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Abstract The aim of this review is to provide the first
comprehensive analysis of the various technical and
physical on-court demands in elite male handball with
respect to playing positions. While low-intensity activities
such as standing still and walking represent the greater
proportion of playing time (up to ~70 %), handball can be
considered an intense activity for all players, especially
because of the large number of repeated high-intensity
actions occurring throughout the game (e.g., jumps, sprints,
changes of direction, duels, contacts). Additionally, the
substantial number of body contacts likely increases neu-
romuscular load, both during and following games.
However, the average running pace (53 £ 7 to 90 £ 9
m-min ') during handball games tends to be lower than in
the majority of other team sports, while blood lactate and
heart rate responses tend to be similar and slightly lower,
respectively. Behind these team-average data, the sub-
stantial variations in technical and physiological demands
between the different positions have been overlooked in the
literature. Whether physical fatigue actually occurs during
games is still unclear since, in the majority of studies,
games were not examined under actual competitive situa-
tions. We contend that, in practice, appropriate player
rotations may allow players to maintain an optimal physi-
cal performance level or, at least, limit a possible drop in
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physical/playing efficiency. Future research should essen-
tially focus on the technical and physiological responses
during games in relation to specific collective systems of
play and individual playing roles. The occurrence of player
position-specific fatigue should also be better examined
when considering individual playing time and rotation
strategies.

1 Introduction

Team handball is a professional and Olympic sport (in this
actual form, since 1972) that has become increasingly
popular over the past decades. In 2012, the European
Handball Federation (EHF) Men’s European championship
(EURO) held in Serbia reached a cumulative television
audience of 1.47 billion people [1]. It was broadcast into
more than 200 countries [1]. In July 2009, the International
Handball Federation (IHF) listed ~19 million players in
~795,000 teams [2]. In Europe, professional leagues can be
found in more than 15 countries (e.g., Germany, Spain,
France, Croatia, Serbia, Denmark), with more than 200
players employed per league.

Understanding the technical and physical demands of
the game is essential for many reasons. First, such infor-
mation is usually seen as very useful for talent-
identification programs [3, 4]. Nevertheless, while scouts
generally target young players presenting the expected
technical, tactical, psychological, anthropological, and
physical prerequisites of the elite level [5-7], it is worth
noting that reaching the elite level is highly demanding of
time [8] and remains likely uncertain due to the competi-
tive nature of selections, injuries, individual time-
investment possibilities [9], and the lack of long-term
stability in physical performance measures throughout
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Fig. 1 Playing positions on the court in attack build-up phases with a
5-1 defense disposition (players are counted from the goal line to the
middle). Attackers are in red and defenders in green. Defenders are
numbered from the side to the center. CB center back, GB goalkeeper,
LB left back, LW left wing, P pivot, RB right back

adolescence [10]. Knowledge of the demands of the game
is also essential for the design of handball-specific training
drills in both professional and developing players. To
develop their full potential, promising players need to be
provided with the most appropriate learning environments,
which include well designed technical, tactical, and hand-
ball-specific physical (e.g., strength, speed, and endurance)
development programs. Finally, to be optimal, these
training programs should also be individualized with
respect to playing positions and related specific on-court
demands [11].

To date, on-court physical and physiological demands
during games have only been partially reviewed [12], and
the impact that playing positions have on these demands
has been overlooked. In the present review, we attempted
to gather recent knowledge from both scientific and tech-
nical literature on the various technical, tactical, and
physical aspects of elite team handball performance, with a
special emphasis on positional demands. Such a compre-
hensive and position-specific analysis is likely beneficial
for players identification and development programs. As
this was a narrative, and not a systematic review, our
methods included a selection of the published papers and
abstracts we believed to be most relevant in the area. The
reviewed articles were selected from an extensive search of
the recent literature (since 2000), including major com-
puterized databases (PubMed, SPORTDiscus, and Google
scholar), with no language restriction, but limited to elite
male players (i.e., competing in the strongest leagues in
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Europe and/or during international championships). How-
ever, the amount of published research on handball is
limited in comparison with that for other team sports. For
example, while the word ‘football’ retrieves 6,325 entries,
‘soccer’ 5,498, ‘rugby’ 6,832, and ‘volleyball’ 1,031,
‘handball’ retrieved only 526 entries in PubMed (October
2013). To increase the amount of data reviewed, we also
examined results provided by national federations (feder-
ation online archives). Standardized differences in game
demands between positions (or effect sizes [ES] [13]) have
been calculated where possible, and interpreted using
Hopkins® categorization criteria, where 0.2, 0.6, 1.2, and
>2 are considered small, moderate, large, and very large
effects, respectively [13]. All data are expressed as
mean =+ standard deviation (SD) values. When the SD was
not provided in the original studies, it was estimated using
the sampling distribution of similar data in the companion
studies. In the present document, we first provide a
description of the different playing positions on the court
(Fig. 1). We then review the offensive and defensive
technical demands (Table 1) and describe position-specific
physical demands (Tables 2, 3), with a special emphasis on
high-intensity actions (Fig. 2), heart-rate (Fig. 3), and
blood lactate (Fig. 4) responses. Finally, we outline overall
playing position demands (Table 4) and provide some
position-specific training recommendations (Table 5).

