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ateral ankle sprains (LAS) are common injuries in athletics and daily activity. Although
ost are resolved with conservative treatment, others develop chronic ankle instability

AI)—a condition associated with persistent pain, weakness, and instability—both me-
hanical (such as ligamentous laxity) and functional (neuromuscular impairment with or
ithout mechanical laxity). The predominant theory in AI is one of articular deafferentation

rom the injury, affecting closed-loop (feedback/reflexive) neuromuscular control, but
ecent research has called that theory into question. A considerable amount of attention has
een directed toward understanding the underlying causes of this pathology; however, little

s known concerning the neuromuscular mechanisms behind the development of AI. The
urpose of this review is to summarize the available literature on neuromuscular control in
ninjured individuals and individuals with AI. Based on available research and reasonable
peculation, it seems that open-loop (feedforward/anticipatory) neuromuscular control may
e more important for the maintenance of dynamic joint stability than closed-loop control
ystems that rely primarily on proprioception. Therefore, incorporating perturbation activ-
ties into patient rehabilitation schemes may be of some benefit in enhancing these
pen-loop control mechanisms. Despite the amount of research conducted in this area,
nalysis of individuals with AI during dynamic conditions is limited. Future work should
im to evaluate dynamic perturbations in individuals with AI, as well as subjects who have
history of at least one LAS and never experienced recurrent symptoms. These potential
ndings may help elucidate some compensatory mechanisms, or more appropriate neuro-
uscular control strategies after an LAS event, thus laying the groundwork for future

ntervention studies that can attempt to reduce the incidence and severity of acute and
hronic lateral ankle injury.

NTRODUCTION

he ankle is the most commonly injured joint during athletic participation [1] and 85% of
hose injuries are lateral ankle sprains (LAS), making the lateral ligament complex the most
ften injured structure in sports and recreation [2]. LAS involve a hypersupination/
nversion of the foot, which may damage the anatomical structures in the lateral ankle,
ncluding: muscles, nerves, ligaments, and tendons. The primary injury to the lateral
igament complex may lead to mechanical instability; however, concomitant injury to the
eroneal muscles/tendons, superficial peroneal nerve, and ankle joint proprioceptors may
lso lead to functional instability characterized by neuromuscular dysfunction, increasing
he susceptibility of the ankle to further injury [3].

Freeman et al [4] presented the first work aimed at characterizing functional ankle
nstability (AI) after LAS and categorized it as a condition where the ankle and foot tend to
give way.” Patients with AI typically present with pain, swelling, or repetitive injury [5].
everal terms have been used to describe this phenomenon of repetitive ankle sprains and
nstability, including mechanical instability, functional instability, chronic instability, resid-
al instability/disability, and sprained ankle syndrome. It is relevant to distinguish between
unctional instability and mechanical instability. Mechanical instability refers to measurable
axity (either by clinical examination or dynamic imaging) of the joint, as well as arthroki-
ematic restrictions and degenerative and synovial changes [6]; but not all cases of AI can be
xplained by laxity [3]. Many individuals who have LAS experience a lingering feeling of

nstability combined with episodes of the ankle “giving way” under normal circumstances
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ithout the existence of mechanical laxity [3]. This is often
ermed functional instability and has been linked to impaired
roprioception, neuromuscular control, postural sway, and
trength [6]. Although functional and mechanical instability
re linked [7], it is important to note that they can exist
ndependently of each other [8]. Regardless of the presence
r absence of mechanical laxity, the condition of repeated
pisodes of the ankle “giving way” is generally attributed to
euromuscular and proprioceptive deficits [3].

It has been reported that 55% of individuals who experi-
nce an ankle sprain do not receive any medical attention;
et, residual symptoms are as common in individuals who
eceived medical attention as those who did not [8]. The
iterature suggests that individuals often trivialize LAS and
hat contemporary treatment paradigms are insufficient in
reventing recurrent injuries or symptoms [6], leading to a
ircumstance in which more than 70% of individuals who
ave an ankle sprain report residual symptoms 6 weeks to 18
onths after injury [9,10]. This is a significant long-term

oncern, because articular degeneration and osteoarthritis
ave been linked to recurrent symptoms and repetitive
prains [11-13]. Clinicians should be aware of the neuromus-
ular control patterns exhibited by individuals with AI, such
hat they can be properly equipped to manage and rehabili-
ate individuals who suffer LAS. Therefore, the purpose of
his focused review is to summarize the literature available on
euromuscular control strategies in persons with AI; specif-

cally focusing on chronic AI, regardless of the presence or
bsence of mechanical instability from ligamentous or other
ntra-articular pathology.

