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Abstract: 

This study aimed at exploring the key kinetic and kinematic factors of 110-m hurdle clearance performance 

using three-dimensional (3D) analysis system. Ten national level athletes participated in this study. The 

kinematic analysis of the hurdling sequences was recorded using ten mutually synchronized digital cameras. 

Body markers were digitized using SkillSpector
® 

software. Ground-reaction force was calculated by using rigid 

body inverse dynamics using the Smith’s equations. All variables were combined into components through a 

principal component analysis. The retained components have been used in a multiple regression analysis. 

Twenty variables were retained as key hurdling performance determinants. Specifically, the horizontal and 

vertical velocity of the centre of mass (COM) and the lead-leg/trail-leg in all phases (i.e., take-off, flight, and 

landing), horizontal and vertical displacement of the COM, the lead-leg/trail-leg vertical displacement, and the 

flight-time at clearance are among the main hurdling performance determinants. Overall, to improve hurdling 

performance, greater horizontal velocity, lower vertical displacement at flight and lower contact-time at the take-

off phases through a higher rate of force development are needed. 

Key Words: - Motion analysis; inverse dynamic; hurdling; track and field 

 
Introduction 

Hurdling is a complex technical event that requires high levels of physical fitness (Iskra, 1995). In fact, 

sprint speed, inter-segmental coordination, reactive strength, and great technical skills are the most key physical 

fitness aspects that should regularly be developed and routinely implemented in training programs to succeed the 

race (Coh, 2003; Coh & Zvan, 2018). In particular, the technique of clearing the hurdle represents one of the 

most determinant elements defining the competitive result (López, Padullés, & Olsson, 2011; McLean, 1994; 

Sidhu & Singh, 2015). In this context, Iskra (1995) indicated that the improvement of the 110-m hurdle race 

technique represents one the central component of training.  

Kinetic and kinematic analysis of 110-m hurdle clearance, in particular, may help understanding the 

critical factors that influence performance and assist coaches exploring the theoretical basis for hurdle running 

training (Salo, Grimshaw, & Viitasalo, 1999). Additionally, the kinetic and kinematic outcomes are widely used 

to help improving athletes’ training and performance, alike (Coh, Jost, & Skof, 2000; Salo et al., 1999). Previous 

studies examined the kinematic analysis of Colin Jackson’s clearance (World Record Holder) at the fourth hurdle 

in the 110m race (Coh,2003; Coh, Zvan, and Jost,2004; Coh and Zvan, 2018). Authors agreed that the horizontal 

velocity of the centre of mass (COM) at take-off and during clearance, the height of COM above the hurdle, the 

lead-leg’s knee swing velocity, the flight-time, and the contact-time at the landing phase represent the key 

hurdling performance factors. In terms of kinetic factors, it has been demonstrated that the peak horizontal force 

at landing is paramount for an efficient hurdling (Coh and Iskra, 2012).  

It is noteworthy that all previous biomechanical analyses of hurdling were carried out on only one to 

three hurdles (Iskra & Coh, 2006) with a large variation in the hurdles selected for analysis. For instance, 

previous research focused on only the first (Lee, 2004; Lee, Park, Ryu, & Kim, 2008; Salo, 2002; Xu, Wang, & 

Yan, 2005), the second (Iliew & Primakov, 1978; Mclean, 1994), the third (Lee, 2009; Salo, Peltola, & Viitasalo, 

1993; Tsarouchas, Papadopoulos, Kalamaras, & Giavroglu, 1993), the fourth (Coh, 2003; Cooh et al., 2000; Li, 

Zhou,  Li, & Wang, 2011; Ryu & Chang, 2011), the fifth (Coh & Zvan, 2018; Sidhu, 2016; Sidhu & Singh, 

2015), the sixth (Li & Fu, 2000; Peak et al., 2011), the seventh (Shibayama, Fujii, Takenaka, Tanigawa, & Ae, 

2011) the ninth (Iwkin, Jegorow, & Zukow, 1987; Salo & Scarborough, 2006), and  the tenth hurdle (Lopez et 

al., 2011; Chow, 1998).  
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Having in mind that previous studies have generally focused on only one to three hurdles, along with 

only a kinetic or kinematic analysis except Coh and Zvan (2018), further studies addressing both kinetic and 

kinematic factors over the whole 110-m hurdling race could be of high practical relevance. Clearly, this is a 

research area that needs further development. Therefore, in an attempt to fill this gap in the literature, the 

purpose of this study was to examine the key kinetic and kinematic factors related to the clearance technique 

(i.e., take-off, flight, and landing phases) over the entire 110-m hurdles race in national level sprint hurdle 

athletes. With reference to the relevant literature (Coh, 2003; Coh et al., 2000; Coh & Zvan, 2018; Iscra, 1995; 

Iskra & Coh, 2006; Salo et al., 1999), we hypothesized that greater velocity, lower vertical displacement at flight 

and lower contact-time at the take-off phases represent the key hurdling performance determinants. 

 

Material & methods  

Participants 

 Ten national level male athletes participated to this investigation (mean ± SD: age 20.82 ± 1.33 years; 

height 1.82 ± 0.04 m; body mass 75.04 ± 4.59 kg). They had 9.1 ± 1.3 years sprint hurdle training background. 

Their mean 110-m hurdles performance was 14.30 ± 0.13 second and the best performance was 13.90 second.  

All procedures were approved by the Institutional Review Committee for the ethical use of human subjects at 

Ksar Said University. Written informed participant assent was obtained before the start of the study. All 

participants were informed about the experimental protocol and its potential risks and benefits before starting the 

study. Participants were allowed to withdraw from the study at any time without giving any reason. 

Procedures  

 Three-dimensional (3D) kinematic analyses of the hurdling sequences were performed over the entire 

110-m distance (i.e., 10 hurdles) with ten mutually synchronized [Time Code Synchronization, TC-Link] digital 

cameras [Sony DCR-PC108
E
 Mini-DV; 1 million pixels CCD, Shutter speed 1/4000

th
 of a second and sample 

rate 60 Hz] with wide conversion lens [× 0.6; 45.5 × 29 mm]. Cameras were placed in pairs (i.e., 5 pairs) 7-m 

away and 1.50-m above the floor with an angle of 60° and 120° for the first and the second camera, respectively. 

