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Abstract

Injuries in male professional football present a multi-faceted and complex challenge for practitioners with significant con-
sequences across performance, psychosocial and financial domains. Medical and performance staff encounter considerable
pressure to maximise player availability and advance rehabilitation timeframes, whilst minimising the risk of subsequent
injury. Decisions involving increased risk promise, potentially, higher rewards and may significantly influence a player’s
career and team performance. Therefore, it is crucial that rehabilitation and return to play (RTP) procedures are evi-
dence-informed and strategically designed to mitigate subsequent injury risk. Due to the complex nature of injuries,
and the multidisciplinary approach required during the rehabilitation process, a wide range of knowledge and skills are
essential to inform a shared decision-making process and successful RTP. To support the understanding of the compe-
tencies required, this narrative review gives an overview of existing aetiological models, decision-making frameworks and
RTP approaches within the current literature. The current role of criteria-based progressions in rehabilitation frame-
works are evaluated and potential future research, that could improve rehabilitation procedures and inform better
RTP decision-making and post-RTP care in the professional football environment, is highlighted.
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Introduction professional leagues and countries.'° The variation in reported
overall incidence may be due to studies reporting single
season estimates’ compared to others using inter-seasonal dif-
ferences.”®!! Inter-seasonal changes give important infor-
mation on injury trends and are critical in the development
of injury prevention strategies.'' Furthermore, dense fixture
schedules, alongside the increasing physical and psycho-

The implications of injury within professional football are
multi-faceted, complex and can have significant performance,
psychosocial, and financial implications.' Significant pres-
sure is placed upon medical and performance departments
to maximise player availability and accelerate rehabilitation.

Usually, riskier options promise higher returns and the deci- logical demands of the game,'>"!7 add complexity to the

sion to progress or d?lay a player’s return to play (RTP) o oprition process, to ensure a player is fully prepared
may have a significant impact on a player’s career and a team’s for RTP
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Match injuries have a higher incidence (20.9-58/1000 h),
compared to training (2.8-6.8/1000 h).>*'? Lower extrem-
ity injury incidence was most frequent (6.8/1000 h), with
muscle and tendon injuries the most frequent type (4.6/
1000 h).'® 1t is important to consider the severity of injury
and associated time-loss. Severe injuries (>28 days lost)
accounted for between 15-23% of injuries sustained with
moderate injuries (8-28 days lost) between 33-47%.>%!!
On average, each player misses 37 days per season meaning
approximately 12% of the season is lost due to severe injury,’
with the most severe injuries resulting in longer rehabilitation
periods and potential threats to player’s careers.'®

Injury severity can strongly impact the physical and psy-
chosocial characteristics of the player demonstrating the
need for a holistic approach to rehabilitation.'*2° High sever-
ity of injury can negatively affect individual player perform-
ance, across mental, physical and technical domains'®*'*?
with injury burden known to negatively affect team perform-
ance and results."? Reportedly, lower injury incidence was
correlated with higher league position, more games won,
more goals scored and greater total points.> Consequently,
this has the potential to influence job security of the head
coach, with the average tenure reported to be less than 16
months,”® or the surrounding multidisciplinary team
(MDT).** The financial implications are significant. For
English Premier League teams, an average cost of approxi-
mately £45 million per season per team® has been reported,
in Australian football costs range between AUD$ 187,990
to 332,680 annually,?® for a Brazilian club hamstring injuries
alone reportedly caused a potential loss of $43.2 million USD
inasingle season®’ and the cost of muscle injuries, for Spanish
First Division teams, equates to a total monthly cost of €7.3
million.®® This provides professional football clubs with a
strong economic incentive to invest and improve injury pre-
vention and rehabilitation processes.

Anindex injury is defined as the first injury to occur or any
subsequent injury that is clinically unrelated to the previous
injury.”® Reinjury is defined as “an injury of the same type
and at the same site as an index injury and which occurs after
aplayer’s return to full participation”.* Incidence of reinjury
is relatively low (1.3/1000 h), however, they reportedly
account for 6.1-18.8% of injuries.>'®?* High recurrence
rates have been reported for hamstring (12-43%), groin
injuries (31-50%), knee sprains (30-40%) and lateral ankle
sprains (17%).%7143° These findings demonstrate that some
reinjuries are higher risk, however, could be attributable to
inadequate rehabilitation or premature RTP.'* Most identi-
fied studies recognise the longer timeframe of rehabilitating
a reinjury causing a higher burden than initial injuries.>*"'~!
Further considerations are the increased time loss suffered
and the psychological impact, including player mental
health, faith in the rehabilitation process and the trust
between player and practitioner.? Reinjury anxiety had
been identified as a mediating factor in psychological readi-
ness to return.”> > Therefore, the process from initial injury

assessment to final return to performance (RTPerf) is crucial
to promote a reduction in subsequent injury and to maintain
player performance.

Epidemiological data emphasises the importance of
effective injury rehabilitation programming, informed
through a multidisciplinary approach,'®>®” and the need
for evidence informed return to training (RTT) and RTP pro-
tocols.” ™! Several rehabilitation and RTP frameworks have
been developed in male professional football including the
“control-chaos continuum”,***° a five stage on-field pro-
gram®! and a criteria-based return to performance pathway.**
To continually improve and inform rehabilitation procedures,
and RTP decision-making, further development and under-
standing of objective criteria is vital to minimise the risk of
further injury. The factors described provide a clear rationale
for the continued advancement of injury prevention and
rehabilitation strategies® to ensure player reintegration post-
injury is optimised and reinjury risk minimised.

The aim of this narrative review is to give an overview of
aetiological models, decision-making frameworks and
return to sport (RTS) approaches reported within the current
literature. The role of criteria-based progressions in rehabili-
tation frameworks, and their application within male profes-
sional football, are evaluated through the identification of
potential future research, that could improve rehabilitation
procedures and inform better RTP decision-making and
post-RTP care. Common phrases used to describe the
‘return’ of a player during different phases of rehabilitation
in football are defined in Table 1 and used within the subse-
quent sections of this review.

Aectiological models

An understanding of injury prevention and aetiological mod-
els can assist practitioners in discussing possible causes of
injury whilst appreciating the complex nature of the event.
A mechanism of injury refers to the method by which damage
or trauma occurs, and can be defined as the process of consid-
ering the forces involved in an injury-causing event.*” Injuries
in sport are related to some form of overload, either involving
direct trauma, mechanical failure through ‘stress’ or ‘strain’ or
a combination of both.*® When the ‘stress’ (i.e., the internal
forces experienced by a structure defined as force per unit of
area) and/or ‘strain’ (i.e., the amount of deformation or length
change in the direction of the applied force)*® exceeds the
maximal strength or failure strain capacity of a particular tis-
sue type, this results in injury.**~*® Traditional injury preven-
tion models have been reductionist in an attempt to simplify
multifaceted components, to identify relationships or a
sequence of events, but fail to acknowledge injuries involve
complex interactions between numerous factors.* Aetiological
models have cited the interaction between both intrinsic
and extrinsic factors such as age, injury history, neural inhib-
ition, fascicle length alteration, strength deficiencies, neuro-
muscular fatigue, movement efficiency, training load and
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Table 1. Descriptions of different phases of ‘return’ of a player during different phases of the rehabilitation process.