2 Game Dynamics

Handball rules were modified in 2000 [14], which has
increased the speed of the game (e.g., quick throw-off).
Seven players compete for each team (one goalkeeper and
six outfield players), and the game is played on a 40 x 20-
m court. Games are divided into two halves of 30 min each
in adults [14]. Half-time cannot exceed 15 min. The win-
ning team is the one that scores more goals than the other.
Handball is also one of the fastest team sports, character-
ized by repeated jumps, sprints, changes in direction, body
contact at high speed, and specific technical movement
patterns occurring in response to the varying tactical situ-
ations of the game. In this review, we present data for elite
adult male players playing mostly in European leagues,
which are considered the ultimate playing level; playing
standard, country league [15], and gender [16] are obvi-
ously likely to modify game demands and deserve more
specific analyses in the future.

Attack phases can be split into two distinct phases:
counter-attack and attack build-up. A counter-attack is the
phase when the attacking team tries to overtake the back-up
phase of the opponent team, once the ball is lost (e.g.,
successful defensive sequence, save from the goalkeeper,
or a technical fault by the opponent attackers). Attack
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build-up phases occur when the counter-attack is not suc-
cessful, but the attacking team still possesses the ball.

The number of ball possessions has remained quite
stable over the past years, with 56.0 £ 4.4 attacks per
game reported in the 2008 Olympic Games [17] and
53.7 + 4.3 (range 44-67) in the 2012 European cham-
pionship. In some games (e.g., German professional
league) more than 80 ball possessions are sometimes
observed [18]. This means that, on average, defense and
attack phases alternate every ~22 to ~36 s. In the Cro-
atian first league, the majority of attacks (<60 %,
including counter-attacks and prolonged counter-attacks)
lasted <25 s [19]. Short attack build-up phases (lasting
10-25 s) were the more frequent (n = 20.6 £ 5.3; range
7-39), followed by moderately-long attack build-up
phases (26-50 s; n = 16.2 £ 3.7; range 6-26), prolonged
counter-attacks (5-10 s; n = 891 £ 3.9; range 1-18),
counter-attacks (<5 s; n = 6.8 = 3.7; range 0-19), and
long attack build-up phases (>50 s; n = 6.0 £ 3.0; range
0-16) [19, 20]. Additionally, 52.8 £+ 15.1 % of the
attacks were uninterrupted, while attacks with one or
more interruptions represented 233 £+ 7.5 and
23.8 + 9.5 % of the attacks, respectively [1, 2]. The
dynamics and the recovery/work ratio of the game must
be considered by coaches and trainers to design specific
training programs (with either tactical and/or conditioning
contents) (Sect. 4).

2.1 Counter-Attacks

Counter-attacks (both their number and effectiveness),
although not representing the greater proportion of ball
possessions (11.7 £ 5.8 %, range 0-32 %), are highly
determinant for game outcomes [2]. Counter-attacks can
also be split into two subcategories: counter-attacks of <5
or 10 s, which represent 6.8 & 3.7 (11.5 %) and 8.9 &+ 3.9
(15.2 %) of ball possessions, respectively [19]. Their
occurrence determines speed and repeated-sprint ability
requirements, with wings generally the more involved in
those actions. However, there was large between-game
variability in the number of counter-attacks during EURO
2012 (coefficient of variation [CV] 52 %, range 1-19).
Their success rate was highly variable (CV 32 %, range
0-100) [21]. The number and efficiency of counter-attacks
decreased between the first (77.1 %, SD not available
[NA]) and second half (66.9 = NA) in the Greek Cham-
pionships [22]. Whether this is evidence of physical fatigue
or just a consequence of changes in playing tactics is dif-
ficult to decipher (Sect. 6). Importantly, as the counter-
attacks were not recorded when the defending team man-
aged to avoid a shoot with a good recovery phase, the
actual number of counter-attack attempts is likely higher
than that reported.

@ Springer

2.2 Attack Build-Up Phases and Playing Position
Demands

Attack build-up phases represented the largest proportion
of ball possessions (88.2 & 5.8 %; range 68—100) in the
2012 EURO [21]. Attack build-up phases are characterized
by a high player concentration in small areas, with a lot of
contacts, and repetition of high-intensity actions (e.g.,
jumping, throwing, running during the attacking phase, and
pushing and blocking actions during defensive phases).
The low percentage of success of attack build-up phases
during the 2012 EURO (47.3 &+ 4.1 %, range 39-60 [21])
showed the importance of defensive phases and goalkeeper
performance in game outcomes. Moreover, in the semi-
finals and finals of the European and World championships,
the total goals scored generally tends to be lower than in
the first rounds, suggesting a greater emphasis on defensive
phases. Since 2006, only four winning teams have managed
to score more than 30-34 goals during finals; 62 % of the
winning teams have conceded <25 goals in those games
since 2006. Defensive phases are not detailed further in this
section, but considering that a team is defending when the
other is attacking, the temporal characteristics of defensive
phases are likely similar to those of the offensive phases
described here.

There are six different playing positions on the court
(Fig. 1), based on a player’s location on the field during
either offensive (left wing, left back, center back, right
back, right wing, and pivot) or defensive (players are
counted from the side to the center of the field) phases.
Goalkeepers play in a dedicated zone (Fig. 1). Each posi-
tion has its own specificities. Pivots play in the smallest
area (~12 mz), most of the time between two defenders,
wings in ~15 m? while backs and center backs play in
wider spaces (~64 mz). Technical demands for each posi-
tion are described in Table 1.

