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Context: Functional rehabilitation may improve the deficits
associated with chronic ankle instability (CAl).

Objective: To determine if balance- and strength-training
protocols improve the balance, strength, and functional perfor-
mance deficits associated with CAl.

Design: Randomized controlled clinical trial.

Setting: Athletic training research laboratory.

Patients or Other Participants: Participants were 39
volunteers with CAl, which was determined using the Identifica-
tion of Functional Ankle Instability Questionnaire. They were
randomly assigned to 1 of 3 groups: balance-training protocol (7
males, 6 females; age =23.5 * 6.5 years, height=175.0 = 8.5
cm, mass =72.8 = 10.9 kg), strength-training protocol (8 males,
5 females; age = 24.6 = 7.7 years, height = 173.2 = 9.0 cm,
mass = 76.0 = 16.2 kg), or control (6 males, 7 females; age =
24.8 £ 9.0 years, height=175.5 = 8.4 cm, mass=79.1 = 16.8
kg).

Intervention(s): Each group participated in a 20-minute
session, 3 times per week, for 6 weeks. The control group
completed a mild to moderately strenuous bicycle workout.

Main Outcome Measure(s): Participants completed base-
line testing of eccentric and concentric isokinetic strength in
each ankle direction (inversion, eversion, plantar flexion, and
dorsiflexion) and the Balance Error Scoring System (BESS),

Star Excursion Balance Test (SEBT), and side-hop functional
performance test. The same variables were tested again at 6
weeks after the intervention. Two multivariate repeated-mea-
sures analyses of variance with follow-up univariate analyses
were conducted. The o level was set a priori at .05.

Results: We observed time-by-group interactions in con-
centric (P = .02) and eccentric (P = .01) inversion, eccentric
eversion (P=.01), concentric (P=.001) and eccentric (P=.03)
plantar flexion, BESS (P=.01), SEBT (P=.02), and side hop (P
=.004). With pairwise comparisons, we found improvements in
the balance- and strength-training protocol groups in concentric
and eccentric inversion and concentric and eccentric plantar
flexion and the BESS, SEBT, and side hop (all P values =.001).
Only the strength-training protocol group improved in eccentric
eversion. The control group did not improve in any dependent
variable.

Conclusions: Both training protocols improved strength,
balance, and functional performance. More clinicians should
incorporate hop-to-stabilization exercises into their rehabilitation
protocols to improve the deficits associated with CAl.

Key Words: rehabilitation, Balance Error Scoring System,
Star Excursion Balance Test, functional performance

strength, balance, and functional performance.
intervention.

deficits associated with chronic ankle instability.

Key Points

» The balance- and strength-training groups improved their strength, balance, and functional performance.
¢ The control group did not improve, suggesting that bicycling alone or increasing passive motion did not improve

» Combining resistance-band and proprioceptive neuromuscular facilitation strength training was an effective

e More clinicians should incorporate hop-to-stabilization exercises into their rehabilitation protocols to improve the

care burden.! They are the most prevalent muscu-

loskeletal injuries in sports and in the physically
active, but more than half (56%) of injured players do not
seek professional treatment after ankle injury and therefore
do not receive the proper rehabilitation.? McKay et al®
found that at least 2 to 7 ankle sprains per 1000 person-
years resulted in emergency department visits in the United
States. This value is vastly underestimated, as other

l ateral ankle sprains can pose a substantial health

researchers® have estimated that the true incidence rate in
the general population was 5.5 times the aforementioned
rate. After the initial lateral ankle sprain, individuals can
develop many long-term problems, such as sensorimotor
deficits,* decreased quality of life, reduced physical activity
levels across the life span, chronic ankle instability (CAI),
and an increased risk of ankle osteoarthritis (OA).

As a precursor to OA, CAIl is an encompassing term
associated with several prolonged symptoms after an initial
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Table 1. Participant Demographics by Group?

