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Objective: To identify subjects’ changes in postural control dur-
ing single-leg stance in the 4 weeks after acute lateral ankle
sprain.

Design and Setting: We used a 2 3 2 3 3 (side-by-plane-
by-session) within-subjects design with repeated measures on
all 3 factors. All tests were performed in a university laboratory.

Subjects: Seventeen young adults (9 men, 8 women; age,
21.8 6 5.9 years; mass, 74.9 6 10.5 kg; height, 176.9 6 7.1
cm) who had sustained unilateral acute mild or moderate lateral
ankle sprains.

Measurements: Measures of center-of-pressure excursion
length, root mean square velocity of center-of-pressure excur-
sions (VEL), and range of center-of-pressure excursions
(RANGE) were calculated separately in the frontal and sagittal
planes during 5-second trials of static single-leg stance.

Results: We noted significant side-by-plane-by-session in-

teractions for magnitude of center-of-pressure excursions in a
given trial (PSL) (P 5 .004), VEL (P 5 .011), and RANGE
(P 5 .009). Both PSL and VEL in the frontal plane were greater
in the injured limbs compared with the uninjured limbs on day
1 and during week 2 but not during week 4, whereas sagittal-
plane differences existed during all 3 testing sessions. Injured-
limb, frontal-plane RANGE scores were greater than uninjured
values at day 1 but not during weeks 2 or 4. No significant
differences in sagittal-plane RANGE scores were seen.

Conclusions: Postural control was significantly impaired in
the injured limbs at day 1 and during week 2 after lateral ankle
sprain but not during week 4. Consistent improvement in pos-
tural control measures on both injured and uninjured limbs was
seen throughout the 4 weeks after ankle sprain.
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Lateral ankle sprains (LASs) remain one of the most fre-
quent injuries in sports.1 The recurrence rate after LAS
has been estimated to be as high as 80%.2,3 Functional

instability of the ankle has been hypothesized to be a potential
cause of recurrent ankle sprains, and deficits in postural control
after LAS have been postulated as one manifestation of func-
tional instability.4 Investigators have examined objective pos-
tural control measures in injured subjects after acute LAS,5–10

but routine follow-up testing to track changes in postural control
after acute injury has been conducted in only a few studies.9,10

Leanderson et al9 performed a prospective study of 53 pro-
fessional dancers, 6 of whom experienced moderate or severe
LAS. Injured subjects had increased measures of center-of-
pressure (COP) excursion amplitude and area from 0 to 12
weeks after injury compared with the uninjured dancers; how-
ever, testing was not performed at the same intervals in all
subjects, and inferential statistics were not used to analyze the
data. The postural control variables used were not calculated
separately for the frontal and sagittal planes. Gradual improve-
ments were seen with rehabilitation, and all injured subjects
eventually returned to near preinjury levels.9

In a study of 92 subjects with ankle sprain, Holme et al10

demonstrated initial increases in COP excursion length (LEN)
6 weeks after acute injury, but a return to normal values was
seen within 4 months regardless of whether or not subjects
completed a supervised rehabilitation program. The postural

control measure was not calculated separately for the frontal
and sagittal planes. No measurements of postural control were
assessed between the occurrence of injury and the ensuing 6-
week assessment. Additionally, it is unclear if the structured
rehabilitation sessions were begun immediately or 6 weeks
after injury.10

The amplitude and velocity of frontal-plane COP excursions
are significantly impaired in injured limbs compared with un-
injured limbs within 8 days of acute LAS.5 To our knowledge,
LEN, root mean square velocity of COP excursions (VEL),
and range of COP excursions (RANGE) in both the frontal
and sagittal planes at regular intervals within the first several
weeks after acute LAS have not been quantified. An under-
standing of the typical pattern of changes in postural control
in the first few weeks after LAS may serve as a useful guide
to clinicians when making decisions to progress rehabilitation.
Therefore, the purpose of our study was to serially assess these
postural control variables between injured and uninjured an-
kles across the frontal and sagittal planes 1 day, 2 weeks, and
4 weeks after acute LAS.

