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                                      Locomotion Characteristics and Match-Induced 
Impairments in Physical Performance in Male Elite 
Team Handball Players

  16   ,  36 ]   although more recent studies also exist 
  [ 9   ,  10   ,  36   ,  39   ,  40 ]  . Since both the nature of the 
game of TH and the scientifi c methods of analysis 
have developed considerably in the last decades, 
there is a need for a thorough analysis of the 
physical demands of modern elite TH in order to 
establish the physical requirements placed on 
elite players of today. Analysis of the physical 
demands in elite TH may be used to indicate the 
proportion of the total training that should con-
sist of physical training, and to identify how dif-
ferent physical training elements should be 
weighted. Knowledge of the working demands in 
any type of sport is a precondition for the plan-
ning and execution of optimal training   [ 27 ]  .
  Further, it is relevant to examine to which extent 
diff erences exist in the physical demands 

         Introduction
 ▼
   The level of performance in modern Team Hand-
ball (TH) is determined by the players’ technical, 
tactical, psychological/social and physical char-
acteristics. All these elements are of high impor-
tance in TH and also closely interlinked making 
TH a particularly complex type of sport. A high 
level of physical conditioning e. g. is required, if 
elite TH players should be able to exploit their 
technical and tactical qualities during an entire 
game   [ 24 ]  . Despite the considerable global 
spread of the sport, scientifi c data on the physi-
ological aspects of the game of TH are limited. 
Moreover, the majority of studies are of an earlier 
date, and thus the latest development in the TH 
game is not taken into account   [ 5   ,  6   ,  8   ,  13   ,  14   ,
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                                      Abstract
 ▼
    The purpose of this study was to determine the 
physical demands and match-induced impair-
ments in physical performance in male elite 
Team Handball (TH) players in relation to playing 
position. Male elite TH fi eld players were closely 
observed during 6 competitive seasons. Each 
player (wing players: WP, pivots: PV, backcourt 
players: BP) was evaluated during match-play 
using video recording and subsequently per-
forming locomotion match analysis. A total dis-
tance of 3 627 ± 568 m (group means ± SD) was 
covered per match with a total eff ective playing 
time (TPT) of 53:51 ± 5:52 min:s, while full-time 
players covered 3 945 ± 538 m. The mean speed 
was 6.40 ± 1.01 km · h  − 1 . High-intensity running 
constituted only 1.7 ± 0.9 % of TPT per match cor-
responding to 7.9 ± 4.9 % of the total distance cov-
ered. An average of 1 482.4 ± 312.6 activity 
changes per player (n = 82) with 53.2 ± 14.1 high-
intensity runs were observed per match. Total 
distance covered was greater in BP (3 765 ± 532 m) 

and WP (3 641 ± 501 m) than PV (3 295 ± 495 m) 
(p < 0.05), and WP performed more high-inten-
sity running (10.9 ± 5.7 % of total distance covered) 
than PV (8.5 ± 4.3 %, p < 0.05) and BP (6.2 ± 3.2 %, 
p < 0.01). The amount of high-intensity running 
was lower (p < 0.05) in the second (130.4 ± 38.4 m) 
than in the fi rst half (155.3 ± 47.6 m) correspond-
ing to a decrease of 16.2 %.
  In conclusion, modern male elite TH is a complex 
team sport that comprises several types of move-
ment categories, which during match-play place 
moderate-to-high demands on intermittent 
endurance running capacity and where the 
amount of high-intensity running may be high 
during brief periods of the match. Signs of 
fatigue-related changes were observed in terms 
of temporary impaired physical performance, 
since the amount of high-intensity running was 
reduced in the second half. Notably, physical 
demands diff ered between playing positions, 
with WP demonstrating a more intensive activity 
pattern than BP and PV, respectively.



591Training & Testing

  Michalsik LB et al. Physical demands in male elite Team Handball … Int J Sports Med 2013; 34: 590–599 

imposed by various playing positions. In case of such diff er-
ences, physical training should be organised in a more individu-
alized manner, rather than providing a uniform type of training 
to all players on a team. Furthermore, it is also unclear to what 
extent elite TH players experience fatigue during a game. The 
extent to which fatigue occurs in elite TH can be assessed by 
analysing the change in high-intensity activity throughout a 
competitive game as previously suggested in elite soccer   [ 28 ]  . 
Findings regarding fatigue-related changes in TH may provide 
useful information for planning and implementing of physical 
training in elite TH players.
  The aims of the present study, therefore, were (i) to determine 
the physical demands imposed on male elite TH players, (ii) to 
identify potential diff erences between various playing positions, 
and (iii) to examine if physical match performance is impaired 
during an elite TH match. To examine these aspects of TH, it is 
necessary to include a large number of players from diff erent 
teams representing all playing positions, since considerable var-
iations in activity patterns may be found from match to match, 
between players within each position and from team to team, 
respectively. Since the activity patterns of goalkeepers obviously 
diff er markedly from those of fi eld players, the physical demands 
placed on goalkeepers were not included.

