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Abstract: In team handball, suitable tests determining the match-related physical performance are
essential for the planning of optimal physical training regimens. Thus, the aims of the present
study were (a) to determine the relationships between the physical and physiological test results
from a team handball game-based performance test (GBPT), the Yo-Yo intermittent recovery test,
level 1 (Yo-Yo IR1 test) and a separate linear 30-m single sprint performance test (SSPT) in female
adult top-elite field team handball players, in order to establish the significance (validity) of tests
for measuring relevant elements for team handball match-play; and (b) to compare and evaluate
the results from the aforementioned tests for the same players in relation to the different playing
positions. Twenty-three female adult top-elite field team handball players from the Danish Premier
Female Team Handball League performed the GBPT, the Yo-Yo IR1 test and the 30-m SSPT test on
separate days. As main findings, significant correlations between the GBPT and the Yo-Yo IR1 test
in about 1/3 of the variables were found, indicating that the Yo-Yo IR1 test is reflecting most of the
locomotive match activities in female adult top-elite team handball. However, the Yo-Yo IR1 test
results were not correlated to the GBPT in any of the match-related activities in the team handball
GBPT that included technical playing actions such as tackles, passes, jumping and shooting during
specialized movements in offence and defence. Overall, the results revealed that the GBPT is better
than the Yo-Yo IR1 test to evaluate female adult top-elite field team handball players” ability to
perform physical match-related activities including both locomotive and technical playing actions
executed as during competitive match-play. Similar to the Yo-Yo IR1 test, the 30-m SSPT was not
correlated to any of the team handball GBPT activities, which included technical playing actions.
These data suggest that the SSPT only to a certain extent can measure the individual sprint capacity
of elite team handball players. In addition, unexpectedly no significant differences between the
various playing positions were found neither for the GBPT, the SSPT nor the Yo-Yo IR1 test. However,
several effects sizes indicated that the lack of positional differences primarily was due to the relatively
small sample size in each playing position and the composition of the specific group of players.
In conclusion, this study clearly indicated that team handball specific physical performance, as
measured by the GBPT, and general physical performance, as measured by the Yo-Yo IR1 test and the
30-m SSPT, are different components. This must be taken in consideration when using physical test
results for the planning of optimal physical training regimens in elite team handball.

Keywords: team handball specific physical performance; technical playing actions; oxygen uptake;
blood lactate; general physical performance; positional differences
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1. Introduction

Playing performance in team handball is determined by the players’ technical, tactical,
psychological/social and physical characteristics. All these factors are of high importance
in team handball and also closely interlinked, making team handball an especially complex
type of sport. For example, team handball requires a high level of physical fitness, if elite
team handball players should be able to utilize their technical and tactical qualities during
an entire match [1,2]. Both the individual playing performance, the team performance
(especially tactics and social factors) and external influences (material and environmental
conditions) have a significant impact on the on-court match performance [3-5].

Regarding the physical aspects of the sport, elite team handball is a fast and intense
game performed by well-trained players, who must be able to perform many different
movements such as running, side-cutting, jumping, shooting, changing direction and pace
and technical playing actions (e.g., tackles and screenings) with a high degree of physical
contact with opponents. During the sixty minutes of match-play (30 min each half), players
work intensely for short, intermittent time intervals, while performing walking, running,
sprinting, moving forwards and backwards and side-stepping, while at the same time
being tackled, grappled and pushed [2].

The physical on-court performance of the players is crucial for the playing performance
of the team. Any training schedule for a team handball player should be based on an
analysis of the demands of the game to determine what qualities are important for a good
performance. This must be compared with a capacity analysis of the individual players, so
that their strengths and weaknesses can be identified [6]. This allows the trainer to assess
which aspects the training should contain in particular. A capacity analysis is performed by
physical testing of the players using suitable tests, which are, as much as possible, directly
related to the activity pattern during real team handball match-play. Thus, scientists and
coaches constantly seek for the best test methods in order to determine the player’s physical
performance level and develop an individual physical profile relevant to the game.

Based on previous scientific studies and knowledge about the practical world of sport,
testing of the physical performance in team ball sports seems to have been performed
mainly by use of general tests that are almost identical for the various team ball sports.
This also applies specific to team handball [7-9]. The results of these general tests have,
e.g., been used to determine individual physical performance profiles, to evaluate the
effects of various kinds of training, to separate players into various performance groups
and to determine if the players were ready to return to play after a period of injury.
Furthermore, it has been used in the player selection process of top-level teams. Thus, it is
absolutely essential to know if the results from general aerobic, anaerobic or strength tests
are specifically related to the on-court performance in team handball match-play.

A previous study showed that a highly advanced game-based performance test (GBPT)
for team handball was a valid and reliable test to analyse team handball performance
(using both physical, physiological and biomechanical variables) under conditions similar
to competition match-play [10]. The GBPT was developed according to previous time-
motion analysis of elite team handball matches, which has shown that match activities
every minute include numerous high-intensity events (accelerations, decelerations and
change of directions) and also various team handball specific movements such as passes,
throws, blocks, screenings, jumps, claspings, tackles and fast breaks [1,11-13].

In the GBPT, peak oxygen uptake (VO;-peak), blood lactate concentration (BLC),
heart rate (HR), sprinting time, time of offensive and defensive actions as well as running
intensities time (in offence, defence, fast break and fast retreat), throwing velocity and
jump height were measured [10]. The playing intensities during the GBPT were for the
same players similar to the intensities during a team handball test game, and identical
to the playing intensities found while analysing match performance in Danish elite team
handball [1]. Furthermore, when comparing the physical and physiological variables,
high correlations were found between the GBPT and the team handball test game. Rating
of motivation, exertion and specificity of the GBPT showed that the players were highly
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motivated to perform their personals best. Moreover, exertion during the test was very high
and close to the exertion of a typical team handball game. Thus, the GBPT was proved to
be very well-suited to measure team handball performance and closely reflects the physical
performance during real team handball match-play.

In another study, Wagner et al. [14] found that specific anaerobic and aerobic per-
formance factors are pivotal for high-level performance in team handball, and to gain
knowledge of these aspects for individual players, it is essential to measure the on-court
performance of the players under conditions similar to competition match-play. The GBPT
was proved to be appropriate to measure this.

The well-known Yo-Yo tests were developed at the University of Copenhagen in
Denmark in the mid-1990s for testing the physical, and more specifically, the locomotive
performance of athletes while running back and forth on an indoor or outdoor court. These
high recognized tests are applied world-wide and are used both in practical and research
contexts. There has been special interest in the Yo-Yo intermittent recovery tests (the Yo-Yo
IR tests), since they evaluate the athletes” ability to perform prolonged, intermittent and
repeated intense exercise and with that, their potential to recover from intensive exercise.
In many sports, for example team ball games like soccer and team handball, the exercise
is namely intermittent, and the physical performance is related to the players” ability to
repeatedly perform intense exercise throughout the entire game. The reproducibility and
the validity of the Yo-Yo IR tests and the physiological response to the tests have been
examined intensely [15-18] and especially when related to elite soccer [19-21].

The Yo-Yo IR test may be performed at two different levels with different speed
profiles (level 1 and 2). Level 1 (Yo-Yo IR1) starts at lower speed and with the increases in
speed being more moderate than for the level 2 test (Yo-Yo IR2). For a trained person, the
Yo-Yo IR1 lasts 10-20 min and is mainly focusing on an individual’s ability to repeatedly
perform intermittent exercise with a high aerobic component towards the end of the test,
whereas the Yo-Yo IR2 lasts 5-15 min and aims at evaluating a trained person’s ability to
perform a repeated intense exercise bout with a high anaerobic energy contribution [15,16].
Both tests evaluate the individual’s ability to recover from intense exercise.

Thus, the major difference between the two tests is the degree of activating the anaer-
obic system. However, the Yo-Yo IR1 test fully stimulates both systems for less trained
persons and is therefore normally used to test male non-elite athletes, beginners and female
athletes. Level 2 are mostly used to test male elite or sub-elite athletes. In general, the
increases in speed in the level 2 version of the test are happening so fast that female athletes
with a lower maximum speed compared to male athletes in most cases will reach near their
maximum speed level very rapidly and thus experiencing fatigue before achieving their
actual potential for performing repeated intense exercise. Consequently, in the present
study with female elite team handball players the Yo-Yo intermittent recovery test, level
1 was used. Converted to team handball, it is all about measuring the ability of the play-
ers to maintain a high playing pace throughout the entire game, where the players, e.g.,
repeatedly have to perform fast breaks and fast retreats.

Team handball is characterized by multiple, repeated periods of high-intensity exercise
mixed with periods of less activity such as walking and jogging during the whole match of
60 min [11,22]. Thus, it is not surprising that Yo-Yo IR tests often are used as a measure of
the physical performance in elite team handball considering the tests consists of repeated
exercise bouts at progressively increasing velocities, interspersed with intervals of active
recovery and performed until exhaustion. Testing elite soccer players, it was demonstrated
that the aerobic loading approached maximal values, at the same time as it imposed a
significant stress upon the anaerobic energy system [15].

However, it must be emphasized that the activity pattern of team handball differs
much from that of soccer. The number of physical confrontations with opponents and
the number of technical playing actions such as tackles, screenings, jumps and shots are
considerable higher in team handball. The demands for especially upper body explosive
muscular strength are much less in soccer. In fact, studies have shown that although
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low-intensity activities (standing still, walking) in, for example, female elite team handball
constituted about 75% of mean effective playing time, the players demonstrated a mean rel-
ative workload of around 80% of VO,-max during the periods of effective match-play [11].

This indicates that the number of high-intensity, strength-related technical playing
actions had a marked influence on the high HR values and hence on the relative workload
without contributing substantially to the total distance covered during match-play. Playing
actions such as tackles, offensive breakthroughs, claspings and screenings may result in
elevated HR for more extended periods of time (due to elevated HR in the subsequent
recovery phase). Thus, using only locomotion match data seems to underestimate the phys-
ical demands of elite team handball match-play [1,11]. Consequently, it seems reasonable
to believe, that it is decisive in team handball to use a test that is not solely a measure of
the locomotive capacity of the players.

