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Effects of Fatigue on Throwing Performance
in Experienced Team Handball Players
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The purpose of this study was to investigate the effect of central and peripheral physiological fatigue on
throwing accuracy and ball release velocity in team handball. Twenty male subjects (age 24.7 + 3.9 yrs, body mass 88.5
+ 5.0 kg, body height 1.86 + 0.05 m, training experience 12.7 + 3.8 yrs) from one handball team participated in this
study. The participants completed four sets of eight laps of a circuit that consisted of specific team handball
drills/exercises, with decreasing recovery times between the laps in each set in order to induce physiological fatigue.
Duration of the recovery intervals determined the description of the effort made in each set: “light” (80 s recovery
between laps), “moderate” (40 s), “hard” (20 s) and “very hard” (10 s). A heart rate, concentration of lactate in blood
and the rate of perceived exertion (RPE) were recorded. Ball velocity and accuracy were measured after each set and
they both decreased during a fatigue protocol. However, accuracy only decreased significantly in the end of the protocol,
while ball release was already affected after the first round of the protocol. The results substantiate the initial hypothesis
and confirm that both throwing accuracy and ball release velocity decrease significantly as physiological fatigue
increases. These variables began to decrease when the fatigue quantification values were high or very high. The findings
can be used by coaches to develop training programs to teach players how to identify fatigue thresholds and combat the
effects of fatigue through decision-making skills at critical game moments.
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Introduction

Team handball is an Olympic team sport, in a training session it can be observed that skills of
which physical contact is permitted and players often decline, which is usually attributed
furthermore, includes throwing, sprinting, to fatigue (Rannou et al., 2001).
jumping, pushing and blocking  actions From a physiological perspective, there are
(Gorostiaga et al., 2006; Kriiger et al., 2014). It is a two types of fatigue: central fatigue, defined as the
physically demanding sport, which is of both loss of performance caused by processes proximal
aerobic and anaerobic character (Michalsik et al., to neuromuscular synapses, and peripheral
2014; Rannou et al, 2001). Therefore, team fatigue, which is the loss of contractile force
handball players require well-developed physical caused by distal processes (Ament and Verkeke,
capabilities to respond to the intense, intermittent 2009). Both types of fatigue can appear during a
nature of the sport. In the final phase of a match or match or a training session, and may produce a
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loss of coordination and an increased number of
errors (Ament and Verkeke, 2009). Obviously this
has a negative impact on game situations,
especially in critical moments in the final part of a
match (Michalsik et al., 2013). The effects of central
and peripheral physiological fatigue may affect
two very important variables in throwing
performance (the main activity, besides running)
in team handball i.e., throwing accuracy (van den
Tillaar and Ettema, 2003a, 2006) and throwing
velocity (Granados et al., 2007, 2008).

Several studies analyzing the relationship
between fatigue and specific athletic skills have
been conducted applying validated, but non-
specific tests and using instruments such as a cycle
ergometer or a treadmill to induce fatigue (Davey
et al,, 2002; McMorris, et al., 2005). It was then
concluded that neither throwing accuracy nor
decision making were impaired by fatigue,
however, ball velocity decreased as fatigue
increased (Royal et al., 2006; Stevens et al., 2010).
Although these exercises induced fatigue in
athletes, their non-specific nature may have
prevented them from experiencing a mental state
comparable to that achieved in a real-competition
situation.

On the other hand, more sport-specific
fatigue protocols have been also used to induce
fatigue to investigate its effect on different motor
abilities in athletes (Michalsik et al., 2013; Zech et
al.,, 2012). In tennis it was found that after specific
incremental and intermittent effort tests, the
accuracy of tennis strokes and the serve velocity
decreased (Davey et al., 2002; Rota et al., 2014). In
soccer the performance of specific skills (i.e. short-
passing ability) was negatively affected by fatigue
(Lyons et al., 2006; Rampinini et al., 2008).
However, Ferraz et al. (2012) found that firstly
kicking velocity decreased due to fatigue,
although it increased again after completing the
last fatigue protocol. In a second study (Ferraz et
al., 2016), they found that ball velocity only
decreased after one round of the testing protocol
and then stabilized, while accuracy did not
change. They concluded that these results were
probably caused by the mental/motivational
concept of “pacing” and, moreover, that
performance could be variable and might be
dependent on self-regulation of the effort of the
players according to some conscious and
subconscious factors (Ferraz et al., 2012). In

another study in which soccer players had to
complete a circuit with different intensities, Ferraz
et al. (2015) found that only at the highest
intensity kicking velocity decreased, while at
lower intensities no effect on ball velocity and
accuracy was found.

