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Objective: Deficits in static postural control related to chronic
ankle instability (CAI) and fatigue have been investigated sep-
arately, but little evidence links these factors to performance of
dynamic postural control. Our purpose was to investigate the
effects of fatigue and CAI on performance measures of a dy-
namic postural-control task, the Star Excursion Balance Test.

Design and Setting: For each of the 3 designated reaching
directions, 4 separate 5 (condition) 3 2 (time) 3 2 (side) anal-
yses of variance with a between factor of group (CAI, healthy)
were calculated for normalized reach distance and maximal an-
kle-dorsiflexion, knee-flexion, and hip-flexion angles. All data
were collected in the Athletic Training Research Laboratory.

Subjects: Thirty subjects (16 healthy, 14 CAI) participated.
Measurements: All subjects completed 5 testing sessions,

during which sagittal-plane kinematics and reaching distances

were recorded while they performed 3 reaching directions (an-
terior, medial, and posterior) of the Star Excursion Balance
Test, with the same stance leg before and after different fatigu-
ing conditions. The procedure was repeated for both legs during
each session.

Results: The involved side of the CAI subjects displayed sig-
nificantly smaller reach distance values and knee-flexion angles
for all 3 reaching directions compared with the uninjured side
and the healthy group. The effects of fatigue amplified this
trend.

Conclusions: Chronic ankle instability and fatigue disrupted
dynamic postural control, most notably by altering control of
sagittal-plane joint angles proximal to the ankle.

Key Words: Star Excursion Balance Test, lower extremity,
neuromuscular control

Lateral ankle sprains are one of the most common inju-
ries among athletes.1 After initial injury, the rate of re-
currence may be as high as 80% among active individ-

uals.2 Altered mechanical joint stability due to repeated dis-
ruptions to ankle integrity with resultant perceived and ob-
served deficits in neuromuscular control has been described as
chronic ankle instability (CAI).3

Aspects of neuromuscular control may be quantified
through measures of postural control. Postural control may be
classified as either static (attempting to maintain a base of
support with minimal movement) or dynamic (attempting to
maintain a stable base of support while completing a pre-
scribed movement).4 Altered static postural control in the pres-
ence of CAI has been studied extensively,5,6 but investigations
into the effects of CAI on dynamic postural control are lim-
ited.7–9

Fatigue may impair the proprioceptive and kinesthetic prop-
erties of joints.10 Fatigue increases the threshold of muscle
spindle discharge, which disrupts afferent feedback, subse-
quently altering joint awareness. The detrimental effect of fa-
tigue on static postural control has been established,11–18 but
the effects on measures of dynamic postural control are un-
known.

Although numerous authors have studied neuromuscular

control in CAI subjects using instrumented methods,5,8,19–25

noninstrumented, clinically applicable tests to assess neuro-
muscular and functional deficits in patients with CAI are clear-
ly lacking. The Star Excursion Balance Test (SEBT) is one
such test that has been established as highly reliable and valid
for both research and clinical purposes.26–29 It challenges the
subject to maintain a stable unilateral base of support while
reaching in 8 directions with the opposite leg.

Distinct muscle recruitment patterns in the stance leg (test
leg) have been established for each of the 8 reaching direc-
tions, suggesting that specific neuromuscular control patterns
are required to maintain the base of support during the dynam-
ic task.30 Previous researchers have established the SEBT as
valid in differentiating the dynamic postural control of those
with and without CAI by demonstrating that the CAI subjects
could not reach as far as the non-CAI subjects while main-
taining a stable base of support.31 The neuromuscular patterns
necessary to complete this dynamic postural-control task
would appear to be altered in the presence of CAI, but the
contributing mechanisms to this finding have not been specif-
ically addressed.

It seems that neuromuscular control, quantified through
measures of static postural control, is affected adversely by
fatigue and CAI individually. One of the clinician’s roles is to
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ensure the functional ability of an injured athlete before allow-
ing a return to competition. This includes rehabilitation inter-
ventions to restore proper neuromuscular control to an injured
joint. An athlete with CAI commonly undergoes fatiguing ac-
tivities during practices and competitions.