METHODS

Subjects
Seventeen young adults (9 men, 8 women; age, 21.8 6 5.9

years; mass, 74.9 6 10.5 kg; height, 176.9 6 7.1 cm) expe-
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rienced acute mild or moderate LASs. All subjects were as-
sessed by the same certified athletic trainer (J.H.). Mild sprains
were classified as injury to 1 of the lateral ligaments, and
moderate sprains were classified as injury to 2 of the lateral
ligaments. Thirteen subjects sustained mild sprains, whereas 4
sustained moderate injuries. Nine sprains were to the right an-
kle, and 8 were to the left. All subjects were free of concom-
itant fractures or syndesmosis injuries. Subjects read and
signed an informed consent form approved by the university’s
institutional review board (which also approved the study) be-
fore participating. We instructed all subjects in a graduated
functional rehabilitation program that emphasized pain and
swelling control; range-of-motion, strengthening, and balance
exercises; and a gradual return to functional activities. Each
subject progressed through the rehabilitation program under
the guidance of either a certified athletic trainer or a licensed
physical therapist.

Instrumentation

A 60 by 90-cm forceplate (Bertec Inc, Columbus, OH) mea-
sured translational forces (Fx, Fy, Fz) and moments of force
(Mx, My, Mz), and COP trajectories were calculated using a
custom computer program. Raw forceplate signals were am-
plified at 100 dB (model 4060S, Bertec), converted from an-
alog to digital signals at 50 Hz, and filtered with a fourth-
order, zero-lag, low-pass filter with a cutoff frequency of 8 Hz.
We then calculated COP values using Labview software (Na-
tional Instruments Inc, Austin, TX). The COP values could be
resolved to an accuracy of 1 mm and were generated for both
the frontal and sagittal planes.

Protocol

Subjects were asked to maintain a single-leg stance while
standing barefoot on the forceplate and to stand as motionless
as possible. The nonstance leg was held in approximately 308
of hip flexion and 458 of knee flexion and was not allowed to
touch the stance leg during testing. Arms were folded across
the chest, and testing was performed with eyes open to allow
visual feedback during the maintenance of balance. If a touch-
down (the nonstance leg touching the ground during data ac-
quisition) occurred or the subject touched the nonstance leg to
the stance leg, the trial was terminated and repeated. No trends
were seen in terms of more repeated trials being necessary
with the injured-limb stance versus the uninjured-limb stance.

The length of each trial was 5 seconds and was modeled
after the methods previously reported by Goldie et al,11–13

which have been shown to be reliable and valid. Subjects per-
formed 3 trials on each leg with a rest period of 30 seconds
between trials. The order of leg testing was counterbalanced
among all subjects to avoid a learning effect. Subject 1 per-
formed all 3 left leg trials first, followed by all 3 right leg
trials, whereas subject 2 had the right leg tested first and so
on. All trials were conducted by the same investigator.

Subjects performed identical testing procedures on 3 occa-
sions. Subjects were tested within 1 day of return to full
weight bearing after the acute injury. All subjects performed
day 1 testing within 5 days of the injury. Testing was repeated
2 weeks and 4 weeks after day 1 testing.

Dependent Measures

We calculated measures of LEN, VEL, and RANGE sepa-
rately in the frontal and sagittal planes for each trial using
Matlab 5.3 software (The MathWorks Inc, Natick, MA). We
determined LEN by calculating the length of the path of the
COP in the frontal and sagittal planes, respectively, throughout
the entire 250-data point trial using the following equation:

LEN 5 z(COP 2 COP )zO i i21

The VEL of frontal and sagittal COP excursions was deter-
mined independently by dividing the length between adjacent
measurements by 0.02 seconds for all 250 data points. Because
the velocity could be expressed as either a positive or negative
value, the VEL was calculated using the following formula:

2COP 2 COPi i21O 1 20.020ÎVEL 5i5250 250

where VEL represents the magnitude of COP displacement
over time and has been previously shown to be a highly reli-
able and valid measure of postural control.14

Frontal-plane and sagittal-plane RANGE scores were cal-
culated by subtracting the minimum COP value from the max-
imum COP value in both respective planes. The maximum and
minimum values are the single highest and lowest COP values
recorded in a given trial. The RANGE scores represent the
distance in which COP excursions occur throughout a trial.

