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Evolving the Control-Chaos Continuum:
Part 2—Shifting “Attention” to
Progress On-Pitch Rehabilitation

n part 1, we explored the foundational knowledge behind the revised
control-chaos continuum (CCC), emphasizing the importance of

practice design and physical-cognitive interactions to improve the
planning, delivery, and progression of on-pitch rehabilitation.”® In

part 2, we integrate these updates into the original model, guiding

practitioners through the CCC’s phases, including how to adapt High Chaos
to facilitate the transition to full team training and return to competition.

© BACKGROUND: On-pitch rehabilitation is

key to supporting return to sport in elite soccer
(football). The control-chaos continuum (CCC)
guides practitioners through the sport-specific
components of return to sport. There is a need
to update the framework with recent research in
injury neurophysiology, soccer performance, and
coaching science.

© CLINICAL QUESTION: How do practitioners inte-
grate the insights from injury neurophysiology, soc-
cer performance, and coaching science discussed in
part 1 of this 2-part series into an updated version of
the CCC, to enhance the planning and execution of
on-pitch rehabilitation for elite soccer players?

@©KEY RESULTS: The revised CCC framework
emphasizes the design and delivery of progres-
sive training in increasingly chaotic conditions.
The updated framework supports practitioners
to incorporate elements of visual-cognitive chal-

lenges, attentional challenges, decision making,
and progression representation of the game model
when players are preparing to return to sport.

@©CLINICAL APPLICATION: The updated CCC
outlines training progression from High Control,
which involves returning to on-pitch linear run-
ning, to High Chaos, which simulates the team
environment at game speed. The High Chaos
phase can be tailored to support players during
their reintegration into team training. The model is
adaptable for both short- and long-term injuries,
integrating physical-cognitive load monitoring and
strength and power diagnostics to enhance deci-
sion making throughout return to sport. J Orthop
Sports Phys Ther 2025;55(3):1-11. Epub 17 January
2025. doi:10.2519/jospt.2025.13159

@KEY WORDS: control-chaos continuum, elite
soccer, injury, rehabilitation, return to sport

EVOLVING THE CCC

HE UPDATED CCC EMPHASIZES EF-
fective practice design to facilitate

progressive training for the injured

player (FIGURE 1).6%% Our revised model
integrates progressive visual-cognitive
dual-task challenges established in the
Visual-Cognitive CCC (VC-CCC) frame-
work® with decision-making elements,

while incorporating components of the
game model under increasingly cha-
otic conditions.> The goal is to align the
session and drill objectives to what the
player experiences during competition.™
Key task constraints, including the size
of the pitch areas and the availability of
coaches, players, and support staff, are
now integrated into the updated model
and tailored to address the specific needs
of the injury case and the club context
(FIGURE 1).

We recommend that practitioners in-
volve coaches as early as in the Moderate
Control phase, incorporating targeted
drills that maintain player attributes re-
lated to their specific roles in the game
model. Moderate Control also begins in-
tegrating visual-cognitive challenges us-
ing the VC-CCC, with practitioners given
the autonomy to blend visually mediated
dual-task challenges on a drill-specific
level (FIGURE 1).?

We account for injury-specific and
phase progression criteria. However, due
to the dynamic nature of elite soccer and
the need to balance risk and reward,?°
players may return to competition even
if they have not met all progression cri-
teria.?® We advise practitioners to tailor
the CCC to meet the specific needs of
each injury case by adjusting (ie, duration
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FIGURE 1. On-pitch rehabilitation framework—control-chaos continuum. The framework should be adjusted according to the specific injury, estimated healing time frames, and
expected return to team training. Abbreviations: 1, increase; —, progress to; #, maintain; oo, linked to, ie, defensive into attacking transition; +, addition of; ACC, accelerations;
ACC1, acceleration magnitude; AR, active recovery; BW, body weight; C, coach(es); COD, change of direction; count, continuous; DEC, decelerations; DEC?, deceleration
magnitude; DEF, defensive; develop, development; EXP-D, explosive distance; Ext, extensive; F, finishing; focused running, complementary conditioning without the ball; HSR,
high-speed running; INC., including; IND, individual; Int, intensive; inter, intermittent; MAG, magnitude; MAX"®, maximal heart rate; min(s), minute(s); MS, maximal speed; MSK,
musculoskeletal; non-/direct, nondirectional and directional drill application; OFF, offensive; ORG, organizational; P, player(s); P&M, pass and move; POP, pattern of play; POP>F,
pattern of play to finish; PR, passive recovery; RTRL, return to running level 1; RTR2, return to running level 2; S, seconds; SPEC, specific; SPRD, sprint distance; T-BOXES,
transition boxes; TD, total distance; Thres, threshold; TRANS, transitional.

within a phase) or removing phases based
on clinical presentation and injury sever-
ity. For example, a center forward with
a biceps femoris long head injury classi-
fied as grade 1a (British Athletics Muscle
Injury Classification) may only require 1
or 2 training sessions within each of the
High Control and Moderate Control phas-
es before transitioning to the High Chaos
phase. Before returning to full training,
the objective for the player would be to
meet injury-specific loading require-
ments under representative situations
(eg, high-speed counterattack before the
player sets up for a shot at a goal while
under pressure from a defender). The
High Chaos phase of the CCC can be ad-
justed to offer a more ecologically valid

training stimulus through both partial
and full team interactions (FIGURE 2).%°
Implementing this approach may be
challenging depending on the coaching
team’s perspective on how injured players
reintegrate with their team.?