We are not aware of any previous research into the com-
bined effects of fatigue and CAI on dynamic postural control.
The effect of the 2 conditions combined on measures of dy-
namic postural control is unknown. Therefore, our purpose
was to examine potential deficits on reach distance and kine-
matic measures of the SEBT related to fatigue and CAI.

METHODS

Subjects

Thirty physically active subjects (15 males, 15 females, age
5 22.3 6 2.6 years, height 5 1.74 6 0.1 m, mass 5 71.41
6 15.67 kg) volunteered as subjects. All subjects signed an
informed consent form approved by the university’s institu-
tional review board. Individuals with self-reported vestibular
disorders or mild head injury in the previous 6 months were
excluded from the study.

Subjects were placed into 1 of 2 groups: healthy (8 males,
8 females, age 5 22.5 6 2.4 years, height 5 1.75 6 0.1 m,
mass 5 71.1 6 18.6 kg) and CAI (7 males, 7 females, age 5
21.9 6 2.9 years, height 5 1.73 6 0.1 m, mass 5 71.8 6
12.8 kg). The healthy subjects were free of any self-reported
lower extremity injury in the previous 6 months. Subjects in
the CAI group were free from injury to the lower extremity
other than the ankle in the previous 6 months; had a history
of at least 1 acute ankle sprain that resulted in swelling, pain,
and temporary loss of function (but none in the previous 3
months); and a history of multiple episodes of the ankle ‘‘giv-
ing way’’ in the past 6 months.

Protocol

Subjects reported to the Athletic Training Research Labo-
ratory for 5 individual sessions at least 1 week apart. We mea-
sured leg length of both legs with the subject lying supine on
a plinth using a standard tape measure from the anterior su-
perior iliac spine to the distal end of the medial malleolus at
the beginning of the first session.

Subjects completed 5 testing sessions during which they
performed the SEBT before and after a fatiguing condition.
The 5 fatigue conditions (1 per session) were (1) isokinetic
ankle fatigue, (2) isokinetic knee fatigue, (3) isokinetic hip
fatigue, (4) lunging task, and (5) control (5-minute period of
quiet sitting).

The SEBT consists of 8 reaching directions. Because of the
time constraints related to the timing of postfatigue measures
and the fact that we were concerned mainly with sagittal-plane
kinematics of the stance leg, only 3 of the 8 reaching direc-
tions (anterior, medial, and posterior) of the SEBT were per-
formed before and after each fatigue condition. The orders of
the 5 testing sessions and of the reaching directions for each
session were counterbalanced. Reaching distance during the
SEBT was measured while sagittal-plane kinematics of the
stance leg, the leg that underwent the fatiguing task, were
recorded. The SEBT postfatigue testing took place immediate-
ly (approximately 15 seconds) after achieving the designated
fatigue level. During each session, subjects completed the pro-

tocol using both the right and left legs; the order of stance leg
was also counterbalanced. After completion of the first testing
leg, subjects sat quietly for 30 minutes before beginning the
identical protocol for the opposite leg.

Instrumentation. We used an isokinetic dynamometer
(Biodex, Inc, Shirley, NY) to induce fatigue to the sagittal-
plane movers of the hip, knee, and ankle. A metronome pro-
vided the rhythm of movement for performance of lunges.
Each subject wore an adjustable weight vest (All Pro Exercise
Products, Inc, Longboat, FL) that carried 10% of the subject’s
body weight. This weight was based on pilot work that made
this task similar in length to the isokinetic fatigue tasks. Ki-
nematic data of ankle, knee, and hip joint positions were col-
lected using a digital video camera (Panasonic Digital Palm-
corder, Panasonic Electronics, Denver, CO) sampled at 30
frames/s. Joint angles in the sagittal plane were calculated us-
ing the SMART video analysis system (ECI-Software, Inc,
Boston, MA).

Fatigue. Three of the fatiguing protocols were performed
on a Biodex System III isokinetic dynamometer, set for con-
centric-concentric function for the particular joint being tested
during that session. Sagittal-plane movement patterns at the
ankle (plantar flexion-dorsiflexion), knee (flexion-extension),
and hip (flexion-extension) were tested. Patient positioning
followed guidelines set forth by the manufacturer.

