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Background: Many athletes, especially at elite university level, suffer from chronic ankle instability (CAI).
Chronic ankle instability usually occurs after simple ankle sprain from poor landing. The repetitive injury causes
chronic ankle instability. This chronic ankle instability leads to poor performance and recurrent injury during
training and competition. A proper rehabilitation program may improve performance and prevent further injury.
Objectives: We aimed to compare the effect of a 6-week functional rehabilitation program in athletes with chronic
ankle instability between a hydrotherapy plus ankle taping group and a land-based plus ankle taping group on
ankle functional ability, ankle joint position sense and the number of reinjuries.

Methods: Forty-seven university level athletes with chronic ankle instability and residual symptoms were
randomized into a hydrotherapy group (24 participants) and a land-based group (23 participants). All participants
were taped using a heel lock technique at the injured ankle during the training session. The rehabilitation
program included stretching, aerobic exercise, balance exercise, strengthening exercise, and skill training using
an aquatic or land-based environment according to the group for 6 weeks. A single-limb hopping test and ankle
joint position sense were measured at baseline, 6 weeks, and 3 months. Recurrent ankle injuries were also
recorded.

Results: In the hydrotherapy group, the time taken in the single-limb hopping test significantly decreased
immediately after exercise and at the follow up compared with baseline (p =0.001). In the land-based group, time
taken in the single-limb hopping test significantly decreased at 3 months follow up compared with baseline
(p = 0.05). No significant differences were detected between groups in ankle joint position sense and the number
of recurrent ankle sprains. All participants returned to their athletic activity and competition.

Conclusion: The combined rehabilitation program of ankle taping, land-based exercise and/or hydrotherapy
could be recommended for clinical uses in athletes with chronic ankle instability.

Keywords: Ankle taping, chronic ankle instability, hopping test, hydrotherapy, joint positional sense, land-
based exercise :

Ankle injury is one of the most common injuries
during sports activities [1-4]. Ankle injury usually
occurs in sports involving running, cutting, and jumping
and landing, with higher possibility in contact sports.
Ankle sprain usually involves a lateral ankle ligament
complex, which may be stretched or torn, as a result
of landing on a plantarflexed and inverted position
of the foot [5, 6]. Firstly, the anterior talofibular
ligament (ATFL) is injured, followed by injury to
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the calcaneofibular ligament (CFL) and posterior
talofibular ligament (PTFL) [7-9]. A high recurrent
rate of ankle sprain has also been reported in athletes
who have residual symptoms such as pain, swelling,
weakness, and instability [10-11]. These impairments
could further deteriorate the ankle functional ability
of athletes who have recurrent ankle sprains [12].
Chronic ankle instability (CAI) has been defined
as the occurrence of multiple episodes of ankle
sprains and instability [13]. There are two potential
mechanisms that cause CAI. The first mechanism is
mechanical instability (MI) from ligament laxity and
excessive joint motion of the talocrural, subtalar and
inferior tibiofibular joint because of structural damage
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Table 1. Description of rehabilitation programs in this study

555

Program

Hydrotherapy

Land-based

Exercise

Progression

Exercise

Progression

Aerobic training
(15 min)

Balance exercise
(10 min)

Strengthening
exercise
(10 min)

Functional skills
(10 min)

1. Slow running with belt

1. Static: single-leg stance with
the knee flexed

2. Dynamic: single-leg stance
with the knee flexed and
throw/catch a ball

1. Double-leg squat

2. Single-leg squat

3. Toes raise walking 6 m

4. Heel touch walking 6 m

5. Deep water running with belt

1. Stepping forward/ backward
and throw/ catch a ball

2. Stepping to the left/ right
and throw/ catch a ball

3. Jumping: double-beg, single-
leg and throw/ catch a ball

I. The speed: low to
moderate and carrying
the resistance foam

1. Water level: chest
deep to waist deep

2. Eyes open to eyes
closed

3. Held position: 30s,
60 s

1. Water level: chest
deep to waist deep

2. Held position: 30s,
60 s

3. Wall jet: high
resistance

1. Water level: chest
deep to waist deep

2. The speed: slow to
fast

3. The ball weight:
light to heavy

1. Cycling on
stationary bike

1. Static: single
leg stance with
the knee flexed
2. Dynamic: single
leg stance with
the knee flexed
andthrow/catch
aball
1. Leg press
(50% 1 RM)
2. Legcurl

(50% 1 RM)
* 3. Rubber band

exercise

Inversion/ eversion
Plantar flexion/
dorsiflexion

1. Jumping and
throw/ catch a ball
2. Stepping with
aball

3. Sprinting

1. Intensity 80%-95%
HRmax

1. Uneven surface:
foam pad, mini

trampoline, wobble

board

2. Eyes open to
eyes closed

3. Held position:
30s,60s

1. Increased
number of rep

2. increased
weight resistance
3. Rubber band
color

Week 1-2 : blue
Week 3—4 : silver
Week 5-6 : gold

1. Uneven surface:
foam pad, mini
trampoline, wobble
board

rep = repetition, HR = maximum heart rate, RM = repetitive maximum

Data analysis

Independent ¢ tests and Chi-square tests were
used to analyze continuous variables and categorical
variables, respectively. Effects of interventions on
ankle functional ability and ankle joint position sense
were analyzed using a mixed design two-factor
[treatment group (2) X time point (3)] analysis of
variance. Independent ¢ test procedures were also
adopted for post hoc comparisons with a Bonferroni
correction applied (oo = 0.05). Fisher’s exact test was
used to determine the recurrent ankle sprain data at
3 months follow-up. A probability level of less than
0.05 was adopted throughout.