INTEGRATED APPROACH TO
MONITORING PHYSICAL-
COGNITIVE LOAD, PLAYER
LOAD-RESPONSE, AND
TRAINING PROGRESSION

N PART 1, WE RECOMMENDED THE USE
of a simplified NASA Task Load Index
to monitor physical-cognitive interac-
tions.® For comprehensive monitoring,
we recommend that practitioners also

track running load outputs, cardiovascu-
lar responses, and load-response data to
inform progression and regression decisi
ons.?*?64 Running load outputs reflect
the impact of the training prescription,
and practitioners should monitor vari-
ables that align with the club’s training
methodology and the imposed running
load demands.?94143:44

Running load outputs also offer feed-
back on planned session content as well
as quantifying training progression from
session to session, week after week, and
over defined periods (ie, a 10-day set or
rolling period per the club’s monitoring
approach). Load-response data obtained
from strength and power (S&P) diagnos-
tics provide tissue-specific and global
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FIGURE 2. Subphases of the High Chaos phase of the control-chaos continuum to support progressive
reintegration into team training: (1) High Chaos: Partial Team Interaction and (2) High Chaos: Team Interaction.
Subphases should be adjusted to the specific injury, estimated healing time frames, and expected return to full
team training. Internal response refers to heart rate responses, ie, time > 85% MAX"*/heart rate exertion/training
impulse to loading demands of the training session. Abbreviations: ACC, accelerations; ACC?, acceleration
magnitude; ACC-POS, positional acceleration; ACC-REACT, reactive acceleration; ATT vs DEF, attack versus defense
situations; C, coach(es); C&F, crossing and finishing; DEC, decelerations; DEC?, deceleration magnitude; EXP-D,
explosive distance; HSR, high-speed running; LSGs, large-sided games; MAX"R maximal heart rate; MD, match day;
MS, maximal speed; MSGs, medium-sized games; No., number of; P, player(s); P+M, pass and move; POP, pattern
of play; POP>F, pattern of play to finish; POS-SE, positional speed-endurance; SPRD, sprint distance; SSGs,
small-sided games; TACT, tactical; T-Boxes, transition boxes; Visual-cog, visual-cognitive challenge; VOzmax,

neuromuscular responses to on- and off-
pitch reconditioning.!%64043-47 Additionally,
S&P diagnostics can be used more regu-
larly through strategic placement within
micro- and mesocycles to evaluate player
status and monitor progress (FIGURES 3, 4,
and 5).2%%+-%7 Clinical markers, such as the
absence of pain or swelling (rated <2/10
on a numerical scale) and/or joint effu-
sion, also play a vital role in monitoring
player response to load as well as assist-
ing in decision making regarding exer-
cise and phase progression or regression,
especially in mid- to long-term injury
Cases.l,5,4‘0,43,4‘4,4‘5,4‘7

HIGH CONTROL

Aims

«  Practice to reinforce task performance (specific
to the individual and their injury)

«  Focus on task stability and movement control
(VC-CCC phase 1)—no visual-cognitive dual-task
challenge

«  Return to running with High Control over tasks

« Limit change-of-direction and soccer-specific
skills (injury-specific)

+  Build player confidence and training foundation

Practitioners must identify key injury-
specific factors (eg, for a hamstring injury),

the progression of running intensity (%
maximal speed), running intensity volume
(sprint distance volume), competition
movement representation, and relevant
S&P diagnostics (FIGURES 3 and 5).%6:40:43-47
This information, combined with player-
specific factors (ie, positional demands/role
in the game model), development plans (ie,
positioning and passing range), estimated
healing times, and potential risk factors
for reinjury, is critical for planning the
on-pitch rehabilitation process. Practice
design, along with musculoskeletal (MSK)
loading, should emphasize reinforcing
task performance while presenting an
appropriate level of difficulty challenge.*

A key goal of the initial return to on-
pitch activity is to gradually increase the
volume and intensity of linear running,
prescribed through either intermittent
or continuous formats, thereby progres-
sively increasing MSK demands. After a
hamstring injury, returning to running
is crucial for reestablishing normal
neuromuscular function.”® Practitioners
should, depending on the severity of
the strain, exercise caution when pro-
gressing running speeds, as the mus-
culotendinous strain on the hamstring
at higher velocities may jeopardize the
healing process.’>* While low-magni-
tude accelerations and decelerations
occur naturally during intermittent
running formats, change-of-direction
activities should be limited, particularly
for joint-related injuries (eg, knee injuries)
during this phase.?

