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ABSTRACT

Bradley, PS, Di Mascio, M, Peart, D, Wooster, B, Olsen, P, and
Sheldon, B. High-intensity activity profiles of elite soccer
players at different performance levels. J Strength Cond Res
24(9): 2343-2351, 2010-The aims of the study were to (a)
determine the high-intensity activity patterns of soccer players
at different performance levels and playing positions, (b)
investigate temporary and end game fatigue in elite domestic
and international soccer matches, and (c) quantify acceleration
and maximal running speed profiles of elite soccer players. Elite
domestic (n = 100) and international (n = 10) soccer players
were analyzed using a multicamera computerized tracking sys-
tem. No differences were found for high-intensity running
distance (2,520 * 678 vs. 2,745 * 332 m), mean recovery
time (67 = 15vs. 71 * 26 seconds), or maximal running speed
(7.76 + 0.31 vs. 7.66 * 0.34 m-s™"). The distance covered in
high-intensity running irrespective of playing level was 18%
lower (p < 0.05) in the last than in the first 15-minute period of
the game (391 * 117 vs. 478 = 141 m). The decline in high-
intensity running immediately after the most intense 5-minute
period was similar between international (222 + 33 vs. 109 *
37 m or 51% decline) and elite domestic (243 + 81 vs. 114 =
51 m or 53% decline) players. Wide midfielders, central
midfielders, fullbacks, and attackers covered a greater (p <
0.01) distance in high-intensity running than central defenders
(3,243 + 625, 2,949 = 435, 2,806 + 408, 2,618 = 745 vs.
2,034 * 284 m). Results demonstrate that high-intensity
running is reduced during various periods of elite soccer
matches, and high-intensity activity profiles and fatigue patterns
are similar between international and elite domestic players but
vary markedly between playing positions. These data provide
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valuable information to the fitness coach regarding the high-
intensity active profile of elite soccer players that could be used
to develop soccer-specific training drills.

Key WORDS time-motion analysis, international soccer, posi-
tional differences, permanent and temporary fatigue

INTRODUCTION

n analysis of movement patterns during match

play is a useful method for quantifying the physical

demands of soccer (6,8). There has been a growing

interest in this form of analysis over the last 4
decades as sport-specific needs can be identified and then
applied to training (6,7,11,13,21). Although many studies
have analyzed activity profiles during elite domestic soccer
games (3,0,8,9,13,16,17,19,23), relatively few have investi-
gated international match play (22).

Despite the various methods used to evaluate the activity
profiles of elite soccer players, the general consensus is that
a distance of 9-14 km is covered per match with the vast
majority at low intensity (4). Researchers suggested that
distances covered at high intensities are more valid measures
of physical performance in soccer because of their strong
relationship with training status (12,13). Previous research
demonstrated that high-intensity running was a distinguish-
ing characteristic between players at different performance
levels, whereby elite players perform 28% more high-
intensity running than moderate-standard players (17). No
data are available on high-intensity running patterns of
soccer players during international matches, although it is
generally assumed that the demands of international and elite
domestic match play differ. Recent findings suggest that
high-intensity running distance was reduced toward the end
of the game and temporarily after intense periods (17). Mohr
et al. (17) did not investigate temporary fatigue during
international match play or for different playing positions. It
would also be of interest to examine if any high-intensity
running decrements are with or without ball possession.
Information regarding recovery times after very high—
intensity running bouts is also limited.
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Finally, the ability to accelerate and reach maximal
speeds quickly is an essential component of game-deciding
situations in soccer. Thus, quantifying acceleration and
maximal running speed profiles in selected periods of elite
soccer matches may provide insight into fatigue-related
changes in high-speed performance at different performance
levels and playing positions. The aims of the study were to (a)
determine the high-intensity activity patterns of soccer
players at different performance levels and playing positions,
(b) investigate temporary and end game fatigue in elite
domestic and international soccer matches, and (c) quantify
acceleration and maximal running speed profiles of elite
soccer players.

METHODS

Experimental Approach to the Problem

A novel, computerized semi-automated tracking system was
used to evaluate the match performance of elite domestic and
international soccer players. The distance covered, frequency
of occurrence, and time spent in each activity category were
analyzed at 5-, 15-, and 45-minute periods to identify differ-
ences between players at different playing levels of soccer
competition.