Subjects performed 5 continuous maximum trials at 608/s
for the designated movement pattern in order to determine
peak torque. After a 2-minute rest, subjects repeated the move-
ment pattern at 608/s continuously until force production
dropped below 50% of the peak torque in both directions of
motion being tested. This procedure followed a protocol we
used previously17 that has been established in the litera-
ture.15,18

The fourth fatiguing protocol consisted of performing a
lunging task a maximum number of times. Subjects lunged
forward with the leg that was to be their stance leg for the
SEBT performance. The order of testing leg was counterbal-
anced. Subjects lunged forward the distance equal to the in-
dividual leg length that had been measured at the beginning
of the first session. Pieces of tape on the floor served as the
point of origin and the target reaching distance. Lunges were
performed at the rate of 1 lunge per 2 seconds. A metronome
established the rate of performance for the subjects. A lunge
cycle was defined as having the subject reach to the target,
achieve approximately 908 of hip and knee flexion in the lung-
ing leg while maintaining an upright trunk, and return the
reaching leg back to the point of origin.

Subjects were given ample practice time to ensure proper
execution of the lunging task and 2 minutes to rest between
practice trials and test trials. Following the protocol of Pinciv-
ero et al,32 fatigue was quantified by having subjects perform
the task a maximum number of times until they could not
complete the movement with proper form or were unable to
meet the required rhythm for 2 repetitions in a row. Through-
out the task, subjects received verbal cues to ensure proper
form and verbal encouragement to continue the task until fa-
tigued.

The fifth testing condition was for the purposes of estab-
lishing control data. No fatiguing task was implemented. In-
stead, the subjects sat quietly for 5 minutes between the 2
performances of the SEBT.

Star Excursion Balance Test Performance. The SEBT
was performed with the subjects standing in the middle of a
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Figure 1. Reaching directions for the SEBT. A, Anterior. B, Medial.
C, Posterior.

grid formed by 8 lines made with athletic tape extending out
at 458 from each other33 (Figure 1). For this project, subjects
were only reaching in the anterior, medial, and posterior di-
rections. Each subject was asked to reach as far as possible
along the line, make a light touch on the line, and return the
reaching leg back to the center while maintaining a single-leg
stance with the other leg in the center of the grid. The subjects
were instructed to make a light touch on the ground with the
most distal part of the reaching foot and return to a double-
leg stance without allowing the contact to affect the base of
support. Subjects were instructed to keep their hands on their
hips and to keep the heel of the stance leg on the ground at
all times.

Reach distances were recorded by placing a mark on a
length of athletic tape on the floor corresponding to the touch-
down point of the subject. We recorded the reaching distance
as the distance from the center of the grid to the point of
maximum excursion of the reaching leg. Based on our inves-
tigation,29 reach distances were divided by leg length and mul-
tiplied by 100 to calculate a dependent variable that represents
reach distance as a percentage of leg length (MAXD). A trial
was discarded and repeated if the investigator felt the subject
used the reaching leg for a substantial amount of support at
any time, removed the foot from the center of the grid, or was
unable to maintain balance on the support leg throughout the
trial.

On each testing day, subjects were allowed to practice
reaching in the anterior, medial, and posterior directions 6
times to minimize the learning effect.27 On the control (non-
fatiguing) day, subjects were allowed 5 minutes of quiet sitting
between the practice trials and test trials. During the 4 fatigue
testing sessions, the designated fatigue protocol was completed
between the practice trials and the test trials. Three consecutive
test trials each in the anterior, medial, and posterior directions
were performed. The order of reaching directions was coun-
terbalanced.

Kinematic Analysis. The digital video camera was posi-
tioned on a tripod 8 m from the center of the SEBT grid.
Subjects were positioned perpendicular to the camera lens and
performed the test such that the stance leg was facing the
camera. Subjects had markers placed on the base of the fifth
metatarsal, calcaneus, lateral malleolus, lateral joint line of the
knee, greater trochanter of the femur, and acromion of the
scapula.

Joint angles at the ankle, knee, and hip were measured at
the maximum reach distance indicated by touch down of the
reaching leg. The SMART system calculated joint angles for
hip flexion-extension, knee flexion-extension, and ankle plan-
tar flexion-dorsiflexion. Raw data were processed with Video
Wave III video processing software (MGI Software Corp,
Richmond Hill, ON, Canada). Kinematic data were calculated
using the SMART system.