Each pair of cameras permitted the analysis of two hurdles (figure 1). 

 

 
Fig. 1: Measurement procedure. 

 

To collect kinematic athletes’ clearance data, twenty markers were attached to the body of each 

participant for digitization. Body markers, using the Hanavan model modified by De Leva (1996), were digitized 

using the video-based data analysis system SkillSpector
®
 1.3.2 [Odense SØ – Denmark], (Bini, Jacques, 

Lanferdini, & Vaz, 2015; Lanferdini et al., 2016; Mkaouer, 2018; Mkaouer, Chaabene, Amara, Negra, & Jemni, 

2018; Mkaouer, Jemni, Amara, Chaabène, & Tabka, 2013). Similarly, the body segments’ COM was computed 

using the Hanavan model modified by De Leva (1996). Ground reaction force (Ft) was calculated using rigid 

body inverse dynamics via Smith’s equation (Smith, 1983) [Equation 1a, 1b and 1c; Figure 1a and 1b] (Amara, 

Mkaouer, Chaabène, Negra, Hammoudi-Riahi, & Ben-Salah, 2017; Mkaouer, 2018; Mkaouer et al., 2013, 2018). 

The accuracy of force measurement via inverse body dynamic analysis using Smith’s equation (Smith, 1983) has 

been recently validated by Mkaouer et al. (2018) (equation 1a, b and c; figure 2). 
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(a) )
_

()(

21

12

tt
vv

F mN
x

+
⋅=

          (b) 

t
v

F mN
y

2

3)( ⋅=       (c) )()()( 22

yxt
FFNF +=                          

(1) 

(Ft) resultant of reaction force in Newton; (Fx) horizontal force in Newton; (Fy) vertical force in Newton; (m) 

mass of the gymnast in kilogram; (t1) amortization period in second; (t2) time of pushing in second; (V1) initial 

horizontal velocity "beginning of the amortization phase" in meter per second; (V2) final horizontal velocity "end 

of the pushing phase" in meter per second; (V3) final vertical velocity "end of the pushing phase" in meter per 

second. 

 
Fig. 2: Calculating method related to Smith (1983). 

(COM) centre of mass; (Fx) horizontal force in Newton; (Fy) vertical force in Newton; (t1) amortization period in 

seconds; (t2) time of pushing in second; (V1) initial horizontal velocity "beginning of the amortization phase" in 

meter per second; (V2) final horizontal velocity "end of the pushing phase" in meter per second; (V3) final 

vertical velocity "end of the pushing phase" in meter per second. 

Three phases of clearance were analysed as follow: The take-off (i.e., the last braking and propulsion 

acts before the hurdle), the flight (i.e., the flying time/clearance above the hurdle) and the landing (i.e., the first 

braking and propulsion acts after the hurdle) phases. 

 The measurements were carried out on an outdoor athletic track. After 20-min of general and specific 

warm up (i.e., 10-min light jogging followed by 10-min specific hurdle technical skills), each athlete cleared 

110-m hurdles twice from starting blocks. The between-repetition resting time was 1 h (Smirniotou, Katsikas, 

Paradisis, Argeitaki, Zacharogiannis, & Tziortzis, 2008). The hurdles’ height (1.067-m) and intervals (9.14-m) 

were the same as an authentic competition. The best performance was retained for statistical analyses. The 

environmental conditions recorded during the experience were 25°C for temperature and w = 0.10 m·s
-1 

for wind 

velocity. 

Statistical analysis 

 Data were reported as mean ± standard deviation (SD) and confidence intervals at 95% level (95% CI). 

Effect size (d) was calculated using GPOWER software “Bonn FRG, Bonn University, Department of 

Psychology” (Erdfelder, Faul, & Buchner, 1996). The following scale was used to interpret d: < 0.2, (trivial); 0.2 

– 0.6, (small); 0.6 – 1.2, (moderate); 1.2 – 2.0, (large); and > 2.0, (very large) (Hopkins, 2002). Data were tested 

for normal distribution using Shapiro-Wilk’s test. A paired sample t test was computed to assess any systematic 

bias in the body inverse dynamics calculation in the take-off phase between the two 110-m hurdle race 

performances. Pearson’s correlation was used to determine relationships between races. The coefficient of 

determination (R²) was calculated to determine the amount of explained variance between the two repetitions. 

Relative reliability of body inverse dynamics analyses was determined by calculating the intra-class correlation 

coefficient (ICC1, 3). We considered an ICC below 0.50 as poor, between 0.50 and 0.75 as moderate, between 

0.75 and 0.90 as good, and > 0.90 as excellent (Koo & Li, 2016). Absolute reliability was analysed through the 

typical error of measurement (TEM). It was calculated by dividing the SD of the difference between scores by 

 (Hopkins, 2000) and expressed as coefficient of variation.  Therefore, the outcomes of the motion tracking 

were introduced in an analysis of principal components (PCA) with the purpose of identifying the most 

representative factors of the total variables analysed according to each hurdle clearance phase (i.e., take-off, 

flight, and landing phases). The factorial analysis began by the calculation of the correlation matrix between 

kinetic and kinematic variables assessed with coefficient of determination (R²). This matrix was submitted for 

the extraction of main components, followed by varimax rotation (Osborne & Costello, 2009). The factors were 

retained only if it is composed by two or more variables.  Moreover, the first factor should be concentrated 

the greatest part of the tests with factorial weight above 0.80, cutting point adopted for the definition of the 

connection force between kinetic and kinematic variables (Ihalainen, Kuitunen, Mononen, & Linnamo, 2016; 
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Osborne & Costello, 2009). Stepwise regression was conducted between performance (i.e., best time in 110-m 

hurdles) and key factors retained from PCA. The significance level was set at p ≤ .05. Data analyses were carried 

out using IBM SPSS Statistics Version 20 [IBM Corp., Armonk, New York, USA]. 

