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a b s t r a c t
Background: Ankle sprains are one of the most common lower extremity injuries. Real time human
motion tracking is an accurate, inexpensive and portable system to obtain kinematic and kinetic measurements. The purpose of this study was to discriminate between subjects with chronic ankle instability
and subjects with stable ankles through inertial tracking technology and force plates.
Methods: Twelve subjects (mean (SD) 23.16 (5.32) years, 174.83 (8.78) cm, 73.58 (17.10) kg) with stable
ankles and 13 (mean (SD) 24.69 (5.91) years, 173.31 (9.07) cm, 69.61 (15.32) kg) with chronic ankle instability performed the Star Excursion Balance Test. Time–frequency information based on wavelet decomposition was used for analysing all signals.
Findings: Dynamic balance impairment associated with chronic ankle instability was observed in the
peak amplitude in the wavelet approximation as well as the absolute sum of the coefﬁcients of the wavelet details of the acceleration, orientation and force signals. These results were found despite Star Excursion Balance Test performance during anterior, posteromedial and posterolateral excursions lead to
similar speciﬁc reach distances in both limbs in either the chronic ankle instability or stable ankle groups.
Interpretation: These parameters could be of great interest in detecting dynamic balance impairment in
individuals at risk of sprains that might otherwise go undetected by only reach distance assessment.
Ó 2009 Elsevier Ltd. All rights reserved.

1. Introduction and background
Ankle sprains are one of the most common lower extremity
injuries and the most common injuries in sport. Up to 73% of individuals who sprain their ankles have residual symptoms, repeated
sprains and episodes of ‘‘giving way” (Olmsted et al., 2002; Freeman, 1965; Freeman et al., 1965). The development of prevention
programmes or preventive behaviours is strongly related to the
identiﬁcation of those at high risk of sprain and/or the factors that
increase the risk of ankle sprain (De Noronha et al., 2006). Posturalcontrol deﬁcits during quiet standing after acute ankle sprain and
in subjects with chronic ankle instability (CAI) have been frequently reported, however, the sensitivity of the measures has
been questioned (Olmsted et al., 2002; Freeman, 1965; Freeman
et al., 1965; Tropp et al., 1985). In previous research, static and dynamic balance deﬁcits were identiﬁed during single-leg stance in
the affected limb of individuals with CAI. However, other studies
have reported no differences (Ross and Guskiewicz, 2004; Isakov,
1997).
* Corresponding author. Address: Studies, Research and Sport Medicine Center,
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To evaluate proprioceptive and neuromuscular deﬁcits after
lower extremity injury, postural control has typically been assessed with variations of the Romberg test (Olmsted et al., 2002).
The task of maintaining posture during quiet standing may not
place adequate demands on the postural-control system in order
to detect deﬁcits stemming from ankle-joint injury. These assessment techniques may not be sufﬁciently sensitive to detect motor-control deﬁcits related to impaired functional activity and
sport performance. Instrumented devices such as force plates have
often been used to quantify postural control during variations of
quiet standing (Adlerton et al., 2003). In addition, due to the space
and cost requirements associated with these instrumented devices,
they are not affordable or practical for many clinical settings. Thus,
a simple, reliable and valid method of lower extremity functional
performance is needed.
One functional clinical test that may be useful to detect deﬁcits
related to CAI is the Star Excursion Balance Test (SEBT) (Olmsted
et al., 2002; Hertel et al., 2006; Kinzey and Armstrong, 1998).
The SEBT is a test of dynamic stability associated with lower
extremity pathology that may provide a more accurate assessment
of lower extremity functions than tests involving only quiet standing. This test is used in physiotherapy and its assessment depends
on the level of training of the therapists and its past experience. It
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is also likely that the traditional method of the test lacks objective
and standardised analyses for evaluating patient performances and
assessing therapy effectiveness. To address this problem, trajectories during the performance of the analyses should be assessed
quantitatively, and measurements are required to capture motion
trajectories and speciﬁc details of task execution (Hertel et al.,
2000).
Real time human motion tracking has many applications in
ﬁelds ranging from virtual reality to medicine. Inertial/magnetic
tracking technology is currently attracting much interest, as this
method is free of most of the problems of other technologies. This
system uses a combination of accelerometers, rate gyros, and magnetic sensors (Zhu and Zhou, 2004; Moe-Nilssen, 1998a,b; Sabatini,
2005). This alternative approach involves the application of accelerometers to the trunk for the purpose of examining dynamic stability by means of SEBT. It offers a simple, reliable and low-cost
alternative to more sophisticated instrumented methods that are
currently available. To measure motion no studies to date have
examined the relationship between trunk accelerations and detecting deﬁcits related to CAI. Therefore, in this study we intend to
examine the movement of two groups of subjects, with and without ankle sprain injuries, and to detect differences between these
groups.
2. Methods
2.1. Subjects
Thirteen subjects (six men, seven women; mean (SD) 24.69
(5.91) years, 173.31 (9.07) cm, 69.61 (15.32) kg) with self-reported
unilateral CAI and 12 subjects (seven men, ﬁve women; mean (SD)
23.16 (5.32) years, 174.83 (8.78) cm, 73.58 (17.10) kg) without CAI
volunteered to participate in the study. Inclusion criteria for subjects without CAI was no history of the ankle giving way with
activity and no ankle sprains before the study. Inclusion criteria
for subjects with CAI were: (1) a history of the ankle giving way
with activity and an ankle sprains or an ‘‘episode of giving way”
requiring medical care in the year before the study, (2) no history
of fracture or surgery on the involved ankle, and (3) no history of
ankle sprain, fracture, or surgery on the uninvolved limb. All subjects self-reported to be free of any lower extremity injury, including ankle sprain, within 6 weeks of study participation. Subjects
were informed about the experimental procedure and the purpose
of the study. Subsequently, subjects gave their written informed
consent to participate. The experimental procedures were approved by the Institutional Review Committee of the Instituto Navarro del Deporte according to the Declaration of Helsinki.
For the CAI group, limbs were labeled as ‘‘involved” and ‘‘uninvolved” based on self-reported ankle injury history. Limbs in the
control group were side-matched to subjects in the CAI group.
For each control subject, one limb was assigned as ‘‘involved”
and one as ‘‘uninvolved” so that an equal proportion of right and
left limbs were classiﬁed as ‘‘involved” and ‘‘uninvolved” in both
the CAI and control limbs.