Phase Term Abbreviation Description

Return to -
Participation

The player is participating in rehabilitation, training (modified or unrestricted), or in sport at a
lower level than their RTS goal. The player is physically active, but not yet ‘ready’ (medically,

physically and/or psychologically) for full RTS.*?

The player has returned to their sport but is not performing at their desired performance leve
The player is gradually exposed to different aspects of team training.** Further RTT subphases

|'43

* Partial Team Interaction: introduce the player to partial elements of team training and the

* Team Interaction: involve player in modified team training, modification of drills/fgame-based
training and training parameters in line with team training content/club-specific structure and
in season micro-cycle with restrictions agreed. There is a high level of adaptability in terms of
the level of integration and aims to challenge the player before resuming full team training.4

* Non-contact Modification: the player is re-integrated into non-contact team training.44

* Contact Modification: the player is progressively integrated into team training and exposed to

*  Full Integration: the player is fully integrated into team training.**

Subphases and level of modification are influenced by injury type, severity, length of absence and

The player has returned to match-play and is performing at or above their preinjury leve

I 42,43

Return to Sport RTS
Return to Training RTT

include:

club-specific training structure with restrictions agreed.*

contact.**

potential load increases.*
Return to Play RTP The player is gradually exposed to competitive match-play.*?
Return to RTPerf

Performance

competition schedule amongst others.’>>' Therefore a

multidisciplinary, holistic approach is vital to accommodate
the complex and individual nature of injury and rehabilita-
tion.*> An overview of the development of actiological mod-
els is presented in Table 2.

Reviewing, understanding and applying aetiological
models, can help practitioners to build injury mitigation
strategies,”’! analyse load/response’>’® and inform RTP
with the aim of reducing injury risk. It is important to
acknowledge the dynamic, recursive and complex nature
of interacting internal (e.g., age, sex, physical fitness, psy-
chological factors) and external (e.g., sports rules, environ-
ment) risk factors alongside the situational patterns and
mechanisms that can lead to injury.®> Furthermore, context-
ual factors, such as team dynamics, coaching philosophy,
game model, positional switching, season phase and fixture
congestion may impact injury occurrence and rehabilitation
processes.’’ For example, studies have shown, during con-
gested fixture schedules, overall injury incidence to increase
from 15.6 to 33.7 per 1000 h and match injury incidence
from 44.8 to 50.3 per 1000 h.”® The application of aetio-
logical models into injury prevention frameworks’' is,
therefore, an important consideration for practitioners to
understand. It is also important to acknowledge the concept
of quaternary prevention’® and integrate this into prevention
programming and contemporary prevention models.
Quaternary prevention aims to protect athletes from inter-
ventions that may cause more harm than good, e.g., over-
diagnosis (identifying problems that were never going to
cause harm), overtreatment (providing unnecessary medical

interventions), and overmedication (prescribing too much
or unnecessary medication).”’ Furthermore, it is proposed
that rehabilitation programming should implement the prin-
ciples of quaternary prevention to protect athletes from
excessive interventions and use reliable, validated tools
and testing protocols to accurately evaluate and help
make informed RTP decisions.”® Future research into injury
associations and causal pathways, acknowledging the com-
plex nature of injury, can further inform the progression of
these models, and their role within injury prevention
frameworks.

Decision-Making and multidisciplinary
approaches to return to play procedures

Given the dynamic, recursive nature of injuries, the multiple
stakeholders involved, and the financial implications within
the rehabilitation process, debate around who is responsible
in making the final RTP decision and how that decision is
made within a complex environment remains a contempor-
ary topic. Traditionally, medical practitioners have been
accountable for injury records within clubs, however, evi-
dence suggests an association with head coach leadership
styles and the quality of internal communication.>*%%-%3
Other important factors include the growing influence and
size of medical and performance departments,®* the dynam-
ics of the performance structure, sharing individual expert-
ise, psychologically safe environments, clearly defining
problems and applying solutions, the need for fast, intuitive
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Table 2. An overview of the development of aetiological models.

Study Year

Model of Injury Causation

Type

Focus

2

Ettema® 1973  Stress-Capacity Model

van Mechelen 1987 Sequence of Prevention

etal.> Model

Andersen & 1988 A Model of Stress and
Williams®® Athletic Injury

van Dijk et al.”’ 1990 Stress-Strain-Capacity

Model

Balance scale model:

stress and capacity
seen as static entities
and must be balanced
to prevent injuries.

Four-step dynamic loop:

Establishing the
extent of the sports
injury problem.
Establishing
aetiology and
mechanism of
injuries.

Introducing
preventive measures
Assessing their
effectiveness by
repeating step |.

Interactional

multi-component
model of injury
presenting the
cognitive,
physiological,
attentional,
behavioural,
intrapersonal, social,
and stress history
variables that may
influence injury
occurrence and
prevention.

Time-based three phase

sequential model:
Stress: external load
and personal
control.
Strain: all acute and
short-term effects,
e.g., acute sports
injuries.
Long term and
permanent effects,
e.g., overuse
injuries.

Capacity is a dynamic
value that is the sum of
all intrinsic factors
allowing an athlete to
perform.

Developed from preventative medicine
identifying risk factors as external
(environmental) and internal (capacity by the
state of the personal).

Stress is determined by external factors and
capacity by internal factors.

Highlights the potential to manipulate the
external environment to reduce risk and the
influence of psychosocial factors.

Evaluates the effectiveness of injury prevention
interventions.

One of the first models to identify injury
aetiology as a key component of the process.
Influential in the development of sports injury
research framework, TRI PP>* and was
developed to incorporate a socioecological
view and addressing the injury in context™>.

Built around the stress response with four
central components: |) potentially stressful
athletic situation, 2) cognitive appraisal of the
situation, 3) physiological and attentional
responses, 4) potential injury outcome.
Above the stress response are three
contributing areas: 1) personality factors, 2)
history of stressors, 3) coping resources.
Model is predicated on the assumption that
two mechanisms behind the stress-injury
relationship are increases in general muscle
tension and deficits in attention during stress.
To reduce the impact of these mechanisms two
groups of interventions are presented
addressing either the cognitive appraisal or the
physiological/attentional aspects.

Considers the effects of training, overload and
behavioural aspects over an extended time
period.

The model acknowledges that stress and
capacity are dynamic units, and an athlete can
actively affect stress and strain.

An injury is the result of a complex set of
interactions of internal and external risk
factors.

(continued)
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Table 2. Continued.

