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Abstract In subjects with functional ankle instability,
lumbopelvic instability causes instability of the hip and
lower extremities. The purpose of this study is to
investigate the effect of a lumbopelvic stabilization
exercise program on the balance and instability of adults
with functional ankle instability. 30 adults with functional
ankle instability were assigned to a hip joint strengthening
exercise group and a lumbopelvic stabilization exercise
group at random. General ankle intervention was used in
the hip joint strengthening exercise group, whereas a
stabilization exercise using a sling was added in the
lumbopelvic stabilization exercise group. The dynamic
balance ability, static balance ability, and ankle instability
were measured. A Paired-sample t-test was conducted to
see the within-group changes in dynamic balance, static
balance, and ankle instability scale before and after the
experiment. To compare the changes between groups, an
independent-sample  t-test was  conducted. The
lumbopelvic stabilization exercise group showed increased
the posterior-lateral distance and the scores on foot and
ankle ability measures (p<0.05). The average movement
distance of the center of pressure, average movement speed,
and average movement area 95% decreased significantly
(p<0.05). The ankle instability instrument score decreased
(p<0.05). The results suggest that existing lumbopelvic
stabilization exercises not only help reduce the pain and
enhance the function of the hip joint they are also an

effective approach for adults with functional ankle
instability. Lumbo-pelvic stabilization exercise programs
that are tailored to individual characteristics, such as
functional level, muscle strength, and duration of ankle
injury, reduce the frequency of re-injury and stabilize
ankles to improve pain and function.
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1. Introduction

With the increasing population of people engaging in
leisure activities and sports, damage related to sports has
also been increasing. Ankle sprains account for 85% of
lateral ankle damages caused by ankle inversion. Among
patients who have experienced sprained ankle joints, 10%
to 50% experience chronic pain and re-injury symptoms,
such as chronic ankle sprains [1]. This causes functional
instability of the ankle and leads to damage occurring
even in daily life. These individuals experience weakness
and pain in related tissues; for instance, some cannot
overcome the situation and easily experience ankle
inversion [2]. Chronic instability of the ankle joint is
classified as functional or mechanical instability;
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mechanical instability is due to the relaxation or

insufficiency of ligaments, which are static stabilizing
structures [3]. According to Freeman [4], patients with
functional instability complain of joint instability due to
incomplete recovery of impaired proprioception during
acute ankle sprains. Functional ankle instability reflects
subjective instability, and the patient complains of
instability. Related factors include impaired muscle power
and proprioception [5].

Problems with functional ankle instability include
weakening of the calf muscles on the outside of the ankle,
decreased proprioception around the ankle joint [6], and a
decrease in the ability to control the eccentric contraction
of the ankle joint plantarflexion [7].

Proprioceptive neuromuscular control exercises focused
on plantarflexion and instep flexion [8], ankle muscle
strengthening exercises focused on the ankle joints,
functional exercises related to agility [9], Kinesio taping
[10], and increased activity of the long calf muscle and
inner soleus muscle during treadmill walking using an
auditory biofeedback input device [11] have been reported
to be effective treatment methods for ankle instability.

Researchers have also investigated changes in body
function other than that of the ankle joint. Previous studies
have reported changes in hip joint muscle
electromyography and strength in patients with chronic
ankle instability [12].

Recently, research on hip joint muscles has become
more important for the prevention and treatment of injury
of the lower extremities [13]. In cases of ankle
dysfunction, identification and treatment of the exact
cause are vital, and early treatment is necessary to prevent
the recurrence of chronic ankle sprains [14]. These results
suggest that continuous interaction between the ankle and
hip muscles is necessary to keep up the body’s postural
balance and center of gravity [15]. They also support the
claim that decreased hip joint muscle strength can lead to
re-injury of the ankle.

