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Abstract

Background: The patterns of activation of the leg musculature can be altered after suffering from a sprained
ankle, which can contribute negatively to the biomechanics of the leg. Ankle sprains can generate changes in
muscle electromyographic activity in both the thigh and ankle regions, for which physiotherapy is the most common
treatment. This study aimed to determine the effect of a low-intensity isometric contraction of the proximal thigh
muscles (gluteus maximus (Gmax), gluteus medius (Gmed), tensor fasciae latae (TFL) on the electromyographic
response of the tibialis anterior (TA), peroneus longus (PL), lateral gastrocnemius (LG), and soleus muscles (SL) in
a sudden ankle supination.

Methods: Fifteen healthy volunteers were subjected to 2 series of three trials on a sudden ankle supination
platform (50°). This involved a multiple analysis of variance per trial and muscle for the dependent variables and an
analysis of variance in the measures repeated under study for the different time windows evaluated, according to the
intended factors and muscle studied.

Results: No significant differences were observed in the variables concerning the time of activation, the moment
of maximum EMG registration or registered peak value.

Conclusion: Inducing a low-intensity isometric contraction of the abductor leg muscles did not generate changes

in the muscular values studied.
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Introduction

Ankle sprains are one of the injuries with the greatest impact on the
lower extremities, particularly amongst athletes [1-3]. The scope of
this injury affects lower extremities globally and usually there is an
alteration of the sensory motor system [4,5]. Likewise, several other
alterations were observed both locally in the ankle [2,6] and distally in
the point of the injury given that weakness of the abductor
musculature in the lower extremities was also observed [7-9]. The
latter suggests that ankle injuries may have an effect on the entire chain
of leg muscles [7,8,10] due to a possible alteration of the central
sensory motor system [4,5].

This could explain why several authors have reported a delay in the
activation of the peroneus muscles and thus an alteration in the
sequence of muscular contraction in the kinetic chain in situations of
sudden supination of the ankle [10-13].

On the other hand, it is believed that a key element in the control of
postural changes is the level of electromyographic (EMG) activity of

the various muscles involved in counteracting alterations in balance.
An increase in stiffness may lead to an improvement in the spindle
output and this increased sensitivity in the spindle muscle may
improve the overall stability of the individual due to an increase in
motor control and in the execution of motor response [14-18].

At this point we should mention two moments described in the
EMG motor control, namely the Anticipatory Postural Adjustments
(APA), muscular activity of the Feed forward type that takes place
between approximately -500 ms prior to the action and the initiation of
the action, and the adjustments in postural control (Control Postural
Adjustments (CPA)) up to +400 ms after the action [19-21]. On taking
all these factors into consideration, it is possible to believe that as a
result people who have suffered a previous sprain may suffer various
alterations in the lower limb and in postural control [4,8,7,12,13].

Since it seems that spindle output may be modified through training
[18], a question arises. In order to answer this unknown topic,
assuming that it is possible to train selectively a muscle contraction,
and focusing the attention in the activation pattern of the lower limb
chain, the objective of this study was to examine the effect of a low-
intensity isometric contraction (<25% MVIC) of the proximal thigh
muscle (GMax, GMed and TFL) on the electromyographic (EMG)
response of the TA, PL, lateral gastrocnemius LG and the SL in a
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sudden ankle supination situation. The hypothesis of this study was
that an anticipated contraction of the thigh musculature would
increase the electromyographic activity of the shank, and this
contraction could generate changes in the contraction pattern,
therefore creating a preventive strategy for an ankle sprain.

Methodology

Ethical approval was obtained from the Scientific Research Ethics
Committee of the Catalan Sports Council (ID number:
03_2013_CEICGC; March 25, 2013) and all participants signed an
informed consent. Fifteen students from the Fundacié Universitaria del
Bages (Universitat Autonoma de Barcelona- Spain) were recruited to
participate in the study (10 women, 5 men; mean and standard
deviation: age 22 + 2.0; weight 61.8 kg £ 7.9; height 169.9 cm * 7.1;
foot measurement 25.4 cm + 2.7). The sample size was calculated from
the work of Vaes et al. [22] according to which, 30 subjects should have
been recruited (15 per group) to obtain a statistical power of 80% and
an error o of 0.05. The inclusion criteria were the following: physically
active individuals, with no history of pathology or surgical
intervention in the lower extremities (ever), without visual or
vestibular alterations. The leg under study was the one that the
participants would use to kick a penalty.

