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Objectives: The results of a few studies about the effects of ankle brace on muscles function
during the performance of different tasks are contradictory. Moreover, the effect of brace on
the co-contraction of ankle muscles is undiscovered. Therefore, the present study investigated
the effect of brace usage on the ankle muscles activity and co-contraction during single-leg
landing.
Methods: Fifteen non-athletic males aged 22.3±1.09 years without any traumatic injury and
abnormality of the lower limb participated in this study. Electromyography activity of the
ankle muscles (tibialis anterior, lateral gastrocnemius, medial gastrocnemius, peroneus longus
and soleus) and muscle co-contraction in the anteroposterior and mediolateral directions were
compared between two single-leg landing conditions, in respect of braced and unbraced ankle.
The subjects landed from a 60-cm height bench. For the normalization of electromyography
amplitudes, maximal voluntary isometric contractions were recorded for each muscle. Paired
Samples t-test was used to compare muscle activities and co-contractions between the two
conditions of landing.
Results: In general, the activity of selected ankle muscles was reduced in braced condition,
compared to the unbraced condition (P<0.001). This reduction was not significant in the
gastrocnemius lateralis muscle. In addition, the muscles co-contraction decreased in both
directions during landing in braced condition (P<0.05).
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Discussion: According to the obtained results, ankle brace reduces the activity and cocontraction of ankle joint muscles during landing. These findings can be considered as
advantages of using brace, because it could reduce the load imposed on joint and muscles.
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Highlights
● Wearing an ankle brace reduces the activity of the ankle joint muscles during landing.
● Wearing an ankle brace reduces the co-contraction of the ankle joint muscles during landing.

Plain Language Summary
Athletes use braces to protect them from injuries. One of the popular kinds of braces is ankle brace. It is important
to know why athletes are greatly satisfied while using an ankle brace. The present study revealed that ankle brace decreases activity and co-contraction of ankle muscles during intense activities like single-leg landing. This finding can
be considered an advantage of using an ankle brace because it could reduce the load imposed on joint and muscles.

S

1. Introduction

tudies revealed that 15% of all sports injuries occur in the ankle joint, and 85% of
these injuries are ankle sprains [1]. Moreover, joint stabilization by external protectors can reduce the odds of injury and
sprains; thus, therapists recommend athletes to use braces [2, 3]. Although brace as a supportive tool has been
accepted by athletes, researchers are still investigating
the mechanism by which brace affects the function of
supporting structures of the joint.
In this regard, the mechanism of the bracing effect on
the ankle muscles activity has been evaluated. Few researchers have investigated the effect of bracing on the
ankle muscles during different tasks [4-7] and reported
contradictory results. Hopper and et al. investigated the
effect of bracing on the selected muscle activity in netball players in jump landing. They concluded that the
electromyographic activity of gastrocnemius and peroneus longus muscles significantly decreased when subjects were braced [7].
Feger et al. determined the effect of bracing on electromyography amplitudes in participants with chronic ankle
instability during various tasks. According to their findings, the activity of some ankle muscles reduced during
the forward lunge and anterior reach of star excursion
balance; while no differences were observed between
braced and unbraced conditions during the single limb
eyes-closed balance, the posteromedial reach of star excursion balance, or lateral hop exercises [5].
Cardoso et al. indicated that ankle bracing cannot affect
the muscles activity during vertical jumping and lateral
shuffling [4]. Tesuchida et al. reported the effect of bracing on the activity of selected muscles during landing

18

from 30 cm and 50 cm height movements. Their findings
suggested that wearing a brace significantly decreased
the activity of medial gastrocnemius muscle during landing from a 50 cm height [6].
Although muscle co-contraction is an important protective mechanism for joints [8], the impact of brace on
it has been overlooked by previous researches. Therefore, the present study investigated the effect of brace
on the ankle muscles activity and co-contraction in
healthy individuals during single-leg landing. Among
different tasks, single-leg landing imposes the greatest
force on the ankle joint. Thus, this task was considered
as an independent variable to determine the effect of
ankle brace on muscles function in one of the most difficult dynamic conditions.

2. Methods
Fifteen non-athletic male volunteers (Mean±SD
age: 22.3±1.09 years, height: 179.6±6.64 cm, weight:
74.6±4.48 kg, and BMI: 23.7±2.67 kgm2) were recruited.
Inclusion criteria were ≥19 years of age, a normal BMI,
not being an athlete. Exclusion criteria were health problems such as traumatic injuries, abnormalities, surgical
history, and pain in the lower limb. The Research Council of the Islamic Azad University, Boroujerd Branch, in
agreement with the Declaration of Helsinki, approved all
the study procedures prior to the onset of study.
For the electromyographic acquisition, Electromyography (EMG) (Biomonitor ME6000 T-16, Finland) was
used. Muscle activity was sampled at 1000 Hz via a 16
bit DAQ-516 A/D card and recorded in a laptop computerizing MegaWin (Mega Electronics Ltd, Kuopio, Finland). The signal-to-noise ratio was set at 110 db.
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Figure 1. Electrode placement over the ankle muscles and experimental setup with and without a brace