To our knowledge, in team handball, no
studies on the relationship between fatigue and
specific motor skills, especially throwing
performance, have been published. Therefore, the
purpose of this study was to investigate the effects
of fatigue on throwing ball release velocity and
throwing accuracy in team handball players.

Material and Methods

Participants

Twenty male subjects (age 24.7 + 3.9 yrs,
body mass 88.5 = 5.0 kg, body height 1.86 + 0.05 m,
training experience 12.7 + 3.8 yrs) from one
handball team participated in this study. Of the 20
participants, 12 were professional players in the
club’s highest ranked team in the Second Division
of the Spanish League. The other eight
participants belonged to the junior team of the
same club and were amateur players. All 20
participants had over eight year experience
playing team handball. The subjects were fully
informed about the protocol before participating
in this study. Informed consent was obtained
prior to all testing from the subjects, the study
was conducted in accordance with the
recommendations of the ethics committee of the
University of Granada and current ethical
standards in sports and exercise research.
Procedures

At the start of the test, prior to a warm up,
the participants remained seated quietly for two
minutes. Then a resting heart rate was measured,
using a FC Polar 5620 monitor (Polar Kempeler,
Oy, Finland) and a resting blood lactate level was
determined, using a Lactate Pro analyzer (KDK
Array, Japan), from a 5 ml sample of capillary
blood from the right ear lobe. After these baseline
measurements, a 15 min warm-up was
performed. It included general and specific team
handball movements, such as calisthenics,
running, short sprints, passes to teammates at
specific distances and throws at the goal. At the
end of the warm-up, the participants performed
three sets of six throws toward the openings in the
customized goal.
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After the warm-up, each subject performed
three throws at the goal from a distance of 7 m in
order to record their maximal ball release velocity.
The fastest throw was taken as the maximum
throw velocity reference value. Subsequently, the
first measurement of blood lactate concentration
was taken straight after the three throws.

Afterwards, the participants began the first
circuit of the testing protocol. A circuit composed
of specific team handball skills was designed to
induce fatigue since numerous studies had shown
that data obtained from sport-specific tests were
more closely related to competition than non-
specific tests (Coutts et al.,, 2009; Hill-Haas et al.,
2010; Kelly and Drust, 2009). The participants
completed four sets of eight laps of the circuit,
with decreasing recovery times between the laps
in each set (Royal et al., 2006) in order to induce
both central and peripheral physiological fatigue.
Duration of the recovery intervals determined the
description of the effort made in each set: “light"
(80 s recovery between laps), “moderate" (40 s),
“hard" (20 s) and “very hard" (10 s). These
recovery intervals were determined on the basis
of the results of a preliminary study carried out
with three professional team handball players,
using the Borg rating of perceived exertion scale
(Borg et al, 1987). The participants were
instructed and verbally encouraged during the
performance of the circuit to make maximum
possible effort during each lap. In order to ensure
the participants exerted maximum effort in the
repetitions, the duration of each lap was recorded,
together with the participants” heart rate. Between
each set the participants were allowed 3 min of
rest for recovery (Figure 1).

The team handball circuit was carried out
in an area measuring 12 x 12 m, in the center of a
team handball court of official dimensions (Figure
2). The circuit consisted of the following exercises:
10 push-ups with palms open and separated to
elbow width, a 12 m run while dribbling a ball, a
15 m run with long and short passes to a
teammate who remained standing, defensive 6 m
runs with forward and backward movements of 2
m; a 6 m run with four changes of direction
touching training cones and a diagonal 15 m
sprint.