Study Year Model of Injury Causation Type Focus
van Mechelen 1992 Sports Behaviour Model Dynamic model on the lllustrates the impact behaviour may have on
et al’® interrelation between injury risk.
(Modified from risk factors, the Determinants are influenced by internal/
Backx et al., occurrence of injury external factors, personal equipment and load.
1990%°, Bol and subsequent Three factors considered determinants of
et al., I99I6°, preventative behaviour:
Kok & Bouter, measures. I. Attitude: the knowledge and beliefs of a
1990°") person concerning the consequences of a
certain form of behaviour.
2. Social Influence: influence by others.
3. Self-efficacy-cum-barriers: whether one is
able to perform the desired behaviour.
Meeuwisse®? 1994 Multifactorial Model Epidemiological, Formed from the assessment of causal and
multifactorial model: associative factors.
Proposes the model Accepts previously identified intrinsic and
should be used to extrinsic risk factors and adds an inciting event
examine various as the final link to injury occurring.
factors and their Suggests a different relative contribution of
interrelationships. intrinsic and extrinsic factors for acute and
overuse injuries.
Williams & 1998 Revised Model of Stress Development on the Highlighted the bidirectional nature directly
Andersen®? and Athletic Injury interactional model of between personality traits and coping
stress-injury. resources and interaction between the three
areas of stress response.
Removed medication as a proposed
intervention.
Expanded the peripheral narrowing and
distractibility variables to include audition.
McIntosh®* 2005 Multifactorial and Multifactorial model Incorporates multiple intrinsic and extrinsic
Biomechanical Model with a biomechanical inputs, and accounts for acute and repeated
focus on tissue events.
properties and injury. Introduces the effect of increased or decreased
mechanical load alongside the individual load
response.
Acknowledges the importance of movement
co-ordination and efficiency, and that injury
interventions focus on internal and external
load modification by reducing load or
improving capacity.
Bahr & 2005 Comprehensive Model Comprehensive model The importance of injury mechanism and the
Kr‘osshaug65 combining language used to describe injury inciting events
epidemiological and is highlighted.
biomechanical The key component added is a precise,
approaches with a multi-level description of the inciting event.
focus on the specific The different levels are categorised:
sport. I. Playing situation.
2. Player/opponent behaviour.
3. Gross biomechanical description (i.e.,
whole body).
4. Detailed biomechanical description (i.e.,
specific joint).
Meeuwisse 2007 Dynamic, Recursive Model Cyclical model based Evolved the concept that injuries are dynamic
et al.t upon a contact injury and recursive and changes in injury risk with

model ¢ and

incorporating the
consequences of
repeated sport
participation.

training exposure result in constant variations
in injury susceptibility.

Ever-changing risk factors are important to
acknowledge in injury prevention.

(continued)
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Table 2. Continued.

Study Year Model of Injury Causation Type Focus
Appaneal & 2014 Biopsychosocial Model of  Interactional model * Focuses on the dynamic interactions between
Perna®® Stress and Athletic proposed as an physiological, psychological and social elements

Injury and Health
(BMSAIH)

independent
extension to the
revised model of
stress and athletic

injury.

and the collective influence on stress, injury
and health.

Expands on previous models in three ways: 1)
it clarifies mediating physiological pathways
between athletes’ stress response and adverse
health outcomes, 2) it considers other health
outcomes and behavioural factors that impact
sport participation, 3) it integrates the impact
of training upon athlete health.

The central component is psychosocial distress
(e.g., negative life events) may act synergistically
with training-related stress increasing
susceptibility.

Bittencourt 2016 Complex Systems Model ~ Applies a complex Proposes sports injuries will be better
et al.®’ systems approach, to understood by recognising frequent patterns of
evaluate risk factors, interaction among multilevel risk factors.
identify interactions These risk factors are unpredictable interacting
and how these units within a complex system resulting in a
interactions web of determinants.
contribute to injury, These interactions form regularities which
within a dynamic, emerge as either injury or adaptation. This
recursive aetiological constrains the interactions creating a recursive
model. loop and dynamically shaping further
interactions.
Risk factors have a different weighting for
different physical demands and an individual’s
tolerance, therefore, looking for existing
patterns and identifying relationships is
necessary to allow the development of
effective interventions to specific risk profiles.
Suggests research should move from using
isolated risk factors to injury pattern
recognition by identifying the complex pattern
of interactions.
Windt & 2017 The Workload-Injury Recursive model This model was the first to explicitly
Gabbett”® Model incorporating incorporate workloads within the causal chain
workload within the for injury.
causal chain for injury. The dynamic nature of injuries is
acknowledged, and the concept that
application of workload is the primary process
whereby an athlete is exposed to external risk
factors and potential inciting events is
presented.
Proposes a conceptual framework for ‘why’
workloads are strongly associated with injuries
by continually modifying injury predisposition
through either positive or negative
physiological adaptations.
O’Brien et al 2019 The Team-sport Injury Three-step continual Considers the application of aetiological
Prevention Cycle (TIP) cycle model: models into injury prevention strategies.

I.  (Re)Evaluate: TIP reflects the cyclical nature of injury
evaluating current prevention and considers a team’s unique/
injuries and specific context and challenges as part of the
analysing current process.
prevention A multidisciplinary approach is highlighted, and

strategies being
used.

practitioners can assess injury risk whilst

(continued)
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Table 2. Continued.

Study Year Model of Injury Causation Type Focus
2. Identify: exploring identifying barriers and facilitators that can
the risk factors and impact the success of prevention strategies.
mechanisms

Kalkhoven et al.*¢

Liveris’2

2020 Model for Athletic Injury

and Framework for
Stress-related,
Strain-related and
Overuse Injury

2025 System Dynamics Model

underpinning the
injuries identified
during the
evaluation phase.
Intervene: planning
both the content
and delivery of
injury prevention
strategies.

Ongoing re-evaluation
and modification is
required as part of a
dynamic, cyclical
process.

Conceptual model

6.

formed with six

interacting levels:
Causal contextual
factors.
Individual
physiological
profile, functioning,
mechanical
properties and force
applied to the body.
Load tolerance of
structures and
loading applied.
Specific tissues
internal stress and
strain experienced.
Timeframe of stress/
strain application
(immediate/
repetitive).
Injury occurrence.

Computational

modelling method to
simulate dynamic,
complex systems.

Considers the interaction between
physiological and mechanical factors and
highlights possible causal pathways.

Attempts to establish direct injury causation by
investigating how risk factors contribute to
injury occurrence.

Considers how individual components interact
with other factors that underpin the load
tolerance of different structures/tissues, and
the loads applied.

Introduces the consideration of different
loading patterns resulting in various injury
outcomes and defining these as acute
stress-related, strain-related, or overuse.

A holistic approach using concepts of load
tolerance and application, physiological and
mechanical properties of specific tissues and
attempting to identify causal pathways had not
been previously established.

Initially uses Causal Loop Modelling (CLD) to
evaluate intrinsic, extrinsic and institutional
risk factors interrelationships that lead to
injury.

CLD shows a perspective of risk factors’
dynamic, nonlinear association, the
connections between elements having a
positive or negative effect, and the links create
loops characterised as reinforcing or
balancing,73

Further employs Partial Least Squares
Structural Equation Modelling to quantitatively
assess intrinsic risk factors’ interrelationships
and their effects on hamstring injuries and
frequency of non-contact lower limb injuries.”

Legend: BMSAIH, Biopsychosocial Model of Stress and Athletic Injury and Health; CLD, Causal Loop Modelling; TIP, Team-sport Injury Prevention Cycle;
TRIPP, Translating Research into Injury Prevention Practice framework.
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decision-making and the quality of internal communication
within the MDT and across departments.®~®> Therefore, it
is important that practitioners develop an understanding of
decision-making frameworks, the importance of multidis-
ciplinary approaches and have clear communication proce-
dures to create an informed, shared decision-making
process and develop purposeful application of critical think-
ing skills.*> Table 3 presents an overview of decision-
making frameworks that are applicable in a sporting envir-
onment to guide the RTP decision-making process.