ECHANISM OF ANKLE JOINT STABILITY
ND CONTROL

euromuscular control can be defined as the interaction
etween the nervous and musculoskeletal systems to pro-
uce a desired effect or response to a stimulus [14]. During
ctivity, dynamic and static restraints work together, via
pen-loop (preparatory), closed-loop (reactive), and volun-
ary mechanisms, to maintain correct joint alignment and
tability in response to forces imposed on the joint [15].

There are 2 plausible theories to help explain the devel-
pment of AI: altered closed-loop vs. altered open-loop neu-
omuscular control. In general, open-loop control consists of
nticipatory (ie, before stimulus onset) muscle activation to
repare oneself for the stimulus [16]. In the ankle, this
onsists of activating the musculature surrounding the joint
efore stimulus onset (landing) to control dynamic stability.
onversely, closed-loop control in the ankle joint is based on
reflex arc initiated after the mechanoreceptor-rich lateral

igamentous complex [3,17,18] registers a stretch as the foot
s forced into inversion, sending an afferent signal to the
pinal cord, followed by an efferent signal to the �-motor
euron of the muscle spindles in the peroneal muscles,
ensitizing the muscle spindles to stretch and finally resulting
n a contraction in the muscle to oppose the stretch [19].
any researchers have studied this reflex as a function of t
eflex latency [17,20-31], reflex amplitude [17,20], and elec-
romechanical delay [15,25], yet there is a great deal of
ncertainty in the literature as to the exact role that this reflex
lays in preventing ankle sprains.

losed-Loop Control of Ankle Stability

rticular deafferentation was first proposed as the mecha-
ism behind AI by Freeman et al [4] in 1965 when they
escribed functional AI (as opposed to mechanical instabil-

ty/laxity). They proposed that damage to the proprioceptive
igamentous structures after LAS created a void in the pro-
rioceptive feedback to the central nervous system and pre-
isposed those individuals to episodes of the ankle “giving
ay” [4]. One could infer that reflex responses (closed-loop

ontrol) would be negatively affected in those individuals
ith proprioceptive impairment. Specifically, delayed reac-

ion time of the evertor muscles of the ankle to unexpected
nversion perturbations may be an important clinical mani-
estation of this disrupted closed-loop neuromuscular con-
rol system.

Konradsen and Ravn [32] published one of the first stud-
es evaluating peroneal reaction time (PRT) in subjects with
I; defined as the time difference between the onset of the
erturbation and the onset of peroneal muscle activity. Their
ndings supported the theory of articular deafferentation in
hat they found individuals with AI had delayed PRT com-
ared with healthy, noninjured controls (ie, peroneus lon-
us/brevis reaction time: AI 82/84 ms vs. normal 65/69 ms).
arlsson and Andreasson [33] and Lofvenberg et al [34]
erformed similar studies, and both groups found that indi-
iduals with AI had significantly delayed PRT. However,
ther researchers have failed to reproduce these findings.
big et al [24] tested unilateral AI patients for PRT in re-
ponse to an inversion perturbation, using the contralateral
imb as a control, and found no significant differences be-
ween limbs. Fernandes et al [23] tested the hypothesis that
here would be a difference in PRT at varying degrees of
rontal plane movement (thus evaluating both open and
losed packed positions of the ankle) in subjects with AI as
ompared with noninjured controls, and found no statistical
vidence to support those hypotheses. To further demon-
trate the contradictory findings in the literature concerning
RT in subjects with AI, Vaes et al [30,31] found a delayed
RT in AI subjects as compared with noninjured controls in
ne study [30], but found no differences between the groups
n a second study published only a year later [31]. Vaes et al
uggested that the inconsistent findings in the literature may
e due to a lack of standardization in: 1) inclusion criteria for
I and control subjects between studies, 2) the inversion
erturbation, and 3) the quantity/severity of the initial ankle

njuries of the AI subjects [31]. Although it is accepted that
he measurement of reflex response time is a reliable measure
35], there is an obvious lack of a consensus on whether PRT
s in fact delayed in individuals with AI. The reasons for these
nconsistent findings are unclear; however, it is possible that

hese differences may be due to a lack of homogenous criteria
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sed to identify individuals with AI, as well as methodologi-
al inconsistencies.