Another characteristic of patients with chronic ankle
instability is poor postural control [16]. Reduced postural
control ability is related to the occurrence of ankle sprains
[17]. This implies that ankle sprains can lead to decreased
somatosensory ability and reductions in several related
abilities. Decreased postural control is an important risk
factor for the development of chronic ankle instability
from temporary ankle injury [18]. Proprioception, which
plays many roles in controlling and maintaining body
posture, decreases with an increase in the degree of
damage to the ankle [19]. Plantar pressure measurement
approach has been reported as a biomechanical
measurement method for postural control deficit; this
approach analyzes the overall pressure and weight
distribution of the ankle; subtalar joint; and the upper,
middle, and lower parts of the foot [20]. Plantar pressure
measurement can also be measured by checking the
movement of the center of pressure while the subject is

standing [21]. The direct cause of musculoskeletal
disorders can be determined through an analysis of the
sole pressure balance; the pressure of the entire foot and a
specific area should be measured and analyzed [22]. In
addition, the size and distribution of the foot pressure
affect the structural and biomechanical functions of the
foot. On this basis, foot pressure analysis is usefully
performed to examine pathological gait [23].

Interventions have emerged to improve muscle
imbalance and mitigate proprioceptive sensation, pain,
and decreased balance ability in patients with chronic
ankle instability. Exercises have been developed to
strengthen the muscles around the ankle joint and the
muscles around the hip. Balance training and
proprioception training have also been proposed. The
effects of these interventions are related; any change in
the foot pressure and the center-of-pressure movement
path influences the regulation of postural control ability.

There are many studies on the relationship between the
lumbopelvic and hip joints [24-27] and the relationship
between ankle and hip instability. However, few studies
have revealed the relationship between lumbopelvic and
ankle instability [28]. In addition, there is limited research
on exercise methods that aim to stabilize the lumbopelvic
area to resolve functional ankle instability related to the
hip joint.

Therefore, the purpose of this study is to determine
whether lumbopelvic stabilization exercises affect the
balance and instability scale scores of individuals when
such methods are combined with existing functional ankle
instability improvement exercises.

2. Method

2.1. Subjects

The subjects of this study were 30 adults with
functional ankle instability. They included students
enrolled in D University, in Daegu, and ordinary persons
belonging to an athletic club. Those who had an ankle
instability instrument score of 4 or higher, those with a
percentile of 90% or less on the foot and ankle ability
measure, those with persistent anxiety and functional
decline in the ankle joint, and those with recurrent ankle
joint damage were included as subjects. Those with a
history of surgery on the lower extremities, those with
balance disorders, those with exercise or treatment
experiences that had affected their balance within the last
month, and those with paresthesia or muscle paralysis due
to neurological disorders were excluded. All subjects were
fully informed about the purpose and method of the study
before the experiment was conducted, and the experiment
was performed after they agreed to voluntarily participate.
The general characteristics of the subjects are shown in
Table 1.
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Table 1. The general characteristics of the subjects

STR STA P
Age(year) 30.9345.44 31.13+2.89 .100
Body height(cm) 171.8645.74 170.60+7.02 .755
Body weight(kg) 73.26412.20 70.73+14.15 748
BMI index 24.7143.32 24.1343.68 612

SDz=standard deviation

STR: exercise program group performing hip joint strengthening
exercises.

STA: exercise program group conducting lumbopelvic stabilization
exercises.

2.2. Assessment

The star excursion balance test (SEBT) was used to
measure the change in dynamic balance ability before and
after exercise. This evaluation predicts the range of
motion, proprioception, and muscle strength of the
weight-bearing. Because leg muscles and nerves are
efficiently controlled so that the axis of movement and
balance can be maintained at the base of support in the
single foot support posture [29-30]. It helps to do. Gribble
[31] reported that this scale showed high validity and
test-retest reliability. (ICC = 0.96). In a previous study,
instead of the traditional SEBT, a test that measures a total
of three directions (anterior, posterior medial, and
posterior-lateral) was adopted to evaluate the dynamic
balance ability [32]. The average value was obtained from
a total of three measurements [33].

A one-leg standing test was performed on a Wii
Balance Board (Nintendo® Wii, Nintendo, Japan) with a
built-in Bluetooth function to measure the changes in the
subjects' static balance before and after exercise (Fig. 2).
A balance ability analysis program (Balancia v1.0, Minto
System, Seoul, Republic of Korea) was used to quantify
the measured values. The Wii Balance Board measured 45
cm x 26.5 cm and was equipped with four load cells.
Data were sampled at 50 Hz and 12 Hz, and low-pass
filtering was performed. In the measurement of balance
ability, each subject stood on one foot on the balance
measurement device. The position was maintained for 5
seconds, after which the raised leg was brought down. The
movement distance, speed, and area 95% values for the X
and Y axes of the weight center were measured through
the analysis program. Center-of-pressure movement
distance is the total distance the pressure center point
moved during the evaluation time. Center-of-pressure
movement speed is the speed at which the pressure center
point moved per unit time. Center-of-pressure movement
area 95% is movement area excluding 5% after making
the movement distance into the circle area.