Ardern et al.® state that, ideally, decisions are guided by
accepted clinical criteria, however, many have little empir-
ical evidence and there is a lack of agreement on the best
criteria. It was proposed, a logical step would be a consen-
sus statement on RTS and to ascertain agreement in key
areas.>*® The consensus statement on RTS presented by
Ardern at al.*? is divided into 4 main sections: 1) definitions
related to RTS, 2) models to guide RTS, 3) evidence to
inform decision-making and 4) future research. A key con-
cept highlighted is advocating an athlete-centred approach,
placing them in the position of active decision-maker,
alongside other relevant stakeholders, as part of a shared
decision-making process.*>*®” The authors cited three mod-
els to guide the RTS process: 1) the StARRT framework,®
2) the biopsychosocial model*® and 3) optimal loading.®
The authors state that load progression is key and maintain-
ing ‘optimal’ loading, by gradually increasing workload
and avoiding ‘spikes’, are important clinical considera-
tions.*> The importance of biological, psychological and
social factors influencing decision-making are presented
and the role of ‘load’ in rehabilitation and post-RTS were
defined.*® The lack of consensus and scientific evidence
for RTS criteria for the majority of sport injuries is high-
lighted and a future priority was identified to address the
identification of positive and negative predictive (or prog-
nostic) factors for RTS outcomes.*’

Shared decision-making

Dijkstra et al.”® acknowledged multiple individuals are
involved in the decision-making process, and including
the athlete in the process fulfils psychosocial needs and sup-
ports an athlete-centred approach.”® The fluid nature of
decision-making is acknowledged, however, only three sta-
keholders (healthcare professional, athlete and coach) are
highlighted. Within the context of professional football,
medical and performance departments, the player, technical
coaches and directors are also involved.”® Furthermore,
with significant quantities of subjective and objective data
available, and influential contextual factors (e.g., player sta-
tus, match importance), informing RTT and RTP decision-
making a flexible structure may be required. Developing a
flexible structure, specific to each unique club environment,
allows practitioners to incorporate different individual
experiences and skillsets, be guided by subjective and

objective data and consider the context of the decision to
allow an informed, shared approach.

Within professional football RTP practices have been
investigated and the translation of research into practice
has been highlighted to enhance the process.”’ It was
reported that a shared decision-making process was used
by 80% of teams although there was a lack of agreement
in the level of involvement across phases by different
practitioners.’” This could be accounted for by potential
bias, however, the inconsistency found in the composition
raises some potential concerns about the specific dynam-
ics of the communication among staff.”” Shared decision-
making was demonstrated across the phases of rehabilita-
tion with different weighting of importance given as
rehabilitation progressed, however, challenges were
acknowledged relating to team hierarchy, particularly as
players returned to matches.”” This demonstrates a posi-
tive use of shared decision-making in football, however,
further research into MDT dynamics has demonstrated
uncertainty around who makes decisions and how they
are made can be an issue.** Additionally, department
growth, resulting in more lines of communication, and
modernising methods of communication (i.e., mobile
phones, email, social media rather than face to face con-
versations)** further complicate the shared decision-
making process. With leadership styles and communica-
tion potentially impacting injury,**®* clearer processes,
communication pathways and RTP decision strategies
are evidently important and required.®?

Criterion-Based decision-making

Whilst respecting biological healing timeframes, a para-
digm shift towards criterion-based approach to RTS is evi-
dent and studies have shown a reduction in reinjury rates
when individuals have passed objective criteria before
RTS.”® It is evident that practitioners are utilising evidence-
based research and testing procedures throughout the
rehabilitation process, informing decisions and adapting
decision-making frameworks, although further research is
required into RTP criteria in practice.***° There is consen-
sus for criteria-based RTP factors that a range of clinical,
physical, functional and psychological measures should
be used.**'%° These influence and inform decision-making,
and several studies have investigated their use and role
within injury, rehabilitation and decision-making frame-
works.***71% In a survey by Dunlop et al.,”’ the use of
criteria-based evaluations and clinical criteria were reported
during early phases, with sport-specific functional criteria
(e.g., acceleration/deceleration, maximal sprints) assessed
across all phases and a greater focus placed on psycho-
logical readiness in the latter stages. Despite the translation
into practice no information was given to advance knowl-
edge on specific metrics or thresholds to be used within
the professional football environment.



Dixon et al.

(panunuod)

‘Aifenb
uolsap aroidwi pue siods puiq, [enixa3uod

“uelJodul S| SWOIN0 Y3 PUE UOISIDAP Yl U39MID] SUNBIUIYIP
pue 10adse jueliodw ue si Supjew-uolsidap jo Ajenb sya Sunenjeay
‘8upjew-uoisap uewny juswijdwod 01 swodno

ureyJad e asned Aew Jey) suaired eiep Ajauspl pue ‘Adusmiye
uolsap aseaudul ‘(pooyt | Adnfuisa “3-9) suolsdap JuIYIP

