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ABSTRACT

Background The acute:chronic workload ratio (ACWR)
is commonly used to manage training load in sports,
particularly to reduce injury risk. However, despite its
extensive application as a prevention intervention, the
effectiveness of load management using ACWR has
never been evaluated in an experimental study.

Aim To evaluate the effectiveness of a load
management intervention designed to reduce the
prevalence of health problems among elite youth football
players of both sexes.

Methods We cluster-randomised 34 elite youth football
teams (16 females, 18 males) to an intervention group
(18 teams) and a control group (16 teams). Intervention
group coaches planned all training based on published
ACWR load management principles using a commercially
available athlete management system for a complete
10-month season. Control group coaches continued

to plan training as normal. The prevalence of health
problems was measured monthly in both groups using
the Oslo Sports Trauma Research Centre Questionnaire
on Health Problems.

Results The between-group difference in health
problem prevalence (primary outcome) was 1.8%-points
(4.1 to 7.7 %-points; p=0.55) with no reduction in
the likelihood of reporting a health problem in the
intervention group (relative risk 1.01 (95% CI 0.91 to
1.12); p=0.84) compared with the control group.
Conclusions We observed no between-group
difference, suggesting that this specific load
management intervention was not successful in
preventing health problems in elite youth footballers.
Trial registration number ISRCTN18177140.

INTRODUCTION

Health problems are common among elite youth
footballers who experience similar injury and
illness patterns and burden as senior professional
players.'”

Previous studies in elite youth football have
found that at any given time of the season, the
prevalence of health problems is over 40%.” Loss of
participation due to health problems can negatively
affect the players’ performance,® their health later
in their career’ ¢ and, ultimately, their long-term
development.” Therefore, preventive measures are
important.

A range of general and specific exercise-based
interventions have shown substantial efficacy.®™’
In most cases, these interventions have been tested
among elite adult male players®' * 15 and recre-
ational youth players'? ' '°; only one study has
been performed on elite youth players.'”

Recently, researchers and practitioners have
increased their interest in training load as a risk
factor for health problems in football,'® with
numerous studies reporting an association between
training load and injury.””** Consequently, training
load monitoring and management has gained
widespread popularity as a preventive measure in
professional and elite youth football."® ** There
is currently no consensus on which training load
parameters should be monitored, how their cut-
off values should be set and how load progression
should be evaluated. Moreover, load management
is performed in numerous ways, is often dictated
by the philosophy of the club staff or manager and
has no consensus scientifically.'® * In 2014, Hulin
et al”* proposed the concept of the acute:chronic
workload ratio (ACWR), whereby an athlete’s
recent training load (acute workload) is divided
by their training load over a longer period of time
(chronic workload). This metric is suggested to
aid practitioners in managing training load within
certain ranges.” 2° The initial concept was based on
avoiding sudden spikes in training load, trying to
keep ACWR within an arbitrary ‘optimal range’ of
0.8-1.5.22¢

Observational evidence supporting an associ-
ation between ACWR and injury is inconsistent
and controversial,”’>° and there are no exper-
imental studies to determine whether using
ACWR to manage training loads actually prevents
injury or illness. Therefore, the aim of this cluster
randomised controlled trial was to assess the effect
of an ACWR-based load management intervention
on health problem risk among elite youth footbal-
lers of both sexes.

METHODS

This study involved 482 Norwegian elite U-19 foot-
ball players (178 females, 278 males), conducted
during a complete season from February to
November 2018.

Recruitment
We identified 78 teams from the vicinity of members
in our research group and their participation in one
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Figure 1  Flow of the teams and the players throughout the intervention.

of the top two tiers of Norwegian youth football. Of these, 15
teams that already used a training load management system were
not invited, as this was likely to affect their adherence with the
intervention. Sixty-three teams were invited and 27 declined
to participate, 10 due to time constraints and 17 teams did not
respond to the invitation or give any specific reason for why they
declined (figure 1). Players who were permanent squad members
were invited to participate in the study, with the exception of
players who were likely to be absent from football training and
match play for the study period due to severe health problems
at baseline.

Participants

Thirty-six teams (15 females and 21 males) accepted the invi-
tation to participate, and all players (or their guardian) on
these teams gave their written consent to take part in the study
(figure 1). The trail started for each team after all players had
provided written consent, and the team had completed their
introductory course to either the intervention group or the
control group routines. Data collection was closed as each team
finished their season.

Randomisation

We randomised on a team level to minimise the risk of contam-
ination bias between players within the teams. A statistician,
blinded to the study protocol, computer-generated blocks of 4
and 6 teams in random order. After a team and their players
agreed to participate, the principal investigator opened a sealed
envelope revealing the team’s group assignment.