 

Results 

Reliability outcomes of body inverse dynamics calculation using Smith’s equation (Smith, 1983) is 

displayed in Table 1. The difference between the two race repetitions (i.e., 110-m hurdle clearance) was not 

statistically significant (p > 0.05). The dynamic variables measured by body inverse dynamics showed high 

absolute and relative reliability level (ICC > 0.90, TEM < 5%,). 

Table 1. Short-term reproducibility of body inverse dynamics calculating at the take-off phase 

  T-test (p) ICC (95%) TEM TEM (%) Cohen d 

Fx COM (N) 0.581 
0.982 

(0.875-0.991) 
6.58 0.296 0.04‡ 

Fy COM (N) 0.897 
0.994 

(0.959-0.997) 
3.41 0.154 0.01‡ 

Ft COM (N) 0.699 
0.987 

(0.909-0.994) 
6.89 0.219 0.03‡ 

Px COM (W) 0.291 
0.996 

(0.969-0.998) 
9.95 0.059 0.04‡ 

Py COM (W) 0.309 
0.998 

(0.983-0.999) 
2.73 0.058 0.03‡ 

Pt COM (W) 0.574 
0.928 

(0.881-0.986) 
296.92 1.701 0.10‡ 

(COM) centre of mass; (Fx) Horizontal reaction force; (Fy) vertical reaction force; (Ft) resultant of reaction 

force; (Px) horizontal peak power; (Py) vertical peak power; (Pt) resultant of peak power; (ICC) intra-class 

correlation coefficient; (TEM) typical error of measurement; (d) effect size; (
‡
) trivial effect size. 

Overall, seventy-six variables (i.e., twenty-seven at take-off, twenty-two at flight-phase, and twenty-

seven at landing) were analysed and factorized using the PCA (Table 2). Six factors (i.e., horizontal velocity, 

vertical velocity, horizontal displacement, vertical reaction force, vertical power, and vertical displacement) were 

retained for interpretation of the ratios between variables at the take-off (Table 3) and flight phases (Table 4). 

For the landing phase, seven factors were kept (Table 5) (Eigen values > 1.0). Moreover, after adopting 0.80 

minimum correlation threshold, a total of twenty variables (e.g., the COM vertical and horizontal velocity, the 

vertical and horizontal velocity of knee and ankle, the vertical and horizontal displacement of COM in all phases, 

the take-off and landing angle, the contact-time, the vertical force and power at take-off and landing) were 

considered as key factors (figure 3).The outcomes summary of the step-wise multiple regressions analyses 

between the dependent variables (i.e., performance in 110-m hurdles) and the independent ones (i.e., key kinetic 

and kinematic factors) are shown in Table 6. 

The equation generated by the regression model for performance prediction was calculated as follow 

(equation 2). 

Equation 2. 

Perf. = 17.922 – 0.001 × Fy COM at take-off – 0.881 × Vx ankle at landing                                                                          (2) 

(Perf.) Performance in 110-m hurdles; (FyCOM at take-off) vertical reaction force at take-off; (Vx) horizontal velocity 

of the trail-leg at landing. 

 

 
Fig. 3: Key factors of hurdle clearance. 
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Table 2. Descriptive statistics of the variables studied in take-off, flight, and landing phases 

 

Variables 
Take-off phase  

(Mean ± SD) 
CV 

Flight phase  

(Mean ± SD) 
CV 

Landing phase  

(Mean ± SD) 
CV 

Braking Angle (°) 62.02±1.17 0.04 --- --- 76.49±1.80 0.04 

Propulsion Angle (°) 68.04±2.51 0.04 --- --- 63.76±1.32 0.04 

Angle Knee Lead Leg (°) 96.05±2.41 0.13
**

 114.50±2.93 0.12
**

 143.48±2.44 0.06
*
 

Angle Knee Trail Leg (°) 154.15±1.97 0.06
*
 30.87±2.26 0.17

**
 120.61±1.96 0.10

**
 

Angle Hip Lead Leg (°) 93.84±4.20 0.18
**

 68.01±2.36 0.20
**

 176.18±3.88 0.07
**

 

Angle Hip Trail Leg (°) 160.94±2.34 0.09
**

 45.24±2.43 0.23
**

 110.37±3.61 0.10
**

 

Angle Lead Leg/Trail Leg (°) --- --- 88.49±3.53 0.17
**

 --- --- 

Vx COM (m·s
-1

) 7.41±0.29 0.07
*
 7.42±0.24 0.07

**
 7.27±0.19 0.07

**
 

Vy COM (m·s
-1

) 2.08±0.03 0.10
**

 1.94±0.04 0.10
**

 1.61±0.08 0.18
**

 

Vx Ankle Lead Leg (m·s
-1

) 16.64±0.50 0.10
**

 6.40±0.22 0.08
**

 0.56±0.09 0.36
**

 

Vy Ankle Lead Leg (m·s
-1

) 2.94±0.61 0.45
**

 1.52±0.11 0.20
**

 3.17±0.30 0.23
**

 

Vx Ankle Trail Leg (m·s
-1

) 3.72±0.26 0.23
**

 9.42±0.33 0.07
**

 13.25±0.37 0.10
**

 

Vy Ankle Trail Leg (m·s
-1

) 4.75±0.32 0.07
*
 1.71±0.10 0.17

**
 3.80±0.24 0.21

**
 

Vx Knee Lead Leg (m·s
-1

) 7.04±0.29 0.10
**

 6.50±0.22 0.07
**

 4.46±0.22 0.14
**

 

Vy Knee Lead Leg (m·s
-1

) 3.92±0.30 0.29
**

 2.77±0.14 0.32
**

 2.59±0.20 0.04 

Vx Knee Trail Leg (m·s
-1

) 5.10±0.76 0.23
**

 8.98±0.29 0.07
**

 9.12±0.36 0.08
**

 

