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Gender differences in the preparation for take-off in elite long jumpers
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Background: Research on gender differences of elite long jumpers in competition, although limited, provides useful
information concerning the execution of the technique elements of the event. Objective: The purpose of the study
was to explore possible gender differences of the spatiotemporal parameters and their development during the final
steps of the approach executed by elite jumpers during a major international competition. Methods: The jumpers
competed in the 2009 International Amateur Athletics Federation World Athletics Final (7 males and 7 females;
official distance: 7.83 = 0.22 m and 6.58 = 0.20 m, respectively) were recorded with a panning digital video-camera
(sampling frequency: 210 fps, resolution: 480 x 366 pixels). The APAS v13.2.5 software was used for the kinematical
analysis. Differences between groups concerning performance, the touchdown on the board and the take-off param-
eters were examined using the Mann-Whitney U test. Possible gender differences concerning the modulation of the
examined parameters during the final three steps of the approach were compared by 2 x 3 (gender x step) ANOVA.
Results: Male long jumpers executed the final steps of the approach and the take-off with greater velocity (p =.001)
compared to the female athletes. Gender differences (p =.04) were also revealed for the flight to contact time ratio of
the penultimate step. Additionally, no gender differences were observed for the majority of the temporal parameters.
Nevertheless, female jumpers seemed to significantly differentiate in step length, step frequency and step velocity
only at the last step of their approach compared to the previous two steps. Conclusion: When examining gender
differences in long jump biomechanics the defining parameter is the penultimate step, where it is suggested for female
jumpers to improve the transition from the sprinting gait to the preparation for the take-off.

Keywords: track and field, biomechanics, kinematical analysis, spatiotemporal parameters, jumping performance,
step parameters

Introduction

Success in the long jump is primarily determined by an
effective completion of the approach phase, namely the
accuracy of foot planting on the take-off board (Hay,
1986). Under this constraint, the accomplishment
of the optimum official distance is dependent on the
determinant factor of achieving an optimal velocity at
the last stage of the approach (Hay, 1986; Koyama,
Muraki, & Ae, 2011; Panoutsakopoulos, Papaiako-
vou, Katsikas, & Kollias, 2010). Thus, the factors that
determine the effectiveness of the long jump approach
are the consistency of its length, the number of steps
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made and the pattern of speed development (Haigh,
2012; Hay, 1986; Sidorenko, 1985).

In order to achieve the desired minimum toe-to-
board distance, long jumpers regulate their step length
approximately at the final 4 or 5 steps of the approach
(Hay, 1988; Hay & Koh, 1988; Lee, Lishman, &
Thomson, 1982; Theodorou, loakimidou, Kouris, Pan-
outsakopoulos, & Smpokos, 2013). This regulation is
accomplished using visual information that feeds a con-
tinuous control based on a perception-action coupling
(Lee et al., 1982; Montagne, Cornus, Glize, Quaine, &
Laurent, 2000). The greater proportion of step length
adjustments triggered by visual regulation occurs at the
final two steps of the approach (Hay, 1988; Montagne
et al., 2000).

As for the achievement of the desired regulation,
the majority of long jumpers seek to acquire the neces-
sary visual information by directing their gaze towards
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the take-off board during the final three steps of the
approach (Berg, Wade, & Greer, 1993). Thus, the
technical execution of the last steps prior to take-off
is considered a significant factor concerning the jump
distance that an athlete can achieve (Hay, 1993; Hay
& Miller, 1985; Hay, Miller, & Canterna, 1986; Hay &
Nohara, 1990; Panoutsakopoulos et al., 2010).

The regulation of the final steps is also accompa-
nied by the preparation for the take-off (Hay, 1994;
Shimizu, Ae, & Koyama, 2011), a technique element
widely known as “larger penultimate - shorter last
stride” (Hay & Miller, 1985). The adoption of the above
technique causes the body’s center of mass (BCM) to
lower in the penultimate step (Hay & Nohara, 1990).
This lowering eventually results in higher BCM take-off
height (Ridka-Drdacka, 1986). Additionally, this tech-
nique contributes in creating favorable circumstances
for developing a higher vertical take-off BCM velocity
without the need for an extensive reduction of hori-
zontal BCM velocity at the same time (Bruggemann &
Conrad, 1986).

