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Lateral ankle sprains are the most common injuries sustained
during physical activity. The epidemiologic trends associated
with chronic ankle instability (CAI) suggest that current
rehabilitation approaches may be inadequate. We sought to
synthesize best-practices evidence for the rehabilitation of
patients with acute ankle sprains and CAI through the integration
of emerging paradigms in perception, the dynamics of skill
acquisition, and the biopsychosocial model of function, disability,
and health. From the best available evidence, 4 key factors
emerged for effective treatment and rehabilitation strategies:
pain reduction, external ankle support for up to 1 year,
progressive return to motion, and coordination training. We
combined these factors into a meta-theoretical framework that
centers on the perceptual interdependence of the cellular, local,
and global functioning levels by linking insights from the body-
self neuromatrix, the dynamics of skill acquisition, and the

biopsychosocial model. Based on the best-practice recommen-

dations from systematic reviews, ankle-sprain rehabilitation

represents a multidimensional phenomenon governed by

perception. The impairments, activity limitations, and participa-

tion restrictions associated with CAI may be linked to perceptual-

interdependence alterations. Pain and edema reduction, the use

of external ankle support for up to 1 year, progressive return to

motion, and coordination training foster enhanced perceptual

interdependence from cells to society. Using the perceptual-

interdependence framework for ankle-sprain rehabilitation, we

offer new insights for charting the course of effective strategies

for enhancing function, reducing disability, and preventing the

long-term sequelae associated with CAI.
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A
nkle sprains are ubiquitous in physical activity.1,2

These injuries represent the most common lower
extremity injuries associated with sport participa-

tion and have the highest recurrence rates.2 At least 1 in 3
patients will develop recurrent problems after an index
sprain.1,3 Chronic ankle instability (CAI) is characterized
by repeated giving-way episodes, functional performance
deficits, decreased physical activity, recurrent ankle sprains,
and the early onset of ankle osteoarthritis.4,5 Numerous
clinical features and contributing factors have been
identified for those at risk of developing CAI.6 The most
consistent evidence is that ankle sprains continue to be the
most frequent injuries seen in sports, and a history of ankle
sprains is the strongest predictor for sustaining one.

In line with the literature addressing factors that
contribute to the development of CAI, numerous studies
and systematic reviews have been conducted to identify the
most effective treatment strategies for resolving symptoms,
reducing functional deficits, and decreasing the risk of
patients sustaining another ankle sprain. As with the
predictors, the literature has now reached the point that
systematic reviews are being conducted of systematic
reviews of the evidence.7 Although the recurrence rates of
these injuries remain very high, the evidence from
systematic reviews, best-practice recommendations, and

clinical commentaries identified 4 factors that appear to be
most advantageous in enhancing patient function and
reducing the risk of recurrent ankle sprains7–10:

1. The use of nonsteroidal anti-inflammatory drugs
(NSAIDs) to reduce pain and enhance self-reported
function in conjunction with ice, compression, and
elevation early in the rehabilitation process.

2. Early return to motion rather than prolonged immobi-
lization after an ankle sprain.

3. The use of external ankle support, either a functional
ankle brace or tape, for up to 1 year after an ankle sprain.

4. The incorporation of balance, exercise, and coordination
training in the rehabilitation plan as soon as weight
bearing can be tolerated.

Given the overwhelming evidence to support the use of
these 4 components, it would be easy to end this clinical
commentary here. However, a trend in the evidence points
to an underlying phenomenon that drives both the
predictors of injury and the preventive strategies to reduce
risk. The purpose of this clinical commentary is to provide
a theoretical framework for interpreting the evidence
associated with treatment and rehabilitation strategies
through the integration of emerging paradigms in percep-
tion, the dynamics of skill acquisition, and the biopsycho-
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social model of function, disability, and health. The key
concept discussed throughout is the interdependence of the
perceptions of cells and tissues, the body, the perception of
self, and the perception of self in the context of society.
Ankle sprains can alter this perceptual interdependence,
resulting in a continuum of disability.5 Rehabilitation
strategies that use the 4 key components highlighted earlier
provide a framework for breaking this continuum and
restoring health.

Before delving into the perceptual-interdependence
framework for ankle-sprain rehabilitation, it is important
to revisit the seminal works that govern the integrated
paradigm proposed. The collective works that have inspired
much of the evidence associated with ankle-sprain
treatment and rehabilitation emerged in 1965 and continue
to influence clinical decisions for patients with ankle
sprains today.