Further, the external validity of this type of testing can be
uestioned, in that it is limited to a description of a reflex
esponse to a highly controlled perturbation during static
tance conditions. This is not the condition in which ankle
njuries typically occur, nor is it considered a position of
ulnerability for the ankle joint, as the ankle is usually in a
losed-packed configuration during this type of testing. Be-
ause the clinical relevance of the static measure of PRT is
uestionable, more dynamic testing conditions must be eval-
ated. Although there is a dearth of literature evaluating
ynamic ankle stability, recent research has begun to focus
n reflex responses during dynamic activities such as gait and
anding. Hopkins et al [36] compared the reflex responses
ith sudden ankle inversion during static stance and gait,

nd found a decreased (ie, quicker) response time during
alking than during quiet stance. These authors speculated

hat increased muscle preactivation and muscle spindle sen-
itivity changes during gait [36]. Gruneberg et al [20] evalu-
ted landings on inverting and noninverting surfaces and
ound an increase in response intensity (ie, amplitude) in the
eroneal musculature during the inverting condition. This

ndicates that the stretch reflex response does contribute to
he electromyographic response after landing, suggesting
hat reflex mechanisms superimpose themselves over prepro-
rammed muscle activation after foot contact [20]. However,
t is extremely difficult to separate the 2 sources of activation
37]. Although these studies add to the understanding of
ynamic neuromuscular control in healthy, uninjured an-
les, they do not contribute to understanding the pathoeti-
logy of AI.

Additional research has been performed to evaluate the im-
ortance of articular deafferentation in ankle stability by taking
dvantage of the fact that the lateral ankle ligaments do not have
ny motor properties. Anesthesia placed into the ligaments
ould affect only sensory neural information, thereby providing
means to study the influence of ligament-based propriocep-

ion on motor coordination of the ankle joint. DeCarlo and
albot [38] found that overall proprioceptive function, assessed
ia measurement of postural sway, was not negatively affected
ith deafferentation of the lateral ankle ligaments; in fact, sub-

ects significantly improved in their ability to control postural
way in the injected ankle. Konradsen et al [39] found that
ntroduction of anesthesia into the entire ankle and foot did not
lter active position sense, indicating that this sense was sub-
erved by muscle and tendon receptors above the anesthetized
nkle joint. PRT was also found to be unaffected by anesthetic
lockade of the ankle ligament mechanoreceptors, suggesting
hat this reflex is controlled primarily by the muscle and tendon
eceptors in the absence of proprioceptive information from the
ateral ankle ligaments. These findings were subsequently con-
rmed [40-42] and collectively they indicate that the redun-
ancy in the neuromuscular system, specifically afferently,
hould be able to compensate for a loss of information from the

igaments. i
Finally, a study by Konradsen et al [43] evaluating the role
f the dynamic defense mechanism of the ankle has led to the
ostulate that the reflex response alone (when electrome-
hanical delay and time required to reach peak torque are
aken into account) is too slow to prevent an ankle sprain.
pecifically, those authors found that the first evidence of
ctive eversion occurred 176 ms after onset of platform
ovement, yet the degree of motion that may result in
amage to the lateral ligamentous structures (ie, �40° of

nversion) could occur as early as 100 ms after the onset of
ovement. Therefore, the relatively minor delays in PRT in

ubjects with AI may be irrelevant, as reflex responses alone
re likely too slow to protect the ankle from a sudden inver-
ion load, again implying that preparatory activity (ie, open-
oop control) must be present to protect from an ankle sprain
43]. Therefore, before any clinical conclusions can be made,
uch more work is needed to truly understand the role

losed-loop control plays in dynamic stability about the
nkle joint, especially in persons with AI. It appears that
losed-loop control may not be the most important factor
esponsible for the maintenance of joint stability.