Subjects and Match Analysis

With consent and institutional ethics approval, a multicamera
computerized tracking system (ProZone Version 3.0; Pro-
Zone Sports Ltd., Leeds, United Kingdom) was used to
analyze 14 competitive elite domestic matches and 1 non-
competitive international match. All domestic players were
competing for elite European teams in one of the strongest
leagues in the world. Three of the elite domestic teams
were also competing in the European Champions League. All
elite international players were sampled from teams that were
among the top 10 on the official Fédération Internationale
de Football Association (soccer) (FIFA) world rankings list.
All players’ movements were captured during each game by
8 stable cameras (Vicon surveyor dome SVFT-W23; Oxford,
United Kingdom) positioned on the roof of each stadium
(Figure 1). To enhance tracking, each area of the pitch was
covered by at least 2 cameras. The data captured were
analyzed using proprietary match analysis software (Stadium
Manager; ProZone Sports Ltd.) to produce individual activity
profiles. This system has been validated to verify data
accuracy (10).

The games selected for analysis were played at the
midphase of the competitive season between teams of a
comparable standard (domestic: similar league position and
international: similar FIFA ranking) and played at a similar
time of day to reduce the influence of circadian variations on
performance (20). Matches were played in the same country
on a grass surface to control for environmental conditions.
To allow direct comparisons to be made with regard to
playing time, data were only used from players completing
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an entire match. This allowed profiling of 100 elite domestic
and 10 international players in various playing positions (23
central defenders, 22 fullbacks, 22 central midfielders, 22
wide midfielders, and 21 attackers). All subject identifiers
were removed to ensure confidentiality.

Match Activities

Player activities were coded into the following categories
and speed thresholds: standing (0-0.6 km-h™'), walking
(0.7-7.1 km-h™?), jogging (72-14.3 km-h™!), running
(14.4-19.7 km-h ™), high-speed running (19.8-25.1 km-h™),
and sprinting (=25.2 km-h™).

Match Distances

High-intensity running consisted of running, high-speed
running, and sprinting (=14.4 km-h™"). Very high-intensity
running consisted of high-speed running and sprinting
(=19.8 km-h™%). The speed thresholds for each category
are similar to that reported by previous authors (8,17,19).

Other Match Analysis Measures

High-intensity running with ball possession was defined as
the high-intensity running distance covered when the players’
own team was in possession of the ball. High-intensity
running without ball possession was defined as the sub-
traction of high-intensity running distance with possession of
the ball from total high-intensity running distance. Peak
distance represented the 5 minutes that contained the most
high-intensity running in a game and was specific for each
player (17). Mean recovery time was defined as the time that
elapsed between very high—intensity running bouts (=19.8
km-h™"). Maximal running speed represented the mean
maximal run speed a player reached in all 5-minute periods of
the game. Players’ accelerations were divided into 2 subsets:
medium (2.5-4.0 m-s?) and high (>4.0 m-s ?). Mean
accelerations were also quantified when players moved from
low-intensity categories (standing, walking, and jogging) to
high-intensity categories (running, high-speed running, and
sprinting).

Inter- and Intra-Observer Reliability

An intra- and interobserver reliability analysis was conducted
using 5 elite soccer players. Two trained observers tracked
each player on 2 occasions, interspersed by 1 week, and the
coeflicient of variation (CV) was determined to assess reli-
ability (2). The intra- and interobserver CV for total distance,
walking, running, high-speed running, high-intensity run-
ning, and very high-intensity running was <2% with the
exception of sprinting that was <3%. These reliability values
are similar to those previously reported for the same
multicamera computerized match analysis system (8).

Statistical Analyses
All statistical analyses were conducted using SPSS for
Windows 14.0 (SPSS, Inc., Chicago, IL). Descriptive statistics
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Tukey’s post hoc tests were
used to identify any localized
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effects. Statistical significance
was set at p = 0.05. Data are
presented as mean and SDs
unless otherwise stated.

RESULTS

Activity Profile

During a typical elite match,
players stood for 52% of the
total time. Low-intensity activ-
ity represented 91.0% of total
HQ time, which consisted of 59.4%
walking and 26.4% jogging.