A detailed look of studies examining elite long
jumpers at major international competitions revealed
that gender differences can be observed in horizon-
tal and vertical take-off velocity, whereas the other
biomechanical parameters are quite similar between
males and females (Linthorne, 2008). Moreover, male
long jumpers were found to be superior to females in
both horizontal and vertical take-off velocities, regard-
less of the level of performance (Hay & Miller, 1985;
Panoutsakopoulos & Kollias, 2009; Panoutsakopoulos,
Papaiakovou, & Kollias, 2009; Panoutsakopoulos,
Tampakis, Papaiakovou, & Kollias, 2007). It has been
also established that elite male jumpers, despite exhibit-
ing similar technique aspects, posses higher horizontal
velocity at specific instances on the board compared
to elite female athletes (Campos, Gamez, Encarnacion,
Gutierrez-Davila, & Rojas, 2013). However, when
comparing male and female jumpers of the same per-
formance level, differences were observed concerning
the step length, the torso inclination and the angular
velocity of the hip and knee joints at touchdown of the
last step (Murakami & Takahashi, 2016). In addition,
gender differences were found in international level tri-
ple jumpers concerning the progress of the step length
at the final approach (Panoutsakopoulos et al., 2016).
Recent studies have investigated gender differences for
male and female long jumpers but with non-elite par-
ticipants (Akl, 2014; Nemtsev, Nemtseva, Bguashev,
Elipkhanov, & Grekalova, 2016).

Since the preparatory actions during the final steps
are of such importance for the long jump take-off, it is
of interest to compare the spatiotemporal structure of
the final three steps of the approach between elite male
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and female long jumpers. Therefore, the purpose of the
study was to explore possible gender differences of the
spatiotemporal parameters during the last steps of the
approach executed by elite jumpers competing in major
outdoor international competition. It was hypothesized
that differences will be observed between elite male
and female long jumpers concerning the step length,
frequency and velocity and their progression during the
final three steps of the approach.

Methods

Participants

The research was conducted using as a sample the tri-
als of the long jump event of the 2009 International
Amateur Athletics Federation (IAAF) World Athletics
Final (Thessaloniki, Greece: 12.-13.9.2009). In detail,
7 male (28.4 + 3.7 years, 1.85 £ 0.04 m, 75.0 £ 7.0 kg)
and 7 female (25.3 £ 3.6 years, 1.70 £0.02 m, 59.4 + 3.6
kg) long jumpers were recorded. The selection of the
competition was based on the fact that the top ranked
athletes of the entire competitive season were permit-
ted to participate. The research was approved by the
Institutional Research Ethics Committee.

Instrumentation and procedures

All the attempts of the participants were recorded
using a panning Casio EXILIM EX-FH20 (Casio Com-
puter Co., Shibuya, Japan) digital video camera (sam-
pling frequency: 210 fps, resolution: 480 x 366 pixels).
The camera was fixed on a rigid tripod on the stands,
at a height of 5 m, at a distance of 2.7 m before the
take-off line and 12 m from the middle of the approach
run lane. The camera was manually panned and it was
zoomed in on the athletes’ body in order to record the
left-sided view of the participants with emphasis on
the final three steps of the approach (3L: third-to-last,
2L: penultimate, and 1L: last step, respectively) and
the take-off from the board (BO).

The calibration of the recorded view was accom-
plished following the guidelines suggested for a pan-
ning kinematical analysis method (Gervais et al.,
1989). Thus, a 0.02 mx 2.0 m pole was consecutively
placed in several predefined spots within the filming
view in order to produce two-dimensional coordinates.
The X-axis represented the direction of the runway and
Y-axis was vertical and perpendicular to the X-axis.
The best attempt (criteria: official jumping distance) of
each examined athlete was selected for further analysis.

The APAS software (Version 13.2.5; Ariel Dynam-
ics Inc., Trabuco Canyon, CA, USA) was used for the
kinematical analysis. Eighteen anatomical points of the
body (tip of the toe, ankle, knee, hip, shoulder, elbow,
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wrist and 5th metacarpal on both sides of the body, 7th
cervical vertebra and the top of the head) were manu-
ally digitized in each field. When visible, the corners
of the take-off board were digitized as well. The coordi-
nates of the BCM were calculated for every field using
the anatomical data provided from Plagenhoef (1985).
A second-order low-pass Butterworth filter with a cut-
off frequency of 6 Hz was selected for smoothing.