Mean + SD NASA Physical
Identification of Activity Status Scale,
Functional Ankle Sex, No. Average Score
Group n Instability Score Age, y Height, cm Mass, kg (Male/Female) (Pretest, Posttest)
Balance-training protocol 13 215 £ 3.8 23.5 £ 6.5 175.0 = 8.5 72.8 = 10.9 7/6 6.2, 6.1
Strength-training protocol 13 21.3 = 3.1 246 £ 77 1732 £ 9.0 76.0 = 16.2 8/5 5.6, 6.1
Control 13 199 £ 45 248 = 9.0 1755 = 8.4 79.1 = 16.8 6/7 6.5, 6.7

Abbreviation: NASA, National Aeronautics and Space Administration.
@ No differences were seen between groups or between the pretest and posttest in the average NASA Physical Activity Status Scale.

ankle sprain. Individuals with CAI experience both mechan-
ical and functional instability of the ankle joint.° After
spraining their ankles, they are more susceptible to reinjury,
which can result in a cascade of long-term problems that can
lead to OA.” A substantial contributor to CAl is recurrent ankle
sprains, which can further damage the already impaired ankle
function.! The prolonged symptoms of CAI include pain,
weakness, or instability, which can lead to range-of-motion
(ROM), strength, balance, and functional performance
deficits.® Researchers” ! have reported that 68% to 78% of
patients with CAI symptoms developed posttraumatic ankle
OA and cartilage damage.

Numerous rehabilitation protocols to improve the deficits
associated with CAI have been examined. These range
from simple progressive strength'*>"'> or balance!'®!?
protocols to multicomponent (strength, balance, ROM)
rehabilitation?*2! approaches. These functional rehabilita-
tion protocols effectively improve strength, balance, and
self-reported function!? 151921225, however, few researchers
have assessed the improvements in functional performance
that include power and agility. Functional activity is
defined as dynamic, closed kinetic chain activity other
than quiet standing.?® Researchers who assessed functional
performance after strength-training protocols did not
identify clinically meaningful improvements.'**> There-
fore, strength training alone may be insufficient to improve
functional outcomes similar to the movements that occur
more often during sport and physical activity. Balance-
training protocols (BTPs)'*** and resistance-band protocols
(RBPs) have been shown to improve strength!%!3!5 and
postural-control'® variables, respectively; however, they
have not been examined in the same study.

If conservative management of CAI is unsuccessful and a
patient develops ankle OA, invasive surgical interventions
are recommended to improve joint stability. Yet surgical
interventions can increase health care costs and place
greater stress on the body, so it is important to determine if
functional rehabilitation interventions can improve the
deficits associated with CAlI, specifically functional perfor-
mance. Therefore, the purpose of our study was to
determine if balance- and strength-training protocols would
improve the strength, balance, and functional performance
deficits associated with CAL.

METHODS

Participants

Thirty-nine individuals with CAI volunteered for this
study. The demographics for each group are presented in

Table 1. Inclusion criteria were a history of at least 1
substantial ankle sprain with associated inflammatory
symptoms and at least 1 interrupted day of desired physical
activity, multiple episodes of the ankle “giving way,”
recurrent sprain, and “feelings of instability” in the 6
months before the study.?’” Volunteers were determined to
have CALI if they scored 11 or more on the Identification of
Functional Ankle Instability Questionnaire (IdFAI), which
is an accurate tool for identifying individuals with CAL*® If
both ankles were determined to have CAI, the ankle with
the highest score (ie, the most severely affected ankle) was
considered the involved limb. Volunteers were excluded if
they had sustained an acute lower extremity injury in the 3
months before the study; had participated in formal
rehabilitation in the 3 months before the study; had a
history of lower extremity surgery or fracture that required
alignment in the involved limb; or had any diagnosed
neurologic dysfunction, such as multiple sclerosis, Parkin-
son disease, or head injury. All participants completed the
National Aeronautics and Space Administration Physical
Activity Status Scale? to establish their physical activity
level.

Group allocation and the participant flow chart are
presented in Figure 1. After beginning the study, partici-
pants were excluded if they developed an unrelated lower
extremity injury or were noncompliant (attended <80% of
the 18 sessions). One participant was excluded from the
analysis due to the inability to progress in the balance
training. All participants provided written informed con-
sent, and the study was approved by Indiana University’s
Institutional Review Board for the Protection of Human
Subjects.