Generally, backs shoot largely to very largely more than
pivots and wings, while there is no substantial difference
between wings and pivots (Table 1). However, at the elite
level (Euro 2012), small to moderate differences were
observed between the different back positions (ES right
back vs. center back position = 0.3, left back vs. right
back = 0.4, and left back vs. center back = 0.7) or between
wing positions (right vs. left wing = 0.2) [21].

Passes are a fundamental skill. Due to the high number of
repetitions during both training and games, they are likely to
stress the shoulder joints [23]. Wings performed very largely
more passes than pivots (ES for wings vs. pivots = 2.1), and
backs largely more than wings (backs vs. wings = 1.4) and
pivots (backs vs. pivots = 1.8) [Table 1]. Backs used their
shoulders more intensively than did wings and pivots, which
suggests that appropriate training must be implemented for
these players (e.g., rotator cuff training [24]).
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Clasping and checking are allowed in certain conditions
only and are an important part of defensive phases in
handball. Tactical roles of each position generate many
body contacts and duels (one vs. one confrontation to gain
a favorable situation, e.g., shooting, blocking an opponent).
During games in the Danish first league [25], pivots
received (ES vs. backs = 2.6, vs. wings = 3.6) and gave
(vs. backs = 0.8; vs. wings = 1.2) moderately to very
largely more contacts. Pivots also performed moderately to
very largely more duels than the other players (vs.
backs = 1.1, vs. pivot = 2.2). Wings received (vs.
backs = —1.4) and gave (vs. back = —1.2) largely fewer
contacts than backs. They were also involved in substan-
tially fewer duels (vs. backs = —1.7) (Table 1). This also
has direct implications for the design of resistance training
programs for these different positions, with pivot and back
defenders likely requiring more muscle hypertrophy and
strength type of work than wings, for example (Table 5).
While goalkeepers’ performance is a key factor in the final
result [26], technical demands of goalkeeping have been
overlooked in the scientific literature; interested readers are
referred to coaching books (e.g., Tachdjian and Omer
[27]), which highlight the specific technical requirements
and the strong need for flexibility and excellent hand-eye
coordination capacity rather than strength and/or hyper-
trophy for this position.

3 Motion Analysis

As shown in Tables 2 and 3, there is a lack of homo-
geneity in the time-motion analyses with respect to
tracking systems, speed zones, or the consideration of
players’ substitution. It is therefore difficult to make clear
and definitive comparisons between studies. Additionally,
whilst automated video and global positioning system
(GPS) (if handball were to be played outdoors) tracking
systems may be accurate enough to measure running
distance at different intensities, they are likely less
effective than hand notation systems to assess handball-
specific actions (e.g. backward running, sidesteps, jumps)
[28]. Importantly, the hand notation system may also
actually underestimate the distance travelled compared
with video tracking systems. For example, the average
running pace was largely to very largely lower when
using a hand notation system (Pévoas [29] vs. Sibila
et al. [30], ES for wings = -5, backs = —1.5, piv-
ots = —4.8). Despite these limitations, to provide a
starting point on the understating of on-court demands
during games, we have merged data related to several
speed zones and movement patterns from different stud-
ies into unique generic descriptors. When speed zones (e.

g., km/h) were not the same in the different studies,
locomotion patterns were compiled in a more compre-
hensive way (e.g., walking, running, sprinting). The
definitions of each speed or action category are detailed
in the footnotes of Tables 2 and 3.

3.1 Team Average

The average running pace is relatively low in handball
(53 & 7 to 90 £ 9 m:min', Table 2) compared with
other team sports like rugby (89 & 4 to 95 + 7 m-min '
[31]), basketball (115 £ 9 m-min_ [32]), Australian
Rules football (123 £+ 19 m-min ' [33]), or soccer (123—
135 m-min " [34-36]). Different factors could explain
these differences, including pitch size, player number,
and specific tactical/technical organization [37]. Low-
intensity activities such as standing still (34.6 = 5.5 to
469 £ 124 %) and walking (27.5 £+ 04 to
475 £ 88 %) represent the greatest proportion of
playing time [29]. In some studies, where standing still
and walking were quantified together [38, 39], low-
intensity activities represented 39 & NA to 60 £ NA %
of total time. Slow running comes in at third place
(range 8 £ NA to 43 = NA %) [30, 38—41]. However,
these team-averaged data are of little interest for prac-
titioners, who need to develop position-specific training
drills. The following section highlights the important
position-related differences in game demands.

3.2 Position-Related Motion Analysis

Studies reporting between-position differences in running
demands have shown very large disparities (Table 2) (e.g.,
5896 m-min ! for wings). In some studies, there was no
consistency in the position classification between backs
and wings [29, 30, 39, 41]. While in Danish and Croatian
championships, wings were shown to run the most [30, 41],
those ‘same’ players were reported to run less than back
players during other international games [39]. These dif-
ferences are likely related to game nature (i.e., player
rotation allowed or not), playing standard, tactical systems,
and tracking systems (Sect. 4). However, data are more
consistent for pivots (Table 2), who generally run less than
all other outfield players. Obviously, goalkeepers covered
the least distance and had a different profile than all the
other players (Tables 2, 3).