The accuracy concerning the kinematical analysis
was determined through intra-researcher reliability.
For this purpose, 10% of the recorded fields were re-
digitized and the same data analysis was conducted.
The intraclass correlation coefficient (ICC) was found
to be .998 (95% confidence interval [.997, .999]). The
accuracy of the two-dimensional reconstruction was
determined by Root Mean Square (RMS) error. Errors
of 0.97 cm and 0.56 cm were found for the X-axis and
Y-axis, respectively.

Data analysis
The time instant of touchdown was defined at the first
field where the foot had clearly contacted the ground.
The time instant of take-off was defined at the first
field where the foot had clearly left the ground. Thus,
contact (tC) and flight (tFL) time could be extracted
for each step. Additionally, the following kinematical
parameters were calculated based on the XY coordi-
nates extracted for the digitized anatomical points:

¢ Toe-to-board distance (S.,): the horizontal dis-
tance between the tip of the take-off leg’s toe and
the take-off line.

e Step frequency (SF): the number of steps taken
per second, with SF3L, SF2L and SFIL the step
frequency for the third-to-last, penultimate and last
step, respectively.

» Step length (S): the horizontal distance between the
toes of the feet recorded for two consecutive sup-
ports, were S3L, S2L and S1L the step length for the
third-to-last, penultimate and last step, respectively.

* Horizontal BCM velocity (VX): the first-time deriva-
tive of the horizontal BCM displacement (Vx3L,
Vx2L, Vx1L and VXTO the horizontal BCM take-off
velocity for the third-to-last, penultimate, last step
and board take-off, respectively).

* Vertical BCM velocity (Vy): the first-time derivative
of the vertical BCM displacement (Vy3L, Vy2L,
VylL and VyTO the horizontal BCM take-off veloc-
ity for the third-to-last, penultimate, last step and
board take-off, respectively).

» Angle of take-off (9): the arc-tangent of the ratio of
the vertical to the horizontal BCM velocity at the
instant of take-off for the third-to-last (33L), penul-
timate (932L), last step (31L) and the board take-off
(8TO).
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* Angle of leg placement (¢BO): the angle formed in
the sagittal plane by the downward vertical of the
line connecting the BCM and the ankle joint of the
take-off leg at touchdown on the board.

Statistical analysis

The two groups were checked for normal distribution
(Kolmogorov-Smirnov test, p >.05) and equality of vari-
ance (Levene’s test, p > .05). Differences between groups
concerning performance, board touchdown and take-off
parameters were examined using the Mann-Whitney
U test. Possible gender differentiations concerning the
modulation of the examined parameters during the final
three steps of the approach were compared by 2 x 3 (gen-
der x step) ANOVA with repeated measures on step with
Bonferroni adjustments. The effect size for the factorial
analysis was calculated with the use of a partial eta-
squared (ni), with values of .01, .06 and above .15 being
considered as small, medium and large, respectively. Sig-
nificant differences were followed up with simple con-
trasts. The SPSS software (Version 10.0.1; SPSS Inc.,
Chicago, IL, USA) was used for statistical analysis, with
the level of significance set at o = .05.

Results

Regarding performance, during touchdown on the
board and take-off parameters (Table 1), significant gen-
der differences were noted for official distance (S..)
U,=00, p<.0l), S, (U,=65, p=.02), VXTO
(U,=0.0, p<.01) and VyTO (U, = 2.0, p <.01). No
differences were observed between men and women

Table 1

Results of performance, the touchdown on the board and
take-off parameters (mean = SD ) and of the statistical test-
ing between the examined men and women long jumpers

Parameter Men (n=17) Women (n=17)

S e (M) 7.83£0.22 6.58 £ 0.20*

S g (M) 0.10 £ 0.06 0.04 £0.03*
tCBO (sec) 0.127 £ 0.004 0.125 +0.009
VXTO (m/sec) 85+0.3 7.7+0.2*%
VyTO (m/sec) 3.5+0.2 3.1+0.1*
9TO (deg) 225+ 1.6 21.7+£0.9

$BO (deg) 66.0+2.1 66.7+3.2

Note. S_ .. = official distance; S_ = toe-to-board distance;

OFF TTB
tCBO = contact time on the board; VXTO = horizontal BCM

take off velocity from the board; VyTO = vertical BCM take-off
velocity from the board; 3TO = angle of take-off from the board;
$BO = angle of leg placement on the board. *significant gender
difference.
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long jumpers concerning tCBO (U, =22.0, p =.81),
9TO (U,,=13.5, p=.17) and ¢BO (U, =22.0,
p=.81).

