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ABSTRACT
The purpose of this study was to examine the effect of Chronic Ankle Instability (CAI)
on the postural adaptability of elite collegiate dancers. Participants included twelve (female, ages
18-22) dancers from the TCU School for Classical and Contemporary Dance (at least 5 years of
dance experience and current training of at least 10 hours a week). The Cumberland Ankle
Instability Tool and the Foot and Ankle Outcome Score surveys were used to identify the
presence and characteristics of CAI. Three participants were found to have characteristics of
CAI. Postural adaptability was measured through 30-second single-leg balance tasks, altering
task intention (static and movement) and feedback (no feedback and visual feedback) on a force
plate. The results indicated a significant effect of feedback on center of pressure (COP)
variability in both the anteroposterior direction (AP, p < 0.05) and the resultant area (p < 0.05). A
significant task ✕ feedback interaction was found for COP-AP direction (p < 0.05) and area (p <
0.05). Providing visual feedback significantly increased the COP motion in the AP direction and
area in the moving tasks, but not in the static tasks. These results demonstrate that visual COP
feedback can be used to improve postural adaptability, especially for tasks relying on movement.
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INTRODUCTION
The prevalence of lateral ankle sprains in the general population is high. Ankle injuries
describe 20% of the injuries afflicted on the population (Gribble et al., 2013), with lateral ankle
sprains accounting for 85% of all ankle sprains (Ferran & Maffulli, 2006). Chronic Ankle
Instability (CAI), a common sequela of lateral ankle sprains, is characterized by recurrent giving
away of the ankle in the lateral direction. While some individuals (copers) return to regular
function in high-level activities, up to 47% of people who sustain an ankle sprain (Simon, Hall,
& Docherty, 2014) will experience residual symptoms, qualifying as CAI (Wikstrom, Fournier,
& McKeon, 2010). Such residual symptoms include pain, mechanical (ligamentous) instability,
and functional (neuromuscular control) instability (Sulewski, Tripp, & Wikstrom, 2012; Gribble
et al., 2013; Basnett et al., 2013; Doherty et. al., 2015). As a result of the functional and
mechanical instability at the ankle joint, individuals experiencing CAI suffer sensorimotor and
postural control deficits (Sulewski et al., 2012; Wikstrom et al., 2010; McKeon et al., 2008).
Balance is usually compromised in individuals with CAI compared to copers (Wikstrom,
Bagherian, Allen, & Song, 2018).
Studies of CAI remain diverse, requiring clearer definitions and inclusion/exclusion
criteria. Within literature, the definition of CAI varies (Gribble et al., 2013; Reimann, 2002).
Although research on ankle instability functionally, mechanically, and chronically is abundant,
inconsistency in participant selection criteria remains the largest barrier to effective,
generalizable study reports. Predominately, definitions of CAI agree that the condition is
characterized by the sensation of “giving away” at the ankle (Gribble et al., 2013; Simon et al.,
2014; McKeon et al., 2008). The definition of giving away, as endorsed by the International
Ankle Consortium, is “the regular occurrence of uncontrolled and unpredictable episodes of
excessive inversion of the rear foot, which do not result in an acute lateral ankle sprain” (Gribble
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et al., 2013). In an effort to clarify the inclusion criteria for studies of CAI as a means of
encouraging more generalizable data, the International Ankle Consortium released an official
position statement (Gribble et al., 2013). Their reported inclusion criteria and CAI definition will
be used to describe the present study. Per the International Ankle Consortium, the following
inclusion criteria defines an individual as falling within the heterogenous condition of CAI:
(1) a history of at least 1 significant ankle sprain, “an acute traumatic injury to the lateral
ligament complex of the ankle joint as a result of excessive inversion of the rear foot”; (2) a
history of the previously injured ankle joint “giving away,” and/or recurrent sprain, and/or
“feelings of instability” (Gribble et al., 2013).
