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a  b  s  t  r  a  c  t

Objectives:  To quantify  and  profile  the  training  and  match  loads  of international  footballers  as  they
transition  from  club-to-camp-to-tournament  contexts  during  multiple  international  tournaments.
Design:  Retrospective  single-cohort  observational  study.
Methods:  External  (session  duration  and  count)  and  internal  (session  Rating  of Perceived  Exertion  [s-
RPE])  load  data  of all  outfield  players  from  the  same  national  team  were  compared  between  club,  pre-
tournament  camp  and  initial  tournament  phases  of  3 recent  international  competitions.  Further,  load
profiles  were  compared  between  each  phase  based  on  the  acute:chronic  (A/C)  ratio  using  a 7 to  21-day
ratio.
Results:  Moderate-to-large  effect  sizes  existed  for increased  number  of  sessions  (ES =  1.92;  90%  CI:  1.56,
2.27)  and  s-RPE  training  load  (ES  = 1.16;  0.84,  1.48)  from  club  to  camp.  Conversely,  transitioning  from
camp-to-tournament  showed  very  large  effects  for decreased  number  of  training  sessions  (ES  =  −3.17;
−3.47,  −2.86)  and  s-RPE  training  load  (ES  = −2.05;  −2.35, −1.75),  alongside  increased  number  of  matches
(ES =  1.87;  1.55,  2.18)  and s-RPE  match  load  (ES  =  1.57;  1.25,  1.89).  Consequently,  a  moderate  effect  was
evident  for  increased  A/C  ratio  during  the club-to-camp  transition  (ES  = 1.02;  0.70,  1.33),  while  a moderate

decrease  in  the  A/C ratio  occurred  during  the  tournament  (ES  =  −0.76;  −1.06,  −0.46).
Conclusions:  International  footballers  showed  expected  increased  training  load  when  entering  into  pre-
tournament  camps,  predominately  via  increased  number  of  training  sessions.  Subsequent  reductions  in
training  volume  coincide  with increased  match  volume,  though  total  load  decreases.  Such profiles  provide

lation
 201
insight into  load  accumu
©

ractical implications

Simple measures of load (i.e. s-RPE, training and match exposure)
can be applied as an easy and cost-efficient method to continu-
ously monitor their players during the transition between club
and national team environments.
Knowledge of the players’ club-based loads may  be useful to
national team practitioners to help plan and manage camp and

tournament training according to the players’ individual load and
recovery needs.
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• Calculation of the A/C ratio may  be a useful approach to evaluate
international players training and match loads during the transi-
tion between club and national teams, although future research
is needed to determine which load variables and acute/chronic
time periods are most relevant within this context.

1. Introduction

Contemporary international football tournaments are charac-
terised by a high number of matches condensed into a short period
of time.1 Consequently, pre-tournament training camps function
to ensure that the players are tactically, physically and mentally

prepared for tournament demands. However, complicating this
pre-tournament planning is the need to appropriately balance
training load and recovery within a truncated period between
domestic club commitments and the tournament.2,3 Therefore, a

d.
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hallenge for national team staff is to manage the physical prepa-
ation of players during this transition; particularly, given the
ariable prior exposure to heterogeneous standards of competition
nd training types/volumes from a multitude of clubs in different
ountries.2 Accordingly, optimal preparation for international tour-
aments may  be possible by monitoring player’s training and match

oad within club and national team contexts. Currently information
n training and match loads in international footballers is sparse,
hus profiling the distribution and accumulation of load from club-
o-camp-to-tournament can provide valuable insight for national
eam practitioners.4

In recent years, the integration of load monitoring practices
ave been widely adopted in professional football to provide prac-
itioners with objective evidence to guide appropriate loading
trategies.5,6 Primarily utilised as a systematic approach to improve
erformance and injury prevention,7 numerous studies have ana-

ysed load data to infer on fitness,8,9 fatigue,10–12 recovery13,14

nd injury risk.15–17 However, load monitoring research in football
manates predominantly from professional club settings and lim-
ted information exists in national team contexts. Indeed, a recently
ublished case study was the first to demonstrate the load pro-
les of international footballers transitioning from club to national
eams, with emphasis on injury outcomes during training camp.4

hilst these results provide initial insight into load ‘spikes’ during
he transition from club to national teams, data was  only analysed
rom one national team during a single international tournament.4

evertheless, case studies of this nature are helpful in guiding sub-
equent larger studies to understand the distribution of load in
nternational footballers transitioning into national teams.