Therefore, it is highly relevant and very interesting to examine and compare the
results of the advanced and complex GBPT and the more practical Yo-Yo IR test for elite
team handball players. The GBPT has been proved to be closely reflecting the physical
performance during real team handball match-play [10], which may be due to the fact that
it, in contrast to the Yo-Yo IR test, also contains technical playing actions such as tackles,
specific movement patterns in offence and defence, multiple changing of directions and
jumping and shooting with a ball.

Potential non-significant correlations between various test parameters will mean that
the GBPT better reflects competitive match-play in team handball. Revealing significant
correlations between most of the test results will mean that for practical purposes it is
more appropriate to use the Yo-Yo IR test to examine team handball players ability to
perform repeated intense exercise and to recover from this type of exercise. It is important
to use physical tests which mimic the demands of competitive team handball match-play
as much as possible to be able to use the individual test results among other things to
plan optimal physical training for the players. The GBPT is a field test that replicates the
physical demands of team handball by incorporating specific locomotive and technical
elements of the game. Despite its practical utility, no previous studies have assessed the
relationship of the GBPT to the Yo-Yo IR test, which is a test that has a significant popularity
both in research and in world of sport practice.

The 30-m single sprint performance test (S5SPT) is a general test, which is often used to
test elite team handball players” ability to sprint without changes of direction and including
a ball. The linear 30-m SSPT was chosen as sprint test in the present study, since it is
the most applied sprint test when scientific studies have used general tests to examine
the sprint ability of team handball players [23-26]. In addition, it is easy to standardize.
Thirty meter is the longest linear distance that team handball players may sprint during
match-play (wing players). However, most sprints are of shorter distance and usually
performed with changes of direction [1,11]. Consequently, it is relevant to compare this
version of a sprint test to the other two tests in the present study.

Moreover, it can also be applicable to investigate the potential differences in test results
between the above-stated tests in relation to the different field playing positions (wings
players, backcourt players and pivots) to establish the sensibility of the tests, the ability
to capture small differences in physical performance between individual players in the
various test categories. This study was designed to examine possible relationships between
the GBPT including similar movements and intensities as in competition, a 30-m SSPT and
the Yo-Yo IR1 test for elite team handball field players.

Thus, the aims of the present study were: (A) To determine the relationships between
the physical and physiological test results from the GBPT, the separate linear 30-m SSPT
and the Yo-Yo IR1 test (level 1) in female adult top-elite field team handball players in order
to establish the significance (validity) of the Yo-Yo IR1 test for measuring relevant elements
for team handball match-play. (B) To compare and evaluate the physical and physiological
test results from the aforementioned tests, in relation to the different playing positions
in female adult top-elite field team handball players. Gaining knowledge about these



Appl. Sci. 2021, 11, 6551

50f23

aspects may provide insight into the value of more general tests such as the 30-m SSPT
and especially the Yo-Yo IR test regarding specifically the latter’s ability to measure the
effects of relevant physical training and to use the results for planning of optimal physical
training regimens in elite team handball.

It was hypothesized that significant relationships between the locomotive test results
from the various tests would be found, i.e., when players are performing linear running
without ball handling as in fast retreat, 30-m sprint and during the Yo-Yo IR1 test, but
that no significant correlations between the GBPT and the Yo-Yo IR1 test and the 30-m
SSPT, respectively, regarding technical match-related activities for female adult top-elite
field team handball players would be demonstrated in the present study. In addition, that
significant differences in test results between the various field playing positions would
reveal that the GBPT is a more suitable test to measure differences in all kinds of relevant
parameters of individual team handball players, thereby demonstrating a high capability to
distinguish differences between individual top-elite field team handball players “ physical
performance. Overall, it was hypothesized that the GBPT is better than the Yo-Yo IR1 test
to measure both locomotive and technical match-related activities for female adult top-elite
field team handball players.

2. Materials and Methods
2.1. Subjects

Twenty-three female subjects (age: 24.6 & 3.3 years (group means + SD); body height:
1.75 £ 0.76 m; body mass: 72.4 £ 9.1 kg) volunteered to participate in the present study.
They were recruited from three teams of the Danish Premier Female Team Handball League
and included ten backcourt players (BP), seven wing players (WP) and six pivots (PV) of
whom seventeen were right-handed and six were left-handed players. Since the activity
pattern of goalkeepers obviously differ greatly from those of field players, all the subjects
were field players.

All participants were adult top-elite team handball players. During the two preceding
seasons, 16 players were champions in the Danish Premier Female Team Handball League.
In addition, 16 players were playing or have played in the Women “s European Handball
Federation Champions League, and 12 players were world-class players and were playing
or have played in the European and/or World Championships for their respective national
teams, representing multiple nations. All subjects were physically healthy and reported
no injuries, infections or cardiopulmonary risk factors during the time of the study. They
were all fully informed of all experimental procedures and possible discomforts and risks
associated with the study before giving their written informed consent to participate. The
study was approved by the Ethics Committee of the University of Salzburg and the Ethics
Committee of Copenhagen and Frederiksberg communities. The study was conducted in
accordance with recognized ethical standards as described by Harriss et al. [27] and with
the principles of the Declaration of Helsinki in sport and exercise research [28].

2.2. Study Design—Testing Procedures

The study was carried out during the beginning of the last part of the preparation
phase (i.e., after the summer break) where the players were not involved in any important
matches. All testing procedures were performed indoor under thermoneutral conditions in
terms of temperature (18-22 °C) and humidity (50-70%). Each club were tested separately,
but within the same training week to reduce the impact of seasonal variation on physical
performance. Each player was verbally encouraged throughout all tests. The tests were
performed on two different days.

On the first testing day, all players from the same club performed the Yo-Yo Intermit-
tent Recovery test, level 1 (Yo-Yo IR1 test) at the start of a normal training session on their
home indoor playing court. All of the players had previously performed the Yo-Yo IR1 test.
However, before the start of the training session the test leader informed all participants
about the test procedures including test objectives and execution of the test. This was
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followed by a 30-min individual warm-up without ball handling, where last part was a
few repeated runs of the actual test at the lowest speed levels. The Yo-Yo IR1 test was
performed in heats with maximum eight players at a time.

On the second testing day, all players performed a linear 30-m sprint performance test
and the GBPT on an indoor playing court at the University of Copenhagen in Denmark.
Before starting the tests, all players were introduced and familiarized with the testing
equipment and procedures of the GBPT by the test leader (theoretical familiarization). To
enable optimal test efficiency, they were separated in groups of four players, where one
player performed the test, two were used to pass balls during the test, and the fourth player
was warming up for the following test.

The individual warm-up consisted of 25 min general and specific warm-up with simi-
lar exercises as in training and competition including ball handling. After the warm-up,
each player performed two 30-m sprints (the 30-m sprint performance test). After finishing
the 30-m sprint, the measuring equipment for the GBPT was attached to the player, and all
systems were calibrated and started simultaneously. A period of approximately 20 min
passed between the two tests, so the player was most likely fully recovered before starting
the GBPT. Thereafter, the player performed a specific warm-up heat in the GBPT (practi-
cal familiarization) including the movements of the test conducted only at submaximal
intensity before starting the actual GBPT with a total of eight heats.

2.3. The Yo-Yo Intermittent Recovery Test, Level 1 (Yo-Yo IR1 Test)

All the female adult top-elite field team handball players completed the Yo-Yo inter-
mittent recovery test, which was performed as previously described [15]. The Yo-Yo IR
tests consist of repeated 2 x 20-m shuttle runs back and forth between the starting, turning
and finishing line at a progressively increased speed until exhaustion controlled by audio
signals from a compact-disc player. Between each running bout, the players have a 10-s
active recovery period, consisting of 2 x 5 m of low intensity exercise (decelerating and
walking back to the starting line). The players need to stand completely still behind the
starting /finishing line each time before starting a new running bout and not make a false
start. When the players are not able to maintain the speed twice and have failed to reach
the finishing line in time with the bleep or are not able to complete the last running bout
at the required speed, the distance covered at that point is recorded. The total distance
covered is considered as the test result in which the last running bout that the players is
starting to perform has to be fully included. Thus, the last 2 x 20 m is included in the final
test result.

The Yo-Yo IR1 test consists of four running bouts at 10-13 km~! (0-160 m) and another
seven runs at 13.5-14 km-h~! (160-440 m), whereafter it continues with stepwise 0.5 km-h~!
speed increments after every eight running bouts (i.e., after 760, 1080, 1400, 1720 m, etc.)
until exhaustion. The test was performed indoor on a team handball court, marked by
cones, having a width of 2 m and a length of 20 m. Another cone placed 5 m behind
the finishing line marked the running distance during the active recovery period. In the
present study, the total duration of the test for the players was 9-17 min.

A heart rate belt with a wearable sensor (Polar Team Pro sensor, Polar Electro Oy,
Kempele, Finland) was placed on each player approximately 15 min before testing. The
sensor is equipped with Bluetooth technology that enables continuous data transfer with
a range of up to 200 m. This enabled live monitoring of each player during the test on
an iPad. The HR was monitored throughout the entire test. Post-hoc HR analyses were
performed using Polar Team Pro analytics software on an iPad (Polar Electro Oy, Kempele,
Finland).

2.4. The 30-m Single Sprint Performance Test (30-m SSPT)

In the single sprint performance test (SSPT), each player performed a maximal, linear
30-m sprint after a 25-min profound, individual warm-up on an indoor playing court as
previously described. The players had to repeat the sprint test twice with at least 4 min of
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recovery between tests. The fastest 15-m and 30-m sprint times were considered to be the
test results and was used for analysis. Players were encouraged to complete the sprints as
fast as they could. Consistent verbal support was given to the players during each sprint.
In order to record the time to cover the sprint distance, three light beams/timing gates
(Brower Timing System CM L5, Brower, UT, USA) was placed at 0 m, 15 m and 30 m of the
testing distance. The test was performed from an individually chosen standing position
with the players front foot one meter behind the first timing gate. Players were instructed
to adopt a forward lean and start voluntarily. On their own initiation of each sprint, players
passed the starting line and through the first timing gate which automatically started time
recording. This arrangement allowed the calculation of times needed for two distances.