An ankle instability instrument was used to evaluate the
ankle instability before and after exercise. This tool
consists of nine items and three detailed items, and the
subject answered “yes” or “no”. The more questions are
answered with "yes," the more severe the functional ankle
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instability; an individual who answers "yes" to more than
four questions are determined to have functional ankle
instability. Docherty et al. [34] reported that this scale
showed high validity and test-retest reliability (ICC =
0.95).

The foot and ankle ability measure was used to evaluate
the ankle instability before and after exercise. This scale
consists of 21 questions, and each unit is scored on a scale
of 4 to 0, where 4 = not difficult, 3 = slightly difficult, 2 =
a little difficult, 1 = very difficult, and O = impossible. The
higher the score, the closer the ankle function is to normal,
and lower scores indicate ankle instability. An individual
who scores 75.6 points (90% of the total score of 84
points) or less is deemed to be having problems in daily
life due to ankle instability. Martin et al. [35] reported that
this scale showed high validity and test-retest reliability
(ICC =0.89).

2.3. Experimental Procedure

Fifteen patients were assigned to the hip joint
strengthening exercise group and the lumbopelvic
stabilization exercise group at random. The exercises were
performed with the aid of a physiotherapist with more
than five years of clinical experience. Each group exercise
was the same throughout the four weeks: 5 minutes of
warm-up exercise, 30 minutes of main exercise (5 minutes
for each exercise), and 5 minutes of finishing exercise.
Each program was administered for 40 minutes per day,
three times a week. The static balance, dynamic balance,
and instability scale scores of the subjects were measured
before and after the intervention.

The exercise program of the hip joint strengthening
exercise group was developed by referring to methods in
previous studies [36-38]. The warm-up exercise involved
walking on a treadmill for 5 minutes before the main
exercise. The main exercise consisted of a total of six
exercises; four of these were identical for both groups, and
the two remaining exercises were differentiated. As for the
hip joint strengthening exercise, the hip joint extension
exercise was performed in the prone position, and the hip
joint abduction exercise was performed in the side-lying
position (Fig. 1).

Figure 1. Hip joint strengthening exercise

These movements were performed in three sets
consisting of 15 reps each. After each set, the rest period
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was 30 seconds. The difficulty was increased every week
through an elastic band (Hygenic®, USA) by each
subject's condition. For the finishing exercise, stretching
and breathing were performed.

The lumbopelvic stabilization exercise was performed
in a sling. The difficulty of the lumbopelvic stabilization
was set according to individual's ability so that there
would be no pain during the exercise; an elastic cord was
used to reduce the load on the pelvis. The subjects were
instructed to keep up the neutral position of the spine
throughout the exercise. The sling exercise was performed
via supine pelvic lift and side-lying hip abduction, as
suggested in the Neurac method of Kirkesola [39] (Fig. 2).
This movement was performed in three sets consisting of
15 reps each.

Figure 2. Lumbopelvic Stabilization exercise

The exercise program of the lumbopelvic stabilization
exercise group was developed by referring to methods in
previous studies. The warm-up exercise involved walking
on a treadmill for 5 minutes before the main exercise. The
main exercise consisted of a total of six exercises; four of
these were identical for both groups, and the two
remaining exercises were differentiated. The degree of

difficulty was increased every week by changing the
motion by each subject's condition. For the finishing
exercise, simple stretching and deep breathing were
performed. After each set, the rest period was 30 seconds.

2.4. Statistical Analysis

The data measured in this study were analyzed using
the Statistical Package for the Social Sciences (SPSS)
version 20.0 for Windows (SPSS Inc., Chicago). The
Kolmogorov — Smirnov test was used for a test of
normality. The results of the two groups were compared,
and the statistical significance of the difference was
determined by performing an independent t-test. A paired
t-test was performed to compare the within-group
differences between the before- and after-exercise results.
The significance level was set as 0.05.