Statistical Analysis

We calculated the means of the joint angles and normalized
reach distances at maximum reach distance from the 3 trials
of each performance of the SEBT for statistical analysis. The
involved limb of the CAI group (ICAI) subjects was matched
with the limb of the same side of the matched healthy group
(IHEA) subject for the purposes of making within (ICAI ver-
sus UCAI)- and between (ICAI versus IHEA)-side compari-
sons. Because of the inherent differences in movement patterns
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Figure 2. Group 3 side interaction for reach distance as a per-
centage of leg length (MAXD) in the anterior reaching direction (*P
, .05).

Figure 3. Group 3 time interaction for knee flexion in the anterior
reaching direction (*P , .05).

Figure 4. Group 3 day 3 side interaction for hip flexion in the
anterior reaching direction (*P , .05). A, Healthy subjects. B,
Chronic ankle instability subjects.

among the 3 reaching directions (anterior, medial, and poste-
rior), we did not make direct comparisons, and each direction
was analyzed separately. For each reaching direction, 4 sepa-
rate 5 3 2 3 2 3 2 repeated-measures analyses of variance
were performed for normalized reach distance, ankle dorsi-
flexion, knee flexion, and hip flexion with within factors of
day (control and ankle, knee, hip, and lunge fatigue), side (in-
volved and uninvolved), and time (prefatigue and postfatigue)
and a between factor of group (healthy and CAI). Scheffé post
hoc testing was performed as needed. The level of significance
was set a priori at 0.05 for all analyses. All statistical analyses
were performed using the SPSS statistical software package
(version 10.0; SPSS, Inc, Chicago, IL).

RESULTS

Anterior Reaching Direction

Reach Distance as a Percentage of Length. A significant
group 3 side interaction (F1,28 5 5.56, P 5 .026) existed for
MAXD in the anterior reach direction. Scheffé post hoc testing
revealed that the injured side of the CAI group reached sig-
nificantly less than the uninjured side (Figure 2). However, the
CAI group had significantly larger normalized MAXD per-
centages compared with the healthy group.

Knee Flexion. A significant group 3 time interaction ex-
isted for knee flexion (F1,28 5 4.68, P 5 .039). Post hoc test-
ing revealed that the CAI group was more adversely affected
across all fatigue conditions (D 5 23.618) compared with the
healthy group (D 5 21.288) (Figure 3).

Hip Flexion. A significant group 3 day 3 side interaction

(F4,112 5 2.53, P 5 .044) existed for hip-flexion measures.
The healthy group seemed to use more hip flexion than the
CAI group (Figure 4). Additionally, post hoc testing revealed
that among the CAI group, significantly more hip flexion oc-
curred on the uninjured side on all days except the lunge fa-
tigue day.

Medial Reaching Direction

Reach Distance as a Percentage of Length. A significant
group 3 side interaction (F1,28 5 5.88, P 5 .022) existed for
MAXD in the medial reaching direction. Significant differenc-
es were noted between the uninjured (0.900) and injured
(0.875) sides of the CAI group as well as between the unin-
jured sides of the CAI (0.900) and healthy (0.871) groups (Fig-
ure 5).

Knee Flexion. A significant 3-way interaction existed for
comparisons of group, day, and time (F4,112 5 10.88, P 5
.045). Fatigue decreased knee flexion in both the healthy and
CAI groups; however, the control day resulted in no pre-
fatigue-postfatigue change in either group (Figure 6). On the
days that a significant prefatigue-postfatigue change occurred,
the changes were larger in the CAI group than the healthy
group.

The 3-way interaction is further explained by a significant
group 3 time interaction for knee flexion (F1,28 5 4.75, P ,
.001). Although a mean decrease in knee flexion was observed
from prefatigue to postfatigue for both the healthy (D 5
22.868) and CAI (D 5 25.868) groups, the decrease was sta-
tistically significant only for the CAI group (Figure 7).

A significant group 3 day interaction also helps to further
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Figure 5. Group 3 side interaction for reach distance as a per-
centage of leg length (MAXD) in the medial reaching direction (*P
, .05).

Figure 7. Group 3 time interaction for knee flexion in the medial
reaching direction (*P , .05).

Figure 8. Group 3 day interaction for knee flexion in the medial
direction (*P , .05).