2.5. The Team Handball Game-Based Performance Test (Team Handball GBPT)

To assess the physical ability of the players to perform team handball specific on-court
movements including locomotive activities with the ball, the female top-elite adult top-elite
field team handball players completed the game-based performance test (GBPT), which
was performed in accordance to a description by Wagner et al. [10,29].

Briefly, all players performed eight heats of team handball specific movements in-
cluding defence, defence to offence, offence, offence to defence and active recovery (see
Figure 1). Since the GBPT was developed according to previous time-motion analysis
of elite team handball matches [1,11-13,30], the on-court movements varied in the eight
heats reflecting that the activity pattern of team handball players is constantly changing
throughout a match (see Table 1). However, standardization of the test was also taking
into account.
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Table 1. Test sequences of the team handball game-based performance test (heat #1-8), including the number of change of directions (COD), tackles, passes, jump shots, sprints (fast break
and fast retreat) and duration of breaks, defence to offence, offence to defence, blood lactate measurements and total duration in each heat and the sum of all heats.

Heat #1 Heat #2 Heat #3 Heat #4 Heat #5 Heat #6 Heat #7 Heat #8 Heat #1-8
Defence #1 3 tackles 3 tacklr.es 3 tackles 3 tackles 3 tackles 3 tackles 3 tackles 3 tacklt.es
+ screening + screening

Break (min:s) 00:15 00:15 00:15 00:45
Defence #2 3 tackh.es 3 tackles 3 tacklgs

+ screening + screening

. 00:20 00:20

Defence to offence (min:s) 00:20 00:20 00:20 00:20 00:20 00:20 02:40

+ fast break + fast break

4 passes 4 passes

Offence #1 5 passes + jump shot 5 passes 5 passes 5 passes 5 passes 5 passes + jump shot
Break (min:s) 00:15 00:15 00:15 00:45
Offence #2 4 passes 4 passes 4 passes

+ jump shot + jump shot + jump shot
Offence to defence (min:s) 00:20 00:20 00:20 00:20 00:20 00:20 00:20 00:20 02:40

+ fast retreat + fast retreat

Lactate measure 00:40 00:40 00:40 00:40 00:40 00:40 00:40 00:40 05:20
COD 7 7 15 15 7 16 7 7 81
Tackles 3 3 6 6 3 6 3 3 33
Passes 5 4 9 9 5 9 5 4 50
Jump shots 0 1 2 1 0 2 0 1 7
Sprints 0 0 1 1 0 2 0 0 4
Time (min:s) 01:38 01:41 02:29 02:27 01:38 02:29 01:38 01:41 15:41
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During defensive actions, players had to tackle padded roll mats on the 6-m and 9-m
line with both hands, starting at the 6-m line and finishing at the 9-m line (two times left
side, one-time right side for right-handed players, and vice versa for left-handed players).
In offence, players had to catch and pass the ball during sprinting between the 9-m line and
12 m, whereas they have to touch the 0.5 x 0.5-m touching fields on the floor, starting at
12 m and finishing at the 9-m line (two times right side, one-time left side for right-handed
players, and vice versa for left-handed players). In five out of eight heats, players had to
finish the offensive actions with a jump shot, throwing as fast as possible to the lower left
corner of the goal after maximal take-off from the left foot (for the right-handed players,
and vice versa for left-handed players). In heat 3 and 6, the players had to sprint from
defence to offence, finishing with a jump shot (fast break) and in heat 4 and 6 sprint from
offence to defence (running back/fast retreat). Players were instructed to jump and throw
as high and as fast as possible and to sprint and move as fast as possible in both defence and
offence. They were constantly verbally supported by the test leaders and their teammates
to ensure maximal effort throughout the test.

The number of activity changes, changes in directions, shots, passes and tackles were
carefully selected based on match analyses in elite male and female team handball [1,11-13,30].
All distances during these actions were standardized by markers on the court or the positions of
the padded roll mats (see Figure 1). Pauses (15 s between two defensive or offensive actions, 20
s between offence and defence and vice versa, and 40 s for blood lactate measurement between
two heats) were controlled by the Multi-Timer-Ultimate software (Multi-Timer-Ultimate 3.1,
Wallroth, Berlin, Germany). These specific actions were selected to simulate the specific physical
performance during team handball competition match-play.

During the GBPT, oxygen uptake and HR were measured in each heat using a portable
respiratory gas exchange measurement analysis system in breath-by-breath mode (K5,
Cosmed, Rome, Italy) and a heart rate belt with a sensor module (Suunto Té6d, Suunto,
Vantaa, Finland). Since VO,-max normally are calculated as the mean value of the oxygen
uptake measured over at least a 30-s period, the peak oxygen uptake (VO,-peak) was
determined as the peak value of VO, instead. This was due to the fact that only short-term
(less than 30 s) increases in oxygen uptake occurred during the GBPT. To prevent errors in
determination of VO,-peak, only peak values were used where two breath-by-breath values
before and after the peak value were not less than 90%. Blood lactate concentration (BLC)
was obtained from the hyperaemic earlobe by an experienced medical laboratory technolo-
gist using 20 uL capillary tubes utilizing a fully enzymatic amperometric measurement
system (Biosen 5040, EKF Diagnostics, Leipzig, Germany). The maximal values (VO,-
peak, peak HR and BLC) in all heats during the GBPT were calculated and subsequently
evaluated.

To determine offence and defence times, a hand stop watch (Hanhart Stratos 2, Han-
hart GmbH, Giitenbach, Germany) was used to measure the time between the first and last
contact on the padded roll mats (in defence) or touch fields (in offence) as well as for the
fast breaks and running back (fast retreats) times. Using a hand stop watch instead of a
local positioning measuring system as in previous studies [10,29,31,32] was necessary to
be able to perform the test in a sport hall without a local positioning measuring system.
However, the mean difference between using a hand stop watch and a local positioning
measuring system (Inmotiotec, Abatec, Regau, Austria) has been determined in a previous
study to be as small as 0.03 [28]. The mean values of all defence and offence times in all
heats were calculated for subsequent analysis and evaluation. Throwing velocity and jump
height during the jump throws in the GBPT were measured by calculation of 2D-position
of the center of the ball and flight time from high-speed (200 frames per second) video files
(JVC-GC-PX100BE, JVC, Yokohama, Japan) utilizing Tracker Video Analysing Software
(Tracker 4.59, Douglas Brown, Aptos, CA, USA). The mean values of the best three attempts
were used for subsequent analysis and evaluation.
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2.6. Statistical Analyses

All statistical analyses were conducted using SPSS ver. 27 (IBM Corp., Armonk, NY,
USA) with the level of significance set at p < 0.05 for all tests. Mean values + standard
deviations, range, F-statistics, 95% confidence intervals (95% CI) and statistical power of
the variables were calculated for descriptive statistics. Normality of the data were verified
by the Shapiro-Wilk test, and normality was found for all used variables. The differences
in performance between backcourt players, wing players and pivots were determined
utilizing one-way analysis of variance (ANOVA) with Bonferoni post-hoc tests. Effect
size (132) calculations (eta squared; small (n? > 0.01), medium (n? > 0.06) and large m? >
0.14) [33]) were used to estimate the magnitude of the results (differences between groups)
and were reported as a measure of practical significance. To determine the relationship
between the GBPT, Yo-Yo IR1 test and the SSPT, Pearson product-moment correlation
coefficients were calculated. Linear regression between Yo-Yo IR1 running distance and
VO;-peak in the GBPT, between Yo-Yo IR1 HR and the HR in the GBPT, between the 30-m
sprint time in the SSPT and GBPT defence time, as well as between Yo-Yo IR1 running
distance and fast retreat time in the GBPT, were additional calculated.

3. Results

Descriptive data, group means, standard deviations (+5SD), 95% confidence intervals
(CI), F-statistics, range, effect sizes (0%), p-values of the one-way ANOVA and statistical
power (1 — ), for all variables are depicted in Tables 2 and 3. No significant differences
between the different playing positions was found. However, there was a large effect size
(m? > 0.14) in the body mass as well as in the VO,-peak, HR, jump height and 20-m fast
break time in the GBPT. A medium effect size (1> > 0.06) was found in age, and in total
running distance and HR in the Yo-Yo IR1 test, 15-m and 30-m sprint time in the SSPT as
well as in offence time, 10-m fast break time and fast retreat time in the GBPT.

In the Pearson Product-moment correlations (see Table 4), a significant within the
test correlation was found between 15-m and 30-m sprint time in the SSPT (R = 0.944, p
< 0.001) and in the GBPT between VO,-peak and HR (R = 0.437, p = 0.042) and also the
fast retreat time (R = —0.482, p = 0.020), between blood lactate concentration and throwing
velocity in the jump shot (R = 0.445, p = 0.033), defence and offence time (R = 0.803, p <
0.001), 10-m and 20-m fast break time (R = 0.831, p < 0.001) and between fast retreat and
10-m fast break time (R = 0.626, p = 0.001) and also the 20-m fast break time (R = 0.668,
p = 0.001). Between the different tests (see Table 4), a significant correlation was found
between Yo-Yo IR1 running distance and 10-m fast break time (R = —0.513, p = 0.012) and
fast retreat time in the GBPT (R = —0.603, p = 0.002) as well as with 15-m (R = —0.557,p =
0.006) and 30-m sprint time in the SSPT (R = —0.458, p = 0.028), respectively. In addition,
significant correlations were also found between VO,-peak in the GBPT and Yo-Yo IR1
running distance (R = 0.563, p = 0.005) and Yo-Yo IR1 HR (R = 0.515, p = 0.014), respectively,
between HR in the GBPT and HR in the Yo-Yo IR1 test (R = 0.833, p < 0.001), between 10-m
fast break time in the GBPT and 15-m (R = 0.426, p = 0.043) and 30-m sprint time in the
SSPT (R = 0.438, p = 0.036), between 20-m fast break time in the GBPT and 15-m sprint time
in the SSPT (R = 0.445, p = 0.038) and between fast retreat time in the GBPT and 15-m sprint
time in the SSPT (R = 0.445, p = 0.034).