Immediately after each set, the participants
were instructed to throw with a regular handball
(circumference of 58 cm and weight of 0.425 kg)
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nine times with maximal effort from 7 m distance
toward the customized goal (Figure 2). The first
six times the participants were asked to throw the
ball in each of the 30 cm circular openings in a
customized shooting target covering the goal,
beginning throws with the upper right hand
corner (Royal et al, 2006) and proceeding
clockwise. Red tape was placed around each of
the six openings, forming a square measuring 40 x
40 cm (Figure 2) to highlight the openings. After
these six throws, three throws without taking
accuracy into account to establish maximal ball
release velocity were measured with a radar gun
(Stalker Radar, Plano, TX, USA) with + 0.028 m-s™!
accuracy within a field of 10 degrees from the
gun. The radar gun was located 1 m behind the
goal at the height of the thrower’s shoulder.

To ensure consistency among the
participants, throwing accuracy was measured by
assigning points for each throw according to the
way the ball entered the target. Three values were
used since in a match the ball will either enter
cleanly, via a crossbar, the goalkeeper or the floor,
or will be saved by the goalkeeper. Therefore, the
following scale was used: when the ball entered
cleanly the target: 10 points; when the ball hit the
target and bounced from the edges of the opening
or the ball did not enter, but touched the area
covered by the red strip: 5 points; when the ball
neither entered nor touched the area covered by
the red strip: 0 points.

After completing each set, the heart rate
and ratings of perceived exertion (RPE) were
measured. Furthermore, the heart rate was
measured just before the participant started each
circuit. These variables were chosen to measure
fatigue since they had been widely used to
accurately measure both central and peripheral
components of fatigue (Borg et al., 1987; Mercer,
2001). The RPE was recorded on a Borg scale from
0 to 10 points (Borg et al., 1987; Foster et al., 2010;
Hill-Hass et al., 2010). Due to the invasive nature
of the test, blood lactate was only recorded at the
end of the second set and at the end of the test.

All tests were performed at the beginning
of the season between weeks five and six (week 3-
4 of September), before the competition period
started. Goalkeepers were excluded from our
study. One week before the experimental phase,
each athlete participated in a throwing accuracy
training session which consisted of five sets of six

Unauthenticated
Download Date | 1/19/17 3:15 PM



106 Effects of fatigque on throwing performance in experienced team handball players

throws. Throwing order was the same as on the
test day, for both left and right handed players
(Royal et al., 2006).
Statistical Analyses

All the variables were expressed as a mean
+ standard deviation. Normality distribution of
the variables was assessed using a Kolmogorov—
Smirnov test. To compare the effects of fatigue, a
one -way ANOVA with repeated measures (5
levels: pre and after each circuit) for each variable
was used. When the assumption of Mauchly
sphericity was violated, a Greenhouse-Heisser
method was used. The Bonferroni post hoc
method was applied to analyze the significant
differences. Effect size was evaluated with 1%
(partial Eta squared) where, according to Cohen
(1988), 0.01<n2<0.06 constituted a small effect,
0.06<n2<0.14 a medium effect and n2>0.14 a large
effect. For all statistical calculations, SPSS version
16.0 (SPSS Inc, Chicago, IL) was used. The level of
significance was set at p <0.01.

Results

Maximal ball release velocity (F =24.7, p <
.001, n?=0.57) and throwing accuracy (F = 123.5, p
< 0.001, n?= 0.867) were affected significantly after

completing the circuits with different recovery
pauses. Post hoc comparisons showed that ball
release velocity decreased significantly after the
first circuit (-4.5%) compared with pretest values.
Then, it increased significantly again, although it
decreased from the second to the third (-4.9%) and
further from the third (-7%) to the last circuit
(Figure 4). Throwing accuracy decreased
significantly after the third circuit (-37%) and
again after the fourth (-73%) and the last circuit
(Figure 4).

