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component of this pathway, prepar-
ing the player for the demands of team 
training and the specific requirements 
of their position, while accounting for 
the context of their injury.58,60 While 
return to sport progressions can be 
highly complex, frameworks can guide 

practitioners to systematically design 
on-pitch rehabilitation.

The control-chaos continuum (CCC) 
was developed using a conceptual frame-
work analysis28 aiming to improve on-
pitch rehabilitation by reflecting on the 
realities of elite soccer, integrating sci-

entific literature and practitioner expe-
rience in the English Premier League.58 
Conceived through an ecological lens, 
the CCC progresses from High Control 
to High Chaos using a constraints-led 
approach to prescribe on-pitch training 
guided by preinjury running load tar-
gets to develop sport-specific training 
capacities while considering the injured 
structure/tissues and estimated status of 
healing.3,23,58 The CCC also considers the 
perceptual and attentional demands of 
sport as critical components of training 
design which can play a role in the pro-
gression from controlled rehabilitation to 
a chaotic sporting environment.58–61,64–68

LOOKING BEYOND 
DEVELOPING PHYSICAL 
QUALITIES IN REHABILITATION

T
he development of physical 
qualities and sports-specific train-
ing capacity is well recognized as a 

crucial factor in return to sport.56,62 How-
ever, on-pitch rehabilitation provides an 
opportunity for holistic player develop-
ment. While models designed for coach-
ing healthy athletes are informative, 
planning practice and redeveloping skills 
in the injured player adds a layer of addi-
tional variables to consider.27,74 Alongside 
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S
uccessfully supporting an elite soccer player to return to sport 
following injury is a complex process requiring knowledge 
integration across disciplines, clinical expertise, and effective 
communication among stakeholders.29,30,61,64,65,67,68 To facilitate 

effective communication between stakeholders, a player’s pathway 
back to sport should be viewed on a progressive continuum aligning 
their recovery and rehabilitation.5,16 On-pitch rehabilitation is a critical 
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	U BACKGROUND: On-pitch rehabilitation is a 
crucial part of returning to sport after injury in 
elite soccer. The control-chaos continuum (CCC) 
initially offered a framework for practitioners to 
plan on-pitch rehabilitation, focusing on physical 
preparation and sport specificity. However, our 
experiences with the CCC, combined with recent 
research in injury neurophysiology, point to a need 
for an updated model that integrates practice 
design and physical-cognitive interactions.

	U CLINICAL QUESTION: What are the insights 
from injury neurophysiology, soccer performance, 
and coaching science needed to update the CCC 
and improve the planning, delivery, and progres-
sion of on-pitch rehabilitation in elite soccer?

	U KEY RESULTS: Drawing on extensive experi-
ence in elite sport, we explain how recent research 

on neurophysiological recovery from injury, game 
models, and practice design has been applied to 
update the CCC and evolve the existing framework.

	U CLINICAL APPLICATION: The evolution of the 
CCC expands on the original model to enhance 
planning, delivery, and progression of on-pitch 
rehabilitation. The updated framework incorpo-
rates elements of visual cognition, attentional 
challenges, decision-making, and progressive 
representation of the game model to enhance 
sport-specific preparation for returning to 
sport. J Orthop Sports Phys Ther 2025;55(2):1-
11. Epub 3 January 2025. doi:10.2519/
jospt.2025.13158

	U KEY WORDS: control-chaos continuum, elite 
soccer, injury, rehabilitation, return to sport
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healing physiology, increasing evidence 
now suggests that the visual-cognitive 
demands of sport such as anticipating 
and responding to opposition movement 
at game speed should be integrated into 
return to sport progressions.11,12,22 An over-
emphasis on physical preparation may limit 
the integration of advanced practice design, 
attention challenges, and decision-making 
aspects into pitch-based rehabilitation.

The associations between the recovery 
of isolated physical outcomes, such as iso-
kinetic eccentric knee flexor strength, rela-
tive quadriceps/hamstring strength, and 
strength symmetry, and future injury are in-
consistent, suggesting that key elements are 
missing in training prescription and return 
to sport assessments.8,20,21,55 Furthermore, as 
elite soccer continues to evolve, it will likely 
require higher speed decision-making and 
more efficient environmental scanning, 
placing greater demand on a player’s neu-
rophysiological capacity, underscoring the 
importance of training physical-cognitive 
abilities in concert with physical quali-
ties.2,24,32 Restoring physical-cognitive ca-
pabilities while incorporating components 
of the game model (ie, replicating positional 
roles within key game moments) also 
increases ecological validity and transfer 
of training in preparation for return to 
sport.46–48,50

PRACTICAL OBJECTIVE

T
he CCC provided an initial frame-
work to help guide practitioners with 
planning on-pitch rehabilitation in 

elite soccer. However, the final stage of a 
conceptual framework analysis encour-
ages revision based on new insights and 
literature.28 We propose revising the CCC 
to integrate insights from other disciplines, 
and further experience in elite settings to 
better support practitioners in planning on-
pitch rehabilitation. In part 1 of this 2-part 
clinical commentary, we aim to provide an 
overview of insights from injury neurophys-
iology, soccer performance, and coaching 
science, and explain their role in evolving 
the CCC to improve the design, delivery, and 
progression of on-pitch rehabilitation.

INCORPORATING VISUAL-
COGNITION INTO SPORTS-
SPECIFIC REHABILITATION

W
hile traumatic brain injury 
induces apparent neuroplasti-
city, musculoskeletal injury also 

leads to neuroplastic changes that impact 
return-to-pitch performance.38,70,77 In the 
case of ligament injury, the neuroplasti-
city may occur secondary to changes in 
sensory feedback, specifically affecting 
cross-modal sensory integration, an im-
portant neurological phenomenon that 
informs both the temporal and spatial 
congruency of sensory stimuli (allows 
one to map visual perception with pro-
prioception to plan and coordination 
movements).12,14,54

While neuroplasticity may preserve 
motor control in isolated settings, in en-
vironments that demand intensive visual-
cognitive decision making like soccer 
competition and training, motor coordi-
nation can become impaired due to the 
elevated cross-modal demands to both 
engage with the game and preserve joint 
stability.22,26,76 Ineffective neural compen-
sation after ligament injury is recognized 
through the dual-task literature for injured 
individuals, as additional attentional or 
rapid decision-making challenge results in 
reduced physical performance.11,39,40,52,57 We 
anticipate that returning to the increasingly 
chaotic sport environment will present an 
even more demanding visual-cognitive 
dual-task challenge, increasing the likeli-
hood of movement errors or a decline in 
movement quality for unprepared athletes. 
Thus, players recovering from injury may 
be at a greater risk for deficits in on-pitch 
perceptual-motor skills secondary to com-
pensatory neuroplasticity after injury.

The original CCC emphasized the 
significance of progressively integrating 
the qualitative aspects of movement in 
competition, but it did not specifically 
address the inclusion of visual-cognitive 
dual-task challenges. Diverging from the 
original framework, the Visual-Cognitive 
CCC (VC-​CCC) was recently developed to 
progressively integrate visual-cognitive 

dual-tasks progressing from high stabil-
ity to increasing levels of complexity.12 
The VC-CCC progressively layers divided 
attention and visual selective attentional 
constructs to challenge aspects of neuro-
physiological affected by injury, yet es-
sential in sport.

