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Abstract

Aims

Currently minimal research has quantified physical requirement differences in match-play

between youth and senior Australian football players. The aim of the current research was

to describe and compare the movement profiles and energy cost of youth, sub-elite and elite

senior Australian football match-play.

Methods

Fifty-seven Australian footballers playing in an elite senior 20, sub-elite senior 16 and elite

youth competition 21 participated in this study. Distance, speed based indices and meta-

bolic power measures recording via Global Positioning System (GPS) devices were com-

pared across three competition tiers. Kicks and handballs were collected via a commercial

statistics provider (Champion Data) and compared across the competition tiers.

Results

Youth players recorded less field time (elite: ES = 1.37/sub-elite: ES = 1.68), total distance

(elite: ES = 1.64 /sub-elite: ES = 1.55) and high speed running (elite: ES = 0.90/sub-elite: ES

= 0.26) compared to the elite and sub-elite players. The average energy cost of elite (ES =

2.19) and sub-elite (ES = 1.58) match-play was significantly higher that youth match-play.

Conclusions

A progressive increase regarding physical demands was evident across AF competition

tiers. The findings suggest that sub-elite match-play can provide a viable pathway for youth

players to develop physical capacity and technical skills before transitioning to elite senior

match-play.
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Introduction

Team sports movement demand information is commonly collected by video based analysis

and more recently global positioning systems (GPS) and accelerometer based microtechnol-

ogy. This has provided quantitative data relating to training and match workloads within

field sports. This data has recently been integrated with technical skills, providing holistic

insights into player performance [1–3]. Physical performance within Australian football

(AF) match-play has previously been reported for elite senior (Australian Football League)

[4, 5], sub-elite senior (state reserve competition league) [6, 7] and elite youth players

(national under 18 year competition) [3, 8, 9]. Despite this body research with AF, there are

minimal objective studies has directly compared across competition tiers from youth

through to elite senior players [8]. With the evolving nature of professional AF match-play

[6, 8], challenges persist regarding optimal development and management strategies for

youth players. Therefore, contemporary data is required to guide best practices regarding

the youth development pathway within AF.

Previous research investigating the gap in match-play demands between youth and profes-

sional AF players reported a divergence in match-play intensity between these competition

tiers over a number of competitive seasons [8]. Elite senior AF match-play is more intense and

comprises of greater high speed running and higher energy expenditure than sub-elite senior

match-play [6, 7, 10]. From a technical skills perspective, it appears that senior players classi-

fied as lower calibre perform at a high intensity during match-play [2]. This poses a number of

challenges regarding the optimisation of physical and technical skill development of youth and

sub-elite players. Although a 1 to 4 year period is typically required before players make their

debut within AF, there is increasing evidence that newly drafted players are exposed to profes-

sional match-play earlier in their careers [8]. This is likely accelerated when players are

recruited higher during the national draft selection. There may be risks that young players

have not acquired adequate physical readiness to cope with the increased physical demands of

professional AF [8]. Inferior strength and movement competency is evident between youth AF

players [11–13], highlighting potential injury incidences for younger players exposed to an

increased training workload or match-play intensity. Therefore, the benefits of quantifying dif-

ferences in physical demands between youth, sub-elite senior and elite senior AF match-play

are twofold. Firstly, it can direct training practices within the youth development pathway and

secondly provide a framework to optimally prepare youth players for professional AF match

demands.

While a broad understanding of the physiological and anthropometric characteristics

of youth AF players is known [14–16], evidence-based research is required to directly

quantify differences across competition tiers in AF. Therefore, this study aimed to

describe and compare match-play movement demands, energy cost and the number of

kicks and handballs involvements across three AF competition tiers. Given the differences

between the physical demands of elite and sub-elite match-play have been widely exam-

ined [6, 7, 17], this research was primarily undertaken to identify differences between [1]

youth and elite senior players and [2] youth and sub-elite senior players. A progressive

increase in match-play intensity across three AF competition tiers was hypothesised. Spe-

cifically, more high speed running (HSR), high accelerations (HA), high decelerations

(HD) and a higher match-play energy cost would be evident in the elite and sub-elite

senior competition tiers. Given professional AF players will likely have greater technical

skill proficiency, it was expected that elite and sub-elite senior players would accrue more

kick and handball involvements.

Match-play movement and metabolic power demands of Australian football
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Materials and methods

Study design

To investigate differences in match-play movement demands and metabolic power indices

across three AF competition tiers, this cross-sectional study was undertaken during one com-

petitive in-season period. The study involved 17 elite senior, 17 sub-elite senior and 8 national

U18 competition games. Data files were delimited to players classified as nomadic and other

rotating positions, to standardize the collection procedures [4]. Team selection varied weekly

according to injury status and player form, with data analysis undertaken on players who par-

ticipated in >75% of the total field time [4]. Exclusion criteria included fixed forward, back

and ruck positions, injuries to players and data files that were <74.99% of the total field time.