Despite the lack of evidence describing load profiles in interna-
ional football players, the anecdotal perceptions of practitioners
perating within national teams testify to the usefulness of
oad monitoring procedures to inform decision-making on injury
isk.18 However, the paucity of evidence from this environment is
ikely due to the significant challenges that exist in implement-
ng monitoring strategies within a national team environment.19

or instance, continuous monitoring of international players in
lub and national teams is a logistical challenge given the mul-
itude of clubs around the world, as well as the technical
ifficulties in exchanging load data between club and national
eams.2,4 Furthermore, within national team camp and tournament
nvironments additional barriers to implementing monitoring
ractices may  also include match scheduling, travel requirements,
layer adherence, manager/coach buy-in, and the availability of
acilitates/equipment.4,19 These difficulties in quantifying load in
nternational footballers can also extend back to the players’ clubs,

hereby international breaks and tournaments may  represent a
black period’ within their overall load monitoring profile, which is
roblematic for club and national team practitioners.2,20

In summary, limited research exists describing the accumula-
ion and distribution of training and match loads of international
ootball teams transitioning from club to national team contexts.
herefore, the aim of this study was to quantify the external (num-
er of sessions – training and matches) and internal (session-RPE,
-RPE) load profiles of a single national football team as players
ransitioned from club, to camp, to tournament periods over mul-
iple international tournaments.

. Methods

Training and match load data was used from thirty-five profes-

ional male football players (25.9 ± 3.8 years) selected to compete
or the Australian National Football Team at three international
ournaments. All outfield players from the original 23-man tour-
ament squad for each tournament were eligible for inclusion,
dicine in Sport 22 (2019) 948–954 949

with goalkeepers excluded due to variations in their training meth-
ods and match activity. Amongst the players eligible for inclusion,
the majority competed in European club competitions (60%), with
approximately a quarter (23.3%) playing in Australia, and the
remainder in leagues located in Asia (13.3%) and North America
(3.3%). The participating players consisted of seven central defend-
ers, four wide defenders, thirteen central midfielders, five wide
midfielders and six strikers. Provisional approval for the study was
obtained from the National Federation involved, with individual
player data previously collected as a condition of national team
duty.21 Data collection procedures were approved by the institu-
tional Human Research Ethics Committee. Retrospective sharing
and conditional usage of the data was undertaken in accordance
with a strict data confidentiality agreement, and as such, all data
were anonymised before analysis to ensure team and player confi-
dentiality.

The present observational study followed a retrospective single-
cohort study design. Individual training and match load data was
routinely collected from a single national football team com-
peting at three Fédération Internationale de Football Association
(FIFA) sanctioned international football tournaments – 2014 World
Cup (WC2014: 13th–23rd June), 2015 Asian Cup (AC2015: 9th–31st
January), and 2017 Confederations Cup (CC2017: 19th–25th June).
Continuous monitoring of the players began 28 days (4 weeks) prior
to the commencement of each official national team training camp,
whilst based with respective clubs. Data collection continued as
players arrived into camp and persisted throughout the full dura-
tion of the training camps and subsequent tournaments (WC2014,
28-days camp/11-days tournament; AC2015, 12-days camp/23-days
tournament; CC2017, 16-days camp/7-days tournament). Retro-
spectively, each tournament was  temporally aligned into three
distinct periods defined as the club period (i.e. pre-camp), camp
period (i.e. in-camp) and tournament period (i.e. in-tournament).
However, in order to account for the variations in training camp
and competition duration between the tournaments, data analysis
of each club, camp, and tournament period were standardised to 1-
week durations, as this was  the maximum overlapping time period
between the three tournaments. Therefore, training load profile
analysis was conducted using data measured 7 days pre-training
camp arrival (club period), 7 days post-camp arrival (camp period),
and 7 days post-1st tournament match (tournament period).