mal unilateral isometric leg extension force and ankle dorsiﬂexion. In doing so we examined possible relationships between
postural sway performance during SEBT test, force and acceleration data, as well as possible chronic ankle instability-related differences in balance performance, maximal strength and ankle
dorsiﬂexion.
2.3. SEBT test
A detailed description of the maximal isometric strength testing
procedures can be found elsewhere (Hertel et al., 2006). In brief,
the SEBT was performed with the subject standing barefoot at
the center of a grid laid on the ﬂoor with eight lines extending at
45° increments from the center of the grid. Subjects maintained
a single-leg stance while reaching with the contralateral leg to
touch as far as possible along the chosen line. The reach foot
touched the furthest point on the line as lightly as possible so that
the reach leg did not provide considerable support in the maintenance of upright posture. Subjects then returned to a bilateral
stance while maintaining their equilibrium. The examiner marked
the point touched along the line and then manually measured the
distance in centimeter from the center of the grid to the touch
point with a tape measure. Reach distances were then normalized
to subjects’ leg length, which was measured from the anterior
superior iliac spine to the distal tip of the medial malleolus (Gribble and Hertel, 2003). Performance of all eight reach directions of
the SEBT is likely to be unnecessary when evaluating for functional
deﬁcits related to CAI because of considerable redundancy among
the reach directions (Hertel et al., 2006). The subjects performed
the anterior (A), posteromedial (PM), and posterolateral (PL) SEBT
directions that have been shown to be the most effective in assessing dynamic balance in subjects with CAI (Hertel et al., 2006). Half
of the subjects began by performing the right-leg stance tests ﬁrst,
while the other half began by ﬁrst performing the left-leg stance
tests. Each subject performed six practice trials in each of the eight
directions on each leg followed by 5 min of rest before recording
began. Subjects then performed three trials in each direction on
each limb. Ten seconds of rest were provided between individual
reach trials.
2.4. Maximal strength and ankle dorsiﬂexion
A detailed description of the maximal isometric strength testing
procedures can be found elsewhere (Izquierdo et al., 2009). In brief,
maximal unilateral isometric force of the involved and uninvolved
limb were also measured on a modiﬁed leg press exercise machine
(Technogym, Gambettola, Italy) at knee and hip angles of 90° and
45° respectively.
Additionally, all the subjects were tested for ankle dorsiﬂexion.
The subjects were required to place their foot perpendicular to a
wall and to lunge their knee toward the wall. The foot was progressively moved away from the wall until the maximum range of ankle dorsiﬂexion was reached without the heel lifting (Bennell et al.,
1998). For each subject, the ratio between involved ankle and uninvolved ankle was calculated.