Reintroducing low-level, soccer-spe-
cific skills (when appropriate) increases
player engagement and motivation.
These activities may include short-
range passing (<10 yards) and close
control dribbling, with the practitioner
maintaining a level of control (closed
skills - blocked practice) over the vol-
ume and intensity of actions through
appropriate drill design. For instance,
following an adductor or quadriceps
injury short-range passing may not be
suitable at this stage. Skill-related activ-
ities can be incorporated into the main
session content, such as running with

JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY
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le One - 4x Training Doses

Training dose (within phase)

Performance decrement ***

h Microcycle Two — 5x Training
HE =)

Training dose (within phase)

* Football (Levels 2 & 3)
P-to-Maintain -> Learn -> Transfer

‘Intensive’ Football (Levels 1 &2)
P-to-Maintain > P-to-Transfer

&
3

Performance decrement ***

|
FIGURE 3. Example of a weekly planning template during (A) early on-pitch training (High Control and
Moderate Control phases) and (B) return to soccer-specific periodized training (Control-to-Chaos phase
onward) blended with partial and full team interaction (High Chaos subphases). Physio | indicates daily
assessment point prior to activity including subjective feedback, pain and range of motion. The color-coded
bars indicate the control-chaos continuum (CCC) phase, daily session themes, and practice design aims/
objectives. The color-coded bars indicate a delivered training dose relative to practice design and physical
(physiological, mechanical, and metabolic) aims/objectives of the session. The height of the bars represents
dose magnitude and is adjusted according to the CCC phase. *** indicates training induced acute performance
decrement. A low dose results in a smaller decrement and performance benefit compared with a larger training
dose.?® Each dose perturbs the allostatic state of the player, recognizing individual differences in dose-response
(3 player examples are displayed with differing perturbations in response to the training dose).” Integrating
strength and power diagnostics within the microcycle can assist in quantifying player status and response.*
These concepts are described in FIGURE 4. Abbreviations: DL-CMJ, double-leg countermovement jump;
Extensive, extensive football; Intensive, intensive football; IPC-90, isometric posterior chain-90 degrees; Off, off
day; Physio, chartered physiotherapist/physical therapist; Recovery, recovery day.

the ball under close control, or included
between interval bouts as part of active
recovery. The exercise-to-rest ratio and
inter-set recovery periods should be
adjusted based on the desired energy
system stimulus and exercise mode (ie,
intermittent) (FIGURE 1).

No visual-cognitive dual tasks are
incorporated within drill design as the
aim is to reinforce task behavior under
controlled conditions. Tasks should be
performed at the player’s discretion
following practitioner communication
over the desired requirements, ie, rep-
etition timing (please refer to FIGUREL in
part 1).%® Reinforcing desirable move-
ments/behaviors during task perfor-
mance is critical for increasing player
confidence.!**?

MODERATE CONTROL

Aims

+ Practice to reinforce and (re)develop (specific to
the individual)

+ Introduce specific change-of-direction activities
(with and without the ball)

+  Challenge simultaneous working memory (VC-
CCC phase 2)

» Manipulate constraints to reduce the level of
control within drills (controlled chaos)

+ Increase the level of soccer-specific skills within
drill design (injury-specific)

+ Integrate coaching staff to support session delivery

Practice design continues to reinforce
task performance with the introduction
of specific change-of-direction activities
(45°-180°) based on the constraints of
the specific injury (FIGURE 1).*3¢ Follow-
ing severe knee injuries (eg, anterior cru-
ciate ligament reconstruction [ACLR]
or patellar tendon rupture), progression
of turning angles and intensity of turns
should be carefully planned based on the
desired knee joint loading.*!>%? Practice
to reinforce may only guide drill design
within part of practice rather than the
whole session. Part of the session may
have a practice-to-(re)develop focus (in-
creasing task difficulty and specificity),
which may be delivered in collabora-
tion with or led by a soccer coach. For

4 | ISSUE IN PROGRESS | JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY
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Status — Adaptations

»l Periodic Assessments. Implemented; Early Rehabilitation* — Return to Sport

To determine current
neuromuscular profile for
comparison with ‘reference’ data*
and as new baseline to quantify and
classify progress across a phase.
Equivalent to periodic profiling in
‘healthy’ players.
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FIGURE 4. Overview of the strategic implementation of strength and power (S&P) diagnostics across the return to sport (RTS) continuum (the double-leg countermovement
jump shown as an example). See FIGURE 5 for other jump and isometric tests used within the RTS continuum. During rehabilitation, S&P diagnostics provide objective data
and insights on neuromuscular load-response specific to the injury site, and for mid- to long-term injuries, global neuromuscular adaptations to training.%64%43-4’ Placement of
testing under specific conditions can enhance insights on player status and response, informing training prescription.*® *Reference data provide context to status and progress
at a given time point. Ideally, preinjury benchmarks are used (bilateral performance, kinetics and 'proxy kinematics', involved and noninvolved limb outputs, and asymmetries).
If not available, contralateral limb performance and asymmetries and, potentially, external cohort-specific data are used. In elite players, while asymmetry values from
"professional” players are a useful guide,'® their performance, kinetics and 'proxy kinematics' are not appropriate reference points, due to substantially lower values.
**Recovered conditions refer to testing under standardized conditions at least 72 hours after intense training. **Submaximal tests refer to assessments where, due to pain
and/or a lack of confidence, willingness, or capacity, the player may self-limit downward velocity/depth (deemphasize preinjury or externally referenced targets). ***Force
metrics refer to peak, mean, rate of force development, and impulse variables. *Relative refers to the comparison of the response in involved versus noninvolved and bilateral
metrics to a training session with similar demands at a later time point in the rehabilitation or relative to a more demanding training session. **Acute fatigue** pertains to
with posttraining performance equating to the SUM of potentiation (+)
may 1 and fatigue is not observed. However, involved vs noninvolved limb trends may diverge.