Statistical Analysis

We used a 2 3 2 3 3 (side-by-plane-by-session) within-
subjects design with repeated measures on all 3 factors. Three
separate, 3-factor repeated-measures analyses of variance were
performed on LEN, VEL, and RANGE. For each of the 3
dependent measures, the means for the injured and uninjured
limbs were calculated by averaging the 3 trials for each of the
3 testing sessions. Independent variables were side (injured,
uninjured), plane (frontal, sagittal), and session (day 1, week
2, week 4). Post hoc testing was performed using univariate
analyses of variance and the Tukey post hoc procedure to iden-
tify specific differences. The level of significance was set at
.05 for all procedures. SPSS 8.0 for Windows (SPSS Inc, Chi-
cago, IL) was used for the statistical calculations.

RESULTS

Significant side-by-plane-by-session interactions were iden-
tified for LEN (F2,32 5 6.56, P 5 .004), VEL (F2,32 5 5.21,
P 5 .011), and RANGE (F2,32 5 5.50, P 5 .009) (Table).
The interaction for LEN is explained by greater differences
existing between injured and uninjured frontal-plane LEN
scores at day 1 compared with sagittal-plane LEN scores (Fig-
ure 1). The LEN scores in both planes were significantly great-
er in injured limbs than uninjured limbs on day 1 and during
week 2 (P , .05), but during week 4, only sagittal LEN was
significantly different. The LEN measures gradually improved
on both sides across the 3 testing sessions. The VEL scores
responded very similarly to LEN scores (Figure 2). The ex-
planation of the 3-way interaction for VEL is identical to that
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Center-of-Pressure Excursion Length (LEN), Root Mean Square Velocity (VEL), and Excursion Range (RANGE) in the Frontal (X) and
Sagittal (Y) Planes

LEN X, cm LEN Y, cm VEL X, cm/s VEL Y, cm/s RANGE X, cm RANGE Y, cm

Day 1
Injured limb
Uninjured limb

Week 2
Injured limb
Uninjured limb

15.4 (63.6)*
13.1 (62.7)

13.4 (63.8)*†
12.0 (63.6)

15.4 (63.1)*
14.4 (62.6)

14.6 (63.8)*
13.1 (63.1)

4.1 (61.0)*
3.5 (60.7)

3.6 (61.0)*†
3.1 (60.7)

4.2 (60.8)*
3.9 (60.7)

4.0 (61.0)*
3.5 (60.9)

3.3 (61.2)*
2.6 (60.6)

2.9 (61.1)
2.6 (60.6)

2.5 (60.3)
2.1 (60.3)

2.3 (60.4)
2.2 (60.5)

Week 4
Injured limb
Uninjured limb

11.0 (62.4)†‡
10.9 (62.3)†

12.9 (62.9)*†‡
11.1 (62.3)†

2.9 (60.7)†‡
2.9 (60.6)†

3.4 (60.8)*†‡
3.0 (60.6)†

2.5 (60.6)†
2.9 (60.8)

2.1 (60.4)
2.0 (60.3)

*Significantly greater in injured versus uninjured limbs.
†Significantly less than day 1 measures (P , .05, n 5 17)
‡Significantly less than week 2 measures (P , .05, n 5 17).

Figure 1. For center-of-pressure excursion length measures (LEN),
the significant side-by-plane-by-session interaction was due to the
gradual reduction in all measures except that of the injured limb
in the sagittal plane.