Divided attention dual tasks challenge 
a player’s ability to simultaneously provide 
or switch attention between 2 or more 
stimuli.45 During a drill, a player may be 
required to simultaneously scan the envi-
ronment and decipher a stimulus such as 
a hand signal to initiate an action, ie, pass 
to a mini goal during a pass and move drill 
(Limited Resource Theory; single pool of 
attentional resource).45 Alternatively, di-
vided attention dual tasks could challenge 
a player’s ability to switch cognitive prior-
ity between auditory stimuli (ie, call from 
coach) while scanning the environment to 
decipher whether an appropriate pass is 
available based on the cues provided. For 
example, during a pattern-of-play drill, 
dependent on the provided stimuli, a 
central midfield player may play the pass 
or instead turn out and recycle possession 
to start another attack (Multiple Resource 
Theory; not all competing stimuli require 
the same attentional resource).71

Selective visual attention dual tasks 
challenge a player’s ability to select per-
tinent and/or ignore irrelevant sensory 
stimuli for goal-directed action.41 Selec-
tive visual attention challenges can be 
further broken down into top-down 
voluntary attention that a player may al-
locate to a given task for identifying task-
relevant stimuli, and bottom-up stimulus 
derived attention that a player may al-
locate unintentionally and is modulated 
by the stimulus intensity.33 During a drill, 
top-down selective visual attention could 
challenge a defending player’s decision 
making to either move toward the ball 
from an incoming cross, or an attacking 
player’s movement to attack the cross dur-
ing a crossing and finishing drill based 
on the defenders selected choice before 
all sensory information is available. On 
the other hand, bottom-up selective vi-
sual attention could require a defender 
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to intercept the through-ball or drop and 
track a forward during a counterattack-
ing 1v1 situation following a game-based 
situation. Requiring a decision based on 
the defender’s interpretation of which 
action to take in the 1v1, which occurs in 
an unanticipated area of pitch and mo-
ment within the game. When integrat-
ing visual-cognitive dual-task challenges, 
practitioners must consider the nuances of 
how the player will use attention in game 
situations with relevance to the game 
model, ie, in defensive organization, and 
approximate that as they progress through 
on-pitch rehabilitation.

While the VC-​CCC was intended to 
inform rehabilitation from anterior cru-
ciate ligament reconstruction, the con-
cepts may be extrapolated to recovery 
from other musculoskeletal and brain 
injuries such as concussion, increasingly 
recognized due to enhanced screening 
and diagnoses.12,15,44 The updated CCC 
transfers the concepts of divided and 

selective visual attention introduced in 
the VC-CCC to on-pitch sport-specific 
rehabilitation, while considering eco-
logical dynamics (FIGURE 1).49 Practitio-
ners should progress visual-cognitive 
challenges in drills, aligning with prac-
tice design while assessing both physical 
and cognitive performance (please see 
“Monitoring” subsection).12 In addition, 
beyond the High Control phase, practitio-
ners may alter the level of visual-cognitive 
challenge in a manner analogous to that 
of an equalizer on a stereo system—
boosting or cutting visual-cognitive 
constructs within a phase to assist with 
phase transition. For example, at the start 
of the Control-to-Chaos phase, a pass and 
move drill may challenge 2-step process-
ing and congruent decision-making, 
whereas toward the end of the phase, 
multistep processing and response inhi-
bition elements such as no-go challenge, 
can be added to the same drill to increase 
the cognitive challenge (FIGURE 1).12

INTEGRATING THE GAME 
MODEL INTO DRILL DESIGN

A 
game model is a framework used 
by a head coach to establish a team’s 
system of play, encompassing tacti-

cal patterns, defensive and offensive prin-
ciples, and player-specific roles. (FIGURES 2, 
3, and 4).42,47,50 It arises from the interplay 
of a coach’s cultural background in soc-
cer, their ideology, the capabilities of their 
playing squad, the club’s ecosystem, and its 
financial limitations.47,48 Proactive coaches 
will consistently seek to adapt their game 
model in response to the evolving tactics 
of the game.19,35 Gaining insight into the 
coach’s game model is crucial for practi-
tioners to design engaging on-pitch ses-
sions and drills that reflect the physical, 
technical, and tactical demands of com-
petition. Integrating elements of the game 
model into drill design fosters collabora-
tion between rehabilitation practitioners 
and coaches, improving return to sport 

FIGURE 1. The Visual Cognitive Control-Chaos Continuum (VC-CCC) applied to on-pitch rehabilitation. Phase goals and targeted attentional mechanisms with on-pitch example 
drills. Progression of visual-cognitive dual-task interventions from High Control to High Chaos. Beyond High Control, practitioners may blend VC-CCC concepts like an equalizer 
on stereo system in transition to the next phase of the CCC.
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incorporate positional units and/or the 
interconnection of these units (ie, a back 
three; 3 defensive players) co-interacting 
to initiate an attack before interlinking 
with a holding central midfielder who has 
to scan and perceive before deciding upon 
the appropriate secondary action (ie, turn-
ing out to play a forward pass).3,32,60

STRUCTURING PRACTICE 
DESIGN FOR ON-PITCH 
REHABILITATION

D
uring team training, players are 
routinely required to problem solve 
within unpredictable situations, pro-

viding both affordances and challenges.74,75 
Practice design in rehabilitation should 
closely mirror the team environment, with 
adjustments only made for specific task 
limitations related to physiological healing 
and progress. For example, a player return-
ing following anterior cruciate ligament 

Incorporating player roles during spe-
cific phases of play (ie, defensive organi-
zation) during on-pitch rehabilitation 
enhances ecological validity and boosts 
player confidence. (FIGURES 3 and 4).46,60 
For example, a winger in a uniform 4-4-2 
formation will have individual responsi-
bilities during both defensive and offen-
sive organization. In the create subphase 
of offensive play, a winger may be required 
to shift into a wider position on the pitch, 
moving close to the touchline to (1) cre-
ate space between defensive lines or (2) 
provide an option to receive a pass from a 
teammate before progressing into the final 
third of the pitch (FIGURE 3). In the defen-
sive phase, with a mid-block strategy em-
ployed, the player may drop-off from play 
when inactive, waiting for an appropriate 
trigger to initiate a press (ie, alterations 
in an opponent’s body shape), to attempt 
to regain possession and force a coun-
terattack (FIGURE 4). Drill design can also 

readiness.9,63 Additionally, integrating in-
put from coaches enhances game theory 
application and can accelerate a player’s 
transition to full team training. This inte-
gration becomes essential when the man-
ager changes, as it allows the returning 
player to gradually adapt to a new model 
rather than facing a sudden increase in 
cognitive demands upon returning to full 
team training.60,64 The game model also 
exerts an important influence on the peri-
odization structure, particularly during the 
latter stages of rehabilitation. Elements to 
consider include session themes and con-
tent, frequency and density of training 
days, and total duration.60 The value of the 
game model during early rehabilitation 
should also not be underestimated. Injured 
player involvement in tactical team meet-
ings (reviewing the game model against 
opposition constraints and individual per-
formance analysis) are vital for player sup-
port and learning.34,63

FIGURE 2. Key moments of the game model to consider for on-pitch rehabilitation practice and drill design. Phases of play can be subcategorized into organizational and transitional 
elements.
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to on-pitch activities.27 As rehabilitation 
progresses, raising the degree of task 
difficulty and sport-specificity provides 
opportunities for learning and skill (re)
development.

