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The aim of the study was to analyse the differences in critical features of high jump take-
off in different ages. 3D photogrammetry was used to analyse the best jump of the 
participants of 3 Spanish Indoor Championships (2009) (13-15 y, 17-18 y, and 18-34 y). 
The variables measured were horizontal velocity of the centre of mass (CM) at 
touchdown (VH0), knee angle at touchdown (K0), leg angle at touchdown (L0); height of 
the CM at touchdown (H0); and take-off angle (TOA). The three groups were compared 
with ANOVA and each variable was correlated with the maximum CM height. Statistical 
differences were found in VH0 and H0, but not in the variables directly related to the take-
off technique. It is concluded that younger athletes use similar techniques than older 
ones. This might be a wrong strategy, as they should adapt it to their maturity limitations. 

KEY WORDS: athletics, kinematics, photogrammetry, sports technique. 
 

INTRODUCTION: High jump is a modality that requires a high amount of strength, velocity 
and technique. Several authors have stated that the take-off is the most important phase 
(Brüggemann & Arampatzis, 1997; Dapena, 2006), and is influenced by a great amount of 
variables (Dapena & Chung, 1988). Nevertheless only a few have shown to be critical 
features, for example horizontal speed, knee angle, leg angle at the beginning of touchdown, 
and CM height in the braking phase (Alexander, 1990; Conrad & Ritzdorf, 1988; Dapena, 
McDonald, & Cappaert, 1990; Greig & Yeadon, 2000). Despite the fact that these variables 
are assumed to be important in adult athletes, there is no information about them in younger 
ones. The younger athletes are not expected to have similar levels of strength than the 
adults, and so their optimal technique could be quite different. From the coaches’ point of 
view, it is important to know the characteristics of their athletes and how they perform. 
The purpose of this study was to describe the characteristics of the takeoff’s critical features 
in the best Spanish national jumpers in three age groups, and correlate them with the 
performance variable. 
 
METHODS: Three Spanish Athletics Indoor Championships were analysed. Thirty seven 
male high jumpers participated in the study (13-15 y, n=11; 17-18 y, n=13; 18-34 y, n=13). 
Table 1 shows a description of each group of participants. 
 

Table 1 
 Descriptive statistics of the participants 

 13-15 y 
(n=11) 

17-18 y 
(n=13) 

18-34 y 
(n=13) 

Age (y) 
Mean ± SD 
Range 

 
14.18 ± 0.75 

13 – 15 

 
17.69 ± 0.48 

17 – 18 

 
25.38 ± 5.67 

18 – 34 
Height (m) 
Mean ± SD 
Range 

 
1.70 ± 0.04 
1.60 – 1.76 

 
1.80 ± 0.04 
1.74 – 1.86 

 
1.89 ± 0.05 
1.80 – 1.98 

Result (m) 
Mean ± SD 
Range 

 
1.70 ± 0.06 
1.60 – 1.78 

 
1.95 ± 0.11 
1.82 – 2.27 

 
2.10 ± 0.09 
2.00 – 2.24 

 
Three digital cameras operating at 50 Hz (Nolan & Patritti, 2008), shutter speed of 1/1000 s, 
were placed around the bar at about 30 m (figure 1). The focal length was increased to 

 

Figure 4: Joint-specific power profiles and joint-specific power distribution. Relative hip 
transfer power is larger in the prosthetic limb. 
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Table 3 shows the correlations between the measured variables and the performance one 
(maximum height achieved by the CM). There is only one significant correlation with the CM 
angle at take-off in the older group. 
 

Table 3 
Spearman’s correlations with the performance (maximum centre of mass height) 

Variable 13-15 y 17-18 y 18-34 y 
VH0 (m/s) 0.360 0.474 0.490 

K0 (°) 0.465 0.024 0.025 
L0 (°) 0.313 0.323 0.385 

H0 (m) -0.389 -0.149 -0.237 
TOA (°) -0.071 0.382 0.622* 

VH0- horizontal velocity of the CM at touchdown; K0- Knee angle at touchdown; L0- leg angle at 
touchdown, measured from hip to heel respect to the vertical; H0- height of the CM at 
touchdown; TOA- take-off angle, the angle of the CM velocity respect to the horizontal 
* p<0.05. 

