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Kinematic and kinetic analysis of the goalkeeper’s diving save in football
Rony Ibrahima, Idsart Kingmaa, Vosse A de Boodeb, Gert S. Fabera and Jaap H. van Dieëna

aDepartment of Human Movement Sciences, Faculty of Behavioural and Movement Sciences, Vrije Universiteit Amsterdam, Amsterdam Movement
Science, Amsterdam, The Netherlands; bAdidas miCoach Performance Centre, AFC Ajax, Amsterdam, The Netherlands

ABSTRACT
Kinetics and full body kinematics were measured in ten elite goalkeepers diving to save high and low
balls at both sides of the goal, aiming to investigate their starting position, linear and angular
momentum, and legs' contribution to end-performance. Our results showed that goalkeepers adopted
a starting position with a stance width of 33 ± 1% of leg length, knee flexion angle of 62 ± 18° and hip
flexion angle of 63 ± 18°. The contralateral leg contributed more than the ipsilateral leg to COM velocity
(p < 0.01), both for the horizontal (2.7 ± 0.1 m·s−1 versus 1.2 ± 0.1 m·s−1) and for the vertical component
(3.1 ± 0.3 m·s−1 versus 0.4 ± 0.2 m·s−1). Peak horizontal and peak angular momenta were significantly
larger (p < 0.01) for low dives than for high dives with a mean difference of 55 kg·m·s−1 and 9 kg·m2·s−1,
respectively. In addition, peak vertical momentum was significantly larger (p < 0.01) for high dives with
a mean difference between dive heights of 113 kg·m·s−1. Coaches need to highlight horizontal lateral
skills and exercises (e.g. sideward push-off, sideward jumps), with emphasis on pushing-off with the
contralateral leg, when training and assessing goalkeeper’s physical performance.
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Introduction

Optimization of performance in football (soccer), or any other
team ball sports, relies on knowledge from disciplines as diverse
as biomechanics, physiology and psychology (Barlett, 1999;
Powers & Howley, 2007; Williams, Davids, & Williams, 1999). In
football, the goalkeeper has a unique and critical role in the
team, which requires timed and explosive adjustments of body
speed, position and orientation in response to a stimulus.
Research has mainly focused on the psychological aspects of
this task, focusing on perceptual and cognitive skills used in
the diving save during penalty kicks (Franks & Hanvey, 1997;
Kuhn, 1988; Savelsbergh, Williams, Van der Kamp, & Ward,
2002, 2005; Williams, 2000). Biomechanical studies are scarce,
possibly because of the role differentiation between legs and
the high impact at landing, which make full-body kinematic and
kinetic measurements of the diving save challenging to perform.
To our knowledge, only two studies have investigated the bio-
mechanics of goalkeeper’s diving saves (Spratford, Mellifont, &
Burkett, 2009; Suzuki, Togari, Isokawa, Ohashi, & Ohgushi, 1987).
Suzuki et al. (1987) calculated the path of goalkeeper’s centre of
mass (COM) in diving to save balls suspended at three different
heights (0.30 m, 0.90 m and 1.50 m) at one side of the goal. The
measurements were performed on four goalkeepers (two high-
level and two novice goalkeepers) in two dimensions and at a
relatively low sampling rate of 60 samples/s. The data showed
that high-level goalkeepers dived more directly towards the ball,
with greater velocity than novice goalkeepers. Spratford et al.
(2009) compared dives between goalkeeper’s preferred and non-
preferred sides. They performed the measurements on 6 goal-
keepers (under-20 Australian national team) at a sampling rate of
120 samples/s. They found limited asymmetry in the movement

patterns between dive sides: a greater COM net projection angle
and greater pelvic and torso rotations at initiation, when diving
towards the non-preferred side.