All data was collected by remote upload via a smartphone/tablet
application using the same reporting scales and recording proto-
col (SMARTABASE, Fusion Sport, Brisbane, Australia) while players
were with their club teams and then manually entered by play-
ers during camps and tournaments. Following the completion of
all training sessions and matches (≤30 min), players provided a
rating of perceived exertion (RPE; Modified CR-10 Borg scale),22

relating to the perceived intensity of the session. All players had ≈1-
year prior familiarity with the scale. Session load (s-RPE) was then
calculated by multiplying session duration (min) by RPE.23 Exter-
nal loads were determined as the total exposure time (min) and
number of sessions (training and matches) performed per week. In
addition, external loads were also categorised according to session
type, with data dichotomised as either “training load” or “match
load”. Global positioning system (GPS) data were not available for
all tournaments and club-based GPS data was not comparable given
the variety of systems used, and thus is not included here.

To evaluate players accumulated training and match load pro-
files, the acute:chronic ratio (A/C ratio) was calculated from s-RPE
load. The A/C ratio is defined as the ratio of an athlete’s short-term
(acute) load to the mean of their long-term (chronic) load.24,25 The

use of the A/C ratio has received significant interest in recent years,
particularly in team sports including football, with varying evi-
dence for and against its efficacy as an indicator of injury risk.16,17,26

As such, the A/C ratio was  calculated for each acute weekly time
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eriod (i.e. club, camp, and tournament periods) based on the mean
f the preceding 3-weeks (i.e. chronic workload). Currently, there is
o consensus regarding the optimal duration of both the chronic (2
s. 3 vs. 4 weeks) and acute (1 vs. 3 vs. 7 days) time periods applied
o A/C ratio, with the specific schedule likely to determine the most
ppropriate time periods.24

Descriptive data for each training and match load variables
re presented as means ± standard deviation (±SD). Analyses were
ndertaken on individual and grouped tournament data to reduce

nterpretation bias due to the specific case study design of investi-
ating data from a single tournament. The magnitude of effect for
ifferences in load variables between club, camp and tournament
eriods was expressed as a standardised mean difference (Cohen
ffect sizes, ES) with 90% confidence intervals.27 The criteria used to
nterpret the magnitude of the ES were as follows: 0–0.2 = trivial,
.21–0.6 = small, 0.6–1.2 = moderate, 1.21–2 = large, 2.1–4.0 = very

arge, ≥4.1 = nearly perfect.27 To aid in the interpretation, sam-
le means were labelled in reverse order (i.e. mean1 = camp,
ean2 = club) such that positive ES values indicate an increase and

egative ES values indicate a decrease in a load variable.

. Results

From all three tournaments, a combined total of 47 (club),
0 (camp) and 56 (tournament) player datasets were analysed
rom each respective time period, with player injury (n = 4) and
nconsistent-reporting of load data (n = 13) the primary reasons for
layer’s data exclusion.

Large effects (ES = 1.92; 90% CI: 1.56, 2.27) (Table 1) were evident
or an increase in training volume (number of sessions) during the
lub-to-camp transition, with similar trends evident in individual
ournament data; although this profile was most explicit and more
ronounced during the WC2014 (ES = 3.46; 2.87, 4.05) (Table 2).
verall, moderate effect sizes showed an increase in total s-RPE

oad (ES = 1.09; 0.76, 1.42) during this transition period, resultant
rom a moderate increase in training load (ES = 1.16; 0.84, 1.48),
ith only small effects for match load (ES = −0.21; −0.54, 0.13)

nd mean RPE (ES = 0.26; −0.08, 0.61). However, not all individ-
al tournament load profiles share this trend, as a trivial decrease
ES = −0.15; −0.82, 0.52) in training load was reported for the
C2017; possibly due to the moderate increase (ES = 1.08; 0.54, 1.62)

n match s-RPE load reported here. Regarding the A/C ratio, a mod-
rate increase (ES = 1.02; 0.70, 1.33) (Fig. 1) in relative load was
vident during the club-to-camp transition; though a very large
ncrease of the A/C ratio (ES = 2.42; 1.89, 2.94) was observed for the