Practice to Learn (redefined as Practice 
to (Re)develop in rehabilitation) describes 
the phenomenon in which increased 
training challenge potentially requires 
a short-term decrease in performance 
to progress skill learning.27 New chal-
lenges may not reflect greater physical 
requirements of the task but may include 
perceptual-cognitive skills in conjunc-
tion with technical skills (ie, challeng-
ing a player’s passing under situations 
requiring decision-making), reflecting 

On-pitch rehabilitation that mirrors 
game constraints was the main focus of 
the original CCC, emphasizing progres-
sive drill difficulty and game specificity. 
The updated CCC adds the extended-
challenge model, in which practice design 
provides highly controlled situations to 
maintain performance, moving toward 
highly chaotic challenges that transfer to 
competition (FIGURE 5).27 Updates to the 
CCC incorporate practice to maintain, 
learn, and transfer considerations:

Practice to Maintain (redefined as 
Practice to Reinforce in rehabilitation) 
aims to reinforce desirable skills/actions, 
critical for engaging and motivating 
players to promote confidence returning 

reconstruction may be limited in their 
initial capability to decelerate, represent-
ing avoidance of decelerative loads on the 
involved limb.13,36,59,67 Session content and 
complexity (open vs closed), and specific 
task and environmental constraints are 
applied based on the player’s limitations. 
In elite soccer, there is often limited or 
no, pitch-based interaction between play-
ers and coaches until the players return to 
team training. However, other team sports 
integrate coaches earlier in the return to 
sport pathway, fostering skill development 
during recovery.66 By working alongside 
coaches, practitioners should strive to grad-
ually incorporate game-related constraints 
to maximize the transfer of training.

FIGURE 3. Offensive organization separated into 3 subphases: (1) build, (2) create, and (3) finish and key elements relative to each phase/position. Key offensive principles for 
consideration in drill design may include (1) dispersal, (2) penetration, (3) movement, (4) support, and (5) creativity. Refer to the club’s game model to provide the most ecological 
challenge.
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(FIGURE 5),27 and progressive manipula-
tion of task (and environmental) con-
straints to alter the level of challenge 
and the practice objective.3 For example, 
a drill may transition from reinforcing 
midrange passing under controlled con-
ditions to one with player being pressed 
having to play a midrange pass into the 
path of a player making a forward run.

AN INTEGRATED APPROACH 
TO MONITORING PHYSICAL-
COGNITIVE “LOAD”

G
iven the emphasis on the 
physical-cognitive interactions with-
in the revised CCC, we propose that 

practitioners use a simplified version of the 

mimic the stresses and challenges of 
team training and the player’s positional 
role within the team. Practitioners and 
coaches should create live situations 
where players are faced with opportuni-
ties to problem solve.74 Such drills cre-
ate time-related constraints, require 
rapid decision-making, and elevate at-
tentional demands.74 An additional con-
sideration may be training in a state of 
physical and mental fatigue, if applicable 
to the injury case.

Within a training session (CCC phase 
dependent), practitioners may use part 
practice, where a session is broken down 
where drills have different objectives 
based on the extended-challenge model 

game scenarios. Random practice con-
ditions such as switching between skills 
and applying opposition constraints 
(ie, defenders) increases variability and 
perceptual-cognitive load.27,31,73 Chal-
lenges that increase perceptual-cognitive 
demands have been shown to promote 
better retention and transfer into compe-
tition.18 The degree of challenge should 
however be considered in lieu of the in-
jury timeline and proximity of return-to-
competition to balance player confidence 
with ability.63

In drills where the goal is to Practice to 
Transfer (redefined as Practice to Perform 
in rehabilitation), the aim is to maximize 
transfer to competition.27 Drills should 

FIGURE 4. Defensive organization separated into 3 subphases: (1) defend your goal, (2) defend your box and (3) defend your half and key elements relative to each phase/position. 
Key defensive principles for consideration in drill design may include (1) delay, (2) compactness, (3) depth, (4) balance, and (5) discipline. Refer to the club’s game model to 
provide the most ecological challenge.
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TLX in brain-related injuries particularly 
as current Football Association concussion 
return to sport guidelines (on-pitch stages 
3-4) only encompass physical-orientated 
objectives.17

Frustration may also be tracked using 
the NASA-TLX, allowing practitioners 
and coaches to evaluate proposed prac-
tice design outcomes, relative to the aims/
objectives of session content. Moderate-
high frustration may indicate that the 
learning point was beyond the player’s 
boundaries (difficulty level outside of the 
player’s current skill parameters), requir-
ing future session modification.27 Planned 
visual-cognitive challenges imposed by 
manipulating task (and environmental) 
constraints may also be evaluated in rela-
tion to perceived mental demand during 

The long absence from the intensive 
visual-cognitive demands of on-pitch 
training after injury likely compounds 
the neural compensations for motor con-
trol.6,13,36,59 We have observed this effect fol-
lowing ACL injury, with higher perceived 
mental demands and elevated internal car-
diovascular responses, particularly from 
the Control-to-Chaos phase onwards, likely 
due to the higher level of drill complexity 
and representative design.4,51,59,63,67,69 This 
is in contrast to concussion injury cases, 
where within dual-task drills elevated 
perceived mental demands and percep-
tion delays are recognized, but without 
elevated internal cardiovascular responses 
relative to imposed physical demand.10,43,53 
This reinforces the value of tracking the 
mental demand dimension of the NASA-

NASA task load index (NASA TLX) to 
discriminate between mental and physi-
cal demands placed on the player dur-
ing on-pitch sessions (FIGURE 6).18,25,46,57 
Typically used in aviation and surgical 
settings,1,7 the NASA TLX provides a 
validated multidimensional subjective 
evaluation of 6 dimensions: mental 
demand, physical demand, temporal 
demand, personal performance, effort, 
and frustration.25 We recommend prac-
titioners use 2 dimensions: mental and 
physical, collecting player evaluations 
within 15 minutes following on-pitch 
training (FIGURE 6). Tracking these sub-
jective measures enable the practitioner 
to reflect upon session design to deter-
mine the level of challenge and progress 
in each dimension.