Remote

Controlled

from ProZone

High-intensity running repre-
sented 9.0% of total time, which
consisted of 6.4% running, 2.0%
high-speed running, and 0.6%
sprinting. No differences were
found between elite domestic
and international players in
terms of distance covered, fre-
quency of occurrence, and time
spent in each activity category

Remote

Capture Suite (Table 1)
Controlled
from Proz .
S Distances Covered

Total distance covered during

a
&

Figure 1. ProZone capture system uses 8 color cameras that cover the entire pitch from all 4 corners of the
stadium. (A) Cameras 1-3 positioning in corner 1. (B) Cameras 4-6 positioned in corner 2. (C) Cameras 7-8

positioned opposing one another.

were calculated on each variable, and z-scores were used to
verify normality. Differences between the first and second
half were determined using paired sample #tests. Differences
between 5-, 15-, and 45-minute periods within a match were
determined using analysis of variance with repeated
measures. In the event that a significant difference occurred,

a match irrespective of playing
level was 10,841 = 950 m.
There was no difference in the
total distance covered between
international and elite domestic
players (10,666 = 566 vs. 10,859 +
980 m). Distance covered dur-
ing the first half was greater
(p < 0.05) than the second half
for players irrespective of play-
ing level (5,469 =+ 507 vs. 5,372
*+ 498 m). Elite domestic play-
ers covered a greater distance
(» < 0.01) in the first than in the
second half (5,482 * 522 vs.
5,376 = 510 m), whereas no
difference was observed for
international players (5,336 *
302 vs. 5,330 £ 374 m).

Remote
Capture Suite
Controlled
from ProZone
HQ

High-Intensity Running Profile

The mean distances covered in high-intensity running and
very high-intensity running were 2,725 = 656 and 980 * 294
m irrespective of playing level. There was no difference in
high-intensity running and very high-intensity running
distances between international and elite domestic players
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TasLe 1. Distance, frequency, and time spent in different activity categories for international and elite domestic soccer players.
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(2,520 = 678 vs.2,745 + 332 and 911 =+ 226 vs. 987 + 300 m).
The distance covered in high-intensity running irrespective of
playing level was 18% lower (p < 0.05) in the last than in the
first 15-minute period of the game (391 * 117 vs.478 + 141 m).
Elite domestic players covered 12% less (p < 0.05) very
high-intensity running distance in the last 15 minutes of
the first half and second half than in the first 15-minute
period of the game (141 * 68 and 141 * 61 vs. 160 = 66 m),
whereas no difference was found for international players.
Elite domestic players covered greater (p < 0.05) high-
intensity running distance than international players in the
second 15-minute period of the second half (420 * 115 vs.
339 = 51 m). No differences were observed between
international and elite domestic players for high-intensity
running and very high-intensity running with and without
possession (Table 2).

The decline in high-intensity running immediately after the
most intense 5-minute period was similar between interna-
tional (222 = 33 vs. 109 = 37 m or 51% decline) and elite
domestic (243 = 81 vs. 114 = 51 m or 53% decline) soccer
players. Elite domestic players demonstrated a 25% higher
final 5-minute period (130 * 66 vs. 97 * 35 m) than
international players (Figure 2). Independent of playing level,
the peak distance covered in high-intensity running in a 5-
minute period was 241 = 78 m. In the next 5-minute period,
the amount of high-intensity running was 114 * 57 m, which
was 12% lower (» < 0.05) than the mean distance covered
during all 5-minute periods minus the peak 5-minute period

(129 + 31 m).

Mean Recovery Time, Maximal Running Speed, and
Acceleration Profile

The mean recovery time between very high-intensity
running bouts was 70 * 25 seconds irrespective of playing
level (Table 3). International players demonstrated a similar
mean recovery time than elite domestic players (67 * 15 vs.
71 * 26 seconds). Elite domestic players’ mean recovery
times during the second half were 7% longer (» < 0.05) than
the first half (73 = 33 vs. 68 * 28 seconds) and 24% longer
(p < 0.01) during the last 15 minutes than the first 15 minutes
of the game (78 * 48 vs. 63 *= 34 seconds), whereas no
difference was observed for international players. Indepen-
dent of playing level, recovery times were 14% higher (p <
0.05) in the last 15 minutes of the first half (74 = 41 seconds)
and 17% higher in the last 15 minutes of the second half (76 +
47 seconds) compared with the first 15-minute period (65 *
36 seconds).

