
Datson, N, Drust, B, Weston, M, Jarman, I, Lisboa, P and Gregson, W

 Match physical performance of elite female soccer players during 
international competition.

http://researchonline.ljmu.ac.uk/id/eprint/4044/

Article

LJMU has developed LJMU Research Online for users to access the research output of the 
University more effectively. Copyright © and Moral Rights for the papers on this site are retained by 
the individual authors and/or other copyright owners. Users may download and/or print one copy of 
any article(s) in LJMU Research Online to facilitate their private study or for non-commercial research.
You may not engage in further distribution of the material or use it for any profit-making activities or 
any commercial gain.

The version presented here may differ from the published version or from the version of the record. 
Please see the repository URL above for details on accessing the published version and note that 
access may require a subscription. 

For more information please contact researchonline@ljmu.ac.uk

http://researchonline.ljmu.ac.uk/

Citation (please note it is advisable to refer to the publisher’s version if you 
intend to cite from this work) 

Datson, N, Drust, B, Weston, M, Jarman, I, Lisboa, P and Gregson, W (2016) 
Match physical performance of elite female soccer players during 
international competition. Journal of Strength and Conditioning Research. 
ISSN 1533-4287 

LJMU Research Online

http://researchonline.ljmu.ac.uk/
mailto:researchonline@ljmu.ac.uk


 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Match physical performance of elite 

female soccer players during international 

competition 

 
 
 
 
 
 
 



Match physical performance of elite female soccer players 1 

ABSTRACT 1 

The purpose of the present study was to provide a detailed 2 

analysis of the physical demands of competitive international 3 

female soccer match-play. A total of 148 individual match 4 

observations were undertaken on 107 outfield players 5 

competing in competitive international matches during the 6 

2011-2012 and 2012-2013 seasons, using a computerized 7 

tracking system (Prozone Sports Ltd., Leeds, England). Total 8 

distance (TD) and total high-speed running distances (THSR) 9 

were influenced by playing position, with central midfielders 10 

(CM) completing the highest (10985±706 m and 2882±500 m) 11 

and central defenders (CD) the lowest (9489±562 m and 12 

1901±268 m) distances, respectively. Greater total very high-13 

speed running (TVHSR) distances were completed when a 14 

team was without (399±143 m) compared to with (313±210 m) 15 

possession of the ball. The majority of sprints were over short 16 

distances with 76 % and 95 % being less than 5 m and 10 m, 17 

respectively. Between half reductions in physical performance 18 

were present for all variables, independent of playing position. 19 

The current study provides novel findings regarding the 20 

physical demands of different playing positions in competitive 21 

international female match-play and provides important 22 

insights for physical coaches preparing elite female players for 23 

competition. 24 

 25 
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INTRODUCTION 51 

A comprehensive understanding of the physical demands of 52 

match-play is necessary in order to apply a systematic approach 53 

to training and testing protocols.1 As a consequence, global 54 

positioning system (GPS) technology and semi-automated 55 

camera systems have been extensively used to provide a 56 

detailed analysis of specific elements of a player’s physical 57 

performance in men’s soccer.2-4 Despite advancements in the 58 

understanding of the physical demands of match-play in elite 59 

male players, limited research currently exists on elite female 60 

players. This predominantly reflects the fact that female 61 

matches are rarely played in stadiums equipped with semi 62 

automated camera systems.  Furthermore, the high financial 63 

costs that are associated with other contemporary technologies, 64 

often prohibit their use in female soccer.5,6 Consequently, a 65 

large proportion of the research undertaken to date has been 66 

derived from relatively small samples using traditional video-67 

based technology.7-10  Collectively, these factors limit the depth 68 

of analysis possible; therefore, it is important that further 69 

information relating to female match-play is derived to better 70 

inform female-specific training prescription and testing 71 

protocols.    72 

 73 

Available data on female match-play indicates that the standard 74 

of competition influences physical performance with greater 75 
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total distances observed in European club football11 compared 76 

to friendly international competition.6 Furthermore, greater 77 

high-speed running (HSR) and sprinting have also been 78 

observed during friendly international matches compared to 79 

domestic club matches.12 However, to date, no information 80 

utilizing contemporary techniques exists on the demands of 81 

competitive international match-play, which represents the 82 

highest standard within the female game. Furthermore, due to 83 

the limited sample sizes available, the majority of studies 84 

examining the influence of playing position on match physical 85 

performance have been restricted to more generic assessments 86 

(e.g. defenders, midfielders and attackers) with only one 87 

study11 further differentiating between central and wide 88 

positions. Bradley and colleagues11 presented activity profiles 89 

for female match-play across five playing positions; however, 90 

the primary focus of their research was to compare male and 91 

female match-play and as such detailed female positional 92 

comparisons were lacking. Consequently, a comprehensive 93 

positional analysis of the physical demands of elite female 94 

match-play is necessary in order to provide applied 95 

practitioners working with elite players, pertinent information 96 

to better inform position-specific training prescription. 97 

Therefore, the aim of the current investigation was to provide a 98 

detailed analysis of the physical demands of different playing 99 

positions during competitive international female match-play.   100 
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 101 