The heart rate increased every lap in each
circuit (F = 267, p < .001, n2 = .93, Figure 5) and
when measured before the start (F = 720, p < .001,
n2=.97) and after each circuit (F = 1423; p < 0.001;
n? = 0.987), it also increased significantly over the
exercise period (Figure 6). This was also
accompanied by significant increases after each
circuit in the rate of perceived exertion (F = 403; p
< 0.001; n? = 0.955; Figure 5). Furthermore, lactate
concentration also increased significantly in each
measurement during the protocol (F = 1183, p <
.001, n? = .98, Figure 5). Post hoc comparison
showed that the heart rate, the RPE and lactate
concentration increased significantly at every
measurement after each circuit.

Figure 1
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Design of the study protocol for the day of the test. RPE = Rating of perceived exertion
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Diagram of the team handball circuit, data recording areas and the area for the throwing
accuracy and ball release velocity tests.

Figure 3
Goal with six openings (targets) to measure throwing accuracy in team handball.
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Figure 4

Mean (SD) throwing accuracy (A) and ball release velocity (B) at the pretest and after each
circuit.

* indicates a significant difference on a .01 level between these two conditions.
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Mean (SD) heart rate (A), rating of perceived exertion (RPE) (B) and lactate concentration at

indicates a significant difference on a .01 level of this variable compared to all others.

© Editorial Committee of Journal of Human Kinetics

Download Date |

Unauthenticated
1/19/17 3:15 PM



110 Effects of fatigque on throwing performance in experienced team handball players

Discussion

The main objective of this study was to
analyze the effect of fatigue on throwing
performance in team handball players. Throwing
velocity and accuracy were measured and both
components were affected as recovery time was
reduced between circuits (Figure 4).

The ball release velocity declined already
after the first circuit. This was in line with the
findings of Ferraz et al. (2012, 2016) in soccer
kicking. They also used a specific circuit five times
to provoke fatigue. After the second circuit, an
increase in ball release velocity was found in our
study, which was also in line with the soccer
kicking study by Ferraz et al. (2012). In their
study, an increase in ball velocity after the third
circuit was observed. They explained this
phenomenon by the central governor model and
the concept of “pacing” (Noakes et al., 2004). It
can be stated that the intensity of the first circuit
causes an increase in metabolic stress, thereby
increasing the heart rate and the RPE in the
participant and ball release velocity declines due
to this change. In the second circuit, the subject
knows how tiring the circuit is and starts
“pacing”. Thereby, throwing velocity increases
again. However, Ferraz et al. (2012) showed that
ball release velocity increased further after the
third circuit, while the opposite occurred in our
study. An explanation for this is that we used a
progressive fatigue protocol shortening the
recovery periods (80-40-20-10 s rest between each
lap), while Ferraz et al. (2012) just continued with
the same circuit without any change of duration
in the rest periods. This difference in protocols
between the studies causes that the subjects in the
study of Ferraz et al. (2012) could use pacing and
the reserve for muscle recruitment (the security
reserve) that can be used for the so called “end
spurt” at the highest level of peripheral fatigue
(Millet, 2011). Edwards and Noakes (2009)
showed that players were well known to self-
regulate match-play efforts following numerous
extrinsic and intrinsic factors. They suggested that
athletes modulated effort according to a
subconscious strategy. As such, subconscious
factors influence conscious behavioral decisions to
regulate effort. Consequently, as shown in our
study, we suggest that players may have self
regulated their effort (pacing strategy) throughout
the start of the protocol.

Journal of Human Kinetics - volume 54/2016

However, in our study the rest period
between the laps was shortened for each circuit
(80-40-20-10 s), which made it difficult for the
subjects to continue with pacing. This was clearly
shown by the heart rates, lactate concentration
and the RPE (Figure 5) in our study. These
variables increased significantly after each circuit,
while in the study of Ferraz et al. (2012) the
observed increase was smaller. Furthermore, due
to these shorter resting periods, the reserve for
muscle recruitment will be emptied quicker
(Millet, 2011). This is probably the cause for the
decrease of maximal ball release velocity after
circuits three and four (Figure 4).