To further analysing the results in the between test correlations, linear regression plots
were made between Yo-Yo IR1 running distance and VO,-peak in the GBPT (A), between
Yo-Yo IR1 HR and HR in the GBPT (B), between 30-m sprint time in the SSPT and GBPT
defence time (C) as well as between Yo-Yo IR1 running distance and fast retreat time in the
GBPT (D), which are shown in Figure 2.
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Table 2. Anthropometric characteristics and results from the Yo-Yo intermittent recovery test, level 1 and the single 30-m sprint performance test for female adult top-elite field team

handball players. Group means =+ standard deviations (SD), 95% confidence intervals (CI), F-statistics, range (for alle players combined), effect sizes (Uz), p-values and statistical power (1

— B) for the main effect of measurements are specified.

Plavine positions All Players Combined  Backcourt Players Wing Players Pivots
yig p (n = 23) (n=10) (n="7) (n=6)
. Mean + SD Mean + SD Mean + SD Mean + SD 2
Variables (95% CI) (95% CT) (95% CI) (95% CI) F Range D P (1=PB)
Anthropometric variables
724+9.1 72.6 £10.3 66.6 £5.3 78.6 £ 6.2
Body mass (kg) (68.4-76.3) (65.2-80.0) (61.7-71.6) (71.4-85.8) 3.38 55.1-85.2 0.25 0.05 0.66
. 1753 +£7.6 175.6 £9.1 173.1£82 1773 £ 3.1
Body height (cm) (172-179) (169-182) (166-181) (175-183) 0.48 157-187 0.05 0.62 0.28
246 £33 255+ 41 23.8 £33 242 +15
Age (years) (23.2-26.1) (22.6-28.4) (20.7-26.9) (22.6-25.9) 058 179-295 006 0.60 028
Yo-Yo intermittent recovery test, level 1
. . 1329 + 236 1268 + 263 1371 + 89 1380 + 287
Running distance (m) (1227-1431) (1080-1456) (1290-1453) (1050-1710) 0.56 880-1760 0.06 0.58 0.27
193 +6 190 +£7 196 + 4 195+ 6
in—1 _
Heart rate (beats-min™") (185-190) (185-195) (188-201) (188-201) 1.14 177-204 0.11 0.34 0.55
30-m single sprint performance test
s 2.36 £ 0.11 2.35+£0.12 2.34 £ 0.07 241 +£0.10
15-m sprint time (s) (22.32-2.41) (2.07-2.44) (2.28-2.40) (2.29-2.53) 0.77 2.17-2.57 0.07 0.48 0.35
s 4.36 = 0.18 4.33 £0.21 433 +0.11 446 +0.17
30-m sprint time (s) (4.28-4 44) (4.18-4.48) (4.23-4.43) (4.25-4.67) 1.07 3.98-4.68 0.10 0.36 0.42
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Table 3. Results from the team handball game-based performance test for female adult top-elite field team handball players. Group means =+ standard deviations (SD), 95% confidence

intervals (CI), F-statistics, range (for all players combined), effect sizes (Uz), p-values and statistical power (1 — ) for the main effect of measurements are specified.

Playing Positions All Pla};zrz g?(,))mbined Backc(zu:t1 g:ayers Wn:i ZI;)yers {ZV:OS

Ve Mgt Mansi o Mani b e p o, o
Team handball game-based performance test

VOs-pesk (nl Oy min kg 29562 @ai46 @7E47 @9SSL g son;  ox o os
Blood lactate concentration (mM) éii 02 g) (97%)_:&13 30) (9751322 06) };)5_:1‘:32; 0.40 3.6-14.2 0.04 0.68 0.26
Heart rate (beats-min ') (11 88 g_:fgg) (11 g 15—:1‘:82) (11 3 g_jfgg) (11 892—:1:9?1) 2.48 177-201 0.21 0.11 0.49
Throwing velocity (m-s~1) (22?;(;_:231 77) (22353;‘; if) (22%?;_:;4118) (22%19_:;51:) 0.42 20.0-25.0 0.04 0.66 0.31
Defence ime (9 68 =024 6065026 GUE0Z  6MEE g1 sgem om om0 on
Offence time (s) 08 608) e o, o) 122 563708 011 032 041
10 fast bresk e 9 22201 ZOLDI0 2065018 ZWEOB g ygoy g om0
20m fast breok i 1i 202 MPLOT BB RNy anie o o o0se
Fast retreat time (s) ?22;17%2032? %sz9j—[20317§ %2285%20455 %11967%20333 1.04 1.88-2.74 0.09 0.37 0.36
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Table 4. Pearson product-moment correlation coefficients between the Team Handball Game-Based Performance Test (GBPT), Yo-Yo Intermittent Recovery Test, Level 1 (Yo-Yo IR1) and the
30-m Single Sprint Performance Test (SSPT). Significant correlations are indicated in bold.

| -
g L) _ 'v; @ ©
A g 7 g g @
o g ~ g > g g @ © =
i) B | = S o~ —_ vt vt Q Q 5y
S & 8 g o £ £ s < E g £
e 3 g g = 2 E 2 c 3 K g £ £
s & 2 2 T o = E g g ? ?
2 9 7 > = £ g g 2 £ g 5 g £
R > & T & 2 £ 3 5 = S & & S
> 2 > 2 3 > > > 3 3 > > e
! ' W) Ay
=) [~y 5 =) s [~ =) =) =) =) =) [~ T =
O O > O > ) O O O O O O 9} 9]
GBPT blood lactate concentration (mM) 0.092 0.019 0.132 —0.225 0.224 0.445 * 0.289 0.273 —0.258 —0.230 —0.266 0.014 0.143
GBPT VO,-peak (ml-kg*1~minfl) 0.563 ** 0.437 * 0.515 * 0.303 0.269 —0.174 —0.234 —0.260 —0.254 —0.482 * —0.127 —0.088
Yo-Yo IR1 running distance (m) 0.087 0.189 0.376 0.056 —0.330 —0.237 —0.513 * —0.407 —0.603 ** —0.557 ** —0.458 *
GBPT HR (beats-min—1) 0.833 *** 0.237 0.313 0.242 0.136 0.300 0.208 —0.174 —0.164 —0.064
Yo-Yo IR1 HR (beats-min~1) 0.225 0.135 —0.016 —0.013 0.240 0.254 —0.045 —0.179 —0.179
GBPT jump height (m) 0.062 —0.149 —0.038 —0.284 —0.110 —0.375 —0.121 —-0.171
GBPT throwing velocity (m-s~1) —0.062 —-0.292 —0.054 —0.171 —0.276 —0.075 0.048
GBPT defence time (s) 0.803 *** 0.224 0.091 0.085 0.163 0.272
GBPT offence time (s) 0.142 0.276 0.227 0.166 0.250
GBPT 10-m fast break time (s) 0.831 *** 0.626 ** 0.426 * 0.438 *
GBPT 20-m fast break time (s) 0.668 ** 0.445 * 0.420
GBPT fast retreat time (s) 0.445 * 0.339
SSPT 15-m sprint time (s) 0.944 ***

SSPT 30-m sprint time (s)

Significant correlation: p < 0.05*, p <0.01**, p < 0.001 ***.



Appl. Sci. 2021, 1

1, 6551

14 of 23

1800

1600

1400

1200

1000

800

Yo-Yo IR1 running distance (m) >

@)
NS
w1
o

. S
o o
;] ® y=21.3x-13.7
R2=0.32
R .
.
500 60.0 700 80.0

GBPT peak oxygen uptake (ml-kg!-min-1)

1 * o
— 440 | ¢
Z .
v
g 430 -
.- =
= o V=022x+302
£ 420 . * R2=0.09
= .
»
.
4.10 - L 2
f
S
4.00 -
.
390 T T T T 1
540 560 580 600 620 640 6.60 6.80

GBPT defence time (s)

==

Yo-Yo IR1 heart rate (beats:min™)

Yo-Yo IR1 running distance (m) J

200 ~

195 +

190 +

185 +

180 4

175 4

170

y=096x+12.6
R2=0.69

170

1800 -
1700 -
1600 -
1500 -
1400 -
1300 -
1200
1100 -

1000

T T T T T 1

175 180 185 190 195 200
GBPT heart rate (beats'min-?)

y =-806.6x +3137.9
* R2=0.36

L X 4
&6

T T I A 4 T T T 1

200 210 220 230 240 250 2.60 2.70 2.80

GBPT fast retreat time (s)

Figure 2. Linear regression analysis plots between (A) the total running distance covered in the Yo-Yo intermittent recovery
test, level 1 (Yo-Yo IR1) and peak oxygen uptake in the team handball game-based performance test (GBPT), between (B)
the HR in the Yo-Yo IR1 and HR in the GBPT, between (C) sprint time in the 30-m single sprint performance test (SSPT) and
defence time in the GBPT as well as between (D) the total running distance covered in the Yo-Yo IR1 and the fast retreat
time in the GBPT.

4. Discussion

To the best of our knowledge, this is the first study to examine and compare physical
test results of an advanced, validated team handball game-based performance test and the
widely used Yo-Yo IR test [34] as well as the SSPT for elite team handball players. As main
findings, the GBPT was shown to be better than the Yo-Yo IR1 test to evaluate female adult
top-elite field team handball players” ability to perform physical match-related activities
including both locomotive and technical playing actions executed as during competitive
match-play. In addition, no significant differences between the various playing positions
were found either for the GBPT, the SSPT and the Yo-Yo IR1 test.

Yo-Yo intermittent recovery test (level 1)

To evaluate the validity of the Yo-Yo IR1 test in team handball, the optimal study
procedure will be to compare the Yo-Yo IR1 test performance with physical match activities
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(performance) during team handball competitive match-play [34]. Only one study has
previously tried to do this [35]. However, the study participants were young male non-elite
players (aged 14 years) examined during 50 min experimental matches with special rules.
In addition, the total running distance covered during match-play was remarkable low,
and no significant relationships were found between Yo-Yo IR1 test performance and high-
intensity match activities. The latter findings are challenged by numerous studies showing
much higher total match running distance covered and in particular by the conclusion that
high-intensity activities are crucial for the performance of adult elite field team handball
players during competitive match-play [1,11,14,22,36].