Participants

A total of 57 players from three tiers of AF participated within this research study. The distribu-

tion of players included; 20 elite senior (24.9 ± 3.8 years, 87.8 ± 9.4 kg, 185.2 ± 6.9 cm), 16 sub-

elite senior (21.7 ± 2.7 years, 84.9 ± 5.5 kg, 184.6 ± 6.1 cm) and 21 youth players (17.9 ± 1.6

years, 80.8 ± 4.1 kg, 182.7 ± 4.2 cm). Written informed consent was obtained from participants

and the organisations involved, with ethical approval granted by the Human Research Ethics

Committee at the University of Technology Sydney (UTSHREC: 2014000427).

Data analysis

Movement demands were recorded using commercially available 10Hz GPS devices (Catapult

Innovations, Melbourne Australia), with players assigned the same device for each match, thus

ensuring heightened reliability within the data [4]. The reliability and validity of these GPS

devices have been reported elsewhere and deemed acceptable for data pooling [18, 19]. The

distribution of 467 data files included; 237 elite senior, 103 sub-elite senior and 77 youth com-

petition files. Devices were placed in a custom designed pouch, positioned between the scapu-

lae within the player’s jersey as previously described [4]. Players were familiarised with these

protocols, with individual devices assigned over the data collection period to minimize

between-unit variability [20].

Following each match, data was downloaded using Catapult Sprint (version 5.1.6; Catapult

Innovations), with bench time and time between quarters excluded via the manufacturer’s

software. All data was exported to Microsoft Excel (Microsoft 2010, Redmond, USA) for fur-

ther analyses. Non-individualised speed, acceleration and deceleration zones were established

from classifications used in previous research [7, 21]. Variables were expressed per minute of

game time due to player rotations, providing individual total field times.

Movement demand and workload variables documented in previous AF studies were exam-

ined [4, 7], including total distance, average speed per minute and PlayerloadTM per minute.

Velocity based measures were examined for distance, time spent and the number of efforts in

two zone classifications, including low speed running (LSR, 0.0–14.4 km.h-1) and high speed

running (HSR, 14.4–20.0 km.h-1) [7]. Distance, time spent and number of efforts within accel-

eration and deceleration zone classifications were investigated according to previous research

[21] for low decelerations (LD, -0.65 to -1.46m.s-2), moderate decelerations (MD, -1.47 to

-2.77m.s-2), high decelerations (HD, <-2.78 m.s-2), low accelerations (LA, 0.65 to 1.46m.s-2),

moderate accelerations (MA, 1.47 to 2.77m.s-2) and high accelerations (HA, >2.78 m.s-2).

Metabolic power variables analysed from the 10Hz GPS devices, ensured only data contain-

ing the highest resolution [22]. These variables were calculated using an algorithm established

previously [23] and included average energy expenditure (kJ.kg-1), estimated distance and total
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time and number of efforts in low power (LP, 0–19.99 W.kg-1.min-1), high power (HP, 20–

39.99 W.kg-1.min-1) and very high power (HP, >40 W.kg-1.min-1) zone classifications [7].

Total kicks (number of times a player disposed of the ball by foot) and handballs (number of

times a player disposed of the ball by hand) involvements were obtained from the provider of

match statistics for the Australian football league (AFL) (Champion Data, Victoria, Australia)

and analysed per minute of game time.

Statistical analysis

Descriptive statistics for all variables were reported as mean and 95% CI (lower and upper),

with data assessed for normality and sphericity. A linear mixed model was used to account for

pseudo-replication within the dataset. Individual players were included as a random effect,

while level of competition was defined as a fixed effect. Bonferroni post hoc comparisons were

used to identify differences between groups. The analysis was undertaken using Statistical

Package for Social Sciences (version 21, IBM, Armonk, NY). Standardised effect size (ES) were

computed and interpreted as<0.2, trivial; 0.21–0.6, small; 0.61–1.20, moderate; 1.21–2.0 large;

>2.1 very large [24]. An alpha level of P<0.05 was used for all statistical tests.

Results

Results for velocity, workload and technical skill variables across the competition tiers are

reported in Table 1. Both senior player groups played more field time (ES = 1.37/1.68) and cov-

ered a great total distance (ES = 1.55/1.63) during match-play. Interestingly, when total dis-

tance (ES = 0.11/0.15) and PlayerloadTM (ES = 0.21/0.53) were analysed relative to game time,

differences between the youth players and senior player groups diminished. The senior player

groups also performed more HSR distance (ES = 0.26/0.90), time (ES = 0.35/1.01) and efforts

(ES = 0.32/1.06). Regarding technical skill measures, notable differences were solely evident

for handballs (ES = 0.40) between sub-elite senior and youth players.

Table 1. Physical performance and technical skills for elite junior, elite and sub-elite Australian footballers. Values are mean (95% CI).