The development of throwing accuracy
did not follow the same development as the ball
release velocity; the accuracy started to decrease
after the third circuit and continued after
conducting the last circuit (Figure 4). These results
differed from the ones obtained in similar studies
performed on water polo players (Royal et al.,
2006; Stevens et al., 2010) and soccer players
(Ferraz et al., 2015), in which it was concluded
that throwing accuracy did not vary with fatigue.
In the water polo studies, accuracy improved
notably by the end of the test. However, it should
be also noted that technical components of those
throws may have been neglected in order to keep
accuracy constant. This was attributed to the self-
regulation skill level of the athletes allowing them
to have optimal performance in fatigued
conditions. In our case, the participants presented
varied skill levels (resulting from competing in
different leagues), which may have impacted the
overall statistics regarding self-regulation and
compensation for fatigue (Royal et al., 2006).
Despite this, other studies carried out with soccer
players (Coutts et al., 2009; Hill-Haas et al., 2010;
Kelly and Drust, 2009) and tennis players (Davey
et al, 2002) have confirmed that accuracy is
indeed affected when fatigue reaches high values.
Thus, both ball throwing performance variables
are affected by fatigue generated in a handball
specific circuit.

It is necessary to highlight the importance
that this specifically designed circuit has for team
handball training, considering its aim to produce
and maintain a state of physiological fatigue
among the participants of this study. Previous
research demonstrated that when well-trained
subjects participated in sport-specific tests or
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circuits, their neuromuscular systems behaved
following patterns similar to competition, but this
was not the case when non-specific tests were
used (Gabbet, 2010; Magalhaes et al., 2010). In
many other studies, the type of intervention used
to induce fatigue is based on non-specific running
and/or pedalling protocols. Although these are
effective at provoking fatigue, they create a
sensory state that is different from that
experienced during competition. In the present
study, however, a specific task was designed to
simulate team handball playing situations and
recording methods were standardized. Thus, the
effort was accurately measured and the specificity
of the stimulus was assured (Castagna et al., 2010;
Gabbet, 2010). Fatigue was produced by reducing
the recovery time allowed between sets (Royal et
al., 2006).

There are some limitations in the present
study which should be noted. Firstly, the subjects
were note elite players (the second division of the
Spanish Handball League) which could influence
the results due to their training background.
Future studies should include subjects of the First
Division (ASOBAL) or from other clubs involved
in the EHF leagues to determine if the results are
similar for elite players. Secondly, as noted by
Ferraz et al. (2012, 2016) in soccer kicking, it seems
that players are able to self-regulate during games
by employing the "pacing strategy” (Noakes,
2004). Furthermore, as indicated by Ferraz et al.
(2012, 2016), players’ awareness of the total
number of sets in a series may influence the
results. Additionally, from our point of view, a
repeated measures design is not the most
appropriate for data collection. By the last lap of a
circuit, players had accumulated a lot of fatigue
and did not really know whether it was produced

Acknowledgements

as a result of decreased recovery time or the
accumulation of laps of the specific circuit.
Therefore, future research should address this
issue from the perspective of the experimental
design between groups.

In the present study, we only investigated
the effect of fatigue on throwing performance
(accuracy and velocity). It is probable that
changes in coordination occurred (van den Tillaar
and Ettema, 2003b) and that they caused a
decrease in throwing performance. These changes
in coordination could also influence other
technical-tactical responses of participants under
competition-like situations. Therefore, further
research should be conducted to investigate
which changes in coordination in particular cause
the decreases in throwing performance.
Furthermore, it would be interesting to find out if
these coordination changes also influence other
technical-tactical responses of participants.

The main conclusion of our study is that
the greater the fatigue (induced by reduced
recovery times and accumulation of series of
specific circuits), the worse the performance (ball
release velocity and accuracy) in ball throwing in
handball players. Coaches and trainers should
take these important findings into account when
modulating training intensity, especially when the
goal of the session is of a technical and tactical
nature, considering that the results of our study
indicate that the shorter the recovery between
high intensity sets of physical work performed,
the greater the loss of throwing velocity and
accuracy. Therefore, in training after bouts of high
intensity work, recovery of at least 40 seconds is
suggested to preserve the quality of throwing
accuracy and velocity.
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