In addition to distance covered, the occurrence of par-
ticular movement patterns and the time spent in specific
speed zones are useful to examine the different playing
position demands, and eventually, to adapt training con-
tents (Table 5). When considering those criteria, we
observe that (Tables 2, 3):

@ Springer



804

C. Karcher, M. Buchheit

e Backs walked very largely more than pivots and largely
more than wings (walking distance: ES vs. pivots = 2.2,
vs. wings = 1.4). They also ran moderately more than
pivots and largely more than wings (vs. pivots = 0.5,
vs. wings = 1.6). Backs covered largely more distance
in lateral movements at moderate speed than wings (vs.
wings = 1.4); however, there were no substantial
difference with pivots (vs. pivots = 0).

e Pivots were very largely more involved in very low-
intensity actions than the other players (standing still:
ES vs. backs = 2, vs. wings = 2). They showed the
lowest amount of high-intensity runs with large differ-
ences with wings and small differences with backs (fast
running: vs. wings = —1.7, vs. backs = —0.3; sprinting:
vs. wings = —1.2, vs. backs = —0.6). However, they
performed moderately more lateral displacements than
some of the other positions (lateral movements at
moderate speed: ES vs. backs = 0.7, vs. wings = 1;
lateral movements at high speed: vs. backs = 0.7, vs.
wing 1).

o Wings performed largely more high-intensity runs than
backs and pivots (fast running distance: ES vs.
backs = 1.1; vs. pivots = 1.7), while their sprinting
distance was moderately higher than backs and largely
higher than pivots (vs. backs = 0.8, vs. pivots = 1.3).
Wings also covered very largely more backward
distance than the other outfield players (vs. backs = 2.7;
vs. pivots = 4).

3.2.1 High-Intensity Runs

In the present review, high-intensity running includes fast
running categories and sprints. The proportion of high-
intensity runs was rather small in relation to the total time/
running distance, representing only, in elite Danish players,
7.9 £ 49 and 1.7 £ 0.9 % of total playing time and dis-
tance covered, respectively [42]. These high-intensity runs
are generally crucial for game outcomes (e.g., sprinting to
win a ball, sprinting during counter-attacks) and have a
large physiological impact (i.e., might trigger neuromus-
cular fatigue [43], inflammatory responses [44], and
deplete glycogen when repeated [45]). The exact number of
sprints during games, and their occurrence with respect to
playing positions, remains unclear, since sprint definitions
vary considerably between studies (Table 3). During elite
Portuguese games [29], differences between positions were
small to moderate (backs vs. pivots = 0.3, pivots vs.
wings = —0.7, and wings vs. backs = 0.3). During the 2007
World championships, differences were larger (backs vs.
pivots = —0.2, pivots vs. wings = —1.2, wings vs.
backs = 1.5) [39]. Finally, during the 2007 World Cup,
average sprint distance was actually very short, i.e., from 7
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to 19 m (Table 3). Pivots were shown to cover sprints over
5-7 m, backs over 8§ m, and wings over 15-18 m [39].
Wings sprinted more than backs and pivots but differences
were small (vs. backs = 0.3, vs. pivots = 0.3). These latter
results have direct implications for the design of position-
specific sprinting drills (Table 5).

3.2.2 High-Intensity Actions

In the present study, high-intensity actions refer to high-
intensity activities other than high-intensity running, such
as jumps, stops, changes of direction, and duels. Despite
their very short duration, these actions are important to
consider since they require high levels of strength and
speed. Figure 2 shows their occurrence for each position in
elite Portuguese players. Backs and pivots performed very
largely more high-intensity actions than wings (6.6 and 4.3,
respectively). Pivots performed largely more duels than
backs (1.4). All those differences are likely the result of
position-specific tactical demands (Sect. 2.2), and also have
direct implications for position-specific training programs
(Table 5).

3.2.3 Repeated High-Intensity Runs and Actions

Despite their importance for specific training prescriptions,
data on the work-recovery ratio of high-intensity runs and
actions during games are scarce. In the only study to date,
the mean recovery time between high- (sprinting and high-
intensity lateral runs) and low-intensity activities was
55 + 32 s [3]. The large SD of this recovery time
(CV = 60 %) suggests that there are important variations in
rest period duration, which are likely related to technical
and position-specific demands. The average 55-s period is
actually similar to that in field hockey, where more than
50 % of the recovery periods between sprints are longer
than 60 s [46]. However, this mean recovery duration is
shorter than that reported in football (i.e., 72 s [47]) or
rugby (i.e., 192-312 s [48]). However, knowledge of the
mean recovery duration alone is insufficient to examine
effort distribution, since it is likely that some repeated
sprint/high-speed action sequences also occur with shorter
recovery periods between the efforts, as shown in soccer
[47, 49, 50]. In elite Portuguese players, 63 £+ 25 % of
repeated maximal intensity runs (sprinting and high-
intensity sideways) were separated by >90 s; 9 &+ 8 %
occurred with a recovery time of 61-90 s, 11 £ 12 % with
a recovery time of 31-60 s, and, finally, only 18 £ 18 %
with a recovery time <30 s [40]. When considering high-
intensity runs (fast running, sprinting, and high-intensity
sideways) recovery was >90 s for 34 £ 18 % of the
sequences, 61-90 s for 11 £ 10 %, 31-60 s for 20 &= 10 %,
and 0-30 s for 34 £ 16 % [40].
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Fig. 2 Number of high- 160 -
intensity actions related to
playing positions (group

