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Objective: The main objective of the present study was to investigate the electromyographic (EMG) activity of
gluteus medius (Gmed) and gluteus maximus (Gmax) muscles during functional exercises in subjects with chronic
ankle instability (CAI) vs healthy controls.
Methods: Seventeen subjects (age, 24.4 § 2.03 years) with CAI and 17 healthy controls (age, 24.6 § 2.57 years)
were recruited for the present study. For all participants, after testing maximum voluntary isometric contraction of the
Gmed and Gmax muscle, EMG activity of these muscles was recorded during functional exercises, such as the Y
Balance Test and the single-leg squat with and without Swiss ball.
Results: EMG activity of Gmed and Gmax was found to be significantly (P < .05) reduced during all functional
exercises in subjects with CAI when compared with healthy controls. No significant differences (P > .05) were
observed in the EMG activity of both muscles across different functional exercises.
Conclusion: Our findings indicate that EMG activity of hip muscles is significantly reduced in CAI subjects,
which might give an indication regarding the inclusion of hip muscle strengthening (Gmax and Gmed) in the
rehabilitation of CAI. Moreover, Gmed and Gmax muscle activity did not vary during the different functional
exercises within each group, which might indicate that activation pattern of these muscles are not sensitive to the
type of functional task. (J Chiropr Med 2020;19;82-90)
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TAGGEDH1INTRODUCTION TAGGEDEND

Ankle injuries are common musculoskeletal problems
encountered by 10% to 30% of the participating sports
population, and 80% of the victims of ankle injury experience
recurrence. Recurrence often leads to signs and symptoms
such as instability, pain, and reduced overall functionality.
Chronic ankle instability (CAI) can be defined as a tendency
to “give way” during routine and sports activity, leading to
repeated episodes of ankle sprains.1 Occurrence of CAI can
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be explained by two phenomena: mechanical ankle instability
and functional ankle instability (FAI). Mechanical ankle insta-
bility is defined as a 5-degree difference in the talar tilt test
and a 4-mm side-to-side difference in the anterior drawer
test,2 whereas a feeling of “giving way” during functional
tasks, combined with negative talar tilt and anterior drawer
objective test results, is a defining characteristic of FAI.3

Another reason for development of ankle instability is articu-
lar deafferentation, which occurs because of the lesion of
mechanoreceptors within the joint capsule and ligaments
surrounding the ankle. Furthermore, dynamic stability of
the ankle joint is also dependent on the ability of ankle
evertors to develop adequate tension during sudden
inversion perturbations to prevent ankle sprains.1

Altered motor control as indicated by EMG activity of
leg muscles during walking and drop landing has been seen
in subjects with CAI.4 During walking, there is a compensa-
tory preactivation of peroneus longus muscle before initial
contact, whereas healthy individuals activate peroneus lon-
gus muscle after initial contact.5 Balance deficits have been
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found in subjects with CAI during challenging tasks, such
as jump landing and during the execution of functional tasks
such as the Star Excursion Balance Test.6 Furthermore, a
slower and delayed onset of EMG activity in muscles at the
ankle, knee, and hip has been seen during transition from a
bipedal to a unipedal stance in subjects with CAI, which
might indicate alteration in motor control neural pathways
in these subjects.7 CAI subjects build neuromuscular altera-
tions in structures not only around the ankle but also in
structures proximal to the ankle, such as changes in postural
sway and strength of hip abductor muscles, to compensate
for repeated ankle injury.8 Along with balance and strength
deficits in proximal joints, CAI has been shown to impair
kinematic patterns of the hip and knee joints during gait.9

Hence, this reduced proximal neuromuscular control, espe-
cially at the hip, seen in subjects with CAI could result in
improper foot placement and further predisposition to ankle
injuries, because strength and stability of the hip are impor-
tant for appropriate gait mechanics and foot position during
heel strike.10 Interestingly, a recent study of patients with
FAI illustrated that proximal muscles (Gmax and gluteus
medius [Gmed]) were faster than the distal muscles (tibialis
anterior, peroneus longue) during external perturbations to
compensate for the impaired ankle muscle activity, which
again highlights the fact that proximal hip muscles are
involved in CAI subjects.11