C2014.
Very large effects (ES = −3.17; −3.47, −2.86) were evident for

 decrease in the number of training sessions during the camp-
o-tournament transition, with similar trends to varying extent
eplicated in the individual tournament data i.e. larger decrease
uring the AC2015 (ES = −7.14; −7.68, −6.59). Concomitantly, a large

ncrease in the number of matches played during the tournament
eriod was observed (ES = 1.87; 1.55, 2.18), with the extent of this
rend again larger during the AC2015 (ES = 2.87; 2.30, 3.44). Over-
ll, only a small decrease (ES = −0.25; −0.56, 0.06) in total s-RPE
oad was reported during this transition period, with the CC2017
eporting an opposing trend for a moderate increase in total load
ES = 0.95; 0.38, 1.52). However, a counterbalance in how load was
ccumulated between the two periods was evident; with very large
ffect sizes found for decrease in training s-RPE load (ES = −2.05;
2.35, −1.75) contrasting with a large increase (ES = 1.57; 1.25,

.89) in match s-RPE loads evident between the camp and tour-
ament periods. In relation to the A/C ratio, a moderate decrease in
elative load (ES = −0.76; −1.06, −0.46) was reported for the tour-
ament period compared to the first week of training camp, with a Ta
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Table 2
Internal and external load (mean ± SD) during Club, Camp and Tournament periods for individual tournament data (2014 World Cup, 2015 Asian Cup 2015, 2017 Confederations Cup).

2014 World Cup Club Camp Tournament Effect size 90% CI Effect size 90% CI Effect size 90% CI

n = 16 n = 20 n = 19 Club vs. camp Camp vs. tournament Club vs. tournament

Weekly no. training sessions (n) 2.3 ± 1.1 5.5 ± 0.8 3.9 ± 0.5 3.46c 2.87, 4.05 −2.38c −2.92, −1.85 2.07c 1.45, 2.70
Weekly  training load (AU) 526 ± 330 2135 ± 670 732 ± 322 2.94c 2.41, 3.48 −2.65c −3.18, −2.11 0.63a 0.06, 1.21
Weekly  no. matches (n) 0.2 ± 0.4 0.2 ± 0.4 1.3 ± 0.8 −0.10 −0.67, 0.48 1.85b 1.29, 2.41 1.70b 1.15, 2.25
Weekly  match load (AU) 114 ± 245 51 ± 164 865 ± 730 −0.31 −0.91, 0.29 1.56b 0.99, 2.13 1.33b 0.79, 1.87
Mean  RPE (1–10) 4.3 ± 1.4 5.9 ± 0.9 4.7 ± 0.7 1.45b 0.85, 2.05 −1.52b −2.06, −0.98 0.41 −0.21, 1.03
Mean  weekly total load (AU) 640 ± 298 2186 ± 622 1597 ± 507 3.06c 2.53, 3.59 −1.04a −1.57, −0.50 2.25c 1.70, 2.81

2015  Asian Cup Club Camp Tournament Effect size 90% CI Effect size 90% CI Effect size 90% CI
n  = 16 n = 20 n = 19 Club vs. camp Camp vs. tournament Club vs. tournament

Weekly no. training sessions (n) 3.8 ± 2.0 5.9 ± 0.4 2.9 ± 0.5 1.50b 0.84, 2.15 −7.14d −7.68, −6.59 −0.66a −1.30, −0.02
Weekly  training load (AU) 1034 ± 691 1667 ± 308 510 ± 247 1.23b 0.61, 1.86 −4.14d −4.68, −3.60 −1.05a −1.68, −0.42
Weekly  no. matches (n) 0.8 ± 0.9 0.0 ± 0.0 1.4 ± 0.7 −1.34b −2.00, 0.68 2.87c 2.30, 3.44 0.70a 0.11, 1.29
Weekly  match load (AU) 525 ± 556 0 ± 0 867 ± 587 −1.42b −2.08, −0.76 2.12c 1.55, 2.69 0.60 0.02, 1.17
Mean  RPE (1–10) 4.9 ± 1.7 5.0 ± 0.7 5.2 ± 0.6 0.08 −0.55, 0.72 0.22 −0.32, 0.76 0.20 −0.43, 0.83
Mean  weekly total load (AU) 1559 ± 677 1667 ± 308 1377 ± 425 0.21 −0.41, 0.84 −0.78a −1.33, −0.24 −0.33 −0.93, 0.27

2017  Confederations Cup Club Camp Tournament Effect size 90% CI Effect size 90% CI Effect size 90% CI
n  = 15 n = 20 n = 18 Club vs. camp Camp vs. tournament Club vs. tournament