The GBPT has been validated for experienced male team handball players [10]. How-
ever, the present study wanted to examine the physical performance of female adult
top-elite field team handball players. As a consequence, it was not possible to include real
team handball matches in the investigation. The study took place during the beginning of
the last part of the preparation phase, i.e., in the end of July after the summer break. At this
time, there are no competitive matches for professional clubs. Additionally, the clubs were
not interested to play friendly games against high-level opponents, and colleagues, from
the Danish Premier Female Team Handball League at this particular time during their early
preparations for the up-coming season. Furthermore, to change their training schedule and
spend two training days on the present study was enough for them.

Thus, it was not possible to examine the direct validity of the Yo-Yo IR1 test in female
adult top-elite field team handball players. Consequently, in the present study, we analysed
the relationship between the more complex team handball GBPT and the more practical Yo-
Yo IR1 test, as well as the SSPT, the most frequently used physical performance tests in team
handball. In a previous study, the GBPT was found to be very well suited to measure team
handball match-related activities, since it closely mirrors the physical performance during
actual team handball match-play [10]. The percentage of the various exercise intensities
was almost similar in the two cases, and similar to real team handball match-play the GBPT
also contains technical playing actions such as jumping and shooting with a ball, specific
movement patterns in offence and defence, multiple changing of directions and tackles.
By comparing the test results of the Yo-Yo IR1 test to the results of the GBPT, the indirect
validity of the Yo-Yo IR1 test was determined, which is important for the potential use of
the test in elite team handball.

The mean body mass, body height and age in the present group of players were
72.5 kg, 175 cm and 25 years, respectively, which is comparable to that of other female
adult top-elite field team handball players from the Danish Premier Female Team Handball
League [13], National players from the First Spanish Team Handball League [37] and
players in the Czech and the Serbian Female National Handball Team, respectively [38,39].
The mean total running distance covered in the Yo-Yo IR1 test was ~1330 m, which is
somewhat lower (~7%) than previously reported in adult top-elite field team handball
players from the Danish Premier Female Team Handball League (~1440 m, [11]) and the
Brazilian Female National Handball Team (~1440 m, [40]), and also much less compared to
female youth (mean age 17 years) top-elite international players (~1660 m, [41]).

One of the reasons for this difference could be due to the timing of the testing in
the present study. The tests were carried out in the first days after the summer break—
in the early phase of the preparation period—where the players were not used to team
handball-like movements such as accelerations, decelerations and change of directions
in the same manner as during the competitive season. If the tests had been performed
during the competition season, the test results would most certainly have been better as
previously shown in other studies with female adult top-elite team handball players [11,42].
One of the participating clubs performed the Yo-Yo IR1 test much later in the season—in
the competition period just before the play-offs—and achieved significantly higher mean
results. However, all the mentioned results for adult players are still lower than previous
Yo-Yo IR1 test performances, for example measured in the Danish Female National Team,
which won Olympic Gold in 2000 (~1510 m, mean body mass 68,5 kg, n = 16), finished
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fourth in the World Championships in 2001 (~1675 m, mean body mass 65,5 kg, nn = 12) and
won the European Championship in 2002 (~1540 m, mean body mass 66 kg, n = 18) [42].
This may indicate that the mean results of the Yo-Yo IR1 test has not improved significantly
for at least female adult top-elite field team handball players the last couple of decades.
One reason could be that the mean body mass (and hence probably the muscle mass) has
increased markedly for female adult elite field players since the millennium [13,37,43,44].
However, the mean body mass values of present-day female elite teams seem to have
almost reached a maximum.

Today’s female adult elite team handball players are even more professional and
better physical trained than two decades ago. Nevertheless, the players are also larger with
increased body mass, which may have a negative impact on the Yo-Yo IR1 test performance
due to the many repeated decelerations, accelerations and 180 degrees change of directions
during the test. In return, the increased body anthropometry will enhance the on-court
performance in other important match activities as tackling, screening, blocking, throwing,
jumping and breakthroughs. Studies have shown that body height, body mass and thus
muscle mass and maximum muscle strength have important influence on especially the
technical playing actions and hence on the match performance in modern female adult
top-level team handball [2,7,13,37,45-47]. Likewise, muscle power is an essential factor in
female team handball, which is required in actions such as sprinting, one-to-one situations
and rapid change of directions. An example of such players is depicted in Figure 2A (in the
bottom of the figure). Two players with high body mass (80.8 kg and 79.9 kg) performed
badly in the Yo-Yo IR1 test (880 m and 1000 m). However, they both reached a high VO,-
peak (64.4 and 65.9 mL O,-min~! ~kg_1) during the GBPT. Apparently, they can perform
at a high level during competitive match-play, but are both too heavy to achieve a high
total Yo-Yo IR 1 running distance. In return, they will be strong in the numerous, crucial
physical confrontations with the opponents.

Team handball game-based performance test

The mean results of the present players in the GBPT and the 30-m SSPT were gen-
eral higher compared to semi-professional players from the Austrian Female Handball
League [32]. This applied to, for example, VO,-peak (62.9 versus 54.2 mL O, min~!-kg~1),
offence time (6.13 versus 6.33 s), throwing velocity (23.0 versus 21.0 m-s~!) and 30-m sprint
time (4.36 versus 4.70 s). This illustrates the importance of characteristic physical compe-
tences such as throwing and team handball specific movements (agility) to become an elite
team handball player in accordance with previous study data [32]. Several strong within
test correlations were found in the GBPT, e.g., between the test times in fast break versus
fast retreat and in offence versus defence, respectively. Thus, the team handball specific
agility seems to be the same in fast break and fast retreat and in offence and defence.

Significant correlations were found between the total running distance covered in
Yo-Yo IR1 test and 10-m fast break time and the fast retreat time in the GBPT, respectively.
It is definitely not a surprise that the Yo-Yo IR1 total running distance corelates with the
high intense locomotive measurements in the GBPT, considering the Yo-Yo IR1 test ends
with repeated exercise bouts performed at very high intensity. In support of this notion,
the Yo-Yo IR1 test performance was also significant correlated with 15-m and 30-m sprint
time in the SSPT. Furthermore, the Yo-Yo IR1 test has been proved to measure the ability to
repeatedly perform intermittent exercise with a high aerobic component towards the end of
the test [15]. Thus, a relationship between Yo-Yo IR1 total running distance and VO,-peak
and HR in the GBPT, respectively, and also between Yo-Yo IR1 HR and VO,-peak in the
GBPT was expected.

In both tests, the aerobic component has been shown to approach maximal values. The
player with the absolutely highest VO,-peak (79.7 mL O, min~!-kg~!) also covered the
longest total running distance in the Yo-Yo IR1 test (1760 m) as seen in Figure 2A (furthest to
the right). Interestingly, this world-class player was the only one who was able to perform
the entire GBPT without a decrease in time in the offensive and defensive actions. A greater
contribution from the aerobic metabolism apparently helped the player to avoid a decrease
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in the repeated, anaerobic actions throughout the entire test [14]. Noteworthy, this may
also happen for elite players during real competitive matches. The high level of VO,-peak
in GBPT may enable a faster recovery during both training and match-play, and players
will be able to perform on a higher level for a longer time.

In the present study, the mean VO,-peak was 62.9 mL O,-min~!-kg~!, which is
markedly higher than the VO,-max previously measured in adult female elite team hand-
ball players (48-54 mL O,-min~!-kg~!, ref. [11,48]). It has been suggested that increased
VO,-peak in a GBPT/during match-play compared to VO,-max measured in a typical
incremental treadmill running test may be due to higher rate of muscle recruitment and
higher motivation [49]. By contrast during the treadmill test, the muscle activation con-
tinuously changes and even reduces during team handball-related movements because of
the constantly changing playing actions. This might postpone the time of exhaustion and
lead to higher oxygen uptake. The muscle recruitment/activation is different during the
specific and the general physical test, respectively. A very strong correlation between the
HR-values in the two tests were found, and further documented in the linear regression
plot with a R2-value of 0.69 (see Figure 2B). Since the HR-values were almost similar in the
two tests for nearly all players, this means that the players were just as exhausted in the
GBPT as in the Yo-Yo IR1 test. Thus, both tests were performed with highest possible effort.

30-m single sprint performance test

The linear 30-m SSPT is the most applied sprint test when scientific studies are testing
the sprint ability of team handball players without including ball handling [23-25,32]. This
occurs despite the fact that most sprints in team handball are of shorter distance and usually
performed with changes of direction where the players may never reach their maximal
sprint velocity [1,11,22,50]. Consequently, a 15-m split sprint time was also measured in
the present study. However, it may happen that team handball players (especially wing
players) sprint for 30 m during match-play, for example, a goal scorer lying/standing
in the goal area close to the goal when the opponents are taking a fast throw-off. The
within test correlation between 15-m and 30-m sprint time was found to be very strong.
The performance in the 30-m SSPT was at the same level as the Danish Female National
Team, which was tested regularly in the period 2000-2016, in which they belonged to the
international top-elite [48].

In line with our hypothesis, several significant relationships between the sprint per-
formance in the SSPT and in the Yo-Yo IR1 test performance and locomotive results in
the GBPT, respectively, were demonstrated. The Yo-Yo IR1 running distance was strongly
correlated with both the 15-m and 30-m sprint time in the SSPT. In addition, significant
relationships were found between 10-m fast break time, 20-m fast break time and fast retreat
time, respectively, in the GBPT and the 15-m sprint time as well as only in one occasion
with the 30-m sprint time. This indicate that a 15-m sprint test are more relevant for team
handball players than the 30-m sprint test, which is in agreement with results from previous
studies regarding sprint distances covered during elite team handball match-play [1,11].
This support previous findings showing that sprint training exercises in team handball
primarily should target reaction speed and acceleration (i.e., rate of force development,
RED) rather than focus on maximum running speed [1,5,11].