FIGURE 5. Adapted extended-challenge model for practice design using the control-chaos continuum. This adapted model shows different types of practice when the 
relative difficulty is considered as a function of the specificity. Multidirectional arrows indicate individual variation in challenge points (+/− difficulty and +/− specificity).
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sentation of the game model, providing a 
more holistic framework for player devel-
opment under the constraints of injury.
IMPLICATIONS: While the development of 
physical qualities is a vital component of 
returning to sport, the evolution of on-
pitch rehabilitation should look beyond 
physical performance. Practitioners 
should place greater emphasis on pro-
gressively challenging a player’s neuro-
physiological capabilities, fostering skill 
redevelopment and reducing cognitive 
demands on return to sport by embed-
ding tactical principles and positional 
responsibilities of the game model ear-
lier in the rehabilitation process.
CAUTION: Return to sport after injury in 
elite soccer is complex. The knowledge 
used to update the CCC is intended 
to support planning, delivering, and 
progressing on-pitch rehabilitation 
alongside physical preparation and 
sports-specificity.

STUDY DETAILS
AUTHOR CONTRIBUTIONS: M.T. created the 
original CCC concept, updated the CCC, 
and wrote the initial draft. T.A., J.O.K., 
M.C., D.G., and D.D.C. provided feed-
back throughout an ongoing process 
until a final version was agreed by all 
authors. M.T., M.C., and D.G. designed 
FIGURE 1; M.T. designed FIGURES 2 to 6.
DATA SHARING: There are no data in this 
manuscript.
PATIENT AND PUBLIC INVOLVEMENT: N/A for a 
clinical commentary submission.

 
REFERENCES

	 1.	 Alaimo A, Esposito A, Orlando C, Simoncini A. 
Aircraft pilots workload analysis: heart rate 
variability objective measures and NASA-task 
load index subjective evaluation. Aerospace. 
2020;7:137. https://doi.org/10.3390/
aerospace7090137

	 2.	 Allen T, Taberner M, Zhilkin M, Rhodes D. 
Running more than before? The evolution of 
running load demands in the English Premier 
League. Int J Sports Sci Coach. 2024;19:779-​787. 
https://doi.org/10.1177/17479541231164507

	 3.	 Allen T, Wilson S, Cohen DD, Taberner M. Drill 
design using the 'control-chaos continuum': 
blending science and art during return to sport 

served was a framework to guide practi-
tioners in designing and delivering on-
pitch rehabilitation. Insights from other 
disciplines and increased implementation 
experience in elite settings highlighted the 
need for an updated model. We present 
a comprehensive overview of knowledge 
drawn from injury neurophysiology, soccer 
performance, and coaching science, high-
lighting its importance to on-pitch reha-
bilitation and the evolution of the CCC. t

KEY POINTS
FINDINGS: We synthesized insights from in-
jury neurophysiology, soccer performance, 
coaching science, and further experience 
in elite settings to provide an update of 
the control-chaos continuum (CCC) for 
elite soccer. The updated CCC retains key 
features of the original model with an en-
hanced emphasis on the physical-cognitive 
aspects of rehabilitation. The CCC now 
integrates practice design principles, 
visual-cognitive and attentional challenge, 
decision-making, and progression repre-

postdrill rest period communication with 
players and used in collaboration with 
success rate.12

We encourage a ~70% success rate in 
drill-related outcomes, inducing moderate 
challenge while leaving space for error-
based learning.37,52 For example, referring 
to the Control-to-Chaos phase nondirec-
tional pass and move drill (FIGURE 1), if the 
drill is performed for a duration of 1 minute, 
the total number of successful actions can 
be extracted from unsuccessful actions (ie, 
target player missed, mannequin hit, mini 
goal missed). We also recommend practi-
tioners perform subjective evaluations 
(ie, observing potential perception delays 
in lieu of success rate) to understand the 
imposed mental demand and refine drill 
design and progression.72

SUMMARY

O
n-pitch rehabilitation is a criti-
cal component of return to sport 
following injury. The original CCC 

FIGURE 6. Visual representation of a simplified version of the NASA Task Load Index (TLX) to monitor physical-cognitive 
load demands. Two dimensions highlighted: (1) mental demand and (2) physical demand (0-100 arbitrary units, 0 = Low 
and 100 = High). Frustration may also be tracked from the TLX dimensions. Frustration may help establish a player’s 
challenge point to further progress or regress practice design for skill development during rehabilitation.

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t U

ni
ve

rs
ity

 o
f 

C
en

tr
al

 L
an

ca
sh

ir
e 

on
 J

an
ua

ry
 2

7,
 2

02
5.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
02

5 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.

https://doi.org/10.3390/aerospace7090137
https://doi.org/10.3390/aerospace7090137
https://doi.org/10.1177/17479541231164507


journal of orthopaedic & sports physical therapy  |  issue in progress  |  9

	 27.	 Hodges NJ, Lohse KR. An extended challenge-
based framework for practice design in sports 
coaching. J Sports Sci. 2022;40:754-​768. https://
doi.org/10.1080/02640414.2021.2015917

	 28.	 Jabareen Y. Building a conceptual framework: 
philosophy, definitions, and procedure. Int 
J Qual Methods. 2009;8:49-​62. https://doi.
org/10.1177/160940690900800406

	 29.	 Jiménez-Rubio S, Estévez Rodríguez JL, 
Navandar A. Validity of a rehab and recondi-
tioning program following an adductor longus 
injury in professional soccer. J Sport Rehabil. 
2021;30:1224-​1229. https://doi.org/10.1123/
jsr.2020-0360

	 30.	 Jiménez-Rubio S, Navandar A, 
Rivilla-García J, Paredes-Hernández V, Gómez-
Ruano MÁ. Improvements in match-related 
physical performance of professional soccer 
players after the application of an on-field train-
ing program for hamstring injury rehabilitation. 
J Sport Rehabil. 2020;29:1145-​1150. https://doi.
org/10.1123/jsr.2019-0033

	 31.	 Jones B, Hardy L, Lawrence G, et al. It ain’t what 
you do—it’s the way that you do it: is optimizing 
challenge key in the development of super-elite 
batsmen? J Expert. 2020;3:144-​168.

	 32.	 Jordet G, Aksum KM, Pedersen DN, et al. 
Scanning, contextual factors, and association 
with performance in English premier league 
footballers: an investigation across a season. 
Front Psychol. 2020;11:553813. https://doi.
org/10.3389/fpsyg.2020.553813

	 33.	 Katsuki F, Constantinidis C. Bottom-up 
and top-down attention: different pro-
cesses and overlapping neural systems. 
Neuroscientist. 2014;20:509-​521. https://doi.
org/10.1177/1073858413514136

	 34.	 King J, Burgess TL, Hendricks CF. The coach’s 
role during an athlete’s rehabilitation following 
sports injury: a scoping review. Int J Sports 
Sci Coach. 2023;18:928-​944. https://doi.
org/10.1177/17479541221150694

	 35.	 Konefał M, Chmura P, Zając T, Chmura J, 
Kowalczuk E, Andrzejewski M. Evolution of 
technical activity in various playing positions, 
in relation to match outcomes in professional 
soccer. Biol Sport. 2019;36:181-​189. https://doi.
org/10.5114/biolsport.2019.83958

	 36.	 Kotsifaki R, Sideris V, King E, Bahr R, Whiteley R. 
Performance and symmetry measures dur-
ing vertical jump testing at return to sport 
after ACL reconstruction. Br J Sports Med. 
2023;57:1304-​1310. https://doi.org/10.1136/
bjsports-2022-106588