    Materials and Methods
 ▼
    Subjects
  A large group of male elite TH players including in particular 2 
top ranked teams were recruited for the study from teams 
ranked in the upper half of the Danish Premier male Team Hand-
ball League. Some of the players were competing in the Euro-
pean TH Champions League, and several players were also 
playing for their respective national teams representing multi-
ple nations. All players were fully informed of all experimental 
procedures and possible discomforts associated with the study 
before giving their written informed consent to participate. The 
conditions of the study were approved by the local ethics com-
mittee. The study was conducted in accordance with recognized 
ethical standards as described by Harriss and Atkinson   [ 12 ]   and 
with the principles of the Declaration of Helsinki. The players 
were examined over a 6-year period. The physical characteris-
tics of the players from the 2 top ranked teams (9 WP, 7 BP, 7 PV 
and 3 goalkeepers, n = 26) were 26.4 ± 3.1 years (group means ± 
SD), 188.9 ± 6.3 cm, 90.9 ± 9.0 kg and 55.2 ± 4.1 ml O 2  · min  − 1  · kg  − 1  
with 7.2 ± 3.6 years of playing experience at senior elite level 
(group means ± SD), respectively.

    Observations during match-play video recordings
  Observations during match-play took place by means of video 
recordings of competitive games. The match activities were 
taped in such a manner that one camera followed one player 
(fi eld players only) close up without interruption throughout the 
entire course of the match. Altogether 62 tournament matches 
in the Danish Premier male Team Handball League were video-
fi lmed, including semi-fi nals and a fi nal of the Danish National 
Championship. The intensity of the matches was, therefore, rep-
resentative of the level of playing intensity in male elite TH. On 
average 4 players were recorded per match, which provided a 
total of about 240 recordings. Due to substitutions, the eff ective 
playing time for each individual player varied from match to 
match. Defence- and off ence substitutions were also carried out, 

which led to large diff erences in a player’s time on court in 
defence and in off ence, respectively. In addition, some players 
changed playing position on the court during match-play. In 
order to arrive at a realistic picture of a TH player’s performance 
during match-play and to achieve comparability between play-
ing positions, it was necessary to establish certain inclusion cri-
teria with respect to playing time.
  Since TH rules allow unlimited substitutions of players through-
out the entire match, it was not possible to collect adequate indi-
vidual data for a full match time of 60 min. Conversely, we aimed 
to only include players with substantial playing time, in order to 
ensure that their activity pattern would refl ect the true physical 
demands of the game. The inclusion criterion, therefore, was 
selected as an eff ective playing time for the whole match of 
42 min or more (i. e. ~70 % of total eff ective playing time (TPT)) 
with an eff ective playing time in one half of the game of 18 min 
or more (i. e. ~60 % of TPT). A total of 82 recordings (32 diff erent 
players, mean number of recordings per player: 2.6, range: 1–7) 
fulfi lled these conditions and were analysed according to estab-
lished criteria.
  The match analysis focused separately on off ensive and defen-
sive actions, respectively, and was divided into 5-min analysis 
periods, which permitted temporal analysis of the match. Paused 
game time was excluded from these periods, but was added to 
the total duration of the match together with time due to substi-
tution, suspension or injury in order to illustrate opportunities 
for recovery during the game. Field players were divided into 3 
categories in both off ence and defence, namely wing players 
(WP), backcourt players (BP) and pivots (PV), respectively. Nor-
mally a WP in off ence will also be the WP in defence (wing 
defence) and a BP (including the center backcourt player or play-
maker) will also be the BP in defence (back defence). Further-
more, a PV will normally be the PV in defence (middle defence). 
However, some players changed position on the court, e. g. play-
ing WP in off ence and BP in defence.
  The present analysis focused on locomotion characteristics 
(time-motion analysis), which has previously been used to ana-
lyse e. g. soccer   [ 2   ,  3   ,  7   ,  18   ,  28 ]  , basketball   [ 21   ,  30 ]  , netball   [ 37 ]  , 
rugby   [ 15   ,  23 ]   and Australian football   [ 4   ,  22 ]  . A total of 8 catego-
ries of locomotion were registered in accordance with previous 
studies in elite soccer players   [ 2   ,  18   ,  28 ]  . For each category a pre-
cise defi nition of the type of locomotion and a mean locomotive 
speed measured in km · h  − 1  was given. The speed was deter-
mined from detailed studies of the video recordings. Thus, the 
time for the player to pass known distances on the court was 
used to calculate the mean speed for each locomotion activity. 
The selected speeds were the same for all players. Using speeds 
given for the various locomotion categories, the distance cov-
ered for each activity within each interval was determined as 
the product of the total time and mean speed for that activity. 
Total distance covered during a match was then calculated as the 
sum of the distances covered during each type of locomotion.
  The movement categories were low-intensity activities (stand-
ing still (0 km · h  − 1 ), walking (4 km · h  − 1 )), moderate-intensity 
activities (jogging (8 km · h  − 1 ), sideways movement (10 km · h  − 1 ), 
backwards running (10 km · h  − 1 ), running (13 km · h  − 1 )) and 
high-intensity running (fast running (17 km · h  − 1 ), sprinting 
(24 km · h  − 1 )). Studies in other ball games have reported a high 
validity of time-motion analysis   [ 17   ,  22   ,  37 ]  . For the locomotion 
match analysis, a custom-made analysis program for computer 
based analysis of TH was produced   [ 33 ]  .
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  To ensure a high reproducibility, all matches in the present study 
were analysed by the same experienced observer. The fi rst and 
the second half of each match were analysed in a randomized 
order. The observer had to meet certain adaptation criteria before 
initiating the analysis. This was achieved by conducting an intense 
practise period with studies of individual players’ styles of loco-
motion. In addition, several validation tests were performed for 
each player according to the predetermined categories of locomo-
tion. Suffi  cient competence of the analyst was deemed to be 
achieved when data from successive analysis of the same match 
diff ered by less than 3 % in each of the locomotive categories and 
in the total distance covered. Thus, no systematic diff erences in 
the fi nal inter-observer test-retest of the match were observed.
  A separate analysis of the same matches that comprised techni-
cal playing actions (e. g. fakes, side-cuttings, tackles and shots) 
has been reported elsewhere   [ 25 ]  .