The Recognition of CAI

In 1965, Freeman et al published their seminal compan-
ion papers11,12 on the nature and treatment of functional
instability of the foot with a line that would continue to
echo through history:

Functional instability of the foot [a term used in this
paper to designate the disability to which patients refer
when they say that their foot tends to ‘‘give way’’] follows
about 40% of injuries to the lateral ligament of the ankle.12

The evidence from these 2 studies is best captured in 3
key findings:

1. Strapping and early mobilization of the ankle after an
acute ankle sprain yielded faster resolution of symptoms
than immobilization but did not reduce the risk of
developing functional instability of the foot.11

2. Conventional treatment (ice, compression, resisted
movements, stabilization exercises, and walking reedu-
cation) combined with coordination training improved
self-reported function and episodes of giving way more
than conventional treatment alone.12

3. Functional instability of the foot was attributed to a
deafferentation of articular structures in the ankle due to
injury. Motor incoordination was a consequence of this
deafferentation, but when treated appropriately (with
coordination training), this residual phenomenon could
be alleviated.12

These initial authors charted the course of ankle-
instability rehabilitation research, first by defining the
condition (functional instability of the foot) and second by
detailing a method for preventing it. Freeman et al11,12

provided a framework derived from the work of Sir Charles
Sherrington13 on the role of sensory information in motor
coordination: that motor control is subservient to the
available relevant sources of sensory information. Freeman
et al11,12 did not start coordination training with their
patients until pain had decreased sufficiently. Pain was
recognized as a limiting factor in the ability to effectively
coordinate movements. Patients performed coordination
exercises over an average of 5 sessions, progressing from a
single-axis tilt board to a semispherical wobble board with
the clear movement goal to ‘‘maintain balance with neither
end of the board touching the floor.’’12 Once patients

mastered performance on the single-axis board, they
progressed to the semispherical wobble board.

Coordination training would spark a paradigm shift in the
treatment of ankle sprains. When comparative outcomes
were examined, 7% of patients treated with coordination
training reported episodes of giving way after treatment
compared with 46% who received immobilization or
conventional therapy alone. This would indicate a success-
ful treatment strategy, with an 85% relative risk reduction
in the coordination group versus all other treatment groups.
However, follow-up in this study was poor (,80%), so the
point measure (85% relative risk reduction) should be
interpreted with caution. Based on the results from the
coordination training study, Freeman et al12 concluded:

Treatment by coordination exercises was based upon the
hope that some central process might compensate for
articular deafferentation and its consequent proprioceptive
deficit, and that such a process might be made more
effective by deliberate ‘‘training.’’ What neurophysiological
events might underlie this ‘‘training’’ is hard to say, but
presumably a similar process occurs when a subject learns
to ride a bicycle or walk a tight-rope.12

Freeman et al12 set out to help their patients learn the skill
dynamics for balancing on 1 leg. They observed lasting
training effects after coordination training, including
improved balance and reduced giving-way episodes. The
critical take-home message was that an early return to
motion combined with progressive coordination training
reduced the chances of developing CAI.

Since its inception as a paradigm, CAI has undergone
several evolutions beyond the simple deafferentation of
ankle articular structures causing alterations in motor
coordination.14,15 In its current state, the CAI model
highlights contributing factors from the pathomechanical,
sensory, and behavioral domains, resulting in neurologic
consequences that alter both perception and action.
However, contemporary rehabilitation for ankle sprains
does not reflect the evolution of CAI. The complexity of the
clinical phenomenon may require a rehabilitation paradigm
that mirrors this complexity. Based on its epidemiologic
persistence, we suggest that a new rehabilitation paradigm
needs to be developed in the context of emerging trends in
CAI etiology. To better develop this paradigm, we must
revisit the emergence of the biopsychosocial model of
disability.

The Advent of the Biopsychosocial Model of
Disability

In the same year that Freeman et al11,12 charted the course
for effective ankle-sprain rehabilitation strategies, Nagi16

proposed that disability was the culmination of impair-
ments, functional limitations, and the corresponding
individual and societal perceptions of the health condition.
Before 1965, injuries and illnesses were viewed mainly as
their anatomic and physiologic manifestations. From this
point of view, resolving these 2 concerns should logically
result in the alleviation of the condition. However, many
patients continued to suffer long after the markers of injury
had resolved.