	 37.	 Leech KA, Roemmich RT, Gordon J, 
Reisman DS, Cherry-Allen KM. Updates in 
motor learning: implications for physical 
therapist practice and education. Phys Ther. 
2022;102:pzab250. https://doi.org/10.1093/ptj/
pzab250

	 38.	 Maricot A, Dick E, Walravens A, et al. Brain 
neuroplasticity related to lateral ankle ligamen-
tous injuries: a systematic review. Sports Med. 
2023;53:1423-​1443. https://doi.org/10.1007/
s40279-023-01834-z

	 16.	 Ekstrand J, Lundqvist D, Davison M, D'Hooghe M, 
Pensgaard AM. Communication quality between 
the medical team and the head coach/manager 
is associated with injury burden and player 
availability in elite football clubs. Br J Sports 
Med. 2019;53:304-​308. https://doi.org/10.1136/
bjsports-2018-099411

	 17.	 England Football. If in doubt sit them out: 
Concussion guidelines. Available at: https://cdn.
englandfootball.com/-/media/EnglandFootball/
Files/learn/Brain-Health/Sep-2023/Concussion-
Guidelines-110923/The-FA-Concussion-Guidelines.
pdf?rev=baeae2d524ab491ca40fad7ffd75d9f8

	 18.	 Frömer R, Stürmer B, Sommer W. (Don’t) 
mind the effort: effects of contextual interfer-
ence on ERP indicators of motor preparation. 
Psychophysiol. 2016;53:1577-​1586. https://doi.
org/10.1111/psyp.12703

	 19.	 González-Rodenas J, Moreno-Pérez V, 
Campo RL, Resta R, Coso JD. Technical and tac-
tical evolution of the offensive team sequences 
in LaLiga between 2008 and 2021. Is Spanish 
football now a more associative game? Biol 
Sport. 2024;41:105-​113. https://doi.org/10.5114/
biolsport.2024.131818

	 20.	 Green B, Bourne MN, Pizzari T. Isokinetic 
strength assessment offers limited predictive va-
lidity for detecting risk of future hamstring strain 
in sport: a systematic review and meta-analysis. 
Br J Sports Med. 2018;52:329-​336. https://doi.
org/10.1136/bjsports-2017-098101

	 21.	 Grooms DR, Chaput M, Simon JE, Criss CR, 
Myer GD, Diekfuss JA. Combining neurocognitive 
and functional tests to improve return to sport 
decisions following ACL reconstruction. J Orthop 
Sports Phys Ther. 2023;53:415-​419. https://doi.
org/10.2519/jospt.2023.11489

	 22.	 Grooms DR, Page SJ, Nichols-Larsen DS, 
Chaudhari AMW, White SE, Onate JA. 
Neuroplasticity associated with anterior cruciate 
ligament reconstruction. J Orthop Sports Phys 
Ther. 2017;47:180-​189. https://doi.org/10.2519/
jospt.2017.7003

	 23.	 Handford C, Davids K, Bennett S, 
Button C. Skill acquisition in sport: some 
applications of an evolving practice ecology. 
J Sports Sci. 1997;15:621-​640. https://doi.
org/10.1080/026404197367056

	 24.	 Harper DJ, Sandford GN, Clubb J, et al. Elite 
football of 2030 will not be the same as that 
of 2020: what has evolved and what needs to 
evolve? Scand J Med Sci Sports. 2021;31:493-​
494. https://doi.org/10.1111/sms.13876

	 25.	 Hart SG, Staveland LE. Development of NASA-
TLX (Task Load Index): results of empirical 
and theoretical research. In: Hancock PA, 
Meshkati N, eds. in Human Mental Workload. 
Elsevier, 1988:139-​183, .

	 26.	 Heidarnia E, Letafatkar A, Khaleghi-Tazji M, 
Grooms DR. Comparing the effect of a simulated 
defender and dual-task on lower limb coordina-
tion and variability during a side-cut in basket-
ball players with and without anterior cruciate 
ligament injury. J Biomech. 2022;133:110965. 
https://doi.org/10.1016/j.jbiomech.2022.110965

following knee injury in elite football. Phys Ther 
Sport. 2021;50:22-​35. https://doi.org/10.1016/j.
ptsp.2021.02.011

	 4.	 Almeida AM, Santos Silva PR, Pedrinelli A, 
Hernandez AJ. Aerobic fitness in professional 
soccer players after anterior cruciate ligament 
reconstruction. PLOS ONE. 2018;13:e0194432. 
https://doi.org/10.1371/journal.pone.0194432

	 5.	 Ardern CL, Glasgow P, Schneiders A, et al. 
2016 Consensus statement on return to 
sport from the First World Congress in Sports 
Physical Therapy, Bern. Br J Sports Med. 
2016;50:853-​864. https://doi.org/10.1136/
bjsports-2016-096278

	 6.	 Baumeister J, Reinecke K, Weiss M. Changed 
cortical activity after anterior cruciate 
ligament reconstruction in a joint posi-
tion paradigm: an EEG study. Scand J Med 
Sci Sports. 2008;18:473-​484. https://doi.
org/10.1111/j.1600-0838.2007.00702.x

	 7.	 Bell SW, Kong JCH, Clark DA, Carne P, et al. The 
National Aeronautics and Space Administration-
task load index: NASA-TLX: evaluation of its use 
in surgery. ANZ J Surg. 2022;92:3022-​3028. 
https://doi.org/10.1111/ans.17830

	 8.	 Bodkin SG, Hertel J, Diduch DR, et al. Predicting 
anterior cruciate ligament reinjury from 
return-to-activity assessments at 6 months 
postsurgery: a prospective cohort study. 
J Athl Train. 2022;57:325-​333. https://doi.
org/10.4085/1062-6050-0407.20

	 9.	 Burns A, Collins D, Nolte L. Coaches’ experi-
ences of performance support teams. Int J 
Sports Sci Coach. 2024;19:965-​977. https://doi.
org/10.1177/17479541241228814

	 10.	 Chakraborty G, Kikuchi D, Sawamoto J, Yokoha H. 
Perception delay and its estimation analyzing 
EEG signal. Paper presented at: 2013 IEEE 
International Conference on Cybernetics (CYBCO); 
June 13-15, 2013; Lausanne, Switzerland. https://
doi.org/10.1109/CYBConf.2013.6617427

	 11.	 Chaput M, Onate JA, Simon JE, et al. Visual 
cognition associated with knee proprioception, 
time to stability, and sensory integration neural 
activity after ACL reconstruction. J Orthop 
Res. 2022;40:95-​104. https://doi.org/10.1002/
jor.25014

	 12.	 Chaput M, Simon JE, Taberner M, Grooms DR. 
From control to chaos: visual-cognitive progres-
sion during recovery from ACL reconstruction. 
J Orthop Sports Phys Ther. 2024;54:431-​439. 
https://doi.org/10.2519/jospt.2024.12443

	 13.	 Cohen DD, Burton A, Wells C, Taberner M, 
Diaz MA, Graham-Smith P. Single v double leg 
countermovement jump tests; not half an apple. 
Aspetar Sports Med J. 2020;9:34-​41.