METHODS 102 

 103 

EXPERIMENTAL APPROACH TO THE PROBLEM 104 

To quantify the demands of competitive international female 105 

match-play, physical performance data were collected during 106 

the 2011-2012 and 2012-2013 seasons. Data were derived from 107 

ten matches, featuring thirteen teams playing in different 108 

stadiums across Europe. 109 

 110 

SUBJECTS 111 

A total of 148 individual match observations were undertaken 112 

on 107 outfield players (goalkeepers were excluded) with a 113 

median of two matches per player (range = 1-4). Data were 114 

only included for those players completing entire matches (i.e. 115 

90 minutes).  Data were collected as a condition of employment 116 

in which player performance is routinely measured during 117 

match-play.13 Therefore, usual appropriate ethics committee 118 

clearance was not required.  Nevertheless, to ensure team and 119 

player confidentiality, all physical performance data were 120 

anonymised before analysis.  Permission to publish this data 121 

was granted by Prozone (Prozone Sports Ltd., Leeds, UK).  122 

 123 

PROCEDURES 124 
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Match physical performance data were collected using a 125 

computerized semi-automated multi-camera image recognition 126 

system  (Prozone Sports Ltd., Leeds, UK).  This system 127 

provides valid14 and reliable15 estimations of a variety of match 128 

performance indices. Players were categorized by playing 129 

position; central defenders (CD) (n = 25; 35 match 130 

observations), wide defenders (WD) (n = 28; 34 match 131 

observations), central midfielders (CM) (n = 31; 40 match 132 

observations), wide midfielders (WM) (n = 17; 20 match 133 

observations) and attackers (A) (n = 16; 19 match observations) 134 

to determine the influence of playing position on match 135 

physical performance. The influence of playing position on the 136 

difference in activity between the first and second half periods 137 

was undertaken. Within half changes in physical performance 138 

were also assessed by examining 15 and 5-minute time periods.  139 

 140 

The following activity classifications were used: total distance 141 

(TD), walking (0.7-7.1 km.h-1), jogging (7.2-14.3 km.h-1), 142 

running (14.4-19.7 km.h-1), HSR (19.8-25.1 km.h-1) and 143 

sprinting (>25.1 km.h-1) distance. Total high-speed running 144 

(THSR) (>14.4 km.h-1) and total very high-speed running 145 

(TVHSR) (>19.8 km.h-1) were also computed.16 The above 146 

velocity thresholds for each activity have been extensively 147 

employed to quantify the physical demands of male match-148 

play.2-4 Recent commentary17 has suggested that transposing 149 
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these thresholds to the performances of female players will 150 

underestimate match-play demands by reducing the amount of 151 

high-speed activities completed by individuals. While the 152 

present authors support this view in general, there has been a 153 

reluctance to adopt such thresholds in the current data as a 154 

consequence of the confidence that can be associated with 155 

current recommendations that exist regarding female specific 156 

velocity thresholds.17 For example, female specific HSR and 157 

sprint thresholds derived from small samples (n = 5-14) of non-158 

elite players (domestic level players).9,18 have been proposed 159 

without consideration for the key methodological 160 

considerations required when determining velocity 161 

thresholds.19 This includes the use of match activity zones that 162 

are expressed relative to individual players physical 163 

capabilities.20 Furthermore, if physiological thresholds are used 164 

to demarcate individualized match activity zones they should 165 

be ascertained from activity patterns that replicate the 166 

movement demands of soccer in order to account for the 167 

increased energy cost associated with unorthodox modes of 168 

motion (e.g. backwards and sideways running) experienced 169 

during match-play.21 Consequently, the authors feel that the 170 

suggested velocities17 will not be representative of the abilities 171 

of either elite female players (as used in the present study) or 172 

female soccer players more generally.  As such it may be that 173 

activity classifications derived from these thresholds may not 174 
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be any more valid than the arbitrary male thresholds presently 175 

used.  176 

 177 

Total very high-speed running (>19.8 km.h-1) was expressed as 178 

both TVHSR distance completed when the respective player’s 179 

team were in possession (VHSRP) or were without possession 180 

(VHSRWP) of the ball. Further analysis of sprinting activity 181 

(>25.1 km.h-1) was also considered, with the distance covered 182 

and the type of sprint classified. Sprints were classed as either 183 

explosive or leading sprints. An explosive sprint was defined as 184 

the attainment of sprint speed from standing, walking, jogging 185 

or running with time spent in the HSR category less than 0.5 s. 186 

Conversely, a leading sprint was defined as the attainment of 187 

sprint speed from standing, walking, jogging or running whilst 188 

entering the HSR category for a minimum of 0.5 s.15 189 

 190 

STATISTICAL ANALYSIS 191 

Data are presented as mean±SD, with significance set at p < 192 

0.05. Data were analyzed using factorial linear mixed modeling 193 

using the Statistical Package for Social Sciences (Version 21). 194 

Linear mixed modeling can be applied to repeated measures 195 

data from unbalanced designs, which was the case in our study 196 

since players differed in terms of the number of repeated 197 

matches they participated in. Linear mixed modeling can also 198 

cope with the mixture of random and fixed level effects that 199 
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occur with performance analysis data22 as well as with missing 200 

