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The aim of this study was to identify biomechanical characteristics of goalkeeper’s diving
performance in football. Lower extremity joints powers, moments, and angular velocities,
were investigated in seven elite goalkeepers diving to save balls, shot from a ball canon
to unanticipated heights (high and low) and sides (right and left). Our result showed that
there was a proximal-to-distal sequence for each leg in timing of peak joints powers
(o < 0.05). Hip extensors produced the largest (p < 0.05) peak moment, the contralateral
(relative to dive side) peak was significantly larger than the ipsilateral one for high (4.56
+ 1.02 N-m-kg~", and 3.52 + 0.79 N-m-kg~") and low dives (3.52 + 0.79 N-m-kg~",
and 2.52 + 0.56 N-m-kg~"). The ankle plantar flexors produced the second largest
peak moment (p < 0.05), and the peak ipsilateral ankle power and angular velocity
were the largest (o < 0.05) of all joints, during high (1,502 4+ 338W, and 14.73 +
1.36 rad-s~") and low dives (868 + 263 W, and 14.14 + 3.09 rad-s—'). Strength and
conditioning coaches need to focus on hip extensors and ankle plantar flexors, and for
specificity in power training that should elicit triple extension of the lower limbs’ joints in
a proximal-to-distal sequence.

Keywords: proximal-to-distal, football, biomechanics, strength and conditioning coach, sports performance

INTRODUCTION

Goalkeepers in football have the most specialized role in their team. Their actions require timed
and explosive adjustments of body speed, position and orientation in response to a stimulus. One
of their most critical tasks is defending the goal during a penalty shot, which is usually performed as
a diving save. The diving save can be categorized as a defensive jumping skill, with a main objective
to propel the body in the air through an explosive push-off, to reach and deflect ball trajectory.
The push-off that is present in these skills, is a common pattern found in jumping movements.
Previous biomechanical studies that observed jumping movements have described the push-oft to
be executed in a proximal-to-distal sequence (Bobbert and van Ingen Schenau, 1988; Pandy and
Zajac, 1991; Chiu et al,, 2014). As movement was found to start with the hip joint, then progressed
to the knee and finally to the ankle joint. However, these studies looked at jumping tasks performed
through simultaneous push-offs of both legs, which cannot be directly inferred and extended to the
sequential push-offs seen in the goalkeeper’s diving save (Suzuki et al., 1987; Spratford et al., 2009;
Ibrahim et al., 2019a). The goalkeeper usually executes the diving save by first pushing-off with the
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contralateral leg, followed by the ipsilateral leg, which is
different from the vertical jump, where both legs push-off
simultaneously without any significant time delay between them
(Ibrahim et al., 2019a).

Goalkeeper’s coaching practices, whether from technical or
strength and conditioning (S&C) coaches, are currently based on
studies of vertical jumping and qualitative observations of the
diving save rather than quantitative descriptive studies. Up to
our knowledge, the study of Ibrahim et al. (2019a) was the first
to address this gap, by conducting a full kinematic and kinetic
analysis of the push-offs during the diving save and finding that
the contribution of the contralateral push-off to the center of
mass (COM) velocity was greater than the ipsilateral push-off. In
addition, it was recommended that training horizontal sideward
skills could be more specific to the diving save performance, as
horizontal linear momentum was found to be larger than the
vertical one. However, more details on the mechanics of the dive
are still needed to develop guidelines for training goalkeepers.
Lower body joints power, defined as joint moments times joint
angular velocities, are considered by many to be important
determinants of performance in sports that require the triple
extension, which is extension of the hips, knees and ankles
(Newton and Kramer, 1994; Zink et al., 2006; Hori et al., 2007,
2008). In addition, optimal training for the development of lower
body power should adhere to the principle of specificity, which
means that to maximize transfer, the exercises chosen should
show similarities to the task itself in aspects such as musculature
involved, movement pattern, movement velocity, and range of
motion (Sheppard et al., 2016). Therefore, the aim of this study
was to identify biomechanical characteristics of goalkeeper’s
performance during high and low unanticipated diving saves.
Specifically, we compared timing and magnitude of moments,
angular velocities and powers at the ankle, knee and hip joints
between high and low and left and right dives. In addition, we
strived in this study to improve the experimental set-up relative
to previous studies by examining the diving save in a more
realistic set-up, where the balls were shot from a custom-made
ball canon instead of hanging them in a stationary position.