	 14.	 Driver J, Noesselt T. Multisensory interplay 
reveals crossmodal influences on ‘sensory-
specific’ brain regions, neural responses, and 
judgments. Neuron. 2008;57:11-​23. https://doi.
org/10.1016/j.neuron.2007.12.013

	 15.	 Echemendia RJ, Brett BL, Broglio S, et al. Sport 
concussion assessment tool™ - 6 (SCAT6). 
Br J Sports Med. 2023;57:622-​631. https://doi.
org/10.1136/bjsports-2023-107036

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t U

ni
ve

rs
ity

 o
f 

C
en

tr
al

 L
an

ca
sh

ir
e 

on
 J

an
ua

ry
 2

7,
 2

02
5.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
02

5 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.

https://doi.org/10.1080/02640414.2021.2015917
https://doi.org/10.1080/02640414.2021.2015917
https://doi.org/10.1177/160940690900800406
https://doi.org/10.1177/160940690900800406
https://doi.org/10.1123/jsr.2020-0360
https://doi.org/10.1123/jsr.2020-0360
https://doi.org/10.1123/jsr.2019-0033
https://doi.org/10.1123/jsr.2019-0033
https://doi.org/10.3389/fpsyg.2020.553813
https://doi.org/10.3389/fpsyg.2020.553813
https://doi.org/10.1177/1073858413514136
https://doi.org/10.1177/1073858413514136
https://doi.org/10.1177/17479541221150694
https://doi.org/10.1177/17479541221150694
https://doi.org/10.5114/biolsport.2019.83958
https://doi.org/10.5114/biolsport.2019.83958
https://doi.org/10.1136/bjsports-2022-106588
https://doi.org/10.1136/bjsports-2022-106588
https://doi.org/10.1093/ptj/pzab250
https://doi.org/10.1093/ptj/pzab250
https://doi.org/10.1007/s40279-023-01834-z
https://doi.org/10.1007/s40279-023-01834-z
https://doi.org/10.1136/bjsports-2018-099411
https://doi.org/10.1136/bjsports-2018-099411
https://cdn.englandfootball.com/-/media/EnglandFootball/Files/learn/Brain-Health/Sep-2023/Concussion-Guidelines-110923/The-FA-Concussion-Guidelines.pdf?rev=baeae2d524ab491ca40fad7ffd75d9f8
https://cdn.englandfootball.com/-/media/EnglandFootball/Files/learn/Brain-Health/Sep-2023/Concussion-Guidelines-110923/The-FA-Concussion-Guidelines.pdf?rev=baeae2d524ab491ca40fad7ffd75d9f8
https://cdn.englandfootball.com/-/media/EnglandFootball/Files/learn/Brain-Health/Sep-2023/Concussion-Guidelines-110923/The-FA-Concussion-Guidelines.pdf?rev=baeae2d524ab491ca40fad7ffd75d9f8
https://cdn.englandfootball.com/-/media/EnglandFootball/Files/learn/Brain-Health/Sep-2023/Concussion-Guidelines-110923/The-FA-Concussion-Guidelines.pdf?rev=baeae2d524ab491ca40fad7ffd75d9f8
https://cdn.englandfootball.com/-/media/EnglandFootball/Files/learn/Brain-Health/Sep-2023/Concussion-Guidelines-110923/The-FA-Concussion-Guidelines.pdf?rev=baeae2d524ab491ca40fad7ffd75d9f8
https://doi.org/10.1111/psyp.12703
https://doi.org/10.1111/psyp.12703
https://doi.org/10.5114/biolsport.2024.131818
https://doi.org/10.5114/biolsport.2024.131818
https://doi.org/10.1136/bjsports-2017-098101
https://doi.org/10.1136/bjsports-2017-098101
https://doi.org/10.2519/jospt.2023.11489
https://doi.org/10.2519/jospt.2023.11489
https://doi.org/10.2519/jospt.2017.7003
https://doi.org/10.2519/jospt.2017.7003
https://doi.org/10.1080/026404197367056
https://doi.org/10.1080/026404197367056
https://doi.org/10.1111/sms.13876
https://doi.org/10.1016/j.jbiomech.2022.110965
https://doi.org/10.1016/j.ptsp.2021.02.011
https://doi.org/10.1016/j.ptsp.2021.02.011
https://doi.org/10.1371/journal.pone.0194432
https://doi.org/10.1136/bjsports-2016-096278
https://doi.org/10.1136/bjsports-2016-096278
https://doi.org/10.1111/j.1600-0838.2007.00702.x
https://doi.org/10.1111/j.1600-0838.2007.00702.x
https://doi.org/10.1111/ans.17830
https://doi.org/10.4085/1062-6050-0407.20
https://doi.org/10.4085/1062-6050-0407.20
https://doi.org/10.1177/17479541241228814
https://doi.org/10.1177/17479541241228814
https://doi.org/10.1109/CYBConf.2013.6617427
https://doi.org/10.1109/CYBConf.2013.6617427
https://doi.org/10.1002/jor.25014
https://doi.org/10.1002/jor.25014
https://doi.org/10.2519/jospt.2024.12443
https://doi.org/10.1016/j.neuron.2007.12.013
https://doi.org/10.1016/j.neuron.2007.12.013
https://doi.org/10.1136/bjsports-2023-107036
https://doi.org/10.1136/bjsports-2023-107036


10  |  issue in progress  |  journal of orthopaedic & sports physical therapy

[ clinical commentary ]
	 63.	 Taberner M, Distin S, Chance O, Cohen DD, 

Ardern CL. Clinical pearls on how practitioners 
can best support elite soccer players to return 
to peak performance after injury. JOSPT Cases. 
2021;1:126e128. https://doi.org/10.2519/
josptcases.2021.0103

	 64.	 Taberner M, Haddad FS, Dunn A, et al. 
Managing the return to sport of the elite 
footballer following semimembranosus re-
construction. BMJ Open Sport Exerc Med. 
2020;6:e000898. https://doi.org/10.1136/
bmjsem-2020-000898

	 65.	 Taberner M, O'keefe J, Dunn A, Cohen DD. 
Return to sport and beyond following intramus-
cular tendon hamstring injury: a case report 
of an English Premier League football player. 
Phys Ther Sport. 2022;56:38-​47. https://doi.
org/10.1016/j.ptsp.2022.05.013

	 66.	 Taberner M, Spencer N, Murphy B, Antflick J, 
Cohen DD. Progressing on-court rehabilita-
tion after injury: the control-chaos continuum 
adapted to basketball. J Orthop Sports Phys 
Ther. 2023;53:498-​509. https://doi.org/10.2519/
jospt.2023.11981

	 67.	 Taberner M, van Dyk N, Allen T, et al. Physical 
preparation and return to performance of 
an elite female football player following ACL 
reconstruction: a journey to the FIFA Women's 
World Cup. BMJ Open Sport Exerc Med. 
2020;6:e000843. https://doi.org/10.1136/
bmjsem-2020-000843