No differences were apparent for maximal running speed
between international and elite domestic players (7.76 * 0.31
vs. 766 = 0.34 m's™"). No differences were found for elite
players between the first and second half or the first and last
15 minutes for the frequency of discrete bouts of medium (53 =
6vs.53 = 6and 18 = 6 vs. 18 = 7) or high (6 = 2vs.7 =2
and 2 = 2 vs. 3 * 2) accelerations. Accelerations were highest
(p < 0.01) when elite players moved from any low-intensity
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TasLE 2. High-intensity profile with and without ball possession for international and elite domestic players.*{

Match time (min)

0-15 15-30 30-45 45-60 60-75 75-90 First half Second half Full game

HIR with possession (m)

International 183 = 61 157 = 64 171 £ 101 162 = 100 138 += 50% 193 + 83 511 = 195 493 + 220 1,004 = 411

Domestic 202 = 94 193 = 96 197 + 99 188 + 92 171 *+ 86+ 198 = 101 592 + 250 557 = 238§ 1,148 * 468

Combined 200 = 91 190 = 94 194 + Q99 186 + 93 168 + 83% 197 = 99 584 = 246 551 + 236§ 1,135 *= 463
HIR without possession (m)

International 273 *= 69 250 £ 42 258 £ 79 247 = 68 201 £ 4431 287 £ 96 782 £ 155 735 £ 164 1,516 = 273

Domestic 279 + 106 248 + 106/ 273 + 110 252 =+ 90! 250 + 97! 296 = 125 799 = 278 797 = 260 1,597 = 504

Combined 278 = 103 248 = 102! 272 = 108 251 + 87! 245 + 94/ 295 + 123 798 *+ 268 791 = 263 1,590 * 488
HIR total (m)

International 456 + 95 407 = 63 429 + 80 409 = 106 339 = 513 480 = 121 1,292 = 187 1,228 = 200 2,520 + 332

Domestic 480 = 145 441 = 125# 470 = 153 440 = 126# 420 = 115%f 493 + 166 1,392 = 374 1,354 + 348 2,745 = 678

Combined 478 = 141 438 = 121 466 = 148 437 £ 124 413 = 113% 492,162 1,383 £ 362 1,342 + 338 2,725 + 656
VHIR with possession (m)

International 58 + 37 59 * 43 72 + 67 63 = 53 53 + 32 79 = 59 189 = 126 195 = 135 384 + 260

Domestic 74 = 52 76 = 60 73 = 59 71 = 55 65 + 511 74 = 57 223 = 145 210 = 1368 433 + 268

Combined 72 £ 51 74 + 59 73 £ 60 70 £ 55 64 + 50% 74 £ 57 220 £ 143 209 + 135§ 428 = 267
VHIR without possession (m)

International 79 £ 36 84 = 53 94 = 59 89 + 32 66 + 20% 109 + 37 257 £ 101 264 £ 74 521 = 155

Domestic 88 = 50# 84 *+ 34# 91 + 52 92 = 50 90 = 51# 101 = 51 261 = 123 283 = 119 544 + 219

Combined 86 + 49# 84 = 51# 91 = 52 92 * 48 88 * 50# 102 = 49 261 £ 120 281 £ 115 542 = 214
VHIR total (m)

International 136 = 59# 143 *+ 48 166 + 56 153 + 46 119 = 299# 187 = 58 445 + 139 459 = 110 904 = 230

Domestic 160 = 68# 160 = 67# 165 = 76 163 *= 68# 155 = 60# 175 £ 73 484 + 171 493 + 159 977 + 301

Combined 160 = 67# 160 = 65# 169 £ 73 162 = 66# 152 + 60# 177 £ 72 489 + 163 490 + 156 980 + 294

*HIR = high-intensity running; VHIR = very high—intensity running.

tValues are mean *= SD.

$Significantly different for all other 15-minute period (p < 0.05).

§Significantly different from first half (p < 0.05).
IDitferent from O- to 15-minute period (p < 0.05).

qDifferent from international players (p < 0.05).
#Different from 75- to 90-minute period (p < 0.05).
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Figure 2. Temporary fatigue in elite domestic and international soccer
players. High-intensity running in the most intense 5-minute period during
the game (peak 5-minute period), the following 5-minute period (next
5-minute period), the final 5-minute period, as well as the game average
5-minute period (minus the peak value) for elite domestic players (m) and
international players (0). *Different from the average 5-minute period (p <
0.05). A Different from the average 5-minute period (p < 0.01). Values are
mean * SD.

category (standing, walking, or jogging) to sprinting (3.8 *
0.3 m-s~?) compared with high-speed running (3.1 = 0.5
m-s~ %) or running (2.2 * 0.2 m-s~?).