Pairs of 10-mm diameter Ag/Ag Cl electrodes in dipole
array were located on the skin of Tibialis Anterior (TA),
Peroneus Longus (PL), Gastrocnemius Lateralis (GL),
Gastrocnemius Medialis (GM), and Soleus (S) muscles
with an inter-electrode distance of 20 mm (Figure 1).
For reducing the skin impedance, the skin was shaved
and cleaned by alcohol 70% (ethanol-C2H5OH) before
placing the surface electrodes. The electrodes were fixed
at the abdominal muscles according to the European
concerted action Surface EMG for a Non-Invasive Assessment of Muscles (SENIAM) [9]. The right leg was
randomly selected for the placement of electrodes. After
electrode placement and warm-up, at trials, three Maximal Moluntary Isometric Contractions (MVIC) were recorded for each muscle to normalize SEMG amplitudes.
Every participant was trained to perform 2 second maximum contraction against the resistance. The resisted
movements were as follows: dorsiflexion-tibialis anterior, pronation-peroneus longus, plantarflexion–medial
and lateral gastrocnemius and soleus [9, 10].
The participant sat on a bench while performing the
MVICs in respect of tibialis anterior and the peroneal
muscles. In the gastrocnemius and soleus MVICs, to ensure that the participant would not slide backward during
the contraction, the participant sat on the floor with their
back against a wall. Three consecutive maximum efforts
were separated by a 1 min recovery period to avoid fatigue. For calculating average Root Mean Square (RMS)
from three trials, a 600 ms window in the middle of the
2 s recording period was applied. After performing the
normalization test, the electrical activity of the muscles

was recorded while performing single-leg landing tests
on a 60-cm height bench both unbraced and braced (ankle brace) (Figure 1). This study used the ankle support
brace by an elastic strap (model 1009).
Three balanced single-leg landing in each condition
(braced and unbraced) were recorded for every participant. Muscle activity was considered from the moment
of landing to one second after landing. The moment of
landing was determined by a single electrical footswitch.
To measure the amount of muscles electrical activity, the
average root mean square of every three trial was computed and normalized while considering corresponding
MVIC trials for each muscle.
To reduce electrical interferences from external sources, the signals were filtered by a bandwidth Butterworth
fourth-order filter of 10-500 Hz and a band-stop filter of
50 Hz. The Co-Contraction Index (CCI) [11] was used
to represent ankle-dorsiflexor and extensor (TA and GL),
and ankle invertor and evertor (TA and PL) muscles cocontraction.
EMGANT
CCI=2×
×100
EMGAG+EMGANT
To measure the CCI, the antagonistic muscle activity
(the average of root mean square) was divided by the
mean score of agonistic (EMGAG) and antagonistic (EMGANT) muscles activations.
The average RMS values of the co-contractions and
muscles activities between the two conditions of landing
were compared using the paired samples t-test. Statisti-
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cal analysis was carried out using SPSS and P<0.05 was
considered as statistically significant.

3. Results
As shown in Figure 2, brace reduces the activity of all
selected ankle muscles. This decrease in muscle activity
was statistically significant except for the GL (P<0.001).
In general, brace usage reduced the average activity of
selected muscles by 15.82%, which was statistically significant (P<0.001) (Table 1).
The results of the effect of brace on the ankle muscles
co-contraction are presented in Figure 3. These results
suggested that using brace reduces the co-contraction
rate of ankle muscles (P<0.05) in anteroposterior (plantarflexor and dorsiflexor muscles), and mediolateral
(evertor and invertor muscles) directions.

4. Discussion
The obtained results suggested that using brace decreased the ankle muscles activity, in general. The results of some studies are in-line with the current research
[5, 7]; while others [4] are inconsistent with the present
study. The reduced ankle muscle activity by a brace, can
be associated with two other effects of brace on the joint.
Previous studies have argued that brace controls the joint

range of motion [12]. By controlling the joint’s range of
motion, the brace can partly reduce the amount of load
imposed on the joint muscles, thereby reducing muscle
activity [13]. Additionally, brace increases the joint’s
mechanical stability [14]. By increasing the passive mechanical stability, the brace reduces the need for the active mechanical stability of the joint caused by muscle
intervention. Reducing muscle intervention in stabilizing the joint leads to decreased muscles activity.
The most important finding of the present study was
reduced ankle muscle co-contraction, both in the plantarflexors and dorsiflexors muscles as well as evertor
and invertor muscles after using a brace. Based on the
literature review, this issue has not been assessed in
previous studies. Co-contraction is among the functional mechanisms of agonist/antagonistic muscles to
increase joint stability during motion performance [8].
However, because the brace produces passive stability
in the joint, [15] the requirement of active stability for
the joint will reduce. It can be considered as a benefit of
using brace; as active stability derived from co-contraction has the potential to increase the compressive forces
within the joint [16].
The selection of the right leg for the experiment without paying attention to the dominant and non-dominant

Table 1. Percent reduction in ankle muscle activity due to the use of brace during single-leg landing

Percent Reduction

TA

PL

GL

GM

S

Total

Mean±SD

22.00±16.57

17.57±9.76

7.45±33.22

19.86±11.3

13.65±13.83

15.82±9.75

Figure 2. Mean±SD scores of ankle muscles activity during
two single-leg landing conditions
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Figure 3. Percentage of the anteroposterior and mediolateral
ankle muscles co-contraction during two single-leg landing
conditions
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leg was a limitation to this study and it is recommended
for consideration in future studies.

5. Conclusion
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