Based on the empirical findings of previous studies on
the coordination pattern in vertical jumping task, we first
hypothesized that goalkeepers generate joints power during
the push-off of each leg in a proximal-to-distal sequence.
Second, because a previous study found that the contralateral
leg contributed more than the ipsilateral leg to the total COM
velocity (Ibrahim et al.,, 2019a), we hypothesized that the total
power of the contralateral leg to be larger than the ipsilateral
leg. Third, because of the main frontal plane nature of the diving
save, we hypothesized that hip abduction/adduction would be the
largest contributor to the diving save performance, in terms of
peak moment and power.

MATERIALS AND METHODS

Seven elite football goalkeepers, mean =+ standard deviation
age 18.9 £ 3 years, mass 84.9 * 8.1kg, height 186.5 +

2.1cm, and dominant leg determined as the shooting leg 6
right and 1 left, participated in this study. The participants’
level, at the time of the experiment, was as follows: two
goalkeepers competed in the Dutch Eredivisie (the highest level
of competition nationally), three goalkeepers in the Dutch Eerste
Divisie (the second highest level of competition nationally), and
two goalkeepers in the Dutch under-17 Eredivisie (the highest
level of competition nationally for players under 17 years of
age). Before performing the experiment participants, or their
parents, signed an informed consent form. For each participant,
anthropometric measurements, age and injury history were
gathered. Participants had not suffered from 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 experiments were
conducted at the Adidas miCoach Performance Centre of 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 react and dive as fast
as possible to save the ball that was shot by a ball canon. For each
participant, two successful dives were measured for two heights
(high and low) at both sides of the goal, for a total of 8 successful
dives per participant with 2 min recovery time between dives. A
dive was considered successful when the goalkeeper dived and
saved the ball by either hitting it or grabbing it. The order of the
dives was randomized for each subject.

The ball canon was placed at the penalty mark, and the front-
end was covered with a very lightweight striped curtain, in order
to prevent any anticipation of ball height and side. The ball canon
was calibrated for the four goal corners (high and low corners
at the right and left side of the goal) before every subject, and
was not displaced during the whole measurement (Figure 1).
The set ball speed was calculated to allow the ball to reach the
goal in 1.2 £ 0.1s, in accordance with the result of a recent
study on total dive time (reaction time + dive movement time)
by Ibrahim et al. (2019a). During the ball canon calibration, we
aimed the ball to reach positions similar to a previous study
by Ibrahim et al. (2019a), ~70 cm medially from the side post,
and ~30cm high for low balls and ~190cm high for high
balls from the force plates’ level. The variability in the end-
position of the ball (at ball contact) was found to be relatively
small, with an average standard error of &7 cm horizontally and
+6 cm vertically. Therefore, it was determined to be suitable and
reliable for our analyses, which does not involve comparison of
dive times.

A passive marker motion analysis system (Vicon 612, Oxford,
UK), consisting of 10 infrared cameras, was used to capture,
at 200 Hz, 3D coordinates data of 44 markers. Markers were
attached to different body segments in the form of clusters
(feet, shanks, pelvis, thorax, head, and forearms), the thighs

Frontiers in Sports and Active Living | www.frontiersin.org

February 2020 | Volume 2 | Article 13


https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org
https://www.frontiersin.org/journals/sports-and-active-living#articles

lbrahim et al.

Biomechanics of Goalkeeper’s Diving Save

70 cm

70 cm

190 cm

it Mattress |

camera

Infrared > . . D

High speed
camera > U

FIGURE 1 | Two schematic diagrams of the experimental set-up (front and top view). The projected positions of the high and low balls are also presented.

were modeled between the shanks and pelvis, and the upper
arms were modeled 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 labeling with Vicon Nexus Software (version 1.8.5).
Soft markers were used on areas that are prone to impact at
landing. Anatomical coordinate systems of the segments were
marked with single markers and related to the corresponding
marker clusters during a measurement in a reference position (T-
pose). Details of the 3-D inverse dynamics model that was used
in this study can be found elsewhere (Kingma et al., 1996; Faber
etal., 2011, 2013; Ibrahim et al., 2016).