Figure 2. For center-of-pressure root mean square velocity mea-
sures (VEL), the significant side-by-plane-by-session interaction
was due to the gradual reduction in all measures except that of
the injured limb in the sagittal plane.

Figure 3. For center-of-pressure excursion range measures
(RANGE), the significant side-by-plane-by-session interaction was
due to the lack of significant differences except for the frontal
plane measures on day 1.

of LEN. The interaction for RANGE is explained by injured-
limb, frontal-plane RANGE scores being significantly greater
than uninjured values at day 1 (P , .05) but not during weeks
2 or 4 (P . .05) (Figure 3). Sagittal-plane RANGE scores
were greater in the injured limbs compared with the uninjured
limbs during all 3 sessions but not at statistically significant
levels. Significant improvements were seen between sessions

for VEL and LEN in both planes in the injured and uninjured
limbs and for frontal-plane RANGE in the injured limbs.

DISCUSSION

Our results demonstrate a significant impairment in postural
control within the first 2 weeks after LAS. Measurements of
LEN and VEL were significantly elevated in injured limbs
versus uninjured limbs at day 1 and during week 2 in the
frontal plane and at day 1 and during weeks 2 and 4 in the
sagittal plane. Measurements of RANGE were significantly in-
creased in the frontal plane only at day 1 after injury. A close
examination of our dependent variables may help to explain
why the results were not identical for all of the measures.

The LEN results represent the sum of all COP excursions
in each plane during a given trial. Individuals with impaired
postural control are likely to have larger COP excursions and,
thus, a larger sum of excursions throughout a trial. The VEL
results represent the rate of COP excursions. Individuals with
impaired balance are likely to have larger and faster COP ex-
cursions than those who are not impaired. As the velocity of
COP excursions increases, it becomes more difficult, or even
impossible, for the body to adequately compensate for the ex-
cursions and keep the COP within the base of support. The
LEN and VEL results were very similar in our study because
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both reflect the magnitude of individual COP excursions dur-
ing a trial. The RANGE results represent the limits of COP
excursions during a trial and are constrained by the dimensions
of an individual’s foot. To maintain balance, COP must remain
within the limits of the base of stability. If single-leg stance
is maintained, measures of RANGE are limited within the fi-
nite breadth of the dimensions of the foot, whereas the mea-
sures of LEN and VEL are not constrained in a similar manner.
The only significant difference in RANGE between limbs was
in the frontal plane on day 1. This may be due to the limited
variation possible in RANGE measures when single-leg stance
is maintained throughout a trial.

Our results are consistent with previous findings5,7,9 of in-
creases in various objective measures of postural control in
injured limbs versus contralateral uninjured limbs after acute
LAS. Friden et al5 reported increased frontal-plane COP ex-
cursion measures between the injured and uninjured limbs of
14 subjects between 3 and 8 days after an acute LAS. Signif-
icantly higher frontal-plane measures were also shown be-
tween the involved and uninvolved ankles of injured subjects
and both limbs of healthy controls.5 Using a frontal-plane bal-
ance testing device, Golomer et al7 demonstrated significant
impairments in injured limbs compared with uninjured limbs
among 5 subjects between 4 and 15 days after acute LAS.
Leanderson et al9 showed significant increases in COP excur-
sion variables in injured limbs compared with uninjured limbs
among 6 ballet dancers within 2 weeks of experiencing acute
LAS. Each of these 6 injured dancers’ postural control scores
returned to preinjury levels with structured rehabilitation.9

Two studies have looked at postural control during single-
leg stance in the injured limbs of subjects after acute LAS and
compared them with healthy control subjects, but contralateral
differences among injured subjects were not evaluated.6,8 Or-
teza et al6 demonstrated impaired balance on a testing device
similar to that of Golomer et al7 among subjects within 6
weeks of an acute LAS compared with a group of healthy
controls. Guskiewicz and Perrin8 demonstrated impaired pos-
tural control within 21 days of an acute ankle sprain among
injured limbs compared with the limbs of healthy controls.