Weekly no. training sessions (n) 3.7 ± 1.5 5.5 ± 0.6 4.0 ± 0.0 1.60b 0.94, 2.26, −3.30c −3.83, −2.77 0.27 −0.41, 0.94
Weekly  training load (AU) 1075 ± 638 1010 ± 225 494 ± 207 −0.15 −0.82, 0.52 −2.38c −2.93, −1.83 −1.28b −1.93, −0.62
Weekly  no. matches (n) 0.1 ± 0.4 0.7 ± 0.5 2.1 ± 1.0 1.18a 0.63, 1.74 1.86b 1.28, 2.43 2.49c 1.93, 3.05
Weekly  match load (AU) 64 ± 232 434 ± 406 1430 ± 796 1.08a 0.54, 1.62 1.60b 1.03, 2.18 2.24c 1.68, 2.80
Mean  RPE (1–10) 5.1 ± 1.5 4.3 ± 0.7 4.7 ± 0.5 −0.67a −1.33, −0.02 0.74a 0.20, 1.28 −0.28 −0.94, 0.38
Mean  weekly total load (AU) 1139 ± 635 1444 ± 332 1924 ± 647 0.63a −0.01, 1.27 0.95a 0.38, 1.52 1.22b 0.63, 1.82

n, number; AU, arbitrary units; CI, confidence intervals; LL, lower limit; UL, upper limit.
a Denotes a moderate effect size.
b Denotes a large effect size.
c Denotes a very large effect size.
d Denotes a nearly perfect effect size.
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Fig. 1. Comparison of the acute:chronic s-RPE load ratio (7:21days) between Club, Camp and Tournament periods for each individual tournament – (A) 2014 World Cup, (B)
2015  Asian Cup, (C) 2017 Confederations Cup and (D) grouped tournament data.
*
*
*
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 Denotes a moderate effect size.
* Denotes a large effect size.
** Denotes a very large effect size.

lightly larger decrease of the A/C ratio (ES = −1.48; −2.01, −0.94)
bserved for the WC2014.

. Discussion

This study compared training and match load profiles of play-
rs from a single international football team as they transitioned
etween club, camp, and tournament periods during three major

nternational tournaments. A large increase in the number of train-
ng sessions, resulting in higher s-RPE total load and A/C ratio

as apparent when transitioning from club to camp environ-
ents. As expected, subsequent reductions in training volumes and

ncreased match loads describe the camp-to-tournament transi-
ion. Within tournament trends replicated these patterns, though
ere not consistent across tournaments and likely were tailored

o the specific constraints of each tournament (i.e. AC2015 sched-
led mid-domestic season). Thus, the changing dynamic of these
raining and match loads alters the accumulation and distribution

f load profiles in international footballers, highlighting a role for
ffective load monitoring strategies.

The results of the present study demonstrate that during the
ransition between club and camp, international football players
experienced a moderate increase in total s-RPE load, resulting from
a large increase in training session count rather than training inten-
sity. Such a finding is intuitive given the increased availability of
the players during training camp facilitates the primary aim of
maximising the player’s training exposure to enhance overall team
performance. Accordingly, a moderate increase in A/C ratio was also
identified, and this increase in load is often perceived as a critical
point of player management and highlights the need for commu-
nication between club and national team practitioners. Similar A/C
ratio results were recently reported from this same cohort com-
paring the load profiles of injured and non-injured international
football players. Players incurring an injury in camp had a greater
increase in A/C ratio (1.7 ± 0.5 AU)  compared to players not incur-
ring an injury (1.3 ± 0.7 AU).4 Although, it should be noted that these
results were based on group means and not all players who had a
high A/C ratio (>2.0) went on to incur an injury, and some players
with A/C ratios between 0.8–1.3 did incur an injury.4 Nevertheless,
consideration of the player’s pre-camp workloads may  still be bene-