In light of this finding, it is clear that proximally situated
hip musculature has a role to play in neuromuscular control
of the ankle in CAI subjects and hence leads to speculation
that strengthening exercises targeting hip muscles could
provide additional benefits to patients experiencing recur-
ring ankle instability. Previous literature has been able to
identify rehabilitative exercises, such as single-leg stance
and trunk or hip rotation, which lead to greater recruitment
of hip muscles in healthy subjects.12 Conversely in CAI
subjects, research has mainly focused on studying the neu-
romuscular alterations pertaining to the ankle musculature
with less emphasis on the hip muscles, which are equally
necessary to complete a functional task in CAI subjects.
Furthermore, exercises used in previous studies13,14 are
largely bilateral, which is contrary to the unilateral nature
of this musculoskeletal problem. Hence, a thorough analy-
sis is required to further understand the neuromuscular
behavior of proximally situated hip muscles during unilat-
eral functional tasks in CAI subjects. A scientific analysis
of functional exercises that specifically target the neuro-
muscular system of subjects with CAI would be of par-
ticular interest. The Y Balance Test (YBT) is used for
measuring balance and reach deficits in subjects with
CAI, and assessing EMG activity of hip muscles during
this test might be considered extremely important to
understand neuromuscular deficits in these subjects, con-
sidering the complexity of this task. Furthermore,
EMG analysis of hip muscles during unilateral functional
exercises, such as a single-leg squat with and without
Swiss ball, might also provide more insight into the neuro-
muscular strategies used by subjects with CAI to main-
tain postural stability. It might also provide insight
regarding the potential utility of these exercises in the
rehabilitation of CAI. This knowledge, if attained prop-
erly, may help to broaden the physical therapy approach
in the management of CAI. Therefore, the objective of
the present study was to investigate the EMG activity of
the hip muscles (Gmed and Gmax muscle) during differ-
ent functional exercises (Y balance and single-leg squat
with and without swiss ball) in CAI subjects vs age-
matched healthy controls. We hypothesized that those
with CAI will demonstrate differential recruitment pat-
terns of hip muscles during different functional exercises
compared with their healthy counterparts without CAI.
TAGGEDH1METHODSTAGGEDEND

Participants
The present study was conducted between January 2018

and May 2018 after obtaining clearance from the Institu-
tional Ethics Committee of Jamia Millia Islamia (A Central
University). The sample size for the present study was deter-
mined with Software G Power 3.1.9.2 (Franz F; Universitat
Kiel, Kiel, Germany) using differences in Gmed muscle acti-
vation pattern during double-leg stance and single-leg stance
in subjects with CAI and healthy controls during functional
exercises from a previous study.7 Thirty-four subjects (17
per group) were found to be necessary based on the effect
size of 0.6, a level of 0.05, and power (1-b) of 0.90. Thirty-
five subjects with CAI and 30 healthy controls were assessed
for eligibility (Fig 1). Seventeen patients with CAI (mean §
standard deviation for age, 24.4 § 2.03 years; height, 157.8
§ 7.86 cm; weight, 54.9 § 8.75 kg; body mass index, 22.1
§ 3.37 kg/m2) were recruited by convenience sampling
from the physiotherapy center of the university. Of the 30
healthy controls screened, 17 controls (mean § standard
deviation for age, 24.6 § 2.57 years; height, 159.7 § 6.87
cm; weight, 57.7 § 8.93 kg; body mass index, 22.5 § 3.12
kg/m2) were recruited from the nearby community. Presence
of CAI was defined as a history of at least 2 ankle inversion
injuries in the same ankle for the past 2 years, which had
required a period of protected weight bearing or immobiliza-
tion along with a complaint of giving way of the ankle dur-
ing functional activities.15 Subjects were excluded for
vestibular disorders; a history of lower limb fracture; ear
infection associated with the vestibular system; a history of
any lower limb injury other than CAI; and receiving any
treatment for CAI, cardiovascular, pulmonary, neuromuscu-
lar, or musculoskeletal conditions that are suspected to inter-
fere with motor performance. Study procedures were
performed in accordance with the Helsinki Declaration of
1964 after obtaining written informed consent from each
participant.
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Fig 1. Flow chart demonstrating participant flow through the study.
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Experimental Procedures
After recording basic demographic and anthropometric