Additionally, the 30-m SSPT was not correlated to any of the GBPT activities, which
included technical playing actions such as tackles, jumping and throwing with a ball
(during defensive and offensive actions). These data suggest that on-court sprinting with
and without a ball may not be the same, and that the SSPT only to a certain extent can
measure the individual sprint capacity of elite team handball players who during match-
play always are sprinting with or looking for the ball. The special movement pattern during
training and matches is unique for team handball (specific team handball agility), and the
high-intensity actions in team handball are performed very differently compared to the
activity in a linear, 30-m sprint test.
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Relationships between the various tests

As hypothesized, some significant relationships in test results between the GBPT and
the Yo-Yo IR1 test regarding the locomotive distances, VO,-peak and HR revealed that
the Yo-Yo IR1 test are related to the GBPT and hereby also to the on-court performance in
team handball match-play. However, it is notable that the Yo-Yo IR1 test results were not
correlated to the GBPT in any of the match-related activities in the team handball GBPT that
included technical playing actions such as tackles, passes, jumping and shooting during
specialized movements in offence and defence. The exact same team handball GBPT, which
was used in the present study, has been proved to be very well suited to measure team
handball match-related activities [10]. Consequently, in this study, the indirect validity
of Yo-Yo IR1 test was found to be only valid for locomotive activities, but not for team
handball match-activities including technical playing actions, which otherwise is a very
important part of elite team handball match performance [4,7,12,13,24,51-55]. The Yo-Yo
IR1 test is solely a measure of some of locomotive activities used in team handball (e.g.,
not side-to-side change of directions and full-power, explosive accelerations). Moreover,
using only locomotion match data seems to underestimate the physical demands of elite
team handball match-play [1,11]. It seems reasonable to believe that it is decisive in team
handball to use a test that contain all kinds of activities performed by the players during
training and match-play.

The indirect validity of the Yo-Yo IR1 test was determined to be only partly valid for
measuring relevant elements for team handball match-play. Using the Yo-Yo IR1 as a test
to evaluate the physical capacities of elite team handball players will therefore not give a
full picture of the level of physical performance of the players in question, instead, the test
must be supplemented by others tests. This is an important finding in order to establish
the potential use of the Yo-Yo IR1 test in elite team handball.

Conversely, the GBPT has previously been found to be very suitable to measure all
types of team handball match-related activities, because it also includes technical playing
actions such as jumping and shooting with a ball, specific movement patterns in offence
and defence and multiple changing of directions and tackles [10]. Consequently, the results
of the present study confirmed our hypothesis that the GBPT is better than the Yo-Yo
IR1 test to measure all types of team handball actions, i.e., both locomotive and technical
match-related activities for female adult top-elite field team handball players. In addition,
all players were asked to rate their motivation and exertion, and specificity of the GBPT
on the scale from 1-10, 10 being the highest value. The results revealed high values in
both motivation (9.2 & 1.0), exertion (8.8 & 1.0) and specificity (9.2 & 1.2) showing that the
players were highly motivated to perform their best in a test they found highly relevant.

Moreover, this study clearly indicated that team handball specific performance, as
measured by the GBPT, and general physical performance, as measured by the Yo-Yo IR 1
test and the SSPT in the present study, are different elements in line with previously study
data [32]. Using general tests for examining the physical performance of team handball
players provides information of general, separate physical qualities, which may differ
substantially from the physical on-court performance during match-play. This must be
taken into consideration when evaluating the effect of relevant physical training, and
when the coaches are using the results of general tests for the planning of optimal physical
training regimens in elite team handball, which aims to increase the on-court performance
during match-play.

Positional differences in test results

Another study aim was to compare and evaluate the physical test results in relation
to the different playing positions in the present players. Disproving our hypothesis, sur-
prisingly no positional differences were demonstrated in all three physical tests. Potential
positional differences in the team handball GBPT have not been examined before, but in
regard to the Yo-Yo IR1 test and the 30-m SSPT, our study findings are in contrast to data
from to previous studies in team handball [11,24]. However, there were several large effect
sizes (n? > 0.14) especially in the GBPT (VO,-peak, HR, jump height and 20-m fast break
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time), and numerous medium effect sizes (n> > 0.06) were also seen primarily in the Yo-Yo
IR1 test (total running distance covered, HR) and in the SSPT (15-m and 30-m sprint time).
This indicates that the sample size in the three groups (six pivots, seven wing players
and ten backcourt players) in many cases was too small [56]. In contrast to the statistical
significance, effect sizes facilitate the interpretation of the importance of the results. Thus,
had the sample sizes been larger, significant positional differences would probably have
been demonstrated, especially in the GBPT.

Furthermore, three very small players (1.62-1.68 m) with excellent running capacities
were noteworthy not wing players (which is normal), but backcourt players in present
group of female adult top-elite field team handball players. Normally, in running tests
such as the Yo-Yo IR1 test and the 30-m SSPT, wing players are performing better than the
other playing positions [8,11,48]. Hence, this contributed to reduce the difference in test
performance between the various playing positions. In total, however, the present study
could not provide direct evidence that either the GBPT, the 30-m SSPT or the Yo-Yo IR1
test are capable of measuring differences between individual female top-elite field team
handball players * physical performance.

Study limitations

A study limitation was that the direct validity of the Yo-Yo IR1 test, and the team
handball GBPT, was not examined. However, if you want to examine the best players, top
elite adult team handball players, it is very difficult to conduct a study at the most ideal
time. During the competitive season, it is possible to measure the activity pattern of the
players during real competitive matches. However, at that time most clubs are not willing
to chance their training and match preparation schedule in the middle of a very busy period
with multiple important matches. If you study the players in the off-season, like in the
present study, the willingness of the clubs and the chance to allow them to participate in a
study is much better. Unfortunately, in this period there are no competitive matches. After
talking to the clubs, we agreed to choose the latter option. Thus, it was only possible to
examine the indirect validity of the used tests. However, future studies should examine the
direct validity of the tests in question and also include male top-elite adult team handball
players as study participants, so their specific physical on-court performance abilities also
can be determined.

A limitation to a test such as the team handball GBPT will always be that the specific
test movements can never be completely the same as performed by the players during real
match-play (e.g., screenings, claspings and tackles of real opponents). This is primarily
due to the complexity of the game and the need to standardize the test. Thus, the test
results cannot be transferred directly to the physical demands of the game. However, the
movements in the present team handball GBPT test reflects to a large extent the match
activities during competitive team handball.

5. Conclusions

The aims of the present study were to determine the relationships between the physical
and physiological test results from the team handball GBPT, the linear 30-m SSPT and the
Yo-Yo IR1 test in female adult top-elite field team handball players. In addition, also to
compare and evaluate the results from the aforementioned tests in relation to the different
playing positions.

As a key finding, several significant correlations between the locomotive results in the
GBPT and the sprint performance in the 30-m SSPT and in the Yo-Yo IR1 test performance,
respectively, were demonstrated. This indicate that the Yo-Yo IR1 test is reflecting most
of the locomotive match activities in female adult top-elite team handball. However, the
Yo-Yo IR1 test results were not correlated to the GBPT in any of the match-related activities
in the team handball GBPT that included technical playing actions such as tackles, passes,
jumping and shooting during specialized movements in offence and defence. Today’s
female adult elite team handball players are larger with increased body mass than two
decades ago, which may have a negative impact on the Yo-Yo IR1 test performance. On
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the other hand, this increased body anthropometry will enhance the on-court performance
in other important match activities as tackling, screening, blocking, throwing, jumping,
one-to-one situations and rapid change of directions and hence on the total performance
during match-play. Overall, these aforementioned data collectively suggest that the Yo-Yo
IR1 test performance does not reflect and measure the overall specific physical on-court
performance of female elite team handball players, but solely an individual player’s ability
to repeatedly perform intermittent running exercise and the ability to recover from such
intense exercise, which does not include technical playing actions.

The results of the 30-m SSPT was also not correlated to any of the team handball GBPT
activities, which included technical playing actions such as tackles, jumping and throwing
with a ball (during defensive and offensive actions). These data suggest that on-court
sprinting with and without a ball may not be the same, and that the 30-m SSPT only to a
certain extent can measure the individual sprint capacity of elite team handball players
who during match-play always are sprinting with or looking for the ball.

Unexpectedly, no significant differences between the various playing positions were
found either for the team handball GBPT, the 30-m SSPT and the Yo-Yo IR1 test. However,
several effects sizes indicated that the lack of positional differences was ambiguous, and
that it primarily was due to the relatively small sample size in each playing position and
the composition of the specific group of players. In total, the present study could still
not provide direct evidence that either the GBPT, the Yo-Yo IR1 test or the 30-m SSPT are
well suited to measure differences between individual female top-elite field team handball
players” physical performance.

The main study finding was that the results revealed that the team handball GBPT
is better than the Yo-Yo IR1 test to measure and evaluate female adult top-elite field
team handball players” ability to perform physical match-related activities, including
both locomotive and technical playing actions executed as during competitive match-
play. Additionally, this study also clearly indicated that team handball specific physical
performance, as measured by the GBPT, and general physical performance, as measured
by the Yo-Yo IR1 test and the 30-m SSPT, are different components. This must be taken
in consideration when using physical tests results for the planning of optimal physical
training regimens in elite team handball.

6. Practical Applications

The present study confirmed that the team handball GBPT is a valid and reliable test
to analyse team handball physical performance under conditions similar to competition
match-play, also for female adult top-elite field team handball players. However, to
conduct a team handball GBPT requires many resources, intense planning, high advanced
equipment, a lot of space, high knowledge and experience about physiology and testing,
including blood sampling and portable respiratory gas exchange measurement of VO,. In
addition, the test is very time consuming, since only one player can be tested at a time.
Furthermore, several people to help during the test is also needed, for example to pass the
ball during the offensive actions. As a consequence, this is not a test which is suitable for
regular testing of players in small clubs or at a lower performance level. Maybe only in elite
clubs or National Teams with many resources, where collaboration with federations/ elite
organisations and universities sometimes takes place, is it realistic to perform the GBPT in
an appropriate manner and with a suitable frequency. Nevertheless, the results from the
team handball GBPT may emphasize the importance of team handball specific physical
performance.