2.2. Testing procedures

2.5. Instrumentation

The study used functional tests that incorporate a single-leg
stance on one leg with maximum reach of the opposite leg (SEBT)
in subjects with self-reported unilateral CAI and stable ankles.
Simultaneously, force-platform (IBV, Valencia, Spain) measurements, as well as acceleration and orientation data from an inertial Orientation Tracker MTx (XSENS, Xsens Technologies B.V.
Enschede, Netherlands) attached over the L3 region of the lumbar
spine were recorded. All the subjects were also tested for maxi-

The types of inertial sensor most used for motion capture are
the Micro-Electro-Mechanical System (MEMS) solid state accelerometers, gyroscopes, and magnetometers. These sensors can be
externally mounted on the subject at precise points of interest,
providing direct and accurate measurements of motion and posture, often in real-time. MTx itself combines nine individual MEMS
sensors to provide drift-free 3D orientation as well as kinematic
data: 3D acceleration, 3D rate of turn (rate gyro) and 3D
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magnetometers. The orientation of the MTx is computed by Xsens
Kalman Filter for a 3 degrees-of-freedom (3DoF) orientation. A sensor fusion algorithm uses signals from the rate gyroscopes, accelerometers and magnetometers to compute a statistical optimal 3D
orientation estimate of high accuracy with no drift for both static
and dynamic movements. The increasing but unlimited drift errors
from the integration of rate of turn data (angular velocity from the
rate gyros) are compensated by the measurement of gravity (by the
3D accelerometers) and Earth magnetic north (by the 3D magnetometers). The orientation signal is deﬁned as the orientation between the body-ﬁxed co-ordinate system and the earth-ﬁxed co-

ordinate system, using the earth-ﬁxed co-ordinate system as the
reference system. Navigation angles were used for the purposes
of graphical display, while data processing was carried out using
quaternions, which do not suffer the problem of gimbal lock.
The acceleration signal consists of gravitational and inertial
components. The accelerometer registers gravity as a static vertical
component in addition to the dynamic acceleration caused by
change of velocity during locomotion. The gravity component must
be subtracted to estimate the dynamic acceleration. We decomposed the acceleration using the rotational matrix, which is necessary to estimate the orientation of the accelerometer relative to the

Fig. 1. Example trial data illustrating the (A) orientation, (B) acceleration and (C) force trajectories obtained in a PL excursion during the SEBT with involved limb (left) and
uninvolved limb (right).

Table 1
Mean (SD) for normalized reach distances of the SEBT for the involved and uninvolved ankles of the chronic ankle instability (CAI) (ns = 13) and control (n = 12) groups.

Anterior (% of leg length)
Posteromedial (% of leg length)
Posterolateral (% of leg length)

CAI involved

CAI uninvolved

Control involved

Control uninvolved

70.1 (6.3)
88.4 (7.8)
80.3 (12.1)

71.1 (6.8)
89.7 (7.1)
85.3 (6.5)

66.3 (4.2)
87.6 (7.5)
79.6 (8.7)

66.5 (4.7)
88.5 (7.5)
80.1 (9.2)

CAI subjects had unilateral instability. For controls, one limb was assigned as ‘‘involved” and one as ‘‘uninvolved” so that an equal proportion of right and left limbs were
classiﬁed as ‘‘involved” and ‘‘uninvolved” in both CAI and control groups.
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gravitational vectors, and allowed the calculation of the inertial
component in each axis. The gravitational constant was estimated
leaving the sensor to stand for 2 s, when the nominal output is
approximately g (g = 9.81 m/s2) (Fig. 1).