SjeUlWI® 01 SupEW-UOISIAP  paJeys IS ‘€ Jo sswod1no [enusiod suedwod 01 susuonndead moje Aew siy]
*$91109Y3 SUP[eW-UOISIDSP pueIsIopUN T ‘A|snosuelnuis sPAS| 9|dijnw e uondeIRIUl
‘Aem |nj3uiuesw e ui elep DIWEUAp J9pISUOD UED JBY3 S|003 [enuslod se Sulules| sulydew vege I8 32
9Y3 3sIS9YaUAs pue 1531 4] Y d1elidoudde ssooyy | pue swiyllioS[e |y Suisn padojeasp aq ued swaisAs 1oddns uoisag . 9ARDAdsUad swalsAS xa|dwod  7Z0T Suny
‘pa1y311ys1y si suoisidEp 1Yy Adfenb sxew 01 pue Isnal aAsIydE 01
"159Q S| JBYM SPI1d9p pUE 9dUa.9)e.d JIsy3 JSpIsSuod uonesIuNWWwod 3ulo3uUo PUE JUSISISUOD ‘DAIIRYS Jo Sduellodwiay] .
01 yoeod pue 239|yre ayr Sulpind :uoisPdg € *Aanluy jo aseyd o smeas ayy uo Suipuadsp
‘suonndo JuaJaylp aya Inoqe 9]gEIlJBA S| UOIINGLIIUOD [ENPIAIPUI YoBd Jo 10edWwi pue azIs ay|
uonew.ojul pajieisp alow Supiaosd uondp g ‘uolsidap aya 3upusnjul
‘151X suondo ajqeuoseal 510308} a3 uodn Buipuadap suoiINGLIIUOD JUBIBHPIP Yam paaysiysiy $$920.d LS
JBY3I SJBME UDBOD pue 939|y3e a3 Supjew @210y | 9.Je YdrOD pue 919|Y3e ‘[euoissajo.d auedy3esy Y3 JO so[od oY . Supfew-uoisa paJeys /10T ensylig
"919|y3e pue Jsuonndead Syl USSIMIDQ paJeys 9q P|NOYS UOISIDSp
'sanfeA ‘Sdueujwop qui| ‘sa1yde.3owsp 9Y3 9.10J2.9Y3 ‘pPUEB PIISPISUOD S| 4]} |NJSSIIINS B JO UONIUYSP BY|
93e3s [ed180joyd4Asd ‘uonisod ‘sanfea ‘suolIsap Supfew uaym duaJajR.Id Jaked
‘Jods ‘swoidwAs ‘jpAs] aAnnadwod nusned ¢ ausned pue 2duslRdXd YIIM 9OUSPIAS sareJ3aIul Jsuonndedd 3y .
‘uonuaaaud Aunfui(a.) “saaaul jo 1d1pu0d ‘s.ae||id aonoeud
/S21433 ‘ssausnoluss ‘Ajiqel| ‘Anful dsew (ueRIUID "7 PISBG-9DUSPIAS U3 JO UOIIDSSIIUI 9yl I8 SUS [SPOW | YYVIS Byl o
"AJoas1y [ed1paw ‘[opOW 33 UIYIIM PIA|OS
JAanlul ‘wexa [ed1sAyd ‘s1s91 [BUOIIDUNY :9DUSPIA | JOU SI J|9S3I UOISIOP SY3 ‘USASMOY ‘SUOISIIDP d| Y Ul SIUSWIJR Aoy sg 1€ 3
:sJe||id paseq-aouapiad dady]  say3ySy 18yl [9pow [e120soYdAsdolq € S| SJOMIWE) | YYVIS BYL o [9POIN 1YYV3S paSuedtesy 9|07 uJapay
*daas yoes sousnpul
*SIY3 1094 JBY3 SI0IDE) PUE Jfsid S|qeadedde JBY3 40328} 9Y3 puE Aunful Ul SIY3 JO 9|04 BY3 ‘SIUSWD|D UOISIIDP
J0J P|OYSS.y3 Syl :9JUB.IS|OI HISII JO JUDWUSSISSY '€  SB SOSS.IS PUEB U3[BSY SNSSII SOUIIUSP! | YYVIS S! 9dUSIoyIp ko> oy
‘f31Anoe 3unJods aya Sulnp paijdde ‘pPamo|[e
99 []IM 1BY2 SS3.3S 93 DIl AJAIIDE JO JUSWISSISSY 7 99 10U PINOYS Y ‘©IUBID|O1 Sl 9Y2 UBY) 491823 S| dSld passasse (1 9dv1s)
"9NSSII 9Y3 JO Y3[eay SYy3 “9° ‘9IeJ3|0) UBd J| "[ENPIAIPUI SY3 JO 9OUEBIS|OI 3{SI4 3Y3 03 pasedwiod S| XSId PIsSIsSy 9dUeJ9|O] dISiy pue
9Nss|1 9yl SIS Y3 DS YI[BIY JO JUSWISSISSY | “JUSLUSSISSE [SII B SB SUDBW-UOISIDOP | Y SJIOPISUOD) «  DISIY JO JUSWISSISSY dISa3ens |07 gg?PMUS
“Bupjew-uolsIdap 41y 4o} sjeuone
POSBQ-92USPIAS 10) SIUSUOWOD PpUE S.I018) [BNPIAIPUI JO UONEJSSIUI
*$1032%} [elaUSN|uI 9y3 Joj uoepunoj e apiro.ad 01 3dwislIe 01 [SpPOW ISl SYI SEAA
[enusiod  J9ylIny  UOPEBDYIPOW  UOISIRQ € SIUSWIRR UIIMIDG
*Aan[ul pue 1iods aya jo spuewap uopew.Iojul SUlINGLIIUOD Y PUB SIUSWIS[S UOISIIBP ‘SIUSWD|D
oyads ayy ysid uopedpnued jo uoneneAy ‘g aJnjeu Jo saiels aya Sunedodaodul weaSelp dUSN|JUL UB SIS«
‘Aanlur ayy "UoISAP d1Y ue Supjew usym deuoned [ed1So| (dLY) IPPO LR
Jo Buijeay jo a3e31s a3 :SNIEIS YI[BSY JO UOREN[EAT | ® Y3m 24n1dn.as e aplao.ad pue sassedoud ays Ajep 03 sadweinly . Aejd 03 uaniay paseg-uoisidg  0]0T uoaydread
ss920.d MBIAJIDAQ  OJomdwel] SupeW-UOISID(Q  Jed A Apng

'sassad0.d Supjew-uoisidap Aejd 01 uaniad apind 01 pasn aq Ued Jeyl SHIOMBIWEL) SUD[BW-UOISIIIP JO MIIAIDAO Uy *§ d|qel



International Journal of Sports Science & Coaching 0(0)

Table 3. Continued.

Process

Decision-making Framework  Overview

Year

Study

a high-quality decision does not necessarily warrant a good outcome

due to uncertainties.

Based upon an adapted decision analysis model the authors outline a
three-step framework to make systematic and objective RTP

decisions.

Legend: Al, Artificial intelligence; RTP, return to play; StARRT, Strategic Assessment of Risk and Risk Tolerance.

The development of injury specific criteria is import-
ant, 3100104195 yith particular reference to hamstring
injuries in professional football five core domains were
identified as part of criteria-based rehabilitation progression
presented by Zambaldi et al.:'* 1) functional performance,
2) strength, 3) flexibility, 4) pain and 5) player’s confidence.
Following this a RTS continuum was proposed for profes-
sional athletes in which measures of progression should be
tested to progress through six categories: 1) movement and
core, 2) strength and endurance, 3) power, 4) general
and sport conditioning, 5) load performance testing and
6) self-reported outcome.”® Criteria-based progressions assist
practitioners in being transparent in the decision-making pro-
cess, however, sporting environments are complex adaptive
systems extending into injury and rehabilitation protocols
whereby contextual factors play an important role in the
development of effective RTS frameworks.

The complex and multifactorial nature of RTS decisions
provides a significant challenge to practitioners with poten-
tial impacts on the athlete’s well-being and performance,
and the overarching performance of the team. With multiple
stakeholders involved it is important to have a clear shared
decision-making process with players and coaches active
in the process. This may allow for important balance between
intuitive and analytical processes, therefore, practitioners are
encouraged to adopt models that suit the context and envir-
onment to enhance the quality of decision-making.'’® The
development of artificial intelligence (Al), data driven algo-
rithms and machine learning techniques, to inform clinical
decision-making, is a prominent, and evolving, area of inter-
est in sports medicine. Machine learning models, such as
decision trees, Markov processes and neural networks, ana-
lyse multidimensional data to identify subtle patterns and
potential signs of injury risk and tracking algorithms provide
information on body movements in real-time allowing the
identification of biomechanical inefficiencies'®” which
may prove crucial as part of the rehabilitation process. Due
to methodological limitations and high risk of bias, current
models cannot be recommended to be used in practice,'**~
10 however, once these limitations have been addressed,
machine learning could provide enhanced systematic ana-
lysis that could provide future solutions to the training
load/injury paradox.''®~''? Further advancement of the evi-
dence base supporting injury prediction models, RTS and
rehabilitation protocols, may improve the ability of practi-
tioners to make high quality, evidence informed decisions
to manage training load and reduce injury-risk.

Return to sport models and on-field
rehabilitation
It is widely accepted the use of competency-based criteria is

vital in progressing through different phases of rehabilita-
tion and several factors, such as muscle strength,
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psychological readiness, sport specific load and cardiovas-
cular fitness, contribute to an athlete’s readiness for
RTS, 19-30.38:42:43.98-100,102, 104,105, 113115 Tpe o ditional
notion that RTS is a single decision at a point in time has
developed into the concept of an evolving continuum sup-
porting the athlete from the onset of injury to full RTP,
whilst mitigating the risk of further injury.***%!'3 The iden-
tified multidisciplinary input throughout the process can
result in differing timeframes and objective criteria being
recommended depending on the practitioner’s specialist
area®””? increasing the relevance of having a reliable shared
decision-making process in place.