Blinding

It was impossible to blind players, coaches or the principal
investigator to group allocation. However, a research assis-
tant decoded the outcome measures during the data collection
period, and outcome measures were not available to any of the
members of the study group until all data had been collected.

Control group
(N=16 teams, 9=9, 3=7;
~320 players)

Withdrew
(N=2 teams, 2=1, J=1;
~40 players)

Control group
(N=14 teams, 9=8, J=6;
248 players)

(N=31, 9=20,3=11;)

Non-responders ‘

Control group
(N=14 teams, 9=8, 3=6;
217 players)

Intervention

The intervention consisted of individualised load management
of every player in the intervention group. Intervention group
coaches planned the weekly training plan (microcycle) based
on each player’s training load history. A commercially avail-
able athlete monitoring system (AMS; Athlete Monitoring,
Fitstats Inc, New Brunswick, Canada) assisted coaches in plan-
ning player microcycles, based on ACWR theory.”* ACWR was
calculated as the coupled 7-28 day ratio using a rolling average.
We instructed the intervention group coaches on training load
management theory and how to use the AMS to plan training
content, duration and intensity. Each coach received a 1-hour
introductory session and a follow-up session 2weeks later if
necessary. Coaches were instructed to follow a periodisation
model based on the ‘optimal range’ concept described by Hulin
et al,**3! where the aim was to progress or maintain player load
while ensuring they remained within the desired ACWR range
of 0.8-1.5.

All training load data reported by the players were instantly
available on the coach dashboard in the AMS (figure 2). After
finishing all weekly football activity every Sunday evening,
coaches reviewed and arranged the individual training plans for
the following week. The coaches were expected to have detailed
insight into all their players’ planned training and match activ-
ities (including activities outside the club team, ie, high-school
training, regional team and national team). The AMS combined
the subsequent week’s (7 days) planned training load with the
training load from the past 21 days (a rolling average of 28 days)
and calculated the planned ACWR for the subsequent week.

If the planned training activity in the subsequent week led to
players having an ACWR below 0.8, the AMS alerted the coach
with a suggestion to increase the load accordingly. Conversely, if
the planned activity led to an ACWR above 1.5, the AMS alerted
the coach (figure 3) and suggested that they decrease the planned
load. Additionally, during the week, coaches were expected to
ensure that players completed their training as planned and, if
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o
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1.68 (4000)
1.68 (4000)
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1.23(4000)
1.23(4000)
1.23(4000)
1.23(4000)
1.23(4000)
1.23(4000)
1.23(4000)
1.23(4000)

Figure 2 Coaches dashboard in the AMS after next week’s training load is planned.

necessary, adjust the programme to keep them within the ACWR
‘optimal range’ (ie, if a player reported much higher loads than
planned in the start of the week, the remainder of the weekly
load could be reduced or vice versa).

We regularly contacted the coaches and sent supportive email
each month to encourage them to continuing their training plan-
ning based on the intervention.

Collection of training load data

Intervention group players recorded the duration and their
overall perceived rate of physical exertion (RPE) using the modi-
fied Borg CR-10 scale®” after all footballing activity, including
non-organised football play. Players were familiarised with the
collection method as well as the Borg scale before study start.
We calculated an arbitrary training load unit (AU) by multiplying
the duration with the session RPE (sRPE)*? for all football activ-
ities. Ten minutes after each training session was planned to be
completed, a link to a questionnaire in the AMS smartphone app
was sent to the players via an automated short message service
(SMS; see online supplemental file 3 for details). If players
had not replied to the questionnaire 12 hours postactivity, they
received a second SMS, reminding them to complete the ques-
tionnaire. If players failed to complete the session questionnaire,
the AMS treated the player as not being a part of the training

and leaving a session value of nil in the calculations (and falsely
decreasing the load of the player). The control group did not
record any training load data.

Collection of health data

We used the Oslo Sports Trauma Research Centre Question-
naire on Health Problems (OSTRC-H2) Questionnaire (online
supplemental file 1)** to record health data. Players responded
to the questionnaire in the last week of each month and were
instructed to report health problems for the previous 7 days only,
giving us weekly prevalence of 10 intervals at approximately
1 month apart.