Deficits in postural control after ankle sprain may be due to
several factors. Freeman et al4 originally hypothesized that
balance impairments after ankle sprain were the result of im-
paired proprioception due to damage to joint mechanorecep-
tors and afferent nerve fibers, which occurs in conjunction
with ligamentous damage during hyperinversion. Impaired
proprioception may cause diminished or delayed response of
the muscles that provide dynamic stability to the ankle joint
and, thus, result in inadequate corrections to postural pertur-
bations.15–18 Impaired postural control may also be due to al-
tered proximal muscle activity in response to ankle injury.
Subjects with ankle injuries have been shown to shift from the
typical ankle strategy of balance maintenance during single-
leg stance to the less efficient hip strategy of balance.19,20 Bull-
ock-Saxton21 also demonstrated impaired ipsilateral gluteus
maximus electromyographic activity in patients with a history
of severe LAS, suggesting that distal injury may cause prox-
imal changes in neuromuscular activity.

Another potential cause of impaired postural control after
LAS is that lateral ligamentous injury may result in mechan-
ical instability of the subtalar and talocrural joints and allow
greater ranges of pronation and supination to occur during sin-
gle-leg stance, thus resulting in greater magnitude and velocity
of COP excursions.5,7–8 Interestingly, proprioceptive deficits

have been reported as greatest near terminal ranges of mo-
tion.22 In the presence of excessive range of motion due to
pathologic joint laxity, proprioceptive deficits may be accen-
tuated, thus contributing to impaired postural control.

Our results show improvements in postural control measures
during the first month after injury in both injured and unin-
jured limbs. Three plausible explanations are possible. Friden
et al5 demonstrated bilateral impairments in several measures
of frontal-plane postural control in subjects with acute LAS.
Additionally, researchers23–27 have reported bilateral proprio-
ceptive and neuromuscular deficits after injuries to the anterior
cruciate ligament, supporting the hypothesis of a central mech-
anism for proprioception, neuromuscular control, and postural
control. It is possible that in our sample, swelling and pain
associated with the acute injury may have caused central im-
pairments of postural control and resulted in elevated measures
in both the injured and uninjured limbs. Because swelling and
pain diminished in the weeks after injury, central impairments
may also have diminished. These central impairments may be
mediated through supraspinal or spinal levels of inhibition.28

Supraspinal inhibition could be the result of conscious percep-
tion of pain with full weight bearing during the initial sessions.
Spinal-level inhibition through gamma motor neuron loop dys-
function has been previously hypothesized to cause impair-
ment of postural control in those with ankle instability.29

A second possibility is that ankle joint effusion caused al-
tered arthrokinematics of the ankle complex, leading to pos-
tural control impairments. Swelling after acute injury may
have caused the subjects to adopt a different angle of the ankle
during single-leg stance. For example, if the ankle was held
in less dorsiflexion than normal, a subject’s center of gravity
would be held in a more posterior, and consequently more
unstable, position and thus lead to elevated measures of COP
excursions. Research is needed to validate this hypothesis.

The third possibility is that postural control improved bilat-
erally as a result of learning effects with repeated trials of
balance exercises during rehabilitation and experimental test-
ing. Several authors9,13,20,30–32 have demonstrated improved
postural control after various balance and coordination training
exercises in patients recovering from ankle sprain. Gauffin et
al31 reported bilateral improvement in postural control after 8
weeks of ankle disk training in 10 male soccer players with a
history of unilateral functional ankle instability, indicating that
central impairments of postural control with pathologic ankle
conditions may be reversible with adequate rehabilitation.
Many, but not all, measures of postural control are estimates
of variability during quiet standing.33,34 Because motor learn-
ing occurs after repetition of new motor tasks, variability tends
to decrease as subjects become more efficient at the execution
of the motor tasks.35 The bilateral improvements seen in our
study may be due to decreased variability during single-leg
stance with repetitive trials of balance exercises and tests.