Many studies have reported deficits in postural control, static balance, and dynamic
balance as a result of CAI (Sulewski et al., 2012; Wikstrom et al., 2010; McKeon et al., 2008;
Terada et al., 2019). The deficits in postural control may reflect the sensorimotor constraints
placed on the ankle as a result of previous injury trauma as postural control and adaptability
requires the integration of various sensory inputs and motor responses (Terada et al., 2019;
Reimann, 2002). An ankle with CAI is characterized by pathological joint laxity and/or
sensorimotor deficits causing instability both mechanically and functionally, respectively
(McKeon et al., 2008; Terada et al., 2019). Instability affects a wide variety of motor tasks,
ranging from stance to agility motion. Therefore, CAI can affect both activities of daily living
and physical activity. Single-leg stance is commonly used to evaluate the effect of CAI and the
associated sensorimotor deficits on static balance. Several studies evaluating center of pressure
(COP) suggest the inability to maintain quiet stance during single-leg stance in those afflicted
with CAI (McKeon et al., 2008; Terada et al., 2019). Additionally, and most greatly, dynamic
balance has been proven to suffer as a result of CAI (McKeon et al., 2008; Basnett et al., 2013;
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Doherty et. al., 2015). The most accepted clinical measure of dynamic balance is the Star
Excursion Balance Test (SEBT), which requires individuals to maintain single-leg balance while
reaching as far as possible with the other limb in several predetermined directions (McKeon et
al., 2008; Basnett et al., 2013; Sulewski et al., 2012). Greater distances reached on the SEBT
demonstrate better dynamic balance. Those with CAI have been shown to reach shorter distances
compared to copers and healthy individuals suggesting a negative impact on dynamic balance
(Basnett et al., 2013; Doherty et. al., 2015).
While CAI has been studied measurably in regard to balance and aspects of postural
control, an increased understanding of postural adaptability is still required. Postural adaptability
refers to an individual’s ability to utilize their postural control system (PCS) in order to maintain
balance, or postural equilibrium, in variably changing environments (Reimann, 2002; Manor et
al., 2010). The PCS maintains upright stance through the integration of various afferent and
efferent pathways. Key afferent information pertaining to the PCS arises from the
somatosensory, visual, and vestibular sensory feedback systems. Afferent information is then
integrated within the central nervous system resulting in efferent responses occurring through the
musculoskeletal system in the form of motor commands (Reimann, 2002; Manor et al., 2010).
The PCS contains varying degrees of redundancy both afferently and efferently. This redundancy
allows for the maintenance of postural control even when one of the available systems is
deteriorated or not readily available (Reimann, 2002). Therefore, when examining postural
adaptability in individuals with CAI, considerations pertaining the task type, task conditions, and
measures assessment must be considered in order to isolate different aspects of the PCS.
The effects of CAI have been well documented in the general population and have been
explored in a myriad of sports. In sports settings, the occurrence of lateral ankle sprains is
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significantly greater compared to the general population, increasing to 25% of all sports-related
injuries (Sulewski et al., 2012; O’Laughlin, Hodgkins, & Kennedy, 2008). In dance, this
incidence increases even more as ankle and foot injuries account for 34-62% of all injuries in
dancers (O’Laughlin, 2008) and ankle inversion injuries are reported as the most common
traumatic injuries in dancers (O’Laughlin, 2008; Kadel, 2006). The reported prevalence of CAI
in athletic populations has ranged from 20% to 47% (Simon et al., 2014). Again, the incidence
within the dance population is reported as greater than other athletic populations with
approximately 53% of all collegiate dancers as reported with CAI. Additionally, studies have
demonstrated that as many as 75% of all dancers who experience a lateral ankle sprain will
develop CAI (Simon et al., 2014). Thus, elite collegiate dancers are at an increased risk for
developing CAI.