2.6. Signal processing
It is well known from Fourier theory that a signal can be expressed as the sum of a possible inﬁnite series of sines and cosines.

Fig. 2. Means (SEM) for the subjects with stable ankle and the subjects with CAI. The orientation signal was decomposed into an approximation signal at level 4, and details
signals at levels 1 and 2. For each ankle, the peak amplitude of the approximation (AA), the sum of the coefﬁcients of the details 1 and the sum of the coefﬁcients of the details
2 were calculated. For each subject, ratio between involved and uninvolved limb was calculated. (A) A, (B) PM, (C) PL.  Signiﬁcantly different from SA group (P < 0.05).
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The big disadvantage of a Fourier expansion, however, is that it
only has frequency resolution and no time resolution. To overcome
this problem several solutions have been developed in recent decades that are more or less able to represent a signal in the time and
frequency domain at the same time (Mallat and Zhong, 1992; Xu
et al., 1994). A detailed description of wavelet analysis is presented
in Appendix A.

3.2. Maximal unilateral isometric strength and ankle dorsiﬂexion
No signiﬁcant differences were observed in ankle dorsiﬂexion
and maximal strength between SA and CAI groups (Table 2). No
signiﬁcant differences were observed in the ratio between involved
and uninvolved limb in ankle dorsiﬂexion and maximal unilateral
isometric strength between both groups, CAI (0.92 (0.19) and
0.97 (0.07)) and SA (0.95 (0.12) and 0.98 (0.11)) (Table 2).
3.3. Decomposition wavelet of the orientation signal

2.7. Statistical analysis
Standard statistical methods were used for the calculation of
the means and standard deviations (SD) and standard errors
(SEM). Probability adjusted student’s t-tests were used for pairwise
comparisons where appropriate. Excursion distances were normalized to the subject’s leg length. Normalization was performed by
dividing each excursion distance by a subject’s leg length, and then
by multiplying the result by 100. Normalized values can thus be
viewed as a percentage of excursions distance in relation to a subject’s leg length. Signiﬁcance was accepted at the P < 0.05 level.

3. Results
3.1. SEBT performance
During SEBT performance, no signiﬁcant differences were found
in normalized excursion distances between both limbs during A,
PM and PL excursions in SA and CAI groups (Table 1). No signiﬁcant
differences were observed in the ratio between involved and uninvolved limb in the CAI (1.04 (0.08)) and SA (1.00 (0.02)) groups (Table 1).

In anterior reach the CAI group had greater peak amplitude of
the approximation (AA) around the z-axis (P < 0.05) than that observed in the SA group (Fig. 2). No signiﬁcant differences between
groups were observed in PM, whereas close to statistical signiﬁcance in PL excursions was observed, with the CAI group having
greater amplitude in the peak AA around the x-axis (P < 0.086) than
that observed in the SA group (Fig. 2).
3.4. Decomposition wavelet of the acceleration and force signals
In the anterior reach, the CAI group had greater peak amplitude
in the approximation of the z-axis acceleration coordinate signal
(P < 0.05) than that observed in SA group. When the corresponding
analyses were performed from the force data no signiﬁcant differences were observed between groups (Fig. 3).
In the posterolateral reach the component of the sum of the
coefﬁcients of the details 1 and 2 of the y-axis acceleration signal
of the CAI group was signiﬁcantly greater (P < 0.05) than the component of SA group. When the corresponding analyses were performed from the force data no signiﬁcant differences were
observed between groups (Fig. 4).
In the posteromedial reach, CAI group had greater peak amplitude of the approximation signal of the z-axis force signal

Table 2
Mean (SD) for ankle dorsiﬂexion and maximal strength for the involved and uninvolved ankles of the chronic ankle instability (CAI) (ns = 13) and control (n = 12) groups.