3. Results

After the four weeks of intervention, the anterior
distance, posterior medial distance, posterior-lateral
distance, and foot and ankle ability measure scores of the
hip joint strengthening exercise group significantly
increased, and the ankle instability instrument score
decreased significantly (p < 0.05). The anterior distance,
posterior medial distance, posterior-lateral distance, and
foot and ankle capacity scores of the lumbopelvic
stabilization exercise group were significantly increased.
The center-of-pressure movement distance,
center-of-pressure  movement speed, center-of-pressure
movement area and ankle instability instrument scores
were significantly reduced (p < 0.05).

Table 2. The comparison of Star Excursion Balance Test

Pre Post Difference value t p
STR 56.8444.71 62.8845.26 6.0444.96 4.715 .000"
Ant STA 58.8249.37 63.9847.80 5.1746.16 3.293 .005"
(em) t 0.425
p 674
STR 78.4248.44 86.8649.38 8.8447.61 6.997 .000"
Post- STA 73.51+11.99 88.02+12.75 14.5141.07 5.404 .000"
?:ﬁg t -1.607
p 119
STR 82.4048.55 89.2946.27 6.8843.96 6.729 .000"
Pf;:‘ STA 78.00+14.55 91.38+12.37 13.4449.84 5.297 .000"
(cm) t -2.391
p .024*

SDd+standard deviation
STR: Hip joint strengthening exercise group
STA: Lumbopelvic stabilization exercise group
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Table 3. The comparison of one leg standing

Pre Post Difference Value t p
STR 5.61+1.46 5.14H.7 -0.46+1.98 0.901 .383
COoP .
Movement STA 7.82+1.60 2.374.97 -5.44+41.98 10.634 .000
Distance t 6.873
(cm)
p .000"
STR 4.82+41.11 4.4340.65 -0.38+41.14 1.302 214
CoP .
Movement STA 5.80+1.30 3.60+1.70 -2.19+.76 4.817 .000
Speed
t 3.320
(cm/s)
p .003"
STR 8.4145.69 9.1944.91 0.7743.52 -0.852 409
COoP .
Movement STA 12.3846.82 4.5242.82 -7.8544.94 6.156 .000
Areads% 5.504
(cur)
p .000"

SDdstandard deviation
STR: Hip joint strengthening exercise group
STA: Lumbopelvic stabilization exercise group

Table 4. The comparison of Ankle instability scale
Pre Post Difference Value t p

STR 68.4645.92 70.9343.47 2.4643.22 -2.961 .010"

FAAM STA 69.005.71 80.06+2.84 11.0645.83 -7.834 .000"
(Score) t -4.993
T .000"

STR 5.13+1.59 4.2641.27 -0.8640.83 4.026 .001"

All STA 6.13+1.55 2.93+1.16 -3.20+1.01 12.220 .000"
(Score) t 6.883
p .000"

FAAM: Foot and Ankle Ability Measure

All: Ankle Instability Instrument

STR: Hip joint strengthening exercise group
STA: Lumbopelvic stabilization exercise group

4. Discussion

The purpose of this study is to compare the dynamic
balance, static balance, and instability scale scores of
subjects with functional ankle instability who performed
hip joint strengthening and lumbopelvic stabilization
exercises for four weeks.

The SEBT results obtained before and after the
intragroup intervention in both exercise groups showed
that the anterior, posterior medial, and posterior-lateral
distances were significantly increased after the
intervention. In the comparison between the groups, only

the difference in the posterior-lateral distance of the
lumbopelvic stabilization exercise group increased
significantly. The SEBT evaluates the dynamic balance
ability of a subject.

This finding is similar to that of a previous study that
showed that the range of reach in the SEBT of a
functional ankle instability group was significantly
improved after a rehabilitation exercise program [40]. In
the intragroup comparison, the distance in the three
directions was significantly increased in both groups,
whereas the posterior-lateral distance of the lumbopelvic
stabilization exercise group only increased in the
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intergroup comparison. The exercise program of the
lumbopelvic stabilization exercise group may have helped
improve the posterior-lateral dynamic balance more than
the anterior or posterior-lateral dynamic balance of the
body. After the intervention, the center-of-pressure
movement distance, center-of-pressure movement speed,
and center-of-pressure movement area decreased by 95%
in the lumbopelvic stabilization exercise group. The
center-of-pressure movement distance was the distance
(cm) that the center of pressure point moved during the
evaluation time; a decreased distance indicated a
well-maintained  balance.  The  center-of-pressure
movement speed was the distance (cm/s) that the center of
pressure moved per unit time; a reduced speed meant a
well-maintained balance.