pen-Loop Control of Ankle Stability

mpact attenuation in gait and landing situations has received
onsiderable attention in the literature [16]. This area of
esearch has important clinical relevance as it has been hy-
othesized that failure to appropriately plan and implement
euromuscular strategies to attenuate impacts may lead to
usculoskeletal injuries [16]. During gait, the ankle muscu-

ature is active before and during the early portion of the
tance phase to help stabilize the foot and ankle [44]. It has
een suggested that spindle sensitivity may be increased
uring the early stance phase of gait, which may result in

ncreased joint stiffness from alpha-gamma coactivation [44].
uscle activation is crucial to maintain appropriate joint

tiffness. An insufficient level of joint stiffness may not pro-
ide the appropriate amount of deceleration of the joint to
llow for a safe landing, whereas an excessive amount of joint
tiffness may be detrimental to muscle, tendon, and bony
tructures, because these structures absorb more of the load
16]. Proper neuromuscular control during jump landings
nvolves modulation of temporal and amplitude characteris-
ics of muscle activations to appropriately modulate joint
tiffness to the constraints imposed by the task, including
ump height and landing surface material properties [16].
fter touchdown, stretch reflex mechanisms become active

o adjust the preprogrammed movement pattern based on
he proprioceptive feedback gained after the kinetic chain is
losed. As stated previously, stretch reflex mechanisms alone
re ineffective in controlling joint rotation due to the delay in
heir implementation. The interaction between preparatory
nd reactive muscle activation patterns is important, but not
ell understood [16].
During the airborne phase of a jump/drop landing, there is

cascade of neuromuscular events that occur to prepare for

mpact. This includes a buildup of muscle activity before foot
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ontact, often termed preactivation. Anticipatory modulation
f these neuromuscular events is dependent on alpha-gamma
oactivation and its effects on muscle spindle sensitivity.
everal studies have evaluated this anticipatory modulation
nd found that preactivation is altered with changes in jump
eight [45-48], landing surface compliance [49,50], and

anding technique [51,52]. All of these factors influence
round reaction force; therefore, different amplitudes of
uscle force are needed to control joint rotations. This
odulation of anticipatory activations is based on the infor-
ation available to the central nervous system during the
reparatory phase, including visual and vestibular feedback,
hich is integrated with knowledge from previous experi-

nce dealing with similar stimuli. Specifically, there appears
o be a linear increase in electromyographic activity in both
exors and extensors in the lower extremity with increasing
rop height [45,53], which points to a general strategy used
o modulate muscle force regardless of the mechanical action
nd anatomical characteristics of each particular muscle [16].
his central strategy is supported by research evaluating
odulation in the preparatory activity of the forearm muscles
rior to a catching task in response to a change in the
omentum of the ball (as dictated by a change in the ball
rop height), which found that upper limb muscle prepara-
ory activity is modulated in a similar manner to lower limb
usculature [54,55].
Recent research has evaluated this open-loop (prepara-

ory) activity in the ankle musculature of individuals with AI
56-58]. Caulfield et al [56] presented the first attempt to
onitor preparatory muscle activity in subjects with AI and

ound that in 2 different jumping conditions (drop jump and
orward jump), individuals with AI displayed a reduced
mount of activation of the peroneal musculature before foot
ontact compared with uninjured controls. The authors
peculated that because both of these jumping conditions
ave different stiffness (landing) requirements, the reduced
eroneal activation represents a robust feature of the motor
rogram in individuals with AI [56]. They postulated that
rticular deafferentation may cause prolonged inhibitory ef-
ects because of the proprioceptive deficit, but also suggested
hat the changes in peroneal activation may instead be from
ocal damage to the muscle or nerve as a result of the initial
njury [56]. Regardless of the cause of this improper neuro-

uscular activation, a reduction or disorganization of preac-
ivation of the peroneal muscles would place individuals with
I at an increased risk for injury. Further, Delahunt et al
valuated the kinetics and 3-dimensional kinematics, along
ith muscle activations, during single-leg landings [57].
hose authors also found that this reduced peroneal activa-

ion resulted in a more inverted position of the ankle at
ouchdown, furthering the conclusions of a predisposition to
nkle injury from improper positioning of the joint [57].

Although an abundance of literature exists evaluating
anding biomechanics in a variety of populations, only 2
tudies have evaluated landing kinematics in individuals with
I. Caulfield and Garrett [59] evaluated 2-dimensional kine-