Procedures

Each participant performed baseline isokinetic strength,
balance, and functional performance testing of the CAI
limb. Testing order of the variables was determined using a
counterbalanced matrix. Immediately after baseline testing,
each participant was sequentially allocated to a group: BTP,
strength-training protocol (STP), or control (CON). Indi-
viduals in all groups participated in their assigned treatment
protocol 3 days each week for 6 weeks under the
supervision of a researcher (E.A.H.). They were instructed
not to increase or decrease their physical activity levels
during the 6-week period. After 6 weeks, posttest isokinetic
strength, balance, and functional performance measures
were tested in all participants. All testing and rehabilitation
sessions took place in the athletic training research
laboratory.
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Assessed for eligibility (n= 50)

N
)
c
g .| Excluded (n= 3)
= ¢ Did not meet inclusion criteria
£
1]
) A 4
Pretested then randomized (n = 47)
Y
A\ 4 \ 4 A 4
S Allocated to balance-training Allocated to strength-training Allocated to control group (n =
ﬁ protocol group (n = 17) protocol group (n = 16) 14)
8 e Received protocol 3 times per e Received protocol 3 times per e Bicycled for 20 min (n = 14)
<=: week for 6 wk (n = 17) week for 6 wk (n = 16)
A A 4 A 4
Lost to follow-up (n = 2) Lost to follow-up (n = 1) Lost to follow-up (n = 1)
Discontinued intervention (poor Discontinued intervention (poor Discontinued intervention (n = 0)
compliance) (n = 1) compliance) (n = 2)
A 4 A 4 A\ 4
0
I Analyzed (n = 14) Analyzed (n = 13) Analyzed (n = 13)
—;‘ e Excluded from analysis (poor e Excluded from analysis (n = 0) e Excluded from analysis (n = 0)
g results) (n = 1)

Figure 1. Participant flow diagram.

Isokinetic Strength Testing. Force was assessed using a
Cybex dynamometer (model HUMAC Norm; CSMi
Solutions, Stoughton, MA) in the concentric and eccentric
modes at 90°/s. Participants were positioned based on the
procedures described in the manual. All testing was
performed with the participants in a recumbent position,
the distal thigh on the thigh stabilizer, and the hip and knee
at 90°. The involved limb was strapped down at the pelvis
and distal thigh. Participants performed up to 3 practice
trials at submaximal effort and then 3 test trials in each
direction (dorsiflexion, plantar flexion, inversion, and
eversion). They rested for 30 seconds between trials. The
average of the peak torque (Newton-meters) of the 3 trials
was used for statistical analysis.

Balance Testing: Star Excursion Balance Test. The
Star Excursion Balance Test (SEBT) is a measure of
dynamic balance. The 3 SEBT directions that we measured
were anterior, posterolateral, and posteromedial, as sup-

ported by previous research in which authors identified
those with lower extremity injury*® and CAL3' Before the
SEBT, participants were instructed on proper reaching
technique and were allowed 4 practice trials in each
direction, as recommended by Robinson and Gribble.*
They performed 3 consecutive test trials in each direction.
The order of directions was randomized.

Participants stood barefoot with the great toe at the center
of the SEBT grid. While standing on the involved limb,
they reached as far as possible with the nonstance limb
along the reach direction.>® Keeping their hands on their
hips, participants lightly touched the line with the most
distal portion of the reaching foot and returned to a bilateral
stance. The distance was measured from the center of the
grid to the farthest reach point. An unsuccessful trial was
defined as a trial in which participants lifted their hands off
their hips, moved or lifted the stance foot, lifted the heel,
transferred weight to the reach foot when touching the
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measuring tape, did not touch the tape, did not return the
reach foot to the starting position, lost their balance, or
were unable to maintain a unilateral stance during the
trial.>* Unsuccessful trials were discarded and reattempted.

The maximum distance (centimeters) for each reach
direction was recorded. Reach distances were normalized to
limb length, which was measured from the anterior-superior
iliac spine to the distal tip of the medial malleolus. To
calculate the composite score, we added all maximum reach
distances, divided the sum by 3 times the limb length, and
multiplied the quotient by 100. This composite score was
used for statistical analysis.

Balance Testing: Balance Error Scoring System. The
Balance Error Scoring System (BESS) is a measure of static
balance and consists of 3 stances: double-legged stance,
single-legged stance, and tandem stance in a heel-to-toe
fashion.>* Participants performed all stances on firm and
foam surfaces (model BeBalanced; Airex AG, Sins,
Switzerland) with their hands on their hips and eyes
closed.** They performed 1 practice trial for each condition
to ensure proper technique, followed by 1 test trial. Errors
were counted for each 20-second trial. An error was
defined as lifting the hands off the iliac crests; opening the
eyes; stepping, stumbling, or falling; moving the hip into
more than 30° of abduction; lifting the forefoot or heel; or
remaining out of test position for more than 5 seconds.*
The maximal possible score for each stance was 10.3* The
total score was used for statistical analysis.