Two custom-made strain-gauge, 1 x 1m, 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 1,000 Hz. 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 make the floor level even with the force plates,
and to keep the goalkeeper and the marker set-up safe at each
landing. Two Basler video cameras (50 Hz) were used to record
all trials in the frontal plane for visual checks and for detection of
ball contact.

Data Analysis
All kinematic and kinetic analyses were carried out using custom
software in MATLAB (R2015b, MathWorks Inc., US). A bi-
directional second order low-pass Butterworth filter with a cut-
off frequency of 12 Hz was used, to smooth the kinematic signals.
The optimal cut-off frequency was estimated on kinematic data
using the equation developed by Yu et al. (1999). Timing variables
were defined relative to the onset of the dive, which was detected
using an algorithm based on the Approximated Generalized
Likelihood-Ratio (AGLR) (Staude and Wolf, 1999). AGLR was
successfully used before for detecting the onset of the dive toward
hanging balls (Ibrahim et al., 2019a,b). It 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 using Maximum
Likelihood techniques (Poor, 1988). We used a threshold equal
to 20% of the goalkeeper’s body weight, and three different input
signals [i.e., total horizontal GRE, total vertical GRE and Vertical
GREF of the contralateral leg (the leg opposite to the diving side)].
The dive onset was defined as the average of the two out of three
onsets, having the smallest mutual difference.

The instants of contralateral (CPF) and ipsilateral peak force
(IPF) were defined as the instants when the contralateral and
ipsilateral leg exerted their maximum resultant GRE respectively.
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Take-off was defined as the instant that the vertical component of
GRE summed over legs, dropped below 10% body weight and ball
contact as the first frame when contact took place between the
ball and the goalkeeper, as detected from the high-speed cameras.

The angular velocities of lower body joints (hips, knees and
ankles) were calculated by first expressing the rotation matrix
of the distal segment relative to the proximal one and then
using the equation of Berme and Cappozzo (1990). Positions of
the centers of mass and the moments of inertia were estimated
according to Zatsiorsky (2002). Kinematics of the body segments
were used together with the GRFs to calculate moments at the
ankles, knees and hips, in a bottom-up dynamic linked segment
model (Kingma et al., 1996). To obtain the 3D components of
the net moments, the ankle moments were projected onto the
foot coordinate system (CS), the knee moments were projected
onto the shank CS, and the hip moments were projected onto the
thigh CS. Hip, knee, and ankle powers were calculated by scalar
multiplication of angular velocity and moment of the concerned
joint. Thereafter, total power per leg was calculated by summing
the power across the three joints for each leg.

Hip joint angles were defined as the Euler angles of the thigh
to the pelvis anatomical coordinate systems. The sequence of
rotation was: flexion-extension, external-internal rotation and
abduction-adduction (Wu et al., 2002).

Statistical Analysis

All time series were time-normalized (NT) from the detected
movement onset to take-off. All data are presented as mean £
standard deviation. The timing and magnitude of peak joints
power, and the magnitude of peak net joints moment, and
of peak joints angular velocity were compared between joint
movement planes, between dive heights (high and low) and
sides (right and left) with three-way repeated measures ANOVAs.
Joint movement plane was a factor of 8 levels: Contralateral hip
flexion-extension, ipsilateral hip flexion-extension, contralateral
hip adduction-abduction, ipsilateral hip adduction-abduction,
contralateral knee flexion-extension, ipsilateral knee flexion-
extension, contralateral ankle flexion-extension, ipsilateral ankle
flexion-extension. If the results of three-way ANOVA showed
a significant main effect for joint movement plane, pairwise
comparisons were used to identify between which specific joint
the timing of peak power differed significantly from the nearby
peak in another joint.

The magnitude of peak power per leg was averaged over
diving side and compared between legs (contralateral and
ipsilateral), dive height (high and low) with two-way repeated
measures 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

The goalkeepers executed high and low dives using similar
movement patterns in the push-off. They initiated the dive by

side stepping with the ipsilateral leg toward the target, pushing-
off with the contralateral leg and finally pushing-off with the
ipsilateral leg.