The results for the step characteristics are pre-
sented in Table 2. No main effect of gender was
revealed concerning the modulation of S (FL12 =4.25,
p =.06, n§= .26), SF (F,,=0.43, p=.52, n§=.04)
and 8§ (F,,= 113, p=.31, nf’= .09) during the final
three steps of the analyzed jumps. A significant gen-
der difference was revealed for S2L (F = 9.42,
p=.01, nﬁ =.44). However, when S2L was expressed
as percentage of body height (139.7 + 8.8% and 136.5
* 5.3% for males and females, respectively), no differ-
ence existed between groups. Moreover, a step order
effect was revealed for both men (Fzy1| =24.30, p < .01,
nf) =.92) and women (F, = 17.56, p <.01, nf) =.76). A
step order effect was also revealed for SF (Fz’11 =47.53,
p<.01, nf) =.85)and 9 (F,, =22.58,p<.01, ni =.89).

No main effect of gender was found for the step to
step development of the examined temporal parameters
(F,,= 391,p=.07, nf) =27, F = .09,p=.77, nf) =.01
and F,_=4.73,p=.05, ni = .42 for tC, tFL and tFL to
tC ratio, respectively), with the exception of tFL to tC

1,12

Table 2
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ratio at 2L (F |, = 5.58, p =.04, nf, =.32; see Figure 1).
A step order effect was observed for tC (Fzy11 =21.04,
p<.01, nf) =.64), tFL (F, |, = 196.86, p <.01, nf} =.94)
and tFL to tC ratio (Fz,11 =6.8, p=.01, nf, =.55).

Vx was significantly higher for the male jumpers at
all the final three steps of the approach (Table 3), since
a gender main effect was revealed for this parameter
(FL12 =8.73, p=.01, ni =.42). A step order effect was
also evident, since Vx at 1L was significantly faster than
3L (FZ,11 =4.73,p=.02, nf’ =.28). No gender effect was
observed for Vy (Fl’12 =0.08, p =.78, nf} =.01), with the
exception of Vy2L. An main effect of step order was
found for Vy (F, , = 193.00, p <.01, nf) =.94).

Finally, interactions were found between gender
and SF (F,  =5.62, p=.02, nf) =.51), 8 (F,,, =6.53,
p=.01, nf, =.54), tFL (F,,, = 10.08, p <.01, nf) =.695),
Vy (Fz,n = 14.40, p < .01, ni =.72) and tFL to tC ratio
(szlI =6.80, p=.01, nfj =.55). Specifically, the female
jumpers significantly (p <.05) differentiated their step
length, step frequency, vertical BCM velocity, flight
time and tFL to tC ratio only at the last step of their
approach compared to the previous two steps, a pattern

different than the respective observed in male jumpers.

Results of the step characteristics (mean £ SD) and of the statistical testing between the examined men and
women long jumpers at the final three steps of the approach

Men Women Gender effect Step effect Interaction
Parameter/Step (n=1) (n=17) D ni D nrz, D nf’
S (m)
3L 2.30 £0.30 2.19 £0.06 .06 .26 .01 17 .34 18
2L 2.59 +0.22¢ 2.32+0.10*
IL 2.15+0.25% 1.99 + 0.09%®
SF (Hz)
3L 4.74 +£0.30 4.45+0.28 .52 .04 .01 .85 .02 51
2L 4.31+0.34° 4.44 +£0.17
1L 5.44 £0.39%® 5.30 £ 0.49%®
3 (deg)
3L 3.0+0.2 3.7+0.7 31 .09 .01 .89 .01 .54
2L 3.6 £0.6" 35+0.4
IL 1.8 + 0.4 2.0 £0.5®
tC (sec)
3L 0.096 + 0.066 0.100 + 0.009 .07 .27 .01 .64 71 .06
2L 0.092 £ 0.008 0.098 £ 0.008
IL 0.109 + 0.005* 0.117 £0.012*
tFL (sec)
3L 0.116 £0.014 0.126 £ 0.015 i .01 .01 .94 .01 .65
2L 0.142+0.010* 0.128 +£0.010
1L 0.076 £0.015%® 0.074 £0.015*®