The questionnaire was distributed using an online survey soft-
ware (Briteback AB, V.2.5.3.1; Norrképing, Sweden) via SMS
on Sunday at 21:00. Non-responders received an SMS reminder
the following morning at 08:00. Players were asked to report all
complaints, irrespective of their consequences on football partic-
ipation or their need to seeck medical attention, including illness
and injury.** If players answered anything but the lowest score
(ie, ‘no problem’) on either of the questions, a health problem
was registered. If a player registered alternative two or higher
(ie, moderate or severe reduction, or inability to participate)
in question 2 (training volume) or 3 (performance), the health
problem was registered as substantial. Each month, we calculated

& Consider Fixing
Decrease load by 906 units

AN

Figure 3 Coaches’ dashboard in AMS suggesting a revision of planned load. AMS, athlete management system.
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prevalence of both outcomes by dividing the number of players
reporting either a health problem or a substantial health problem
to the total number of respondents in each group. To ensure
consistent reporting of all health problems, we familiarised
players with the definitions in the prestudy meeting and repeat-
edly emphasised the importance of reporting all health prob-
lems during the study period, irrespective of their consequences.
We informed the players that the coaches and other club staff
members did not have access to any health data.

Outcome measures

The primary outcome measure was the occurrence of all health
problems over the course of the season. The secondary outcome
measure was occurrence of substantial health problems over the
course of the season.

Statistical methods

The primary effect measure was the between-group difference
in prevalence (intervention — control). The secondary effect
measure was relative risk (RR) ratio (intervention/control).
To evaluate the effectiveness of the intervention, we fitted
generalised estimating equations panel data models to the two
outcomes: all health problems and substantial health problems.
The models were defined with a binomial family, a log-link
function and an exchangeable correlation matrix. The estimated
SEs were adjusted for clustering, and a Kauermann and Carroll
bias-corrected variance estimator,”” which is specifically recom-
mended for cluster randomised trials, was used. The models
included terms for group (intervention vs control) and time,
and we report the results for group as the RR of intervention
versus control. Initial models also included a term for group x
time interaction; however, this term did not impact the models
(p=0.44for all health problems; p=0.34 for substantial health
problems), and we removed the interaction term to obtain a
simple and easily interpretable estimate of the intervention effect.
We used the xtgeebcv command®® in Stata (V.15.3 StataCorp
LLC, College Station, Texas, USA; see online supplemental file
2 for script and results). No attempt to impute missing training
or health data was performed. All analyses were performed
according to the intention-to-treat (ITT) principle, using a full
analysis set definition; that is, we included all available data and
analysed the teams as randomised. Teams that withdrew from
the study directly after randomisation were excluded, as were
players who did not record any outcome data.

Sample size

The sample size calculation was based on an average preva-
lence of health problems among elite youth footballers of 40%.
Based on an analysis of variance of within-subject and within-
team prevalence, an inflation factor (DE) of 1.65 (to account for
randomisation at the cluster level), a cluster size of 20 players,
a power of 80% and a 5% significance level (o), we estimated
that a sample of 2x380 players would be needed to detect a
40% reduction in prevalence. This was based on previous studies
with a similar design®®” and on our estimation of what coaches
would consider a worthwhile meaningful difference. To find the
inflation factor, the following formula was used DE=1+(n-1)
p, where n is the number of individuals and p is the intracluster
correlation coefficient.*®

Ethics
The study was registered in the International Standard
Randomised Controlled Trial Number Registry.

Table 1 Baseline characteristics of players included in the analyses
Intervention group Control group
N 177 217
Girls 57 107
Boys 120 110
Age 17.2(1.2) 17.4(1.1)
RESULTS

Participants

A total of 34 teams were enrolled in the study; nine teams
withdrew shortly after randomisation, and 88 players did not
respond to any of the health problems questionnaires. Eleven
teams in the intervention group and 14 teams in the control
group completed the study, and the total number of players anal-
ysed was 394 (table 1).

The flow of the teams and the number of players are shown in
figure 1. Of the nine teams that withdrew after randomisation,
seven teams were randomised to the intervention group and two
teams to the control group. The reasons stated for withdrawal
from the intervention group were: wanted to be in the control
group (n=4), wanted to implement a different load management
routine (n=2) and change of coaching staff (n=1). The two
teams that withdrew from the control group indicated that they
would rather be in the intervention group.

Questionnaire response rate

We recorded a total of 2475 health problems questionnaires.
The compliance to the OSTRC-H2 questionnaire was 62%
(range 10%-100%) in the intervention group and 76% (range
10%-100%) in the control group, which amounts to an average
of 69%. The intervention group coaches planned a total of 25
004 player sessions and received 15 253 player responses, which
amounts to an overall response of 74% (range 0%-100.0%) to
the post-training questionnaire.