ficial to help national team staff profile individual player needs and
prevent excessive spikes in acute load as an initial periodization
strategy.16,17
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Whilst the present findings provide further evidence to suggest
hat international footballers are exposed to an increase in rela-
ive load during the transition from club-to-camp, the extent and
ature of this increase differed between the three included tour-
aments. For instance, during the WC2014 a very large increase in
he A/C ratio was evident, due to a combination of both a large
ncrease in training intensity and very large increase in the number
f training sessions. In contrast, the AC2015 and CC2017 only showed
mall-to-moderate increases in A/C ratio; driven by increases in the
umber of training sessions. Thus, while club-to-camp loads were
ore closely aligned for the AC2015 and CC2017 compared to WC2014,

ariations in the length of the training camps for these tourna-
ents may  partly explain these differences – with the condensed

cheduling of the AC2015 and CC2017 camps (12–16 days) constrain-
ng the relative increase in training load given the need for players
o be adequately recovered in a shorter time period before the first
ournament match. Indeed, despite the summary data presented in
his study, contextual factors of each tournament are important to
onsider when interpreting the load profiles of international foot-
allers. For example, the scheduling of the AC2015 as a mid-season
ournament meant that players arrived directly into camp from
heir domestic-club competitions resulting in an expected decrease
n match load during this transition.

This is the first study to report training and match loads per-
ormed by elite international football players as they transition
rom training camp to in-tournament contexts. During this tran-
ition period a counterbalance in training and match load was
vident, with large increases in match volume and s-RPE match
oad offset by very large decreases in training volume and s-RPE
raining load. This counterbalance in load accumulation intuitively
epresents the shift in training focus to match preparation and
rioritisation of recovery for subsequent matches with the tour-
ament periods.28 Of note, only a small decrease in total s-RPE

oad existed in this transition and not all tournaments followed
his trend, as CC2017 showed a moderate increase in total s-RPE
oad. Again, the condensed match scheduling that occurs during
his tournament likely affects load accumulation in camp. Conse-
uently, a higher relative load was observed during the tournament
eriod for the CC2017, resulting in only a small decrease in the
/C ratio, while the WC2014 and AC2015 had large-to-moderate
ecreases. These load profiles highlight a novel finding of the coun-
erbalance in training and match loads during the transition from
amp-to-tournament periods, though consideration of individual
layer load profiles is important. In particular, how the reduction

n training load may  impact the preparedness of fringe players
nd non-starters who are not exposed to the increases in tourna-
ent match load, and thus require additional training during the

ournament to maintain fitness.29 Furthermore, tournament load
ccumulation is also an important consideration for club practi-
ioners when planning training for the start of the next domestic
eague season, with international match and training loads likely to
nfluence the return dates of players, as well as the content of pre-
eason club programs. This issue remains a topic for future research,
s data was not available in this study to examine the transition of
nternational players returning to club teams.

Despite the novel and practical application of the findings to
nternational football contexts, this study is not without limi-
ations, which reflect the practicality of data collection within
ational football teams. Firstly, the cohort used here belongs to
ne national team, which limits the generalisation of the find-
ngs, as many contextual factors specific to the national team likely
nfluenced the load periodisation of the players. Secondly, work-

oad data within each period are presented as differences between
roups. Therefore, caution should be taken when applying these
ndings at the individual level, particularly when interpreting the
/C ratio as this represents a relative determination of the acute

1
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load performed by a player compared to their chronic workload.
In addition, there are various methods, timeframes, and parame-
ters from which the A/C ratio can be calculated, with continued
exploration of the metric within football necessary in order to
determine its appropriateness and association to practical out-
comes (i.e. injury). Lastly, the use of simple measures of load
within this study provides only a general understanding of the load
profiles of international footballers, while the inclusion of more
detailed objective external load measures may  provide more mean-
ingful findings. However, the lack of comparability between types
and variables of external load monitoring devices complicates the
exchange of such information between clubs and national teams.2,4

5. Conclusion

In summary, this study quantified the external and internal load
profiles of a single national football team as players transitioned
between club, camp and tournament periods over multiple inter-
national tournaments. Distinct variations in international players’
load profiles were identified between the time periods, with an
increase in training volume, s-RPE load, and A/C ratio evident
during the transition between club-to-camp periods. Subsequent
reductions in training volume and load coincided with expected
increases in match volume and load at the start of the tournament
period, resulting in an overall decrease of the A/C ratio between
the camp-to-tournament periods. Further research, involving data
derived from multiple national teams may  also enhance our under-
standing of players’ load profiles across a broader international
football context.
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