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Abstract: Background: Dynamic ankle stability depends on the rapid response capability of the tibialis anterior and
peroneus longus for protection and joint stability. In ankle rehabilitation, a delay in the activation time of these
muscles may cause functional ankle instability. Hypothesis/Purpose: The purpose of this study was to examine the
effect of closed chain Pilates exercises on electromyography activity of the tibialis anterior and peroneus longus
muscle activations. Study Design: Randomized study Methods: Ten healthy individuals were examined during
dynamic exercises on the Reformer and the proprioception exercises on the Step chair of the Pilates. Results: The
tibialis anterior muscle had significantly higher electromyography activity on the Step Chair exercises. The peroneus
longus presented significantly higher electromyography activity on the Reformer exercises. Conclusion: The results
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demonstrated an increase of recruitment of the tibialis anterior and the peroneus longus in closed chain exercises
that maybe useful in ankle stability rehabilitation.

Introduction

Dynamic ankle stability depends on the rapid response capability of the tibialis anterior and peroneus longus for
protection and joint stability.3 Chronic and functional ankle instability, repetitive sprains, and ligament injuries can
cause a sensorimotor and proprioceptive deficit, which results in a motor control changes of the tibialis anterior and
peroneus longus.5 A delay in the activation time of the tibialis anterior and peroneus longus muscles may cause
functional ankle instability.3 Sensorimotor deficit, proprioception deficit, decreased peroneus longus muscle control
and balance are related to the instability of the ankle joint.3,4 The proprioceptive deficit produces a decrease in the
reflex of the tibialis anterior and peroneus longus, causing a decrease in balance, change in posture control and
decreased functional ankle instability.3

Proprioceptive deficit, muscle fatigue and muscle imbalance compromise the muscle spindle which is the most
compromised receptor in the ankle stability.3 The fatigue of the lower limb muscles including the hip, knee, and ankle
may affect stability and postural control.1,6

Conceição conducted an electromyographic analysis in patients with chronic ankle sprains and found that electrical
activation of the peroneus longus muscle was decreased in a state of chronic ankle instability.19 Weakness of the
peroneus longus muscle was suspected as a cause of chronic ankle instability and high incidence of ankle sprains
by inversion.19 The high incidence of recurrent inversion ankle sprains is likely the combination of the decreasing
ankle proprioception with evertor muscle weakness. 19 In a review of the literature on the EMG activation of the leg
muscles in proprioceptive exercises in the ankle rehabilitation, there was a higher activation of the lateral muscles,
specially the peroneus longus muscle.20

Cunha and Regina21 studied the EMG activation of the tibialis anterior muscle and peroneus longus during posture
maintenance on the balance board with single-leg and bipedal supports. The results showed that the anterior tibialis
muscle presented higher activation in exercises with balance board and bipedal support, while the peroneus longus
muscle presented higher activation in single- leg support exercises.21 Ferreira et al. found the activation of the
tibialis anterior and peroneus muscles was observed on stable and unstable surfaces, and it was also found that
both muscles have muscle activation on both types of surfaces.22

The Pilates Method has been an option for the treatment of various pathologies, as it is provides core body control
and proprioceptive feedback.11 Cruz-Ferreira et al. reported that Pilates exercises are a good resource for
improving dynamic balance and healthy adults.12

Proprioceptive training is essential to improve balance, proprioception and ankle stability, which is used in the
treatment of ankle injuries and injury prevention. Exercises that promote better postural control, proprioception and
balance training are being used in treatment programs for ankle instability.6-8 Repetition and control are crucial for
the development of motor coordination exercises that develop body and mind.8-10

The Pilates method has been used in several rehabilitation programs by developing improvement in balance,
proprioception, flexibility and motor coordination.14,15 The most used equipment in the Pilates method is the
Reformer by incorporating various adjustments and resistors as well as enabling the plyometric exercises.16

The objective of this study was to perform electromyographic analysis of the tibialis anterior and peroneus longus in
proprioceptive exercises on the Step chair and Reformer of the method Pilates to determine if there is an increase in
muscle recruitment with these closed chain exercises.
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Methods

A convenience sample was used according to the sample size calculation. Ten subjects were required for the
analysis of tibialis anterior and peroneus longus activations on the Reformer and Step Chair exercises of the Pilates
method.

The inclusion criteria were individuals, between 20 and 45 years old. The exclusion criteria were individuals with
lower limb injuries, visual impairment or had any vestibular disorders.

To collect the electromyographic activity, an electromyograph BiosignalsPlux with eight channels,12 bits and 1000Hz
frequency made by Plux (http://www.plux.info/, Lisbon, Portugal) was utilized for data collection.

For the tibialis anterior baseline calibration (TA), the subject performed five resisted dorsiflexion contractions. Three
moments of this contraction were recorded. For the peroneus longus baseline calibration, the subject performed five
resisted dorsiflexion with eversion contractions. Three moments of this test were also recorded.

Electromyographic analysis was performed during the six jumping exercises on the Reformer: two-legged hops,
one-legged hops, two-legged hops with support on the proprioceptive disc and with eyes open and closed, and one-
legged hops with eyes open and closed with proprioceptive disc.