There are a few biomechanical, as well as a myriad of cultural, explanations for the high
prevalence of lateral ankle sprains and CAI in the dancer population. Biomechanically, dancers
often place their feet and ankles in naturally unstable positions. Dancers often support their
weight en pointe or demi-pointe, two positions in which the ankle is in near-full-to-maximum
plantar flexion (O’Laughlin, 2008; Kadel, 2006; Simon et al., 2014). There are two joints
responsible for ankle movement – the talocrural joint and the subtalar joint, responsible for
dorsiflexion/plantar flexion and supination/pronation, respectively. The talocrural joint has a
total range of 70⁰ to 80⁰. The subtalar joint’s range of motion, which is measured by the amount
of inversion and eversion at the hindfoot, is typically around 20⁰ of inversion and 10⁰ of eversion
(Simon et al., 2014). When the ankle is dorsiflexed, the position is closed-packed, so the
ligaments are taut and the talus is fully engaged in the mortise of the ankle. When the ankle is
moved into any level of plantar flexion, however, the position is open-packed. This open-packed

5

position is characterized by loose ligaments and disengagement of the talus in the mortise,
creating an unstable position that allows for more rotational and transverse movements of the
ankle joint (Simon et al., 2014). Once the ankle is in complete plantar flexion, the position is
once again closed-packed and relatively stable as the posterior edge of the tibia rests on the
calcaneus (O’Laughlin, 2008). However, supporting weight in the fully plantar flexed position,
as en pointe and demi-pointe, significantly reduces one’s base of support, placing one at greater
risk for falling and injury (Simon et al., 2014).
Culturally, dancers tend to train and perform despite injury (Kadel, 2006; Simon et al.,
2014), return to activity too quickly, and avoid seeking medical attention (Simon et al., 2014;
Kenny, Palacios-Derflingher, Whittaker, & Emery, 2018). Similar to other athletes, dancers often
perform through pain and discomfort due to dedication to their craft as well as external pressure
from employers and peers. Frequently, dancers will only cease activity once their injury warrants
them physically unable to perform (Kadel, 2006). Once a dancer does begin treatment, they are
likely to sense the same pressures to return to activity quickly, even if their injury is not fully
healed (Simon et al., 2014). Finally, some dancers may not seek out any treatment either for fear
of being replaced or due to limited or no access to onsite medical care or health insurance, as is a
common reality in many dance companies (Simon et al., 2014; Kenny et al., 2018). When a
dancer fails to seek proper treatment in a timely manner, the healing process can be significantly
impacted, predisposing an individual to further injury (Kadel, 2006; Simon et al., 2014; Kenny et
al., 2018). Examination of CAI and lateral ankle sprains and other injuries has led researchers to
believe that there is a strong correlation between a history of lateral ankle sprains, improper
treatment and rehabilitation, and the development of CAI (Simon et al., 2014). As dancers have
been reported to avoid proper treatment of injuries, especially those that may not be debilitating,
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like a typical ankle sprain, their likelihood of experiencing recurrent symptoms and developing
CAI is increased.
Dance requires a unique balance of strength and control. One of the most important skills
for an elite dancer is postural adaptability (Hutt & Redding, 2014). Dancers must create many
shapes with their body, maintaining control of their orientation in space. The PCS must integrate
the afferent and efferent information effectively and efficiently for excellent performance
(Casabona et al., 2016). Not only do dancers rely on the PCS, but studies suggest that dance
training also increases the accuracy of the somatosensory system (Kilroy, Crabtree, Crosby,
Parker, & Barfield, 2016) and stance stability (Crotts, Thompson, Nahom, Ryan, & Newton,
1996), especially in dance-specific context (Casabona et al., 2016). Considering the importance
of postural adaptability to the form of dance, the high prevalence of CAI amongst elite dance
populations, and the link between CAI and its possible effects on postural adaptability, it is
important to explore this link more specifically. Therefore, the purpose of this study is to
examine how CAI in elite collegiate dancers affects postural adaptability by analyzing postural
control under different task constraints – quiet stance, producing movement, and visual feedback.

REVIEW OF LITERATURE
Dynamic Balance and CAI
Several studies have examined the effects of CAI on balance, specifically on dynamic
balance (Basnett et. al., 2013; Wikstrom et. al., 2018). One study specifically investigated
dynamic balance one year after a first-time lateral ankle sprain with the purpose of quantifying
the deficits that characterize CAI compared to copers, individuals who sustain a lateral ankle
sprain and do not develop CAI. Participants were recruited within two weeks of sustaining a
first-time acute lateral ankle and asked to return to the lab a year later to participate in the study.