Elite junior Elite Elite Junior vs

Elite (Effect Size d)

Sub-Elite Elite junior vs Sub-

Elite (Effect Size d)

Field Time 85.66 (83.55–87.77) 101.12 (100.08–102.16)a 1.37 106.35 (104.84–107.87)ab 1.68

Total Distance Covered

(m)

10940.22

(10661.11–11219.53)

13193.14

(13047.40–13339.81)a
1.64 13189.34

(12967.64–13412.72)a
1.55

Average Speed (m.min-1) 125.72 (122.73–128.70) 130.68 (129.28–132.08)a 0.15 126.53 (124.37–128.69)b 0.11

Player Load�min-1 12.39 (11.95–12.82) 13.74 (13.53–13.94)a 0.53 13.03 (12.71–13.35)ab 0.21

Low Speed Distance

Covered (m�min-1)

89.04 (86.31–91.76) 86.41 (85.16–87.67) 0.62 89.77 (87.80–91.75)b 0.38

High Speed Distance

Covered (m�min-1)

24.38 (22.67–26.10) 30.47 (29.62–31.32)a 0.90 25.64 (24.30–26.97)b 0.26

Low Speed Time (%�

min-1)

89.09 (88.35–89.83) 85.48 (85.11–85.86)a 0.96 87.92 (87.34–88.50)ab 0.30

High Speed Time (%�

min-1)

8.52 (7.93–9.11) 10.95 (10.65–11.24)a 1.01 9.13 (8.66–9.59)b 0.35

High Speed Efforts

(n�min-1)

1.50 (1.42–1.57) 1.79 (1.75–1.83)a 1.06 1.51 (1.46–1.57)b 0.32

Kicks (n�min-1) 0.10 (0.09–0.11) 0.11 (0.10–0.11) 0.14 0.11 (0.10–0.11) 0.43

Handballs (n�min-1) 0.07 (0.06–0.08) 0.09 (0.08–0.09) 0.20 0.10 (0.09–0.10)a 0.40

a Significantly different to elite junior AFL players (P<0.05).
b Significantly different to elite AFL players (P<0.05).

https://doi.org/10.1371/journal.pone.0212047.t001

Match-play movement and metabolic power demands of Australian football

PLOS ONE | https://doi.org/10.1371/journal.pone.0212047 February 28, 2019 4 / 10

https://doi.org/10.1371/journal.pone.0212047.t001
https://doi.org/10.1371/journal.pone.0212047


Data pertaining to accelerations, decelerations and metabolic power indices are presented

in Tables 2 and 3. The elite senior players performed more distance (ES = 0.67/1.98) and spent

more time (ES = 0.16/1.68) undertaking accelerations and decelerations. Conversely, youth

players recorded a greater number of moderate and high acceleration (ES = 0.35/1.00) and

deceleration (ES = 0.60/0.63) efforts. It was clear that mean energy cost of elite (ES = 2.19) and

sub-elite match-play (ES = 1.58) was considerably higher than youth match-play. Additionally,

the estimated distance covered during elite (ES = 1.73) and sub-elite (ES = 1.12) match-play

was considerably higher than youth match play. Finally, the youth players spent less time and

recorded fewer efforts within low to high metabolic power zones, with differences ranging

from small to very large.

Discussion

This study provided a comparative analysis of match-play across three AF competition tiers.

Match-play movement demand differences between elite senior and sub-elite senior competi-

tions have been documented [6, 7], however, minimal research has incorporated youth AF

players within the analysis [8]. The main findings of the present study revealed a higher total

game time for elite senior and sub-elite senior match-play and an overall progressive increase

in HSR, HA, HD and energy cost across the competition tiers. These findings provided similar

outcomes to previously observed match-play data between competition tiers within AF [6, 7].

While physical performance differences were in congruence with the hypothesis, it appears

Table 2. Acceleration and deceleration data for elite junior, elite and sub-elite Australian footballers. Values are mean (95% CI).

Youth Elite Senior Elite Junior vs Elite (Effect Size d) Sub-Elite Senior Elite junior vs Sub-Elite (Effect Size d)

Distance Covered

(m�min-2)

High Decelerations 1.16 (1.10–1.22) 1.34 (1.31–1.37)a 0.71 1.14 (1.10–1.18)b 0.05

Moderate Decelerations 3.39 (3.27–3.51) 3.69 (3.63–3.75)a 0.80 3.33 (3.24–3.42)b 0.32

Low Decelerations 7.66 (7.33–7.98) 10.43 (10.26–10.61)a 1.96 8.44 (8.19–8.69)ab 0.90

Low Accelerations 8.80 (8.45–9.16) 11.72 (11.54–11.90)a 1.98 9.86 (9.62–10.11)ab 0.99

Moderate Accelerations 4.12 (3.97–4.27) 4.68 (4.60–4.75)a 0.98 4.18 (4.07–4.28)b 0.42

High Accelerations 1.66 (1.56–1.75) 1.92 (1.87–1.96)a 0.67 1.38 (1.31–1.45)ab 0.43

Time Spent (%�min-2)

High Decelerations 0.86 (0.80–0.93) 1.25 (1.21–1.28)a 1.32 0.86 (0.81–0.92)b 0.17

Moderate Decelerations 2.34 (2.27–2.41) 2.44 (2.40–2.47)a 0.44 2.28 (2.22–2.33)b 0.19

Low Decelerations 5.71 (5.56–5.87) 6.79 (6.70–6.88)a 1.68 6.02 (5.90–6.13)ab 0.89