Figure 6. Group 3 day 3 time interaction for knee flexion in the
medial direction(**P , .01). A, Healthy subjects. B, Chronic ankle
instability subjects.

describe the 3-way interaction (F4,112 5 3.06, P 5 .020). The
2 groups experienced statistically different effects on knee
flexion on the control day (CAI 5 3.688 . healthy) and knee-
fatigue day (healthy 3.468 . CAI) (Figure 8).

Posterior Reaching Direction

Reach Distance as a Percentage of Length. A significant
group 3 day 3 side 3 time interaction existed for MAXD in
the posterior reaching direction (F4,112 5 7.44, P , .001). It
appeared that the 4 fatigue conditions had a diminishing effect
on MAXD in both groups for both the uninvolved and in-
volved sides, whereas the control day had no significant pre-
fatigue-postfatigue effect (Figure 9). The involved side of the
CAI group experienced a larger decrease in MAXD after all
fatigue conditions compared with both the uninvolved side of
the CAI group and the healthy group.

A significant group 3 side interaction (F1,28 5 7.01, P 5
.013) helps to further explain the 4-way interaction. The in-
jured side of the CAI group had significantly less MAXD com-
pared with the uninjured side of the CAI group as well as the
matched side of the healthy group (Figure 10).

Hip Flexion. A significant group 3 side interaction for
hip-flexion angle during posterior reaching was noted (F1,28
5 5.61, P 5 .025). Hip flexion on the injured side of the
CAI group was notably less than on the uninjured side of the
CAI group and the matched side of the healthy group (see
Figure 10).

DISCUSSION

Chronic ankle instability and fatigue to the lower extremity
adversely affected dynamic postural control as assessed by the
SEBT. For all 3 reaching directions, the involved limb of the
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Figure 9. Group 3 day 3 side 3 time interaction for reach distance as a percentage of leg length (MAXD) in the posterior reaching
direction. A, Healthy subjects, uninvolved side. B, Healthy subjects, involved side. C, Chronic ankle instability subjects, uninvolved side.
D, Chronic ankle instability subjects, involved side.

CAI group (ICAI) demonstrated less MAXD, knee flexion,
and hip flexion compared with the uninjured limb (UCAI) as
well as the matched limb of the healthy group (HEA).

Influence of CAI on Performance

Olmsted et al31 found similar results when comparing the
performance of those with unilateral CAI with matched control
subjects during completion of all 8 reaching directions of the
SEBT. Normalized reaching distances were reduced on the
ICAI; however, the authors did not examine potential sources
of performance deficits. Our results demonstrate reduced knee
and hip joint angles for ICAI occurred simultaneously with
reduced MAXD, indicating a relationship between perfor-
mance on the SEBT and altered neuromuscular control at the
knee and hip due to ankle injury.

Documented impairments in static postural control result
from musculoskeletal injury to the ankle.6,19,20,34,35 An injury
that disrupts joint integrity, such as CAI, is theorized to impair
afferent-efferent pathways that allow for maintenance of pro-
prioception, kinesthesia, and ultimately neuromuscular control.

Most investigators who have examined this phenomenon have
focused on neuromuscular impairments only at the injured
joint complex. Although this is a viable means of answering
questions of impaired neuromuscular control relying primarily
on single-joint neural systems, functional activities of the low-
er extremity do not involve single-joint movements but rather
coordinated actions throughout the entire lower kinetic chain.

Proximal Joint Influences on Performance

Disruptions to one joint may create altered neural activity
and compensatory muscle recruitment at other joint complex-
es, resulting in disrupted movement patterns. Bullock-Saxton
et al24 reported alterations in electromyographic activity of
hamstrings, gluteus maximus, and erector spinae as well as
decreased detection to vibration in the ankle36 in subjects who
had suffered a severe lateral ankle sprain. Subjects performed
prone hip extensions, a non-weight-bearing, open chain task
that is markedly different from the SEBT. However, the trend
of alterations in neuromuscular control in the proximal joints
of subjects with lateral ankle sprain is consistent across these
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Figure 10. Group 3 side interaction for reach distance as a per-
centage of leg length (A) and hip-flexion angle (B) in the posterior
reaching direction (side difference, *P , .05; group difference, †P
, .05).

investigations. The injured athlete may be able to complete a
gross motor task, but the method of completion may be altered
and less than optimal and/or efficient, creating the potential
threat of reinjury.