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A total of 91 individuals participated in data collection, 20 included controls who had no history
of a lateral ankle sprain. Participants who had sustained a lateral ankle sprain were categorized
with the use of the Cumberland Ankle Instability Tool (CAIT) as supported by the International
Ankle Consortium. Each participant was asked to perform specified directions (anterior,
posterolateral (PL), and posteromedial (PM)) of the Star Excursion Balance Test (SEBT) once
with either lower limb as the supporting limb. Utilizing the SEBT, which is noted as one of the
most common tools for measuring dynamic balance, the investigators collected reach distance
scores as well as kinematic and kinetic data with the Codamotion bilateral lower limb gait set-up.
Regarding the SEBT reach distance scores, a main effect for group was found in all three
directions. Results also demonstrated a significant main effect between groups in the PL and PM
directions for the kinematic data and a main effect between groups in all three directions for the
kinetic data. The most notable finding was that CAI participants demonstrated poorer dynamic
balance compared to both the control and the copers, which was determined by their SEBT reach
distance scores. Additionally, no differences existed between the control and coper groups in
terms of their SEBT reach distance scores.
Postural Control and CAI
While some individuals develop CAI, experiencing recurring injury and/or loss of
function, copers return to high-level physical activities without such symptoms. E. A. Wikstrom,
K. A. Fournier, and P. O. McKeon evaluated postural control in individuals with and without
CAI in an attempt to broaden the understanding of the mechanisms of CAI (2010). The study
examined 48 participants (16 control, 16 copers, 16 individuals with CAI) during 30-second
single-leg stance trials with their eyes open. The objective of the investigation was to compare
COP, time-to-boundary (TTB), and center of pressure-center of mass (COP-COM) moment arm
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measures between each of the experimental groups. One hypothesis of the investigators was that
increased COP sway, which is often assumed to be indicative of increased COM sway, may
actually indicate the adoption of novel postural control strategies. Thus, the investigators utilized
TTB and COP-COM moment arm data to capture any alternate strategies. TTB is a
spatiotemporal analysis, which provides an estimate of the time an individual has to correct their
posture in order to maintain their balance. The COP-COM moment arm denotes the distance
between COP and COM in the transverse plane providing information about movement of
individual segments of the body. The main experimental hypothesis was that COP, TTB, and
COP-COM moment arm measures would demonstrate significant differences in the postural
control of individuals with CAI compared to both control and copers. Results demonstrated
significant differences in postural control between all three groups. Most significantly, the COP
mediolateral (ML) velocity, COP anteroposterior velocity, and COP-COM resultant mean
moment arm postural control measures effectively identified differences between copers and
individuals with CAI. The investigators suspect these three measures are related to the
unidentified coping mechanism after sustaining a lateral ankle sprain. Further investigation is
needed to address the authors’ hypothesis that following an initial ankle sprain, the COP ML
velocity is impaired and CAI develops only in those who fail to develop successful
compensatory strategies.
Dancers and Single-Leg Static Balance
There are several internal and external factors that affect one’s ability to balance, or
maintain their line of gravity within their base of support, including genetics, age, emotional
state, area of base of support, and participation in motor activities. Studies suggest that dance
training strengthens the accuracy of the somatosensory system, shifting the system from vision-
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dominated to an internal system (Crotts et. al., 1996). In their study, Kilroy, Crabtree, Crosby,
Parker, and Barfield explored the difference in single-leg static balance between female
collegiate dancers and female nondancers with one year or less dance experience (2016). In this
study, participants completed four 30-second single-leg static balance trials: wearing an athletic
shoe and barefoot on both the dominant limb (DL) and the nondominant limb (NDL). Data were
collected with a force plate. The results determined a significant difference in the AP directional
ground reaction force (GRF) between the dancers and nondancers for the DL. For the NDL,
significant differences existed between the groups in both the AP and ML directional GRF.