measures, participants were familiarized with the functional
exercises (YBT in anterior, posteromedial, and posterolateral
direction; single-leg squat with and without Swiss ball) until
they felt confident enough to proceed with the actual measure-
ments. Thereafter, maximum voluntary isometric contraction
(MVIC) testing was conducted for Gmed and Gmax muscles
on the affected side in CAI subjects and on the dominant side
in healthy controls. After MVIC recording, participants were
made to perform the functional exercises one by one, and
simultaneous recordings of electromyography (EMG) using
surface electrodes were done. Lab chart 8 software (AD
Instruments, Dunedin, New Zealand) was used as the data
acquisition software. After recording EMG during these
functional tasks, raw EMG amplitude was normalized by
the respective MVIC of each muscle.
Functional Exercises
The YBT began with the participant standing on a func-

tional Y Balance board (Functional Movement Systems,
Chatham, VA), with the heel of the dominant lower
extremity in healthy individuals and the affected leg in CAI
subjects aligned in the center of the grid and the great toe
aligned along the anteriorly projecting line. Instructions
were given to each participant to shift their weight to the
dominant leg (for healthy individuals) and to the affected
leg (for CAI subjects), reach the opposite lower extremity
as far as possible along the specified line (anterior, postero-
medial, posterolateral), and lightly touch the toe of the
reaching leg while pushing the reach indicator in the direc-
tion being tested and then return to the board. The trial was
rated as null if the subject raised the heel of the testing leg
off the Y balance board, took some rest at maximal reach
distance, could not return to the starting position, or lost
balance anytime during the test. Three trials were per-
formed for each reach direction. A metronome was set at
60 beats/min to ensure consistent timing of each YBT trial.
Participants were given 2 beats (2 seconds) from initial
stance to maximum reach with the reaching leg lightly
touching the sliding board on the second beat. They were
instructed to come to the starting position from maximum
reach to bilateral stance at their own controlled pace. Sub-
jects were asked to keep their stance leg on the ground with
their hand on the waist.16 A single-leg squat was performed
by standing on the dominant or affected extremity with the
hands crossed over the chest. The nondominant extremity
was kept in approximately 45° of knee flexion. Thereafter,
the squat was performed by the subject without losing his
or her balance and without making any contact between
uninvolved and involved or dominant stance extremities at
any time during the activity. A static position was main-
tained for 5 seconds; they were then asked to return to a
single-leg stance. For single-leg squat with Swiss ball, the
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entire procedure remained the same as for the single-leg
squat. In addition, a Swiss ball was placed on the back of
the subject and held in its position against the wall. Each
functional exercise was performed 3 times with a rest
period of 30 seconds between the repetitions. Surface
EMG was recorded for the Gmed and Gmax muscles from
the beginning to the end of each functional task, and an
average of 3 repetitions was calculated for each exercise.
EMG Recording During Functional Exercises
Skin Preparation and Electrode Placement. Surface EMG

tests were conducted in accordance with the Surface Electro-
myography for the Non-Invasive Assessment of Muscles
guidelines.17 EMG was recorded using rectangular silver
chloride surface electrodes measuring 44£ 28£ 1 mm (Med-
ico Electrodes International, Noida, Uttar Pradesh, India).
Electrodes were placed gently over the area after shaving,
abrading, and cleaning the skin. For Gmax, electrodes were
placed one third the distance from the second sacral vertebrae
to the greater trochanter. For Gmed, electrodes were placed at
one third the distance between the iliac crest and the greater
trochanter parallel to the muscle fibers. Interelectrode distance
was kept to 20 mm. A reference electrode was placed on the
posterior superior iliac spine. Electrodes were secured over
the skin using micropore tape to minimize their movement
during testing.

