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The Effect of TheraBand® Corrective Exercise on Co-contraction of Ankle Joint in
Men with Genu Valgum during Walking: A Randomized Clinical Trial Study
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Abstract

Original Article

Introduction: Malalignments in the lower limb can affect the biomechanics of human movements such as walking.
The ankle joint has a major role in shock absorption, however abnormalities such as genu valgum can disrupt its
function. The objective in this study is to investigate the effect of corrective exercise with TheraBand® on the ankle
joint co-contraction in patients with genu valgum during walking.

Materials and Methods: 24 male students (20-30 years old) were randomly divided into the two control and
experimental groups. Corrective exercises were performed for 8 weeks using TheraBand® for the experimental
group. The electrical activity of the selected muscles was recorded by the electromyography (ECG) device
(Biometrics Ltd, UK). The statistical analysis was performed using the SPSS software and repeated measures
analysis of variance (ANOVA) at the significant level of 0.050.

Results: Findings in the experimental group showed that the general co-contraction of ankle joint increased
significantly in the heel contact phase during the post-test phase compared to the pre-test phase (P = 0.044; d = 0.12).
Other components did not show any significant differences (P > 0.050).

Conclusion: Generally, increased co-contraction of ankle during the heel contact phase indicated greater ankle joint
support after the corrective exercise.
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Introduction
Walking is one of the basic human needs and skills
for movement achieved by children in the first year of
life (1). Various factors affect this important activity
and cause impaired posture and balance. Postural
control is a very important factor in maintaining
balance while standing, walking, working, and facing
sudden disturbances in life, which is referred to as the
ability to maintain balance and orient the body in the
environment (2). Postural control is the basis of body
movements and is necessary for most daily activities
and is influenced by the visual, atrial, and
somatosensory systems with the interaction of the
central nervous system (CNS) (3).
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The results of some studies show that the direction
of the lower limb is one of the factors affecting
postural control (4-7). In the normal standing position
on both feet, the mechanical axis of the lower limb
passes through the center of the knee joint (8).
Abnormalities in the lower extremities can adversely
affect the biomechanics of human movements such as
walking, leading to symptoms of instability in the
lower extremity joints (9). Since the feet connect the
body to the ground, structural deviations, especially
in the knee and ankle joints, increase the likelihood of
injury to individuals and may prevent them from
participating in activities (10). Individuals with genu
valgum have a higher risk of developing the disease
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as well as a higher risk of osteoarthritis of the knee in
the external compartment in comparison to the
healthy people or patients with the genu varus
complication (11). This complication reduces the
knee adduction torque, knee adductive rotation, and
knee flexion compared to the healthy group and
patients who suffer from this complication in the
inner part of their knees (12). In the genu valgum, the
medial supporting ligaments of the knee are stretched,
and the progression of these deformities and,
consequently, the increase in force on these ligaments
may lead to their inefficiency or rupture (13).
According to the results of some studies, lower
limb deformities such as genu valgum can also affect
the ankle joint and disrupt the main function of this
joint, which is to absorb forces during the support
phase (14). Any abnormal alignment in the lower limb
affects the subtalar joint pronation in the support phase
and even impairs the shock absorption mechanism in
the plantar fascia (6). Therefore, it is very important to
find a way to correct the cruciate ligament
complication and prevent its possible risks in patients.
Different methods have been suggested for the
treatment of the cruciate ligament complication, one of
which being the use of corrective exercises (7). This
type of exercise, using Kendall theory, leads to
stretching of short muscles and strengthening of
weakened muscles (7). TheraBand® is one of the most
widely used and available training tools that is also
used in corrective training programs (15). TheraBand®
is a cheap, portable, and useful tool to increase muscle
strength, and does not have the problems of using
weights such as common injuries in this type of
exercise, including stretching, muscle tears, and joint
damage, especially in people with complications (16).
Positive outcomes have been reported for exercise
interventions,  including  appropriate  resistance
exercises with TheraBand®, to improve strength and
the ability to maintain lower limb balance, in addition
to lowering overload on the internal parts of knees and
preventing the progression of structural damage (15).
Various methods have been proposed to evaluate the
effectiveness of therapeutic techniques, such as
examining the forces acting on the lower limbs or the
kinematic study of these exercises. Additionally, it
seems appropriate to examine co-contraction of
muscles as a method. The proper pattern of muscle
activity and simultaneous function of agonist and
antagonist muscles around the joints is also of
particular biomechanical importance. This is because
the muscle cocontraction is one of the factors that play
an important role in maintaining joint stability (17).
Simultaneous activity of different muscles acting
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around a joint is called muscular cocontraction (18). In
general, there are two types of co-contraction; general
cocontraction and directional cocontraction, which
examines the ratio of the activity of the agonist and
antagonist muscle groups around the joints. Increasing
co-contraction increases the loads on the joint (18).
Therefore, increasing the amount of general
cocontraction, especially in the ankle joint, is very
important. Considering the possibility of recording the
activity of the tibialis anterior and gastrocnemius
muscles and the effective role of these two muscles in
the stability of the ankle joint (17), these muscles were
evaluated in the present study.