Notably, the nondancer group demonstrated greater posterior GRF compared to the dancers,
which the authors allege to indicate the greater loss of balance in the nondancer group.
Therefore, the investigators conclude that dance training effectively improves single-leg static
balance ability, noting this to be case in all conditions (with and without shoes and on both the
DL and NDL).
Prevalence of CAI in Collegiate Dancers
Studies of dancers have established high occurrence of injuries to the lower extremities.
Some studies have focused on the recovery of and possible development of sequelae in dancers
who have suffered chronic and acute injury. One such study explored the prevalence of CAI and
the associated symptoms in university dance majors (Simon et. al., 2014). The investigators
collected data via two self-report questionnaires – one addressing general demographics and
another titled the Identification of Functional Ankle Instability (IdFAI). The latter was used to
determine the presence of CAI in either or both limbs. As the authors point out, the identification
of CAI is most commonly done with the use of self-report questionnaires. The International
Ankle Consortium suggests the use of the CAIT or the IdFAI. Participants were all modern or
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ballet dance majors at the investigators’ university. Of the 83 questionnaires collected, six were
excluded based on exclusionary criteria of a history of fracture or surgery in the lower extremity
or of neurological disorder. The remaining 77 participants included 43 modern dance and 34
ballet dance majors, with 67 females and 10 males. Questionnaires were then scored and
individuals were sorted based on the presence or absence of CAI, and those categorized as
having CAI were further grouped as either unilateral or bilateral. Results found that of the 54
dancers that reported a previous ankle sprain, 41 (75.9%) were identified as having CAI. Thus,
this study found that approximately 53% of the given collegiate dance population had CAI.
When the investigators compared this statistic with reported prevalence in traditional athletes,
they found that the percentage of dancers with CAI is greater. Interestingly, the investigators also
report a difference of CAI presentation between the modern and ballet dancers. While the
number of modern dancers with unilateral versus bilateral CAI presented as roughly equal,
within the ballet population, significantly more dancers presented with bilateral CAI (82.4%)
supporting the theory that dancing en pointe may increase the risk of sustaining a lateral ankle
sprain and developing CAI. When the investigators explored the reported symptoms of CAI, the
most notable finding was that most complaints related to symptoms of the ankle giving away and
not of pain.
METHODS AND MATERIALS
Participants
A total of 12 participants (female; aged 18-22) were recruited for this study. All
participants are current students in the TCU School for Classical and Contemporary Dance with
at least five years of dance experience and currently training at least 10 hours a week. All
participants signed an informed consent form before participation. All forms and questionnaires,
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as well as the present study, were approved by the university’s Departmental and Institutional
Review Board.
Participants were placed into one of two experimental groups: healthy (n = 9) and CAI (n
= 3). CAI individuals reported a history of at least one ankle sprain and scored less than or equal
to on the Cumberland Ankle Instability Tool (CAIT), per the guidelines proposed by the
International Ankle Consortium (Gribble et al., 2013). Healthy individuals were free of any
history of ankle sprains and/or scored higher than a 24 on the CAIT. Volunteers were not
permitted to participate if they fell into any of the following exclusion criteria at the time of
recruitment: (1) a history of a lateral ankle injury within the last three months; (2) a history of
any lower extremity injury within the past year; (3) a history of any surgeries or fractures that
required realignment in either lower extremity. Prior to participation, each participant reviewed
and signed an informed consent. All procedures were approved by the Texas Christian
University Institutional Review Board.
Procedures
Each participant completed four single-leg balance tasks over four trials on both limbs,
for a total of eight trials. The tasks were: (1) single-leg quiet stance without visual feedback, (2)
single-leg quiet stance with visual feedback, (3) single-leg stance while producing movement
without visual feedback, and (4) single-leg stance while producing movement with visual
feedback. The order of the eight trials was randomized but the same order was followed by each
participant. Each trial lasted 30 seconds and participants were prompted to remain quiet during
the duration of the trial.