Figure 1- Exercise in Step Chair

Figure 2- Jumping on the Reformer

For the analysis of exercises on the Step Chair, the exercises were
performed from the standing position with a lower limb on the long
box and another lower limb on the pedal of the Step Chair,
performing the following movements:

1. flexion and extension of the knee on the pedal

2. flexion and extension of the knee on the long box

3. alternating flexion and extension of the limb on the pedal and on the Step Chair as well as the limb on the box.

These exercises were performed with eyes open and closed.

The results of the data were analyzed by descriptive and inferential statistical test. A mixed model ANOVA was used
for the inferential analysis. All statistical analysis were performed with the statistical package SPSS version 16.0.

Results

The results were calculated from percentage of average muscle activation with and without the disc. No significant
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differences were found when performing the same exercise with and without the disc. The following results were
obtained: 4.30 for the left anterior tibial with disc and 4.25 without disc (p = 0.942); 4.04 for the right tibialis anterior
with disc and 4.26 without disc (p = 0.563); 5.09 for the left peroneus longus with disc and 4.72 without disc (p =
0.577); 5.88 for the right peroneus longus with disc and 5.26 without disc (p = 0.443) (Figure 1).

Figure 1: Average muscle activation of the tibialis anterior and peroneus longus with and without proprioceptive disc

As for the exercises performed with eyes open or closed on the Reformer no significant difference was found when
performing the same exercise, p = 0.986 for the left tibialis anterior, p = 0.147 for the right tibialis anterior, p = 0.230
for the left peroneus longus and p = 0.548 for the right peroneus longus (Figure 2).

Figure 2: Average muscle activation of the tibialis anterior and peroneus longus in exercises with eyes open and
closed

Considering that the individuals in the sample were all right-handed, the left tibialis anterior was more activated in
the left knee flexion exercise on the box with disc and eyes closed on the chair (6.47), and right single-leg hop on the
Reformer (5.70) with p = 0.826; the right tibialis anterior was more activated in the right knee flexion on the box with
disc, eyes open on the chair (6.61) and two- legged hop with eyes open on the Reformer (5.02) with p = 0.094. Yet,
as for the left peroneus longus, there was a higher activation in the exercise on the chair of knee flexion on the box
and right leg resting on the pedal (3.78), and single-leg hop with the left leg, with eyes closed and disc (10.09) with p
= 0.03.

Finally, the right peroneus longus had increased activation in the knee flexion exercise on the box with disc and eyes
open (5.34), and the two- legged hop (13.04) on the Reformer with p = 0.029 (Figure 3).
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Figure 3: Average muscle activation of the tibialis anterior and peroneus longus in the average of the step chair and
reformer exercises.

Discussion

Similar studies suggest a statistically significant electrical activity of the tibialis anterior and peroneus longus which
is higher with eyes closed than with eyes open and on unstable surface, and the activation of muscles on both
stable and unstable soil.17 In this study, there was higher electrical activity of the peroneus longus muscle during the
movement performed with eyes closed and proprioceptive disc on the single-leg hop on the Reformer. The afferent
information provided to the balance and posture controls comes from three types of systems: the visual, vestibular
and somatosensory. Thus, the exercises were chosen with the lack of vision in order to increase the afferent
information from somatosensory receptors and optimize the efferent responses.

The jump exercises performed on the Reformer such as two-legged and single-leg hops, with or without
proprioceptive disc, and with eyes open and closed are important for proprioceptive training as they are plyometric
exercises. Plyometric exercises increase eccentric-concentric cycle of skeletal muscle, causing its mechanical,
elastic and reflex potentiation, being able to promote stimulation of body proprioceptors, influencing the myotatic
reflex, Golgi tendon organ reflex and neuromuscular spindle. Plyometrics improve neural efficiency, increase control
and neuromuscular coordination as well as joint proprioception. Therefore, plyometric training not only increases
joint proprioception and kinesthesia but also restores the functional stability; so, it is a suitable training for athletes’
performance, treatment, injury prevention and strength gains.18

The current study showed that tibialis anterior muscle presented higher EMG activity in exercises on the chair
without the proprioceptive disc and with eyes open; and in exercises on the Reformer performed in single- leg hop of
the right lower limb, the left contralateral tibialis anterior was the most active. It is believed that the largest number of
mechanoreceptors (the Paccini corpuscles, Ruffini and Golgi tendon organ) lie in the ankle ligaments and are
responsible for proprioception and joint stability. The exercises performed on unstable surface and on multiple
planes of motion bring rapid changes in the ligaments of the ankle, which causes afferent reflex and motor
responses and encourages agonist and antagonist co-contraction to produce a rapid joint stability and proprioception
increase. Muscle fatigue and chronic ankle instability affect balance and dynamic postural control of the body,
creating a proprioceptive deficit and joint damage, respectively.23

Conclusion

It is concluded that the peroneus longus muscle showed higher electromyographic activity and higher statistical
significance in the exercises with the balance disc and eyes closed on the Reformer. The tibialis anterior muscle
showed higher electromyographic activity and higher statistical significance in exercises performed without disc and
with eyes open in the Step Chair. Muscle activation of the tibialis anterior and peroneus longus are important for the
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stability and proprioception of the ankle. The two exercises maybe useful in exercise protocols for motor control
training and rehabilitation for ankle rehabilitation.
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