Functional Performance Testing. The side-hop test was
performed by hopping laterally on 1 limb over a 30-cm
distance.>> One repetition was the ability to hop laterally
and return to the starting position. We instructed partici-
pants to complete 10 repetitions as fast as they could. A
trial was deemed unacceptable if the contralateral foot was
put down or did not clear the 30-cm distance. An electric
stopwatch (model Speedtrap 2; Brower Timing Systems,
Draper, UT) was used to determine the fastest time. One to
3 practice trials were performed, followed by 3 test trials.
The average of 3 test trials was used for statistical analysis.

Rehabilitation Procedures

Balance-Training Protocol. The BTP was designed by
McKeon et al' to challenge an individual’s ability to
maintain single-limb stance while performing various
balance exercises. Participants performed these dynamic
activities to challenge efficient recovery of single-limb
balance after a perturbation and to effectively develop
spontaneous strategies to execute movement goals.!” The
exercises were (1) hop to stabilization, (2) hop to
stabilization and reach, (3) hop-to-stabilization box drill,
(4) progressive single-limb—stance activities with eyes
open, and (5) progressive single-limb—stance activities with
eyes closed. Participants advanced to the next level of the
test after they completed the previous level with no errors.
Errors consisted of touching down with the opposite limb,
excessive trunk motion (>30° lateral flexion), removing the
hands from the hips during hands-on-hips activities, bracing
the nonstance limb against the stance limb, or missing the
target. Progression levels related to each exercise were
described by McKeon et al.'’

Strength-Training Protocol. The procedures for the
STP were based on the 6-week RBP and proprioceptive

neuromuscular facilitation (PNF) strength protocol of Hall
et al’® in addition to heel raises. For the RBP exercises,
participants sat on the floor with 1 end of the band wrapped
around a treatment table and the other end wrapped around
the metatarsal heads of the involved foot. Exercises were
performed in 3 directions: dorsiflexion, inversion, and
eversion. We instructed participants to maintain a consis-
tent pace of approximately 3 to 5 seconds per repetition
throughout the full ROM. Each week, they progressed by
increasing the number of sets or band resistance or both
(Table 2).' Participants completed all 3 directions before
progressing to the next set.

To strengthen the plantar flexors, participants performed
single-legged heel raises on a step to allow full ROM. They
were allowed to use a rail for balance, but they were not to
use it to support their weight. In addition to the RBP and
heel raises, a slow-reversal PNF technique was performed
during the same session. It involved a concentric contrac-
tion of the antagonist muscle followed by a concentric
contraction of the agonist muscle*® against maximal manual
resistance in a diagonal pattern. The procedures were the
same as those used in a previous study.'?> Manual resistance
was applied by an investigator (E.A.H.) to the distal aspect
of the foot at the metatarsal heads. We instructed
participants to provide maximal effort for each repetition.
Maximal counteracting resistance was applied at a
moderate speed throughout the entire ROM of the isotonic
contraction, with each phase of the diagonal pattern taking
approximately 3 to 5 seconds to complete. At the end of the
range, the investigator changed hand positions to complete
the other phase of the diagonal pattern. Participants rested
for 60 seconds between sets but did not rest between
repetitions. Progressions of the heel raises and PNF strength
protocol are provided in Table 2.

Control Group. Members of the CON group participated
in a 20-minute bicycle workout with consistent mild to
moderate resistance. They were instructed to avoid any new
strength or rehabilitative exercises for their ankles during
the 6 weeks between pretest and posttest procedures. They
were allowed to participate in regular activities.

Statistical Analysis

Two multivariate repeated-measures analyses of variance
were conducted: 1 with the balance- and functional
performance-dependent variables (BESS, SEBT, and side
hop) and the other with the strength-dependent variables
(concentric and eccentric inversion, concentric and eccen-
tric eversion, concentric and eccentric plantar flexion, and
concentric and eccentric dorsiflexion). If we observed a
difference, we conducted follow-up univariate analyses on
each dependent variable. The univariate analyses addressed
1 within-subject factor (time at 2 levels: pretest and 6
weeks posttest) and 1 between-subjects factor (group at 3
levels: BTP, STP, CON). Finally, we used a post hoc
Bonferroni comparison to identify any specific differences
within groups. We set the o level a priori at .05. Effect sizes
were calculated using a bias-corrected Hedges g with
corresponding 95% confidence intervals.3” Effect sizes
were interpreted as weak (<0.39), moderate (0.40-0.69), or
strong (>0.70).>® We used SPSS (version 23; IBM Corp,
Armonk, NY) to analyze the statistics.
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Table 2. Progression of the Strength-Training Protocol Group in Proprioceptive Neuromuscular Facilitation and Heel Raises