Dorsiﬂexion (cm)
Maximal strength (N)

CAI involved

CAI uninvolved

Control involved

Control uninvolved

12.5 (3.0)
950.6 (230.0)

13.5 (1.9)
977.4 (277.8)

12.8 (2.4)
964.3 (364.2)

12.1 (2.0)
961.8 (404.7)

CAI subjects had unilateral instability. For controls, one limb was assigned as ‘‘involved” and one as ‘‘uninvolved” so that an equal proportion of right and left limbs were
classiﬁed as ‘‘involved” and ‘‘uninvolved” in both the CAI and control groups.

Fig. 3. Box plots of the acceleration (left) and force (right) in anterior reach. For each subject, ratio between involved and uninvolved limb was calculated. The box indicates
the lower and upper quartiles with the central line showing the median. The top and bottom lines of the box represent, respectively, the medians for the upper and lower
halves of the data and the ‘cat’s whiskers’ represent the highest and lowest values of the distribution, excluding outliers and extreme values. Outliers and extreme values are
also presented. For SEBT measures the three reach distances were analyzed separately. Signiﬁcantly different from CAI group (P < 0.05).
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Fig. 4. Box plots of the acceleration (left) and force (right) in posterolateral reach. For each subject, ratio between involved and uninvolved limb was calculated. The box
indicates the lower and upper quartiles with the central line showing the median. The top and bottom lines of the box represent, respectively, the medians for the upper and
lower halves of the data and the ‘cat’s whiskers’ represent the highest and lowest values of the distribution, excluding outliers and extreme values. Outliers and extreme
values are also presented. For SEBT measures the three reach distances were analyzed separately. Signiﬁcantly different from CAI group (P < 0.05).

(P < 0.05) than that observed in SA group. In addition, CAI group
showed a signiﬁcantly higher component in the sum of the coefﬁcients of the details 1 (P < 0.05) of the y-axis force signal and in the
sum of the coefﬁcients of the details 1 (P < 0.05) and 2 (P < 0.05) of
the z-axis force signal than those observed in SA group. When the
corresponding analyses were performed from the accelerometer
raw signal no signiﬁcant differences were observed between
groups (Fig. 5).

4. Discussion
The main results of the present study showed that the most
accurate parameters for discriminating between ankle groups were
the rotation around the z-axis and the peak amplitude in the
approximation of the z-axis acceleration in the anterior excursions,
as well as the wavelet details of the y acceleration coordinate signal acquired from the human motion tracking using a tri-axis inertial/magnetic sensors package in the PL excursions. Additionally,
dynamic balance impairment associated with CAI was also observed in the peak amplitude of the approximation signal of the
z-axis force and wavelet details of the y-axis and z-axis force plate
measurements during PM excursions. These results were found despite SEBT performance during A, PM and PL excursions leading to
similar speciﬁc reach distances for both limbs in both the CAI and
stable ankle groups. These results provide evidence for choosing