Nagi16 characterized disability as a perceptual framework
for interpreting the dynamic nature of function. He
described ‘‘active pathology’’ (ie, the body’s defensive
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and coping mechanisms) as producing impairments (ana-
tomical or physiological abnormalities or losses or both).
Impairments might still be present even after the active
condition resolved. Functional limitations were the per-
ceived and actual consequences of impairments in the
ability to perform tasks and obligations associated with
one’s usual roles and normal daily activities. These
functional limitations were highly influenced by the
patient’s perceptions of the injury and the impairments.
The patient’s perception was highly influenced by the
reactions and expectations of significant others (stakehold-
ers) around them. Disability then emerged as a biopsycho-
social pattern of behavior of long-term impairments and
functional limitations in the context of the patient’s
perception and the perception of the society to which he
or she belongs. The biopsychosocial model introduced an
entirely new way of viewing disability. Rather than
requiring an active condition to be present, disability was
the culmination of actual and perceived impairments and
functional limitations due to the perceptions of the patient
and society.

Key topics have arisen out of the biopsychosocial model,
specifically in the context of perception. Based on the
biopsychosocial model, the term perception not only refers
to the structure and function of body systems (eg, the
perception of pain in an injured ankle) but also the whole
person as he or she is able to accomplish activities and
participate in meaningful life events (eg, perceived ability,
self-efficacy, and resilience in coping with change).17,18

Furthermore, the perception of society strongly influences
the ability of the person to participate meaningfully in
desired life experiences. These concerns are critical to
understanding the multidimensional nature of perception as
a complex biopsychosocial phenomenon. In this way,
strong connections exist among the cells and tissues of
the body, the self (whole person), and society.

Similar to CAI, the biopsychosocial model has also
undergone several evolutions.19 The World Health Organi-
zation’s International Classification of Functioning, Dis-
ability, and Health (ICF) is the currently accepted model
across many health care professions.19,20 The ICF defines
function as the dynamic interplay among 3 domains:
structure and function (the body and its component parts),
activity (the function of the whole person), and participa-
tion (the whole person in the context of his or her complete
environment). Disability is characterized by structural and
functional impairments, activity limitations, and participa-
tion restrictions. These 3 domains are highly influenced by
environmental factors, including the physical, social, and
attitudinal environment in which a person lives. In addition,
personal factors such as coping mechanisms, habits,
lifestyle choices, previous experiences with disease, and
other psychological characteristics influence the perception
of disability. Most importantly, the ICF captures the
essence of the dynamic nature of function and its perceptual
manifestation.

The Advent of the Body-Self Neuromatrix

In 1965, Melzack and Wall21 introduced the gate control
theory of pain modulation that would revolutionize pain
management in health care. They proposed that pain could
be modulated through the manipulation of non-nociocep-

tive information from the periphery. In their theory, pain
was the product of central processing factors rather than
peripheral damage. However, sensory information from the
periphery played a large role in triggering the perception of
pain. In the wake of advances in central sensitization,
higher-order modulation of perception, neuroplasticity, and
the roles that previous experience, cognition, and emotion
play in pain perception,22–24 the gate control theory fell
short in explaining and predicting the modulation of pain as
a complex biopsychosocial phenomenon. Accordingly, it
has since evolved into a more complex paradigm for
explaining phenomena such as chronic pain and phantom
limb pain.25 This evolution, known as the body-self
neuromatrix paradigm, centers on parallel and hierarchical
processing loops of sensory, cognitive, and motivational
domains within the central nervous system that govern both
perception and action.26,27 Through the integration of wide-
ranging areas within the central nervous system, the body-
self neuromatrix produces a perception of unity across the
body’s parts into a unified self. Behavioral patterns, known
as neurosignatures, develop dynamically based on the
interplay of the perceptual and action systems within the
body-self neuromatrix. Sensory sources from the periphery
tune neurosignatures, but once formed, the patterns and
resulting actions can continue without the need for sensory
input.28

In this context, ankle sprains and the subsequent changes
in relevant sensory information from the periphery can
influence the perceptions of body parts and to a broader
extent, the self and the behavioral patterns that result.27 The
initial injury can change the neurosignature patterns related
to the perception of body parts, specifically the foot and
ankle, integrated within the unified self. Whereas the initial
sensory alterations due to tissue damage in the periphery
may resolve over time, the altered neurosignature patterns
may remain. This may explain the continuum of disability
experienced by those with CAI long after the injury has
resolved.5