    Statistical analysis
  All statistical analyses were conducted using R2 Version 13.1 
(University of Auckland, New Zealand). All results are presented 
as group mean values ± standard deviations (SD) unless otherwise 
stated. Assumption of a Gaussian distribution of data was exam-
ined and verifi ed using QQ-plots. When 2 normally distributed 
parameters were compared within the same group of subjects 
(e. g. diff erences between fi rst and second half), Student’s paired 
t-test was used. Student’s non-paired t-testing was used to com-
pare non-matched subject groups (e. g. diff erences between fi rst
and second choice players). The assumption about similar vari-
ance was tested with residual plots. Statistical diff erences
between several groups (comparing the diff erent playing posi-
tions) were identifi ed using one-way analysis of variance, ANOVA. 
Post hoc diff erences between each group were evaluated by Tur-
key’s HSD test (normally distributed). The Pearson product-
moment method was used to evaluate potential relationships
between parameters. Eff ect size (ES) calculations (Cohen’s d-test) 
were used to estimate the magnitude of the results (diff erences
between subjects or groups) and were reported with all statisti-
cally signifi cant results as a measure of practical signifi cance. The
level of signifi cance was set at p < 0.05 using 2-tailed testing.

     Results
 ▼
    Duration of games and eff ective playing time
  The mean duration of an entire tournament match in the Danish 
Premier male Team Handball League (n = 62) was 1 h 18:
54 ± 2:01 min:s corresponding to 31.5 % extension compared to a 
normal match TPT of 60 min. The full duration of the second half 
(40:42 ± 1:49 min:s) was longer (p < 0.05, ES = 1.49) than the fi rst 
half (38:12 ± 1:31 min:s), which corresponded to an extension com-
pared to one half TPT of 27.3 % and 35.7 %, respectively. Mean TPT 
for all analysed players in an entire game (n = 82) was 
53:51 ± 5:52 min:s. There was no diff erence in mean TPT between 
defence (27:40 ± 3:11 min:s) and off ence (26:11 ± 3:08 min:s), nor 
no diff erence in mean TPT between the fi rst (27:12 ± 2:25 min:s) 
and the second half of the match (26:39 ± 2:27 min:s).

    Match performance
  Mean total distance covered and mean speed were 3 627 ± 568 m 
and 6.40 ± 1.01 km · h  − 1 , respectively. The latter was calculated 
without the contribution of the standing still category (which 
constituted 36.8 ± 8.6 % of TPT). Standing still and walking con-

stituted 76.4 ± 10.4 % of TPT per match (     ●  ▶     Table 1  ). In contrast, 
the amount of high-intensity running constituted 1.7 ± 0.9 % of 
TPT per match. Compared to the total distance covered, catego-
ries of low-intensity activities constituted 39.2 ± 8.8 %, moder-
ate-intensity activities 52.9 ± 9.6 % and high-intensity running 
7.9 ± 4.9 %. The number of high-intensity runs was 53.2 ± 14.1 for 
all players combined. Each player had 1 482.4 ± 312.6 activity 
changes (0.46 activity changes · s  − 1 ~28 activity changes · min  − 1 ) 
with some full-time players (60 min playing time) demonstrat-
ing up to 2 000 activity changes per match.
     Diff erences were observed between various playing positions 
(     ●  ▶     Fig. 1  ,      ●  ▶     Table 2  ). Both BP (3 765 ± 532 m, p < 0.05, ES = 0.91) 
and WP (3 641 ± 501 m, p < 0.05, ES = 0.69) performed a greater 
mean total distance covered per match than PV (3 295 ± 495 m). 
Full-time players (n = 13, mostly BP) performed a greater mean 
total distance covered (3 945 ± 538 m, p < 0.05, ES = 0.72) com-
pared to non-full-time players (3 567 ± 514 m, n = 69). The per-
centage of TPT per match for the 8 locomotive categories was 
nearly similar for full-time players compared to all players com-
bined (n = 82). This means that full-time players performed a 
greater total distance covered per match, primarily because they 
play longer. Assuming constancy in intensity for the remainder 
of the match (last 7:19 min:s), non-full-time players would have 
covered a mean of 4 062 m if playing full time.
      WP performed more high-intensity running (10.9 ± 5.7 % of total 
distance covered) than both PV (8.5 ± 4.3 %, p < 0.05, ES = 0.48) and BP 
(6.2 ± 3.2 %, p < 0.01, ES = 1.02). In terms of high-intensity running, 
the mean duration of fast running and sprinting for all players com-
bined was 1.1 ± 1.3 s and 1.0 ± 1.4 s per action, respectively, with no 
diff erence between the fi rst and the second half and no diff erence 
between playing positions except that WP performed more and 
longer (p < 0.05) sprints compared to BP in the second half.