Low Accelerations 5.65 (5.49–5.82) 6.70 (6.61–6.80)a 1.60 6.12 (5.99–6.23)ab 0.59

Moderate Accelerations 2.56 (2.48–2.64) 2.63 (2.58–2.67) 0.16 2.60 (2.53–2.66) 0.54

High Accelerations 1.27 (1.20–1.35) 1.46 (1.42–1.50)a 0.46 1.12 (1.07–1.18)ab 0.14

Number of Efforts

(n�min-2)

High Decelerations 0.55 (0.52–0.58) 0.46 (0.44–0.47)a 0.63 0.52 (0.49–0.54)b 0.38

Moderate Decelerations 1.01 (0.94–1.06) 0.86 (0.83–1.01)a 0.60 0.98 (0.93–1.02)b 0.25

Low Decelerations 2.82 (2.71–2.93) 3.26 (3.19–3.33)ab 1.30 2.95 (2.87–3.02) 0.80

Low Accelerations 2.81 (2.69–2.93) 3.24 (3.16–3.31)a 1.12 3.09 (3.02–3.17)a 0.85

Moderate Accelerations 1.04 (1.01–1.12) 0.95 (0.91–0.99)a 0.35 1.12 (1.07–1.17)a 0.50

High Accelerations 0.49 (0.46–0.52) 0.36 (0.35–0.37)a 1.00 0.38 (0.36–0.40)a 0.58

a Significantly different to elite junior AFL players (P<0.05).
b Significantly different to elite AFL players (P<0.05).

https://doi.org/10.1371/journal.pone.0212047.t002
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that more kick and handball involvements are accrued in both sub-elite and elite match-play

Therefore, these findings illustrate a potential match-play pathway for youth players transi-

tioning to professional AF, through sub-elite competitions.

Overall elite senior match play had the greatest workload and involved more HSR than the

other competition tiers. Similar findings were reported between youth and elite senior AF

players over a number of competitive seasons. Youth game speed within this research

remained similar over a five year period, while elite senior match-play yielded a 25% increase

[8]. Elite senior players in the current investigation recorded 22%, 25% and 18% more HSR

distance, time and efforts per minute, compared to the youth players. Alternatively, sub-elite

players performed 5%, 7% and 1% more HSR distance, time and efforts per minute compared

to the youth players. Importantly the capacity to perform HSR has been positively correlated

with team selection in AF [25] and playing at a higher competition tier in futsal [26]. Con-

versely, previous AF research reported that higher caliber players as rated by skill coaches, per-

formed less HSR than the lower caliber players within the same team. It was suggested that as a

result of the increased field time, higher caliber players displayed increased fatigue [2]. Due to

the greater running volumes and intensities in both senior competition tiers, it seems prudent

that youth players concurrently develop the aerobic and anaerobic energy systems. Further

investigation regarding training practices to improve these physical characteristics is therefore

warranted.

The findings regarding kicks and handballs indicated that both sub-elite and elite senior

match-play afforded an opportunity to develop these technical skills. The number of total team

Table 3. Metabolic power data and energy cost for elite junior, elite and sub-elite Australian footballers. Values are mean (95% CI).

Youth Elite Senior Youth vs Elite Senior

(Effect Size d)

Sub-Elite Senior Youth vs Sub-Elite

(Effect Size d)

Peak Metabolic Power

(W�kg-1)

195.48 (189.63–210.32) 168.74 (162.36–175.23)a 0.41 165.29 (155.48–175.10)a 0.19

Average Energy Expenditure

(kJ�kg-1)

47.81(46.38–49.22) 62.55 (61.85–63.15a 2.19 59.61 (58.57–60.65)ab 1.58

Estimated Distance (ED) 13856 (13469–14244) 16959 (16788–17130)a 1.73 16373 (16099–16646)ab 1.12

Estimated Distance Index 1.269 (1.262–1.276) 1.283 (1.280–1.287)a 0.49 1.248 (1.242–1.253)ab 0.27

Time Spent (W�kg-1.min-1)

Low Power 73.06 (71.28–74.84) 82.73 (81.85–83.60)a 0.91 90.91 (89.55–92.28)ab 1.45

High Power 7.10 (6.67–7.53) 10.31 (10.08–10.54)a 1.76 8.87 (8.52–9.23)ab 1.04

Very High power 1.85 (1.70–1.99) 2.71 (2.63–2.77)a 1.57 2.15 (2.04–2.26)ab 0.67

% Time Spent (W�kg-1.%

min-1)

Low Power 85.51 (84.81–86.22) 82.25 (81.88–82.63)a 1.16 85.86 (85.27–86.44)b 0.23

High Power 8.00 (7.51–8.49) 10.29 (9.99–10.47)a 1.18 8.58 (8.20–8.95)b 0.38

Very High power 2.05 (1.91–2.19) 2.67 (2.60–2.74)a 1.10 2.06 (1.95–2.17)b 0.10

Number of Efforts

(W�kg-1.n�min-1)