Beckman and Buchanan7 reported an altered proximal mus-
cle recruitment pattern in hip musculature in response to ankle
inversion perturbation in the presence of pathologic ankle hy-
permobility. When a hypermobile ankle was forced into un-
expected inversion, the contralateral gluteus medius was re-
cruited before the ipsilateral gluteus medius, both recruitments
occurring more rapidly than in the healthy subjects. The au-
thors attributed this pattern to a hip strategy of muscle recruit-
ment for the purpose of maintaining upright posture. Beckman
and Buchanan7 hypothesized that because these observed cor-
rective muscle recruitments are faster than allowed by periph-
eral neural afferent generation, the altered hip gluteus medius
recruitment was due to a central nervous system adaptation.
The authors believe this may have led to enhanced gamma
motor neuron activity to the hip musculature, which could be
categorized as a protective mechanism in the presence of path-
ologic ankle hypermobility.

We found reduced hip and knee flexion in the CAI group
during the dynamic postural-control task, resulting in greater
resistance to movement of these joints during the task. Beck-
man and Buchanan7 attributed the proximal musculature re-
cruitment in their results, in part, to centrally created neural
adaptations to postural control due to the rapid pace of their
applied perturbation. Further supporting this theory, Konrad-
sen21 demonstrated that the protective contraction by the pe-

roneal muscles to resist forced inversion does not occur
through peripheral feedback loops quickly enough and must,
therefore, be a centrally driven response.

The CAI subjects in our study presented with reduced hip
and knee flexion compared with uninjured subjects’ motion
during the reaching task. Whether this was due to altered mus-
cle recruitment about these joints, a change in joint stiffness
as a means of increasing stability or centrally altered neuro-
muscular patterns is unknown. The SEBT is performed with
a self-directed pace of movement of the reaching leg, with
challenges to stability of the stance leg occurring at a much
slower pace than the inversion-release platforms used by Kon-
radsen21 and Beckman and Buchanan.7 Whether the apparent
lack of muscle recruitment associated with decreased proximal
joint movement in our CAI group is a result of central or
peripheral nervous system alteration or, more likely, a com-
bination of both is unclear.

Central Versus Peripheral Influences on
Performance

Previous researchers have demonstrated bilateral deficits in
neuromuscular control after acute lateral ankle sprain.23,34

These findings suggest a centrally mediated alteration in neu-
romuscular control, in contrast to the early findings of Free-
man,35 who showed unilateral deficits in postural control in
the presence of ankle instability. Our results demonstrated a
unilateral effect of CAI on performance of the SEBT, sug-
gesting contributions from a peripheral alteration in neuro-
muscular control. In examining these studies, it appears that
the subjects with acute lateral ankle sprains presented with
bilateral deficits, whereas Freeman35 and we looked at patients
with chronic instability presenting with unilateral deficits. Per-
haps there is an effect of the healing process on the level of
neuromuscular adaptations related to ankle instability. Future
researchers should examine serial testing of postural control
after acute lateral ankle instability and the development of
CAI.

During static postural-control measures, input from cuta-
neous plantar-surface receptors is proposed to aid in afferent
input in maintaining the position of the base of support.37 Och-
sendorf et al15 reported improved static postural control with
the use of orthotics, which they attributed partially to potential
improved cutaneous input on the undersurface of the foot. Cu-
taneous input from the plantar surface of the foot influences
electromyographic activity of the biarticulate muscles of the
thigh, creating an important link to maintenance of upright
posture between the foot and proximal musculature.37 This
relationship to muscle activation controlling the knee and hip
is significantly reduced in patients with diabetes mellitus who
have suffered cutaneous deficits to the plantar surface of the
foot; subsequently, they display reduced static postural con-
trol.37 It may be possible that neuromuscular deficits associ-
ated with CAI result in similar changes in proximal neuro-
muscular control.