Both studies used balls suspended directly to the side of the
goalkeepers (under the high post), constraining them to perform
a frontal plane dive. This is different from the diving save per-
formed in game situations, where the goalkeepers prefer to dive
diagonally (sideward and forward), so they can reach the ball at a
better angle and effectively reduce the goal area that they need
to cover. Moreover, balls were always suspended at one height at
a time, allowing for height-specific adjustments and anticipation
before the initiation of the dive.

The diving save is a complex motor task characterized by
large forces exerted at push-off generated in a very short
period of time, and in many cases in absence of prior knowl-
edge of ball location. Therefore, the starting position and the
push-off technique are most likely key factors in diving save
performance. However, starting position, and dive side and
height dependent leg contributions without prior knowledge
of ball location, were not studied before. Therefore, the aims
of this study were to document the characteristics of the
starting position and to analyse how each leg contributes to
the dive towards high and low balls at both sides of the goal,
in the absence of prior knowledge of ball location. In addition,
total body linear and angular momentum were compared
between dive heights and sides. Based on goalkeeper coaches’
input, the ipsilateral leg push-off (the leg on the diving side)
was hypothesized to contribute the most to the diving save.
We also hypothesized that high dives would require greater
linear momentum, while low dives may need greater angular
momentum.

CONTACT Idsart Kingma i.kingma@vu.nl

JOURNAL OF SPORTS SCIENCES
2019, VOL. 37, NO. 3, 313–321
https://doi.org/10.1080/02640414.2018.1499413

© 2018 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.

http://www.tandfonline.com
http://crossmark.crossref.org/dialog/?doi=10.1080/02640414.2018.1499413&domain=pdf


Methods

Ten elite football goalkeepers, mean ± standard deviation age
18.4 ± 2.6 years, mass 82.6 ± 9.1 kg, height 186 ± 2.4 cm, and
dominant leg 9 right and 1 left, participated in this study. The
participants’ level, at the time of the experiment, was as
follows: two goalkeepers in the Dutch Eredevisie (the highest
level of competition nationally), six goalkeepers in the Dutch
Eerste Divisie (the second highest level of competition nation-
ally), and two goalkeepers in the Dutch under-17 Eredevisie
(the highest level of competition nationally for players under
17 years of age). Before performing the experiment partici-
pants or their parents signed an informed consent form. For
each participant, anthropometric measurements, age and
injury history were gathered. Participants had not suffered
any injury that prevented them from performing the diving
save at their maximum power or caused them to change their
movement pattern at the time of the experiment. The experi-
ments were conducted at the Adidas miCoach Performance
Centre of Amsterdamsche Football Club Ajax (AFC Ajax). The
Ethics Committee of the Faculty of Behavioral and Movement
Sciences of the Vrije Universiteit Amsterdam had approved the
research protocol.

Data collection and pre-processing

Before starting the measurement, the participants performed a
goalkeeper specific warm-up routine with their coaches and
around 8 diving saves to get familiar with the experimental
set-up. Each participant was then instructed to dive as fast as
possible in response to a visual stimulus, to the correct ball side
and height. For each participant, two dives were measured for
two heights at both sides of the goal, for a total of 8 dives per
participant with 2 minutes recovery time between dives. The
visual stimulus was produced by a light-emitting diode (LED)
board placed at the penalty spot, consisting of four LED lamps
indicating the side and height of the ball to save. The balls were
suspended 1m in front of the goal line, at two heights from the
force plates’ level (30 and 190 cm). They were attached to a thin
rope by a magnet allowing the goalkeeper to hit or catch the
ball. The Balls could easily be taken off the magnet, so the
goalkeepers did not experience any significant resistance
when saving a ball. A ball was suspended at low height on
one side, and the other ball was suspended at high height on
the other side, and they were re-attached to the ropes after
each dive, to avoid any anticipation of height and side.