It is not possible for us to unconditionally attribute the bi-
lateral improvements seen in our study to reduction in central
impairments of postural control, changes in ankle biomechan-
ics, or motor learning in the 4 weeks after acute LAS. Most
likely, a combination of all 3 contributed to improved postural
control during recovery from ankle sprain. In future studies,
the use of a control group may help to elucidate these issues.

Postural control measures have been used as an assessment
modality to quantify functional improvement after rehabilita-
tion of acute LAS9–10,13 and residual functional ankle insta-
bility.19,27–29,32 Significant reductions in measures of postural
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control have been identified in rehabilitation programs ranging
from 6 to 16 weeks in length.9,20,30–32,36 Holme et al10 dem-
onstrated reductions in COP excursion magnitude from 6
weeks to 4 months after ankle sprain in both a group of pa-
tients who completed a functional rehabilitation program and
a group of patients who did not undergo supervised rehabili-
tation. However, subjects not undergoing supervised rehabili-
tation were 4 times more likely to experience a recurrent sprain
within 1 year of initial injury than the group that undertook
formal rehabilitation.10 Similarly, Wester et al37 reported a 2-
fold reduction in recurrent ankle sprains in a group of ankle
sprain–injured subjects undergoing a 12-week ankle disk–
training program compared with a group not pursuing balance
training.

Our results demonstrate that improvements in postural con-
trol may occur within 4 weeks of LAS when patients complete
a rehabilitation program. Holme et al10 demonstrated that im-
pairments of postural control may return to normal within 4
months after LAS, regardless of whether the subject partici-
pates in a structured rehabilitation program. Several research-
ers30,38–40 have demonstrated no significant deficits in objec-
tive postural control measures during single-leg stance in
subjects with a history of functional ankle instability. These
nonsignificant findings may be due to adaptive changes in the
postural control system that occur during recovery from LAS.
Although these adaptations may allow return to normal levels
of instrumented postural control measures during static bal-
ance testing, these athletes may still be predisposed to recur-
rent episodes of ankle instability during dynamic activities.
Once the initial pain and inflammation have been reduced after
LAS, static balance testing in single-leg stance may not pro-
vide adequate challenge to the postural control and neuromus-
cular control systems to detect functional deficits. Hence, ath-
letes who truly have functional ankle instability and may be
at risk of recurrent sprain may not have significant differences
in static postural-sway scores between their injured and un-
injured limbs.

Elevated measures of postural control during static single-
leg stance have not been shown to predict recurrent ankle
sprain in athletes with prolonged functional ankle instability.38

However, the lack of balance training after acute LAS appears
to predispose ankle-injured subjects to recurrent sprain.10,37

Static postural control testing may not be sensitive enough to
identify functional deficits in individuals with a history of an-
kle sprain.10 Perhaps clinicians and investigators would be bet-
ter served by using dynamic balance tests, such as the Star
Excursion Balance tests41,42 or the multiple single-leg hop sta-
bilization test,43 when attempting to functionally assess ath-
letes with a history of ankle sprain. These tests may be more
sensitive in detecting functional deficits in the entire lower
extremity during dynamic activities and may be more useful
in predicting the risk of individual athletes for recurrent ankle
sprains. Further research in this area is warranted.

In conclusion, we demonstrated initial impairment in pos-
tural control in the first 2 weeks after acute LAS. However,
almost all measures of postural control returned to normal
within 4 weeks of injury. We also identified bilateral improve-
ments in postural control as athletes recovered from their ankle
sprains. These bilateral improvements may be due to either
training effects or the reduced central impairment of postural
control after ankle injury. Future research is needed to identify
quantifiable factors that may help to predict which athletes are

predisposed to developing long-standing functional instability
after acute LAS.
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