Instead, general physical tests such as the Yo-Yo IR1 test and the 30-m SSPT may be
used. Both tests can test a whole team squad within an hour. Additionally, the Yo-Yo IR1
test, in particular, does not require a lot of equipment or human resources. It can easily
be performed, also in clubs at a lower level. The Yo-Yo IR1 test examines the intermittent
endurance running capacity and is relevant due to its team sport-specific character. In
addition, as shown in the present study;, it is correlated to the locomotive categories in the
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GBPT. However, it must be emphasized that these tests have to be supplemented with other
general tests, for example different strength and jumping tests, to give an overall picture of
the physical capacity of team handball players. The 30-m sprint test can advantageously be
reduced to a 20-m sprint test and performed while measuring different split times, e.g., at
5m, 10 m and 15 m. It may also be performed several times with short breaks in between as
a repeated sprint test in order to measure the repeatedly sprint ability of the players [8,57],
which is an activity the players often perform during a match. Furthermore, it can be
conducted with changes of directions or with offence and defence movements as a specific
test for agility in team handball.

Author Contributions: Conceptualization, L.B.M. and H.W.; methodology, L.B.M. and HW.; val-
idation, L.B.M. and H.W.; formal analysis, L.B.M., PF. and H.-W.; investigation, L.B.M., P.F. and
H.W.; resources, L.B.M., PF. and H.W.; writing-original draft preparation, L.B.M.; writing-review
and editing, L.B.M. and H.W.; visualization, L.B.M. and H.W.; supervision, L.B.M. and H.W.; project
administration, L.B.M. and H.W. All authors have read and agreed to the published version of the
manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Institutional Review Board of the University of
Salzburg (GZ: 44-2015).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The data presented in this study are available on request from the
authors. The data are not publicly available due to data protection rules of the University of Southern
Denmark and the University of Salzburg.

Acknowledgments: We thank all the players involved in the study and their clubs for their partici-
pation and effort. The technical assistance and the skillful involvement of Tobias Remer Christiansen,
University of Copenhagen, is greatly appreciated. Furthermore, we also acknowledge Richard
Lanigan for assistance with the language.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Michalsik, L.B.; Aagaard, P.; Madsen, K. Locomotion Characteristics and Match Induced Impairments in Physical Performance in
Male Elite Team Handball Players. Int. ]. Sports Med. 2013, 34, 590-599. [CrossRef]

2. Michalsik, L.B. On-Court Physical Demands and Physiological Aspects in Elite Team Handball. In Handball Sports Medicine-Basic
Science, Injury Management and Return to Sport; Laver, L., Landreau, P., Seil, R., Popovic, N., Eds.; Springer: Berlin/Heidelberg,
Germany, 2018; pp. 15-33.

3. Michalsik, L.B. Analysis of working demands of Danish handball players. In What Is Going on in the Gym? Learning, Teaching and
Research in Physical Education, Proceedings of the International Conference on PE-Teaching, Learning and Research, Odense, Denmark,
20-22 November 2003; Jorgensen, P., Vogensen, N., Eds.; University of Southern Denmark: Odense, Denmark, 2004; pp. 321-330.

4. Wagner, H.; Fontenelle, T.; Wiirth, S.; von Duvillard, S.P. Individual and team performance in team-handball: A review. J. Sports
Sci. Med. 2014, 13, 808-816.

5. Michalsik, L.B. The Physiology of Team Handball with Special Reference to the Physical Demands of Elite Players: Influence of Activity
Pattern, Playing Position and Gender; Department of Public Health, Section of Sport Science, Aarhus University: Aarhus, Denmark,
2015; pp. 1-472.

6.  Michalsik, L.B. Planning of the training in team handball. In Handball for Life, Proceedings of the Fifth International Conference on
Science in Handball, Cologne, Germany, 21-22 November 2019; European Handball Federation: Vienna, Austria, 2020; pp. 1-9.

7. Granados, C.; Izquierdo, M.; Ibafez, ].; Ruesta, M.; Gorostiaga, E.M. Are there any differences in physical fitness and throwing
velocity between national and international elite female handball players? J. Strength Cond. Res. 2013, 27, 723-732. [CrossRef]
[PubMed]

8. Michalsik, L.B.; Madsen, K.; Aagaard, P. Physiological capacity and physical testing in male elite team handball. ]. Sports Med.
Phys. Fit. 2015, 55, 415-429.

9.  Hoppe, M.W.,; Brochhagen, ]J.; Baumgart, C.; Bauer, J.; Freiwald, ]. Differences in Anthropo-metric Characteristics and Physical

Capacities Between Junior and Adult Top-Level Handball Players. Asian |. Sports Med. 2017, 8, e60663.


http://doi.org/10.1055/s-0032-1329989
http://doi.org/10.1519/JSC.0b013e31825fe955
http://www.ncbi.nlm.nih.gov/pubmed/22652920

Appl. Sci. 2021, 11, 6551 22 0f 23

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

Wagner, H.; Orwat, M.; Hinz, M.; Pfusterschmied, J.; Bacharach, D.W.; von Duvillard, S.P.; Miiller, E. Testing game-based
performance in team-handball. ]. Strength Cond. Res. 2016, 30, 2794-2801. [CrossRef]

Michalsik, L.B.; Madsen, K.; Aagaard, P. Match Performance and Physiological Capacity of Female Elite Team Handball Players.
Int. J. Sports Med. 2014, 35, 595-607. [CrossRef]

Michalsik, L.B.; Madsen, K.; Aagaard, P. Technical match characteristics and influence of body anthropometry on playing
performance in male elite team handball. J. Strength Cond. Res. 2015, 29, 416—428. [CrossRef]

Michalsik, L.B.; Aagaard, P.; Madsen, K. Technical activity profile and influence of body anthropometry on playing performance
in female elite team handball. J. Strength Cond. Res. 2015, 29, 1126-1138. [CrossRef]

Wagner, H.; Fuchs, P.; Michalsik, L.B. On-court game-based testing in world-class, top-elite, and elite adult female team handball
players. Transl. Sports Med. 2020, 3, 263-270. [CrossRef]

Krustrup, P.; Mohr, M.; Amstrup, T.; Rysgaard, T.; Johansen, J.; Steensberg, A.; Pedersen, PK.; Bangsbo, J. The yo-yo intermittent
recovery test: Physiological response, reliability, and validity. Med. Sci. Sports Exerc. 2003, 35, 697-705. [CrossRef]

Krustrup, P.; Mohr, M.; Nybo, L.; Jensen, ].M.; Nielsen, J.J.; Bangsbo, J. The Yo-Yo IR2 test: Physiological response, reliability, and
application to elite soccer. Med. Sci. Sports Exerc. 2006, 38, 1666-1673. [CrossRef]

Bangsbo, J.; Iaia, EM.; Krustrup, P. The Yo-Yo intermittent recovery test: A useful tool for evaluation of physical performance in
intermittent sports. Sports Med. 2008, 38, 37-51. [CrossRef] [PubMed]

Grgic, J.; Oppici, L.; Mikulic, P; Bangsbo, ].; Krustrup, P.; Pedisic, Z. Test-Retest Reliability of the Yo-Yo Test: A Systematic Review.
Sports Med. 2019, 49, 1547-1557. [CrossRef] [PubMed]

Barracker, L.M.; Davis, S.E.; Haff, G.G.; Witmer, C.A.; Moir, G.L. The Yo-Yo IR2 test: Physiological response, reliability, and
application to elite soccer. J. Strength Cond. Res. 2012, 26, 2734-2740.

Fanchini, M.; Schena, F.; Castagna, C.; Petruolo, A.; Combi, F.; McCall, A.; Impellizzeri, M. External Responsiveness of the Yo-Yo
IR Test Level 1 in High-level Male Soccer Players. Int. |. Sports Med. 2015, 36, 735-741. [CrossRef]

Deprez, D.; Fransen, J.; Lenoir, M.; Philippaerts, R.; Vaeyens, R. The Yo-Yo intermittent recovery test level 1 is reliable in young
high-level soccer players. Biol. Sport 2015, 32, 65-70. [CrossRef]

Luteberget, L.S.; Spencer, M. High-Intensity Events in International Women’s Team Handball Matches. Int. |. Sports Physiol.
Perform. 2017, 12, 56-61. [CrossRef]

Ingebrigtsen, J.; Jeffreys, I.; Rodahl, S. Physical characteristics and abilities of junior elite male and female handball players. J.
Strength Cond. Res. 2013, 27, 302-309. [CrossRef]

Kriger, K.; Pilat, C.; Ueckert, K.; Frech, T.; Mooren, F.C. Physical performance profile of handball players is related to playing
position and playing class. J. Strength Cond. Res. 2014, 28, 117-125. [CrossRef]

Hermassi, S.; Ghaith, A.; Schwesig, R.; Shephard, R.J.; Souhaiel Chelly, M. Effects of short-term resistance training and tapering on
maximal strength, peak power, throwing ball velocity, and sprint performance in handball players. PLoS ONE 2019, 14, e0221189.
Wagner, H.; Sperl, B.; Bell, ].W.; von Duvillard, S.P. Testing specific physical performance in male team handball players and the
relationship to general tests in team sports. J. Strength Cond. Res. 2019, 33, 1056-1064. [CrossRef]

Harris, D.J.; Macsween, A.; Atkinson, G. Standards for Ethics in Sport and Exercise Science Research: 2018 Update. Int. J. Sports
Med. 2017, 38, 1126-1131. [CrossRef]

General Assembly of the World Medical Association. World Medical Association Declaration of Helsinki: Ethical principles for
medical research involving human subjects. J. Am. Coll. Dent. 2014, 81, 14-18.

Wagner, H.; Fuchs, PX.; von Duvillard, S.P. Specific physiological and biomechanical performance in elite, sub-elite and in
non-elite male team handball players. J. Sport Med. Phys. Fit. 2018, 58, 66-72.

Michalsik, L.B.; Aagaard, P. Physical demands in elite team handball: Comparisons between male and female players. J. Sport
Med. Phys. Fit. 2015, 55, 878-891.