means + SD). The magnitude of
the standardized differences
(effect size) between the
different positions is indicated
by the number of symbols: one
symbol stands for a moderate
difference, two for a large
difference, three for a very large
difference, b substantial
difference vs. backs, w vs.
wings. COD changes of
direction, SD standard deviation
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Fig. 3 Heart rate responses 80
during a Portuguese first league
match expressed as a percentage
of maximal heart rate (group
means £ SD). The magnitude of
the standardized differences
(effect size) between the
different positions is indicated
by the number of symbols: one
symbol stands for a moderate
difference, two for a large
difference, three for a very large
difference; b substantial
difference vs. backs, g vs.
goalkeepers, p vs. pivots, w vs.
wings
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Recovery time might not differ greatly between playing
positions. In the only study by Pdvoas et al. [4], 67 £ 22 %
of the recovery periods between high-intensity runs lasted
more than 90 s for backs; 63 £ 18 % of the recovery
periods for wings, and 57 £ 24 % for pivots. Similarly,
18 &+ 16 % of recovery periods lasted 0-30 s in backs,
17 £ 13 % in wings, and 19 = 17 % in pivots. The profile
of position-specific repeated high-intensity actions is
therefore still unclear and should be the matter of future
research. Nevertheless, these data suggest that the time and
the activity between the great majority of high-intensity

80-90

50-60 60-70 70-80 90-100

% of maximal heart rate

actions (>60 %) is likely enough for phosphocreatine (PCr)
re-synthesis, irrespective of playing positions (if we con-
sider that PCr is recovered at 50 and 100 % within 20 and
90 s, respectively [51, 52]).

It is also important to consider that the high-intensity
technical demands (e.g. jumps, shots, duels) are mostly
performed within restricted space (attack build-up phases
represent 88 % of ball possessions, Sect. 2.2) and are
therefore, not well captured by classical time—motion
analysis systems. For instance, in addition to running-based
high-speed actions, 36.9 & 13.1 intense technical actions
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Table 4 Overall playing position demands

Position
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Low Moderate High

Total

Sprints

High-intensity
movements

Moderate-intensity
movements

Low-intensity
movements

Running
pace

Contacts-
duels

Pass

Shoot

skokoskok

Hesksk

sfeskoskok

kkosk

soksk

sesksk

skoskoskok

kk

skoskoskok sfesksk seoksk

sfeokskok

Back

skkoskok

seokoskok

ook

skksk

sk

ook

sk skoksk

sk

sk

Pivot

sksk

ksfkok sk

sk

sksfeoskok

ksfeok

skesk

skskok

sk

seokk

sk

Wing

ks

kk

kskeok

ook

sk

Goalkeeper

The magnitude of playing position demands with respect to technical activities, distance covered, high-intensity actions, and physiological load variables is rated from low (*) to very high

(****) based on the data presented in the review (Tables 1, 2; Figs. 1, 2, 3 and 4)

have been reported per game [25]. Further game analyses
on repeated high-intensity actions should also examine, in
addition to locomotor patterns, specific technical actions
during both attacking and defensive phases. Finally, further
analysis accounting for accelerations, changes of direction,
and player ‘loading’ are also required to complete the
overall profiling of game demands [53].

4 Physiological Demands
4.1 Neuromuscular Demands and Contacts

Playing handball requires the performance of a large
number of high-intensity actions (Sects. 3.2.1 and 3.2.2;
Fig. 2) and could lead to acute neuromuscular adjust-
ments, and, in turn, to decreased neuromuscular
performance. For example, decreases in lower limb
maximal voluntary contraction capacity, rate of force
development, and jumping abilities have been reported
[5]. Collisions and contacts are also known to increase
indicators of muscle damage [54] and may further impair
neuromuscular performance [55]. While this has still to be
documented, it is likely that the large number of contacts
received and given during a game (37-120, Table 1) may
have an important impact on the occurrence of neuro-
muscular fatigue during and after games. Additionally, the
progressive accumulation of muscle by-products (see 4.2)
can affect muscular contractility and impair neuromus-
cular performance throughout a game [56]. Despite the
limited data available, it is reasonable to say that playing
handball places large demands on the neuromuscular and
musculoskeletal systems. Whether fatigue actually devel-
ops during games needs further consideration and is
discussed in Sect. 6.

4.2 Anaerobic Glycolytic Energy Contribution

As discussed above, playing handball requires a large
number of high-intensity actions (Sects. 3.2.1 and 3.2.2),
which largely trigger anaerobic glycolysis [52, 57, 58].
However, to date, the only available data to examine the
contribution of the anaerobic glycolytic system during
games are limited to blood lactate measures, which are not
without limitations. Blood measures depend on the type
and amount of activity performed immediately prior to the
sampling [59], the site and timing of the sampling, and the
type of analyzer, and do not linearly reflect muscle lactate.
Rather, they represent an accumulated response to high-
intensity actions [60]. We nevertheless provide the avail-
able blood lactate values as a starting point to understand
the anaerobic glycolytic requirements of the game. Blood
lactate values were 3.7 & 1.6 mmol-1"" after the first half in
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Table 5 Playing position-specific training recommendations for handball players with regard to technical, motion analysis, and physiological
demands presented in the review

