m flat run performance
and TI were underestimated.

The force and power of the lower limb muscles, coupled with the hurdlers' height
and BM]I, play a significant role in their performance [42]. Factors such as a wide range of
physical builds, proficiency in chosen motor skills, hurdles technique, and the spacing
between steps during the hurdles race likely play a pivotal role in achieving success in
elite 400 m hurdles races. However, this study did not conclusively link the overall per-
formance in the 400m hurdles to the specified height and BMI ranges of top-tier hurdlers.

5. Conclusions

The findings of this study could be beneficial for athletes and coaches in several ways.
Within a given range, body height and BMI may not play a key role in planning and im-
plementing step patterns in a 400-m hurdles race. A uniform step pattern is not necessarily
required for top-level performance. Shorter hurdlers should focus more on the technical
index that helps them jump over the hurdles more easily. We can also conclude that: (1) a
wide range of body heights and physiques can allow athletes to compete at the high-est
level; (2) taller hurdlers have superior TI that allows them to run over the hurdles more
smoothly than their shorter counterparts; (3) a uniform step number (9x13 or 9x15) is fol-
lowed by only a few (8.4%) elite hurdlers from all the groups. About half (49.8%) of the
hurdlers maintain a single alternate step pattern (13+14 or 14+15 orl3+15 or 14+16 or
12+13), whereas 42.1% follow a double alternate step pattern (13+14+15 or 14+15+16); (5)
body height and BMI of the elite 400-m hurdlers have a significant impact on the running
performance only at a few phases (H1-3 and H8-10) of the 400-m hurdles run.
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