Vy Knee Trail Leg (m·s
-1

) 2.37±0.46 0.03 1.98±0.07 0.15
**

 2.19±0.22 0.18
**

 

dx Hurdle (m) 1.87±0.11 0.07
**

 3.25±0.08 0.08
**

 1.37±0.14 0.11
**

 

dx COM/Hurdle at Braking (m) 2.29±0.11 0.07
**

 --- --- 1.13±0.15 0.15
**

 

dx COM/Hurdle at Propulsion (m) 1.42±0.10 0.11
**

 --- --- 1.87±0.16 0.09
**

 

dy COM (m) --- --- 1.46±0.01 0.05
*
 --- --- 

dy COM at Braking (m) 1.08±0.01 0.07
**

 --- --- 1.26±0.01 0.06
**

 

dy COM at Propulsion (m) 1.25±0.01 0.06
*
 --- --- 1.17±0.01 0.06

**
 

dy Ankle Lead Leg (m) --- --- 1.19±0.02 0.06
**

 --- --- 

dy Ankle Trail Leg (m) --- --- 1.22±0.01 0.06
**

 --- --- 

dy Knee Lead Leg (m) 1.11±0.02 0.07
**

 1.34±0.01 0.06
**

 --- --- 

dy Knee Trail Leg (m) --- --- 1.42±0.02 0.07
**

 0.95±0.03 0.08
**

 

Contact time (s) 0.12±0.01 0.07
**

 --- --- 0.10±0.01 0.11
**

 

Time of Clearance (s) ---  0.33±0.01 0.07
**

 --- --- 

Fx COM (N) 2220.11±199.30 0.03 --- --- 731.43±94.32 0.04 

Fy COM (N) 2218.08±297.97 0.04 --- --- 1614.03±111.12 0.25
**

 

Ft COM (N) 3157.32±283.57 0.04 --- --- 1824.17±118.31 0.15
**

 

Px COM (W) 16845.87±778.19 0.03 --- --- 16328.72±942.40 0.05 

Py COM (W) 4677.08±652.48 0.04 --- --- 1374.01±164.67 0.20
**

 

Pt COM (W) 17362.83±925.01 0.04 --- --- 16368.76±764.66 0.25
**

 

 

(COM) centre of mass; (Vx) horizontal velocity; (Vy) vertical velocity; (dx) horizontal displacement; (dy) 

vertical displacement; (Fx) Horizontal reaction force; (Fy) vertical reaction force; (Ft) resultant of reaction force; 

(Px) horizontal peak power; (Py) vertical peak power; (Pt) resultant of peak power; (
*
) Significant variation 

between the ten hurdles at p < 0.05; (
**

) Significant variation between the ten hurdles at p < 0.001. 
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Table 3. Take-off phase: Factor Loadings (varimax) – analysis of main components 

Variables Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 

Vx Ankle Lead Leg  .95 .08 .10 .03 .02 .25 

Vx COM  .92 .17 -.21 .12 .24 .01 

Braking Angle .88 .27 .15 -.23 -.03 .16 

Px COM .86 -.19 .02 .40 .24 -.07 

Vx Ankle Trail Leg .86 .21 -.34 .29 .09 -.08 

Vx Knee Lead Leg .85 .28 -.30 -.06 -.14 .00 

Fx COM .77 -.31 .21 .43 .18 -.15 

Vy Knee Trail Leg .03 .97 -.16 -.09 .12 -.04 

Vx Knee Trail Leg .36 .87 -.14 .09 .22 -.17 

Vy Knee Lead Leg -.24 .84 -.23 -.07 -.38 .04 

Vy Ankle Trail Leg .36 .83 -.07 .15 .35 .07 

Angle Hip Lead Leg -.39 -.74 .50 -.08 -.19 -.03 

dy Knee Lead Leg .10 .62 -.39 .46 .44 -.04 

Fy COM -.01 -.26 .94 -.11 .09 -.06 

Py COM -.02 -.24 .94 -.13 .09 -.15 

Angle Knee Trail Leg -.06 -.43 .81 .31 -.07 .04 

Vy Ankle Lead Leg .06 -.41 -.71 .28 .41 .11 

Propulsion Angle -.33 -.15 .62 -.21 -.03 -.52 

dx COM/Hurdle at Propulsion .00 -.08 -.15 .94 .18 .17 

dx Toe/Hurdle .21 .02 -.13 .93 .18 .09 

dx COM/Hurdle at Braking .18 .17 .04 .90 .27 .05 

Angle Knee Lead Leg .10 .18 -.04 .11 .90 .10 

Contact time -.26 .10 -.12 -.24 -.79 .43 

dy COM at Propulsion .08 .37 .09 .45 .71 .08 

dy COM at Braking -.11 .18 -.30 .44 .65 .37 

Vy COM -.08 .07 .41 -.15 -.13 -.84 

Angle Hip Trail Leg .10 -.29 .46 .46 -.14 .66 

Eigen value 9.16 9.33 8.59 8.16 7.28 4.82 

% accumulated variance 22.56 41.90 59.25 75.10 87.95 95.36 

(COM) center of mass; (Vx) horizontal velocity; (Vy) vertical velocity; (dx) horizontal displacement; (dy) 

vertical displacement; (Fx) Horizontal reaction force; (Fy) vertical reaction force; (Px) horizontal peak power; 

(Py) vertical peak power.    

 

Dicussion 

Previous investigations have focused on one and/or maximum three hurdles, along with either kinetic or 

kinematic analysis. Therefore, the current study can be considered unique in that it examined both kinetic and 

kinematic variables of the entire 110-m sprint hurdling performance.  

Findings of this study showed that a greater horizontal velocity, an optimal ratio between take-off and 

landing distance in horizontal displacement, a better power and vertical reaction force, and a small vertical 

displacement are the major determinant factors to drive achieving high 110-m hurdles clearance performance 

level.  