Physical Main Position
quality training - -
orientation/ Back Pivot Wing Goalkeeper
rationale
Strength Main Hypertrophy— Hypertrophy Explosivity Explosivity—reactive strength
objective explosivity—maximal
strength
Rationale ~ To develop jumping, To better tolerate To develop jumping and To improve reactivity and
sprinting, shooting contacts and duels sprinting abilities quickness (Sect. 2)
abilities and better (Sects. 3.2 and 4.1) (Sects. 3.2 and 4.1)
tolerate contacts and
duels (Sects. 3.2 and
4.1)
Speed Main 10-15 m 10 m 20-30 m Specific movements
exercise
format
Rationale Shorter average Shorter average Longer average sprinting No need for proper running
sprinting distance sprinting distance distance (Table 3) speed (Table 3)
(Table 3) (Table 3)
Metabolic Main 30-30 s; 20-20 s 15-15 s 10-20 s/5-25 s/sprint 15-15-30-30 s
function exercise repetitions
format
Rationale  Adjusted on the average Adjusted on the average Adjusted on the average Reproducing game activity
activity time and activity time and activity time and patterns does not allow to
attack/defense ratio attack/defense ratio attack/defense ratio stimulate the cardiorespiratory
(Tables 2, 3; Sects. 3.2, (Tables 2, 3; Sects. 3.2, (Tables 2, 3; Sects. 3.2, system at high intensity, so
4.2 and 4.3; Fig. 3) 4.2 and 4.3; Fig. 3) 4.2 and 4.3; Fig. 3) other generic forms of intervals
have to be considered—
exercise modes can be
modified as well for these
players not used to running, e.
g., bike (Tables 2, 3; Sects. 2,
4.2 and 4.3; Fig. 3)
Injury Main Rotator cuff Core muscles Hamstrings Elbow—Shoulder muscles
prevention  muscle
group
Rationale  To support the large To support duels and To prevent muscle strain Prevent elbow hyperextension

number of passes and
shots (Table 1)

contacts (Sect. 3.2)

due to high-speed
running (longer
strides) (Sect. 3.2 and
Table 2)

during ball impacts

For each physical quality (strength [81-83], speed [84, 85], cardiorespiratory function [86, 89], and injury prevention [87]), the first line shows
the main training objectives, while the second line shows the rationale for the suggested training recommendations

Danish male elite adult players [42], 4.2 & 2 (range 1.6—
8.6) mmol-1"" throughout the first half in elite Portuguese
adult players [29], and 9.7 & 1.1 mmol-1™" after the first
half in adolescent Tunisian players [61]. During the second
half in the elite Portuguese game, blood lactate was
3.1 £+ 1.8 (1.3-8.4) mmol-1"! [29]. Post-game values were
actually not greater than after the first half, suggesting, at
least at the team level, a stable anaerobic glycolytic energy
contribution throughout the game: 4.8 + 1.9 (2.4-10.8)
[42] and 8.3 £ 1 mmol-1"! [61]. These values are actually
similar to those found in other team sports such as

basketball (4.9-5.8 mmol-lfl) or soccer (3.9-10 mmol~171)
[60, 62, 63].

With the limitations of blood lactate measures to assess
anaerobic glycolytic contribution, the important variations
in blood lactate values reported in the literature limit our
ability to draw definitive conclusions. Anecdotal data col-
lected during games also suggest that blood lactate levels
vary substantially both during the game and between
players (Fig. 4). While some players show relatively stable
values throughout the game, others show decreasing or
increasing blood lactate throughout the game. It is likely

@ Springer
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110 - RB: 6.3 mmoliL RW: 6.8 mmol/L
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Fig. 4 Individual heart rate and blood lactate responses during a
game in well trained French national-level adult players. See Sect. 4.2
for details. CB center back, LB left back, LW left wing, RB right back,
RW right wing

that blood lactage levels are affected by players’ activities
during the game, playing style, players’ metabolic and
locomotor profile, and activity before the sampling. In fact,
in line with the large between-position differences in match
activity patterns (Table 2, 3), anaerobic glycolytic contri-
bution would also be expected to differ between positions.
However, this has still to be investigated in a larger sample
of players.

4.3 Aerobic Demands

Taken together, both game duration (individual playing
time per match: 32-53 min [39, 41]) and the repetition of
high-intensity runs and actions trigger the aerobic metab-
olism at high levels. While oxygen uptake (VO,)
assessment is the most valid tool to examine aerobic
demands, this requires carrying a gas analyzer during
match play, which is obviously incompatible with the game
demands. Therefore, there is, to date, no VOZ data col-
lected during real games. However, interestingly, such
measures were performed during non-contact small-sided
handball games (2 x 3 min 45 s) [64]; mean VOZ was on
average 93.9 % (88.2-99.6) of maximal V'O, (VOjmay). In
the majority of studies, the aerobic demands were rather
estimated from heart rate (HR) recordings and the associ-
ated HR/V O, relationship established previously during an
incremental test [29, 40, 42, 61, 65]. The estimated VOZ
reached during a game ranged between 71 + 6 [7] and
74 £ 10 (45-92) % of VOomax [29].

When considering playing positions, wings reached on
average 65 £ 8to 73 £ 6 % VOQmax7 pivots 67 £ 9 to
74 4+ 6 % of VOomax [29, 42], and backs 68 & 6 to
78 £ 6 % of VOsmax [29, 42]. Peak estimated VO, during a
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game was 92 £+ 7 (74-100) % of VOZmaX [4]. However, the
validity of VOQ estimation from HR has strong limitations
[64], mainly because handball-specific movement patterns/
muscle contraction types can affect HR independently of
the actual O, demands. Therefore, we recommend directly
examining HR data, which represent at least cardiac work
and do not rely on possibly biased estimations. Mean game
HR for field players are lower in handball (72 £ 16 % [66])
than in basketball (82 £ 9 % [67]), rugby (84 £ NA %
[68]), or soccer (85 £ NA % [69]), and may be related to
both the lower average running pace in handball (Table 2)
and other factors such as pitch size, specific tactic
demands, rules, and the number of players on the field [37].