Instruments

A tilting platform (up to 50°) with a spring mechanism was
designed and built according to models previously used [23-25]. The
EMG activity was recorded by surface electrodes SX230 with a signal
amplifying system (Biometrics Ltd, Gwent, Wales) connected to a
Biometrics© Datalogger. All the different data was captured at a
frequency of 1000 Hz. and stored in the Datalogger itself. In order to
know the exact moment that the spring platform dropped (t0), an
accelerometer of the type ACL300 (Biometrics Ltd, Gwent, Wales)
affixed to the spring platform and connected to the Biometrics©
Datalogger was used.

EMG procedures

All data collection for each subject was carried out in a single
session. After preparing the skin of the subject, the electrodes were
placed on the abductor muscles of the leg (GMax, GMed, and TFL)
and on the distal muscles (TA, PL, LG, and SL), in accordance with the
instructions of Hermens et al. [26]. The reference electrode was placed
on the ulnar styloid of the right arm. Three recordings of five seconds
each were performed to determine the GMax, GMed, and TFL (based
on Daniels instructions [27]) maximum voluntary isometric
contraction (MVIC) value, calculating the mean of the three trials.

Intervention Protocol

The participants had to stand on the platform with their arms by
their sides and placing as much weight as possible on the leg being
studied, looking at a fixed point on the wall 3 meters in front of them.
Each individual performed two series (control situation-situation A,
active situation-situation B) of three attempts, with a five-minute rest
in between each attempt and another 30-minute rest in between the
two series. The order in which the participants developed each
situation (A-B or B-A) was randomized throwing a coin. The opening
mechanism of the platform was activated in a random and unexpected
manner (Figure 1). During the situation B the participants were

required to induce an isometric contraction of the GMax, GMed and
TFL muscles at the threshold of 25% of the raw signal of the MVIC,
given that at this threshold value of activation there cannot be
associated any fatigue component neither any structural dysfunction in
the muscle [28]. The order to the participants was to generate an
abduction torque conducting an action like bringing the greater
trochanter toward the iliac crest. An auditory feedback was provided to
achieve this assignment. The electromyographic variables studied are
detailed in Table 1 and Figure 2. In all cases, the variables studied were
the average of the EMG recorded value and the root mean square
(RMS). The EMG data was processed and analysed offline by an
investigator blinded to the group allocation, and using a program
developed by Matlab R2011a (The Mathworks, Inc©, Massachusetts,
USA). The variables tonset, tpeak, and EMGpeak were processed based
on the original corrected signal, without smoothing. The data obtained
in the analysis of the different time windows went through a 20 ms
RMS filter and then corrected through a frequency range of 20-350 Hz.

Figure 1: A) Initial position of the individual, with the leg being
studied on the spring platform. B) Final test position, with platform
tilted 50°.

EMG variables Description
the average of the EMG signal from -1000 m to -750 m (in
Baseline relation to t0)
the moment when the recording of the accelerometer
activity exceeded by 2 standard deviations (SD) the
t0 average recorded when at rest
the moment when the original EMG signal exceeded the
base signal by two SD and remained above this threshold
tonset for 4ms
EMGpeak the highest EMG recorded value after t0
tpeak the time that passed between t0 and EMGpeak
time window -3 from -500 m to -350 m (in relation to t0)
time window -2 from -350 m to -200 m (in relation to t0)
time window -1 from -200 m to -50 m (in relation to t0)
time window +1 from 0 to +400 m (in relation to t0)

Table 1: Detailed description of the electromyographic variables
studied.
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Figure 2: EMG signal of TA muscle (in red) and accelerometer (in
blue) in a standard repetition of the test, indicating the moment of
muscular onset.

Data analysis

In these repeated measures design, the normal distribution of the
data was evaluated using the Mauchly's sphericity test criterion
(W=0338, p<0.005), taking the result into account to correct the
freedom degrees in the statistical values analysed. A multiple variance
analysis was carried out so as to detect the influence of the
independent variables: situation (A/B) and muscle (TA, PL, GL, SL) on
the dependent variables: tonset, tpeak, and EMGpeak.

A variance analysis for repeated measures (ANOVA) was used to
study the average EMG variable recorded and the RMS of the time
windows described (-3, -2, -1, +1), considering the situation factors
(A/B) and the muscles studied (TA, PL, GL, SL). The size of the time
windows -1/+1 effect was analysed in accordance with Cohen’s d. The
analysis was performed using the SPSS program, version 21 (SPSS Inc.,
Chicago, IL, USA).