Wagner, H.; Gierlinger, M.; Adzamija, N.; Ajayi, S.; Bacharach, D.W.; von Duvillard, S.P. Specific physical training in elite male
team handball. J. Strength Cond. Res. 2017, 31, 3083-3093. [CrossRef] [PubMed]

Wagner, H.; Fuchs, P.; Fusco, A.; Fuchs, P; Bell, W].; Duvillard, S.P. Physical Performance in Elite Male and Female Team Handball
Players. Int. ]. Sports Physiol. Perform. 2019, 14, 60-67. [CrossRef]

Cohen, ]. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Routledge Academic: New York, NY, USA, 1988.

Schmitz, B.; Pfeifer, C.; Kreitz, K.; Borowski, M.; Faldum, A.; Brand, S.M. The Yo-Yo Intermittent Tests: A Systematic Review and
Structured Compendium of Test Results. Front. Physiol. 2018, 9, 870. [CrossRef]

Souhail, H.; Castagna, C.; Mohamed, H.; Younes, H.; Chamari, K. Direct validity of the Yo-Yo intermittent recovery test in young
team handball players. J. Strength Cond. Res. 2010, 24, 465-470. [CrossRef]

Biichel, D.; Jakobsmeyer, R.; Doring, M.; Adams, M.; Riickert, U.; Baumeister, J. Effect of playing position and time on-court on
activity profiles in german elite team handball. Int. ]. Perform. Anal. Sport 2019, 19, 832-844. [CrossRef]

Ferragut, C.; Vila, H.; Abraldes, ].A.; Manchado, C. Influence of Physical Aspects and Throwing Velocity in Opposition Situations
in Top-Elite and Elite Female Handball Players. |. Hum. Kinet. 2018, 24, 23-32. [CrossRef]

Mala, L.; Maly, T.; Zahalka, F,; Bunc, V.; Kaplan, A.; Jebavy, R.; Tuma, M. Body composition of elite female players in five different
sports games. |. Hum. Kinet. 2015, 45, 207-215. [CrossRef] [PubMed]

Petkovi¢, E.; Bubanj, S.; Markovi¢, K.; Koci¢, M.; Stankovi¢, D. Position-related somatotype of elite female handball players. Acta
Fac. Med. Naissensis 2019, 36, 316-325. [CrossRef]


http://doi.org/10.1519/JSC.0000000000000580
http://doi.org/10.1055/s-0033-1358713
http://doi.org/10.1519/JSC.0000000000000595
http://doi.org/10.1519/JSC.0000000000000735
http://doi.org/10.1002/tsm2.139
http://doi.org/10.1249/01.MSS.0000058441.94520.32
http://doi.org/10.1249/01.mss.0000227538.20799.08
http://doi.org/10.2165/00007256-200838010-00004
http://www.ncbi.nlm.nih.gov/pubmed/18081366
http://doi.org/10.1007/s40279-019-01143-4
http://www.ncbi.nlm.nih.gov/pubmed/31270753
http://doi.org/10.1055/s-0035-1547223
http://doi.org/10.5604/20831862.1127284
http://doi.org/10.1123/ijspp.2015-0641
http://doi.org/10.1519/JSC.0b013e318254899f
http://doi.org/10.1519/JSC.0b013e318291b713
http://doi.org/10.1519/JSC.0000000000003026
http://doi.org/10.1055/s-0043-124001
http://doi.org/10.1519/JSC.0000000000002094
http://www.ncbi.nlm.nih.gov/pubmed/28968288
http://doi.org/10.1123/ijspp.2018-0014
http://doi.org/10.3389/fphys.2018.00870
http://doi.org/10.1519/JSC.0b013e3181c06827
http://doi.org/10.1080/24748668.2019.1663071
http://doi.org/10.2478/hukin-2018-0003
http://doi.org/10.1515/hukin-2015-0021
http://www.ncbi.nlm.nih.gov/pubmed/25964823
http://doi.org/10.5937/afmnai1904316P

Appl. Sci. 2021, 11, 6551 23 0f 23

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Michalsik, L.B. Physical preparation of a world class female handball team for the Olympic Games in Rio 2016 on home ground.
In Scientific Approach to the Player’s Environment-From Participation to the Top, Proceedings of the Fourth International Conference on
Science in Handball, Vienna, Austria, 17-18 November 2017; European Handball Federation: Vienna, Austria, 2020; pp. 78-85.
Moss, S.L.; McWhannell, N.; Michalsik, L.B.; Twist, C. Anthropometric and physical performance characteristics of top-elite, elite
and non-elite youth team handball players. . Sport Sci. 2015, 33, 1780-1789. [CrossRef]

Michalsik, L.B. Physical Training and Planning of the Training of the Danish Female National Handball Team for the Olympic Games, the
World and European Championships; Danish Handball Federation: Copenhagen, Denmark, 2003.

Konstantinos, N.S.; Rousanoglou, N.E.; Meletakos, G.P.; Bayios, A.L; Boudolos, D.K. Performance indicators and competition
ranking in Women’s and Men’s World Handball Championship 2017. J. Phys. Educ. Sport 2018, 256, 1761-1766.
Martinez-Rodriguez, A.; Martinez-Olcina, M.; Herndndez-Garcia, M.; Rubio-Arias, ].A.; Sanchez-Sanchez, J.; Sanchez-Séaez, J.A.
Body composition characteristics of handball players: Systematic review. Arch. Med. Deporte 2020, 37, 52-61.

Marques, M.C.; van den Tilaar, R.; Vescovi, ].D.; Gonzalez-Badillo, J.]. Relationship between throwing velocity, muscle power, and
bar velocity during bench press in elite handball players. Int. J. Sports Physiol. Perform. 2007, 2, 414-422. [CrossRef]

Granados, C.; Izquierdo, M.; Ibanez, J.; Bonnabau, H.; Gorostiaga, E.M. Differences in Physical Fitness and Throwing Velocity
Among Elite and Amateur Female Handball Players. Int. J. Sports Med. 2007, 28, 860-867. [CrossRef] [PubMed]

Vila, H.; Manchado, C.; Rodriguez, N.; Abraldes, J.A.; Alcaraz, P.E.; Ferragut, C. Anthropometric profile, vertical jump, and
throwing velocity in elite female handball players by playing positions. J. Strength Cond. Res. 2012, 26, 2146-2155. [CrossRef]
Boegild, P; Jensen, K.; Kvorning, T. Physiological performance characteristics of Danish National Team Handball players 1990-2016:
Implications on position-specific strength and conditioning training. J. Strength Cond. Res. 2020, 34, 1555-1563. [CrossRef]
Buchheit, M.; Lepretre, PM.; Behaegel, A.L.; Millet, G.P.,; Cuvelier, G.; Ahmaidi, S. Cardiorespiratory responses during running
and sport-specific exercises in handball players. J. Sci. Med. Sport 2009, 12, 399—-405. [CrossRef]

Font, R.; Karcher, C.; Reche, X.; Carmona, G.; Tremps, V.; Irurtia, A. Monitoring external load in elite male handball players
depending on playing positions. Biol. Sport 2021, 38, 475-481. [CrossRef]

Dello Iacono, A.; Karcher, C.; Michalsik, L.B. Physical Training in Team Handball. In Handball Sports Medicine-Basic Science, Injury
Management and Return to Sport; Laver, L., Landreau, P, Seil, R., Popovic, N., Eds.; Springer: Berlin/Heidelberg, Germany, 2018;
pp- 521-535.

Vila, H.; Ferragut, C. Throwing speed in team handball: A systematic review. Int. |. Perform. Anal. Sport 2019, 19, 724-736.
[CrossRef]

Abdel-Rahman, A.; Ibrahim, H.; Hassan, A.; Bishop, P. Relationship between Kinematic Variables of Jump Throwing and Ball
Velocity in Elite Handball Players. Appl. Sci. 2019, 9, 3423.

Bragazzi, N.L.; Rouissi, M.; Hermassi, S.; Chamari, K. Resistance Training and Handball Players’ Isokinetic, Isometric and
Maximal Strength, Muscle Power and Throwing Ball Velocity: A Systematic Review and Meta-Analysis. Int. ]. Environ. Res. Public
Health 2020, 17, 2663. [CrossRef]

Saavedra, ].M.; Halldérsson, K.; Porgeirsson, S.; Einarsson, I.P.; Gudmundsdéttir, M.L. Prediction of Handball Players’ Perfor-
mance on the Basis of Kinanthropometric Variables, Conditioning Abilities, and Handball Skills. J. Hum. Kinet. 2020, 73, 229-239.
[CrossRef] [PubMed]

Sullivan, G.M.; Feinn, R. Using Effect Size-or Why the P Value Is Not Enough. . Grad. Med. Educ. 2012, 4, 279-282. [CrossRef]
[PubMed]

Buchheit, M.; Bishop, D.; Haydar, B.; Nakamura, EY.; Ahmaidi, S. Physiological responses to shuttle repeated-sprint running. Int.
J. Sports Med. 2010, 31, 402-409. [CrossRef]


http://doi.org/10.1080/02640414.2015.1012099
http://doi.org/10.1123/ijspp.2.4.414
http://doi.org/10.1055/s-2007-964989
http://www.ncbi.nlm.nih.gov/pubmed/17497580
http://doi.org/10.1519/JSC.0b013e31823b0a46
http://doi.org/10.1519/JSC.0000000000003318
http://doi.org/10.1016/j.jsams.2007.11.007
http://doi.org/10.5114/biolsport.2021.101123
http://doi.org/10.1080/24748668.2019.1649344
http://doi.org/10.3390/ijerph17082663
http://doi.org/10.2478/hukin-2019-0147
http://www.ncbi.nlm.nih.gov/pubmed/32774554
http://doi.org/10.4300/JGME-D-12-00156.1
http://www.ncbi.nlm.nih.gov/pubmed/23997866
http://doi.org/10.1055/s-0030-1249620

	Introduction 
	Materials and Methods 
	Subjects 
	Study Design—Testing Procedures 
	The Yo-Yo Intermittent Recovery Test, Level 1 (Yo-Yo IR1 Test) 
	The 30-m Single Sprint Performance Test (30-m SSPT) 
	The Team Handball Game-Based Performance Test (Team Handball GBPT) 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	Practical Applications 
	References