and ‘nested’ data (hierarchical models). Significant main 201 

effects of each factor were followed up with Bonferroni-202 

corrected multiple contrasts. Effect size (ES), estimated from 203 

the ratio of the mean difference to the pooled standard 204 

deviation, were also calculated. The ES magnitude was 205 

classified as trivial (<0.2), small (>0.2-0.6), moderate (>0.6-206 

1.2), large (>1.2-2.0) and very large (>2.0-4.0).23   207 

 208 

RESULTS 209 

 210 

TOTAL MATCH PERFORMANCE 211 

The average ‘ball in play time’ was 62.0±7.7 % of the total 212 

match duration. The distance covered in all speed classification 213 

zones was influenced by playing position (p<0.001) (Table 1). 214 

Total distance was greater in CM compared to all other playing 215 

positions (ES 1.0-2.3; p<0.05) except WM (ES 0.5); conversely 216 

CD completed less total distance compared to all other 217 

positions (ES 1.1-2.3; p<0.05). Total high-speed running 218 

distance was similar between all positions (ES 0.1-0.6) with the 219 

exception of CD who completed the least distance (ES 1.6-2.4; 220 

p<0.001) and between CM and WD (ES 0.7, p<0.05). 221 

Positional differences for running, HSR and sprinting were also 222 

apparent. Physical performance was generally similar between 223 

wide players (WD and WM) and A, with no differences 224 
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observed in TD, jogging, running, HSR or sprinting distances 225 

(Table 1).  226 

 227 

Both VHSRP and VHSRWP also differed between positions 228 

(p<0.001) (Table 1). The VHSRP was greater in A and WM 229 

compared to defenders (CD and WD) and CM (ES 0.9-4.4; 230 

p<0.05). The VHSRP was similar in WD and CM (ES 0.0), 231 

however, CD completed less VHSRP than all other playing 232 

positions (ES 1.5-4.4; p<0.001). The VHSRWP was greater in 233 

CM (ES 0.8-1.5; p<0.05) compared to all other playing potions 234 

except WD (ES 0.5). Attackers completed less VHSRWP than 235 

all other playing positions with moderate to large differences 236 

observed (ES 0.8-1.5) (Table 1). 237 

 238 

****Table 1 near here**** 239 

 240 

There were no significant differences between playing 241 

positions for either the percentage of explosive (ES 0.0-0.7) or 242 

leading (ES 0.0-0.7) sprints. However, CM generally 243 

completed a greater percentage of explosive sprints compared 244 

to WD and A (ES 0.6-0.7). Central midfielders completed a 245 

greater proportion of sprints that were explosive compared to 246 

leading in nature (ES 0.8; p<0.05) (Table 1). The total number 247 

of sprints was influenced by playing position (p<0.001) (Figure 248 

1). Attackers completed more sprints than defenders (ES 0.8-249 
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2.5; p<0.05) but a similar number to WM (ES 0.1). Similar 250 

numbers of sprints (ES 0.2) were also observed between WD 251 

and CM. Central defenders completed less sprints than all other 252 

playing positions (ES 0.9-2.5; p<0.05).  253 

 254 

A similar number of very short sprints (<5 m) were completed 255 

by A, WM and CM (ES 0.1-0.3), with trends for WD to 256 

complete less than A (ES 0.7).  Central defenders completed 257 

fewer very short sprints (ES 1.0-2.1; p<0.05) compared to all 258 

positions. Wide midfielders completed more 5.1-10.0 m sprints 259 

than CD (ES 1.2; p<0.05) and A completed more than both CD 260 

and CM (ES 0.9-2.0; p<0.05). Attackers also completed more 261 

10.1-15.0 m sprints than CD (ES 0.8; p<0.05), with no other 262 

significant positional differences found between 5.1-10.0 m 263 

(ES 0.1-0.7) and 10.1-15.0 m sprints (ES 0.0-0.6).  There was a 264 

trend (ES 0.6-0.7) for A to complete more mid-range sprints 265 

(5.1-15.0 m) than WD. All players completed a similar number 266 

of 15.1-20.0 m sprints (ES 0.0-0.4), but WM produced 267 

marginally more >20 m sprints than defenders and CM (ES 0.6; 268 

p<0.05) (Figure 1). 269 

 270 

****Figure 1 near here**** 271 

 272 

BETWEEN HALF MATCH PERFORMANCE: 273 

INFLUENCE OF PLAYING POSITION  274 



Match physical performance of elite female soccer players 12 

There was a reduction in the average ‘ball in play time’ in the 275 

second (59.9±7.8 %) compared to the first (64.1±7.3 %) half 276 

(ES 0.6). When considering the sample as a whole there was a 277 

reduction in TD (365±270 m (ES 0.8; p<0.001)), THSR 278 

(141±169 m (ES 0.5; p<0.001)) and TVHSR (47±100 m (ES 279 

0.4; p<0.001)) during the second half compared to first. These 280 

differences were mainly attributed to a reduction in jogging 281 

(217±188 m (ES 0.8; p<0.001)), running (93±108 m (ES 0.5; 282 

p<0.001)) and HSR (38±71 m (ES 0.4; p<0.001)) and to a 283 

lesser extent sprinting (10±41 m (ES 0.2; p<0.05)). Trivial to 284 

small reductions in VHSRP (16±66 m (ES 0.1; p<0.05)) and 285 

VHSRWP (24±65 (ES 0.3; p<0.001)) were also observed 286 

during the second half compared to the first half. The 287 

magnitude of the reduction in physical performance between 288 

the first and second half was independent of playing position. 289 

There were no differences in the percentage of explosive or 290 

leading sprints between halves for any playing position (ES 291 

0.0-0.4). 292 

 293 

WITHIN HALF MATCH PERFORMANCE (15 MINUTE 294 

INTERVALS) 295 

Total high-speed running distance during the final 15-min 296 

period of the match was lower (12-35 %) compared to all other 297 

15-min blocks (ES 0.4-1.1; p<0.001) (Figure 3). In both halves, 298 

THSR was lower in the final 15 minutes compared to the first 299 
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and second 15-minute interval (1st half, ES 0.2-0.5; p<0.05; 2nd 300 