Taken together with the similar blood lactate levels, the
lower HR values observed in handball compared with
basketball or soccer suggest that handball may put a rela-
tively greater emphasis on anaerobic glycolytic energy.
Finally, it is also worth noting that, as for motion patterns
(Sect. 3.2), HR responses showed large variations between
playing positions (Fig. 3). Goalkeepers showed the lowest
HR demands, with ~60 % of the time spent at <70 %
maximal HR (HR,.x) and no time spent at >90 % HR.x-
Wings spent the largest part of their time in the 70-80 and
80-90 % zones (~30 % in the two intensities), while backs
and pivots spent more time in the 80-90 % zone. The
greater cardiac demands observed for these two latter
positions (i.e., at or close to HR,,,x) suggest that a greater
emphasis should be placed on cardiopulmonary function
during training, and/or that different rotational strategies
should be implemented during games to prevent develop-
ment of excessive fatigue (Sect. 6, Table 2).

5 Limitations of Current Game Analysis
and Implications for Future Research

There are many defensive systems (i.e., man-oriented vs.
ball-oriented vs. mixed defense) and many player forma-
tions on the field (e.g., 5-1, 6-0, 3-2-1). For a given playing
position in the field, the defensive role, for example, can
change substantially based on tactical variations. For
instance, a player in position #2 (Fig. 1) in a 5-1 man-
oriented defense will be involved in much more contact
and fewer lateral runs than in a 5-1 ball-oriented defense.
In Croatian elite players, compared with playing #1 in a 0-6
ball-oriented defense, defending #2 in a 3-2-1 defense
required largely more running and fast running (total dis-
tance: ES = 1.8) and was moderately to largely more
physiologically demanding (higher HR: 0.9, higher blood
lactate: 1.9) [70]. Similar effects of team structure or
playing systems were reported in other team sports [71,
72]. Moreover, in all time-motion and physiological
analyses to date in handball [16, 29, 30, 39-41, 61],
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distinctions between playing positions and roles in offen-
sive versus defensive phases has never been considered.

Jonas Killman plays (2001-2014) in the left wing
position in attack but generally plays as an advanced
defender in a 5-1 defense (#3 high, Fig. 1). Pivots, who
play in the middle court section in attack, frequently defend
in position #2 and not necessarily in #3 high or low
(Fig. 1). To summarize, defensive systems practiced,
defensive systems attacked, as well as playing position-
specific tasks that can vary both during and between con-
secutive games (strategic adjustments) all have large
impacts on technical, tactical, motion patterns, and physi-
ological demands. Unfortunately, these factors have not yet
been examined, and should be the subject of future
research. There is no doubt that a better understanding of
those specific requirements would likely improve coaching
and handball-specific training drills.

In contrast to soccer, for example, players’ rotations are
unlimited and can occur at any time during handball
games. At the elite level, mainly for strategic reasons, some
players rotate at almost every ball possession (i.e., some
players have only a defensive role, while others only an
offensive role). The French player Didier Dinart (1993—
2013), for example, was probably the best and most well
known defensive-only player in the world (#3 low). In a
French First League team (SC Sélestat 2002), the average
game rotations during seven successive competitive games
was 3 &£ 2 for the wings, 13 £ 9 for the backs, and 26 £ 7
for the pivots [73]. Despite some exceptions (e.g., Icelandic
left wing Gudjon Valur Sigurdsson (2000-2014) played the
entire six games of his team during the 2012 EURO),
playing >90 % of total time during an international com-
petition is atypical. For instance, only nine players (~3 %
of the players involved in this competition) played more
than 90 % of total game time during the 2012 EURO; 14 %
of the players played for >75 %, 25 % played for 75-50 %,
34 9% played for 25-50 %, and 28 % played for 0-25 % of
the possible total playing time [21]. Moreover, playing
time could be accumulated either continuously or inter-
mittently (i.e., via the successive defensive phases for
specialist players). To our knowledge, despite the likely
significant consequences of these rotation strategies on
technical activities and match running performance during
team sport games [74], their effect on fatigue development
has not yet been investigated in handball.

During the 2007 world cup (~170 players), wings
(n ~ 40, 38 = 2 min) and goalkeepers (n ~ 20, 37 £+ 3 min)
played substantially more than backs (n# ~ 60, 29 &£ 2 min)
and pivots (n ~ 25, 30 £ 3 min) (wings vs. backs = 4.2,
wings vs. pivots = 3.2, goalkeepers vs. backs = 3.8,
goalkeepers vs. pivots = 3.2). This playing time distribu-
tion confirms the position-specific demands that were
previously highlighted (Sect. 4), where wing and

goalkeeper positions seem to be less demanding than back
and pivot positions.