A passive marker motion analysis system (Vicon 612, Oxford
United Kingdom) was used after calibration with an active
wand comprising five markers. Trajectory data from 44 mar-
kers was captured using 10 infrared cameras at 200 samples/s
(Figure 1). Single markers were attached to different body
segments in the form of clusters (feet, shanks, pelvis, thorax,
head and forearms), the thighs were modelled between the
shanks and pelvis, and the upper arms were modelled
between the thorax and forearms, in order to obtain a full-
body model without occlusion of the markers during the trials
and limiting the risk of landing on markers. The markers were
attached in a well recognizable pattern to facilitate the label-
ling with Vicon Nexus Software (version 1.8.5). Soft markers

were used on areas that are prone to impact at landing, and 3
single markers were attached to each ball. Anatomical coordi-
nate systems of the segments were marked with single mar-
kers and related to the corresponding marker clusters during a
measurement in a reference position (T-pose). Details of the
three-dimensional inverse dynamics model that was used in
this study can be found elsewhere (Faber, Chang, Kingma, &
Dennerlein, 2013; Faber, Kingma, & van Dieën, 2011; Ibrahim,
Faber, Kingma, & van Dieën, 2016; Kingma, de Looze,
Toussaint, Klijnsma, & Bruijnen, 1996).

Two custom-made strain-gauge based, 1 × 1 m, force plates
(Vrije Universiteit Amsterdam, Amsterdam, The Netherlands)
were used to measure ground reaction forces (GRF) produced
by each leg separately at a rate of 1000 samples/s. Each force
plate was separately covered by artificial football grass, to
prevent any force transfer between force plates. A mattress
was placed beside each force plate, to avoid unevenness of
the floor level, and to keep the goalkeeper and the marker set-
up safe at each landing. We believe that the presence of
mattresses at landing areas did not affect the performance
of the dive, instead it made the goalkeeper more comfortable
with the experimental set-up when diving with the markers
attached. Two Basler high-speed video cameras (50 Hz) were
used to record all trials in the frontal plane for visual checks.

Due to the fact that the diving save is an explosive move-
ment with a large range of motion, gaps in the kinematic data
occurred occasionally when markers were out of sight. These
gaps were interpolated using a cubic spline function, for a
maximum gap length of five samples. Subsequently, a bi-
directional second order low-pass Butterworth filter with a
cut-off frequency of 12 Hz was used, to smooth the kinematic
and kinetic data. The optimal cut-off frequency was estimated
on kinematic data using the equation developed by Yu,
Gabriel, Noble, and An (1999).

Data analysis

All kinematic and kinetic analysis were carried out using cus-
tom software in MATLAB (R2015b, MathWorks inc., United
States of America). Six time instants were identified for the
diving save: Light signal, dive onset, contralateral peak force
(CPF), ipsilateral peak force (IPF), take-off and ball contact.

Detection of dive onset

For detecting the onset of the dive movement, we used an
algorithm based on the Approximated Generalized Likelihood-
ratio (AGLR) (Staude & Wolf, 1999). Neither this algorithm, nor
any other algorithm, has been previously used for onset detec-
tion in the diving save. Therefore, a wide scope of data inputs
and thresholds were tested to establish a method to estimate
onset time as accurate as possible while preventing any bias.
AGLR works by (1) detecting the alarm time (the time instant
when the signal reaches the pre-set threshold) using a sliding
test window, then (2) tracking back the signal to detect the initial
change time usingMaximum Likelihood techniques (Poor, 1988).
Eventually, we used a threshold of 20% bodyweight and three
different data inputs: (1) Total horizontal GRF, (2) Total vertical
GRF and (3) Vertical GRF of the contralateral leg (the leg opposite
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to the diving side). Different data inputs had to be considered,
because the goalkeeper can start the dive by choosing from or
mixing these three different strategies: (1) Exerting horizontal
forces for horizontal displacement towards the ball, (2) Exerting
vertical forces for a pre-push off jump and (3) Exerting vertical
forces with the contralateral leg for stepping sideward with the
ipsilateral leg towards the ball. While it may seem better to
choose the earliest onset from these inputs, sometimes the
onset detected from one of the data inputs was slightly too
early, due to small movements in the starting position before
initiating the dive. Therefore, for each individual dive, the final
dive onset was defined as the average of the two out of three
onsets, having the smallest mutual difference. Subsequently,
total time was split into reaction time (from light to dive onset)
and dive time (from dive onset to ball contact).