	 68.	 Taberner M, van Dyk N, Allen T, et al. Physical 
preparation and return to sport of the football 
player with a tibia-fibula fracture: applying the 
'control-chaos continuum'. BMJ Open Sport 
Exerc Med. 2019;5:e000639. https://doi.
org/10.1136/bmjsem-2019-000639

	 69.	 Triplett AN, Kuenze CM. Characterizing body 
composition, cardiorespiratory fitness, and 
physical activity in women with anterior cruci-
ate ligament reconstruction. Phys Ther Sport. 
2021;48:54-​59. https://doi.org/10.1016/j.
ptsp.2020.12.014

	 70.	 Ward S, Pearce AJ, Pietrosimone B, Bennell K, 
Clark R, Bryant AL. Neuromuscular deficits after 
peripheral joint injury: a neurophysiological 
hypothesis. Muscle Nerve. 2015;51:327-​332. 
https://doi.org/10.1002/mus.24463

	 71.	 Wickens CD. Multiple resources and 
performance prediction. Theor Issues 
Ergon Sci. 2002;3:159-​177. https://doi.
org/10.1080/14639220210123806

	 72.	 Windt J, Hamilton K, Cox DN, Zumbo BD, 
Sporer BC. Capturing the ‘expert’s eye’: a per-
spective on developing a better understanding 
and implementation of subjective performance 
evaluations in team sports. J Elite Sport 
Perform. 2022;36710. https://doi.org/10.54080/
WLNC5222

	 73.	 Wright DL, Kim T. Contextual interference: new 
findings, insights, and implications for skill 
acquisition. In: Hodges NJ, Williams AM, eds. in 
Skill Acquisition in Sport: Research, Theory & 
Practice. Routledge, 2019:99-​118.

	 52.	 Seidler RD, Kwak Y, Fling BW, Bernard JA. 
Neurocognitive mechanisms of error-based 
motor learning. In: Richardson M, Riley M, 
Shockley K, eds. in Progress in Motor Control. 
Advances in Experimental Medicine and Biology. 
Vol.782. Springer, 2013:39-​60. https://doi.
org/10.1007/978-1-4614-5465-6_3

	 53.	 Shah-Basak PP, Urbain C, Wong S, et al. 
Concussion alters the functional brain processes 
of visual attention and working memory. J 
Neurotrauma. 2018;35:267-​277. https://doi.
org/10.1089/neu.2017.5117

	 54.	 Sherman DA, Baumeister J, Stock MS, 
Murray AM, Bazett-Jones DM, Norte GE. 
Weaker quadriceps corticomuscular coher-
ence in individuals after ACL reconstruction 
during force tracing. Med Sci Sports Exerc. 
2023;55:625-​632. https://doi.org/10.1249/
MSS.0000000000003080

	 55.	 Simonson R, Piussi R, Högberg J, et al. Effect 
of quadriceps and hamstring strength relative 
to body weight on risk of a second ACL injury: 
a cohort study of 835 patients who returned to 
sport after ACL reconstruction. Orthop J Sports 
Med. 2023;11:23259671231157386. https://doi.
org/10.1177/23259671231157386

	 56.	 Stares J, Dawson B, Peeling P, et al. How much is 
enough in rehabilitation? High running workloads 
following lower limb muscle injury delay return 
to play but protect against subsequent injury. J 
Sci Med Sport. 2018;21:1019-​1024. https://doi.
org/10.1016/j.jsams.2018.03.012

	 57.	 Strong A, Markström J. 13 Secondary cognitive 
tasks alter drop vertical jump landing mechanics 
and reduce jump height in individuals with an-
terior cruciate ligament injury. BMJ Open Sport 
Exerc Med. 2024;10. https://doi.org/10.1136/
bmjsem-2024-sportskongres2024.13

	 58.	 Taberner M, Allen T, Cohen DD. Progressing reha-
bilitation after injury: consider the 'control-chaos 
continuum'. Br J Sports Med. 2019;53:1132-​1136. 
https://doi.org/10.1136/bjsports-2018-100157

	 59.	 Taberner M, Allen T, Constantine E, Cohen DD. 
From control to chaos to competition: building 
a pathway to return to performance following 
ACL reconstruction. Aspetar Sports Med J. 
2020;9:84-​94.

	 60.	 Taberner M, Allen T, O'keefe J, Cohen DD. 
Contextual considerations using the 'control-
chaos continuum' for return to sport in elite 
football - Part 1: load planning. Phys Ther 
Sport. 2022;53:67-​74. https://doi.org/10.1016/j.
ptsp.2021.10.015

	 61.	 Taberner M, Cohen DD. Physical preparation of the 
football player with an intramuscular hamstring 
tendon tear: clinical perspective with video dem-
onstrations. Br J Sports Med. 2018;52:1275-​1278. 
https://doi.org/10.1136/bjsports-2017-098817

	 62.	 Taberner M, Cohen DD, Carter A, Windt J. 'Where 
is the load?' Revisiting the Strategic Assessment 
of Risk and Risk Tolerance (StARRT) framework 
for return to sport by including an athlete's 
sport-specific training capacity? Br J Sports 
Med. 2022;17:832-​834. https://doi.org/10.1136/
bjsports-2022-105573

	 39.	 Miko SC, Simon JE, Monfort SM, Yom JP, Ulloa S, 
Grooms DR. Postural stability during visual-
based cognitive and motor dual-tasks after 
ACLR. J Sci Med Sport. 2021;24:146-​151. https://
doi.org/10.1016/j.jsams.2020.07.008

	 40.	 Monfort SM, Simon JE, Miko SC, Grooms DR. 
Effects of cognitive- and motor-dual tasks on 
postural control regularity following anterior 
cruciate ligament reconstruction. Gait Posture. 
2022;97:109-​114. https://doi.org/10.1016/j.
gaitpost.2022.07.246

	 41.	 Moore T, Zirnsak M. Neural mechanisms of 
selective visual attention. Annu Rev Psychol. 
2017;68:47-​72. https://doi.org/10.1146/
annurev-psych-122414-033400

	 42.	 Mota T, Silva R, Clemente FM. Holistic soccer 
profile by position: a theoretical framework. Hum 
Mov. 2023;24:4-​20. https://doi.org/10.5114/
hm.2023.110751

	 43.	 Nakamoto H, Mori S, Ikudome S, Unenaka S, 
Imanaka K. Effects of sport expertise on repre-
sentational momentum during timing control. 
Atten Percept Psychophys. 2015;77:961-​971. 
https://doi.org/10.3758/s13414-014-0818-9

	 44.	 Nordström A, Nordström P, Ekstrand J. Sports-
related concussion increases the risk of subse-
quent injury by about 50% in elite male football 
players. Br J Sports Med. 2014;48:1447-​1450. 
https://doi.org/10.1136/bjsports-2013-093406

	 45.	 Oberauer K. Working memory and attention 
- a conceptual analysis and review. J Cogn. 
2019;2:36. https://doi.org/10.5334/joc.58