Positional Differences

Wide and central midfielders covered a greater (» < 0.05)
total distance than fullbacks, attackers, and central defenders
(11,491 = 996, 11,411 = 486 vs. 10,763 = 627, 10,504 =
1,090, and 10,057 = 582 m). Wide midfielders, central
midfielders, fullbacks, and attackers also covered a greater
(p < 0.01) distance in high-intensity running than central
defenders (3,243 = 625, 2,949 = 435, 2,806 = 408, 2,618 +
745 vs. 2,034 = 284 m). Wide midfielders covered a greater
(p < 0.01) distance in very high-intensity running than
central midfielders, fullbacks, attackers, and central defenders
(1,273 = 257 vs. 941 =+ 235, 1,046 * 196, 996 + 268, and
638 = 154 m).

The decline (» < 0.05) in high-intensity running
immediately after the most intense 5-minute period was
more evident in attackers (256 * 142 vs. 102 = 61 m or 60%
decline) than in central defenders (189 = 31 vs. 101 + 44 m
or 47% decline), fullbacks (245 * 42 vs. 124 * 64 m or 44%
decline), wide midfielders (273 = 55 vs. 125 = 72 m or 54%
decline), and central midfielders (245 = 50 vs. 118 = 35 m or
52% decline). Central defenders demonstrated a higher
mean recovery time (p < 0.01) than wide midfielders, central
midfielders, fullbacks, and attackers (98 = 21 vs. 52 * 15,
63 = 16, 70 = 29, and 70 * 23 seconds). Maximal running
speed was higher (p < 0.05) for wide midfielders, attackers,
and fullbacks than central midfielders and central defenders
(794 = 029, 771 * 0.31, 7.74 = 0.25 vs. 7.55 = 0.31 and
737 = 0.30 ms™ 7).
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TasLe 3. Maximal running speed and mean recovery time in 15-minute periods, half by half, and full game for international and elite domestic players.*

Match time (min)

15-30 30-45 45-60 60-75 75-90 First half Second half Full game

0-15

Maximal running speed (m-s™ ")

7.78 £ 0.29 7.76 £ 0.31

7.67 = 0.41

7.79 = 0.44
7.65 = 0.42
7.67 = 0.42

7.84 = 0.63
7.65 * 0.59
7.67 = 0.59

8.02 £ 0.22 7.35 = 0.52

7.68 = 0.59 7.66 £ 0.57

7.99 + 0.44
7.53 * 0.59
7.57 = 0.59

7.62 = 0.54 7.74 £ 0.67

International
Domestic

7.66 £ 0.34

7.74 £ 0.67 7.79 + 0.58

7.64 = 0.55 7.79 = 0.58

7.68 =+ 040 7.67 £ 0.34

7.71 £ 057 7.64 = 0.57

Combined
Mean recovery time (s)

73.2 + 26.03 61.0 =125 67.1 = 15.1

52.2 £ 16.4

79.6 + 265 61.1 = 27.8 69.5 * 26.8

80.8 £ 485 59.1 =175

63.0 = 34.1

International
Domestic

729 = 334 705 % 256.9
71.8 £ 322 70.2 £ 251

67.3 = 38.1F 73.7 = 42.7%f 674 =444 735 *421% 778 + 48.2%f 68.0 *+ 27.8

73.2 409 755 * 46.8%f 685 * 27.5

74.2 + 41.4% 66.8 = 43.1

64.6 = 35.7 66.6 = 36.7

Combined

*Values are mean = SD.

tDifferent from 75- to 90-minute period (p < 0.01).

iDifferent from O- to 15-minute period (p < 0.05).



Jotrnal of Strength and Conditioning Research | wwwanscajscrorg

DiscussioN

The present data depict the high physical demands of modern
elite soccer and that high-intensity running, mean recovery
time, and maximal running speed were similar between elite
domestic and international players over the course of the full
game. Changes in high-intensity running after intense periods
were similar for both performance levels but different toward
the end of the game. Irrespective of performance level, high-
intensity running after the most intense period was lowered
by ~50% below the game mean. No fatigue-related changes
were evident in acceleration and maximal running speed
profiles during elite soccer matches. It was also clear that the
high-intensity activity profile of elite players is closely related
to their positional role in the team.