    Off ensive actions
  Standing still and walking constituted 78.0 ± 12.5 % of TPT per 
match in off ence with a mean TPT of 26:11 ± 3:08 min:s. In con-
trast, high-intensity running only constituted 2.0 ± 1.1 % of TPT 
per match corresponding to 8.7 ± 5.8 % of total distance covered 
per match (     ●  ▶     Table 1  ). Mean total distance covered and mean 
speed were 1 845 ± 346 m and 6.08 ± 1.13 km · h  − 1 , respectively. 
The latter was calculated without the standing still category 
(which accounted for 30.5 ± 10.3 % of TPT).
  WP performed more high-intensity running (12.3 ± 4.8 % of total 
distance covered) than PV (10.7 ± 4.1 %, p < 0.05, ES = 0.38) and in 
particular BP (6.3 ± 4.0 %, p < 0.01, ES = 1.38) (     ●  ▶     Table 3  ). Further-
more, both BP (1 997 ± 312 m, p < 0.001, ES = 1.75) and WP 
(1 847 ± 271 m, p < 0.01, ES = 1.32) performed a longer mean total 
distance covered than PV (1 500 ± 254 m), while BP worked with 
a higher mean speed (6.21 ± 0.97 km · h  − 1 ) compared to PV 
(5.83 ± 0.99 km · h  − 1 , p < 0.05, ES = 0.39) and WP (6.03 ± 0.88 km · h  − 1 , 
n.s.) (     ●  ▶     Table 2  ). The mean speed is probably a better measure to 
compare the total amount of locomotion, because it takes the
diff erence in TPT between the various playing positions into
consideration. The high values of total distance covered and
mean speed in BP in spite of the low amount of high-intensity
running was due to a low percentage in the standing still cate-
gory and a high percentage of jogging in relation to walking
compared to the other playing positions.

       Defensive actions
  Standing still and walking constituted 75.1 ± 14.0 % of TPT per 
match in defence with a mean TPT of 27:40 ± 3:11 min:s. The 
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actual mean playing time in defence was somewhat longer than 
in off ence (1:29 min:s, n.s.). In contrast, high-intensity running 
only constituted 1.5 ± 0.8 % of TPT per match corresponding to 
7.0 ± 4.1 % of total distance covered per match (     ●  ▶     Table 1  ). Mean 
total distance covered and mean speed were 1 781 ± 337 m and 
6.75 ± 1.28 km · h  − 1 , respectively. The latter was calculated without 
the standing still category (which constituted 42.8 ± 10.8 % of TPT). 
Mean speed in defence was higher (p < 0.05, ES = 0.56) than in off ence.
  Like in off ence, positional diff erences were demonstrated. WP 
performed more high-intensity running (9.5 ± 5.5 % of total dis-
tance covered) than both PV (6.4 ± 3.7 %, p < 0.05, ES = 0.66) and 
BP (6.2 ± 3.1 %, p < 0.05, ES = 0.74) (     ●  ▶     Table 3  ). Furthermore, PV 
(7.09 ± 1.24 km · h  − 1 , p < 0.05, ES = 0.50), but not WP (6.88 ± 1.52
 km · h  − 1 ) demonstrated a higher mean speed than BP (6.53 ± 1.01
 km · h  − 1 ). There were no diff erences in total distance covered 
between playing positions in spite of the observed diff erences in 
intensity, and the fact that BP played longer (28:42 ± 2:48 min:s) 
than PV (27:05 ± 2:25 min:s, n.s.) and WP (26:17 ± 2:24 min:s, 
p < 0.05, ES = 0.93) (     ●  ▶     Table 2  ). In relation to total distance cov-
ered the longer playing time was neutralized by a higher per-
centage of standing still with BP.

    Diff erences between fi rst and second half of the match
  Diff erences emerged from the fi rst to the second half of the 
match. There was in several cases either a tendency or signifi cant 
decrease in mean distance covered and in mean speed in the sec-
ond half (     ●  ▶     Fig. 2  ). Basically, the same pattern was observed, 

when separate analysis was performed for off ensive and defen-
sive actions, respectively. However, for all players combined no 
diff erence was observed in mean total distance covered between 
the fi rst (1 838 ± 235 m) and the second half (1 789 ± 232 m). The 
amount of high-intensity running for all players combined was 
lower (p < 0.05, ES = 0.58) in the second (130.4 ± 38.4 m) than in 
the fi rst half (155.3 ± 47.6 m) corresponding to a decrease of 
16.2 % with 33 s less mean actual playing time in the second half.
   Only a few diff erences between mean distance covered in suc-
cessive 5-min intervals between the 2 halves were identifi ed 
(     ●  ▶     Fig. 3  ). Thus, mean distance covered was higher (p < 0.05, 
ES = 0.84) in the fi rst 5 min of the fi rst half compared to the cor-
responding fi rst 5 min of the second half and lower (p < 0.05, 
ES = 1.19) in the last 5 min of the fi rst half compared to the last 
5 min of the second half. The mean distance covered was also 
higher (p < 0.01, ES = 1.82) in the fi rst 10 min of the fi rst half com-
pared to the last 10 min of the fi rst half.

      Discussion
 ▼
   To our best knowledge, this is the fi rst study that has examined 
the physical demands in male elite TH using a complete locomo-
tion match analysis. As a main fi nding in the present study, 
 distinct positional diff erences in physical demands were dem-
onstrated, while decreases in mean speed and amount of high-
intensity running in the second half were observed.

  Table 1    Off ensive and defensive actions per match (group means ± SD) for all players combined (n = 82) separated into in the 8 movement categories. 