6 Does Fatigue Occur During Games?

As previously mentioned (Sects. 3 and 4), the work—
recovery ratio between the majority of high-intensity
actions may allow sufficient recovery to maintain the per-
formance level of the majority of actions. Whether the
decreased occurrence of high-intensity activities and HR
[40, 42] observed during the second versus the first half
results effectively from fatigue or more from changes in
game dynamics is actually unclear (e.g. the importance of
the latter issue may force players to reduce game pace;
disciplinary sanctions and team time out are generally more
frequent in the second half). At first glance, the few studies
reporting decreased physical performance following games
suggest that substantial physical fatigue can occur after a
game. For instance, decreases in counter movement jump
height (ES = —1), maximal quadriceps isometric strength
(ES = —0.7), quadriceps rate of force development
(0-50 m-s' ES = -5, 0-100 m:s"' ES = —4.5), and
impulse during maximal quadriceps isometric contraction
(0-100 ms ' ES = —4.3, 0-200 m's ! ES = —7.8) were
observed after a simulated game in elite Danish players [5].
Similarly, after a friendly game in elite Portuguese players
[29, 41], counter movement jump height decreased mod-
erately (ES = —0.8). However, these latter results should be
considered with care, since, in the study by Thorlund et al.
[43], the game simulation was probably too intense to
reflect what actually happens during real games: substitu-
tions were not allowed, and game pace (i.e., 131 m~min_1)
was more than twice as great as during usual games
(Table 2). In the studies by Povoas et al. [29, 40], data were
collected for all playing positions together, and players’
rotations, which likely directly affect performance changes
during games (Sect. 5), were not accounted for in the
analysis. Taken together, these methodological aspects
prevent a proper examination of the data. In other studies
[41, 42], inclusion criteria (42 min of total playing time and
at least 18 min in each half) were probably too excessive to
reflect real practice (Sect. 3.1) and did not allow the ana-
lysis of playing position-related fatigue.

There is therefore a feeling that the occurrence of fati-
gue during handball games may have been overestimated.
We can also suggest that the nature and the occurrence of
fatigue in a game are likely playing position-dependent, as
suggested by the differences in technical and physiological
demands (see Sect. 3 and 4), as well as total playing time
[39]. Finally, our field experience suggests that coaches
who manage players’ rotations in an appropriate way can
actually avoid excessive physiological loading of the
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players, which can prevent fatigue and likely improves
player efficiency throughout the game.

7 Fatigue Throughout the Competitive Season

In elite male players, physical fitness improves generally
during the first part of the season, and tends to plateau or even
decrease slightly by the end of the season [75, 76]. However,
the effect of accumulated playing time and match numbers on
training status during an entire season has not yet been inves-
tigated. International players can participate in up to 80 official
games per season (Olympic Games, international competi-
tions, international club competitions, and national
competitions), while others may play considerably fewer (~30
games in national competitions, personal data). The number of
games per week can also vary greatly, from one during the
regular season (national championship) to five during inter-
national competitions, and is also likely to affect fitness level.
To our knowledge, the number of matches played and total
playing time over a full season have not yet been reported.
However, we can speculate that these variables have signifi-
cant consequences (e.g., on-court performance, fitness level, or
injury rate) as shown in Australian Rules football [77] or rugby
[78]. This should also be the subject of further research.

8 Conclusion

This review is the first to provide a comprehensive analysis
of the various technical and physical on-court demands in
elite male handball with respect to playing positions.
Defense and attack phases alternate on average every ~22 to
~36 s, and attack build-up phases represent the larger part of
ball possession (88 + 6 %); counter-attacks represent
12 + 6 % of game possession. Handball is clearly an intense
activity for all players, with a large number of high-intensity
actions (i.e., jumps, duels, sprints, changes of direction,
contacts). While low-intensity activities such as standing
still (43-37 %) and walking (35-43 %) represent the greater
proportion of playing time, the large amount of body contact
likely increases neuromuscular load both during and fol-
lowing games. The mean recovery time between high-
intensity activities (sprinting and high-intensity sideways) is
around 55 s, with the largest proportion (63 %) of repeated
high-intensity actions separated by more than 90 s. The
average running pace (53 = 7 to 90 £+ 9 m:min ') during
handball games is actually lower than in the majority of other
team sports, while blood lactate (post-game values: 4.8 + 1.9
t0 8.3 + 1.0 mmol-1"") and HR responses (82 +9to87+£9 %
HR,..x) tend to be similar and slightly lower, respectively.
Behind these team-average data, the substantial variations in
technical and physiological demands between the different
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positions have been overlooked in the literature. Data on
goalkeepers are scarce and, due to their particular activity
profile, more detailed and specific analyses (e.g., biome-
chanics) are still needed. Pivots cover generally the smallest
distance on the field, but still exercise at a relative high
intensity due to the high number of body contacts they give
and receive. Wings perform the greatest amount of high-
intensity runs, receive and give the least number of contacts,
and show the lowest physiological demands. Finally, the
playing activity of the backs is in between those described for
the two other on-field positions but they shoot and pass
substantially more than all other players and therefore
deserve specific physical preparation in accordance with
these demands (Tables 4, 5). Whether physical fatigue
actually occurs during games is still unclear, since in the
majority of studies, games were not examined under real
competitive situations. We contend that, in practice, appro-
priate player rotations may allow players to maintain their
physical performance level, or, at least, limit a possible drop
in physical/playing efficiency. As highlighted in the different
sections of the present review, future research should
essentially focus on the technical and physiological
responses during games in relation to specific collective
systems of play and individual playing roles. Playing posi-
tion-specific fatigue should also be better examined when
considering individual playing time and rotation strategies.
The match activities of goalkeepers should receive more
attention in the future. Finally, exploring the relationship
between training drills and game demands [79, 88, 89] might
improve the design of individualized handball-specific
training contents in the future.
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