Training data
The intervention group players’ median weekly sRPE was 1470
(IQR 750) AU.

Adherence with the intervention

In a poststudy survey, the intervention group coaches replied
to the following question describing their compliance with the
intervention: did you use the AMS to plan training every week
throughout the season? Eight out of 11 coaches responded and
five replied ‘yes, every week’, two replied ‘no, every other week’
and one replied ‘no, every month’.

Primary outcome: all health problems

The average prevalence of health problems was 65.7% (61.1%-
70.2%) in the intervention group and 63.8% (60.0%-67.7%) in
the control group (figure 4). The prevalence was 1.8%-points
(—4.1 to 7.7%-points; p=0.55) higher in the intervention
group, and there was no reduction in the likelihood of reporting
a health problem in the intervention group (RR 1.01 (95% CI
0.91 to 1.12); p=0.84) compared with the control group.

Secondary outcome: substantial health problems

The average prevalence of substantial health problems was
31.1% (26.7%-35.5%) in the intervention group and 35.3%
(31.69%-39.1%) in the control group (figure 5). The prevalence
was 4.1%-points (—1.6 to 9.9; p=0.15) higher in the control
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Figure 4 Prevalence of health problems in the control group and the intervention group throughout the season.

group, and there was no reduction in the likelihood of reporting
a substantial health problem (RR 0.88 (0.72 to 1.06); p=0.17)
in the intervention group compared with the control group.

DISCUSSION

This is the first randomised controlled trial investigating the
effect of individual management of training loads on the risk of
health problems in any sport. We did not identify any significant
differences in either outcome between the intervention group
and the control group.

Intervention

When planning this study, choosing the exact mode of interven-
tion represented a major challenge. We were guided by the liter-
ature at the time, as well as the recommendations from the group
that developed the ACWR approach.?* 23’ Also, we considered
what was commonly used in the field and therefore had the most
practical relevance.

Since then, there has been increased scrutiny of the ACWR
concept, with several papers highlighting methodological
challenges®® **** and some authors questioning the validity
of the entire concept.”’™ Despite many studies showing
an association, no study has yet managed to predict health

problems based on ACWR,* indicating that a meaningful and
pronounced relationship between ACWR and health problems
is unlikely.

We tested the preventive effect on health problems by using
one particular approach of load management. However, there
is no consensus on which load management concept should be
used or, if using ACWR, how it should be calculated.*® Our
intervention was a one-size-fits-all approach, as we considered
it to be the most feasible method for the coaches and because a
structured individual protocol remains in a conceptual phase.*
Moreover, at the time we planned the study, the available liter-
ature recommended that a similar threshold should be used for
all players.** This one-size-fits-all approach has recently been
challenged by both scientists and practitioners, as the relation-
ship between ACWR and health problems is affected by a large
number of individual moderating factors.*®

Our training load parameter was sRPE. We chose sRPE as it
is considered a valid method for measuring training load across
various sports’’ and for elite youth footballers specifically.*®
Moreover, sRPE was the most practical way to quantify load
in 25 non-professional youth football teams, and the majority
of previous ACWR studies have used sRPE as their primary
measure of load.'? 2022 #9-¢7

100%
] -+ Control
80%- & Intervention
)}
E 60°%c
©
E 40%-
20%
G‘y" || || || 1 1 1 | | | | | |
2 3 4 5 6 7 8 9 10
Month

Figure 5 Prevalence of substantial health problems in the control group and the intervention group throughout the season.

Dalen-Lorentsen T, et al. Br J Sports Med 2021;55:108-114. doi:10.1136/bjsports-2020-103003 50f8

"1yBuAdoo Aq paroslold 1sanb Aq 202 ‘9z idy uo jwod fwq wslg//:dny woly papeojumod "0Z0z 1290190 6 U0 £00E0T-0202-SHodslg/9eTT 0T st paysiignd 1s.1 :pa suods  ig


http://bjsm.bmj.com/

Original research

Methodological considerations

This study involved an intervention that was arguably more tech-
nically demanding and time-consuming for coaches and players
than previous prevention studies in sports.® >” These challenges
may have led to reduced adherence to the intervention by the
coaches and to reduced questionnaire response rates by the
players.

A major limitation of the study is the method used to assess
the coaches’ adherence to the intervention. Ideally, we would
have logs or questionnaires describing the extent to which their
training planning was influenced by the ACWR, and how often
they intervened in their players’ training plan based on feedback
from the AMS. However, we asked the coaches in a poststudy
questionnaire where they indicated that, to a large extent, the
intervention had been followed.