orientation and wavelet details from a body ﬁxed sensor (i.e.
including tri-axis accelerometer, magnetometer and inclinometer)
and/or force plate measurements during SEBT performance associated with CAI. These parameters may be of great interest in detecting dynamic balance impairment in individuals at risk of sprains
that might otherwise go undetected by only reach distance
assessment.
Our results about reach distances are not in agreement with recent studies, in which there are signiﬁcant differences between
individuals with CAI and individuals with SA (Olmsted et al.,
2002). In the present study, subjects with CAI were selected with
a history of the ankle giving way with activity and an ankle sprain
or ‘‘episode of giving way” requiring medical care in the year before the study and with no history of fracture or surgery on the involved ankle, although this criteria may not be sufﬁcient to reveal
balance deﬁcits through reach distances. Despite this, our results
conﬁrm that the group with CAI had worse dynamic postural stability than that observed in the SA group, measured from both
tri-axis inertial/magnetic sensor package and force plate measurements. Maintenance of balance during dynamic movements, such
as those involved in performing the SEBT requires the ability to
keep the center of gravity over the stable base of support without
losing one’s balance (Olmsted et al., 2002; Guskiewiez and Perrin,
1996). Execution of the SEBT requires not only sensory integration
of the vestibular, visual, and somatosensory systems but also adequate neuromuscular control in order to maximize performance
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Fig. 5. Box plots of the acceleration (left) and force (right) in posterolateral reach. For each subject, ratio between involved and uninvolved limb was calculated. The box
indicates the lower and upper quartiles with the central line showing the median. The top and bottom lines of the box represent, respectively, the medians for the upper and
lower halves of the data and the ‘cat’s whiskers’ represent the highest and lowest values of the distribution, excluding outliers and extreme values. Outliers and extreme
values are also presented. For SEBT measures the three reach distances were analyzed separately. Signiﬁcantly different from CAI group (P < 0.05).
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(i.e. eccentric strength, coordination and stability of the ankle
joint) (Ross and Guskiewicz, 2004; Hertel et al., 2000). Musculotendinous, damaged articular, and cutaneous receptors associated
with CAI reduce postural reﬂex responses and diminish stabilizing
moments that are important in maintaining balance. The ligaments
involved in CAI limit motion on several planes, and interpreting the
results is difﬁcult because the nature of healthy human movement
may be variable, especially with low-demand tasks (Olmsted et al.,
2002). These observations could explain, in part, that the reach distances in SEBT were the lower accurate measurements for discriminating between ankle groups. In contrast, an individual with CAI
may be unable to adapt to an external perturbation as easily as
an individual without CAI. Thus, these results suggest that inertial/magnetic (i.e. multisensory signal of rate gyros and accelerometers to estimate orientation) and/or force plate measurements of
maintenance of balance during dynamic movements may be accurate tracking systems for discriminating between ankle groups.
The peak amplitude in the approximation of the z-axis acceleration in the anterior excursions was the most accurate inertial/
tracking system for discriminating signiﬁcant differences between
groups. During anterior SEBT excursion, the reach leg undergoes
hip ﬂexion and displaces the body’s center of gravity anteriorly
in relation to the base of support, whereas trunk extension is required in order to maintain the center of gravity within the limits
of the base of support (Hertel et al., 2000). Our signiﬁcant anterior
accelerometry measures for detecting ankle group differences
may indicate that sensorimotor deﬁcits associated with CAI may
have caused subjects’ center of mass to accelerate to their limits
of stability without adequate stabilizing moments. Swaying
quickly and hypermobility are also associated with greater accelerations of the center of mass as well as with an increase in the
accessory movements at a joint (i.e. mechanical instability and
joint motions that the individual cannot voluntarily produce),
which was quantiﬁed in turn with inertial/magnetic measurements. Therefore, overload during SEBT of inversion and supination structures (i.e. limited by the lateral joint capsule of the
ankle and the ligaments supporting the lateral talocrural, subtalar,
distal and proximal tibioﬁbular joints) may result in hypermobility or hypomobility of one or more joints in the ankle complex
(Denegar and Miller, 2002). Consequently, our data indicate that
subjects with CAI may have increased accessory movements and
a different pattern of movement of the instantaneous axis of rotation of the joint with physiologic movement compared with stable
ankle subjects.
The use of wavelet analysis to decompose the signals in approximation and details indexes in the present study is unique and provides meaningful data for inertial/magnetic and force data analyses
to discriminate between ankle groups. The approximation gives us
information about the shape of the signal, whereas each detail corresponds to a frequency interval or timescale, reﬂecting vibrations
in different frequency range (Rioul and Vetterli, 1991; Mallat,
1989). Our results indicate that during SEBT excursion in the PL
direction the component of the sum of the coefﬁcients of the details 1 and 2 of the y-axis acceleration signal of the CAI group
was signiﬁcantly greater compared with the stable ankle group.
Because this reach direction uses the pronation and supination
movements more than the other two excursions (i.e. A and PM
excursions) subjects with instable ankles may have adapted to a
rotated vibration motion to avoid an uncomfortable excursion performance and to make it easier. This agrees with previous studies
that show how a less stable organization of the neuromuscular system may quickly cause perturbations related to features of tremor
in movement (Denegar and Miller, 2002). Residual laxity strongly
suggests that these structures were damaged in a lateral ankle
sprain. If this is the case, these ligaments limit end-range pronation
and supination, limiting the ability to quickly generate new pat-