Low Power 353.75 (340.49–367.01) 508.83 (501.57–516.08)a 2.37 475.78

(464.66–486.91)ab
1.60

High Power 158.46 (150.75–166.17) 223.36 (219.38–227.34)a 1.96 195.99

(189.81–202.16)ab
1.18

Very High power 56.34 (51.56–61.13) 81.47 (79.07–83.86)a 1.38 66.08 (62.31–69.84)ab 0.64

a Significantly different to elite junior AFL players (P<0.05).
b Significantly different to elite AFL players (P<0.05).

https://doi.org/10.1371/journal.pone.0212047.t003
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kicks compared to the opposition has been reported to be a key indicator of performance suc-

cess with AF [27], highlighting the importance of developing this skill. Regarding the competi-

tion tiers, it is likely that the interplay between internal (experience, technical ability, decision

making) and external (opposition, team tactics, game state) factors [1], influenced technical

skill proficiency differently for each group. Investigations within AF [1] and soccer [28]

match-play reported a strong relationship between the early onset of fatigue and a reduction in

technical skill performance. Furthermore, alternative AF research reported higher caliber play-

ers accrued more skill involvements, while also undertaking less high intensity running. [2].

These players displayed a higher chronological age [2], indicating a relationship between tech-

nical skill acumen and match-play experience within AF. The current research suggests that

youth players have not developed the required physical capacity to maintain skill proficiency

during match-play.

While research has decribed the acceleration and deceleration profiles of sub-elite [6, 7]

and elite AF [1, 10, 29, 30] players, minimal data is avaiable on youth AF players. Consequently

little is known about the acceleration and deceleration profiles during elite youth AF match-

play. Elite senior players in the current investigation covered 15% more distance and spent

13% to 36% more time performing HA and HD movements, compared to the youth players.

Similar findings have been reported between elite and sub-elite senior AF players for distance

and time spent in HA and HD zones [7]. This may reflect the superior capacity of elite senior

players to perform and sustain moderate to high-intensity acceleration and deceleration move-

ments. Interestingly, the youth players recorded 17% to 30% more HD and HA efforts com-

pared to sub-elite and elite senior players. It seems youth players have developed a capacity to

undertake HA efforts, however a diminished ability to sustain these rapid velocity changes.

Due to the considerable energy cost of acceleration and deceleration movements [31], it is rec-

ommended that training practices with youth players replicate the various velocity, accelera-

tion and deceleration movements evident in this research. Small-sided games are one such

training modality utilised within soccer to stimulate match-play specific physical and technical

skill development [32, 33]. The recent advent of metabolic power data derived from micro-

technology has revealed that small-sided games elicit a high volume of acceleration and decel-

eration movements [33]. Small-sided games may replicate intense periods of match-play and

therefore provide a beneficial training stimulus for AF players. Despite the regular implemen-

tation of this training modality within AF, little is currently known about the physical benefits

of small sided games. Future research should measure how this training modality can posi-

tively develop the physical capacity of youth AF players.

Although the authors acknowledge the current conjecture regarding the validity of micro-

technology to accurately quantify metabolic power [23, 34], this was one of the first studies to

provide data on the energy cost of youth AF match-play. Both senior match-play tiers resulted

in a substantially higher mean energy cost. Although the authors recognise these outcomes

were likely biased by the greater field times evident for the senior competition tiers, these find-

ings provide some practical implications for youth player development. The mean match-play

energy cost for sub-elite and elite senior players was similar to a AF (57–66 kj.kg-1) [10] and

soccer (66 kj.kg-1) [23] investigation. Conversely, a recent AF study reported a higher mean

match-play energy cost ranging from 74–76 kj.kg-1 [7]. With the increased physical demands

evident in elite senior AF [8], training practices within the youth develop pathway should con-

tinually evolve to prepare young players for the higher energy cost of senior match-play. As

evident by the hierarchical trend in the current investigation, challenges clearly exist transi-

tioning youth players to elite senior AF.

A notable strength of this investigation was the recruitment of one professional AF team

(elite and sub-elite cohort) who were exposed to a homogeneous training environment, while
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also using an established and embedded elite youth development program. This provided the

authors with a large cohort for a cross-sectional analysis. As with all match analyses, the find-

ings within this investigation reflect the tactical decisions of the coaching staff during match-

play, and therefore caution is warranted when extrapolating the results to alternative AF teams

or competition tiers. This was one of the first studies to identify and compare movement

demands from youth through to elite senior match-play, with many relevant outcomes estab-

lished. Future research should examine specific training practices to prepare youth players

transitioning to professional AF teams.

Conclusion

A number of differences were evident for field time, HSR, HA, HD and match-play energy

cost across competition tiers within AF. It was evident that sub-elite senior match-play allowed

for increased field time, a reduction in running demands and similar technical skill involve-

ments to elite senior match-play. Therefore, sub-elite senior match-play justifiably offers a

match-play conduit to develop physical capacity and technical skill acumen during the transi-

tion from youth to elite senior AF match-play.

Acknowledgments

The authors would like to thank the players and staff of the Sydney Swans football club for

their participation and cooperation throughout this research. The authors received no finan-

cial assistance for this research.

Author Contributions

Conceptualization: Stephen J. Kelly, Mark L. Watsford, Damien Austin.