Prior to any data collection, two reflective markers were placed on participants about C7
and L4/5. Participants were also introduced to the visual feedback from the force plate. The force
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plate provided real-time visual feedback of the participant’s COP. First, feedback on their
anteroposterior COP was shown as a red line that moved upward on the screen as their COP
moved forward and downward on the screen as their COP moved backward. Then, their
mediolateral COP feedback was presented as a green line that moved upward as their COP
moved to the right and downward on the screen as their COP moved to the left. A horizontal zero
was indicated at the midline of the screen. This visual feedback was utilized to locate the center
of the participant’s foot with the center of the force plate. To estimate the center of the
participant’s foot, the green and red lines should average around the horizontal zero while they
maintain quiet, single-leg stance. Each barefoot was outlined on tracing paper at that orientation
to encourage consistency of foot placement between trials. Feet were traced in different colors.
Prior to each trial, the participant was provided information pertaining to the given task. The
participant would then step onto the force plate with the appropriate leg, placing their foot into
the previously traced area.
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Figure 1: Lab set-up. Screen placed in front of
participant with screen at approximately eye
level. Screen displays real-time visual
feedback of COP. Red line represents
anteroposterior sway. Green line represents
mediolateral sway. Center of force plate
marked with tape. Tracing paper taped onto
force plate for foot tracings. Feet traced in
different colors.

Figure 2: Screen for no visual feedback.
Screen turned off. Blue sticky note placed in
center of screen.

(1) Single-Leg Quiet Stance Without Visual Feedback: Participants were instructed to
stand on one leg with their foot placed within the previously drawn boundaries of
their foot. Their non-weightbearing limb was to remain in a comfortable position
without touching their other limb or the force plate/ground and their arms would
remain by their sides. Participants were asked to keep their gaze on a blue sticky note
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placed on the center of the screen in front of them for the duration of the trial. They
were prompted to “remain as still as possible.”
(2) Single-Leg Quiet Stance With Visual Feedback: Participants were instructed to stand
on one leg with their foot placed within the previously drawn boundaries of their foot.
Their non-weightbearing limb was to remain in a comfortable position without
touching their other limb or the force plate/ground and their arms would remain by
their sides. Participants were asked to keep their gaze on the screen in front of them
for the duration of the trial. They were prompted to “remain as still as possible by
keeping the lines as straight as possible.”
(3) Single-Leg Stance While Producing Movement Without Visual Feedback: Participants
were instructed to stand on one leg with their foot placed within the previously drawn
boundaries of their foot. Participants were asked to keep their gaze on a blue sticky
note on the center of the screen in front of them for the duration of the trial. They
were prompted to “move as much as possible without falling over.” Movement was to
not be limited to the limbs but should include the trunk as well.
(4) Single-Leg Stance While Producing Movement With Visual Feedback: Participants
were instructed to stand on one leg with their foot placed within the previously drawn
boundaries of their foot. Participants were asked to keep their gaze on the screen in
front of them for the duration of the trial. They were prompted to “move as much as
possible without falling over by moving the lines up and down as much as possible.”
Movement was to not be limited to the limbs but should include the trunk as well.
To minimize physical risk as a result of participation in this study, participants were
provided clear instructions for each task and given rest intervals between each trial for at least 30
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seconds. Successful trials were defined as any trial in which the participant did not fall. A fall
was considered as any time the participant (1) placed their non-weightbearing limb on the force
plate or ground and/or (2) lifted any part of their weightbearing foot off the force plate.
Additionally, a trial was deemed as a fall during quiet stance, if the participant’s nonweightbearing limb shifted from the stance position. In the event of a fall, participants would
have the opportunity to repeat the trial up to two times, for a possible total of three attempts.
The force plate (AMTI) recorded COP and ground reaction force (GRF) measures. Two
monitors were used to split the display so that visual feedback could be provided. A motion
capture system (Qualisys) was used to collect other kinematic data.
Statistical Analysis
The dependent variables were analyzed with univariant ANOVA measures to assess
changes in the dependent variables. The independent variables were task (static and moving),
feedback (no feedback and visual feedback), and leg (right and left). The level of significance
was set at 0.05. Data analysis was conducted through the SPSS statistical software (version 26).