Results indicated that body inverse dynamics calculation using Smith’s equation (Smith, 1983) showed 

high absolute and relative reliability level. The PCA outcomes generated six independent components that 

explained 94.96% of the total variance of all selected variables. These components are the horizontal velocity 

(22.74 %), the vertical reaction force (17.35 %), the horizontal displacement (16.25 %), the vertical displacement 

(13.42%), the vertical power (13.31 %), and the vertical velocity (11.89%).  When applied for the take-off phase, 

results of the PCA extracted four independent components altogether explaining 75.10% of the total variance of 

all variables. These components are the horizontal velocity (22.56 %), the vertical velocity (19.34 %), the 

vertical reaction force and power (17.35 %), and the horizontal displacement (15.85 %).  In terms of clearance 
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phase, four independent components were retained explaining 76.59 % of the total variance of all selected 

variables. These components are the horizontal velocity (30.61 %), the vertical displacement (20.98 %), the 

COM vertical velocity (15.03 %), and the trail-leg vertical velocity (9.97 %). As to the landing phase, four 

independent components were retained for the landing phase which are the vertical displacement (19.30 %), the 

horizontal displacement (16.95 %), the horizontal velocity (14.25 %), and the vertical force and power (13.31 

%). Together, these components exaplined63.81 % of the total variance. 

 

Table 4. Flight phase: Factor Loadings (varimax) – analysis of main components 

Variables Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 

Vx Knee Lead Leg .94 .02 -.05 .21 .23 .01 

Vx COM  .93 .07 -.07 .21 .22 .12 

dx Clearance -.90 .25 .15 .18 .11 .11 

Vx Ankle Trail Leg .90 .28 .00 .21 .24 .10 

Vx Knee Trail Leg .88 .06 -.08 .26 .30 .14 

Angle Lead Leg/Trail Leg .86 .07 -.20 -.30 -.24 -.10 

Vx Ankle Lead Leg  .85 -.17 .32 .03 .34 .10 

dy Knee Trail Leg .07 .98 -.04 -.11 -.10 -.01 

dy Knee Lead Leg -.14 .87 -.10 .30 .02 -.32 

dy COM -.32 .83 -.09 -.09 .09 -.02 

dy Ankle Lead Leg .49 .76 -.11 -.09 .26 -.15 

Ang Hip Trail Leg -.26 -.74 -.07 .12 .15 -.51 

Vy Knee Lead Leg -.03 -.10 .89 -.34 -.05 .19 

Angle Knee Lead Leg -.19 -.13 -.82 .36 -.26 .24 

Angle Knee Trail Leg -.41 -.03 .75 .26 -.28 -.05 

dy Ankle Trail Leg -.06 .56 -.70 -.32 .18 -.03 

Angle Hip Lead Leg -.32 -.28 .63 -.19 .09 .49 

Vy COM -.15 .20 .15 -.90 .08 -.05 

Vy Ankle Lead Leg  .42 .54 -.24 .64 .08 .03 

Vy Ankle Trail Leg .33 -.17 -.27 .08 .83 .14 

Vy Knee Trail Leg .27 .29 .17 -.20 .81 .24 

Time of Clearance .10 -.12 .01 .13 .31 .86 

Eigen value 9.82 7.53 5.91 5.52 5.27 4.01 

% accumulated variance 30.61 51.59 66.62 76.59 86.55 93.88 

(COM) center of mass; (Vx) horizontal velocity; (Vy) vertical velocity; (dx) horizontal displacement; (dy) 

vertical displacement; (Fx) Horizontal reaction force; (Fy) vertical reaction force; (Px) horizontal peak power; 

(Py) vertical peak power. 

 

Moreover, by adopting 0.80 mean threshold of correlation (Ihalainen et al., 2016; Osborne & Costello, 

2009), twenty variables were retained from the hurdles analysis as the most important factors determining 110-m 

hurdling performance. The most important factor was the horizontal velocity of the COM and the lead-leg/trail-

leg in all phases (i.e., take-off, flight and landing phases). In this context, Shibayama, Fujii, Shimizu, and Ae 

(2008) showed that maintaining high horizontal velocity during hurdling seems to be one of the main factors in 

sprint hurdles. As a result, it is highly recommended to work on curtailing the loss of horizontal velocity while 

clearing the hurdle (Coh, 2004; Coh & Iskra, 2012). 

  In addition, results of the present study demonstrated that the vertical component of COM velocity and 

the lead-leg/trail-leg at take-off and at flight phase constituted key factors of optimum hurdle clearance. Coh and 

Iskra (2012) revealed that the take-off ensures an opposite transformation of the horizontal velocity of the COM 

into vertical velocity, the causal relationship between these two parameters is due to the change of COM 

direction of the movement at take-off. Generally, when running velocity increases all clearance actions happen 

quicker (Salo, 2002). 

Outcomes showed that the horizontal displacement of COM before, during, and after clearing is a 

crucial factor for hurdling performance success. This is in line with Coh et al. (2004) who reported that the 
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distance of the take-off and the landing are crucial for an efficient hurdle clearance. Previously published studies 

revealed that the optimal ratio between the take-off and the landing point is 60:40 (LaFortune, 1988; McLean, 

1994; Salo & Grimshaw, 1998) which is comparable with the current findings (i.e., 58:42). In fact, the 

consequence of a correct position of these two points is a prerequisite for an optimal COM trajectory and a short 

duration of the flight phase. This ascertainment was strengthened by the present results showing that the vertical 

displacement of the COM, the vertical displacement of lead-leg/trail-leg, and the flight-time at clearance are the 

most decisive factors for an efficient hurdle. The take-off angle as well as the knee and the hip angle may also be 

regarded as influential factors in hurdle clearance (Shibayama, Fujii, Shimizu, & Ae, 2012). Previous studies 

demonstrated that the position of the COM over the hurdle and the flight-phase duration are defined by the take-

off angle (Coh et al., 2004; Sidhu & Singh, 2015; Xu et al., 2005), indeed a lower angle is better. In addition, 

Salo (2002) showed that if the lead-leg knee angle during the take-off is slight, the lead-leg can be swung 

quicker forward and can better benefit of its elastic power at landing. 