Week Resistance Band Sets X Repetitions Activity Sets X Repetitions

1 Light blue (heavy) 3 X 10 Proprioceptive neuromuscular facilitation and heel raises 2x10

2 Light blue (heavy) 4 x 10 Proprioceptive neuromuscular facilitation and heel raises 2 x 15

3 Dark blue (super-heavy) 3 X 10 Proprioceptive neuromuscular facilitation and heel raises 3 X 10

4 Dark blue (super-heavy) 4 x 10 Proprioceptive neuromuscular facilitation and heel raises 3 X 15

5 Purple (ultra-heavy) 3 X 10 Proprioceptive neuromuscular facilitation and heel raises 4 X 10

6 Purple (ultra-heavy) 4 x 10 Proprioceptive neuromuscular facilitation and heel raises 4 X 15

RESULTS STP group improved in eccentric eversion (P = .001),
whereas the BTP (P = .08) and CON (P = .24) groups did

Strength not improve. We found a time-by-group interaction for both

Using the multivariate analysis, we observed a time-by-
group interaction (P = .001, n? = 0.50). All mean
differences and 95% confidence intervals for each iso-
kinetic strength measure are presented in Figure 2. The
univariate test yielded a time-by-group interaction for the
concentric (P = .02, n*>=0.19) and eccentric (P=.01, n>=
0.22) inversion strength measures. Both the BTP and STP
groups improved from pretest to posttest (P = .001);
however, the CON group did not improve (P =.87). We did
not observe a time-by-group interaction for concentric
eversion (P = .20, n*> = 0.08) but did note a time-by-group
interaction for eccentric eversion (P = .01, 1> = 0.43). The

Concentric inversion

Eccentric inversion

Concentric eversion

Eccentric eversion

Concentric plantar flexion

concentric (P =.001, n*>=0.31) and eccentric (P = .03, 1?
=0.18) plantar flexion. The BTP and STP groups improved
after the intervention in both concentric and eccentric
plantar flexion (P = .01), whereas the CON group did not
improve in either factor (P =.13 and P =.56, respectively).
Finally, no time-by-group interaction was identified for the
concentric (P = .07, n? = 0.14) or eccentric (P = .05, n*>=
0.15) dorsiflexion contractions, and the effect sizes were
weak (Hedges g < 0.3). Whereas the time-by-group
interaction for eccentric dorsiflexion was close to the a
priori o level, follow-up pairwise comparisons did not show
improvement in the BTP (P =.07), STP (P =.25), or CON
(P =.21) groups. We did not see differences among groups

Eccentric plantar flexion

on
on
on

Concentric dorsiflexion

Eccentric dorsiflexion

6 5 4 3 -2 1 0 1 2
Mean Difference
—i—Balance-training—protocol group

3 4 5 6 7 8 9 10 11 12 13 14 15
and 95% Confidence Interval, Nm
—&— Strength-training—protocol group —@— Control group

Figure 2. Forest plot of the isokinetic strength measures including the mean differences and 95% confidence intervals for each group.

2 Improvement from pretest to posttest.
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Figure 3. Forest plot of the Star Excursion Balance Test including the mean differences and 95% confidence intervals for each group.

2 Improvement from pretest to posttest.

at pretest or posttest on the strength measures (P values >
.05).

Balance and Function

The multivariate analysis yielded a time-by-group
interaction (P = .001, n* = 0.26). Using the univariate
analysis, we observed a time-by-group interaction for the
SEBT (P = .02, n? = 0.21). Specifically, the BTP and STP
groups improved from pretest to posttest (both P values =
.001). The CON group did not improve from pretest to
posttest (P =.56; Figure 3). The effect sizes were strong for
the BTP (Hedges g = 0.7) and moderate for the STP
(Hedges g = 0.6) groups. We did not note differences
among groups at pretest or posttest (P > .05).