RESULTS
Center of Pressure: Standard Deviation in the Mediolateral Direction (SD_ML)
A significant effect of task was found for SD_ML (F1,87 = 919.23, p < 0.001). The
moving task (M = 10.607, SE = 0.174) had a greater SD than the static task (M = 3.118, SE =
0.176). There were no other significant effects or interactions found for SD_ML.
Center of Pressure: Standard Deviation in the Anteroposterior Direction (SD_AP)
A significant effect of task was found on the SD_AP (F1,87 = 427.463, p < 0.001) in that
the moving task had a significantly greater SD (M = 20.845, SE = 0.503) when compared to that
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of the still task (M = 6.045, SE = 0.509). A significant effect of feedback was also found for the
SD_AP (F1,87 = 427.463, p < 0.05). The presence of visual feedback resulted in a greater SD (M
= 14.250, SE = 0.509) than no feedback (M = 12.641, SE = 0.503). A significant task ✕ feedback
interaction was found for SD_AP (F1,87 = 47.266, p = 0.05). Post-hoc analysis revealed a
significant difference (p < 0.01) of visual feedback in the moving task with greater area (M =
22.356, SE = 0.712) than no feedback (M = 19.335, SE = 0.712). No significant difference exists
in the static task (Mfeedback = 6.144, SEfeedback = 0.728; Mno feedback = 5.946, SEno feedback = 0.712).
COP SD_AP

Figure 3: Mean standard deviation of COP AP displacement. Visual
feedback condition was significantly larger than no feedback for the
moving task. No significant difference existed for the static task.
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Center of Pressure: Area
A significant effect of task existed for area (F1,87 = 473.898, p < 0.001). The moving task
results in a larger area (M = 2656.806, SE = 78.576) than the static task (M = 224.047, SE =
79.464). A significant effect of feedback was found on the area (F1,87 = 4.037, p < 0.05). The
presence of visual feedback resulted in greater area (M = 1552.698, SE = 79.464) than no
feedback (M = 1328.155, SE = 78.576). A significant task ✕ feedback interaction was found for
area (F1,87 = 4.952, p < 0.05). Post hoc analysis revealed no significant difference in the static
task (Mfeedback = 211.973, SEfeedback = 113.260; Mno feedback = 236.120, SEno feedback = 111.123).
However, the effect of visual feedback was significant during the moving task with greater area
(M = 2893.423, SE = 111.123) than no feedback (M = 2420.190, SE = 111.123).

COP Area

Figure 3: Mean area of COP displacement. Visual feedback
condition was significantly larger than no feedback for the moving
task. No significant difference existed for the static task.
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DISCUSSION
This study evaluated the effect of Chronic Ankle Instability on postural adaptability in
the collegiate dancer population as well as the effect of visual feedback, task intention (static
versus moving), and leg (right versus left) on single-leg balance. The hypothesis that visual
feedback will have an effect on performance was partially supported. We found that visual
feedback had a significant effect on the COP measures in the AP direction and area in the
moving tasks, but not in the static tasks.
Postural control is maintained through integration of key sensory inputs including visual,
somatosensory, and vestibular information (Dault, Haart, Geurts, Arts, & Nienhuis, 2003;
Davlin-Pater, 2010; Manor et. al., 2010). Studies that have examined the effects of visual inputs
on balance have established visual feedback as beneficial to balance performance (Davlin-Pater,
2010). Visual feedback played a role in the postural control and adaptation of the dancers in this
study; however, analysis of the interaction between feedback and task demonstrated that the
feedback effect only existed in the movement tasks and not in the static tasks. These results are
in contrast to previous studies, which demonstrated an improvement of static balance with visual
COP feedback (Dault et. al., 2003; Davlin-Pater, 2010). In an examination of various visual
conditions, though, Dault et. al. (2003) concluded that the condition of eyes open without visual
feedback allowed the second-best performance. These results demonstrate the effectiveness of
vision and feedforward systems in maintaining static balance in healthy adults. Additionally,
studies have demonstrated improved dynamic balance with visual feedback (Davlin-Pater, 2010;
Walker, Hyngstrom, & Schmit, 2016). The moving tasks rely on dynamic balance, which
requires continuous postural corrections to maintain equilibrium. While the present study did not
examine dynamic balance directly, the reliance on dynamic balance for the moving tasks
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suggests that increased movement due to the visual feedback is a result of its positive effect on
dynamic balance and postural adaptability.