— fatigue (—) responses whereby bilateral performance

example, a central defender’s develop-
ment plan may involve positioning and
passing distribution. A coach may use a
mini goal positioned as a false full-back,
focusing on positioning to receive a pass
before distributing into the channel.
Delivery would be initially unopposed,
allowing the player to perform the drill
at a discretionary tempo with practitio-
ner-player communication. Progression,
if appropriate to the injury case, may in-
volve a staff member or player receiving
the pass in the target area, increasing
attentional difficulty, ie, timing of the

pass played into the player’s path. The
addition of support staff and/or players
across session content (if available) in-
creases practice specificity.

Drill content should progress MSK
loading demands relevant to the injury,
manipulating the volume (number of ef-
forts), intensity of acceleration/decelera-
tion efforts, and level of control (increased
or decreased movement variability) by ad-
justing task constraints.’® Running inten-
sity (speed) may be progressed in parallel
or independently with change-of-direction
activities depending on the injury type.

Following medial ligament injury, linear
running intensity can be progressed more
readily than change-of-direction activi-
ties, with particular attention to progres-
sion of medial cutting (*intensity, Tvolume,
Tcomplexity). These components could be
progressed intermittently or via the fartlek
method while integrating soccer-specific
skills such as dribbling from close — out of
feet (FIGURE 1). This might be achieved in the
presence of a practitioner, ie, controlled 1v1
situation, constraining speed but increasing
movement variability, ie, off-line running
and a level of uncertainty. We recommend

JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY | ISSUE IN PROGRESS | 5



CLINICAL COMMENTARY

SHOULDER INJURIES |

‘chaos’

level of contact (ie, coach/player)

impact from falling)

* Initiation and progression of contact levels (ie, pad - coach - player) and increments in
of ion efforts and effort magnitudes in combination with

* Initiation of running speed (>70%MS) and increments in ‘chaos’ (ie, 1v1 situations — risk of

RS /5O Shoulderl, Y and T, CM push-up, Press Jump,
sep Drop Box Land
DIAGNOSTICS’
HIP INJURIES }
* of efforts and effort magmludes

* Initiation and progression of change of direction angles
(45-180°) and/or in combination with increments of speed

* Initiation and progression of technical actions (ie, passing, crossing, shooting,
heading (jump-landing), and tackling

* Appropriate phase to combine 1 acceleration/deceleration magnitudes, running
speed (>70% MS) and increments in ‘chaos’

1SO squat/belt squat, ISO hip abd/add, ISO hip IR/ER,

{ HEAD AND NECK INJURIES (INCLUDING BRAIN***)

* Initiation and progression of session volume and intensity (ie, external and intemal dose)
* Initiation and progression of contact levels (ie, pad — coach — player) and increments in ‘chaos’

* Initiation and progression of heading (jump-landing) volume/intensity (ie, static to in-context)

* Initiation and progression of attentional challenge (ie, transition > single, dual, multi-step processing)

ISO neck ext, flex, lat. flex (quadruped).
DL/SL-CMJ, DL/SL-DJ wivisual-cognitive challenge**

sep DL/SL-CMJ, DL/SL-DJ
‘DIAGNOSTICS'
QUADRICEPS INJURIES |

* Intiation and progression of running speed (inear and non-linear) (>70% MS)
P of efforts and effort magnitudes

increments of speed (>70% MS)

* Initiation and progression of change of direction angles (45-180°) and/or in combination with

* Initiation and progression of ball striking technical actions (ie, passing, crossing, shooting)
* Initiation and progression of ball striking actions under fatigued" conditions (if relevant)

and/or errors in response accuracy™®

s&p.
‘DIAGNOSTICS’

A HAMSTRING INJURIES

* Initiation and progression ol running speed (linear and non-linear) (>70% MS)

* Initiation and
* Appropriate phase to oomblne /M acceleration/deceleration magnitudes, running

speed (>70% MS) and increments in ‘chaos’ (inclusive of ‘fatigued’ conditions if

relevant)

Initiation and progression of technical components in relation to running speed

(ie, dribbling at speed) and game-based situations (ie, 1v1 (including

perturbations), attacking or defensive transition)

* Initiation and progression of decision-making in relation running speed (ie,

cross-modal)

ISO posterior chain, ECC hamstring,
CON/ECC hamstring

* Initiation and progression of running volume and running speed (>%MS)
* Initiation and progression of change-of-direction angles (45-180°)

i CALF INJURIES

of ion efforts and effort magnitudes

* Initiation and progression of technical actions (ie, dribbling at speed and heading
(jump-landing)

m 1SO squat/belt squat, ISO knee ext, ISO leg press, CON/ECC quad,
* Appropriate phase to combine high h f

sap DYN squat/split squat/leg press, DL/SL-CMJ, DL-SJ, DL/SL-DJ
‘DIAGNOSTICS' direction angles, running speed progression (>70% MS) and increments in chaos’
L (inclusive of fatigued’ conditions if relevant)
KNEE INJURIES } * Initiation and p of foading’ on ive days