Despite resolution of the active condition, substantial
self-reported deficits persist in the perceived ability to
perform activities of daily living and sport, increased fear
of movement, a tendency to be less physically active, and
increased perceptions of ankle instability.29 Perhaps
disability in CAI is highly influenced by the development
of inappropriate neurosignatures within the body-self
neuromatrix, representing a disunity of the foot and ankle
within the context of body-self perception and action.
Given the biopsychosocial nature of perception, this may be
an important link among the affected cells and tissues, the
body-self connection, and the self-society connection.
Rehabilitation goals should no longer focus on regaining
appropriate action (increasing strength, balance, power) but
rather on enhancing the patient’s perception and influencing
advantageous neurosignatures that promote a sense of unity
and health within the body-self neuromatrix.

RECOMMENDATIONS FOR ANKLE-SPRAIN
REHABILITATION THROUGH THE PERCEPTUAL-
INTERDEPENDENCE FRAMEWORK

The factors shown to be most predictive of functional
status after an ankle sprain were the severity of the sprain,
the location and provocation of pain, and weight-bearing
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status.30,31 Medial joint-line pain, pain with weight-bearing
dorsiflexion, and unwillingness to perform a drop jump are
potential predictors of lower functional status for patients
with residual problems.3,30,31 Across these studies, in-
creased pain was a critical feature of those who went on to
develop poorer functional status.

The Importance of Pain Reduction

The greatest amount of pain reduction after acute ankle
sprains takes place within the first 2 weeks postinjury.30

After this time, pain reduction occurs at a much slower
pace, with up to 33% of patients still reporting pain after 1
year.30 In addition, the persistent pain experienced was not
proportional to the severity of the sprain. This supports the
perceptual framework derived from the biopsychosocial
model and the body-self neuromatrix that an active injury
produces impairments, but impairments are not always
linked to an active injury. Along with this trend is the
tendency to report subjective instability, less dorsiflexion,
decreased physical activity, and recurrent sprains.

Controlling pain is widely accepted as a standard
treatment goal for any acute injury. It is also important to
view pain as a multidimensional product of the sensory,
cognitive, and motivational factors that influence the
perception of a unified self.28 Pain influences volitional
and reflexive action patterns, stress responses, and even
social interactions.28 Reducing pain is not only important
from the perspective of tissue healing but also for
preventing adverse alterations in the neurosignature
patterns within the body-self neuromatrix.28,32 Residual
pain and the subsequent alterations in neurosignature
patterns may explain the increased fear and avoidance,
diminished self-efficacy and self-reported function, and
lower quality of life in those with CAI.17,29

The NSAIDs, when combined with cryotherapy, com-
pression, and elevation (ICE), have produced superior pain
reduction and improvements in self-reported function for
patients with acute ankle sprains compared with ICE
alone.33,34 The combination of NSAIDs and ICE not only
modulates the perception of pain but also enhances the
clearance of chemical and biological mediators (referred to
as inflammatory soup32) that increase the transmission of
nocioceptive signals related to pain perception. Psychoso-
cial factors related to the perception of pain reduction may
be more critical than the underlying physiological processes
associated with mitigating the inflammatory response to an
active injury.35 Therefore, reducing pain in those with acute
ankle sprains should involve a combination of ICE and
NSAIDs, with attentive reflection to reducing pain. Helping
patients perceive reduced pain is a critical step in enhancing
a return to homeostasis within the body-self neuromatrix.28

A word of caution: The evidence to support NSAIDs and
ICE (NICE) is based on group trends rather than individual
patient responses. Whereas NICE appears to be a logical
framework for controlling pain at the cellular and tissue
levels, it is also important to consider pain reduction in the
context of appropriate healing based on physiological
markers of tissue-integrity restoration in individual patients.
Although the literature points toward enhanced functional
outcomes in those who use NSAIDs, evidence36 suggests
that NSAIDs early in the healing phase may increase
swelling, reduce the integrity of ligamentous healing, and

heighten the risk of gastrointestinal complaints. If one is
concerned about the potentially negative consequences of
NSAIDs early in the healing phase, then acetaminophen for
pain control appears to be an equally effective alternative.37

The long-term effects of NSAIDs and a connection to CAI
have not been established. More prognostic investigation
and evidence are needed in this area.