MVIC Assessment. Measurement of MVIC for each
muscle was performed to calculate muscle activity in
terms of percentage MVIC during functional exercises.
For determining the MVIC of the Gmax, the subject was
asked to lie in the prone position with the knee of the
dominant leg flexed to 90°. The participant’s hip was
maintained in a neutral position during testing. The stabi-
lizing strap was positioned above the femoral condyles,
and a towel was placed between the strap and the partici-
pant’s leg for comfort. During MVIC testing, the partici-
pant was instructed to contract the buttocks while lifting
the dominant leg toward the ceiling against the strap to
elicit isometric contraction of the Gmax. For Gmed, par-
ticipants were asked to perform a maximal contraction of
Gmed by abducting their hip against manual resistance
offered by the investigator on the lateral thigh above the
knee joint. For both the muscles, three maximum isomet-
ric holds for 5 seconds each were performed. EMG activ-
ity from the middle 3 seconds of the entire 5 seconds for
each muscle was used for analysis. MVIC was calculated
by computing the arithmetic average of the three MVIC
trials for each muscle.18

Signal Analysis. EMG signals were recorded using an
analog-to-digital convertor (Lab Chart software version 7).
Data collected at a sampling rate of 1000 Hz were recorded
with a combined preamplifier gain of 100 to 10 000 and
with a band-pass filter of 0.8 to 800 Hz. The root mean
square value was calculated from the raw EMG signals
obtained during the functional exercises. EMG activity of
Gmed and Gmax was calculated in terms of percentage
MVIC (%MVIC) by normalizing the root mean square
value obtained during each functional exercise with the
average MVIC obtained for the respective muscle (Gmed
or Gmax) during the MVIC testing.
Statistical Analysis
Data were analyzed using SPSS Statistics for Windows,

version 17 (SPSS, Chicago, IL). Shapiro-Wilk test was
used to verify the normality of variables. When the require-
ments did not meet the normal distribution, the data were
log transformed (height and entire EMG data). The demo-
graphic characteristics and criterion measures were com-
pared between the healthy controls and CAI subjects
using an independent t test. A 2£ 5 mixed-model analysis
of variance was used to analyze differences in muscle
activity between the 2 groups (CAI vs healthy control)
and differences in muscle activity during 5 functional
tasks (group£ functional task interaction effect). Again,
independent t test was used to locate differences in EMG
activity of the hip muscles between the 2 groups during
functional exercises. Significance level was set at P � .05
for the study.
TAGGEDH1RESULTS TAGGEDEND

Demographic Characteristics
Thirty-four subjects completed this study whose objec-

tive was to determine the EMG activity of Gmed and
Gmax muscle during functional exercises in healthy and
CAI subjects. All participants successfully completed all
procedures involved in the present study. Comparison of
demographic characteristics between the groups is shown
in Table 1.
EMG Activity of Gluteus Maximus Muscle
A 2£ 5 mixed-model analysis of variance yielded a sig-

nificant main effect of group F (1, 32) = 86.24 (P < .001).
There was an insignificant main effect for task F (2.335,
32) = 0.181 (P = .866) and for group£ task interaction F
(2.33, 32) = 0.705 (P = .518; Table 2). These findings sig-
nify that the EMG activity of the Gmax muscle was signifi-
cantly different between patients with CAI and healthy
controls; however, the activity did not differ significantly
across the functional exercises (Table 3; Fig 2).
EMG Activity of Gluteus Medius Muscle
Findings yielded a significant main effect for group F

(1, 32) = 40.40 (P < .001). However, an insignificant
main effect for task F (3.72, 32) = 2.06 (P = .061) and



Table 1. Comparison of Demographic Characteristics Between
Subjects with Chronic Ankle Instability and Healthy Controls

Variables HC(n = 17) CAI(n = 17) P Value
Mean § SD Mean § SD

Male/Female (n) 6/11 6/11

Age (years) 24.6 § 2.57 24.41 § 2.03 .76

Height(cm) 159.7 § 6.87 157.8 § 7.86 .35

Weight(kg) 57.7 § 8.93 54.9 § 8.75 .37

BMI(kg/m2) 22.5 § 3.12 22.1 § 3.37 .67

BMI, body mass index; HC, healthy controls; CAI, chronic ankle instabil-
ity; SD, standard deviation.
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group£ task interaction was observed for F (3.72, 32)
=1.36 (P = .041), which signifies that EMG activity of the
Gmed muscle was significantly different between CAI
patients and healthy controls (Table 2); however, the
activity did not significantly differ across the functional
exercises (Table 3; Fig. 2).
TAGGEDH1DISCUSSION TAGGEDEND