The present study is conducted with the aim to
investigate the effect of a course of corrective training
with TheraBand® on ankle joint cocontractions in
patients with genu valgus while walking. It has been
hypothesized that corrective exercise reduces the
amount of general cocontraction.

Materials and Methods

This study was a randomized clinical trial conducted
at the Health Center of the School of Educational
Sciences and Psychology, University of Mohaghegh
Ardabili, Ardabil, Iran. The statistical population of
the study included people with genu valgus in
Ardabil. All male students of University of
Mohaghegh Ardabili were surveyed and monitored,
and among them, 24 boys with genu valgus were
randomly assigned to (putting names in a bag and
selecting the members of each group without looking
at the names) the two intervention and control groups
each as 12 subjects (Figure 1).

A caliper (CA46150, Alton, China) was utilized to
measure the increase in the knee valgus. For this
purpose, the participants were asked to stand in an
anatomical position. Then the distance between the two
inner ankles of the feet was measured using the caliper.
Then the subjects with genu valgus with an internal
ankle distance of 2 to 5 cm (19) were included in the
study. The study inclusion criteria included having
genu valgus in both legs and no knee injury in the
supporting ligaments. Moreover, a history of lower
limb fractures, neuromuscular problems, a difference in
limb length of more than 5 mm, and the absence of the
genu valgus complication were considered as the
exclusion criteria. The right leg was identified as the
dominant leg of all subjects (16).

It should be noted that research ethics was
observed in all stages of the project and consent was
obtained from the participants in the study. All study
steps were conducted in accordance with the
Declaration of Helsinki (DOH) (20).
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Figure 1. CONSORT chart

The present study obtained an ethics code number
IR-ARUMS-REC-1397-091 from Ardabil University
of Medical Sciences, Ardabil, Iran and the Iranian
Registry of Clinical Trials (IRCT) code
IRCT20181223042082N1.

The present study was performed in two stages:
pre-test and post-test. The subjects performed the
running attempt on the 10-m route of the laboratory
after the electrodes were placed on their muscles.
Each step was recorded with three correct attempts.
An attempt was considered correct in which the
electromyography (EMG) signal of all the muscles
was recorded correctly. At the beginning of both
stages of the test, the participants warmed up for 10
minutes with stretching and jumping movements and
performed cooling down after the test.

The correctional exercises were performed for eight
weeks and the subjects were engaged in stretching
exercises on short muscles for the first two weeks (21).
These exercises were performed in four 30-second
periods. Then, the subjects performed strengthening the
weakened muscles with TheraBand® for six weeks.
The corrective exercises were applied to both legs three
sessions a week every other day (Saturdays, Mondays,
and Wednesdays), with each session lasting 30 to 40
minutes. During the correctional exercises performed
by the intervention group, the subjects in the control
group did not participate in any exercises and only
performed the pre-test and post-test steps.
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The electrical activity of tibialis anterior and
gastrocnemius medialis muscles was examined using
an 8-channel wireless EMG device (Biometrics Ltd,
UK) and bipolar surface electrode model Ag/AgCl
[circular shape with 11 mm in diameter; center to
center distance of 25 mm, input impedance of 100
MQ, common mode rejection ratio (CMRR) less than
110 dB at 50 to 60 Hz]. 500Hz low-pass and 10Hz
high-pass filters, as well as a 60Hz notch filter (to
eliminate the utility noise) were used to filter raw
EMG data (22). The sampling rate for muscle
electrical activity was 1000 Hz. The location of the
selected muscles and operations such as shaving the
hair of the electrode placement site and cleaning it
with alcohol (C,HsOH-Ethanol 70%, Kimia Alcohol
Company, Iran) were performed according to the
Surface  EMG for Non-Invasive Assessment of
Muscles (SENIAM) recommendation (23). The root
mean square (RMS) calculation method was used to
obtain the range of electrical activity of muscles. The
peak of the muscle activity was recorded as the
maximum voluntary isometric contraction (MVIC).
For example, the MVIC of the gastrocnemius
medialis muscle activity was recorded by asking the
subject to stand on one foot (the right foot on which
the electrode was placed) and to stand on his toes for
5 seconds. To record the peak activity of the tibialis
anterior muscle, the subject placed his foot under a
fixed plate and performed dorsiflexion (the heel was
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fixed on the ground and the toe moved upward, and in
the case of complete contraction without change, the
isometric contraction angle was created) and the peak
isometric activity of this muscle was recorded. In the
next step, all EMG data were analyzed using
Biometrics DataLITE (Biometrics Ltd, for Windows,
UK) and MATLAB (Math Works® R2016a, for
Windows, Natick, USA) software and the data
obtained were recorded in Excel software (Microsoft
Corp. Released 2016. Microsoft Office for Windows,
Redmond, WA, USA). Equation 1 was employed to
determine the values of both general and directed co-
contraction at different stages of walking (24).