Kinematics

Timing variables were defined relative to the onset of movement.
The instant of contralateral peak force (CPF) was defined as the
instant that the contralateral leg exerted its maximum resultant
GRF. The instant of ipsilateral peak force (IPF) was defined as the

instant that the ipsilateral leg exerted its maximum resultant GRF.
Take-off was defined as the instant that the vertical component of
GRF, summed over legs, dropped below 10% bodyweight thresh-
old and ball contact as the instant that a shift in position of the
ball’s markers was detected in any direction.

The characteristics of the starting position (the body posture at
the instant of light signal) included stance width (SW), knee joint
flexion angle, hip joint flexion angle and forward centre of pressure
(CoP) position. The SWwas calculated as the distance between the
medial malleoli and was expressed as a percentage of the partici-
pant’s leg length. The leg length of each goalkeeperwasmeasured
from the palpated greater trochanter to the ground while the
subject was standing bare feet. The knee and hip joint angles
were defined as the Euler angles of the shank anatomical coordi-
nate system (ACS) relative to the thigh ACS, and of the thigh ACS
relative to the pelvis ACS, respectively. Their sequence of rotation
was: flexion-extension, external-internal rotation and abduction-
adduction (Wu et al., 2002). The forward CoP was calculated rela-
tive to the calcaneus and as a percentage of the participant’s foot
length (calcaneus to CoP/calcaneus to tip-toe).

Total body linear momentum in the vertical and horizontal
direction towards the ball, and frontal plane angular momentum

Figure 1. Two schematic diagrams of the experimental set-up (front and top view).
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time series were calculated (Yeadon, 1990) from the light signal to
ball contact.

Kinetics

The body CoM velocity resulting from the push-off of each of
the legs was calculated based on equation 1, which is derived
from Newton’s second law of motion:

vj ¼ �
ttakeoff

t0
ðFj=m� g=2Þ

 !
=f (Equation 1)

where v is the velocity [m· s−1] and the subscript j represents
the leg side (right or left leg). t0 and ttakeoff indicate light and
take-off instant respectively. F indicates GRF [N] of the leg
concerned in the calculation, m is the bodyweight [kg], g is
the gravitational acceleration [m· s−2] and f is the sample rate
[s−1]. The acceleration resulting from each leg’s push-off was
quantified as:

Fj=m� g=2 (Equation 2)

Statistical analysis

All time series were time-normalized from the light signal until
ball contact. All data are presented as mean ± standard devia-
tion between-subject. Peak magnitudes, and absolute values
at CPF and IPF of the time series were compared between
heights and sides, and between heights, and contra- and
ipsilateral legs, with two-way repeated measures analysis of
variance (ANOVA). The level of significance was set at p < 0.05
and the effect size measure partial eta-squared was reported
(0.01 small, 0.06 medium, 0.14 large). All statistical analyses
were carried out using IBM SPSS Statistics 20.

Results

Our results showed that the starting position of the goal-
keepers was characterized by a SW of 33 ± 1% of leg length,
62 ± 18° knee flexion and 63 ± 18° hip flexion. The small
standard deviation for SW at the starting position, might be
caused by similarities in the coaching systems at the goal-
keepers’ clubs. The forward CoP was on average located at
75 ± 12% of foot length from the heel. After the light signal,
the goalkeepers stepped sideways with their ipsilateral leg to
increase the SW from 33 ± 1% to maximum values of 88 ± 8%
and 77 ± 11%, for high and low dives respectively (Figure 2).
Repeated measures ANOVAs showed that there was a signifi-
cant effect of ball height (p < 0.01) on all variables except
reaction time, and all effect sizes were large (Table 1). Whereas
there were no effects of side on any of the variables and no
interaction effect. Therefore, the figures in the remainder of
the paper show the data averaged over sides to allow for a
clear comparison between heights.