	 46.	 Pinder RA, Davids K, Renshaw I, Araújo D. 
Representative learning design and functional-
ity of research and practice in sport. J Sport 
Exerc Psychol. 2011;33:146-​155. https://doi.
org/10.1123/jsep.33.1.146

	 47.	 Plakias S. An integrative review of the game 
model in soccer: definition, misconceptions, 
and practical significance. Trends Sport Sci. 
2023;30:85-​92. https://doi.org/10.23829/
TSS.2023.30.3-1

	 48.	 Plakias S, Kokkotis C, Moustakidis S, et al. 
Identifying playing styles of European soccer 
teams during the key moments of the game. 
Phys Educ Sport. 2023;23:878-​890. https://doi.
org/10.7752/jpes.2023.04111

	 49.	 Renshaw I, Davids K, Araújo D, et al. Evaluating 
weaknesses of "perceptual-cognitive train-
ing" and "brain training" methods in sport: an 
ecological dynamics critique. Front Psychol. 
2019;9:2468. https://doi.org/10.3389/
fpsyg.2018.02468

	 50.	 Ribeiro J, Davids K, Araújo D, Guilherme J, 
Silva P, Garganta J. Exploiting bi-directional 
self-organizing tendencies in team sports: the 
role of the game model and tactical principles 
of play. Front Psychol. 2019;10:2213. https://doi.
org/10.3389/fpsyg.2019.02213

	 51.	 Schneider C, Hanakam F, Wiewelhove T, et al. 
Heart rate monitoring in team sports-a concep-
tual framework for contextualizing heart rate 
measures for training and recovery prescrip-
tion. Front Physiol. 2018;9:639. https://doi.
org/10.3389/fphys.2018.00639

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t U

ni
ve

rs
ity

 o
f 

C
en

tr
al

 L
an

ca
sh

ir
e 

on
 J

an
ua

ry
 2

7,
 2

02
5.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
02

5 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.

https://doi.org/10.2519/josptcases.2021.0103
https://doi.org/10.2519/josptcases.2021.0103
https://doi.org/10.1136/bmjsem-2020-000898
https://doi.org/10.1136/bmjsem-2020-000898
https://doi.org/10.1016/j.ptsp.2022.05.013
https://doi.org/10.1016/j.ptsp.2022.05.013
https://doi.org/10.2519/jospt.2023.11981
https://doi.org/10.2519/jospt.2023.11981
https://doi.org/10.1136/bmjsem-2020-000843
https://doi.org/10.1136/bmjsem-2020-000843
https://doi.org/10.1136/bmjsem-2019-000639
https://doi.org/10.1136/bmjsem-2019-000639
https://doi.org/10.1016/j.ptsp.2020.12.014
https://doi.org/10.1016/j.ptsp.2020.12.014
https://doi.org/10.1002/mus.24463
https://doi.org/10.1080/14639220210123806
https://doi.org/10.1080/14639220210123806
https://doi.org/10.54080/WLNC5222
https://doi.org/10.54080/WLNC5222
https://doi.org/10.1007/978-1-4614-5465-6_3
https://doi.org/10.1007/978-1-4614-5465-6_3
https://doi.org/10.1089/neu.2017.5117
https://doi.org/10.1089/neu.2017.5117
https://doi.org/10.1249/MSS.0000000000003080
https://doi.org/10.1249/MSS.0000000000003080
https://doi.org/10.1177/23259671231157386
https://doi.org/10.1177/23259671231157386
https://doi.org/10.1016/j.jsams.2018.03.012
https://doi.org/10.1016/j.jsams.2018.03.012
https://doi.org/10.1136/bmjsem-2024-sportskongres2024.13
https://doi.org/10.1136/bmjsem-2024-sportskongres2024.13
https://doi.org/10.1136/bjsports-2018-100157
https://doi.org/10.1016/j.ptsp.2021.10.015
https://doi.org/10.1016/j.ptsp.2021.10.015
https://doi.org/10.1136/bjsports-2017-098817
https://doi.org/10.1136/bjsports-2022-105573
https://doi.org/10.1136/bjsports-2022-105573
https://doi.org/10.1016/j.jsams.2020.07.008
https://doi.org/10.1016/j.jsams.2020.07.008
https://doi.org/10.1016/j.gaitpost.2022.07.246
https://doi.org/10.1016/j.gaitpost.2022.07.246
https://doi.org/10.1146/annurev-psych-122414-033400
https://doi.org/10.1146/annurev-psych-122414-033400
https://doi.org/10.5114/hm.2023.110751
https://doi.org/10.5114/hm.2023.110751
https://doi.org/10.3758/s13414-014-0818-9
https://doi.org/10.1136/bjsports-2013-093406
https://doi.org/10.5334/joc.58
https://doi.org/10.1123/jsep.33.1.146
https://doi.org/10.1123/jsep.33.1.146
https://doi.org/10.23829/TSS.2023.30.3-1
https://doi.org/10.23829/TSS.2023.30.3-1
https://doi.org/10.7752/jpes.2023.04111
https://doi.org/10.7752/jpes.2023.04111
https://doi.org/10.3389/fpsyg.2018.02468
https://doi.org/10.3389/fpsyg.2018.02468
https://doi.org/10.3389/fpsyg.2019.02213
https://doi.org/10.3389/fpsyg.2019.02213
https://doi.org/10.3389/fphys.2018.00639
https://doi.org/10.3389/fphys.2018.00639


journal of orthopaedic & sports physical therapy  |  issue in progress  |  11

2023;15:e45873. https://doi.org/10.7759/
cureus.45873

Rev. 2014;3:38-​43. https://doi.org/10.1123/
kr.2014-0035

	 76.	 Zimny ML, Schutte M, Dabezies E. 
Mechanoreceptors in the human anterior cruci-
ate ligament. Anat Rec. 1986;214:204-​209. 
https://doi.org/10.1002/ar.1092140216

	 77.	 Zotey V, Andhale A, Shegekar T, Juganavar A. 
Adaptive neuroplasticity in brain injury 
recovery: strategies and insights. Cureus. 

	 74.	 Yearby T, Myszka S, Roberts WM, Woods CT, 
Davids K. Applying an ecological approach to 
practice design in American football: some case 
examples on best practice. Sports Coach Rev. 
2022;13:362-​385. https://doi.org/10.1080/ 
21640629.2022.2057698

	 75.	 Zelaznik HN. The past and future of mo-
tor learning and control: what is the proper 
level of description and analysis? Kinesiol @ MORE INFORMATION

WWW.JOSPT.ORG

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t U

ni
ve

rs
ity

 o
f 

C
en

tr
al

 L
an

ca
sh

ir
e 

on
 J

an
ua

ry
 2

7,
 2

02
5.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
02

5 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.

https://doi.org/10.7759/cureus.45873
https://doi.org/10.7759/cureus.45873
https://doi.org/10.1123/kr.2014-0035
https://doi.org/10.1123/kr.2014-0035
https://doi.org/10.1002/ar.1092140216
https://doi.org/10.1080/21640629.2022.2057698
https://doi.org/10.1080/21640629.2022.2057698
www.jospt.org