Another problem we faced was the health problem ques-
tionnaire average response rate of 69% and specifically the
intervention group response rate of 62%. One reason that the
intervention group had lower response rate might be question-
naire fatigue, as they also reported training load after every foot-
ball session. Moreover, as the AMS could not be used to collect
the OSTRC-H2 at the time, the intervention group had to use
two different systems to record training and health data, which
is not optimal. Contrary to the health problem questionnaire,
the training load questionnaire had a reasonably good response
rate of 749%, which might indicate that the AMS collected data
in a more feasible way. Non-responders and non-compliances
will introduce selection and measurement bias in our analyses
and should be taken into consideration when interpreting our
results. Despite some of the challenges with this method, using
athlete-recorded health problems allowed us to use a broad
health problem definition and thereby gain a more complete
understanding of the range of health problems affecting the
players.®® ¢ In particular, this broader approach was specifi-
cally designed to record overuse injuries, which are presumably
the most preventable type of injury from a load management
intervention. Nevertheless, this approach also has limitations.”®
Health problems were not confirmed by a sports medicine prac-
titioner or by diagnostic imaging, making our data less secure
and detailed. Moreover, our approach includes illness as a health
problem without knowing more specifically whether or to what
extent the illness is caused by training load. If illness is not
affected by training load, it might result a bias towards the null
in our analyses. However, including illness is also a strength of
the study as illness prevention is a favourable potential outcome
of load management.”!

The average prevalence of both health problems and substan-
tial health problems are higher in our study than in previous
studies.> ® The reason for this is unknown. However, as this
finding was the same in both groups, we believe a between-
group comparison is appropriate.

Choosing a suitable population is key when performing
experimental research; elite youth players have previously been
targeted in injury prevention research.!” We chose this cohort of
athletes since many elite youth players in Norway train with and
play for several different teams, making their load management
challenging. Furthermore, this was deemed one of few cohorts
where coaches systematically plan their training and, at the same
time, where we would be allowed to influence their training
content.

The modified ITT analysis could introduce selection bias due
to the withdrawals postrandomisation and should be acknowl-
edged as a limitation of the study.

We were unable to identify statistically significant differences
between groups, a larger study with higher statistical powere
might have found otherwise. In this case, and based on our CIs,
the effect of the intervention would nonetheless be small to
moderate.

Perspectives

Although many practitioners, researchers and players consider
training load to be an important risk factor for health problems
in football, supporting evidence is currently conflicting. To date,
studies examining the relationship between training load and
health problems have largely been descriptive studies.

This trial—the first randomised study in the field—demon-
strates that, although difficult to conduct, it is not impossible.
We hope, despite this study’s methodological limitations, it will
pave the way for future training load studies using a similar
design.

In elite football, sports medicine and performance prac-
titioners meticulously and continuously assess each play-
er’s training load together with numerous other factors, such
as history of previous injuries, injuries, player age, wellness,
non-sporting load, communication with player, screening and
strength test and the importance of next match. This is done
to inform subjective decisions that aim to increase performance
and reduce risk of health problems. Providing coaches with
a one-size-fits-all metric does not seem to add much value to
this process. We believe that, given the results of this study and
the current state of knowledge in the field, load management
remains just as much an art as a science.

CONCLUSION

We provided coaches of teams in the intervention group with
tools and knowledge to manage their players’ training load using
a common form of ACWR. This did not lead to a reduction in
the prevalence of health problems, compared with teams in the
control group. Managing training loads using ACWR does not
appear to represent an effective prevention intervention in elite
youth football.

Patient and public involvement statement
Coaches were involved in the design of the intervention and
recruitment of teams and players to the study. Coaches and
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Key messages

What are the findings?

» Load management using acute:chronic workload ratio
(ACWR) in a one-size-fits-all approach does not appear to
prevent health problems among elite youth football players
of both sexes.

How might it impact on clinical practice in the future?

» The lack of a clear relationship between training load and
health problems does not mean practitioners should abandon
training load management. Its primary role has always been
performance enhancement and not health problem prediction
or prevention.

» With a lack of models linking training load and health
problems, practitioners should follow the general training
principles such as the principle of progressive overload.

» Alternative models of load management should be developed
and their preventative effect tested.
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players were not involved in the design of the research ques-
tions, the outcome measures or the analyses. The results from
the study will be disseminated to all teams that were included
in the project.

Twitter Torstein Dalen-Lorentsen @torsteindalen, Benjamin Clarsen
@benclarsen, Markus Vagle @markusvagle and Thor Einar Andersen
@DocThorAndersen
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