The center-of-pressure movement area 95% would be
reduced if the movement distance was made into the circle
area, and the balance was well maintained with the area
(cm?) excluding 5%. In previous studies, subjects with
ankle instability showed that the distance of movement of
the center of pressure deviated more outwardly than those
of subjects without ankle instability [41]. A similar result
was found in a previous study showing that balance
training improves the postural control and function of
subjects with chronic ankle instability; this work
identified a decrease in the center-of-pressure movement
speed after balance training [42]. Likewise, a previous
study found that the range of the center-of-pressure
movement area returned within the normal range after
intervention [43]. Other previous studies reported that
therapeutic exercise using slings restores and improves the
balance ability of patients with chronic low back pain
[44].

The lumbopelvic stabilization exercises may have
increased the participants’ hip joint performance by
stabilizing the trunk, thereby enabling them to more
smoothly adjust the center-of-pressure point in the one-leg
standing test. In particular, in the comparison of the
balance ability between the groups, all three values
decreased more in the lumbopelvic stabilization exercise
group than in the hip joint strengthening exercise group.

The change in the balance ability of the hip joint
strengthening exercise group indicated that it is
insufficient to increase the balance ability only with the
existing ankle and hip joint exercise program training.

The ankle instability scale scores significantly changed
in both the hip joint strengthening exercise group and the
lumbopelvic stabilization exercise group after the
intervention.

The foot and ankle ability measure scores significantly
increased, and the ankle instability instrument scores
significantly decreased. There were also significant
differences between the foot and ankle ability measure
scores and the ankle instability scores in the comparison
between the two groups.

The foot and ankle ability measure scale is assessment

tool for people with musculoskeletal disorders of the legs,
ankles, and feet. These findings were similar to those of a
previous study where the foot and ankle capacity score
increased after intervention [45]. Likewise, a previous
study showed that the foot and ankle ability measure score
increased after ankle reinforcement and balance exercises
[46]. Finally, the lumbopelvic stabilization exercises may
have stabilized the ankle by increasing the performance
ability of the hip joint through stabilization of the trunk.

There are several limitations in this study. First, it was
difficult to recruit adult subjects with functional ankle
instability. There were only 30 subjects, so it is difficult to
generalize the research results. Second, since the exercise
program consisted of various movements, it was
challenging to determine which specific training
influenced a specific result. Third, the control variables
could not be easily controlled for other physical activities
because it was difficult to control the subjects' physical
activities outside the experimental training. Fourth,
because of the short training period (four weeks), the
duration of the exercise program was unsatisfactory.
Considering these limitations, it is necessary to develop an
exercise program that will reduce symptoms of ankle
instability and improve the one-step function, which is an
essential element for walking and running, through an
experiment of an exercise program for subjects with
functional ankle instability. In addition, future studies will
have to be conducted with larger numbers of subjects.
Appropriate stabilization exercise program items tailored
to individual characteristics, such as function level,
muscle strength, and duration of injury of subjects with
ankle instability, should be developed and studied.

Lumbopelvic stabilization exercise programs that are tailored
to individual characteristics, such as functional level,
muscle strength, and duration of an ankle injury, reduce
the frequency of re-injury and stabilize ankles to improve
pain and function.

5. Conclusions

The purpose of this study was to investigate the effect
of a lumbopelvic stabilization exercise program on
balance, and instability in adults with functional ankle
instability. Balance ability, and foot instability score were
measured. According to the results, posterior-lateral
distance and foot and ankle ability measure scores
increased. The average path, velocity, and area 95% of the
center of pressure significantly decreased, and the ankle
instability instrument score decreased. The results suggest
that existing lumbopelvic stabilization exercises not only
help with pain and function of the hip joint but are also an
effective approach for adults with functional ankle
instability. Lumbopelvic stabilization exercise programs
that are tailored to individual characteristics, such as
functional level, muscle strength, and duration of an ankle
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injury, reduce the frequency of re-injury and stabilize
ankles to improve pain and function.
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