The amount of high-intensity running in both international
and elite domestic matches is similar to the elite domestic
Spanish league (9) but different from the same level of play in
Danish and Swedish leagues (1,17). The present data suggest
that the amount of high-intensity running performed by elite
domestic and international players is ~40% more than elite
domestic Danish and Swedish leagues. It should be noted
that different technologies used to measure activity patterns
and variations in the classification of movements probably
account for the majority of the high-intensity running
differences between studies. This finding could also be
because of differences in playing style. The elite domestic
players in this study were sampled from a league where teams
are required to maintain a high level of activity when not
directly involved in play to create space to receive passes or
to pressure opponents into mistakes to regain possession.
Taken together, these observations demonstrate that the
physical demands from the matches studied were high and
are representative of modern elite soccer.

Research shows that soccer work-rate profiles are
dependent on level of play (6). Rienzi et al. (22) found that
elite domestic players covered a greater total distance than
international players. While Mohr et al. (17) demonstrated
that elite domestic players performed 28% more high-
intensity running than moderate-playing level domestic
players the present data suggest that total (10,666 vs 10,859
m) and high-intensity running distances (2,520 vs 2,745 m) are
similar between international and elite domestic players. This
finding is in contrast to previous research and the general
assumption that elite domestic and international soccer differ
in terms of tempo. Elite domestic match play is traditionally
played at a very fast tempo and requires players to perform
high levels of activity, in contrast to the international match
play whereby the emphasis is placed on retaining possession
until decisive opportunities arise. The elite domestic players
used in this study were sampled from a league consisting of
a large proportion of international players, which could
account for the similarity between the two performance
levels. Activity profiles could have been further influenced by
motivational factors, such as the competitive importance

placed on the game or the tactical restrictions placed on the
teams and players. Another reason could be that the small
sample of international players used may not provide an
accurate depiction of the physical demands of international
match play because of variability in movement patterns both
among and within players (3,17). The only difference found
between performance levels for high-intensity running
occurred in the second 15-minute period of the second half;
where elite domestic players covered ~20% more high-
intensity running distance. This high-intensity distance deficit
was roughly similar when subdivided into with or without ball
possession, indicating that all elements of play are influenced
proportionately. This finding could be attributed to the
noncompetitive nature of the international match in which
high-intensity running declined toward the end in contrast to
elite domestic matches that remained competitive until the
end. This was further supported by the finding that elite
domestic players demonstrated a 25% higher final 5-minute
period than international players (130 = 66 vs. 97 = 35 m).
No differences were found between performance levels for very
high—intensity running. However, where no difference was
found between time periods for international players, elite
domestic players covered 12% less very high—intensity running
distance in the last 15-minute period of the first half and
second half than in the first 15-minute period of the game.
The decline in very high-intensity running distances could
be a change in style of play as the elite domestic league is
renowned for continuous high-tempo match play rather than
retaining possession.

It has been shown that high-intensity running decreases
after the most intense period of the game and at the end of the
game, indicating temporary and permanent forms of fatigue
(8,17,18). After the most intense 5-minute period, high-
intensity running was lowered to a similar extent to values
below the game mean for elite domestic (53% decline) and
international (51% decline) players. The ~50% decline found
for high-intensity running after the most intense period for
elite soccer players was strikingly similar to elite domestic
Italian (17) and English league players (8). However, the
temporary drop in high-intensity running may not be a true
measure as these values are based on predefined 5-minute
periods from semi-automated match analysis software; thus,
this drop could be over- or underestimated. Despite this,
these data indicate that the anaerobic energy turnover of elite
soccer is high in selected periods when players have to
perform repeated intense bouts during a game.

The present study is the first to report mean recovery times
between very high-intensity bouts within international
match play. No differences were found in recovery times
between performance levels over the course of the game.
However, recovery times were found to be lower in the last
15 minutes of the first and second half, when compared with
the first 15 minutes, within domestic match play. Moreover,
no differences were found within international match play,
possibly because of the low number of international players
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analyzed or the slower tempo used throughout. Irrespective
of playing level, the mean recovery time increased markedly
over the duration of the game. Bradley et al. (8) reported 28%
longer recovery times from the first to the last 15-minute
period compared with 17% longer recovery times in this
study. The underlying mechanism responsible for increases
in recovery time during games is debatable and could be
attributed to fatigue manifesting over the course of the game.
However, caution is necessary when interpreting recovery
times as the tempo of play could be slowing down as the game
progresses and thus recovery may proceed. It could also be
argued that increased recovery times during the last 15-minute
period of a game are related to the fact that the outcome of
the game had been decided. Further studies are required to
investigate if the increase in mean recovery time between very
high-intensity running bouts is fatigue or tempo related.