Results

Analysis of the variables tonset, tpeak, EMGpeak

As regards the trial (A: without instructions/B: with voluntary
activation of muscular activity), there was no statistically significant

influence for time dependent variables. The averages for the time to
onset were for trial A/B: TA: 13.874 ms + 25.493/31.208 ms +40.42;
PL: 28.653 ms * 27.55/22.667 ms + 21.234; LG: 31.889 ms =*
30.961/43.583 ms * 41.457; SL: 32.014 ms * 42.264/26.333 ms =*
27.231). As regards the time to peak, the averaged values were for A / B
trials: TA: 108.417 ms + 56.37 / 121.625 ms * 46.757; PL: 124.055 ms £
45.717/104.542 ms + 48.321; LG: 91.999 ms + 53.866 / 106.375 ms +
58.955; SL: 105.833 ms * 63.973/108.583 ms + 55.386. Regarding the
peak at EMG, the values were (A/B): TA: 0.334 mV * 0.46/0.507 mV +
0.619; PL: 0.258 mV + 0.274/0.26 mV * 0.212; LG: 0.321 mV =
0.563/0.495 mV + 0.818; SL: 0.231 mV * 0.166/0.312 mV * 0.314.
Table 2 shows more statistical details on this data.

Analysis of the variables according to the time window
studied

Average EMG: No statistically significant differences were found
between the different situations (A and B) (F=1.571; p= 0.197;
n2=0.018; 1-f=0.412), nor among the comparisons of the different
muscles (F=1.047; p=0.403; n2=0.034; 1-p=0.518) (Table 3).

RMS: No statistically significant differences were found between the
different situations (A and B) (F=0.803; p=0.493; n2=0.009; 1-$=0.223)
nor among the comparisons of the different muscles (F=1.673;
p=0.096; n2=0.054; 1- p=0.765) (Table 4).

Effect Size: Calculated according to the difference between two
averages by means of Cohen’s d; it was observed that the effect size for
the developments of situation A and for time windows + 1, was very
large for muscles TA (1.057) and SL (1.008) and moderate for muscles
PL (0.442) and GL (0.334). As for situation B, the effect size of the
response obtained in the comparison of time windows + 1, was small
for muscles PL (0.194) and GL (0.082), moderate for muscle TA
(0.248), and large for muscle SL (0.692) (Table 5).

This was interpreted according to Cohen [29]: d<=0.20 (small),
0.20>d<=0.50 (moderate), 0.50>d<=0.80 (large), and Rosenthal [30],
who added 0.80>d<=1.30 (very large).

Variable F [ n? 18
tonset 0.416 0.521 0.005 0.098
tpeak 0.6 0.807 0.001 0.057
EMGpeak 1.215 0.273 0.014 0.193
Note: No statistically significant differences were found.

Table 2: Statistical results according to situation A (without action) and B (with muscular activation), for variables tonset, tpeak, EMGpeak.
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Average -3 Average -2 Average -1 Average +1
Muscle

A B A B A B A B

Average | SD Average | SD Average | SD Average | SD Average | SD Average | SD Average | SD Average | SD
TA 0.008 0.019 | 0.021 0.046 | 0.008 0.012 | 0.013 0.023 | 0.012 0.012 | 0.041 0.069 | 0.049 0.048 | 0.05 0.03
PL 0.006 0.012 | 0.017 0.021 | 0.008 0.012 | 0.016 0.01 0.022 0.039 | 0.03 0.041 | 0.036 0.022 | 0.04 0.02
LG 0.02 0.057 | 0.058 0.147 | 0.024 0.069 | 0.055 0.141 | 0.024 0.049 | 0.069 0.169 | 0.048 0.089 | 0.08 0.17
SL 0.009 0.008 | 0.019 0.016 | 0.01 0.004 | 0.015 0.011 | 0.012 0.013 | 0.023 0.019 | 0.029 0.02 0.03 0.01
Note: No statistically significant differences were found. Muscles: TA (Tibialis Anterior); PL (Peroneus Longus); LG (Lateral Gastrocnemius); SL (Soleus).

Table 3: Summary of the tests descriptive results for the average variable of EMG (mV) for time windows -3, -2, -1, +1.