Return to sport clearance Continuum (Draovitch
et al, 2022)

To foster efficient progression, Draovitch et al.,”® proposed a
‘Return to Sport Clearance Continuum’ (RTSCC). This con-
tinuum consists of 5 sequential phases comprising: 1) repair
phase (to minimise swelling, increase range of motion and
develop muscle activation), 2) rehabilitation and recovery
phase (restoring normal arthrokinematics), 3) reconditioning
phase (focusing on skill and force development and load-
volume tolerance), 4) performance phase (transition to full
training), and 5) preseason/training camp phase (to be prop-
erly managed for an upcoming season).’® The RTSCC states
training load should be monitored throughout, to avoid over-
loading tissues, and testing criteria is suggested to ensure
objective progress through the phases.”® The scope of prac-
tice for staff involved at each phase is not considered as part
of the continuum, despite the different skills required.
Specialised personnel and team work between the medical
and performance departments is important,'® yet the specific
involvement is often unclear.”” The RTSCC provided a gen-
eral framework for RTS processes and decision-making to be
developed, although more detail of practitioner responsibil-
ities may be useful to develop an understanding of the spe-
cialist skills and knowledge required throughout different
phases of rehabilitation.

The return to performance pathway (Mitchell and
Gimpel, 2024)

A football specific framework has been initially proposed by
Mitchell et al.''* and developed by Mitchell and Gimpel.**
The ‘Return to Performance Pathway’ includes eleven
phases from a diagnosis and planning phase, into an acute
phase and then progression through multiple gym and grass
phases. A key component of the pathway is the objective
exit criteria for each phase in an attempt to ensure safe pro-
gression.*? Mitchell and Gimpel’'s** framework demon-
strates the importance of a progressive multistage
rehabilitation process and has adapted previous frameworks
for the end-stage rehabilitation phases known as on-field
rehabilitation (OFR).*®4'#%!16" The RTPerf Pathway

framework*? provides a comprehensive overview of the
rehabilitation process by introducing acute and gym phases
prior to starting OFR, whereas previous frameworks had
focused primarily on OFR.>*#!11¢"11% These final phases
are highlighted as being important to prepare the athlete
for re-entry into sport and where the overlap between
rehabilitation and RTS processes occurs. This overlap
requires specialised personnel, and teamwork between the
medical, performance and coaching departments, to transi-
tion the athlete and bridge the gap between rehabilitation
and sports specific training.'”*® OFR represents these final
phases as the athlete needs to be physically prepared for
the demands of their sport, from both an injury specific
and a general conditioning perspective. A stronger focus is
required in these phases to prepare the athlete as there is a
lack of validated competency criteria for final RTP proto-
cols, particularly for moderate-severe (>14 days) injur-
ies1304%-116:120 Riqk of subsequent injury and inter-injury
relationships need to be evaluated and specific player mon-
itoring post-RTP is not considered. In the period following
RTP a ‘one month risk decay’ of subsequent non-contact
injuries has been reported.'?! Following return, initial risk
of non-contact subsequent injury was about two times higher
than baseline. This risk diminished by half after approxi-
mately 25 days and levels off afterwards.'?! The severity
of injury should be considered with severe injuries showing
an increasing injury risk within the first ten days and remain-
ing relatively high thereafter.'”! The continuous hazard
curve of non-contact injuries shows a decline towards four
weeks post RTP'?! indicating additional phases may be
required to assess exposure to pre- and post-RTT loads
and to further inform tertiary injury mitigation strategies.'**

On-Field rehabilitation

Table 4 presents conceptual models specific to OFR that
have been developed®®*!:!'®11? and re-evaluated to ensure
rehabilitation processes are representative of most recent
evidence and practice design.’**® The frameworks and
studies presented demonstrate the strength of progressive
OFR protocols and the impact on reinjury risk and subse-
quent physical performance. Cited limitations include the
prescriptive nature of programmes and the individual nature
of injury and responses to load interventions.*’ These con-
ceptual frameworks can offer increased flexibility to sup-
port decision-making and allow for individual criteria-
based progression throughout different stages of rehabilita-
tion. This empowers practitioners to continually evolve
their practice and understanding of the process.*’ These fra-
meworks provide a solid conceptual guide for practitioners
to utilise during rehabilitation, however, they are based
upon expert opinion, inductive reasoning and case study
applications.'**~'> There is a need for validation through
experimental evidence and testing alongside practical
insights into how OFR is currently executed.**'?
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Developing on-field rehabilitation

The concept of ‘load’ has been highlighted through the
aetiological, decision-making, RTS and OFR frameworks
previously  described,3841:43:46.57.6470.105. 115117119 5
survey of practitioners has shown ‘training load’ was
one of the most frequently used criteria when progressing
through the final stages of rehabilitation®” and specific
metrics are available, although, more evidence is needed
for the practical application of certain thresh-
olds.*®-97:126-127 Thjs has been further highlighted in a sur-
vey by Armitage et al.*® regarding OFR practices within
professional football. During OFR, wearable technology,
such as global positioning systems (GPS) and heart rate
monitors,'*® was ranked as the most popular monitoring
technique and is used daily in 97% of -cases.
Furthermore, wearable technology was ranked the second
most important factor for decision-making between ses-
sions and, as rehabilitation progresses, monitoring techni-
ques shifted from subjective to objective measures with
GPS deemed most important.*® This demonstrates the
influence of GPS within rehabilitation, particularly during
the late OFR phases before RTP, however, there is a lack of
consensus with regards to specific metrics and thresholds
used. Some practitioners using targets that “are arbitrary
(set at a squad level), relative (set at an individual level)
or a combination of both”.® In some cases, there was a
change from using absolute to relative units and different
thresholds were reported for acceleration and deceleration
metrics.>® Despite this, it is widely accepted that system-
atic load progression/management and the development
of'tissue tolerance of an injury site is vital alongside restor-
ing sport specific qualities.®®#!:42:4%-116

Previous methods of measuring load progressions
within rehabilitation have been demonstrated to be ineffect-
ive.!*"1! As part of a progressive rehabilitation, acute
loads are ‘high’ due to injured players having no chronic
load, therefore, models such as acute:chronic ratio'*? or per-
centage change are insufficient due to this diver-
gence.'?>13113% Based on preinjury data, current running
loads and previous injury ‘benchmarks’, chronic load can
be developed, taking player tolerance into consideration,
with appropriate planning and incremental load progres-
sions.”” Lolli et al.'?’ states acute load alone could be a use-
ful predictor of injury in absolute terms and may not require
normalisation for chronic load through different statistical
approaches, i.e., analysing the actual amount of measurable
acute load (e.g., total distance, sprint distance or total accel-
erations/decelerations) without normalising or comparing it
relative to any other factors (e.g., chronic load) may be suit-
able to assess injury risk. Improving our understanding of
‘load’” within each phase of rehabilitation, and potential pro-
gression targets, would aid in the development of RTS fra-
meworks.** In an applied setting, practitioners, through
progressive overload, should aim to increase chronic load

depending on the severity of the injury and with consider-
ation towards the tissue type and healing process.