The number of international players analyzed was in-
sufficient to allow for differences in playing positions to be
elucidated between performance levels. Independent of
playing level, this study revealed that total and high-intensity
running distances were higher for wide and central
midfielders than fullbacks, attackers, and central defenders
(11,491 and 3,243, 11,411 and 2,949 vs. 10,763 and 2,806,
10,504 and 2,618, and 10,057 and 2,034 m). The speed
category for high-intensity running used in this study is
similar to a recent large-scale study of elite domestic Spanish
players (>14.4 vs. >14.1 km-h™?) (9). Comparable values for
high-intensity running were obtained for elite domestic
Spanish league fullbacks (2,806 vs. 2,784 m), wide midfielders
(3,243 vs. 3,171 m), central midfielders (2,949 vs. 2,991 m),
attackers (2,618 vs. 2,708 m), and central defenders (2,034 vs.
1,869 m). Our mean values for high-intensity running are in
accordance with values from the elite domestic Spanish
league (9) using a similar multicamera computerized tracking
system (2,725 vs. 2,710 m). The present data suggest that the
high-intensity running profile of wide and central midfielders
is superior to other positions and the mean high-intensity
running distance of elite players is ~2,700 m independent of
position. Midfield players have been found to have higher
maximal oxygen uptake (Vo,max) values than other playing
positions (4), and the superior high-intensity running profile
found in this study for certain positions could be related to
a higher endurance capacity. In support of this notion,
midfielders performed more favorably than other positions in
the soccer-specific Yo-Yo intermittent recovery tests 1 and
2 (12,14). It seems reasonable to conclude that players in
different playing positions have unique physical and bio-
energetic characteristics, and thus, specific conditioning
should be tailored to meet these requirements.

The present study demonstrated that maximal running
speeds during games were similar between elite domestic and
international players (776 vs. 7.66 m-s ') but markedly
different between playing positions. Specifically, maximal
running speeds reached during games were higher for wide
midfielders, fullbacks, and attackers than for central
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midfielders and central defenders. In support of this finding,
attackers, fullbacks, and wide midfielders have the highest
running speed as shown by sprint tests (5). For wide
midfielder and fullbacks, the higher running speeds may also
be related to the fact that these players have more space and
time along the flanks, allowing for full acceleration. Thus,
large differences in maximal running speeds are present
between playing positions. No differences in the frequency of
discrete bouts of medium or high accelerations were evident
between halves or the first and last 15 minutes for elite
players. This implies that the fatigue patterns observed for
high-intensity running do not influence acceleration capacity.
Accelerations were highest when players moved from any
low-intensity category to sprinting compared with high-
speed running or running, presumably as more effort was
required to overcome inertia. Future research should identify
deceleration profiles as the loading of eccentric contraction
during a rapid deceleration may affect the rate of fatigue in
the muscles and have a detrimental effect on sprinting
performance during an extended number of efforts (15).

PRACTICAL APPLICATIONS

In summary, the present results suggest that the physical load
placed on elite players is high and that the high-intensity
profile, mean recovery time, and maximal running speed are
similar between performance levels, over the course of the
game, but vary markedly between playing positions. These
data provide valuable information to the fitness coach about
the high-intensity activity profile of elite soccer players at
different performance levels and playing positions. These data
not only serve as normative values that will allow compar-
isons to be made with other elite soccer populations but also
provide the framework for the development of soccer- and
position-specific training regimes. It is recommended that
fitness coaches incorporate speed endurance and anaerobic
drills within training to allow players to cope with multiple
cycles of high-intensity running during matches. These high-
intensity drills should try to simulate the peak distances
covered during intense periods. This should be in the form of
running interspersed by recoveries of ~70 seconds or
alternatively drills requiring the ball to increase the motivation
of the players. One could speculate that this type of training
could improve the physical capabilities of the team, whereby
players can maintain high-intensity running and recovery
between intense periods.
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