While there was a main effect of task, there was no main effect of visual feedback, nor an
interaction of visual feedback and task, on the COP measures in the ML direction. These results
are consistent with previous studies which note more available movement in the sagittal plane
during postural control of standing balance tasks, thus observing increased sway in the AP
direction (Mochizuki, Duarte, Amadio, Zatsiorsky, & Latash, 2006; Garbus, Alouche, PradoRico, Aquino, & Freitas, 2018). More importantly, the results of these studies also noted no
significant differences in ML sway between task trials. The anatomy of the lower limbs, most
notably at the ankle joint, limits movement in the ML direction (Mochizuki et. al., 2006). With
limited movement available in the ML direction at the ankle, corrections of postural sway in
quiet stance are more likely to occur in the AP direction. ML sway increased in the moving
tasks, indicating that participants successfully followed the directions of the task. However, the
presence of visual feedback did not significantly affect SD_ML likely because of the anatomical
limits of the lower limb. Participants maxed their limits in the coronal plane during the moving
task trials, unable to access more with the presence of visual feedback.
Finally, the results of this study may support previous notions that dance training
improves one’s postural control. Previous studies have suggested that dance training alters the
postural control system by shifting from a vision dominated system to an internal system by
strengthening the somatosensory system (Crotts et. el., 1996; Kilroy et. al., 2016). An individual
who tends to rely on external cues is considered to be field dependent (FD), while an individual
who tends to rely more heavily on vestibular and somatosensory information is considered to be
field independent (FI). In a study examining the effect of visual feedback and perceptual style
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(FD versus FI) on static and dynamic balance, Davlin-Pater concluded that there appears to be a
relationship between perceptual style and dynamic balance (2010). The results of this study
found the FI individuals more stable than FD individuals in three of the tested visual conditions,
including visual feedback and eyes open without visual feedback. This suggests that FI
individuals are successful at integrating somatosensory information with visual feedback. The
results of this study demonstrated that visual feedback resulted in increased movement in the
moving tasks. It could be determined that in order to increase movement in the conditions with
visual feedback while successfully completing the task without falling, the participants needed to
be able to integrate the visual feedback with somatosensory feedback. Further research is needed
to examine this relationship.
Limitations
This study could be improved with a larger sample size, especially within the
experimental group of individuals with CAI, which would allow for analysis between groups.
Additionally, the researchers recognized diverse interpretations of task instructions between
subjects, specifically in the speed and style of movement. Some participants moved quickly and
sporadically, while others were slower and more controlled. The addition of standard
demonstrations for each trial could control for interpretation differences, most notably in the
movement tasks.
Future Directions
More research is needed to examine the influence of CAI on the performance of elite
dancers. Larger groups sizes would allow for examination between the control and experimental
groups, providing a relationship between CAI and postural adaptability. Further research is also
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needed to understand any influence of dance style (such as ballet versus modern, hip hop,
ballroom, etc.). This study did not differentiate between the modern and ballet majors, doing so
may indicate further differences between groups. Additionally, research should explore the
effects of the present procedure on other athletic populations, lateral ankle sprain copers, and
healthy populations. Doing so would clarify the effects of visual feedback, task intention, and leg
dominance on postural control and adaptability. Comparing dancers to healthy nondancers could
also determine any improvements on postural control as a result of dance training. Finally,
further studies should examine kinematic data to explore the movement of the whole body, rather
than COP. Exploring kinematic data, as well as other kinetic variables, could determine any
patterns or coping mechanisms developed as a result of CAI.
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