The univariate analysis for the BESS also yielded a time-
by-group interaction (P = .01, n? = 0.23). We showed
improvements between the pretest and posttest in the BTP
and STP groups (both P values = .001). No improvement
occurred in the CON group (P = .56; Figure 4). The effect
sizes were strong for the BTP group (Hedges g = 0.9) and
moderate for the STP group (Hedges g = 0.6). We did not
demonstrate differences among the groups at pretest (P >
.05) but did find a difference between the BTP and CON
groups at posttest (P = .01). No differences were present
between the STP and CON groups or BTP and STP groups
(P > .05).

We documented a time-by-group interaction for the side-
hop dependent variable (P =.004, n*> = 0.26). Specifically,
the BTP and STP groups improved from pretest to posttest
(both P values =.001). We did not detect improvement in
the CON group (P = .70; Figure 5). The effect sizes were

strong for the BTP and STP groups (both Hedges g = 0.8)
but weak for the CON group (Hedges g =0.1). We did not
identify differences among groups at the pretest or posttest
(P > .05).

DISCUSSION

The purpose of our study was to determine if the clinical
deficits associated with CAI would improve after a BTP or
STP. With the exception of the BESS, we observed no
differences in absolute scores between groups at the pretest
or posttest. However, improvements occurred over time,
which might be clinically meaningful in both rehabilitation
groups for strength, balance, and functional performance.

Strength

The BTP group improved in concentric and eccentric
inversion and concentric and eccentric plantar flexion. The
STP group improved in concentric and eccentric inversion,
eccentric eversion, and concentric and eccentric plantar
flexion. Overall, both rehabilitation groups gained strength.

The improvements in inversion and eversion strength in
the STP group agree with the results of previous
research,!?!315 but we are the first, to our knowledge, to
further examine both concentric and eccentric strength
gains. In their rehabilitation study, Kaminski et al'4
examined isokinetic strength but were unable to document
improvements. They attributed the lack of improvements to
inadequate resistance in the RBP. Given that both
contractions are essential for neuromuscular control to
improve the dynamic stability of the joint, our design
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——Balance-training—protocol —&— Strength-training—protocol —@— Control
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Figure 4. Forest plot of the Balance Error Scoring System including the mean differences and 95% confidence intervals for each group.

2 Improvement from pretest to posttest. ® Difference between balance-training protocol and control groups at posttest.

-2 -1 0 1 2 3 4

Mean Difference and 95% Confidence Interval, s
—l—Balance-training—protocol —— Strength-training—protocol —@— Control
group group group

Figure 5. Forest plot of the side-hop functional performance test including the mean differences and 95% confidence intervals for each
group. 2 Improvement from pretest to posttest.
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allowed us to determine if a particular protocol more
effectively improved a certain type of contraction. An
eccentric contraction lengthens the muscle under tension to
decelerate the joint, whereas a concentric contraction
produces the propulsive force for movement by shortening
the muscle.>® We identified improvements in concentric and
eccentric inversion in both rehabilitation groups but only in
eccentric eversion in the STP group, which may have a
better chance of eccentrically controlling the eversion stress
from a lateral ankle sprain.

Dorsiflexion strength did not improve in any group. This
finding conflicts with the results of previous investiga-
tors'>!315 who found increases in isometric dorsiflexion
strength after an RBP and a PNF protocol. The dorsiflexion
strength results approached a difference (P values =.051—
.07); however, the effect sizes were weak (Hedges g < 0.3).
Based on this information, we suggest that resistance-band
and PNF strengthening could continue to be used to
enhance lower limb strength, but health care providers
might want to incorporate additional exercises that
specifically target the anterior lower extremity muscles.

Improvements in plantar-flexion strength were present in
both the BTP and STP groups. Using resistance bands,
previous rehabilitation protocols have not elicited similar
improvements.'* Hall et al'? reported that they were unable
to provide sufficient resistance for a larger muscle group.
We adapted the protocol for this study by having
participants perform heel raises instead of resistance-band
exercises, and it effectively increased plantar-flexion
strength. Improving eccentric control for plantar flexion
will assist in a softer landing during a jumping motion,
which may translate to improved functional performance by
absorbing energy throughout the entire kinetic chain and
not just the ankle.*’ The single-legged hop and heel raises
also likely contributed to the strength gains in the BTP and
STP groups, respectively. Despite not having a true
“strength-training” component in the BTP, participants in
this group still gained strength. The hop-to-stabilization
action probably contributed to the eccentric strength gains
because it improved eccentric plantar flexion, which
improved the ability to land softly from a hop. This makes
balance training an effective protocol for increasing not
only balance but also strength.