half, ES 0.4-0.7; p<0.001) (Figure 2).   301 

 302 

****Figure 2 near here**** 303 

 304 

WITHIN HALF MATCH PERFORMANCE (5 MINUTE 305 

INTERVALS) 306 

The peak THSR distance in a 5-minute period was 223±47 m.  307 

In the following 5-minute period, the amount of THSR was 39 308 

% lower (p<0.001) (135±47 m, ES 1.9; p<0.001) but was not 309 

different to the mean distance covered during all 5-minute 310 

intervals not including the peak distance (135±32 m) (ES 0.0). 311 

 312 

DISCUSSION 313 

The present study represents the largest single analysis of elite 314 

female match-play data to date and provides novel insights into 315 

the physical demands of different playing positions during 316 

competitive international match-play using contemporary 317 

techniques. The present data highlights large differences in the 318 

physical demands of match-play between playing positions and 319 

the number of high-speed efforts is lower across the duration of 320 

the match in all positions. Collectively, the current data 321 

provides physical coaches with new insights into the position-322 

specific physical demands of competitive international match-323 
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play which will inform the design and implementation of 324 

training drills for elite female players.  325 

 326 

The TD covered in this current investigation (10321±859 m) is 327 

similar to values previously observed in European club football 328 

(10754 m)11 and college soccer (9496-10297 m)24 but appear 329 

greater than the TD reported during a small sample of 330 

international friendlies (9292-9631 m).6 This increase in TD 331 

covered during competitive international matches relative to 332 

international friendlies6 appears consistent across playing 333 

positions (defenders = 9864 vs. 8759 m, midfielders = 10864 334 

vs. 10150 m, attackers = 10262 vs. 9442 m). Whilst some 335 

caution should be exercised when comparing data between 336 

studies that have utilized different data capture methods25-27 337 

and small sample sizes, the moderate to large effect size 338 

suggests an increased overall physical demand of competitive 339 

versus friendly international match-play. This to some extent 340 

may simply reflect the greater importance associated with 341 

competitive matches.  342 

 343 

Low-speed activity (walking and jogging) accounts for the 344 

majority (~85 %) of total distance covered in elite females, 345 

during domestic-level matches.7,10,12  However, it is high-speed 346 

activity that is widely regarded as an important component of 347 

match physical performance as these activities are often critical 348 
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to the outcome of matches by directly impacting goal scoring 349 

opportunities.15,28 Interestingly, in the current study a distance 350 

of ~2520 m was covered at high-speed, accounting for 24 % of 351 

the total distance. These observations suggest that a greater 352 

proportion of high-speed activity may be undertaken during 353 

competitive international football relative to domestic-level 354 

matches.7,10,12 As noted previously, there remains no consensus 355 

in the literature regarding female specific velocity thresholds.17 356 

The female specific thresholds that have recently been 357 

proposed17 are not representative of this elite population and 358 

therefore may not be any more valid than the arbitrary male 359 

thresholds that frequent the literature.  The findings from the 360 

current study indicate similar proportions (23 % in males and 361 

24 % in females) of high-speed activity relative to total 362 

distance when compared to male players.16 As a consequence, a 363 

focus on high-intensity soccer-specific conditioning29,30 should  364 

represent an integral component of the training methodology 365 

applied to the development of elite female players.  366 

 367 

Previous investigations examining sprint activity in women’s 368 

soccer are largely limited to the analysis of total sprint 369 

distance.6-8,10,24 The sprint distance covered in the current 370 

investigation (168±82 m) was less (ES 1.2-4.9) than values 371 

previously observed (221-380 m) in elite players during 372 

domestic level matches.7,10 Since greater THSR was observed 373 
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in the present study relative to domestic level matches,7,10,12 it 374 

is possible this increase largely reflects an increase in HSR 375 

activity rather than any changes in sprint activity. The present 376 

study is the first to provide a comprehensive analysis of both 377 

the range of sprint distances and types of sprints undertaken by 378 

elite female players. Sprint distances between 0-5 m and 0-10 379 

m accounted for 76 % and 95 % of all sprints, respectively.  380 

Whilst female sprint data has not previously been presented in 381 

this format, average sprint distances of 15.1±9.4 m have been 382 

observed in players from a professional league in the United 383 

States.31 It is likely that this distance is greater than the average 384 

sprint distance in the current sample of players since 95 % of 385 

all sprints were shorter than 10 m. Alongside a high proportion 386 

of shorter sprints, the present data demonstrates an even 387 

distribution of explosive and leading sprints (51±10% vs. 388 

49±10%). Interestingly, these findings suggest that women 389 

adopt a greater proportion of explosive sprints compared to 390 

males (77 % leading vs. 23 % explosive).32 This observation 391 

could reflect differences in how the game is played with 392 

females being more reactive to match-play events relative to 393 

males, or that males obtain the sprint threshold at a lower 394 

proportion of their maximum sprint velocity, however, further 395 

work is needed in order to confirm this. Collectively, the 396 

present findings indicate that sprint training in elite female 397 

players should include a particular focus on sprinting over short 398 
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distances (<10 m) with a combination of sprinting from a 399 