Directed cocontraction
Mean activity of antagonist muscles

=1—

Mean activity of agonist muscles
Relation 1

Shapiro-Wilk test was used to evaluate the normal
data distribution and the possibility of using parametric
tests. Data were analyzed using repeated measures
analysis of variance (ANOVA) and Bonferroni post
hoc test to compare data between the pretest and
posttest stages of the two groups in SPSS software
(version 21, IBM Corporation, Armonk, NY, USA).
P < 0.05 was considered as the significant level. The
effect size in the present study was calculated using
Cohen’s d equation as relation 2 (25).

D = (meanl — meanZ)/(@) Relation 2

Results
The demographic information of the participants in the
intervention and control groups is presented in table 1.

Given the level of significance obtained, the
hypothesis of heterogeneity of variances was rejected
and the differences between the groups were not
significant.

The mean general and directed ankle joint
cocontractions in the intervention and control groups
during the pre-test and post-test gait stages are
displayed in table 2. Accordingly, the effect of time
factor on the general ankle cocontraction in the heel
off phase during the post-test had a significant
increase compared to the pre-test (P < 0.017). The
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effect of group factor on the general cocontraction in
the mid stance phase (P < 0.037) and heel off phase
(P = 0.046) showed a significant increase in
comparison of the two groups.

Additionally, a significant difference was
observed in the interaction between time and the
general cocontraction group in the heel contact phase
(P < 0.024). The results of post hoc test revealed that
the general cocontraction during the heel contact
phase in the training group had a significant increase
of 5.85% during the post-test compared to the pre-test
(P <£0.024, d = 0.12). Other components showed no
significant difference between the two groups during
the post-test compared to the pre-test (P > 0.050).

Discussion

The aim of the present study was to investigate the
effects of a correction training course with
TheraBand® on ankle joint cocontraction in subjects
with genu valgus while walking. The findings in the
exercise group showed that the general cocontraction
of the ankle joint in the heel contact phase during the
pre-test was significantly increased compared to the
post-test. The other components did not show any
significant differences.

Abnormal knee valgus when walking, especially
during the foot-to-ground contact when performing
various activities, is associated with some common
knee injuries such as supportive ligament injuries such
as the anterior cruciate ligament (ACL) (26). Some
studies have reported a direct relationship between
thigh muscle activity and knee valgus. Thus, the
increase in thigh muscle activity led to an increase in
knee valgus (27). Moreover, in various studies, the
relationship between quadriceps muscle activity (28) or
knee muscle activity ratio (29), for instance, the ratio of
vastus medialis to vastus lateralis activity and genu
valgum has been investigated and the results showed
an inverse relationship; so that the decreased activity or
contraction ratio led to an increase in knee valgus in
movements such as squats. The results of a study by
Zeller et al. indicated an increase in rectus femoris
activity with an increase in valgus in squat movement
(30), which is contrary to other studies (26-28).

Table 1. Demographic information of subjects

Characteristics Control (n=12

Intervention (n = 12 P value (Levene’s test

Age (year) 23.14 + 2.96 21.71 +2.28 0.343
Height (m) 1.82 +0.06 1.76 +0.06 0.717
Weight (kg) 80.15 + 1.50 83.35+1.10 0.388
BMI (kg/m2) 26.30 + 1.68 26.14 + 3.33 0.205

BMI: Body mass index

Data are reported as mean + standard deviation (SD).
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Table 2. Mean general and directed ankle cocontraction in both exercise and control groups during pre-test and post-test gait stages
Co-contraction Intervention group Percent Control group Percent
change change
Pre-test Post-test Pre-test Post-test Effect of  Effect of Effect of
time group group-time
factor factor interaction