Progressive Return to Motion: Restoring Ankle
Perception Within the Body-Self Neuromatrix

Coupled with pain reduction is the goal of restoring
motion to the ankle early and progressively during the
rehabilitation process. Rest (complete elimination of
loading) is no longer considered the most appropriate
intervention strategy for musculoskeletal injuries and has
been replaced by the concept of optimal loading, based on
evidence suggesting that early motion promotes better
recovery from ankle injury.7,38 When combined with
protection (functional external support via bracing or
taping) during functional activities,9,10,39 an early return to
motion results in a quicker return to work and sport,
reduced edema in the short term, and enhanced treatment
satisfaction among patients upon discharge from rehabili-
tation compared with immobilization.

Early, protected return to motion stimulates the somato-
sensory afferents of the foot and ankle in the articular,
cutaneous, and musculotendinous receptors. Within this
framework, sensory information from the foot and ankle
can shape the perception within the body-self neuromatrix.
Including other lower extremity joints in motions such as
triple flexion and extension in proprioceptive neuromuscu-
lar-facilitation patterns is also beneficial38 and may promote
the restoration of healthy neurosignature patterns. Through
this lens, joint mobilizations,40–43 plantar massage,44

stretching,43 and strengthening45,46 techniques serve to
hone the inputs related to the local perception of the ankle
and foot through articular, cutaneous, and musculotendi-
nous stimulation. Controlled progressive motion passively,
actively, and with resistance reduces the local structural and
functional impairments that may continue long after the
active ankle sprain has subsided.

Return to motion in a controlled fashion with protection
is also beneficial in triggering cellular mechanisms for
maintaining tissue health. Mechanotransduction is the
process by which mechanical stimuli trigger cell-to-cell
communication that results in changes in the mechanical
and chemical properties of tissues.47 The controlled- and
progressive-loading demands produce physiological
mechanisms to promote cellular health and tissue repair
and healing. Whereas progressive motion reduces edema
and pain in the short term,48 it also promotes appropriate
perception and action at the cellular level. Mechanother-
apy is the purposeful manipulation of loading to stimulate
cells in the tissue to promote repair and restore the
compromised biomechanical properties.47 This treatment
paradigm has led to optimal loading as an update for the
early phases of healing, now referred to as POLICE
(protection, optimal loading, and integrated control
exercises).49 However, the ICE of POLICE may be better
considered in this perceptual context as Integrated Control
Exercises that promote the restoration of control in both
the sensory and motor pathways associated with the foot
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and ankle. In this way, POLICE can be used to enhance
the cell-tissue-body perceptual connection during the
return to motion.

The severity of the sprain is a key factor to consider, and
in this context, for some patients with severe sprains,
optimal loading may initially consist of complete non–
weight bearing due to pain and tissue integrity disruption.8

Immobilization for no more than 10 days followed by a
progressive return to motion is recommended for these
severe injuries.8 The POLICE treatment paradigm is a
viable strategy for encouraging appropriate signaling of the
tissue at the cellular level and promoting the maintenance
of healthy neurosignatures within the body-self neuro-
matrix. Careful consideration should be given to recalci-
trant pain and swelling because these can have deleterious
effects on behavior and performance.30,31 As Freeman11

pointed out, this strategy may not be effective in preventing
subsequent perceived disability. Reintroducing the healing
ankle into the unified body-self neuromatrix becomes the
next logical goal. This process may best be captured with
coordination training.

Coordination Training: Restoring Global Body-Self
Perception

Strong evidence has associated balance and coordination
training with improving self-reported function and reducing
the recurrence of ankle sprains after an acute injury.7,50

Since Freeman et al12 introduced the concept, numerous
exercise protocols have been developed to challenge
patients in single-limb stance, ranging from the use of
wobble boards to more complex hopping and landing
tasks.7 Most of these programs incorporate a time-based
progression in which patients move from less difficult to
more difficult exercises over 4 to 12 weeks. The underlying
mechanisms for improvements in self-reported function and
the risk of recurrent ankle sprains after coordination
training remain unclear. The central mechanism may relate
to enhanced global perception-action and the ability to
reincorporate the ankle and foot into effective movement
strategies.5,51

The theory that coordination training enhances propri-
oception may simply be scratching the tip of the
perceptual iceberg. An evaluation of many of the
coordination-training programs indicated that all progress
occurred by increasing demands from simple to more
complex tasks or from predictable to unpredictable
environments (or both).5,7,10,52 The Freeman et al12

original proposal for coordination training was that
patients progressed based on their mastery of the
movement goal. Once learned, the improved performance
was retained. The underlying mechanisms for these
improvements may be best explained through the
theoretical framework for the dynamics of skill acquisi-
tion.