atics (sagittal plane) in single-leg landings in individuals r
ith AI and found they had similar sagittal plane kinematic
atterns as uninjured controls; however, those patterns were
hifted toward greater dorsiflexion and knee flexion through-
ut the maneuver. Those authors speculated that the in-
reased dorsiflexion was a protective mechanism that func-
ioned by placing the ankle in a more stable configuration,
escribed as a more close-packed ankle mortise, and con-
luded that these findings arose from preprogrammed motor
lans, as opposed to reflexively mediated peripheral events
59]. Conversely, Delahunt et al also measured kinematics
uring landing in individuals with AI and found a decreased
mount of dorsiflexion during the loading phase of the land-
ng. Specifically, those authors found an earlier peak ground
eaction force in AI subjects than in healthy controls (60 ms
s. 75 ms postcontact), indicating an inability to appropri-
tely control weight acceptance during landings and placing
I subjects in a vulnerable position in which reduced ankle
orsiflexion did not allow for a close-packed position of the
nkle mortise within the time frame of peak impact [57]. The
iming of peak ground reaction force and the simultaneous
ulnerability of the ankle joint is relevant because LAS would
ost likely occur shortly after this time frame. Furthermore,

nappropriate weight acceptance combined with altered
inematics may also result in increased stress on the
rticular structures of the ankle joint [60]. To the authors’
nowledge, no studies have evaluated kinematics during

anding on an inverting/supinating surface in individuals
ith and without AI.

rthrogenic Muscle Inhibition

t has been postulated that altered neuromuscular control
atterns may be due to residual arthrogenic muscle inhibi-
ion, which is described as a continuing inhibition of the
usculature surrounding a joint after swelling or damage to

he structures of that joint [61]. Myers et al [17] studied the
ffects of both lidocaine and saline injections directly into the
ateral ankle ligaments on the protective response of the
eroneal muscles in response to stretch and found a de-
reased response amplitude after both injections. Because
oth injections caused a decreased response, the authors

nferred that edema caused by the injections altered the
ensorimotor influence of the lateral ankle stabilizers thus
nhibiting dynamic stabilization of the ankle joint [17]. A

ore recent study by Hopkins and Palmieri [62] found
imilar adverse effects on peroneus longus activation after an
ntra-articular injection of a saline.

Arthrogenic muscle inhibition is often quantified through
valuation of the Hoffman-reflex (H-reflex), which is a mea-
ure of motor neuron pool excitability and reflex arc delay.
he functional significance of arthrogenic muscle inhibition
s a mediating factor in the development of residual symp-
oms following LAS is evident in a study by McVey et al [63],
ho found that individuals with AI demonstrated arthro-
enic muscle inhibition as evidenced by a decreased H-reflex:
-wave ratio. These authors found that despite aggressive
ehabilitation aimed at restoring strength and function after
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AS, the post-injury inhibition persisted possibly contribut-
ng to the residual dysfunction. They also proposed that some
atients who suffer LAS may not recover full muscle activa-
ion, which could prevent the ability to “cope” with the
njury, resulting in recurrent instability.

Arthrogenic muscle inhibition may not only have an effect
n the evertors of the ankle joint, but may also inhibit the
nkle joint invertors through a process of selective inhibition.
he process of selective inhibition was described by Swear-

ngen and Dehne [64], who found the decreased stress toler-
nce of an injured joint triggers a reflexive inhibition which
ffects muscles that are capable of increasing tensile stress on
he damaged ligaments. It follows that the ankle invertors
ould be inhibited after lateral ankle joint injury because

hey can initiate movement in the same direction as the initial
njury. It has been shown that a strength deficit exists in the
nvertors of the ankle in subjects with AI [65-67]. Wilkerson
t al [65] postulated that in the closed kinetic chain (foot
xed to the ground), the ankle invertors become very impor-
ant to the maintenance of postural stability over the foot.
his is evident when the center of mass moves laterally past

he lateral border of the foot. In these situations, the eccentric
ction of the invertor muscles keeps the medial edge of the
oot firmly planted, which would prevent the lateral border
rom becoming a fulcrum about which the ankle turns.

LINICAL IMPLICATIONS

uring dynamic activity, open-loop mechanisms enable the
euromuscular system to act faster than closed-loop mecha-
isms with regard to one’s ability to make adjustments to
xpected or unexpected perturbations [68]. Preactivating a
uscle group in anticipation of a movement is thought to

educe the phase lag (delay between the input and output of
system), thereby increasing the efficiency between the

entral nervous system and effector organ [68]. Therefore,
he adage that “practice makes perfect” regarding the refine-
ent of open-loop mechanisms affords patients with AI the

bility to tolerate the changes/perturbations that occur dur-
ng dynamic activities (running, cutting, jumping). There-
ore, from a clinical perspective, it is important to not only
oncentrate on activities that emphasize strength and power,
ut the fine tuning of preprogrammed motor responses (co-
rdination) as well. Although the exact neuromuscular
echanisms behind AI remain unclear, traditional rehabili-

ation paradigms aimed at improving both open- and closed-
oop neuromuscular control can be employed.