Main Findings
The purpose of the present study was to determine EMG

activity of the Gmed and Gmax muscles in healthy individ-
uals and patients with CAI during the YBT (anterior, post-
eromedial, posterolateral approach) and during single-leg
squat with and without Swiss ball. Results of the present
study showed there was a statistically significant difference
in the Gmed and Gmax muscle activity between the two
groups. The CAI group exhibited lower percent MVIC of
the 2 hip muscles in comparison with the healthy group.
However, statistically significant differences were not observed
for the EMG activity of the 2 muscles during different
functional exercises within the groups.

The present study demonstrated significantly lower percent
MVIC of the Gmed and Gmax muscles in subjects with CAI
compared with healthy individuals. These findings are consis-
tent with the results of Kazemi et al,11 who reported reduced
activity of Gmed and Gmax muscles in subjects with CAI
and suggested that these subjects probably try to maintain bal-
ance by decreasing hip muscle activity to restore some energy,
as the human body always seeks minimum energy dissipation.
Previous work by Friel et al19 demonstrated significantly
reduced hip abduction strength during side-lying hip abduc-
tion. The findings of Friel et al19 concur with the findings of
Nicholes et al,20 who reported that subjects with CAI showed
weakness in hip abduction during isokinetic testing. More-
over, reduced muscle activity observed in the present study
and in work by Kazemi et al11 may be the result of the inabil-
ity of the ankle to provide adequate stability during functional
tasks, which is partially compensated by initiation of hip strat-
egy, which helps to prevent the excessive inversion move-
ment at the ankle. The hip strategy model is characterized by
decrease in latencies of muscles at the hip when the ankle is
perturbated using a horizontal platform. In this model, the
ankle is inefficient to provide adequate sensory information
regarding the perturbation, and this altered sensory informa-
tion triggers compensatory responses at more proximal sites,
such as the hip joint. Another mechanism is the central set
model, wherein the central nervous system perceives the
ankle musculature as inadequate in compensating for pertur-
bation and in turn increases the sensitivity to a partially deaf-
ferented ankle complex by providing enhanced gamma
motor neuron activity to the hip musculature.8 Further-
more, in a study by Feger et al,21 insignificant differences
in Gmed activity were observed despite its earlier onset
and preactivation during walking in subjects with CAI as
compared with healthy controls. These findings are in dis-
agreement with the present findings; which could be
accounted for by assessment of muscle activity under dif-
ferent conditions in the present study vs the study by
Feger et al.21 In addition, more challenging unilateral
tasks used in the present study could elicit reduced recruit-
ment pattern of Gmed in subjects with CAI, contrary to a
normal phenomenon of walking in the study by Feger
et al.21 However, Feger et al21 observed an earlier onset of
the Gmed muscle in subjects with CAI, which might be a
compensating strategy to enhance limb stability or to pro-
vide functional bracing for ground contact. Previous liter-
ature has reported that subjects with CAI have different
gait initiation strategies compared with healthy individuals,22

which indicates an alteration in sensorimotor function along
with altered alpha motor neuron pool excitability in subjects
with CAI, which suggests that the spinal-level motor control
mechanism has changed in relation to the decrease in center
of pressure excursion during gait.23

Previous literature have also reported the same signifi-
cant delay for Gmax muscle in CAI subjects during prone
hip extension as it was seen for Gmed previously.24 There
is the presence of a centralized feed-forward neuromuscular
alteration that indicates anticipatory responses to compen-
sate for the intrinsic delay in reflex pathways, and these are
intended to minimize the equilibrium disturbances pro-
voked by balance deficits in subjects with CAI. Further-
more, there is a reflex chain of events that occurs in the
lower limb after injury because of the pre-existing bio-
mechanical link between proximal and distal lower extrem-
ity.25 Pronated feet, which is a common finding in subjects
with CAI, has been found to cause internal rotation at the
tibia and femur, which consecutively leads to anterior tilt-
ing of the pelvis in these subjects.26 This biomechanical
link might explain the lower activation of hip muscles dem-
onstrated in our study in subjects with CAI, because skele-
tal malalignment has been found to alter the angle of action
and recruitment of skeletal muscles. According to