Research has shown a focus placed on psychological
readiness during the latter stages of rehabilitation,”” yet,
with the reported shift of monitoring from subjective to
objective measures through the rehabilitation phases,®
practitioners must be cautious not to neglect subjective
feedback as the player transitions through RTT, RTP and
post-rehabilitation phases. Studies have acknowledged the
importance of blending subjective and objective measures
to monitor training and rehabilitation loads,*®'** however,
physical and psychological readiness may not coincide*”
and, therefore, may be overlooked, misinterpreted or misun-
derstood. Despite the acknowledged importance of psycho-
logical readiness there is limited research into the efficacy
and effectiveness of psychological strategies specifically
facilitating readiness to return.>> Furthermore, with the
potential for injury severity to significantly impact mental
health,'** with anxiety and reinjury concerns being reported
as key factors when players are close to RTP,**7> subject-
ive measures may prove invaluable. Competence (i.e., sense
of proficiency in their sporting capabilities), autonomy (i.e.,
a sense of control over their desired RTS trajectory) and
relatedness (i.e., feelings of social connection and affili-
ation) have been shown to be key components influencing
the final stages of rehabilitation,*® therefore, monitoring
and strategies to develop these skills are recommended.
As sport-specific training is progressed visual-cognitive
demands (e.g., high speed decision-making, dual-task pro-
cessing) increase®” leading to a subsequent increase in men-
tal fatigue. Mental fatigue has been shown to impact
physical and technical performance,'*®'?” therefore, pro-
gressive exposure, resilience and recovery from mental
fatigue may be important to consider.

Several studies cite the importance of progressive
sport-specific training in the late stages of rehabilitation
and as a key component of OFR frame-
works +38:3941.42.4449.97.98,113,116,123,138 £y nhormore,  the
understanding of the physical and cognitive demands of
the sport is key in individualising injury risk management
strategies throughout different stages of the season.’®
Within professional football the demands of match-play
are well documented, and studies show a variation in
demands depending on a number of factors, such as pos-
itional differences, formational changes and player sta-
tus.'**~1*® With studies showing high numbers of matches
and increasing intensity the physical and mental load on
players is significant.'>'®!%7 Furthermore, high-intensity
actions (i.e., accelerations, decelerations, sprinting) have
been shown to be important in match defining events (i.e.,
scoring goals) and winning games.'**!>! With constantly
evolving demands, requiring players to perform more fre-
quent high intensity actions,'>™'” consistent re-evaluation
is required to ensure the best support to players during the
rehabilitation process. Less fit players have been shown to
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perform fewer high-intensity actions and a quicker fatigue
progression impacting technical performance'**'4*!5% and
potential injury-risk.'>® This has motivational connotations
for a rehabilitating player and should be a consideration for
practitioners when returning players, ensuring an adequate
fitness level.

There is a significantly increased injury risk in the first
match after RTT and ensuring sufficient loads have been
achieved and tolerated is an important factor.**8-13415
Research in Australian rules football has shown subsequent
injuries to a different site or tissue were more common than
reinjury'>>'% and it has been reported that, in professional
football, subsequent and recurrent injuries could account for
14% of injuries.'>” The reporting of subsequent injuries in
sport is inconsistent and there is a paucity of data regarding
severity, type and associated risk factors.'>®'>® This is an
issue for injury prevention strategies, which rely on accurate
injury surveillance data, as it does not provide an adequate
understanding of injury risk.'>”"'>° It is proposed the mech-
anism could be a general state of under-loading that predis-
poses the athlete to subsequent injury.'*>!>® This raises the
question are athletes receiving enough ‘general load’ prior
to RTT or are practitioners placing too much focus solely
on ‘injury-specific’ rehabilitation?

Stares et al.'”> demonstrated higher running loads,
achieved during rehabilitation, delayed RTP timeframes,
however, moderate to high sprint loads could be protective
against subsequent injury. The authors proposed that the
accumulation of sprint loads increased chronic training
load facilitating adaptation and minimising workload
spikes, although chronic load was not identified as a signifi-
cant factor in subsequent injury.'> This demonstrates the
complexity of RTP decision-making as accelerating
rehabilitation protocols may not allow sufficient time for
progressive overload, however, extending RTP timeframes
will result in additional missed games potentially affecting
team success.'*'>> With medical and performance depart-
ments under pressure to ensure efficient RTP, whilst trying
to minimise further injury risk, further investigation into
accelerated protocols, workload progressions and thresh-
olds is required. The high physical demands of professional
football, and the ever-increasing intensity and density of
these demands, are important factors in rehabilitation pro-
gramming. There is a pressing need for further investigation
of the final phases of rehabilitation to ensure sufficient con-
ditioning, and to develop specific objective thresholds, to
inform progression and the final RTP decision.

Future research suggestions

Research acknowledges the importance and development of
progressive rehabilitation pathways. Current frame-
works,383%41:42.116 ytilised in professional football, are pre-
sented in this review and provide a stepwise progression for
practitioners with evidence suggesting their influence in

contemporary practice,’® however, a multicomponent
model adopting a non-linear, concurrent approach has
been proposed for a general population with potential appli-
cations for sport models.'®® There has been a paradigm shift
towards a criteria-based approach supporting progression
and it has been stated an absence of valid objective criteria
risks inadequate rehabilitation. *>43-2%:190:194 gpecific practi-
tioner competencies and knowledge, to provide optimal
support, throughout the phases is still unclear and requires
further evaluation.'”*” There is a lack of empirical evidence
and knowledge of causality between ‘load’ application and
successful outcomes in RTP and,* given the protective
effects of moderating physical capacities (i.e., developing
force-velocity profiles, energy system capacity, movement
quality), further investigation is required throughout the
rehabilitation process. There are significant challenges for
research due to the heterogeneity of injuries, multiple, inter-
acting moderators of risk and limited accessible sample
sizes reducing statistical power,'®! particularly with athlete
populations. Despite this, conceptual frameworks are essen-
tial to aid practice'*® and development, understanding and
evaluation of objective criteria informing progression is
an important next step. Further informing and validating
frameworks**'?® may improve the decision-making pro-
cess for athletes, practitioners and coaches.

External load metrics for return to play

Within current OFR frameworks external load metrics are
acknowledged as an important objective criter-
jon, 384142100125 with metrics of interest emerging, such
as very high speed running, peak speed, acceleration and
deceleration distance,'®*!¢* for specific injury pathologies.
However, caution is advised as the metrics suggested lack
empirical evidence, are based on anecdotal experiences or
there is an absence of post-OFR information or pre-injury
data.>®4%138163 When examining the relationship between
‘training load’ and injury risk it is important to acknow-
ledge this is likely to be associative and not causal,**-'2%-164
a clear actiology has not been established'®> and many stud-
ies have used inadequate analysis.'?° Insights into applied
practice and expertise are crucial in evolving evidence-
based practices.*®!?716 A survey of practitioners suggests
that research exploring “reduced risk of reinjury based on
achieving specific markers/thresholds” would be beneficial
when considered within the complex nature of injury>® and
an association with workload and injury risk has been
demonstrated in non-injured players.”>'®” Although ‘train-
ing load’ is associative, these metrics may assist in setting
targets for successful RTP and support practitioners and
athletes by providing objective information to make
informed decisions.'®®

GPS monitoring is widely used to quantify external
load®*"*® and theoretical justification for load progression
and management within rehabilitation is strong, although
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the optimal strategy is unknown.'*® Despite issues within
football stadia potentially affecting signal quality,'®® GPS
monitoring has been shown to be a reliable and validated
measurement tool for evaluating movement demands within
sports.'”%'7? That said, due to the rapid nature of high-
intensity actions (i.e., accelerations and decelerations), the
validity of these has been questioned, with sampling rate,
minimal effort duration'”>'”* and signal-filtering techni-
ques important factors to consider.'”*'7>"'77 Given the
high musculoskeletal forces that can accompany accelera-
tions and decelerations'’®!'7® and the critical importance
of these actions for player performance and injury resili-
ence,'**'% further research is necessary to investigate
effective rehabilitation assessment, monitoring and pro-
gramming (i.e., progression of exercises) to ensure players
are optimally prepared to meet the demands of these spe-
cific actions during RTT and RTP. Furthermore, the role
injury site and severity may have on acceleration and decel-
eration mechanics and the effect this may have on altering
tissue forces and properties during, and following, the
rehabilitation process requires investigation.