Formal analysis: Stephen J. Kelly, Mark L. Watsford.

Investigation: Stephen J. Kelly, Mark L. Watsford, Michael J. Rennie, Rob W. Spurrs, Damien

Austin, Matthew J. Pine.

Methodology: Stephen J. Kelly, Mark L. Watsford, Damien Austin.

Resources: Stephen J. Kelly.

Supervision: Stephen J. Kelly, Mark L. Watsford, Damien Austin.

Validation: Stephen J. Kelly, Mark L. Watsford.

Writing – original draft: Stephen J. Kelly.

Writing – review & editing: Stephen J. Kelly, Mark L. Watsford, Michael J. Rennie, Rob W.

Spurrs, Damien Austin.

References

1. Kempton T, Sullivan C, Bilsborough JC, Cordy J, Coutts AJ. Match-to-match variation in physical activ-

ity and technical skill measures in professional Australian Football. J Sci Med Sport. 2015; 18(1):

109–13. https://doi.org/10.1016/j.jsams.2013.12.006 PMID: 24444753

2. Johnston RJ, Watsford ML, Pine MJ, Spurrs RW, Murphy A, Pruyn EC. Movement Demands and

Match Performance in Professional Australian Football. Int J Sports Med. 2012; 33(02): 89–93.

3. Woods CT, Veale JP, Collier N, Robertson S. The use of player physical and technical skill match activ-

ity profiles to predict position in the Australian Football League draft. J Sports Sci. 2017; 35(4): 325–30.

https://doi.org/10.1080/02640414.2016.1164334 PMID: 27014937

Match-play movement and metabolic power demands of Australian football

PLOS ONE | https://doi.org/10.1371/journal.pone.0212047 February 28, 2019 8 / 10

https://doi.org/10.1016/j.jsams.2013.12.006
http://www.ncbi.nlm.nih.gov/pubmed/24444753
https://doi.org/10.1080/02640414.2016.1164334
http://www.ncbi.nlm.nih.gov/pubmed/27014937
https://doi.org/10.1371/journal.pone.0212047


4. Coutts AJ, Quinn J, Hocking J, Castagna C, Rampinini E. Match running performance in elite Australian

Rules Football. J Sci Med Sport. 2010; 13(5): 543–8. https://doi.org/10.1016/j.jsams.2009.09.004

PMID: 19853508

5. Mooney M, O’Brien B, Cormack S, Coutts A, Berry J, Young W. The relationship between physical

capacity and match performance in elite Australian football: A mediation approach. J Sci Med Sport.

2011; 14(5): 447–52. https://doi.org/10.1016/j.jsams.2011.03.010 PMID: 21530392

6. Aughey RJ. Widening margin in activity profile between elite and sub-elite Australian football: A case

study. J Sci Med Sport. 2013; 16(4): 382–6. https://doi.org/10.1016/j.jsams.2012.10.003 PMID:

23391433

7. Johnston RJ, Watsford ML, Austin DJ, Pine MJ, Spurrs RW. Movement Demands and Metabolic Power

Comparisons Between Elite and Subelite Australian Footballers. J Strength Cond Res. 2015; 29(10):

2738–44. https://doi.org/10.1519/JSC.0000000000000936 PMID: 26402474

8. Burgess D, Naughton G, Norton K. Quantifying the Gap Between Under 18 and Senior AFL Football:

2003 and 2009. Int J Sport Physiol Perform. 2012; 7(1): 53–8.

9. Woods CT, Bruce L, Veale JP, Robertson S. The relationship between game-based performance indi-

cators and developmental level in junior Australian football: Implications for coaching. J Sports Sci.

2016; 34(23): 2165–9. https://doi.org/10.1080/02640414.2016.1210816 PMID: 27438522

10. Coutts AJ, Kempton T, Sullivan C, Bilsborough J, Cordy J, Rampinini E. Metabolic power and energetic

costs of professional Australian Football match-play. J Sci Med Sport. 2015; 18(2): 219–24. https://doi.

org/10.1016/j.jsams.2014.02.003 PMID: 24589369

11. Woods CT, McKeown I, Haff GG, Robertson S. Comparison of athletic movement between elite junior

and senior Australian football players. J Sports Sci. 2016; 34(13): 1260–5. https://doi.org/10.1080/

02640414.2015.1107185 PMID: 26525174

12. Bilsborough J, Greenway K, Opar D, Livingstone S, Cordy J, Bird S, et al. Comparison of anthropome-

try, upper body strength and lower body power characteristics in different levels of Australian Football

players. J Strength Cond Res. 2015; 29(3): 826–834 https://doi.org/10.1519/JSC.0000000000000682

PMID: 25226309

13. Kelly SJ, Watsford ML, Austin D, Spurrs RW, Pine MJ, Rennie MJ. Differences in Physical Capacity

between Junior and Senior Australian Footballers. J Strength Cond Res. 2017; 31(11): 3059–3066.

https://doi.org/10.1519/JSC.0000000000001720 PMID: 28885388

14. Robertson S, Woods C, Gastin P. Predicting higher selection in elite junior Australian Rules football: the

influence of physical performance and anthropometric attributes. J Sci Med Sport. 2014; 18(5):