Table 2. Findings of Mixed Model Analysis of Variance Showing Main and Interaction Effects

Muscle Activity Main and Interaction Effects df F P Value h2

Gluteus maximus Group (main effect)a 1 86.24 <.001 0.72

Task (main effect)b 2.33 0.181 .866 0.006

Group£ task (interaction) 2.33 0.705 .518 0.02

Gluteus medius Group (main effect) 1 40.40 <.001 0.55

Task (main effect) 3.72 2.06 .094 0.061

Group£ task (interaction) 3.72 1.36 .254 0.041

F, Fischer statistic; h2, partial eta square.
a Chronic ankle instability vs healthy subjects.
b Functional exercises
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MacKinnon et al,27 improper foot placements are corrected
by synergistic action of the subtalar and hip joint such that
small errors in foot placement are compensated by distal
adjustments, whereas larger errors are corrected by proxi-
mal adjustments at the hip, which might have led to altered
or diminished EMG activity of hip muscles observed in the
present study.

The present study demonstrated insignificant differences
in the activity of hip musculature within both the groups
Table 3. Comparison of Electromyography Activity of Hip Muscles (
Exercises in Healthy Controls vs Subjects With Chronic Ankle Instab

CAI Healthy
Variables Mean § SD Mean § S

Gmed (%MVIC)

Y ant 40.5 § 25.02 152.2 § 94

Y pm 35.2 § 24.24 171.0 § 16

Y pl 48.9 § 30.59 222.9 § 19

Sls 43.5 § 26.77 127.4 § 72

Slsb 45.7 § 24.13 137.6 § 67

Gmax (%MVIC)

Y ant 39.0 § 20.55 93.6 § 60

Y pm 38.2 § 12.55 123.7 § 89

Y pl 36.3 § 13.84 150.5 § 13

Sls 44.3 § 21.08 178.5 § 20

Slsb 44.3 § 16.91 120.1 § 82

CI, confidence interval; ES, effect size; Gmed, gluteus medius; Gmax, gluteus
gle-leg squat; Slsb, single-leg squat with swiss ball; Y ant, anterior approach
posterolateral approach of Y Balance Test.
across functional activities. These findings might be par-
tially attributed to the use of closed-chain activity rather
than the open-chain position in the present study. Our tasks
positions were similar, all using a closed-chain posture and
probably posing similar neuromuscular demands on the hip
muscles, which might be the reason behind similar EMG
activity of hip muscles across the functional exercises. Sim-
ilarly, insignificant differences were observed for EMG
activity of the Gmed muscle during the performance of
Gluteus Medius and Gluteus Maximus Muscle) During Functional
ility

D P Value ES (CI)

.98 <.0001 �1.57 (�2.35 to �0.79)

9.34 <.0001 �1.10 (�1.82 to 0.37)

2.5 <.0001 �1.40 (�2.16 to 0.64)

.21 <.0001 �1.50 (�2.28 to �0.73)

.46 <.0001 �1.77 (�2.58 to �0.96)

.19 <.0001 �1.19 (�1.92 to �0.45)

.59 <.0001 �1.31 (�2.05 to �0.56)

6.74 <.0001 �1.15 (�1.88 to �0.42)

3.01 <.0001 �0.91 (�1.62 to �0.20)

.26 <.0001 �1.50 (�2.28 to �0.73)

maximus; %MVC, percentage of maximum voluntary contraction; Sls, sin-
of Y Balance Test; Y pm, posteromedial approach of Y Balance Test; Y pl,