 

Table 5. Landing phase: Factor Loadings (varimax) – analysis of main components 

 

Variables Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 

dy COM at Braking -.96 -.04 .11 .09 .13 .15 .06 

dy COM at Propulsion -.95 -.18 .11 -.07 -.06 .11 -.06 

dy Knee Trail Leg -.81 -.23 .18 -.11 -.09 .21 -.40 

Vy COM .74 .27 .01 -.26 .42 .01 .22 

Fx COM .58 .26 -.01 .51 .07 .41 -.35 

Braking Angle .58 -.23 -.36 .20 .50 .28 -.10 

dx Hurdle/Toe .24 .92 -.21 .11 .08 -.11 .09 

dx COM/Hurdle at Propulsion .24 .92 -.18 .17 .09 -.03 .15 

dx COM/Hurdle at Braking .15 .91 -.28 .24 -.04 -.07 .02 

Px COM .12 -.67 .37 -.26 .37 .36 .04 

Vx Knee Lead Leg .03 .00 .94 -.01 .17 -.28 -.07 

Vx Ankle Trail Leg -.05 -.40 .86 .11 .06 .00 .08 

Vx COM -.33 -.34 .81 -.14 -.11 .11 -.18 

Vx Knee Trail Leg -.44 -.36 .77 -.08 -.06 .21 -.01 

Fy COM -.07 .12 -.06 .93 -.01 -.07 -.15 

Py COM .09 .26 -.06 .89 .13 .02 .16 

Vy Ankle Lead Leg .19 -.19 .24 -.15 .88 .10 .12 

Vy Ankle Trail Leg .13 -.29 -.09 -.50 -.75 .12 -.10 

Contact time -.56 -.05 .29 -.47 -.60 .13 -.06 

Angle Hip Lead Leg -.11 -.15 .19 .38 -.06 .84 .08 

Vx Ankle Lead Leg .31 .21 .22 .50 -.12 -.72 .07 

Angle Knee Lead Leg -.07 -.41 .00 -.33 -.43 .66 -.17 

Angle Knee Trail Leg .35 -.37 .30 .16 -.13 -.65 .42 

Vy Knee Lead Leg .38 -.39 -.33 -.44 .18 .50 -.03 

Angle Hip Trail Leg .33 .19 .00 .10 .02 .02 .91 

Propulsion Angle -.02 .34 -.23 -.02 .56 -.21 .67 

Vy Knee Trail Leg .41 .21 .06 .35 -.43 .09 -.65 

Eigen value 9.26 8.92 7.29 7.56 6.53 6.49 5.43 

% accumulated variance 19.30 36.25 50.50 63.81 75.35 86.66 95.64 

 

(COM) center of mass; (Vx) horizontal velocity; (Vy) vertical velocity; (dx) horizontal displacement; (dy) 

vertical displacement; (Fx) Horizontal reaction force; (Fy) vertical reaction force; (Px) horizontal peak power; 

(Py) vertical peak power. 
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Table 6. Summary of the multiple regression between performance and key factors 

Regression  R² B 
Standard 

Error 
Beta t Sig. 

Constant  17.922 .198  9.332 .001 

Fy COM at Take-off .939 -.001 .000 -.912 -15.396 .001 

Vx Ankle Lead Leg at Landing .977 -.881 .257 -.203 -3.431 .01 

Dependent variable: Performance, r = .989, R² = .977, estimated standard error (ESE) = .069, Cohen’s ƒ² = 1.65, 

p < .01; (Fy) vertical reaction force; (Vx) horizontal velocity. 

 

Our findings indicated that the vertical force and power at take-off and at landing would be considered 

important factors to improve the 110-m hurdling performance. McLean (1994) revealed that the vertical 

component of the ground reaction force in landing represents a controlled lowering of the COM. In addition, Coh 

et al. (2004) reported that the braking time of the take-off phase should be as short as possible in order to sustain 

the horizontal velocity of the COM. In addition, Lopèz et al. (2011) showed that with an elevated ground 

reaction force, the hurdler could ensure a shorter ground contact time which is considered very important in 

hurdling process.  

Salo (2002) showed that the best athlete is the one who can manage to perform rapid shift between 

horizontal and vertical velocity, in order to present a swifter attack, shorter clearance time, and accelerate the 

progression of the lead-leg before and after the hurdle. This quick shifting is related to the dynamic parameters 

(i.e., horizontal and vertical force) at take-off and at landing (Salo, 2002). 

To determine the relationship between variables emerged from the PCA with the temporal performance 

recorded in the 110-m hurdles, a step-wise multiple regression analysis was used. The main results highlighted 

two key performance factors namely the vertical component of the force during the take-off (R² = 0.939; p < 

0.001) and the horizontal velocity of the lead-leg ankle at landing (R² = 0.977; p < 0.01) with F(2, 7) = 150.82, p < 

0.001, ES = 1.65, (equation 2). Results of the regression study are in accordance with those of Sibayama et al. 

(2011) who showed that the decrease in the athletes’ power performance induces a reduction in the horizontal 

velocity during the race. These facts could cause an increase in braking time and a subsequent deceleration of the 

first stride after the clearance.  

This study has some limitations that need to be acknowledged. First, an integrated force plate into the 

track was not used. Second, an analysis of the inter-hurdle’s interval was not performed. This has to be 

considered in future studies.  

 

Conclusions 

Results of the current study showed that six components and twenty variables were retained and 

considered as key factors in 110-m hurdle clearance. Among the key factors: (a) the horizontal velocity of the 

COM and lead-leg/trail-leg in all phases (i.e., take-off, flight and landing), (b) the vertical velocity of the COM 

and lead-leg/trail-leg at take-off and at flight phase, (c) the horizontal and vertical displacement of the COM, (d) 

the vertical displacement of the lead-leg/trail-leg and the flight-time at clearance, (e) the take-off angle, the knee 

angle in front of the hurdle and the hip angle at landing, and (f) the vertical component of force and power at 

take-off and at landing. In addition, outcomes of the regression analysis showed that some variables (i.e., lead-

leg horizontal velocity, trail-leg vertical velocity, COM vertical and horizontal displacement) were force-velocity 

dependent. To sum-up, the study’s hypothesis was confirmed in that greater velocity, lower vertical displacement 

at flight phase and lower contact-time at the take-off phase through a higher rate of force development are 

needed to improve 110-m hurdling performance. From a practical perspective, to optimise hurdling clearance 

performance, a quick shift between horizontal and vertical velocity has to be achieved. This can be done by 

minimising vertical displacement and clearance time over the hurdle. Further, high rate of force development is 

required to ensure shorter contact time at take-off phase. Moreover, a fast return of the trail leg at landing is 

crucial to achieve fast race recovery between hurdles. Future studies could analyse the 110-m hurdles per block 

of obstacles (i.e., from the 1st to the 4rd, the 5th to the 7th and the 8th to the 10th hurdles) following the phases 

of the race (i.e., acceleration, constant speed and deceleration). 