601–606. https://doi.org/10.1016/j.jsams.2014.07.019 PMID: 25154704

15. Woods CT, Cripps A, Hopper L, Joyce C. A comparison of the physical and anthropometric qualities

explanatory of talent in the elite junior Australian football development pathway. J Sci Med Sport. 2017;

20(7): 684–8. https://doi.org/10.1016/j.jsams.2016.11.002 PMID: 27899276

16. Woods CE, Raynor AJ, Bruce L, McDonald Z, Collier N. Predicting playing status in junior Australian

Football using physical and anthropometric parameters. J Sci Med Sport. 2015; 18(2): 225–9 https://

doi.org/10.1016/j.jsams.2014.02.006 PMID: 24613146

17. Brewer C, Dawson B, Heasman J, Stewart G, Cormack S. Movement pattern comparisons in elite

(AFL) and sub-elite (WAFL) Australian football games using GPS. J Sci Med Sport. 2010; 13(6):

618–23. https://doi.org/10.1016/j.jsams.2010.01.005 PMID: 20434398

18. Johnston RJ, Watsford ML, Pine MJ, Spurrs RW, Murphy AJ, Pruyn EC. The Validity and Reliability of

5-hZ Global Positioning System Units to Measure Team Sport Movement Demands. J Strength Cond

Res. 2012; 26(3): 758–65. https://doi.org/10.1519/JSC.0b013e318225f161 PMID: 22310508

19. Johnston RJ, Watsford ML, Kelly SJ, Pine MJ, Spurrs RW. Validity and Interunit Reliability of 10 Hz and

15 Hz GPS Units for Assessing Athlete Movement Demands. J Strength Cond Res. 2014; 28(6):

1649–55. https://doi.org/10.1519/JSC.0000000000000323 PMID: 24276300

20. Duffield R, Reid M, Baker J, Spratford W. Accuracy and reliability of GPS devices for measurement of

movement patterns in confined spaces for court-based sports. J Sci Med Sport. 2010; 13(5): 523–5.

https://doi.org/10.1016/j.jsams.2009.07.003 PMID: 19853507

21. Johnston RJ, Watsford ML, Pine MJ, Spurrs RW. Standardisation of Acceleration Zones in Professional

Field Sport Athletes. Int J Sports Sci Coach. 2014; 9(5): 1161–8.

22. Rampinini E, Alberti G, Fiorenza M, Riggio M, Sassi R, Borges T, et al. Accuracy of GPS devices for

measuring high-intensity running in field-based team sports. Int J Sports Med. 2015; 36(1): 49–53.

https://doi.org/10.1055/s-0034-1385866 PMID: 25254901

23. Osgnach C, Poser S, Bernardini R, Rinaldo R, Di Prampero PE. Energy Cost and Metabolic Power in

Elite Soccer: A New Match Analysis Approach. Med Sci Sports Exerc. 2010; 42(1): 170–8. https://doi.

org/10.1249/MSS.0b013e3181ae5cfd PMID: 20010116

Match-play movement and metabolic power demands of Australian football

PLOS ONE | https://doi.org/10.1371/journal.pone.0212047 February 28, 2019 9 / 10

https://doi.org/10.1016/j.jsams.2009.09.004
http://www.ncbi.nlm.nih.gov/pubmed/19853508
https://doi.org/10.1016/j.jsams.2011.03.010
http://www.ncbi.nlm.nih.gov/pubmed/21530392
https://doi.org/10.1016/j.jsams.2012.10.003
http://www.ncbi.nlm.nih.gov/pubmed/23391433
https://doi.org/10.1519/JSC.0000000000000936
http://www.ncbi.nlm.nih.gov/pubmed/26402474
https://doi.org/10.1080/02640414.2016.1210816
http://www.ncbi.nlm.nih.gov/pubmed/27438522
https://doi.org/10.1016/j.jsams.2014.02.003
https://doi.org/10.1016/j.jsams.2014.02.003
http://www.ncbi.nlm.nih.gov/pubmed/24589369
https://doi.org/10.1080/02640414.2015.1107185
https://doi.org/10.1080/02640414.2015.1107185
http://www.ncbi.nlm.nih.gov/pubmed/26525174
https://doi.org/10.1519/JSC.0000000000000682
http://www.ncbi.nlm.nih.gov/pubmed/25226309
https://doi.org/10.1519/JSC.0000000000001720
http://www.ncbi.nlm.nih.gov/pubmed/28885388
https://doi.org/10.1016/j.jsams.2014.07.019
http://www.ncbi.nlm.nih.gov/pubmed/25154704
https://doi.org/10.1016/j.jsams.2016.11.002
http://www.ncbi.nlm.nih.gov/pubmed/27899276
https://doi.org/10.1016/j.jsams.2014.02.006
https://doi.org/10.1016/j.jsams.2014.02.006
http://www.ncbi.nlm.nih.gov/pubmed/24613146
https://doi.org/10.1016/j.jsams.2010.01.005
http://www.ncbi.nlm.nih.gov/pubmed/20434398
https://doi.org/10.1519/JSC.0b013e318225f161
http://www.ncbi.nlm.nih.gov/pubmed/22310508
https://doi.org/10.1519/JSC.0000000000000323
http://www.ncbi.nlm.nih.gov/pubmed/24276300
https://doi.org/10.1016/j.jsams.2009.07.003
http://www.ncbi.nlm.nih.gov/pubmed/19853507
https://doi.org/10.1055/s-0034-1385866
http://www.ncbi.nlm.nih.gov/pubmed/25254901
https://doi.org/10.1249/MSS.0b013e3181ae5cfd
https://doi.org/10.1249/MSS.0b013e3181ae5cfd
http://www.ncbi.nlm.nih.gov/pubmed/20010116
https://doi.org/10.1371/journal.pone.0212047