There is consensus in using match-specific GPS targets
to inform RTP decisions.”” Given the high demands a
player is returning to, and the variation in physical
demands due to playing position, there may be value in tar-
geting individual within-session and acute (7 days) loads
prior to RTT. Alongside this, individualised response to
‘load’ (i.e., subjective and objective measures of internal
/ external load and ‘fatigue monitoring’) and movement
quality are important factors alongside training quan-
tity.>®!''® Training load has only recently been incorpo-
rated into models of injury aetiology’®'** despite being
a risk factor for injury within a web of determinants.**-*
Future research should investigate this factor, acknow-
ledging the role of ‘load” within the complex nature of
injuries, and further informing decision-making for RTT
in an applied setting.

Within professional football, alongside GPS, the exter-
nal load from specific technical actions can be quantified.'®!
This allows for the analysis of technical actions within
rehabilitation in combination with physical output.
Further research is required to assess physical and technical
outputs, through drill level analysis and positional specific
training demands, to help inform the training reintegration
process. Achieving load through sport-specific exposure
may be beneficial from a physical perspective,'> improve
physical-cognitive capabilities,>® and impact the psych-
ology/perception of the player’s readiness to return, poten-
tially allowing an earlier RTT and RTP.

Injury surveillance and subsequent injury

An issue within applied rehabilitation is the lack of consen-
sus and discrepancies in injury tracking/surveillance.'*”'*°
These inconsistencies in reporting make it difficult to

research and understand subsequent relationships between
injuries. Subsequent injury is a poorly defined and reported
area within rehabilitation.'*® Further research is required to
understand the inter-injury relationship and inform tertiary
prevention programming.'>”-'3%'82 Fyrthermore, workload
monitoring to assess a potential association between
post-RTT load, player status (i.e., key, squad or develop-
ment player) and subsequent injury risk would be benefi-
cial. This may help inform practitioners as to possible
optimal loading strategies post-RTT. Understanding subse-
quent injury risk may provide a timeframe for a ‘post-
rehabilitation phase’ based on the severity of the index
injury and improve the development of injury specific mon-
itoring strategies for both reinjury, and possible subsequent
injuries, to alternative sites.'*? Furthermore, mechanism
of subsequent injury is a further factor to investigate.
Establishing a potential pattern of mechanisms may be benefi-
cial to guide injury prevention programming. Previous injury
and subsequent injury associations are rarely considered, des-
pite previous injury modifying the complex interactions
between determinants of injury.'*® Further studies are required
into current practices within subsequent injury surveillance
and specific athlete support post-RTT.

Player perceptions of rehabilitation processes

The role of multiple stakeholders within rehabilitation has
been widely acknowledged,®"'® however, despite being
part of the decision-making process,”*> player perception
and role within rehabilitation is not thoroughly discussed.
A lack of consensus between players and coaches regarding
the RTP decision has been previously noted.'®* Players are
a key stakeholder in rehabilitation and anxiety, the need for
a plan, evaluating the risk of early return, demonstrating
progress and social support are important factors in the pro-
cess.>*>> Furthermore, establishing athlete satisfaction
post-injury requires further research.*> Feedback of GPS
training data within professional football has been shown
to support the coaching process and understanding player
feedback preference is key to elicit engagement.'
However, little exists around RTP procedures and player
perceptions regarding the use of specific GPS targets within
the rehabilitation setting and feedback of this data.

Injury specific metrics

Different load metrics may have varying relationships to
injury risk 218188 and the specific stress/strain capacity,
resilience and adaptation of different tissues.*®'®>'%% In a
survey of practitioners, “GPS metrics for certain injuries”
was referred to as a useful future development in RTP pro-
tocols.*® Quantifying the success of a rehabilitation process
is an important consideration®® and a continuum of import-
ance for injury specific targets for different injury sites
could be developed. These insights could give practitioners
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greater understanding of key injury specific metrics for load
management during rehabilitation and post-RTT, although
this should be acknowledged within the complex nature
of injury.

Limitations and perspectives

An acknowledged limitation of the article is the use of a nar-
rative review and, therefore, a clear, systematic search meth-
odology was not utilised resulting in potential bias.'®® The
limitations of narrative reviews are documented,'*® however,
using this method allowed for a wider search strategy explor-
ing interdisciplinary topics and to reflect the complex nature of
applied rehabilitation and decision-making for practitioners.

The review focuses on literature within the domain of
male professional football, however, the frameworks pre-
sented may be further applicable to female professional
football and developmental players. Research understand-
ing the gender specific differences in injury and rehabilita-
tion is growing,'”!""'*> however, more is warranted specific
to female football players and to academy players investi-
gating the potential impact on long-term athlete develop-
ment programming if an injury occurs. This may help to
reduce disparity and improve understanding and application
of the frameworks presented. Ultimately, a long-term
objective of developing bespoke models for different sports,
injury pathologies, age groups and genders, with multidis-
ciplinary inputs, is crucial in future research and applied
practices.

Conclusion

The purpose of this review was to give an overview of exist-
ing aetiological models, decision-making frameworks and
RTS approaches within the current literature and evaluate
the role of criteria-based progressions in rehabilitation fra-
meworks and their application within male professional
football. General sporting, and football specific models
and frameworks are presented to demonstrate approaches
and different interpretations of RTP and RTS terminology.
Further consensus in terminology used to define phases, and
subphases (i.e., RTT subphases), within the rehabilitation
procedure is required to help guide intention and impact
phase specific monitoring, and performance markers to
inform safe return. By understanding injury type, mechan-
ism, severity and location, the demands of the sport and
multiple interacting risk factors, evidence-based RTP cri-
teria can be used to guide decisions alongside practitioner
intuitions and experiences. However, research of subse-
quent injury risk, and inter-injury relationships, is lacking
in male professional football with current RTP frameworks
using a stepwise progression through different rehabilita-
tion phases and objective exit criteria to inform decision
making. Development of flexible, bespoke frameworks,
using validated objective criteria, is required and further

research is needed to ensure effective rehabilitation proce-
dures, with successful RTP outcomes, to guide program-
ming, and decision-making, that minimises subsequent
injury risk. Through improved practitioner knowledge and
understanding of aetiological models, decision-making
and rehabilitation frameworks, and the future development
of these topic areas, the support of injured athletes can be
enhanced during, and following, the rehabilitation process.
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