 

Conflicts of interest 

Authors declare no conflict of interest. 

 

Acknowledgements 

We would like to express our gratitude to participants as well as their coaches for the valuable cooperation in 

carrying out this research project. 

 

 



SAMIHA AMARA, BESSEM MKAOUER, HELMI CHAABENE, YASSINE NEGRA, FATMA Z. BEN-

SALAH 

--------------------------------------------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------------------------------- 

JPES ®      www.efsupit.ro  
667

References 
Amara, S., Mkaouer, B., Chaabène, H., Negra, Y., Hammoudi-Riahi, S., & Ben-Salah, F. Z. (2017). Kinetic and 

kinematic analysis of hurdle clearance of an African and a world champion athlete: a comparative study. 

South African Journal for Research in Sport, Physical Education and Recreation, 39(2), 1-12. 

Bini, R. R., Jacques, T. C., Lanferdini, F. J., & Vaz, M. A. (2015). Comparison of kinetics, kinematics, and 

electromyography during single-leg assisted and unassisted cycling. The Journal of Strength & 

Conditioning Research, 29(6), 1534-1541. 

Chow, J. W. (1998). A panning videographic technique to obtain selected kinematic characteristics of the strides 

in sprint hurdling. Journal of Applied Biomechanics, 9, 149-159.  

Coh, M. (2003). Biomechanical analysis of Colin Jackson's hurdle clearance technique. New Studies in Athletics, 

18(1), 37-45. 

Coh, M., & Iskra, J. (2012). Biomechanical studies of 110 m hurdle clearance technique. Journal of Sport 

Science, 5(1), 10-14. 

Coh, M., & Zvan, M. (2018). Kinematic and kinetic study of 110 m hurdle clearance technique. Sport Science, 

10(2), 13-17. 

Coh, M., Jost, B., & Skof, B. (2000). Kinematic and dynamic analysis of hurdle clearance technique. In Y. 

Hong, DP. Johns, & R. Sanders (Eds.), XVIII
th
 International Symposium on Biomechanics in Sports (pp. 

229-232). Hong Kong, China: ISBS. 

Coh, M., Zvan, M., & Jost, B. (2004). Kinematical model of hurdle clearance technique. In M. LaMontagne, 

DGE. Robertson, & H. Sveistrup (Eds.), XXIII
th
 International Symposium of Biomechanics in Sports (pp. 

311-314). Beijing, China: ISBS. 

Cohen, J. (1988). Statistical power analysis for the behavioral sciences. 2
nd
 Eds. Lawrence Erlbaum Associates, 

Publishers, New York, USA.  

De Leva, P. (1996). Adjustments to Zatsiorsky-Seluyanov’s segment inertia parameters. Journal of 

Biomechanics, 29(9), 1223-1230. 

Erdfelder, E., Faul, F., & Buchner, A. (1996). GPOWER: A general power analysis program. Behav Res 

Methods Instrum Comput, 28(1), 1-11. 

Hopkins, W. G. (2000). Measures of reliability in sports medicine and science. Sports medicine, 30(1), 1-15. 

Hopkins, W.G. (2002). A Scale of Magnitudes for Effect Statistics. A new view of statistics. Internet Society of 

Sport Science, Retrieved from http://www.sportsci.org/resource/stats/effectmag.html   

Ihalainen, S., Kuitunen, S., Mononen, K., & Linnamo, V. (2016). Determinants of elite‐level air rifle shooting 

performance. Scandinavian journal of medicine & science in sports, 26(3), 266-274. 

Iliew, I., & Primakow, J. (1978). Factor analysis of the technique of the 110-m hurdle run. Trenorska Misl, 4, 7-

13. 

Iskra, J. (1995). The most effective technical training for the 110 metres hurdles. New Studies in Athletics, 10, 3, 

51-55.  

Iskra, J., & Coh, M. (2006). A review of biomechanical studies in hurdle races. Kinesiologia Slovenica, 12(1), 

84-102.  

Iwkin, G. W., Jegorow, A. S., & Zukow, N. L. (1987). Sawriemiennaja technika bariernowo biega [Modern 

hurdle run technique]. Teoria i Praktika Fiziczeskoj Kultury, 9, 32-34. 

Koo, T. K., & Li, M. Y. (2016). A guideline of selecting and reporting intraclass correlation coefficients for 

reliability research. Journal of chiropractic medicine, 15(2), 155-163. 

LaFortune, M. (1988). Biomechanical analysis of 110 m hurdles. Track and Field News, 3(105), 3355-3365.  

Lanferdini, F. J., Bini, R. R., Figueiredo, P., Diefenthaeler, F., Mota, C. B., Arndt, A., & Vaz, M. A. (2016). 

Differences in Pedaling Technique in Cycling: A Cluster Analysis. International journal of sports 

physiology and performance, 11(7), 959-964.  

Lee, J. H. (2004). The Kinematic analysis of the hurdling of men’s 110m hurdle. Korean Journal of Sport 

Biomechanics, 14(1), 83-98.  

Lee, J. H., Park, Y. J., Ryu, J. K., & Kim, J. I. (2008). The kinematic analysis of the third hurdling motion of the 

110m hurdles elite. Korean Journal of Sport Biomechanics, 18(4), 31-39.  

Lee, J. T. (2009). Kinematic analysis of hurdling of elite 110m hurdlers. Korean Journal of Sport Biomechanics, 

19(4), 761-770.  

Li, J., & Fu, D. (2000). The kinematic analysis on the transition technique between run and hurdle clearance of 

110m hurdles. In Hong Y, Johns D.P, and R. Sanders (Ed.), XVIII
th
 International Symposium on 

Biomechanics in Sports (pp. 213-217). Hong Kong, China: ISBS.  