  Off ensive and defensive actions collapsed for the entire match  

  Playing time per match (s)     % of total playing time per match    Distance covered (m)     % of distance covered  

  Standing still    1 190 ± 277    36.8    0    0  
  Walking    1 281 ± 233    39.6    1 424 ± 265    39.2  
  Jogging    279 ± 70    8.6    618 ± 155    17.0  
  Running    141 ± 34    4.4    510 ± 121    14.1  
  Fast running    44 ± 18    1.4    207 ± 91    5.7  
  Sprinting    12 ± 11    0.4    78 ± 91    2.2  
  Sideways movement    240 ± 87    7.4    666 ± 242    18.4  
  Backwards running    44 ± 27    1.4    124 ± 76    3.4  
  Total    3 231 ± 352    100.0    3 627 ± 568    100.0  

  Off ensive actions for the entire match  

  Playing time per match (s)     % of total playing time per match    Distance covered (m)     % of distance covered  

  Standing still    480 ± 159    30.5    0    0  
  Walking    746 ± 139    47.5    830 ± 160    44.9  
  Jogging    128 ± 46    8.1    284 ± 103    15.4  
  Running    64 ± 19    4.0    229 ± 69    12.4  
  Fast running    23 ± 11    1.5    110 ± 52    6.0  
  Sprinting    8 ± 8    0.5    51 ± 50    2.8  
  Sideways movement    94 ± 51    6.1    265 ± 135    14.3  
  Backwards running    28 ± 18    1.8    77 ± 52    4.2  
  Total    1 571 ± 188    100.0    1 846 ± 346    100.0  

  Defensive actions for the entire match  

  Playing time per match (s)     % of total playing time per match    Distance covered (m)     % of distance covered  

  Standing still    710 ± 173    42.8    0    0  
  Walking    535 ± 140    32.2    594 ± 162    33.4  
  Jogging    151 ± 38    9.1    334 ± 85    18.7  
  Running    77 ± 25    4.7    281 ± 92    15.8  
  Fast running    21 ± 11    1.2    97 ± 50    5.4  
  Sprinting    4 ± 4    0.3    27 ± 31    1.6  
  Sideways movement    146 ± 59    8.7    401 ± 164    22.5  
  Backwards running    16 ± 12    1.0    47 ± 33    2.6  
  Total    1 660 ± 251    100.0    1 781 ± 337    100.0  
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   Total distance covered and mean speed
  In the present study, mean total distance covered was 3 627 m 
with a mean TPT of 53:51 min:s, which is a little higher than 
previously reported in elite TH players   [ 1   ,  5 ]  . However, even 
higher values than ours were found in other studies of elite play-
ers   [ 16   ,  20   ,  35 ]  . In the latter study, goalkeepers had the lowest 

total distance covered of all playing positions, which compli-
cates comparison with results of fi eld players’ total distance cov-
ered from other studies like the present study.
  Deviations in the amount of locomotion due to diff erences in TPT 
can be minimized by comparing players’ mean speed rather than 
total distance covered. When mean speed in the present study was 
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    Fig. 1    Distribution of off ensive and defensive ac-
tions per match (group means ± SD) for the diff er-
ent playing positions and for all players combined 
(n = 82) expressed in  % of total playing time for 
the 8 locomotive categories. Diff erence between 
wing players and backcourt players * p < 0.05 
and ** p < 0.01, between wing players and pivots 
¤ p < 0.05 and ¤ ¤ p < 0.01 and between pivots 
and backcourt players  #  p < 0.05 and  ##  p < 0.01. 
Inserted: Zoomed graph display. 

  Table 2    Total distance covered and mean speed (group means ± SD) for the diff erent playing positions, for full-time players and for all players combined for the 
entire match and in off ence and in defence, respectively. Mean speed was calculated without of the use of the time spent in the standing still category. 

  Off ensive and defensive actions collapsed for the entire match 

 Total distance covered and mean speed  

  All players combined 

(n = 82)  

  Full-time players 

(n = 13)  

  Wing players 

(n = 23)  

  Pivots 

(n = 18)  

  Backcourt 
 players (n = 41)  

  Playing time (min:s)    53:51 ± 5:52    60:00 ± 0.00 ##    52:48 ± 5:24    53:12 ± 6:11    54:43 ± 5:31  
  Total distance covered (m)    3 627 ± 568    3 945 ± 538 #    3 641 ± 501 *    3 295 ± 495 π    3 765 ± 532  
  Mean speed (km · h  − 1 )    6.40 ± 1.01    6.34 ± 0.88    6.45 ± 0.95    6.47 ± 0.93    6.37 ± 0.91  

  Off ensive actions for the entire match 

 Total distance covered and mean speed  

  All players combined (n = 82)    Wing players (n = 23)   Pivots (n = 18)   Backcourt players (n = 41)  

  Playing time (min:s)    26:11 ± 3:08    26:31 ± 3:33    26:07 ± 2:41    26:01 ± 3:01  
  Total distance covered (m)    1 846 ± 346    1 847 ± 271 **    1 500 ± 254 ππ    1 997 ± 312  
  Mean speed (km · h  − 1 )    6.08 ± 1.13    6.03 ± 0.88    5.83 ± 0.99 π    6.21 ± 0.97  

  Defensive actions for the entire match 

 Total distance covered and mean speed  

  All players combined (n = 82)    Wing players (n = 23)   Pivots (n = 18)   Backcourt players (n = 41)  