Peak resultant GRF was larger for the ipsilateral leg than for
the contralateral leg in high dives, but the opposite was true in
low dives (Figure 3). Horizontal linear momentum was signifi-
cantly greater (p < 0.01) for low dives than for high dives, at IPF
and at the instant that the peak value was attained (Figure 4;
Table 1). The vertical linear momentum was significantly greater
(p < 0.01) for high dives than for low dives, at IPF and at the
instant that the peak value was attained. In addition, the angular
momentum in the frontal plane was significantly greater
(p < 0.01) for low dives than for high dives, at IPF and at the
instant that the peak value was attained (Figure 5; Table 1). The
push-off angle formed by the contralateral leg GRF vector and
CoP-ball vector at CPF was 34 ± 3° for high dives and 54 ± 4° for
low dives, whereas at IPF the push-off angle formed by the
ipsilateral leg GRF vector and CoP-ball vector was 41 ± 3° for
high dives and 60 ± 4° for low dives.

Figure 2. The time series of stance width averaged over subjects and sides, normalised over time from light to ball contact, and the standard error in shading. The
time instants corresponding to maximum GRF for the contralateral and ipsilateral leg were highlighted.
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The maximum contribution to the COM horizontal as well
as the vertical velocity towards the ball was larger (p < 0.01)
for the contralateral leg (2.7 ± 0.1 m·s−1 and 3.1 ± 0.3 m·s−1,
respectively) than for the ipsilateral leg (1.2 ± 0.1 m·s−1 and
0.4 ± 0.2 m·s−1, respectively), during all diving save condi-
tions (Figures 6 and 7). Furthermore, maximum contralateral
leg contribution to vertical COM velocity was significantly
larger for high dives than low dives (p < 0.01), whereas the
maximum contralateral leg contribution to the horizontal
COM velocity was significantly larger for low dives than for
high dives (p < 0.01).

Discussion

This study describes the mechanics of the diving save in elite
goalkeepers towards high and low balls, at both sides of their
body. Overall, findings were that subjects stepped sideward
with the ipsilateral leg at initiation of the diving save. In
accordance with our second hypothesis, angular momenta
were larger in low dives. Peak linear momenta were larger in
vertical direction for high dives and in horizontal direction for
low dives. In contrast to our first hypothesis, the contralateral
leg contributed more than the ipsilateral leg to COM velocity.
There were no significant differences between diving towards

Table 1. Mean values with standard deviations for total time, reaction time, dive time, and kinematic and kinetic data (** p < 0.01). Mean differences with effect
sizes are also shown.

Variable
High dive

Left
High dive
Right

Low dive
Left

Low dive
Right

Mean difference High –
Low (effect size)

Mean difference Left –
Right (effect size)

Total time [s] 1.287 ± 0.056 1.284 ± 0.097 1.238 ± 0.111 1.217 ± 0.077 +0.058** (0.765) +0.012
Dive time [s] 1.076 ± 0.069 1.08 ± 0.108 1.035 ± 0.088 0.987 ± 0.101 +0.067** (0.685) +0.022
Reaction time [s] 0.211 ± 0.046 0.203 ± 0.039 0.202 ± 0.033 0.229 ± 0.055 −0.009 −0.01
Peak vertical linear momentum [kg·m·s−1] 133 ± 52 153 ± 15 28 ± 10 31 ± 16 +113** (0.926) −11
Vertical linear momentum at IPF [kg·m·s−1] 102 ± 24 107 ± 15 8 ± 11 11 ± 19 +94** (0.971) −4
Peak horizontal linear momentum
[kg·m·s−1]

276 ± 85 287 ± 35 340 ± 38 333 ± 44 −55** (0.726) −2

Horizontal linear momentum at IPF
[kg·m·s−1]

257 ± 29 249 ± 33 298 ± 35 289 ± 36 −40** (0.883) +8

Peak angular momentum (frontal plane)
[kg·m2·s−1]