Each reach direction is inherently different in its combina-
tions of sagittal-plane movements to achieve maximum reach-
ing distance, and direct comparisons were not made. However,
it is of interest that in all directions, HEA and UCAI produced
further reaching distances while simultaneously incorporating
larger degrees of knee and hip flexion compared with ICAI.
This relationship of knee and hip flexion follows the coupled
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relationship that describes normal gait patterns in healthy
adults.38

Influence of Fatigue on Performance

When considering the influence of fatigue on the compari-
sons of CAI and performance on the SEBT, we found that the
ICAI group had consistently larger prefatigue-postfatigue de-
creases in MAXD, knee flexion, and hip flexion compared
with UCAI and HEA. Not only does CAI create a decrease in
dynamic postural control compared with unaffected limbs, but
the disruption of normal muscle activation seems to be am-
plified in the presence of fatigue.

Freeman et al6 theorized that damage to joint receptors leads
to delays in afferent conduction to recruit corrective muscle
contractions from efferent signals in response to perturbation,
ultimately altering joint stability. Deficits in static postural
control among CAI sufferers have helped to support this the-
ory.6,19,20,34,35 Contemporary theory points to the disruption
of muscle spindle activity after joint injury as possibly con-
tributing to deficits in neuromuscular control among CAI suf-
ferers.22 Fatigue increases the threshold of muscle spindle dis-
charge, which disrupts the afferent feedback, subsequently
altering joint awareness.10 Deficits in static postural control
after induced fatigue have helped confirm this theory.11–18 Fu-
ture investigators should examine the role of fatigue-altered
muscle spindle activity in the maintenance of neuromuscular
control in patients who have suffered joint injuries.

Few researchers have studied the relationships that CAI and
fatigue have on postural control collectively, especially dy-
namic postural control. The performance of the SEBT, being
a measure of dynamic postural control, has been assessed only
in terms of MAXD,26–31,33,39 even though it requires mainte-
nance of the center of mass through coordination, strength,
and flexibility. We attempted to examine some of the mecha-
nisms that allow maintenance of dynamic postural control by
establishing that there is a reliance on optimal knee and hip
flexion to achieve maximum reach, which may be construed
as a measure of neuromuscular control.

In previous studies,16,17 we noted that static postural control
in healthy subjects was altered by fatiguing tasks similar to
what we employed in this study. Fatigue to the proximal mus-
culature of the knee and hip created the largest increases in
center-of-pressure velocity scores, leading to conclusions that
maintenance of quiet upright stance in a fatigued state relies
more on proximal neuromuscular control than on the previ-
ously accepted ankle strategy of distal muscle recruitment in
maintaining postural control in young populations.40

In our study, subjects appeared to be relying on proximal
joint control during the SEBT. When fatigue was induced,
proximal joint control was disrupted, and task performance
was diminished. Riemann et al41 demonstrated greater reliance
on ankle activity during static postural-control measures and
proximal joint motion during more challenging postural tasks.
Further investigation is needed into previously described ankle
and hip strategies in maintaining double-limb stance and how
these theories translate to more challenging postural-control
tasks and the response to fatigue.

Initially, we hypothesized that the different fatigue condi-
tions might create altered contraction properties of the muscles
at the affected joint and result in altered kinematics at that
joint. We thought that, because of the altered neuromuscular
control inherent to ICAI, some of the most noticeable changes

would occur at the ankle. Although the relationships of fatigue
and CAI to ankle dorsiflexion were statistically significant,
they were not discussed because we felt the clinical signifi-
cance of the problem was not worthwhile. A statistically sig-
nificant change was on average less than 28 and may be easily
dismissed as measurement error rather than a significant find-
ing.

A limitation to our study is that the targeted level of fatigue
achieved by our subjects was not quantified through electro-
myographic measures. Instead, the levels of isokinetic and
functional fatigue we used were based on methods previously
established in the literature. Because the posttesting measure-
ments needed to be performed as quickly as possible, it would
have taken too long to analyze electromyographic data to look
for a shift in the median frequency.

CONCLUSIONS

Neuromuscular impairments that result from CAI and fa-
tigue have been well documented, but the combined relation-
ship of the 2 has not been investigated. Chronic ankle insta-
bility and fatigue created dynamic postural-control deficits that
appear to be linked to kinematic changes at the knee and hip.
Future researchers should investigate how fatigue and CAI ad-
versely affect dynamic postural control to help enlighten us as
to the best way to prevent and rehabilitate functional deficits
in CAI sufferers.
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