  Playing time (min:s)    27:40 ± 3:11    26:17 ± 2:24    27:05 ± 2:25    28:42 ± 2:48 €  
  Total distance covered (m)    1 781 ± 337    1 794 ± 400    1 795 ± 311    1 768 ± 320  
  Mean speed (km · h  − 1 )    6.75 ± 1.28    6.88 ± 1.52    7.09 ± 1.24 π    6.53 ± 1.11  
  Diff erence between wing players and pivots * p < 0.05 and ** p < 0.01, between wing players and backcourt players € p < 0.05, between full-time players and non-full-time play-
ers # p < 0.05 and ## p < 0.001 and between backcourt players and pivots π p < 0.05 and ππ p < 0.001  
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calculated by including the time spent in the standing still category 
(this being included in TPT to enable comparisons with previous 
studies), a mean speed value of ~ 70 m · min  − 1  was observed, which 
is considerably lower than that reported by Konzag and Schäcke in 
1968   [ 16 ]   despite the fact that the game of TH obviously is more 
intense today than 40 years ago. Further, Sichelschmidt and Klein 
  [ 36 ]   assessed mean speed to range between 85–112 m · min  − 1 , sug-
gesting that the deviation in total distance covered between studies 
may not be attributable to diff erences in TPT alone. In a study con-
ducted at the 2007 Men’s World Cup   [ 20 ]  , mean speed was calcu-
lated to be ~ 92 m · min  − 1 , however the mean TPT of 32:07 min:s 
was markedly lower than seen in the present study. These data sug-
gest that in international male elite TH tournaments where each 
team play about 10 matches in 12–14 days, players tend to be fre-
quently substituted on all playing positions, especially for BP and 
PV. The short TPT per match during important tournaments may 
enable players to sustain a very high intensity and mean speed dur-
ing match-play, while yet being able to consistently perform at a 
high level through the entire duration of the tournament due to the 
multiple rest periods.
  The above diff erences between various studies may be due to 
the analysed playing positions. Several studies did not describe 
the specifi c positions of the analyzed players   [ 1   ,  16   ,  36 ]  . The 
present study and several others   [ 5   ,  19   ,  35   ,  38 ]   have demon-
strated, however, that substantial diff erences exist between 
various playing positions (cf.      ●  ▶     Table 3  ). This means that the 
total distance covered for all players combined depends heavily 
on the relative proportion of specifi c playing positions analysed.

  In a number of the aforementioned studies, the method used for 
the time-motion analysis was not described, which makes com-
parisons diffi  cult. Factors such as TPT, level of competition, play-
ing positions, tactical systems employed, match development, 
home advantage, etc. may infl uence total distance covered, but 
deviations from our results as high as 2 000 m cannot be 
explained against that background. However, it should be noted 
that diff erent methods of observation and variations in the clas-
sifi cation of movements may account for diff erences between 
studies. Also it is problematic that the previous studies were 
based on results obtained in 11 matches or less. As a large inter- 
and intra-player variability in movement pattern are evident 
between diff erent games and even within each playing position, 
it is possible that the present study (62 matches, 82 analysed 
players from several diff erent teams) may provide a more valid 
estimate of male elite TH players’ total distance covered during 
match-play.

    High-intensity running
  The fact that the amount of high-intensity running was low in the 
present study does not mean that high-intensity running is not 
important in modern male elite TH. Potentially, a large high-
intensity work capacity may be of substantial importance on the 
outcome of a match. The ability to work at high intensity (together 
with high muscular strength) is possibly the most important fac-
tor that separates superior TH teams from the less superior teams. 
In support of this notion, analysis of male soccer has demon-
strated that elite players performed more high-intensity running 
during a game than sub-elite professional players   [ 28 ]  . This could 

  Table 3    Off ensive and defensive actions per match (group means ± SD) for the diff erent playing positions separated into the 8 movement categories. 

  Off ensive actions for the entire match 

 Playing positions  

  Wing players (n = 23)   Pivots (n = 18)   Backcourt players (n = 41)  

   % of total playing 

time per match  

   % of total 

distance covered  

   % of total playing 

time per match  

   % of total 

distance covered  

   % of total playing 

time per match  

   % of total 

distance covered  

  Standing still    31.1**    0    41.2 ###    0    25.8 πππ    0  
  Walking    48.8    46.7 ***    41.6 ###    46.0    48.5 πππ    42.7 πππ  
  Jogging    6.0***    11.5 ***    6.2    14.3    9.9 πππ    17.2 πππ  
  Running    3.7*    11.6 *    3.0    11.3    4.5 πππ    12.8 πππ  
  Fast running    1.8***    7.3 *    1.4 #    7.0    1.3    4.7  
  Sprinting    0.8***    5.0 ***    0.5 #    3.7 #    0.3    1.6  
  Sideways movement    5.0***    11.2 *    4.4    12.7    7.2 πππ    15.5 π  
  Backwards running    2.8    6.7    1.7 # #    5.0 # #    2.5 π    5.5  
  Total    100.0    100.0    100.0    100.0    100.0    100.0  

  Defensive actions for the entire match 

 Playing positions  

  Wing players (n = 23)   Pivots (n = 18)   Backcourt players (n = 41)  

   % of total playing 

time per match  

   % of total 

distance covered  

   % of total playing 

time per match  

   % of total 

distance covered  

   % of total playing 

time per match  

   % of total 

distance covered  

  Standing still    39.7*    0    41.8 ##    0    44.4    0  
  Walking    34.5    33.7    31.4    31.6    32.3    35.4  
  Jogging    9.1    17.1    9.7    19.4    8.6    18.6  
  Running    5.4*    17.2    4.9    16.1    4.0    14.1  
  Fast running    1.6***    6.8*    1.3    5.3    1.0    4.6  
  Sprinting    0.4*    2.7*    0.2 #    1.1 #    0.2    1.6  
  Sideways movement    8.2    19.8    9.7    23.9    8.4    22.7  
  Backwards running    1.1    2.7    1.0    2.6    1.1    3.0  
  Total    100.0    100.0    100.0    100.0    100.0    100.0  
  Diff erence between wing players and backcourt players * p < 0.05, ** p < 0.01 and *** p < 0.001, between wing players and pivots # p < 0.05, ## p < 0.01 and ### p < 0.001 and 
between pivots and backcourt players π p < 0.05 and πππ p < 0.001  
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hold true for TH players as well, in which case high-intensity run-
ning exercises should be in focus for improving elite players’ abil-
ity to repeatedly perform intense exercise and to rapidly recover 
after such actions. The latter conception was supported by the 
fi ndings from Rannou et al.   [ 32 ]  , indicating that anaerobic metab-
olism is an important element in male elite Team Handball.
  Compared to the present data, a higher relative amount of high-
intensity running has previously been reported for male elite TH 
players   [ 1   ,  16 ]  . However, in both studies the defi nitions of the 
locomotive categories were not described explicitly. Tanaka et al. 
  [ 38 ]   also found a higher percentage of high-intensity running 