The initial phases of rehabilitation after LAS include re-
uction in pain and swelling, which is important in main-
aining/restoring proper neuromuscular control of dynamic
oint stability because of the effects of arthrogenic muscle
nhibition described earlier. Pain/edema management should
e followed by exercises to regain function such as passive
nd active range of motion, and isometric, isotonic, and
ccentric strengthening exercises. After a functional base is
stablished, it is imperative that rehabilitation exercises con-

entrate on both anticipatory and reactive responses to per- p
urbations; specifically, focus on restoring motor patterns
hat control vulnerable ankle positions (ie, inversion, plantar
exion). Sample activities may include: open-chain manual
esistance exercises, resistive tubing exercises where the pa-
ient is instructed to resist sudden motions in a specific
irection, and seated and standing multiplanar wobble board
ctivities [69]. As the patient advances, static and dynamic
alance activities should be added. Examples of these may

nclude: eyes open/eyes closed standing activities involving
ingle, double, and tandem stances on firm and unstable
urfaces (eg, foam pads, balance platforms, mini-trampo-
ine), Star Excursion Balance Test [70], and the Functional
op Test [71]. More advanced rehabilitation exercises

hould incorporate jump landing patterns in all 4 directions,
nd include a variety of heights and landing surfaces (eg,
table, foam, mini-trampoline). For all of these activities, it is
mportant that emphasis be placed on jump direction and
iming. As the patient approaches pre-injury status, activity-
pecific exercises should be incorporated such as agility and
peed drills, emphasizing change of direction while minimiz-
ng time to completion. Last, perturbation training exercises
hould be employed to further fine tune open-loop mecha-
isms during dynamic activities. Although there is little evi-
ence to support the efficacy of perturbation training pro-
rams in patients with AI, Fitzgerald et al [72] conclude that
erturbation training programs for the anterior cruciate liga-
ent reconstructed knee, allowed patients to return to a high

evel of function without continued risk for episodes of
giving way.”

UTURE RESEARCH

t is evident that the knowledge base about the neuromuscu-
ar control paradigms in individuals with AI is limited and
hat further research is needed. Most important, a generally
ccepted tool/criteria for selecting and categorizing individ-
als with AI must be created and implemented to allow
omparisons of all research. Furthermore, no research stud-
es to date have evaluated neuromuscular control in individ-
als who have experienced LAS but did not develop AI.
valuating these individuals may help elucidate some com-
ensatory mechanisms or more appropriate neuromuscular
ontrol strategies following a LAS event. Based on these
otential findings, future intervention studies can be per-
ormed to reduce the incidence and severity of acute and
hronic lateral ankle injury. It is known that episodes of the
nkle “giving way” occur most often in dynamic conditions.
herefore, evaluating muscle activation and kinematics dur-

ng dynamic activities, such as landings, may help elucidate
he mechanism of disorder. There is evidence to suggest that
reprogrammed motor plans may be altered in individuals
ith AI, predisposing them to ankle inversion moments.
urthermore, the effect of these altered open-loop control
trategies should be evaluated when dealing with perturba-
ions to the joint, as a perturbation of some magnitude is
ften present during an episode of “giving way.” Finally,

rospective studies evaluating neuromuscular control pat-
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erns before an initial injury may help elucidate whether
ndividuals are predisposed to the initial injury or if the
njury alters their motor programs, predisposing them to
ubsequent reinjury (manifested as AI). For example, the
ypothesis of neuromuscular inhibition as a predominant
actor in AI could best be evaluated via a prospective study

easuring the H-reflex:M-wave ratio in athletes and moni-
oring who gets injured, how and if the ratio is affected, and
hich individuals develop instability.

ONCLUSION

I is a complex neuromuscular disorder, which affects a large
ercentage of individuals who have a LAS. The neuromuscu-

ar mechanism behind the pathology of AI remains unclear.
lthough this is a relatively new area of research, several

heories exist and have been explored, yet there is no consen-
us in the literature. However, it is likely that a combination
f factors leads to the development of AI including impair-
ents in open- and closed-loop control mechanisms. More

esearch is needed regarding neuromuscular control strate-
ies in AI. Then clinicians can design more suitable treatment
nd rehabilitation paradigms, specifically geared toward re-
ucing the incidence and severity of AI.
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