29 ± 10 31 ± 7 40 ± 7 40 ± 7 −9** (0.769) −1

Angular momentum (frontal plane) at IPF
[kg·m2·s−1]

22 ± 3 24 ± 7 32 ± 5 33 ± 7 −9** (0.84) −1

Peak ipsilateral leg contribution to
horizontal COM velocity [m·s−1]

0.7 ± 0.2 0.6 ± 0.1 1.1 ± 0.1 1 ± 0.1 −0.3** (0.822) +0.06

Peak contralateral leg contribution to
horizontal COM velocity [m·s−1]

2 ± 0.1 1.9 ± 0.2 2 ± 0.2 2 ± 0.1 −0.1** (0.672) +0.07

Peak ipsilateral leg contribution to vertical
COM velocity [m·s−1]

0.5 ± 0.3 0.5 ± 0.3 0.1 ± 0.07 0.1 ± 0.1 +0.4** (0.654) −0.04

Peak contralateral leg contribution to
vertical COM velocity [m·s−1]

2.4 ± 0.4 2.4 ± 0.2 2.1 ± 0.2 2.1 ± 0.2 +0.2** (0.652) +0.03

Figure 3. The resultant GRF of each leg averaged over subjects and sides, in solid and dashed lines (refer to the figure legend), normalised over time from light to
ball contact, and the standard error in shading. The time instants corresponding to maximum GRF for the contralateral and ipsilateral leg were highlighted.
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the right versus left side on any of the outcome variables
(Table 1). The latter contradicts the findings of Spratford
et al. (2009) on goalkeepers from the Australian youth team.
The high level of the goalkeepers participating in the current
study may explain the absence of an effect of diving side on
any outcome variable. It is clear from the present study that
the diving save is a bilateral task involving both lower limbs in
explosive push-offs. In addition, placing the ball slightly in
front of the goal and using two force plates instead of only
one, may have given the goalkeeper more freedom to perform
without constraints. The experimental set-up of the current

study took into consideration many factors to realistically
simulate a game-situation diving save, but one limitation
was still that we had the balls hanging in a stationary position.

This study was the first to use automated detection of dive
onset. The average calculated reaction time was 211 ± 25 ms, and
this is in accordance with previous literature on perception and
anticipation during penalty kicks (Savelsbergh et al., 2002, 2005).
There was no significant effect of height or side on reaction times,
in spite of the differences in force production between these
conditions, indicating that the algorithm was not biased by differ-
ences in movement strategy.

Figure 4. Total body linear momentum averaged over subjects and sides, in solid and dashed lines (refer to the figure legend), normalised over time from light to
ball contact, and the standard error in shading. The time instants corresponding to maximum GRF for the contralateral and ipsilateral leg were highlighted.

Figure 5. Total body angular momentum in the frontal plane averaged over subjects and sides, normalised over time from light to ball contact, and the standard
error in shading. The time instants corresponding to maximum GRF for the contralateral and ipsilateral leg were highlighted.
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Figures 6 and 7 showed that contralateral push-off was
essential, as the contralateral leg contributed significantly
more than the ipsilateral leg to the COM velocity towards
the ball. This was in contrast with our first hypothesis, which
was based on training recommendations and the emphasis
of goalkeeper’s technical, and strength and conditioning
coaches. The reason behind this might be the fact that
the contact time of contralateral push-off (480 ± 71 ms)
was significantly longer (p < 0.01) than ipsilateral push-off
(400 ± 40 ms). Furthermore, the ipsilateral leg was mainly

used at the beginning of the dive to increase the SW of the
goalkeepers (Figure 2), and it could not start contributing
until it was back on the ground and able to apply force
(Figure 3). The maximum SW values reached corresponded
with the moment that the ipsilateral foot was back on the
ground and ready to start contributing positively to the
COM velocity.