stationary and rolling start. This emphasis on short sprints and 400 

accelerations is necessary due to the explosive nature of 401 

activity reported in the current findings. However, it should be 402 

noted that sprint training drills over longer distances (>20 m) 403 

are required in order to condition players for the longer sprint 404 

distances that arise in match-play, albeit infrequently, and also 405 

to develop maximum sprinting speed.33 It should be 406 

acknowledged that although the present study provides novel 407 

data concerning the locomotor demands of elite female match-408 

play it fails to quantify the true physical demands. For example, 409 

a limitation of camera based tracking systems, such as the one 410 

used in the present study, is their inability to provide a valid 411 

assessment of acceleration and deceleration activity. Similarly, 412 

camera based systems, unlike GPS that are equipped with 413 

triaxial accelerometers, cannot provide information pertaining 414 

to mechanical loading. Consequently, it is not possible from the 415 

current dataset to gain a full understanding of the physical 416 

demands of match-play due to the inability to quantify 417 

variables such as the number of tackles, jumps or the instances 418 

that a player goes to ground. As the use of GPS monitors in 419 

competitive match-play has now been sanctioned, a more 420 

comprehensive analysis of the overall physical demands of 421 

match-play should be more permissible. This detailed 422 
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understanding will aid practitioners in developing complete 423 

physical training regimes. 424 

 425 

Understanding the physical demands of specific playing 426 

positions represents an integral component of training 427 

prescription. Due to the limited sample sizes employed in 428 

previous studies, the examination of playing position has 429 

largely been restricted to basic positional comparisons (e.g. 430 

defenders, midfielders and attackers) with only one study11 431 

further differentiating between central and wide positions. The 432 

present findings support previous research which has 433 

highlighted that midfielders cover greater TD6,7,24 and THSR6,7 434 

than defenders. Large differences (ES 1.4) in TD were 435 

observed between defenders and midfielders in the present 436 

study.  These positional differences are similar (ES 1.6) to 437 

those previously noted in international match-play7 using 438 

video-based technology.  However, larger differences (ES 2.7) 439 

have been noted between defenders and midfielders during 440 

domestic match-play,7 which may be a consequence of reduced 441 

tactical and physical demands of domestic relative to 442 

international match-play. 443 

 444 

To the authors knowledge the current study is the first to 445 

examine the physical demands of specific defensive and 446 

midfield positions in competitive international female match-447 
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play.  Numerous differences in the physical activity profiles 448 

between CD and WD and also CM and WM were noted. 449 

Specifically, CM covered more TD and THSR than WD and 450 

CD (and A for TD only). Central defenders completed less TD 451 

and THSR than all other playing positions. The activity profile 452 

of CD is in contrast to WD, as they complete more TD, THSR 453 

and TVHSR than their central defensive counterparts. This 454 

confirms the need to analyze physical match performance 455 

across five playing positions.  The findings from the current 456 

study which highlight that CM cover the greatest TD and CD 457 

the least are in accordance with previous data on European club 458 

football.11 The positional differences observed in the current 459 

study are similar to those reported in male match-play2,15 and 460 

are likely to be a direct consequence of the tactical role of each 461 

playing position within the team. The high requirement of 462 

midfielders to cover distance to support attacking and defensive 463 

movements is accepted and thus their greater values of TD and 464 

THSR are to be expected.     465 

 466 

It has previously been shown that attackers complete a greater 467 

sprint distance during match-play than defenders and 468 

midfielders.8,10 This finding was in part corroborated in the 469 

present study with moderate to large effect sizes shown for 470 

differences in sprinting distance between CD and other playing 471 

positions (CM (ES 1.0), WM (1.2) and A (ES 2.3)).  There was 472 
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a trend for WM and A to complete a greater number of short 473 

sprints (<15 m) than other positions with WM undertaking a 474 

greater number of longer sprints (>15 m). Differences in the 475 

percentage of sprint type were only highlighted in CM who 476 

completed a higher proportion of explosive relative to leading 477 

sprints. The differences in sprinting profile between playing 478 

positions is again likely to be related to positional requirements 479 

in match-play. The tendency for a higher percentage of CM 480 

sprints to be explosive and shorter in nature may reflect the 481 

tighter spaces within which they operate and the tactical role of 482 

these individuals as they attempt to counteract the movement of 483 

the opposition.15 Conversely, the fact that attacking players 484 

(WM and A) complete more longer sprints may be a function 485 

of their need to complete fast movements away from defending 486 

players to generate space or to capitalize on goal scoring 487 

opportunities.15 The majority of differences between positions 488 

were related to CD completing less actions and distances than 489 

other playing positions across a number of the measured 490 

indices, which is most likely due to their predominant 491 

involvement being limited to defensive actions. This finding 492 

highlights the importance of analyzing positional subsets, i.e. 493 

CD versus WD not only for an understanding of match-play but 494 

also for the direct impact on training regimes. 495 

 496 
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A unique element of the current investigation was to 497 