Coordination Training and the Dynamics of Skill
Acquisition

Learning a particular skill is a progressive and multidi-
mensional process that involves refining the relationship
between perception and action.53–55 Coordination is the
mark of a goal-oriented dynamic system governed by
internal and external constraints.51,54 These constraints

include the health of the individual, the complexity of the
task being performed, and the predictability of relevant
sensory cues from the environment.51,56 Coordination of the
body changes according to the demands of the movement
goal in the context of task complexity and environmental
predictability. Skill acquisition then becomes the process of
exploring the regulatory conditions57,58 of the skill (the task
and environmental constraints) and learning to exploit
them.54,55,57,58 This process is marked by the ability to
discriminate between relevant and irrelevant sources of
sensory information. Exploratory behavior surrounding
simple tasks in predictable environments with high
cognitive load represents the early stages of learning a
new skill. A great deal of effort is put into exploring how to
consistently accomplish a movement goal. Therefore, it is
critically important that the movement goal be perceived
clearly by the learner to ensure that he or she can recognize
success versus failure in attaining it.5,51 The ability to
reduce errors enhances the probability of success and is an
important factor in promoting the perception of skill
mastery.17,18 As performance errors are reduced, the task
and environmental constraints can be progressed in
complexity and unpredictability, respectively, to increase
the difficulty in perceiving the regulatory conditions
governing coordination of the movement goal.5,51

As deliberate practice continues, the cognitive load
concurrently decreases because changes in perception are
more strongly associated with anticipated changes in
action. The resulting actions are then associated with
anticipated changes in perception and reduced cognitive
demand.55,58 Appropriate behavioral patterns retained
through the tuning of perception and action reduce the
perceived effort to maximize the outcome.51,54,55,57 This
represents the underlying process that Freeman et al12

originally pointed out: once the ability to balance was
learned, it appeared to be retained and the patients were
able to progress to more difficult balance challenges. In this
way, the error-based progression with the purposeful
manipulation of task and environmental constraints in the
context of sport-specific activities enhances the perception
of mastery of sport-specific demands.

The functional redundancy and overlap of degrees of
freedom (eg, bones, joints, muscles) within the body’s
movement system offers great flexibility in developing
effective movement solutions to meet the demands of the
task and environmental constraints.5,51,54,55 Rather than
having preprogrammed responses, the sensorimotor system
is capable of self-organization based on the level of
constraints acting on it. These constraints regulate the
configurations of degrees of freedom to allow the
sensorimotor system to form patterns. In the context of
the neuromatrix, self-organized coordination is the result of
encapsulated cognitive, affective, and sensory patterns
linked to functionally effective movement solutions.27

Coordination training via purposeful and progressive
manipulation of task and environmental constraints affords
perceptual tuning of the body-self connection. Skill
reacquisition, then, is the optimization of the relationship
between perception and action in a system that has been
constrained by injury or illness. A patient should be
progressed to more complex tasks and unpredictable
environments when there is evidence of a shift from a
high to a low cognitive load while also maximizing the
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outcome of the movement goal.5,51 In this way, coordina-
tion training promotes an enhanced sense of mastery for the
unified self (‘‘I can do it better now’’), which encourages
enhanced self-efficacy and resilience (the ability to cope
with change).

Patient-oriented evidence from those with CAI indicates
heightened levels of disability, fear and avoidance behav-
iors, and decreased engagement in physical activity.29 The
driving force for these perceptions of function may be
impaired skill-reacquisition dynamics. Coordination train-
ing appears to be effective for reducing the residual
disability after an ankle sprain, but based on the low
compliance rates reported in the literature for home-based
coordination-training programs, supervised training ses-
sions may be required to optimize the therapeutic benefits.59

Emerging evidence17,60,61 also suggests coupling home-
based interventions with educational materials about the
exercises; providing the framework of relearning how to
master movement may be critical for enhancing compli-
ance, fidelity, and adherence to these types of intervention
strategies. It is important to consider these factors on a
patient-by-patient basis given that each individual’s unique
experiences and perceptions can shape his or her compli-
ance, fidelity, and adherence.62,63