terns of movement to control posture and return to a steady
stance. Ross et al. (Ross and Guskiewicz, 2004) theorize that people
with ankle instability take longer to decelerate their center-ofmass oscillations because they allow their center of mass to approach the limits of stability, causing large external moments that
act to destabilize the body.
This study showed also that subjects with CAI reached a higher
rotation around the z-axis in the anterior excursion during SEBT
performance. Movement around an abnormal axis of rotation
abnormally stresses tissues and produces altered proprioceptive
input to the central nervous system (Sammarco et al., 1973; Bogduk, 1997). Nevertheless, the motor-control system must adapt
to maintain function and the central nervous system may use segmental spinal reﬂex modulation as one method of adaptation to
the pathology of chronic ankle instability (Sefton et al., 2008).
Maintaining single-leg stance while performing maximum reach
with the opposite leg requires the stance leg to have sufﬁcient ankle, knee and hip motion. This compensation may explain in part
the reported differences between individuals with CAI and those
with SA. Therefore, it is possible that our subjects compensate
the decreased neuromuscular control in their ankle utilizing a
hip strategy technique as a compensatory mechanism to stabilize.
Consequently, this study suggest that measuring approximation
and details indices from wavelet analysis during human motion
tracking using tri-axis inertial/magnetic sensors package of rotation and acceleration in the anterior and PL excursions during SEBT
performance might be of great interest discriminating signiﬁcant
differences between groups.
Finally, this study is the ﬁrst to demonstrate relationships between acceleration/gyros and force plates to detect dynamic stability deﬁcits in subjects with CAI. The force plate measurements
detected differences between subjects in the PM direction. Hertel
et al. (2006) demonstrated that the PM reach direction appears
to be most representative of the overall performance of the SEBT
in limbs with and without CAI. In agreement with previous results,
in the present study the PM excursion was also the most representative in the force signals. However, in the present study we found
that the accelerometer was more sensitive in the anterior and PL
directions than in PM excursions. Movement during the reaches
was concentrated at the ankle, but movement also occurred in
the rest of the kinetic chain, including the knee, hip, and trunk
(Brown and Mynark, 2007). The different reach directions capture
different aspects of lower extremity functional performance, which
may indicate that the accelerometer can capture components of
stability that are different from those of the force plate. It is also
likely that it is important to determine these differences through
these two instruments because they provide complementary
information.
Similar to previous studies, we found no evidence that voluntary isometric leg strength could be used to discriminate between
ankle groups (Beynnon et al., 2001; Milgrom et al., 1991). In contrast, Willems et al. (2005) reported that isokinetic dorsiﬂexion
strength is associated with the risk of ankle inversion sprains in
male subjects. The results may therefore be slightly different, when
more complex movements such as isometric leg extensor (hip,
knee and ankle extensor) and isokinetic dorsiﬂexion are utilized,
as shown also by the present data. Further analysis of the role of
muscle strength on predicted risk of ankle spring should be
performed.
In conclusion, dynamic balance impairment associated with CAI
was observed in the rotation around the z-axis and the peak amplitude in the approximation of the z-axis acceleration in the anterior
excursions, as well as in the wavelet details of the y acceleration
coordinate signal acquired from the human motion tracking using
tri-axis inertial/magnetic sensors package in the PL excursions.
Additionally, our results provide evidence for choosing peak ampli-
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tude of the approximation signal of the z-axis force and wavelet
details of the y-axis and z-axis force plate measurements during
PM excursions as accurate parameters for discriminating between
ankle groups. These parameters might be of great interest in
detecting dynamic balance impairment in individuals at risk of
sprains that might otherwise go undetected by only reach distance
assessment.
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