Heel General (MVIC 3346+£10.00 35.43+22.30 5.85 28.88+10.55 28.99+11.22
contact percentage)
Dorsiflexor/plantar 042+0.21 0.37+£0.23 11.90 0.40+0.24 041+0.20 2.50 0.621 0.763 0.526
flexor (ratio)
Mid stance ~ General (MVIC 32.09+14.08  44.20+17.65 37.73  4586+2875 479712121 4.60 0.090 0.037 0.229
Percentage)
Dorsiflexor/plantar 0.28£0.21 0.37+0.24 32.14 0.27 £0.22 0.33+0.24 22.22 0.125 0.491 0.723
flexor (ratio)
Heel off General (MVIC 63.54 £25,57  98.21+55.16 54.56 95.65+41.20 99.69 +41.06 4.22 0.017" 0.046" 0.060
Percentage)
Dorsiflexor/plantar 0.19+0.21 0.20+£0.24 5.26 0.16 £0.14 0.18£0.16 12.50 0.713 0.514 0.844
flexor (ratio)
Oscillation General (MVIC 23.12£8.65 29.25+17.95 26.51 2547+£9.34 2956 +26.67 16.05 0.123 0.704 0.756
Percentage)
Dorsiflexor/plantar 0.45+0.24 0.44 £0.32 2.22 0.49+0.20 0.49+£0.30 0 0.905 0.413 0.842
flexor (ratio)

“Significance at the level of P < 0.050
Data are reported as mean + standard deviation (SD).
MVIC: Maximum voluntary isometric contraction
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The results of the present study suggested an
increase in general ankle joint cocontraction in the
heel contact phase. The compressive force of the
muscles around the ankle joint in the heel contact
phase can be more than three times the body weight
and up to five times the body weight respectively
during walking and in the phase of toe separation
from the ground (31). A study reported that the
increased simultaneous activity of the agonist and
antagonist muscles is controlled by a central
interaction mechanism. The increased cocontraction
has been introduced as a supportive mechanism in
some studies and as a dangerous mechanism in some
others. Maintaining the joint balance, providing
resistance to the joint rotational movements, and
balancing the pressures imposed on the joint surfaces
are among the advantages of the increased
cocontraction.  Cocontraction  during  dynamic
activities such as walking has been defined as an
attempt to stabilize the joint and decrease the shear
and rotational forces both of which are harmful to the
health of the joint cartilage (34). The results of a
study suggesed that people with genu valgum
complication need more activity of the gastrocnemius
medialis muscle to maintain their posture compared
to healthy individuals; Because compared to the
healthy people, in order to control the dynamic
posture of the lower extremities, these people need
more to control the position of the subtalar and
midtarsal joints on the frontal plane (35).
Furthermore, in some other studies, it has been
clamined that the external hamstring weakness causes
internal rotation of the thigh and tibia as well as the
occurrence or exacerbation of the genu valgus
deformity (36). The increase in the general
cocontraction in the ankle joint during the heel
contact phase may be a mechanism of protection of
this joint against shear forces, which has increased
during the increase of the knee valgus.

In a study aimed at investigating the effect of
corrective exercises on the components of ground
reaction force (GRF) as well as the kinematic
characteristics of the older adults with genu valgus
during landing movement, Jafarnezhadgero et al.
examined 26 elderly men with genu valgus and
performed the selected corrective exercises for 14
weeks and achieved significant results. Given their
findings, the selected corrective exercises improved
the kinematic characteristics of the patients with genu
valgus, in addition to improving the GRF
components. This improvement led to a reduction in
the secondary injuries and the prevention of risks
associated with increased valgus angle in the elderly
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(4). The increase in the general ankle cocontraction
can also prevent secondary injuries due to increased
knee valgus. Therefore, it can be concluded that the
results of the study by Jafarnezhadgero et al. (4) were
in agreement with the findings of the present study.
However, no other studies were found in this area.
The mechanism of reduction of possible injuries takes
place as a result of increasing the general ankle
cocontraction and can play an important role in
increasing the stability of this joint during daily
activities including running and walking (17).

Limitations
One of the most important limitations of the present
study was the lack of recording of GRF and also the
absence of females in the study.

Recommendations

It is suggested that corrective training interventions
using TheraBand®, in addition to individuals with
genu valgus, be applied to subjects with the genu
valgum complication at the same time and the results
be compared. Additionally, it is better to examine
females with genu valgum complication and
investigate the kinematic variables among them.

Conclusion

According to the results, which showed an increase in
the general cocontraction of the ankle joint during the
heel contact phase, it can be concluded that corrective
exercises have been able to enhance muscle support
in this joint during heel contact. In this phase, the
ankle joint withstands a high volume of forces and
increasing the support of this joint in this phase can
increase joint stability and balance in patients with
genu valgus.
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