differentiate high-speed activity with and without the ball, 498 

which enabled the effectiveness of high-speed efforts in 499 

relation to crucial match actions to be evaluated.15 A small 500 

increase in the amount of TVHSR completed when a team was 501 

without possession of the ball was observed (399±143 m vs. 502 

313±210 m, ES 0.5) as previously reported in male match-503 

play.2,15 A link between TVHSR when out of possession and 504 

team success has been demonstrated in male match-play with 505 

less successful teams completing more VHSRWP,15 this 506 

analysis was beyond the scope of our study but is a 507 

recommendation for future work. Despite, an overall increase 508 

in TVHSR by the team when out of possession, the amount of 509 

TVHSR undertaken with or without possession was dependent 510 

upon playing position. Attacking positions (A, WM and CM) 511 

completed more TVHSR when the team was in possession with 512 

defensive players (CD and WD) completing more TVHSR 513 

when the team was without possession.  These trends are 514 

similar to those previously reported in male match-play.2,15 The 515 

observed differences in high-speed activity when a team is with 516 

and without possession, particularly between different playing 517 

positions, provides important insights for both technical and 518 

physical coaches regarding the influence of styles of play and 519 

tactical formations on the physical demands of match-play.  520 

Practitioners should consider the implementation of position-521 
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specific training drills that reflect the nature of TVHSR, for 522 

example, attacking players may benefit from undertaking a 523 

greater proportion of their high-speed training with the ball 524 

compared to more defensive players, as activity that 525 

incorporates the ball has an increased energetic cost, rating of 526 

perceived exertion and blood lactate response.34 However, it 527 

should be noted that the analysis of team metrics, as in the 528 

current study, limit the level of specificity that can be applied 529 

to individual players.  530 

 531 

Previous research has used changes in physical performance 532 

both between halves and within each half as possible indicators 533 

of fatigue.35 Reductions in physical performance in the second 534 

half have frequently been observed with specific reference to 535 

TD, THSR7,10 and sprint distance.10 In the present study, TD, 536 

THSR and sprint distances were reduced during the second 537 

half. The moderate reduction in TD (361 m; ES 0.8) between 538 

halves was greater than those reported in other studies, 539 

however, the small reduction in THSR (ES 0.5) and sprinting 540 

(ES 0.2) respectively were similar to previous reports.6,7,10 541 

Within half decreases in THSR were also currently observed, 542 

with less THSR completed during the final 15-minutes of each 543 

half compared to the previous 15-minutes. There was also a 35 544 

% reduction in THSR in the last 15-minutes of match-play 545 

compared to the first 15-minute interval. This finding was 546 
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similar to the 26 % reduction shown by Hewitt et al.6 but less 547 

than the 57 % reduction demonstrated by Mohr et al.10 These 548 

findings suggest that in some instances elite female players 549 

may be unable to perform at the required speed for the duration 550 

of the match. A second half reduction in physical performance 551 

by females has previously been attributed in part to fatigue 552 

development and an insufficient training capacity of 553 

players.7,9,10 However, due to a lack of data on the match 554 

outcome, tactics, fitness status of players or biochemical 555 

markers of fatigue it is difficult to provide a clear explanation 556 

for the transient changes in high-speed activity presently 557 

observed.  Furthermore, little information is currently available 558 

regarding the variability of within-game physical performance, 559 

measures.  However, it is likely that differences in activity may 560 

be mediated to some extent by the inherent variation in a 561 

player’s match physical performance that is associated with 562 

changes in the tactical and technical requirements of the game 563 

as opposed to fatigue.36 564 

 565 

The current investigation reported a 39 % reduction in THSR 566 

from the most intense 5-minute period to the next 5-minutes, 567 

which was in agreement but less substantial than previous 568 

studies (48-58 %).7,10 In contrast to earlier reports, the current 569 

study failed to demonstrate transient fatigue immediately after 570 

the most intense period of the match which is in agreement 571 
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with other more recent findings.11 In the current study the 572 

reductions in THSR both toward the end of the match and 573 

following intense activity, were not as pronounced as studies 574 

that were conducted over 5 years ago. This smaller decrease in 575 

THSR may be a consequence of increased levels of 576 

professionalism and training status of female players in recent 577 

years; however, the issues of methodological differences and 578 

within game variability must also be considered. There were 579 

very few differences between positions for the changes in 580 

physical performance shown between halves, which is 581 

consistent with previous findings in females.10 582 

 583 

PRACTICAL APPLICATIONS 584 

The present study provides an overview of the position-specific 585 

locomotor demands of competitive international female match-586 

play.  These findings are of relevance to applied practitioners 587 

responsible for the physical development of elite female 588 

players. In order to elicit a comprehensive analysis of the 589 

overall physical demands of match-play, practitioners should 590 

combine the current dataset with information derived from GPS 591 

technology, which provide data on acceleration and 592 

deceleration profiles as well as mechanical loading.  As the use 593 

of GPS monitors has now been sanctioned for use in match-594 

play, such data will become readily available in the future. A 595 

number of differences were highlighted in the current study 596 
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between wide and central defensive playing positions which 597 