Figures 2, 3 show the time series of lower body joint powers,
moments and angular velocities from dive onset to take-off,
during high and low dives, respectively. Contralateral push-off
lasted from 16 to 75% NT during high dives, and from 23 to
83% NT during low dives. Whereas, the ipsilateral push-offlasted
from 52 to 100% NT during high dives, and from 53 to 100% NT
during low dives.

Repeated measures ANOVA for peak joint powers magnitude
showed a main effect for joint movement plane (p < 0.001,
large effect size = 0.78) and for dive height (p < 0.01, large
effect size = 0.92), with no effect for dive side. Additionally,
repeated measures ANOVA for peak joint moments magnitude
showed a main effect for joint movement plane (p < 0.001, large
effect size = 0.84) and for dive height (p < 0.05, large effect
size = 0.79), with no effect for dive side. In addition, repeated
measures ANOVA for peak joint angular velocities magnitude
showed a main effect for joint movement plane (p < 0.001,
large effect size = 0.95), with no effect for dive side and height.
The contralateral hip flexion-extension power was induced by
a large hip extension moment, which was the largest joint
moment of all (p < 0.05). However, the ipsilateral hip flexion-
extension power was characterized by a large area under the
curve, from 63 to 86% of NT. This was induced by an ipsilateral
hip extension moment, which was the second largest peak of all
(p < 0.05). The peak ipsilateral ankle dorsi-plantar flexion power
was significantly greater than all the other analyzed joint powers.
It was induced by the fourth largest joint moment (ipsilateral
ankle plantar-flexion moment), with the third largest being also
plantar flexion but of the contralateral ankle (p < 0.05). As for
the peak power per leg (ipsilateral vs. contralateral leg), there
was a significant interaction between dive height and leg side
(p < 0.05). During high dives, the peak power generated by the
ipsilateral leg (2,294 & 273 W) was significantly greater (p < 0.05)
than the contralateral leg (1,846 £ 292 W). However, there was
no significant difference between the peak powers generated by
the ipsilateral (1,536 4= 291 W) and contralateral (1,643 4= 326 W)
legs during low dives.

Repeated measures ANOVA showed a significant effect of
joint movement plane on timing of peak powers (p < 0.001,
large effect size = 0.88), with no significant effect for dive
side or height. Largely in line with the hypothesized proximo-
distal sequence, pairwise comparisons showed that the sequence
of lower limbs peak joints power consisted of 5 main events
(Table 1, Figure 4): (1) peak contralateral hip flexion-extension
power, (2) peak contralateral knee flexion-extension power,
peak contralateral ankle dorsi-plantar flexion power, peak
contralateral hip abduction-adduction power, (3) peak ipsilateral
hip flexion-extension power, and abduction-adduction power,
(4) peak ipsilateral knee flexion-extension power, and (5) peak
ipsilateral ankle dorsi-plantar flexion power. The timing of each
event number (1-5) was significantly different from the timing of
the previous and the next event number.

For the first event, pairwise comparisons (Table 1) showed
that peak hip joint power in the sagittal plane, hip extension
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FIGURE 2 | Time series averaged over subjects, for joints powers (A-D), joints moments (E-H), and joints angular velocities (I-L), of goalkeepers diving to save high
balls. Solid lines correspond to the contralateral leg, and the dashed lines to the ipsilateral leg. The x-axis of all subplots is the normalized time expressed in [%]. The
titles (A-D) of joints powers indicate the plane of movement of the joint and not the direction of joint rotation. The sign of joints powers reflects power generation (+)
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moment and angular velocity were greater for high dives than
low dives (p < 0.05). The contralateral hip generated also
more extension moment than the ipsilateral hip (p < 0.05),
whereas ipsilateral hip extension angular velocity was greater
than the contralateral one (p < 0.05). During this first phase,
we also calculated hip abduction-adduction and internal-external
rotation angles at the moment of peak hip joint power, in order
to look at the orientation of the goalkeeper. We found that
these angles were almost zero, indicating a neutral posture in the
frontal and transversal plane.