The remaining questions about coordination training
focus on the dosage. How long do patients need to perform
the programs? How often? How many different exercises
should be performed? Although the literature provides no
clear answers as to which programs appear to be most
beneficial, it seems that the longer the patient participates in
progressive coordination training, the more robust the
responses.7 Our recommendation is to talk with patients
about their perceptions of self-efficacy17 and their specific
activity and participation goals. Be sure to reflect on their
level of perceived disability and how it changes through the
intervention process. If their confidence or perceived ability
seems to be diminishing, then it might be time to revisit the
coordination exercises. By being mindful of the movement
goal, the errors associated with it, and the perceived change
in function through progression, the clinician can establish
a maintenance program for the patient in the context of this

perceptual framework. A framework (Figure 1) is supplied
for discussing with patients where they are in their own
skill-reacquisition process and how they may need to ramp
up or down in the manipulation of task and environmental
constraints to tune their body-self connection. When
patients have a perceptual guide through the rehabilitation
process, the continuum of disability that affects many of
them can be broken.

PERCEPTUAL INTERDEPENDENCE IN THE
CONTEXT OF CLINICAL PRACTICE

As discussed earlier, a new rehabilitation paradigm
centers on a framework of perceptual interdependence
from cells to society in the context of the biopsychosocial
model (Figure 2). Although the cells and society are
furthest from each other, the levels are still interdependent.
For example, chemical mediators released during the
inflammatory process that generate pain at the cellular
level can ultimately influence the patient’s perception at the
society level. As well, society may perceive an ankle sprain
as a benign injury that should be ‘‘ready to go’’ within a
couple of days, thereby increasing perceived pressure and
resulting in an inappropriately early return to play and
stress on tissues. Coupling the lack of compliance with the
rapid return to play that most athletes experience with ankle
sprains,64 we recognize the growing need to educate
stakeholders who influence societal decisions and percep-
tions.

As a guide for clinicians using this framework, the
evidence-based recommendations stated earlier transform
through the lens of the perceptual-interdependence frame-
work (Figure 3):

1. In the acute phase of ankle-sprain rehabilitation,
clinicians should talk with patients about taking it NICE
and EASY (external ankle support for up to 1 year). This
encapsulates 2 of the evidence-based recommendations:
control pain and edema via NICE and use EASY.
However, this recommendation has 2 caveats. As stated
earlier, the evidence for NSAIDs for early pain relief
and anti-inflammatory benefit is strong, but prognostic

Figure 1. The dynamics of skill acquisition for ankle-sprain rehabilitation. Based on the level of self-reported function during a particular
activity (eg, running, cutting, balancing), a clinician and patient can gauge the appropriate demands from the task and environmental
constraints. Discussing that the initial phases of learning are marked by high cognitive load is important when helping patients to
understand that errors in the movement goal are expected initially but should reduce with deliberate practice.
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investigations are needed to determine the long-term

effects of their use during the early stages of recovery

and rehabilitation. Acetaminophen appears to be a

viable alternative to NSAIDs for pain relief early in

the recovery process.37 It is also important to note that

the role and implementation of EASY changes over the

course of the year. During the acute phase of

rehabilitation, an external ankle support should be used

during activities of daily living; this practice has been

shown to improve self-reported function and reduce the

risk of sustaining a recurrent sprain.7

2. Regaining motion is critical to restoring tissue integrity,
promoting the optimal health of cells and tissues, and
preventing the formation of dysfunctional neurosigna-
ture patterns within the body-self neuromatrix. When
regaining motion, use POLICE as a guide. Protection
continues to focus on EASY during activities of daily
living. Optimal loading centers on the appropriate
stimulation of cells and tissues via mechanotransduction
and the stimulation of relevant sources of sensory
information within the skin, articular structures, and
surrounding musculature to prevent perceptual smudg-
ing of the foot and ankle. We recommend incorporating

Figure 3. Evidence-based rehabilitation recommendations from the perceptual-interdependence framework. The 4 evidence-based
treatment recommendations are overlaid on the perceptual-interdependence framework. On the right side, the evidence-based
recommendations are contextualized through the International Classification of Function, Disability, and Health (ICF). Abbreviations:
EASY, external ankle support for up to 1 year; NICE, nonsteroidal anti-inflammatory drugs, ice, compression, elevation; POLICE,
protection, optimal loading, and integrated control exercises.