Fig 2. (A) Gluteus medius (gm) and (B) Gluteus maximus (GM)
electromyographic activity during functional exercises. CAI,
chronic ankle instability; Yan%, percent maximum voluntary con-
traction during anterior; Ypm%, posteromedial approach of Y bal-
ance; Ypl%, posterolateral approach of Y balance; Sls%, single-
leg squat without Swiss ball; Slsb%, single-leg squat with swiss
ball.
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tasks such as forward lunge, single-limb standing with eyes
closed, Star Excursion Balance Test (anterior, posterome-
dial, posterolateral) approach, and lateral hop tasks in a pre-
vious study,4 which again highlights the fact that closed-
chain tasks with a balance component in them usually
causes similar recruitment of hip muscles in subjects with
CAI. In our study, insignificant differences in hip muscle
activity during functional exercises within both the groups
could be explained by the 2-dimensional design of func-
tional exercises, because previously challenging 3-dimen-
sional tasks, such as rotational squat and rotational lunge,
have resulted in notably different muscle activity patterns
at the hip in subjects with CAI and healthy controls.28 It
has been reported previously that subjects with CAI have a
reduced ability to cope with changing task demands, which
thus elicits differential muscle activation patterns at the
hip during performance of challenging tasks. Moreover,
although nonsignificant, the addition of a Swiss ball during
single-leg squat increased Gmed activity by 10% in healthy
individuals in the present study, which might be a result of
greater pelvic stability challenge and neuromuscular control
demands offered by the Swiss ball during the single-leg
squat.29 In summary, it can be inferred that all the functional
exercises assessed in the present study demonstrate
statistically similar recruitment of Gmed and Gmax muscles
across all functional exercises, suggesting the use of similar
neuromuscular behavior during these exercises.
Strength and Limitations
The present study has some limitations, such as the use of

surface electrodes for recording EMG activity that might have
taken noises from other nearby muscles. In addition, we
recorded EMG activity of only the hip muscles. The recording
of ankle muscle activity along with the hip might have pro-
vided a better understanding of neuromuscular control strate-
gies adopted by subjects with CAI. Moreover, a control group
with a previous history of ankle injury but without any recur-
rent instability should have been taken for in-depth investiga-
tion of motor control strategies in patients with ankle sprain
with and without CAI. Such an investigation might have
given some indications regarding the development of CAI in
selected individuals and not all. Despite these limitations, all
the procedures were performed as per standard guidelines.
The findings of this study are convincing, and they provide
indications regarding the involvement and alteration of hip
muscle activation patterns in subjects with CAI, and they
might be of importance to clinicians working with these
patients.
Recommendations for Future Research
Because there is a strong biomechanical link between

proximal and distal musculature and joints, investigating
EMG activity of abdominal and spinal muscles in subjects
with CAI would be of interest; it should be investigated to
determine whether there is more proximal involvement in
these patients. Investigating hip muscle activation during
more challenging functional tasks and prospective studies
to determine whether altered activation of Gmed and Gmax
develops in relation to CAI are necessary for more conclu-
sive rehabilitation recommendations.
TAGGEDH1CONCLUSION TAGGEDEND

The main findings of this study demonstrate that EMG
activation patterns of hip musculature (Gmed and Gmax)
are significantly different between subjects with CAI and
healthy controls. The activity of these muscles is dimin-
ished in subjects with CAI during all functional tasks as
compared with healthy individuals without any ankle insta-
bility. This finding is the most important one in this study,
and it might be of relevance to clinicians with patients with
CAI. The inclusion of hip muscle strengthening (Gmed and
Gmax) can be considered to evolve the present rehabilita-
tion protocols for CAI. Another important finding of this
study indicates that both Gmed and Gmax muscle activity
do not vary during functional tasks within each group,
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which might indicate that the activation pattern of these
muscles is not sensitive to the type of functional task in
subjects with CAI and in healthy individuals; thus, it could
be inferred that any of these exercises can be used for selec-
tive recruitment of Gmed and Gmax in subjects with CAI.
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Practical Applications
� EMG activity of hip abductors is significantly
reduced in subjects with chronic ankle insta-
bility (CAI).

� Gluteus maximus and medius strengthening
should be incorporated in the rehabilitation of
CAI patients.
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