suggest that it may be necessary for WD to complete more 598 

high-intensity soccer-specific conditioning, relative to CD, in 599 

order to cope with the increased locomotor of their playing 600 

position. During match-play the majority of sprints are less 601 

than 10 m in distance and are both explosive and leading in 602 

nature. Consequently, soccer-specific sprint drills should focus 603 

on short acceleration based activities from both a stationary and 604 

rolling start. Sprint training over longer distances (>20 m) is 605 

also required in order to condition players for longer sprint 606 

distances that may be required during match-play and to 607 

develop maximum sprinting speed. The finding that attacking-608 

based players complete more high-speed activity when a team 609 

is in possession whilst defensive players complete more high-610 

speed activity when a team is out of possession provides an 611 

important link between tactical and physical decision-making. 612 

Specifically, this information may be used by the coach to 613 

affect decision-making on substitutions or by the physical 614 

trainer to direct post-match training and recovery routines. 615 

Reductions in physical performance are apparent between and 616 

within halves and although these may not be entirely attributed 617 

to fatigue it emphasizes the importance of appropriate 618 

conditioning levels in order to maintain work rate. 619 

 620 

REFERENCES  621 



Match physical performance of elite female soccer players 26 

 622 

1  Reilly T. An ergonomics model of the soccer training 623 

process. J Sports Sci. 2005;23(6):561–572.   624 

2  Bradley PS, Carling C, Gomez Diaz A, Hood P, Barnes 625 

C, Ade J, Boddy M, Krustrup P, Mohr M. Match 626 

performance and physical capacity of players in the top 627 

three competitive standards of English professional 628 

soccer. Hum Mov Sci. 2013;32:808-821.  629 

3  Bush M, Barnes C, Archer DT, Hogg B, Bradley PS. 630 

Evolution of match performance parameters for various 631 

playing positions in the English Premier League. Hum 632 

Mov Sci. 2015;39:1-11.  633 

4  Di Salvo V, Pigozzi F, González-Haro C, Laughlin M, 634 

De Witt J. Match performance comparison in top 635 

English soccer leagues. Int J Sports Med. 636 

2013;34(06):526–532.   637 

5  Datson N, Hulton A, Andersson H, Lewis T, Weston M, 638 

Drust B, Gregson W. Applied physiology of female 639 

soccer: an update. Sports Med. 2014;44(9):1225–1240.   640 

6  Hewitt A, Norton K, Lyons K. Movement profiles of 641 

elite women soccer players during international matches 642 

and the effect of opposition’s team ranking. J Sports 643 

Sci. 2014;32(20):1874-1880.  644 

7  Andersson HÅ, Randers MB, Heiner-Møller A, 645 

Krustrup P, Mohr M. Elite female soccer players 646 



Match physical performance of elite female soccer players 27 

perform more high-intensity running when playing in 647 

international games compared with domestic league 648 

games. J Strength Cond Res. 2010;24(4):912-919.  649 

8  Gabbett TJ, Mulvey MJ. Time-motion analysis of 650 

small-sided training games and competition in elite 651 

women soccer players. J Strength Cond Res. 652 

2008;22(2):543-552.  653 

9  Krustrup P, Mohr M, Ellingsgaard H, Bangsbo J. 654 

Physical demands during an elite female soccer game: 655 

importance of training status. Med Sci Sports Exerc. 656 

2005;37(7):1242–1248.   657 

10 Mohr M, Krustrup P, Andersson H, Kirkendal D, 658 

Bangsbo J. Match activities of elite women soccer 659 

players at different performance levels. J Strength Cond 660 

Res. 2008;22(2):341–349.  661 

11 Bradley PS, Dellal A, Mohr M, Castellano J, Wilkie A. 662 

Gender differences in match performance 663 

characteristics of soccer players competing in the UEFA 664 

Champions League. Hum Mov Sci. 2014;33:159-171.  665 

12 Krustrup P, Andersson H, Mohr M, Randers MB, 666 

Jensen M, Zebis M, Kirkendal D, Bangsbo J. Match 667 

activities and fatigue development of elite female soccer 668 

players at different levels of competition. In Reilly T, 669 

Korkusuz F, ed. Science and Football VI. Abingdon: 670 

Routledge. 2008:205-211.  671 



Match physical performance of elite female soccer players 28 

13 Winter EM and Maughan RJ. Requirements for ethics 672 

approval. J Sports Sci. 2009;27:985 673 

14 Di Salvo V, Collins A, McNeill B, Cardinale M. 674 

Validation of Prozone®: A new video-based 675 

performance analysis system. Int J Perf Anal Sport. 676 

2006;6(1):108–119.  677 

15 Di Salvo V, Gregson W, Atkinson G, Tordoff P, Drust 678 

B. Analysis of high intensity activity in Premier League 679 

soccer. Int J Sports Med. 2009;30(03):205-212.   680 

16 Bradley PS, Sheldon W, Wooster B, Olsen P, Boanas P, 681 

Krustrup P. High-intensity running in English FA 682 

Premier League soccer matches. J Sports Sci. 683 

2009;27(2):159-168.  684 

17 Bradley PS, Vescovi J. Velocity thresholds for women's 685 

soccer matches: sex specificity dictates high-speed-686 

running and sprinting thresholds - female athletes in 687 

motion (FAiM). Int J Sports Physiol Perf. 2015;10:112-688 

116.  689 

18 Dwyer DB, Gabbett T. Global positioning system data 690 

analysis: velocity ranges and a new definition of 691 

sprinting for field sport athletes. J Strength Cond Res. 692 

2012;26(3):818-824.  693 

19 Weston M, Castagna C, Impellizzeri FM, Bizzini M, 694 

Williams AM, Gregson W. Science and medicine 695 

applied to soccer refereeing. Sports Med. 696 