Figure 2. The perceptual-interdependence framework from cell to society. This figure depicts the interdependent perceptual relationships
among the cells and tissues of the body, the body-self connection, and the self-society connection. On the right side, the domains of the
International Classification of Function, Disability, and Health (ICF) are used to contextualize these relationships.
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Integrated Control Exercises that target the relevant
sources of both sensory and motor control of the ankle
and surrounding structures. These include the use of
sensory-targeted strategies such as joint mobilization,
plantar massage, stretching to target relevant sensory
information as well as progressive resistive exercises to
promote volitional muscle control, strength, endurance,
and reflex patterns. In this capacity, POLICE and the
restoration of motion encapsulate the perceptual inter-
dependence of the cell-tissue-body connection.

3. Coordination training should start early in the rehabil-
itation process and focus on the body-self connection
throughout the progression. The purposeful and pro-
gressive manipulation of task and environmental
constraints using coordination exercises should afford
the patient the opportunity to experience mastery of
these activities. Progression occurs from simple to
complex tasks and predictable to more unpredictable
environmental constraints. More advanced progression
should include relevant activities in the context of the
patient’s sport and activity demands. No high-level
evidence supports or refutes the use of an external ankle
support during coordination training in the context of
rehabilitation. Evidence from crossover studies65,66

suggested that ankle braces reduced lower extremity
muscle activity during walking and functional exercises
in patients with CAI, but only immediate effects were
examined. Given the lack of evidence and considering
that the goals of coordination exercises are to optimize
functional variability and cultivate a perception of
mastery, the use of an external support is not currently

recommended during coordination training. However,
using EASY during unsupervised daily and high-risk
activities (eg, walking on uneven surfaces, running,
cutting, jumping) is recommended.

4. When returning a patient to his or her desired level of
sport and physical activity, it is important to consider the
perceptual interdependence from the cell to society.
Educating stakeholders close to the patient on the
appropriate prognostic timelines, expectations, and
progressions in return to play may be just as important
as educating the patient. As patients return to participa-
tion in high-risk activities and sport, EASY should
continue to be implemented based on the overwhelming
evidence that it substantially decreases the risk of
recurrent ankle sprains.7 The low compliance rates for
using external ankle supports63,67 suggest that evidence-
informed education of and behavioral change among all
stakeholders are needed. All patients and stakeholders
should be informed that the risk of sustaining a recurrent
ankle sprain after 1 year of being injury free decreases to
the level of a person who has never had a sprain.68 The
combination of NICE and EASY, POLICE, coordination
training, and return to participation using the perceptual-
interdependence paradigm provides a logical framework
for reducing the risk of injury during this critical time
frame.

The Table offers examples of goals and interventions that
can be used to promote the restoration and enhancement of
the perceptual-interdependence framework in the context of
these recommendations. Using the lenses of perceptual
interdependence, practitioners can break the continuum of

Figure 4. The lenses of perceptual-interdependence intervention recommendations on the continuum of disability. The multiple lenses of
the perceptual framework for ankle-sprain rehabilitation. The continuum of disability (bottom lens) is marked by increased organismic
constraints, impaired sensorimotor function, and decreased functional performance. The progression from disability to health should
focus on pain and edema reduction, early return to motion, and coordination training. Through these lenses, the patients’ needs become
apparent based on the level of disability experienced. Abbreviations: EASY, external ankle support for up to 1 year; NICE, nonsteroidal
anti-inflammatory drugs, ice, compression, elevation; POLICE, protection, optimal loading, and integrated control exercises.
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disability in patients with CAI. However, inadequate
reduction of pain and edema and restoration of motion
and coordination may cloud the clinician’s ability to break
this continuum in patients (See Figure 4).

CONCLUSIONS

As with the evolution of CAI, the biopsychosocial model,
and the perceptual framework of pain, it is time for
rehabilitation strategies for ankle sprains to evolve. The
major evidence-based goals in the conservative care of
patients with ankle sprains center on perceptual interde-
pendence of our cells to society. Perhaps the concerns
related to CAI disability stem from the perception that ‘‘it’s
just an ankle sprain.’’ As we move forward in charting the
course of ankle rehabilitation over the next 50 years, the
personal and societal perceptions of ankle sprains are most
likely where intervention is needed. By integrating the
dynamics of skill acquisition, the biopsychosocial model,
and the body-self neuromatrix, the perceptual-interdepen-
dence framework has emerged as a new rehabilitation
paradigm. This framework allows us to capitalize on the
essential elements of effective rehabilitation strategies for
patients with ankle sprains and their negative sequelae from
the cell to society.
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