 
DISCUSSION: The purpose of this study was to assess the critical features of the high 
jump’s take-off and analyse their differences in different ages. A combination of maturation 
and years of training (physical and technical improvements) result in an improvement in the 
height jumped when growing older. In the present study we compared take-off variables 
related to the strength maturation, technique, and anthropometry. The variable VH0, related 
to the strength maturation, tended to increase significantly in the older groups. We also found 
an increasing trend in the anthropometry related variable (H0) statistically different in the 
older group. Several authors have stated the importance of speed on the initial part of the 
take-off (Alexander, 1990; Dapena et al., 1990; Dapena & Chung, 1988; Greig & Yeadon, 
2000). In our study we did not find correlations between the VH0 and the maximum height. 
Actually the only significant correlation found was with TOA. This could be due to the 
different nature of our study with respect to other studies. According to Dapena et al. (1990), 
the relationships would not be similar when analysing multiple jumps by a single athlete or 
one single jump by many athletes. In this study we analysed 11 or 13 athletes per group 
together and the behaviour could vary considerably from the first to the last ones. Anyway, 
the lack of correlations with the performance variable could be due to the existence of third 
variables moderating the relationships or because of the low level of the adult championship 
during that season (the champion jumped 2.24 m). 
We did not find statistical differences in the technique related variables (K0 and L0). This 
may be interpreted as meaning that the main reasons why the athletes in this study jump 
higher when they grow older are mainly due to maturation and growth rather than changes in 
technique. It is possible that the optimum technique in the younger jumpers need to be 
adjusted to their maturational and anthropometric constraints. Training the technique 
following the adult criteria would be an error. This highlights the necessity of conducting 
studies analysing the critical features of the younger athletes. 
 
CONCLUSION: The results show that the main differences between the groups of ages in 
the take-off phase are related with maturational and anthropometric variables rather than 
technique ones. As the maturational and anthropometric constraints can affect the optimal 
technique, it is recommended to conduct technique analysis adjusted to the age group. 
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maximize the reference frame’s size and increase the distance per pixel (maximum of 1.5 
cm/pixel). The reference frame used was a prism of 10 m wide x 5 m deep x 2.92 m height. 
For each championship the reference frame was digitized 5 times. The mean reconstruction 
error was 8.9 mm. A common human model of 22 points and 14 segments was used 
(Alcaraz et al., 2008). The de Leva (1996) inertial parameters were used to calculate the 
subjects’ CM. All videos were manually digitized tracking each point during the entire 
sequence as recommended by Bahamonde & Stevens (2006). The videos were digitized 
with Kwon 3D software (Visol Inc., Korea). The coordinates were reconstructed with the DLT 
algorithm and a low pass 2nd order Butterworth filter with a cut-off frequency of 6 Hz was 
applied.

Figure 1: position of the three digital cameras around the jumping area. 

The calculated variables corresponding to the take-off phases were: horizontal velocity of the 
CM at touchdown (VH0); knee angle at touchdown (K0); leg angle at touchdown, measured 
from hip to heel with respect to the vertical (L0); height of the CM at touchdown (H0); and 
takeoff angle (TOA), the angle of the CM velocity with respect to the horizontal. We also 
calculated de maximum height achieved by the CM as the performance variable. We can 
classify these variables as related to the strength maturation (VH0 and TOA), related to the
technique (K0 and L0) and related to the anthropometry (H0).
Mean and standard deviations were calculated for every group of age. Kolmogorov-Smirnov
test was applied to verify the normal distribution. ANOVA with Tukey test was used for post 
hoc inter group comparisons. Every variable was correlated with the performance using
Spearman correlation. The statistical significance was set at =0.05.