Match physical performance of elite female soccer players 29 

2012;42(7):615-631. 697 

20 Weston M, Castagna C, Impellizzeri, FM, Rampinini, 698 

E, Abt, G. Analysis of physical match performance in 699 

English Premier League soccer referees with particular 700 

reference to first half and player work rates. J Sci Med 701 

Sport. 2007;10(6):390-397. 702 

21 Reilly T, Bowen T. Exertional costs of unorthodox 703 

modes of motion. Percept Motor Skills. 1984;58:49-50/ 704 

22 Cnaan A, Laird NM, Slasor P. Using the general linear 705 

mixed model to analyse unbalanced repeated measures 706 

and longitudinal data. Stat Med. 1997;16: 2349–2380.  707 

23 Batterham AM, Hopkins WG. Making meaningful 708 

inferences about magnitudes. Int J Sports Physiol Perf. 709 

2006;1:50-57.  710 

24 Vescovi JD, Favero TG. Motion characteristics of 711 

women's college soccer matches: female athletes in 712 

motion (FAiM) study. Int J Sports Physiol Perf. 713 

2014;9:405-414.  714 

25 Buchheit M, Allen A, Poon TK, Modonutti M, Gregson 715 

W, Di Salvo V. Integrating different tracking systems in 716 

football: multiple camera semi-automatic system, local 717 

position measurement and GPS technologies. J Sports 718 

Sci. 2014;32(20):1844-1857.   719 

26 Harley JA, Lovell RJ, Barnes CA, Portas MD, Weston 720 

M. The interchangeability of global positioning system 721 



Match physical performance of elite female soccer players 30 

and semiautomated video-based performance data 722 

during elite soccer match play. J Strength Cond Res. 723 

2011;25(8):2334–2336.  724 

27 Randers MB, Mujika I, Hewitt A, Santisteban J, 725 

Bischoff R, Solano R, Zubillaga A, Peltola E, Krustrup 726 

P, Mohr M. Application of four different football match 727 

analysis systems: A comparative study. J Sports Sci. 728 

2010;28(2):171–182.   729 

28 Mohr M, Krustrup P, Bangsbo J. Match performance of 730 

high-standard soccer players with special reference to 731 

development of fatigue. J Sports Sci. 2003;21(7): 519–732 

528.   733 

29 Hoff J, Wisløff U, Engen LC, Kemi OJ, Helgerud J. 734 

Soccer specific aerobic endurance training. Br J Sports 735 

Med. 2002;36:218-221 736 

30 Kelly DM, Gregson W, Reilly T, Drust B. The 737 

development of a soccer-specific training drill for elite-738 

level players. J Strength Cond Res. 2013;27(4):938–739 

943.  740 

31 Vescovi JD. Sprint profile of professional female soccer 741 

players during competitive matches: Female Athletes in 742 

Motion (FAiM) study. J Sports Sci. 2012,30(12):1259–743 

1265.   744 

32 Di Salvo V, Baron R, González-Haro C, Gormasz C, 745 

Pigozzi F, Bachl N. Sprinting analysis of elite soccer 746 



Match physical performance of elite female soccer players 31 

players during European Champions League and UEFA 747 

Cup matches. J Sports Sci. 2010;28(14):1489–1494. 748 

33 Little T, Williams AG. Specificity of acceleration, 749 

maximum speed, and agility in professional soccer 750 

players. J Strength Cond Res. 2005;19(1):76-78. 751 

34 Reilly T, Ball D. The net physiological cost of dribbling 752 

a soccer ball. Research Quarterly for Exercise and 753 

Sport. 1984;55:267-271. 754 

35 Mohr M, Krustrup P, Bangsbo J. Fatigue in soccer: a 755 

brief review. J Sports Sci. 2007;23(6):593–599. 756 

36 Gregson W, Drust B, Atkinson G, Di Salvo V. Match-to 757 

match variability of high-speed activities in Premier 758 

league soccer. Int J Sports Med. 2010;31(4):237-242. 759 

TABLE AND FIGURE CAPTIONS 760 

Table 1  Influence of playing position on match 761 

physical activity profile. TD = total distance; HSR = high-762 

speed running; THSR = total high-speed running; TVHSR = 763 

total very high-speed running; VHSRP = total very high-speed 764 

running with team in possession of the ball; VHSRWP = total 765 

very high-speed running without team in possession of the ball 766 

(mean±SD). Significant difference (p<0.05): +different from all 767 

other playing positions, *different from CD, ^different from A, 768 

#different from CM, †different from WD, ‡different from WM, 769 

$different from percentage of leading sprints, §different from 770 

percentage of explosive sprints.  Numbers denote magnitude of 771 
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Effect Size for significant differences: 3 = moderate ES (>0.6-772 

1.2), 4 = large ES (>1.2–2.0) and 5 = very large ES (>2.0). 773 

 774 

 775 

Figure 1. Influence of playing position on the total 776 

number of sprints and the number of sprints completed over 777 

different distances (mean±SD).  Significant difference 778 

(p<0.05): +different from all other playing positions, *different 779 

from CD, ^different from A, #different from CM, †different 780 

from WD, ‡different from WM. Numbers denote magnitude of 781 

Effect Size for significant differences: 2 = small (ES>0.2-0.6), 782 

3 = moderate ES (>0.6-1.2), 4 = large ES (>1.2–2.0) and 5 = 783 

very large ES (>2.0). 784 

 785 

Figure 2 Influence of time (15-minute periods) on total 786 

high speed running (THSR) distance (mean±SD).  Significant 787 

difference (p<0.05): +different from all other time points, 788 

#different from all time points except 16-30 mins, *different 789 

from all time points except 46–60 mins, ^different from all time 790 

points except 61-75 mins. Numbers denote magnitude of Effect 791 

Size for significant differences: 1 = trivial (ES<0.2), 2 = small 792 

(ES>0.2-0.6), 3 = moderate ES (>0.6-1.2). 793 