Li, X., Zhou, J., Li, N., & Wang, J. (2011). Comparative biomechanics analysis of hurdle clearance techniques. 

Portuguese Journal of Sport Science, 11(2), 307-309.  

López, J. L., Padullés, J. M., & Olsson, H. J. (2011). Biomechanical analysis and functional assessment of D. 

Robles, world record holder and Olympic champion in 110 m hurdles. In JP. Vilas-Boas, L. Machado, W. 

Kim, AP. Veloso, F. Alves, RJ. Fernandes, & F. Conceicao (Eds.), XXIIII
th
 International Symposium on 

Biomechanics in Sports (pp. 315-318). Porto, Portugal: ISBS. 



SAMIHA AMARA, BESSEM MKAOUER, HELMI CHAABENE, YASSINE NEGRA, FATMA Z. BEN-

SALAH 

--------------------------------------------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------------------------------- 

JPES ®      www.efsupit.ro  
668

Mclean, B. (1994). The biomechanics of hurdling: Force plate analysis to assess hurdling technique. New Studies 

in Athletics, 4, 55-58.  

Mkaouer, B. (2018). Use of body inverse dynamics to evaluate reaction force during vault and floor somersaults 

in artistic gymnastics. In: Jemni, M. (Ed.) The Science of Gymnastics: Advanced Concepts. Routledge. 

Mkaouer, B., Chaabene, H., Amara, S., Negra, Y., & Jemni, M. (2018). Accuracy of force measurement via 

motion analysis system in artistic gymnastics. Rivista Medicina dello Sport, 71(4):521-32. 

Mkaouer, B., Jemni, M., Amara, S., Chaabène, H., & Tabka, Z. (2013). Kinematic and kinetic analysis of two 

gymnastics acrobatic series to performing the backward stretched somersault. Journal of Human Kinetics, 

37(1), 17-26. 

Osborne, J. W., & Costello, A. B. (2009). Best practices in exploratory factor analysis: Four recommendations 

for getting the most from your analysis. Pan-Pacific Management Review, 12(2), 131-146. 

Park, Y. J., Ryu, J. K., Ryu, J. S., Kim, T. S., Hwang, W. S., Park, S. K., & Yoon, S. (2011). Kinematic analysis 

of hurdle clearance technique for 110-m men's hurdlers at IAAF world championships, Daegue 2011. 

Korean Journal of Sport Biomechanics, 21(5), 529-540.  

Ryu, J. K., & Chang, J. K. (2011). Kinematic analysis of the hurdle clearance technique used by world top class 

women's hurdler. Korean Journal of Sport Biomechanics, 21(2), 131-140. 

Salo, A. (2002). Technical changes in hurdle clearances at the beginning of 110m hurdle event - A pilot study. In 

KE. Gianikellis (Eds.), XX
th
 International Symposium on Biomechanics in Sports (pp. 84-87). Cáceres, 

Spain: ISBS. 

Salo, A. I., & Scarborough, S. (2006). Athletics: Changes in technique within a sprint hurdle run. Sports 

Biomechanics, 5(2), 155-166.  

Salo, A., & Grimshaw, P. N. (1998). An examination of kinematic variability of motion analysis in sprint 

hurdles. Journal of Applied Biomechanics, 14, 211-222.  

Salo, A., Grimshaw, P. N., & Viitasalo, J. T. (1999). The use of motion analysis as a coaching aid to improve the 

individual technique in sprint hurdles. In RH. Sanders, & BJ. Gibson (Eds.), XVII
th
 International 

Symposium on Biomechanics in Sports (pp. 57-60). Perth, Western Australia, Australia: ISBS.  

Salo, A., Peltola, E., & Viitasalo, T. (1993). Some biomechanical characteristics of the run between hurdles in 

the 110-m hurdles run. Leistungssport, 2, 59-62. 

Shibayama, K., Fujii, N., Shimizu, Y., & Ae, M. (2008). The kinematical analysis of 110m hurdles. In YH. 

Kwon, J. Shim, JK. Shim, & IS. Shin (Eds.), XXVI
th
 International Symposium on Biomechanics in Sports 

(pp. 697). Seoul, Korea: ISBS. 

Shibayama, K., Fujii, N., Shimizu, Y., & Ae, M. (2012). Analysis of angular momentum in hurdling by world 

and Japanese elite sprint hurdlers. In EJ. Bradshaw, A. Burnett, & PA. Hume (Eds.), XXX
th
 International 

Symposium on Biomechanics in Sports (pp. 54-57). Melbourne, Australia: ISBS. 

Shibayama, K., Fujii, N., Takenaka, S., Tanigawa, S., & Ae, M. (2011). A case study on ground reaction forces 

in sprint hurdles. Portuguese Journal of Sport Science, 11(2), 559-562.  

Sidhu, A. S. (2016). Three-dimensional kinematic analysis of hurdle clearance technique. Global Journal for 

Research Analysis, 4(5), 4-6. 

Sidhu, A. S., & Singh, M. (2015). Kinematical analysis of hurdle clearance technique in 110m hurdle race. 

International Journal of Behavioral Social and Movement Sciences, 4(2), 28-35.  

Smirniotou, A., Katsikas, C., Paradisis, G., Argeitaki, P., Zacharogiannis, E., & Tziortzis, S. (2008). Strength-

power parameters as predictors of sprinting performance. Journal of Sports Medicine and Physical Fitness, 

48(4), 447.  

Smith, J. A. (1983). The back somersault take-off: A biomechanics study. Carnegie Research Paper, 5(1): 31-

39. 

Tsarouchas, L., Papadopoulos, C., Kalamaras, K., & Giavroglu, G. (1993). Approach phase for the clearance of 

the hurdle in the 110m high hurdles run. Track and Field Quarterly Review, 1, 40-45. 

Xu, S. L., Wang, R. F., & Yan, S. X. (2005). Biomechanical analysis of Liu Xiang's taking fifth stride technique 

of 110m hurdle. Journal of Wuhan Institute of Physical Education, 1, 3-5. 

 