* Inlllallon and progresslcn of running volume and speed (>%MS)

of efforts and effort magnitudes
* Initiation and progression of change of direction angles (45-180°) and/or in combination
with increments of speed (>70% MS)
* Initiation & progression of technical actions (ie, passing, crossing, shooting, heading
(jump-landing), tackling)

m ISO standing/seated calf raise, DL/SL-CMJ,

DL/SL 10-5 Hop, DL/SL-DJ

{ ANKLE AND FOOT INJURIES

* Initiation and progression of running volume and speed (>%MS)(linear and non-linear)

sep.
‘DIAGNOSTICS’
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* Initiation and progression of ‘oading’ on consecutive days
*ACLR** - Initiation and progression of attentional challenge
(ie, transition — single, dual, multi-step processing)

ISO squat/belt squat, ISO knee ext, ISO leg press,
CON/ECC quad, DL/SL-CMJ,DYN squat/split squatlieg

‘omcNosTics: | Press, DL/SL-DJ, DL-SJ.

N Variables, and regions of the waveform prioitized in monitoring across the RTS continuum are
ifi icits

* Initiation and progressnon of change-of-direction angles (45-180°)

VARIABLE
SELECTION

y to preinju
If this data is not available, internal cohort, level-specific or external reference data a4t

* Initiation and progression of technical actions (ie, passing, crossing, shooting, heading
(jump-landing) and tackling

* Appropriate phase to combine high magnitude acceleration/deceleration, running speed
progression (>70% MS) and increments in ‘chaos’

* Initiation and progression of foading’ on consecutive days

n IS0 standing/seated calf raise, DL/SL-CMJ, DL/SL 10-5 Hop,

sep
‘DIAGNOSTICS'

of ion efforts and effort magnitudes

SL Hop & Return, DL/SL-DJ, Hop and Hold

FIGURE 5. Injury-specific planning considerations and associated strength and power (S&P) diagnostics to be used to support decision making throughout the return to sport
continuum. For more details on S&P diagnostic assessments and variable selection in profiling and monitoring during rehabilitation, see TABLE1 in Taberner etal.* Brain
injuries may include concussion or altered neuroplasticity such as after ligament injury.!® Abbreviations: abd, abduction; add, adduction; CM, countermovement; CMJ,
countermovement jump; CON, concentric; DJ, drop jump; DL, double-leg; DYN, dynamic; ECC, eccentric; ER, external rotation; ext, extension; flex, flexion; IR, internal rotation;
ISO, isometric; lat., lateral; quad, quadriceps; SJ, squat jump; SL, single-leg.

that practitioners prescribe appropriate
exercise-to-rest ratios in combination with
the intended demands, ie, intensity-derived
running load to deliver the desired physi-
ological stimulus within drills.

Continuous visual-cognitive dual tasks,
creating a mild perceptual-motor challenge
through divided attention, should now be
integrated into drills (FIGURE1 in part 1).528
Introductory drills where soccer-specific
skills are reinforced, such as short- to
mid-range passing drills, provide ideal op-
portunities while encouraging visual explo-
ration.'® For example, a 4-way pop-off drill
(FIGURE1 in part 1)*® requires a player to
react to a color signal (visual scanning) be-
fore altering their body position to offload
a pass (action) into the appropriate mini
goal.?® Even during mild perceptual-motor
challenges, such as the 4-way pop-off drill,
practitioners should recognize the potential

cognitive effects on motor skills, including
perception delays—hesitation (ie, time lag)
in providing movement solutions—which
may also promote a higher error rate.?*2938

CONTROL-TO-CHAOS

Aims

«  Practice to reinforce, (re)develop, and/or perform
(specific to the individual)

« Introduce soccer-specific periodization to over-
load game-specific demands

+  Ensure sessions and drill content reflect a transi-
tion from control to chaos (inclusion of limited
volume of movements with unanticipated actions)

« Incorporate 2-step problem solving and congru-
ent decision making (VC-CCC phase 3)

« Incorporate principles of the game model within
drill design

In the Control-to-Chaos phase, train-
ing specificity increases to (1) introduce

practice to mimic difficulties/challenges
anticipated during competition, (2) dif-
ferentiate physiological training focus
to overload game-specific running load
demands through intensive and exten-
stve soccer,’®*® (3) incorporate position-
specific elements of the game model in
relation to offensive and defensive or-
ganization,?”?® and (4) integrate visual-
cognitive challenges involving 2-step
problem solving and congruent decision
making.® Practice design goals should
alter within sessions and be planned in
accordance with the physiological train-
ing focus and visual-cognitive challenge
applied at the drill level. Varying drill dif-
ficulty/specificity across sessions provides
opportunities for (1) reinforcing success/
competence; (2) increased difficulty, pro-
viding further opportunity to develop,
considering development plans; and (3)
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pitch/attack from own half of the pitch.