A result similar to the first event was also found for the
second and fourth event, as the contralateral knee generated
more extension moment (p < 0.05), and less extension angular
velocity (p < 0.05) than the ipsilateral knee. Ipsilateral ankle
power in the sagittal plane (fifth event) was significantly greater

(p < 0.05) than the contralateral one (in the second event), and
the same was evident for the resulting peak ankle plantar-flexion
angular velocity (p < 0.05). Finally, during high dives peak ankle
power in the sagittal plane and plantar-flexion moment were
greater than during low dives (p < 0.05).

DISCUSSION

The current study was the first to attempt analyzing the
biomechanics of goalkeeper’s diving save in football, while
simulating the penalty diving save as realistic as possible. In
accordance with our first hypothesis, both the contralateral and
ipsilateral legs followed roughly a proximal-to-distal sequence in
peak joint powers. This is in agreement with findings of Chiu
et al. (2014), analyzing lower limb coordination in a vertical
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FIGURE 3 | Time series averaged over subjects, for joints powers (A-D), joints moments (E-H), and joints angular velocities (I-L), of goalkeepers diving to save low
balls. Solid lines correspond to the contralateral leg, and the dashed lines to the ipsilateral leg. The x-axis of all subplots is the normalized time expressed in [%]. The
titles (A-D) of joints powers indicate the plane of movement of the joint and not the direction of joint rotation. The sign of joints powers reflects power generation (+)

jump task. They found that a proximal-to-distal sequence allows
the athlete to generate larger hip extensor, knee extensor and
ankle plantar flexor net joint moments, resulting in larger angular
accelerations and pelvis linear acceleration. It was also suggested
that, if net joint moments of hip and knee extensors occur
concurrently, this may result in antagonist co-contraction at
the knee, resulting in slower joint angular accelerations and
slower pelvis linear acceleration. After analyzing the sequence
in peak joints powers, we identified five main events in the
diving save (Table1, Figure4): (1) peak contralateral hip
flexion-extension power, (2) peak contralateral knee flexion-
extension power, peak contralateral ankle dorsi-plantar flexion
power, peak contralateral hip abduction-adduction power, (3)
peak ipsilateral hip flexion-extension power, and abduction-
adduction power, (4) peak ipsilateral knee flexion-extension

power, and (5) peak ipsilateral ankle dorsi-plantar flexion
power. The timing of the five identified events of peak joint
power were significantly different from each other, however
during the second event several joints reached their peaks
sequentially, but without a significant difference in timing.
In addition, the peak contralateral hip abduction-adduction
power (2.c; Tablel) was unexpectedly the last peak for
the contralateral leg, and the only joint rotation that did
not respect the proximal-to-distal sequence. Contralateral hip
abduction/adduction might be needed to transfer body weight
from the contralateral leg to the ipsilateral one (side stepping),
instead of contributing to the actual push-off, given also that
its net joint moment was the lowest compared to other joints.
Furthermore, the relatively large standard deviation in the
peak hip abduction-adduction power, and other peak joints
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TABLE 1 | Timing and Magnitudes of peak joint power, along with the underlying magnitudes of peak net joint moment and angular velocity, and statistical results of

three-way repeated measures ANOVA.