Note. S = step length; SF = step frequency; 3 = angle of take-off; tC = contact time; tFL = flight time. *significant
gender difference; *significant difference compared to 3L; bsignificant difference compared to 2L.
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Figure 1. Mean = SD of flight (tFL) to contact (tC) time ratio for the third to last (3L),
penultimate (2L) and last (1L) step of the approach for the examined elite male (M) and
female (F) long jumpers. *significant gender difference; *significant difference compared
to 3L; bsignificant difference compared to 2L.
Table 3
Results of the horizontal and vertical BCM take-off velocities (mean = SD) and of the statistical testing
between the examined men and women long jumpers at the final three steps of the approach
Men Women Gender effect Step effect Interaction
Parameter/Step (n=1) (n=17) D né D ni D nf)
Vx (m/sec)
3L 10.0+0.9 9.0£0.7* .01 42 .02 .28 .88 .02
2L 10.1£0.9 9.3+£0.7*
1L 10.3 £ 1.0? 9.5+0.8%
Vy (m/sec)
3L 0.6 £0.1 0.6 £0.1 78 .01 .01 .94 .01 12
2L 0.7+0.1° 0.6 £0.1*
1L 0.4 £0.1® 0.4 £0.1®
Note. Vx = horizontal BCM velocity at take-off; Vy = vertical BCM velocity at take-off. *significant gender difference;
3significant difference compared to 3L; bsignificant difference compared to 2L.
Discussion similarity of performing the long jump between males

Results indicated that male long jumpers executed the
final steps of the approach and the take-off with sig-
nificant differences compared to the female athletes,
but no main effect of gender was revealed concerning
the development of the examined parameters during
their final three steps. Additionally, no gender differ-
ences were observed for the majority of the temporal
parameters. It was also noted that no significant dif-
ferences were observed between groups when S2L
was expressed as percentage of body height, despite
the gender difference (p =.04) in the tFL to tC ratio.
These findings confirm previous suggestions about the

and females (Linthorne, 2008). Interestingly, the step-
to-step development of the biomechanical parameters
of the approach indicated that the examined female
jumpers modified their approach run only at the last
step of their approach. This pattern was also found in
international level female triple jumpers (Panoutsako-
poulos et al., 2016).

During the final stages of their approach, the exam-
ined athletes used the “larger penultimate - shorter
last step” technique. The execution of this technique is
widespread among long jumpers as an effective manner
to lower the height of the BCM prior to the take-off
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phase (Bruggemann & Conrad, 1986; Makaruk, Porter,
Starzak, & Szymczak, 2016; Mendoza & Nixdorf, 2011;
Panoutsakopoulos & Kollias, 2007). The combination
of low BCM height and large Vx at the approach is ben-
eficial concerning the placement of the take-off leg well
ahead of the body and for the avoidance of its extensive
flexion. The above mentioned factors are suggested to
contribute in the development of high VyTO (Brugge-
mann & Conrad, 1986; Koh & Hay, 1990). An extended
knee at touchdown on the board is thought to be supple-
mental to the above factors (Muraki, Ae, Yokozawa, &
Koyama, 2005). In the present study, the take-off leg
placement was found not to be different between the
examined women and men, being in disagreement with
previous findings (Campos et al., 2013).

Parameters such as VyTO comprise the vertical
component of the long jump take-off, with its optimal
changes from touchdown to take-off is thought to be a
discriminating factor for maximum range of jump dis-
tance (Panoutsakopoulos et al., 2007). This component
is suggested to be essential for better results, especially
in female competitors (Bruggemann & Nixdorf, 1985;
Campos et al., 2013; Lees, Derby, & Fowler, 1992; Let-
zelter, 2011). This has been attributed to the fact that
men are able to produce a net gain of energy during the
take-off phase, whereas women exhibit a loss of energy,
leading researchers to the conclusion that women delib-
erately exchange the loss of horizontal velocity for a
gain in vertical velocity (Bruggemann & Nixdorf, 1985;
Lees et al., 1992).