Balance and Functional Performance

Performance on the SEBT and BESS improved after the
BTP and STP. For the SEBT dependent variable, the BTP
and STP groups had strong (Hedges g = 0.7) and moderate
(Hedges g = 0.6) effect sizes, respectively. For the BESS,
the BTP and STP groups had strong (Hedges g = 0.9) and
moderate (Hedges g = 0.6) effect sizes, respectively.

The hop-to-stabilization and reach components of the
BTP mimicked the SEBT. During this protocol, participants
were instructed to reach in all 8 directions of the original
SEBT after landing from a hop. This exercise gave
participants more confidence in their ability to reach farther
on the SEBT. The single-legged balance components of the
BTP also mimicked the static-balance component of the
BESS, which explains the greater effect size for the BTP
than for the STP group. Researchers'® studying the BTP
have reported improvements in the laboratory measures of
static postural sway and the clinical measure of dynamic

stability; however, few authors have examined other
deficits, such as strength and functional performance. Other
rehabilitation protocols that improved SEBT performance
were wobble-board training,'”'® multicomponent rehabili-
tation,?*2! and an exercise therapy program.*!

Whereas the STP did not have a “balance-training”
component, static and dynamic balance improved. Investi-
gators'® who used a resistance-band STP were not able to
elicit improvements on the Y-Balance test, a dynamic
component of the SEBT. This could be attributed to either
the addition of the PNF exercises or the replacement of the
plantar-flexion resistance-band exercises with heel raises.
The PNF strength patterns are thought to improve the
neuromuscular control*? associated with dynamic balance.
However, PNF strength training alone did not result in the
same response'?; the combination of PNF with a resistance
band improved dynamic balance. Another explanation
could be the improvements in eccentric plantar-flexion
strength after the heel raises. We changed the strength
protocol by having participants perform heel raises because
neither the resistance-band nor manual-resistance exercises
performed alone during the PNF strength protocol
increased plantar-flexion strength.!*> The increase in
eccentric plantar-flexion strength provided better control
during the single-legged squat in the SEBT. One consid-
eration must be noted: the SEBT and Y-Balance test require
dramatically different types of muscular control, as one is a
pushing task and the other is a reaching task.*>**

The side-hop test assesses functional performance. Both
the BTP and the STP groups showed large effect sizes (both
Hedges g values =0.8), whereas the CON group had a weak
effect size (Hedges g = 0.1). Improvement in the side-hop
test is explained by the improvements in strength and
balance. Hall et al'? reported that functional performance
did not improve when resistance-band and PNF strength
training were performed separately but that a clinically
important improvement occurred when they were com-
bined.

The BTP follows the dynamical systems theory because it
suggests that the sensorimotor system is free to develop and
change strategies as it interacts with the environment.*>" It
was an effective intervention because it emphasized
dynamic stabilization after perturbations, such as planned
and unplanned movements in direction, landing, and
dynamic reaching tasks.!” We not only confirmed the static
and dynamic balance improvements from the initial study
by McKeon et al'® but added the improvements in strength
and functional performance.

LIMITATIONS

Our study had some limitations. The researchers were not
blinded to group allocation; however, the researcher and
participants were blinded to the pretest scores. Another
limitation was the difficulty in controlling effort. We
instructed participants to provide their maximal effort for
each task, but it is difficult to confirm that they did so.

CONCLUSIONS

To our knowledge, this is the first study in which the
effects of different ankle rehabilitation protocols were
compared with those of a sham control group. Both the
BTP and STP improved strength, balance, and functional
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performance. The lack of improvement using the CON
protocol implies that bicycling alone or increasing
continuous passive motion did not improve strength,
balance, or functional performance. More clinicians should
incorporate hop-to-stabilization exercises into their reha-
bilitation protocols to improve the deficits associated with
CAI The combination of resistance-band and PNF strength
training is another effective intervention. Given that both
appear to be effective, the health care practitioner should
select the most appropriate rehabilitation protocol based on
the setting, time, and athlete’s limitations. The findings of
our study are clearly transferable because they provide the
clinician with clinically applicable dependent variables and
data that can be used in any clinical practice.
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