Variables Hip Hip Knee Ankle dorsi-plantar
flexion-extension abduction-adduction flexion-extension flexion
Contra- Ipsi- Contra- Ipsi- Contra- Ipsi- Contra- Ipsi-
lateral lateral lateral lateral lateral lateral lateral lateral
High dives Timing of peak joint 46 + 12 74 £ 9 62 + 11 77 £ 26 59 + 18 87 +3 60 + 4 93 + 0.5
power [% of NT]
Peak joint power [W] 787 + 220 860 + 259 305 + 122 360 + 284 617 £ 231 727 + 258 837 £ 174 1502 + 338
Peak net joint moment  4.56 £ 1.02 3.71 £0.62 2.11 +0.79 1.51 £ 0.38 222+0.8 156 £ 049 275+0.74 2.63 + 0.31
[N-m-kg~"]
Peak joint angular 562+ 1.4 8.06 +1.38 3.14 +£0.73 2.41 +£1.47 948 +£155 1262+ 131 974 +£194 1473+1.36
velocity [rad-s~]
Low dives Timing of peak joint 53+9 77 +£5 64 +£9 93 + 11 62 + 10 89 £+ 2 64 +£ 6 94 +1
power [% of NT]
Peak joint power [W] 656 + 275 605 + 181 318 £ 113 284 + 210 543 + 399 668 + 229 658 + 251 868 + 263
Peak net joint moment 352+079 252+056 1.81+0.68 1.81 £ 0.29 176 £ 071 1324+ 028 1.98 +£0.66 1.94 £ 0.24
IN-m-kg™"]
Peak joint angular 518+ 1.61 7.42+1.61 3.28+0.52 258 £2.3 937 £237 107 £187 838+298 14.14 £ 3.09
velocity [rad-s™"]
Significant Peak Power High > Low None None Ipsi > Contra
differences High > Low
Peak net joint moment Contra > Ipsi None Contra > Ipsi High > Low
High > Low
Peak joint angular Ipsi > Contra None Ipsi > Contra Ipsi > Contra
velocity High > Low
Sequence (1-5) 1) 8.9) (2.0 (3.b) (2.9 (4) (2.b) 5)

The bottom section of the table is showing the spotted significant differences for the tested factors (dive height, dive side, and leg side/joint movement plane). Sequence (1-5) groups
the peak joint power by order of occurrence, in a way that each group is significantly different than the neighboring one(s). Subgroups (a, b, ¢) are assigned to peak joints powers that

were not significantly different than each others (e.g., 3.b occurred non-significantly after 3.a).

100%
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FIGURE 4 | The timing of peak joints power averaged over subjects, side, and
height, expressed as percentage of total time from dive-onset to take-off.
Standard error is also presented. The bars are grouped, and each joint power
of a group is significantly different than the other joints power of other groups.

powers, might reflect inter-individual technical differences in
elite level goalkeepers.

The analysis of peak power per leg showed that there was
no significant difference between legs when diving to save low

balls. In contrast, the peak ipsilateral power was greater than
the contralateral one when diving to save high balls. This is in
contradiction with our second hypothesis, which was based on
the findings of Ibrahim et al. (2019a). However, total power per
leg and joint power were somehow misleading variables to look
at, given the fact that the diving save is characterized by sequential
push-offs, i.e., first the contralateral and then the ipsilateral leg,
which contrasts with simultaneous push-off such as in the
vertical jump. The roles of the ipsilateral and contralateral legs
can be understood better when considering the components of
joint power separately, i.e., joint moments and angular velocities,
in Table 1. The contralateral leg started the dive with a push-off
initiated by a hip extension moment and followed by a knee
extension moment, both peak joint moments were significantly
greater than the ipsilateral ones during high and low dives
(p < 0.05). In addition, contralateral hip adduction moment
and ankle plantar-flexion moment were mostly non-significantly
greater or in some cases equal, but never smaller than the
ipsilateral ones (Table 1). Therefore, in line with the findings of
Ibrahim et al. (2019a), the joints of the contralateral leg produced
larger moments than the ipsilateral ones, especially for the hip
joint extension moment that, in this study, was found to be the
main contributor to the dive performance. Furthermore, the
greater ipsilateral leg power was due to the larger joint angular
velocities reached in the ipsilateral leg (Table 1), and especially
in the distal joints (i.e., ipsilateral ankle). Based on the kinetic
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link principle, the linear velocity of the proximal end in the
linked segment model (i.e., the pelvis segment in this study)
can contribute positively and promote each subsequent joint
angular velocity produced in that model (Putnam, 1993). The
contralateral leg initiated the dive and started to push-off from a
static position, so without initial pelvis linear velocity, which was
not the case for the ipsilateral leg. The ipsilateral leg started to
push-oft after that the pelvis developed a positive linear velocity
toward the target due to the contralateral push-off. This may
have led to the production of greater joint angular velocities and
joint powers in the ipsilateral leg without requiring high muscle
activation and joint moments (Putnam, 1993).