(4.3 % of mean TPT) compared to the present data, which may 
primarily be due to a smaller TPT per match (mean TPT 36 min). 
This probably allowed for more high-intensity locomotion, due 
to the frequent rest periods of individual players enabled by the 
unlimited number of running substitutions. A much higher per-
centage of high-intensity running in fi eld TH players (20.9 % of 
total distance covered per match vs. 7.9 % in our study) was 
reported by Luig et al.   [ 20 ]  , partly due to a diff erent defi nition of 
fast running and sprinting compared to our categorization. Cau-
tion has to be taken when interpreting the reason for the diff er-
ent fi ndings between studies. However, this diff erence may be 
due to an optimized exploitation at the 2007 World Cup of the 
rule on fast throw-off , which has made the game more intense 
  [ 34 ]   and also a substantially lower mean TPT (32:07 min:s) com-
pared to the present study. Nevertheless, these data emphasize 
that modern male TH is played at a fast pace during certain peri-
ods of the match, and that the ability to work repeatedly at a 
high intensity is very important for the elite TH player.
  Although mean running speed was low, and the amount of high-
intensity running was limited, the number of changing actions, 
e. g. accelerations and decelerations, were high. Consequently, a
massive physiological load is imposed on players not only during 
the high intensive phases of the match (intended as high-inten-
sity running), but also every time accelerations are performed,
even when speed is low. No previous time-motion studies in TH
have taken this component into account, which will allow a bet-
ter defi nition of the concept “high intensity” on the basis of
actual metabolic power rather than based on running speed
alone. This type of analysis approach was recently performed in
soccer   [ 31 ]  , which revealed that “high intensity” expressed as
high power output is 2–3 times greater than when analysed only 
from running speed. Thus, the anaerobic energy yield in TH is
most likely signifi cantly higher than presented in previous
investigations, including the present study, that have merely
focused on the amount of high-intensity running.
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    Sprinting actions
  The mean duration of a sprint action (1.0 s ~7 m sprint) was 
quite short compared to the time it takes to perform a complete 
fast break at maximum speed (about 3–4 s). Although the mean 
sprint time also covered sprinting in other situations than fast 
break (e. g. multidirectional accelerations of very short dura-
tion), this indicates that in male elite TH, a fast break typically is 
not a maximum sprint all the way up the court. In TH it is impor-
tant to react quickly and perform powerful changes in direction, 
while moving quickly over short distances ( < 15 m). Physical 
training exercises, therefore, primarily should target reaction 
speed and acceleration (i. e. rate of force development, RFD) 
rather than focus on maximum running speed.

    Off ensive and defensive actions and diff erences 
between fi rst and second half of the match
  Mean total distance covered in off ence was surprisingly similar 
(1 846 m) compared to defence (1 781 m), but the actual mean 
playing time was also a little shorter (1:29 min:s, n.s.) than in 
defence. However, mean speed in off ence (6.08 km · h  − 1 ) was 
lower than in defence (6.75 km · h  − 1 ), because the standing still 
category in defence (42.8 % of TPT) was much higher compared 
to off ence (30.5 % of TPT). Consequently, the players were stand-
ing still much more during defence, but while moving they dem-
onstrated a relatively higher mean speed. The amount of 
high-intensity running per match constituted on average more 
in off ence (2.0 % of TPT~8.7 % of total distance covered) than in 
defence (1.5 % of TPT~7.0 % of total distance covered), which is 
not surprising, since players in organized play are more locked 
in a tactical sense to their positions in defence compared to 
off ence. In general, the amount of locomotion in defence was 
higher than probably expected.
  For all players combined, no diff erence in mean total distance 
covered (2.7 %, n.s) between the fi rst and the second half was 
demonstrated. In contrast, the amount of high-intensity running 
decreased 16.2 % in the second half. The reduction in mean dis-
tance covered for fast running and sprinting and in mean speed 
also applied separately in several cases for both off ence and 
defence. These fi ndings indicate that at least some players may 
experience locomotive fatigue and impaired physical perform-
ance in the second half. In line with this, studies have shown that 
elite soccer players performed more high-intensity running in 
the fi rst compared to the second half and further that the players 
performed less high-intensity running at the end (last 15 min) of 
the second half   [ 28 ]  . However, we could not verify that the latter 
also occurs in elite male TH. It can be argued that the reduced 
amount of high-intensity running in the second half was related 
to the fact that the outcome of the match was already decided 
early in the second half. However, such a relationship was not 
found.
  When successive 5-min intervals in the 2 halves were analysed, 
a longer running distance and higher amount of high-intensity 
running were observed in the fi rst 5 min of the fi rst half com-
pared to the fi rst 5 min of the second half (     ●  ▶     Fig. 3  ). A possible 
reason for this may arise from a lack of warm-up prior to the 
second half. In support of this notion, parallel reductions in 
muscle temperature and sprint capacity were observed in elite 
soccer players following the half-time break, which could be 
fully prevented by a re-warm-up procedure   [ 29 ]  . Possibly, elite 
TH players might benefi t in a similar manner if employing re-
warm-up activities prior to the onset of the second half of the 
match.