|
FIGURE 6. On-pitch areas to overload game-specific demands. Intensive football is composed of 3 levels: level
1—in and around the box, level 2—quarter pitch, and level 3—half pitch. Extensive football is composed of 2 levels:
level 1—3/4 pitch and level 2—full pitch. Levels are a guide to area dimensions in relation to the specific training
focus. Generalized session content may take place in the space allocated, ie, intensive level 1, but may not take
place explicitly in the penalty area. Club game model dependent: intensive football sessions = defend own half of
the pitch/attack the opponent’s half of the pitch; extensive football sessions = defend the opponent’s half of the

higher specificity, to challenge the player
representative of their game demands.'*®

We recommend layering practice
design aspects across drills, ie, initially
reinforcing actions prior to progressing
toward time-constrained and/or atten-
tional challenges. Physiological focus
differentiates within a weekly microcy-
cle, with ~1-2x 2-day acquisition blocks
within a cycle depending on the injury
and healing status (FIGURE 3).%6 For ex-
ample, given that 2 key attributes for
bone adaptation are progressive and
novel loading stimuli,?*"* following
a tibial stress fracture, the first week
within the Control-to-Chaos phase may
only include a 1x acquisition block. The
subsequent week may then include a 1x
acquisition block plus a stand-alone
intensive session before progressing to
2x acquisition blocks within a training
microcycle. Intensive soccer overloads
the MSK and specific energy systems

through explosive movement charac-
terized by acceleration, deceleration,
and change-of-direction components
in restricted spaces.?6:

Intenstve soccer can be classified by
area size, ie, level 1—in and around the
box, level 2—quarter pitch, and level
3—half pitch, dependent upon the drill
and required aims/objectives (FIGURE 6).
Extensive soccer reflects typical match
running load demands relative to posi-
tion, using larger areas to produce higher
speeds and greater distances.?s*® Exten-
sive soccer can be classified by area size,
ie, level 1—3/4 pitch and level 2—full
pitch (FIGURE 6). Drill durations (and rest
periods) should be tailored to the train-
ing focus, the intended physiological ad-
aptation, and the degree of attentional
challenge (FIGURE 1).

Depending on the availability of oth-
er players and/or support staff, session
content should now reflect team ses-

sions and flow, ie, warm-up, boxes, and
pass and move. In addition, sessions
now incorporate the player’s position-
al role in the game model in offensive
and defensive organizational situations
(please refer to FIGURES 3 and 4 in part
1).3® For example, a drill for a full-back
(intensive level 3 area; FIGURE 6) could
focus on building from the back (offen-
sive organization). This may specifically
target playing with width (ie, stepping
into play and offloading passes to the
wide player) or stepping forward to
drive with the ball up the pitch. These
types of drills may develop into posi-
tional pattern-of-play practices, linking
multiple players (in various positions)
to increase the representative physical-
cognitive demands.*

Focused running with a defined en-
ergy system stimulus/running load de-
mand supports soccer-specific fitness
(FIGURE 1). Focused running provides a
more controlled mode of progressing
MSK load demands.**#3#* This devel-
ops practitioner and player confidence
before transitioning to higher inten-
sity demands combined with greater
physical-cognitive specificity. Ideally,
focused running should be specific
to the player’s locomotor profile, tai-
loring training prescription: format
(continuous or intermittent), interval
duration (short or long), and recovery
period (inter-rep recovery or inter-set
recovery).%°

Visual-cognitive dual tasks now
challenge added selective visual atten-
tion, mediated through tasks requiring
concurrent multistep problem solving
and congruent decision making.®3
These aspects can be embedded within
training content such as pass-and-
move drills using 2-step processing: (1)
congruent working memory task and
(2) predetermined action.®* Interpreting
hand position (ie, hand up or down) indi-
cating the desired touch condition (ie,
touch and turn) (please refer to FIGURE1 in
part 1).%® Practitioners should pay atten-
tion for any potential perception de-
lays, declines in movement quality,
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and/or an increased error rate, all of
which may indicate impaired motor
performance.”?>29%% In transitioning to
the next phase, dual-task drills per-
formed with limited error can be pro-
gressed toward multistep processing by
adding auditory constraints (ie, calls
from staff and/or players).®?®

MODERATE CHAOS

Aims

+  Practice to reinforce, (re)develop, and/or perform
(specific to the individual)

+ Increase volume, intensity, density, and variability
of training under conditions of Moderate Chaos
(unanticipated movements, minimal limitations)

+ Incorporate multistep decision making and re-
sponse inhibition (VC-CCC phase 4)

+  Progress offensive and defensive organizational
principles by incorporating transitional moments

Physical-cognitive constraints progress
practice design requiring /ive problem
solving, increasing movement variabil-
ity, skill selection, and decision-making
demands.®® Soccer-specific skills are
embedded within drill content using ap-
plied constraints, ie, an intensive level
1 pass-and-move drill — short-range
passing (FIGURES 1 and 6). On intensive
days, training should include actions
such as pressing/counterpressing,?222®
in addition to build-up session content,
ie, positional acceleration, transition
boxes, and crossing-finishing drills, in-
creasing physical-cognitive demands. On
extensive days, training should include
counterattacking drills, allowing speed
and speed-endurance qualities to be
trained, with an option to also replicate
transition moments between offensive
and defensive situations with recovery
runs. These may follow larger area pass-
and-move and positional pattern-of-play
drills (nonopposed — opposed).
Training sessions should involve other
players (either nonstarters or fellow play-
ers returning from injury), coaches, and/or
support staff to resemble team training.
Multistep processing and response inhi-
bition provide the main visual-cognitive
challenges implemented beyond introduc-