Previous studies reported that gender differences
exist concerning variables interpreting physical condi-
tioning abilities (i.e. VX, Vy) but not for the parameters
that represent the technical characteristics of long jump-
ing (Akl, 2014; Bruggemann & Nixdorf, 1985; Hay &
Miller, 1985; Hussain, Khan, Mohammad, Bari, &
Ahmad, 2011; Nemtsev et al., 2016; Panoutsakopoulos
& Kollias, 2009; Panoutsakopoulos et al., 2007, 2009).
These differences have generally been attributed to the
higher strength and power production capabilities of
males (Bruggemann & Nixdorf, 1985). Power output is
important since the ability to exert force in short con-
tact times was found to be important (Hojka, Bacakova,
& Kubovy, 2016). In addition, male jumpers have also
been found to have the capacity to produce higher joint
moments than females in isokinetic muscle strength
tests (Koutsioras, Tsiokanos, Tsaopoulos, & Tsimeas,
2009). This seemed to be transferred to the long jump
take-off, since men were found to perform the swing
of the free leg with greater velocity than women (AKI,
2014). Nevertheless, successful female long jumpers are
suggested to be superior in the vertical axis (Lees et al.,
1992; Letzelter, 2011; Panoutsakopoulos et al., 2007).
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The results of the present study suggest that, besides
the speed capabilities, the spatiotemporal characteris-
tics of the penultimate stride, apart from its effect on
the take-off, is a factor that differentiates male and
female competitors. The technical execution of the sup-
port phase of the penultimate step is considered to be
essential for the effectiveness of the take-off and long
jump performance (Hay, 1994; Shimizu et al., 2011).
In the present study, the female jumpers, although they
performed the “larger penultimate - shorter last step”
technique, attained less Vx2L and Vy2L compared
to males, but yet with no significant differences in
SF2L and 32L. The step to step development of the
step parameters and the tFL to tC ratio indicate that,
at the penultimate step, female jumpers maintained
their sprinting gait while preparing for the touchdown
on the take-off board. The penultimate step should
resemble a floating step. Therefore, the flight phase is
prolonged, allowing the foot of the swing leg to land
heal first, resulting in flat foot contact. Male athletes at
the penultimate step increased flight time by 18.2% and
reduced contact time by 6.1% while females increased
flight time by 1,8% only and reduced contact time
by 2.1%. The maintenance of the approach sprinting
action up until the take off for the penultimate step is
representational of a skilled jumper (Hay, 1994) and
is often observed in jumpers (Miladinov, 2006). The
significantly lower tFL to tC ratio at the penultimate
step indicates that female jumpers did not increase
flight time at the penultimate step compared to males
and maintained their sprinting form. This pattern could
lead to a more extended swing leg squat compared to
males, less lowering of the centre of mass and reduced
vertical force impulses at the instant of take-off. This
finding confirms that female jumpers tend to lower
their BCM less than men at the final three steps (Brug-
gemann & Nixdorf, 1985). Shimizu, Ae, and Koyama
(2015) proposed that the joint angles and the technical
execution of the penultimate step have a direct impact
upon take-off. As for this factor, gender differences exist
concerning the mobilization of the hip and knee joints
when comparing male and female jumpers of the same
performance level (Murakami & Takahashi, 2016).

The long jump approach is characterized by indi-
vidual patterns of step parameters’ modifications
(Jones, 2008; Miladinov, 2006), thus the limited
number of participants examined in the present study
urges for a broader investigation of the gender differ-
ences in long jump biomechanics. Another limitation
of the study was the relatively small number of trials
examined. This is of importance since women jumpers
were found to be less stable concerning the exhibition
of technique elements throughout a given competition
(Hay & Miller, 1985). Additionally, regulation onset,



90

the respective step adjustments made and the joint
angular kinematics during the support phases of the
final steps of the approach should be part of studies
examining long jump kinematics.

Conclusion

Male long jumpers executed the last three steps of the
long jump with faster velocity than female athletes.
Additionally, male jumpers exhibited larger take-off
velocities and take-off angle compared to women.
Analysis revealed that the key step for examining the
gender differences and the impact on long jump bio-
mechanics is the penultimate step. It is concluded that
female jumpers should improve the transition from the
sprinting gait to the preparation for take-off. Further
studies should be conducted concerning the techni-
cal execution of the penultimate step of the long jump
approach, aiming for the determination of the contri-
bution of the support and swing limbs action on the
process of the take-off leg placement on the board and
their combined effect on take-off parameters.
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