The large net hip extension moment indicates the importance
of training hip extensor muscles during a push-off movement
pattern, in line with a previous study on standing broad
and vertical jumps (Robertson and Fleming, 1987). While, the
knee extension and hip abduction/adduction moments were the
lowest, which suggests that they are not the main contributors to
diving save performance. This contradicts our third hypothesis,
which was based on the finding that the horizontal component
of the push-off force was larger than the vertical component
(Ibrahim et al., 2019a). However, in the current study we
showed that this horizontal COM velocity was mainly produced
by the hip extensors and ankle plantar-flexors, instead of hip
add/abductors, which was possible because the body was laterally
inclined toward the diving side.

In previous work on goalkeepers of lower performance levels,
goalkeepers were found to dive toward high balls by first making
two crossover steps toward the ball side (Graham-Smith et al.,
1999). In contrast, we found in the current study that elite
goalkeepers did not make crossover steps before pushing-off
during high dives. They initiated the dive by side stepping
with the ipsilateral leg toward the target, pushing-off with the
contralateral leg and finally pushing-oft with the ipsilateral leg.
Similar to our previous study with hanging balls (Ibrahim et al.,
2019a), we did not find a significant effect of dive side on any
of the variables analyzed (Table 1). The latter is in contradiction
with the result of another previous study, where balls were
hanging from the high-post above the goal line (Spratford et al.,
2009). One of the limitations of the current study was the use
of mattresses on the landing area, on both sides of the goal.
However, the mattresses were necessary to make the floor level
even with the force plates, and they were used to keep the
goalkeeper and the marker set-up safe at each landing. It was
also believed that the presence of mattresses would not affect
performance or the diving save pattern, instead it would allow
the goalkeeper to dive comfortably without worrying about the
landing and the marker set-up.

In a previous study with hanging balls instead of a ball
canon, we suggested that S&C coaches, and technical coaches
need to highlight horizontal lateral skills, to both sides of the
body, with emphasis on the push-off with the contralateral
leg (Ibrahim et al, 2019a). In part, this was based on the
finding that, in the diving save, there is a strong contralateral
leg contribution to total COM velocity, and a large horizontal
linear momentum. In the current study, we have found that the
main joints rotations, by analyzing joints moments and powers,
are mainly the hip extensors and ankle plantar flexors. While

this initially seems to contradict the above-mentioned focus
on the lateral skills, it should be stressed that asymmetry of
ipsi- and contralateral leg flexion-extension power can result in
major lateral motions. The analysis of hip abduction/adduction
angle, and hip external/internal rotation angle at the instant of
maximum hip extension power, revealed that this near to oblique
body orientation is not created by major joint movements in the
frontal or transverse planes. Instead, it may be created by a total
body angular momentum, from the contralateral push-oft and
ipsilateral sidestep.

Therefore, goalkeepers are advised to work closely with
qualified strength coaches for power development, by relying
on the kinetic results of the current study combined with
the kinematic results and recommendations of our previous
study (Ibrahim et al., 2019a). Power exercises initiated by hip
extension and followed by extension of the knee and ankle
joints in a proximal-to-distal manner (e.g., power clean and
hang power clean, power snatch and hang power snatch, and
push jerk) need to be included in goalkeeper performance
training (Baumann et al., 1988; Garhammer, 1993; Gourgoulis
et al., 2000; Chiu and Schilling, 2005; Tricoli et al., 2005; Kipp
et al, 2011). In addition, lateral movement patterns in the
frontal plane driven by the hip extension of the contralateral
leg (e.g., side push-offs, side sled pull, asymmetrical side
squat), adhere to the principle of specificity and might insure
maximum transfer from gym training to actual field performance
Sheppard et al., 2016. Future intervention studies can test the
effect of the above training recommendations along with
the ones from our previous study (Ibrahim et al., 2019a), on
goalkeeper’s dive time.

In conclusion, goalkeepers perform the diving save using
a proximal-to-distal sequence in lower extremity peak joint
powers. Hip extension movement, especially the contralateral
hip extension, generated the largest peak net joint moment
during the dive. Overall, net joint moments in the contralateral
leg reached larger peaks than the ipsilateral leg, in almost all
main joint movements. However, joint angular velocities of the
ipsilateral leg were larger than the contralateral ones, leading to
larger peak total power for the ipsilateral leg during high dives
and to similar peaks during low dives. These findings can be
used to improve prescriptions of technical and strength training
for goalkeepers.
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