Results

Fifty participants were recruited into this study.
Twenty-five participants (23 men, 2 women) were
randomly assigned into the hydrotherapy group, and
another 25 participants (23 men, 2 women) into the

land-based group. In the hydrotherapy group, 24
participants (96%) completed the protocol. One
participant dropped out because of inability to commit
to the intervention schedule. In the land-based group,
23 participants (92%) completed the program with
2 dropouts at 6-weeks and 3 months because of the
transportation inconvenience. Forty-seven participants
completed all training sessions and pretest, post-test,
and follow-up test, and their performance data were
included into analysis. There were no adverse events
reported throughout this study.

Demographic information is presented in
Table 2. No significant differences were found
between groups for age, gender, height, weight, BMI,
experience of playing sports, and side of injury. All
participants were university athletes, preparing for
university games. They played different kinds of
sports (Table 3). A chi-square test for kinds of sports
showed no significant difference between the
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Table4. Comparison of the single-limb hopping test and active ankle joint position sense between the hydrotherapy
group (n = 24) and the land-based group (n = 23) at pretest, post-test, and follow-up test

Variables Groups  Pretest Posttest Follow up test P D
within group between group

Single-1limb hopping A 73+14 6.1£09 59x0.8 <0.001""=® 0.173

test (seconds) B 7416 68+13 6.5+0.9 0.05%

Active JPSIV 15°AE A 3615 3.1£17 2716 0.184 0.385
(degrees) B 37£19 2617 23+10 0.072

Active JPS PF 30° AE A 30£1.8 21x1.2 22%1.2 0.059 0.056
(degrees) B 24%12 1.81£0.8 19112 0.173

Mean £ SD using two-way mixed ANOVA, Post hoc analysis (Bonferroni), Significant differences *p < 0.05, **p < 0.001,
* significant difference between pretest and posttest, ° significant difference between pretest and follow up test, © significant
difference between posttest and follow up test, JPS = joint position sense, IV = inversion, PF = plantar flexion, AE = absolute

error, A = hydrotherapy group, B = land-based group

Table 5. Number of participants and reinjury data at 3-month follow up

Reinjury Hydrotherapy Land-based Total
Number (%) Number (%) Number (%)

Yes 4(17) 8(35) 12(26)

No 20(83) 15(65) 35(75)

Total 24(100) 23(100) 47(100)

Fisher’s exact test (p =0.193)

Discussion

Forty-seven amateur athletes participated in this
study and the compliance was as good as 96% for
the hydrotherapy group and 92% for the land-based
group. All participants had a subjective symptom of
“giving way” while walking or running, and other
residual symptoms of the chronic ankle instability such
as pain, swelling, and muscle weakness. However, all
of them were physically active, college-aged and
still playing sports in their teams. Most participants
involved in high contact sports in accordance to
previous reports of athletes with ankle instability in
rugby, football, and basketball [1-5,9, 11, 31].

In our results, participants in both the hydrotherapy
group and the land-based therapy group had improved
ankle functional ability as demonstrated by the
single-limb hopping performance. This improvement
occurred within group immediately after participating
in the 6-week rehabilitation program and at the 3 month
follow up, whereas no differences were detected
between groups (p = 0.173). The single-limb hopping
test is a very complex task that involves multiple
joints and structures [31]. Potential reasons for a

lack of significant difference between programs
in the current study may be the result of minimal
proprioceptive deficits in athletes with chronic ankle
instability as reported in previous studies [33].
Alternatively, these deficits may be were pronounced,
but participants may use a compensatory strategy by
using sensory input from other joints and structures in
performing the single-limb hopping test.

The absolute error (AE) of the angle was
calculated to express a total magnitude of error [36].
In the present study a trend of decreasing the absolute
error angle both at inversion 15° and plantar flexion
30° after 6-week training in both groups. The
rehabilitation program implemented in this study could
improve the precision of active ankle repositioning of
participants who have residual symptoms of chronic
ankle instability and physically active athletes. The heel
lock taping technique was expected to provide dual
effects of improved ankle mechanical stability and
increased stimulation of cutaneous receptors while
training in both functional rehabilitation programs.
Variations in exercise contents between the programs
included using physical properties of the water and
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