[ CLINICAL COMMENTARY ]

tory session content.>® Inhibiting intended
movements and/or actions based on new
sensory information is a critical compo-
nent of sporting competition.** Drills such
as live positional pattern of play to finish
(also known as waves of attack) provide
no-go situations incorporating visual and/
or auditory distraction in an ecological for-
mat (FIGURE1 in part 1).® Player traffic in-
creases cross-modal challenge exposure in
the transition to the High Chaos phase.>*

Depending on the coaching team’s
preferences for reintegrating injured
players to team training and the perfor-
mance team’s assessment of risk relative
to reward,?°*** High Chaos could take
1 of 2 pathways: (1) guided by the re-
habilitation practitioner with support
from the coaching team (FIGURE 1) or (2)
guided by the coaches and performance
team to support the player’s transition
to unrestricted team training and return
to competition (FIGURE 2).3536

HIGH CHAOS

Aims

«  Practice to reinforce, (re)develop, and/or perform
(specific to the individual)

+ Consider alternative chaos as part of planning

«  Mimic club-specific structure with periodization

+ Integrate cross-modal decision making, unantici-
pated reactions, and response inhibition at game
speed (VC-CCC phase 5)

«  Design drills to challenge the most intense game
moments

« Return player to preinjury chronic running load
demands (if applicable)

As the player draws closer to returning to
sport, additional context should be con-
sidered as part of a biopsychosocial ap-
proach.>® Expectation and pressure
accumulate, and other commitments may
also start to form part of the player’s
schedule. Consider media commitments
and acclimating to travel, which place ad-
ditional stress on the player. Practice
aims/objectives should now align with a
typical weekly team microcycle. The ta-
per block may blend development ele-
ments, particularly from a tactical
perspective (delivered by the coaching

team), before elements are transferred
into live situations. Sessions include po-
sition-specific and game-based drills rais-
ing the level of training specificity in
preparation for return to sport. Position-
specific drills now reflect the most in-
tense game moments under opposed
conditions, for example, a full-back pro-
viding an offensive overlapping run (be-
fore possession is lost) and completing a
transitional recovery run to defend an
opposition counterattack in a 1v1 situa-
tion (extensive level 2; FIGURE 6). Position-
al drills of this nature disguise the
physical demands and distract the play-
er,’*? subsequently improving confi-
dence without the requirement for
psychological assessments.**> Drill con-
tent should also challenge soccer-specific
skills via appropriate practice design, ac-
knowledging that reinforcement-based
drills may not transfer to game situations
but still build confidence.™*

Game-based drills that challenge vi-
sual cognition at game speed represent a
high proportion of team-based training
methods and are a valuable inclusion.?6:3
Cross-modal integration, unanticipated
reactions, and response inhibition pro-
vide the highest level of cognitive chaos
with game-based formats (eg, a 2v2 pos-
session game; please refer to FIGURE1 in
part 1).5® In addition, game-based drills
provide opportunities for contact situa-
tions and player perturbations if war-
ranted (ie, this may be avoided for players
returning following contact-related con-
tusion injuries to avoid potential set-
backs). Position-specific drills should
now reflect game speed, with accumula-
tive within-session outputs in proximity
to acquisition training day exposures,
without requiring focused running.
Chronic running load outputs should
now also be in proximity of defined pre-
injury outputs (minimum, mean, or max-
imum).? Achieving chronic training
loads may not always be an applicable
goal of the rehabilitation process—it
depends on the severity of the injury, the
period of absence from team training,
and/or case-specific context.?
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HIGH CHAOS—PARTIAL TEAM
INTERACTION

Aims

 Introduce the player to the preparatory elements
of team training (risk assessment agreed)

+ Link practice design to team training structure

+ Incorporate cross-modal integration and unan-
ticipated reactions with other visual-cognitive
challenges within preparatory session content
(VC-CCC phase 5)

+ Deliver additional training following partial inte-
gration (specific to the individual)

+ Increase player motivation and confidence in the
final stages of rehabilitation

Partial training is characterized by in-
tegration within controlled elements of
team training.** Modify drills to con-
strain the player and limit factors that
may concern the performance and medi-
cal staff (ie, for a player returning after
ACLR, managing contact involvement or
the degree of interaction, to minimize ex-
posure to uncontrollable high-risk situa-
tions and reduce the likelihood of motor
errors) (FIGURE 2).>” Close communica-
tion with the coaching staff helps prac-
titioners understand the planned team
training session design and theme. For
a player returning after ACLR, involve-
ment during an intensive session may
mean participating in the team warm-up
and interacting in boxes (6v2—remain-
ing as an external player) before tran-
sitioning into an unopposed positional
pattern-of-play drill to finish encourag-
ing support play—a key attacking prin-
ciple (FIGURE3 in part 1).5738
Visual-cognitive components empha-
sized during the earlier phases of reha-
bilitation should be applied within team
warm-ups to challenge simultaneous
working memory, whereas specific foot-
ball drills following the warm-up that
involve player interaction, such as boxes,
pattern-of-play drills, and crossing-fin-
ishing practices, provide cross-modal
challenges.®® Partial team interaction
should be complemented by additional
individual or small-group training with
nonstarters to ensure that physical-cog-
nitive oriented aims/objectives are

achieved.® Complementary position-
specific training should be linked to the
session theme and, as per the High Chaos
phase, challenge the most intense game
moments with tactical context.?*2®