  Likewise, mean distance covered was higher in the fi rst 10 min of 
the fi rst half compared to the last 10 min of the fi rst half (     ●  ▶     Fig. 3  ), 
indicating that locomotive fatigue might occur temporarily 
already in the fi rst half in (nearly) full-time TH players. In sup-
port of this notion, mean distance covered was found to be lower 
in the last 5 min of the fi rst half compared to the last 5 min of the 
second half. Thus, TH players might recover through periods of 
less amount of locomotion in the second half, enabling them tac-
tically and physically to demonstrate an enhanced all-out per-
formance in the fi nal phase of the match. Signifi cant fatigue 
induced reductions in muscle strength and maximum jump 
height have previously been observed in both male and female 
elite TH players, respectively, following simulated TH match 
exercises   [ 39   ,  40 ]  . Although the results in the present study were 
supported by results from the technical match analysis   [ 25 ]   and 
from the physiological measurements during match-play   [ 26 ]  , 
muscle biopsies and blood samples taken in connection with the 
matches obviously would be needed to fully examine the extent 
of match-induced fatigue in male elite TH.

    Diff erences between playing positions
  All playing positions consistently showed not surprisingly a 
higher percentage of high-intensity running in off ence than in 
defence. In addition, marked positional diff erences in the physi-
cal demands were observed. Both in off ence and in defence WP 
on average performed more high-intensity running than PV and 
in particular BP. In spite of the low amount of high-intensity 
running in off ence, BP together with WP performed a higher 
mean total distance covered, and BP also worked with a higher 
mean speed compared to PV. Due to their central position in the 
off ence, BP rarely stood still showing a lot of motion with many 
sideway movements. PV on the other hand did not run very 
much in the organised attack due to their relatively fi xed posi-
tion at the 6 meter line, but instead had a lot of physical contact 
with opponent players. A diff erent picture was seen in defence, 
where PV worked with a higher mean speed than BP. The pro-
portion of high-intensity running and thus the anaerobic 
demands in terms of running was similar in players, who played 
WP in off ence and who covered BP in defence compared to play-
ers, who played BP in off ence and covered WP in defence 
(cf.      ●  ▶     Table 3  ). On the other hand, the latter players performed 
more moderate-intensity activities, potentially imposing greater 
aerobic demands on these players (cf.      ●  ▶     Table 3  ).
  In international elite top-level players, WP performed a longer 
mean total distance covered than PV and BP   [ 5   ,  20 ]  . Identical 
positional diff erences in movement pattern were observed in 
experimental matches (TPT 40 min) in male TH players   [ 35 ]  , 
although all teams were restricted by having to play a particular 
defence system, which aff ects the results compared to a normal 
game with varying defence systems as reported by Gomes and 
Volossovitch   [ 11 ]  . Overall, the present results combined with 
previous study data thus suggest that running training with and 
without ball possession in male elite TH should be more indi-
vidually planned instead of the traditional collective way. In 
addition, the physical training should not only be adjusted to the 
specifi c playing position, but also to the players’ individual phys-
ical capacity as well as their individual need to recover.
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     Conclusions
 ▼
   In conclusion, indications of temporary locomotive fatigue and 
impaired physical performance were observed during male elite 
TH match-play, refl ected by reduced amounts of high-intensity 
running in the second half. Further, match-play appeared to 
place moderate-to-high demands on intermittent endurance 
running capacity as evidenced by a total distance covered of 
~3 600 m, interspersed by brief periods with high amounts of 
high-intensity running (~8 % of TDC) making modern male elite 
TH a physically demanding intermittent team sport. Major indi-
vidual diff erences in physical demands were observed between 
playing positions, with WP demonstrating a more intensive 
activity pattern than BP and PV, refl ected by WP performing 
more high-intensity running (~ 11 % of TDC) than BP (~ 6 %) and 
PV (~ 9 %). The current fi ndings provide valuable information 
about match related activity patterns in male elite TH players, 
which may be useful in the development of position-specifi c 
training regimens.
  In perspective, organized attack in male elite TH typically 
involves relatively steady-pace playing actions, interspersed by 
frequent periods of standing still or walking. However, game 
actions comprise a high number of repetitive intense tempo 
changes and changes in moving direction. Although based on the 
present data high-intensity running did not per se represent 
much of TPT, the ability continuously to change pace and accel-
erate throughout the entire match is likely of high importance 
for top-level playing performance. Future studies should be con-
ducted to implement more precise analytical means to quantify 
high-intensity locomotion activities in TH e. g. on the basis of 
actual metabolic power rather than on the running speed alone, 
hence including all types of accelerations and decelerations per-
formed. In addition, an increased and diff erential focus in the 
training on improving high-intensity intermittent exercise 
capacity would seem relevant to ensure optimal individual 
development of the physical capacity in elite TH players. Finally, 
it would be of major interest in future studies to investigate the 
extent of fatigue in TH using e. g. muscle biopsies and blood sam-
ples taken during match-play in friendly games as previously 
done in soccer   [ 19 ]   and to examine the impact of diff erent train-
ing regimens (aerobic vs. anaerobic exercise) to provide 
improved fatigue resistance during elite TH match-play.
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