24. Hopkins WG, Marshall SW, Batterham AM, Hanin J. Progressive Statistics for Studies in Sports Medi-

cine and Exercise Science. Med Sci Sports Exerc. 2009; 41(1): 3–12. https://doi.org/10.1249/MSS.

0b013e31818cb278 PMID: 19092709

25. Le Rossignol P, Gabbett TJ, Comerford D, Stanton WR. Repeated-Sprint Ability and Team Selection in

Australian Football League Players. Int J Sport Physiol Perform. 2014; 9(1): 161–5.

26. Dogramaci SN, Watsford ML, Murphy AJ. Time-Motion Analysis of International and National Level Fut-

sal. J Strength Cond Res. 2011; 25(3): 646–51. https://doi.org/10.1519/JSC.0b013e3181c6a02e

PMID: 20543744

27. Robertson S, Back N, Bartlett JD. Explaining match outcome in elite Australian Rules football using

team performance indicators. J Sports Sci. 2016; 34(7): 637–44. https://doi.org/10.1080/02640414.

2015.1066026 PMID: 26176890

28. Rampinini E, Impellizzeri FM, Castagna C, Coutts AJ, Wisløff U. Technical performance during soccer

matches of the Italian Serie A league: Effect of fatigue and competitive level. J Sci Med Sport. 2009; 12

(1): 227–33. https://doi.org/10.1016/j.jsams.2007.10.002 PMID: 18083631

29. Varley MC, Aughey RJ. Acceleration Profiles in Elite Australian Soccer. Int J Sports Med. 2013; 34(01):

34–9.

30. Aughey RJ. Australian Football Player Work Rate: Evidence of Fatigue and Pacing? Int J Sport Physiol

Perform. 2010; 5(3): 394–405.

31. di Prampero PE, Fusi S, Sepulcri L, Morin JB, Belli A, Antonutto G. Sprint running: a new energetic

approach. J Exp Biol. 2005; 208(14): 2809–16.

32. Gaudino P, Alberti G, Iaia FM. Estimated metabolic and mechanical demands during different small-

sided games in elite soccer players. Hum Mov Sci. 2014; 36: 123–33. https://doi.org/10.1016/j.humov.

2014.05.006 PMID: 24968370

33. Hodgson C, Akenhead R, Thomas K. Time-motion analysis of acceleration demands of 4v4 small-

sided soccer games played on different pitch sizes. Hum Mov Sci. 2014; 33: 25–32. https://doi.org/10.

1016/j.humov.2013.12.002 PMID: 24576705

34. Buchheit M, Al Haddad H, Simpson BM, Palazzi D, Bourdon PC, Di Salvo V, et al. Monitoring Accelera-

tions with GPS in Football: Time to Slow Down? Int J Sport Physiol Perform. 2014; 9(3): 442–5.

Match-play movement and metabolic power demands of Australian football

PLOS ONE | https://doi.org/10.1371/journal.pone.0212047 February 28, 2019 10 / 10

https://doi.org/10.1249/MSS.0b013e31818cb278
https://doi.org/10.1249/MSS.0b013e31818cb278
http://www.ncbi.nlm.nih.gov/pubmed/19092709
https://doi.org/10.1519/JSC.0b013e3181c6a02e
http://www.ncbi.nlm.nih.gov/pubmed/20543744
https://doi.org/10.1080/02640414.2015.1066026
https://doi.org/10.1080/02640414.2015.1066026
http://www.ncbi.nlm.nih.gov/pubmed/26176890
https://doi.org/10.1016/j.jsams.2007.10.002
http://www.ncbi.nlm.nih.gov/pubmed/18083631
https://doi.org/10.1016/j.humov.2014.05.006
https://doi.org/10.1016/j.humov.2014.05.006
http://www.ncbi.nlm.nih.gov/pubmed/24968370
https://doi.org/10.1016/j.humov.2013.12.002
https://doi.org/10.1016/j.humov.2013.12.002
http://www.ncbi.nlm.nih.gov/pubmed/24576705
https://doi.org/10.1371/journal.pone.0212047


Copyright of PLoS ONE is the property of Public Library of Science and its content may not
be copied or emailed to multiple sites or posted to a listserv without the copyright holder's
express written permission. However, users may print, download, or email articles for
individual use.