Pay close attention to monitoring car-
diovascular responses during this phase.
Exposure to increased player traffic may
elevate responses despite training being
less physically demanding.?27%#6 Subse-
quent responses to practice help inform
progression/regression decision making
in subsequent training sessions, ie, within
a microcycle.5-3746

HIGH CHAOS—FULL TEAM
INTERACTION

Aims

+ Involve the player in modified team training

« Ensure practice design is linked to team training
structure and the phase of the season

« Incorporate cross-modal integration, anticipated
reactions, and response inhibition at game speed
(VC-CCC phase 5)

« Incorporate contact conditions (injury-specific)

«  Provide opportunities for the player to fully inte-
grate into the team environment

Balancing the return to full team training
can be challenging.?® High Chaos team in-
teraction provides a bridge to acclimatize
the player to the rigors of team training,
with the type and level of modification in-
fluenced by the injury type, severity, and
the length of absence from team training
(FIGURE 2).>> We recommend that perfor-
mance staff collaborate and work closely
with the coaching team to advise the level
of interaction within training and how the
imposed practice design aims/objectives
impact the returning player. Modifications
to game-based and opposed tactical train-
ing elements are a core element of practice
design within this phase.?® Modifications
could include (1) acting as a bounce play-
er (on the periphery of possession game
drills, affording less pressure and contact
situations), (2) acting as a floater (within
a possession game, increasing pressure in
possession and less space/time to make
decisions while still under noncontact
conditions), (3) altering training param-

eters such as volume by manipulating
exercise-to-rest ratios, or (4) rotating be-
tween opposed and unopposed practice
during tactical elements.

Modifications will alter movement de-
mands and the level of cross-modal chal-
lenge within specific drills.?® Modifying a
possession drill will increase exposure to
unanticipated reactions, no-go situations,
and contact, if permitted. Other visual-
cognitive challenges, such as challenging
working memory, may also be applied to
game-based formats via possession games.
To modify the level of imposed physiologi-
cal, MSK, technical, and cognitive stress,
mixed loading strategies can be used ef-
fectively to increase or decrease exposure
(alternating between a bounce player, a
Sloater, or a live player) (FIGURE 2).

Consider the phase of the season dur-
ing the planning process.* Team training
can alter during a period of high-fixture
density with/without short match turn-
arounds, which may warrant additional
individual training linked to the game
model.*® To increase practice specificity,
we advise using consequential actions
in drill design (eg, intercepted passes,
counterattacks during opposed patterns
of play like playing out from the back).
The level of movement variability and at-
tentional demands will always be higher
during this phase and cannot be com-
pletely controlled. Subtle, unanticipated,
game-specific movements such as creat-
ing space and contact and tackling (as
permitted), time-constrained decisions,
and pressure of opponents create the
chaos we recommend exposing the player
to at this stage of their rehabilitation.

SuMMARY

N-PITCH REHABILITATION IS A CRITI-
cal component of returning to sport.
The updated CCC progresses from
highly controlled to chaotic conditions,
prescribing progressive training through
thoughtful practice design while factor-
ing in physical-cognitive interactions. We
offer an enhanced framework to guide
tailored on-pitch rehabilitation based on
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the specific needs of the player, the nature
of the injury, and the sport’s context. The
updated model retains the key elements
of the original CCC and places greater
emphasis on visual-cognitive challenges,
decision making, and progressive repre-
sentation of the game model. ®

KEY POINTS
FINDINGS: We revised the control-chaos
continuum (CCC) for elite soccer by
incorporating insights from other disci-
plines and our expanded experience in
elite environments. The updated CCC
maintains the core elements of the origi-
nal model while placing greater emphasis
on the physical-cognitive dimensions of
rehabilitation. It integrates principles of
practice design, visual-cognitive and at-
tentional challenges, decision making,
and progression representation of the
game model, creating a more comprehen-
sive framework for player development
within the context of injury constraints.
IMPLICATIONS: The updated CCC can be
tailored to the type and severity of the
injury, the stage of healing, and the
player’s challenge point, as well as the
physical-cognitive demands of their
role within the club’s game model.
The High Chaos phase can be adapted
to align with the coaching team’s ap-
proach to reintegrating players into
team training while also considering
the performance team’s evaluation of
risk versus reward.
CAUTION: Rehabilitation following injury
in elite soccer is complex. When design-
ing and adjusting the return to sport
process, consider variability in injuries;
competitive demands; and the individ-
ual player, their club environment, and
their response to training.

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 feedback throughout an
ongoing process until a final version
was agreed upon by all authors. M.T.

designed FIGURES 1-3, 5 and 6. M.T. and
D.D.C designed FIGURE 4.

DATA SHARING: There are no data in this
article.

PATIENT AND PUBLIC INVOLVEMENT: Not
applicable for a clinical commentary
submission.
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