RESULTS: Descriptive statistics of the calculated variables in each group are shown in 
Table 2. Only two variables show statistically significant differences between the groups: 
VH0 and H0 which increase with the age. L0 shows a tendency to rise, but this is not 
statistically significant. 

Table 2
Mean and standard deviation for the three groups of age

Variable 13-15 y 17-18 y 18-34 y
VH0 (m/s) 5.71 ± 0.59 6.41 ± 0.29 * 6.69 ± 0.25 *

K0 (°) 153.81 ± 7.15 152.30 ± 4.38 154.30 ± 7.25
L0 (°) 29.36 ± 5.50 31.53 ± 4.33 33.23 ± 3.00

H0 (m) 0.86 ± 0.03 0.87 ± 0.06 0.93 ± 0.04 * †
TOA (°) 45 ± 3.40 46.30 ± 3.11 46.38 ± 4.09

* Different from 13-15 year group (p<0.05).
† Different from 17-18 year group (p<0.05).
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EFFECTS OF TRYING TO GAIN DISTANCE ON GOLF DRIVING TECHNIQUE 
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Previous biomechanical research of the golf swing has shown segment separation of the 
shoulders and hips aids ball velocity. The purpose of the current study was to examine 
how the swing may differ when “trying” to gain extra distance in a game specific situation 
and whether an increase in launch velocity was achievable. A single subject design was 
employed with kinematic data (200 Hz) and ball characteristics collected using Trackman 
Pro launch monitor (ISG A/S, Denmark). Segment separation of the shoulder and hips 
(X-Factor and X-Factor stretch) and maximum endpoint velocity of the left hip, shoulder 
and elbow showed a significant difference between conditions, although mean launch 
velocity did not. This finding shows although the subject was able to produce greater 
endpoint velocity, performance improvement did not occur.  

KEY WORDS: Golf, Kinematics, X-Factor, proximal to distal sequencing.   
 

INTRODUCTION: The aim of golf driving is to hit the ball with both distance and accuracy.  
Golf driving, however, is an open skill with the situation faced by the golfer varying on the 
constraints of the layout of the hole and situation making the degree of accuracy required 
variable. Biomechanical research into the golf swing conducted by Cochran & Stobbs (1968) 
focused on the interaction between the left shoulder, arm and wrist movements in the 
downswing allowing the clubhead to release at impact; allowing connection with the ball. This 
was termed the double pendulum model. Proximal to distal sequencing (Bunn, 1972; Putnam 
1994) suggested clubhead velocity is determined by the kinetic and kinematic interaction of 
body segments rather than the manner in which the club is released. Greater rotation of the 
shoulders occurs compared to the hips with position created at top of backswing termed the 
„X-Factor‟ (Mclean, 1992). Separation of the shoulders and hips has been shown to be more 
important than position alone (Myres et al., 2007). The separation achieved after the initial 
transition between the backswing and downswing has been termed the „X-Factor Stretch‟ 
(Cheetham et al., 2001). With a strong relationship to the „X-Factor‟ position at the top of the 
backswing this position should have a greater value as the hips have rotated towards the 
target with the shoulders remaining in the same position. The greater the value achieved, the 
greater the stretch shortening cycle that can be applied to the trunk muscles.  
The golf swing itself has been explored and current models of performance have been 
validated (Chu et al., 2010).  An essential component of golf is the players‟ ability to adapt to 
changes in the environment and task both within and between rounds.  To the authors‟ 
knowledge there is little research in this area and as such this study represents an initial 
investigation into the influence of task on technique in golf driving. The aim of this study was 
to analyse whether different task constraints influence the biomechanics of technique in golf 
driving.  
 
METHODS: A single subject design was employed for this study. One right handed county 
level male golfer was used (Age: 19 years; Height 1.83 m; Body mass 86 kg; Handicap 3) to 
hit 20 golf drives under two conditions. Condition one was a standard drive, condition two 
was a golf drive with the aim of outperforming the first condition‟s distance. Differences in the 
conditions were expressed, by an experienced golf instructor using diagrams of two different 
golf holes (figure 1). The study was granted ethical approval by the University Research 
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