The relatively wide SW reached before IPF might be
beneficial for putting the contralateral leg in a better
position for push-off and putting the body in a better

Figure 6. The contribution of each leg to vertical COM velocity averaged over subjects and sides, in solid and dashed lines (refer to the figure legend), normalised
over time from light to ball contact, and the standard error in shading. The time instants corresponding to maximum GRF for the contralateral and ipsilateral leg
were highlighted.

Figure 7. The contribution of each leg to horizontal COM velocity averaged over subjects and sides, in solid and dashed lines (refer to the figure legend), normalised
over time from light to ball contact, and the standard error in shading. The time instants corresponding to maximum GRF for the contralateral and ipsilateral leg
were highlighted.
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position for generation of angular momentum. The push-
off angles formed by GRF vectors of each leg with the
CoP-ball vector at CPF and IPF separately, showed a better
alignment for the contralateral leg when compared to the
ipsilateral leg. The GRF vector of the ipsilateral leg was
more upright and therefore more suitable for vertical
linear momentum, which was indeed mainly generated
near IPF (Figure 4). However, using the ipsilateral leg to
increase SW at the beginning of the dive implied a shorter
contact time for the ipsilateral push-off and caused a
negative contribution to COM vertical velocity (Figure 6)
before the ipsilateral leg was back to the ground and
ready to contribute positively again. So, despite a smaller
overall contribution to vertical COM velocity compared to
the contralateral leg, the large and rapid increase of the
ipsilateral contribution to vertical COM velocity at IPF
(Figure 6) indicates that the ipsilateral push-off was still
essential to obtain vertical momentum in the high dives.
Future research could analyse the diving save performance
while attempting to change the SW at the starting posi-
tion. Starting from a SW closer to the maximum values
that we found after the sidestep, may reduce the length
of the required side step and allow the ipsilateral leg to
contribute positively for a longer time.

Low dives were characterised by greater horizontal linear
momentum and frontal plane angular momentum, while high
dives were characterised by greater vertical linear momentum.
This is partially in accordance with our second hypothesis, as
horizontal linear momentum appeared to be essential for both
high and low dives. Overall, the horizontal linear momentum was
significantly greater (p < 0.01) than the generated vertical linear
momentumat all timeevents. This is evidentgiven the fact that the
horizontal space of the goal to be covered by the goalkeeper, is
notably beyond the vertical one. Both dive heights required a
substantial angular momentum in order to orient the body hor-
izontally and therefore increasing the horizontal reach.
Contralateral leg abduction while sidestepping with the ipsilateral
leg, to increase the SW, may have been beneficial to generate the
angular momentum, as the latter greatly increased around CPF
(Figure 5).

The current goalkeeping strength and conditioning pro-
grams focus mainly on vertical strength and power move-
ment patterns (e.g. squat exercise, squat jumps,
countermovement vertical jumps). Instead, it would be
beneficial if strength and conditioning coaches focus on
two main findings of this study: the strong contralateral
leg contribution to total COM velocity, and the greater
horizontal linear momentum. Thus, emphasizing lateral
movement patterns in the frontal plane driven by the
contralateral leg (e.g. side push-offs, lateral jumps, side
lunge exercise) for physical performance testing and train-
ing, instead of the vertical movement patterns in the
sagittal plane. This would be advantageous, as the two
skills are relatively independent of one another and repre-
sent different leg strength/power abilities (Meylan et al.,
2009). Future studies can give more insight into joint
power and work to give comprehensive directions for coa-
ches regarding isolated and coordinated joint movement
training for goalkeepers.

Conclusion

In conclusion, goalkeepers start the dive by pushing-off with their
contralateral leg, while increasing the SWby sidesteppingwith the
ipsilateral leg towards the ball. Once the maximal SW is reached,
the contralateral GRF tends to fall and the ipsilateral GRF starts to
build-up and take over the dive. Strength and conditioning coa-
ches need to highlight horizontal lateral skills, to both sides of the
body, with emphasis on the push-off with the contralateral leg, for
effective assessment and training.
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