RMS -3 RMS -2 RMS -1 RMS +1
Muscle

A B A B A B A B

Average | SD Average | SD Average | SD Average | SD Average | SD Average | SD Average | SD Average | SD
TA 0.011 0.024 | 0.025 0.055 | 0.01 0.015 | 0.015 0.025 | 0.013 0.014 | 0.046 0.078 | 0.068 0.058 | 0.074 0.04
PL 0.006 0.012 | 0.018 0.023 | 0.008 0.012 | 0.018 0.013 | 0.028 0.053 | 0.032 0.045 | 0.049 0.03 0.044 0.02
LG 0.033 0.094 | 0.074 0.187 | 0.037 0.108 | 0.067 0.178 | 0.036 0.082 | 0.078 0.189 | 0.063 0.116 | 0.105 0.21
SL 0.013 0.01 0.022 0.02 0.013 0.008 | 0.018 0.011 | 0.014 0.019 | 0.026 0.021 | 0.036 0.022 | 0.048 0.02

0.011 0.024 | 0.025 0.055 | 0.01 0.015 | 0.015 0.025 | 0.013 0.014 | 0.046 0.078 | 0.068 0.058 | 0.074 0.04
Note: No statistically significant differences were found. Muscles: TA (Tibialis Anterior); PL (Peroneuslongus); LG (Lateral Gastrocnemius); SL (Soleus).

Table 4: Summary of the tests descriptive results for the variable RMS of EMG (mV) for time windows -3, -2, -1, +1.

Muscle Situation A Situation B
window -1 window +1 ES window -1 window +1 ES

TA Average 0.012 0.049 1.057 0.041 0.054 0.248
Typical deviation 0.012 0.048 0.069 0.027

PL Average 0.022 0.036 0.442 0.03 0.036 0.194
Typical deviation 0.039 0.022 0.041 0.015

GL Average 0.024 0.048 0.334 0.069 0.083 0.082
Typical deviation 0.049 0.089 0.169 0.173

SL Average 0.012 0.029 1.008 0.023 0.034 0.692
Typical deviation 0.013 0.02 0.019 0.012

Note: ES (effect size). Muscles: TA (Tibialis Anterior); PL (Peroneuslongus); LG (Lateral gastrocnemius); SL (Soleus).

Table 5: EMG recordings (mV) of time windows -1 and +1 and their relation with increase, according to Cohen’s d.

Discussion and implications

The results of this study did not show significant differences in EMG
activity for variables tonset, tpeak and EMGpeak when the foot was
subjected to sudden supination in either of the two situations
described. The intervention was not significant either for the values of

the EMG variables for muscles TA, PL, GL, and SL in the recordings of
the different time windows. Nevertheless, even though there were no
statistically significant differences, a different behaviour was observed
in the pattern of muscular activity during the trials carried out in
situation B, which focused on muscular activity in the proximal thigh
muscles.
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The muscle spindle, under the control of the Central Nervous
System (CNS), is primarily responsible for the regulation of activities
that occur to control any imbalances and maintain a stable position
[18,31]. Various predetermined motor programs, which are activated
following a string of established muscular actions [32], intervene in
this control. Various authors have speculated that greater basal stiffness
could contribute positively to active joint rigidity, thus generating
greater muscle spindle sensitivity output and thereby, creating greater
initial stability to facilitate the task of maintaining balance
[15,16,18,33]. Similarly, Deniskina et al. [34] observed in their study an
important relationship between muscle tone in the trunk and hip, and
postural control in movements generated on a frontal plane, as is the
case of an ankle sprain. For these reasons, in the present study we
decided to focus on the increased initial level of voluntary stiffness,
with the intention of modifying the levels of muscular electrical
activity and improving the stability of the ankle in a situation of
sudden inversion due to the above mentioned mechanical implications
in the lower limb after an ankle sprain.

In this sense, Vaes et al. [22] did not observe significant differences
in the times of peroneal latency nor in other electromyographic
variables analysed, when comparing a group of healthy people with
another group made up of people with chronic ankle instability, in a
test done with a spring platform with a 50° inclination drop. However,
they did observe differences in the time spent on the first deceleration
of the fall of the foot, which was greater for the group with a history of
prior injuries and thus, some biomechanical alterations were detected
in these participants.

In this regard, both Tsao and Hodges [35] and Kiing et al. [36]
associated the ability to learn new strategies and generate changes in
learned motor patterns with CNS plasticity whether in the preparation
for a gesture during Feedforward [35] or in the ability to increase the
number of motor units recruited at once [36], thus obtaining more
sensory information and greater ability to generate force in the motor
response.

The tool used in this study was designed according to previous
studies. Vaes et al. [25] used and evaluated this type of device for the
study involving healthy individuals (with a tilt of up to 50°), obtaining
an ICC=0.90. Similarly, Eechaute et al. [23] and Benesch et al. [11]
verified the reliability of this tool for the study of t-onset for the
peroneal musculature, obtaining an ICC=0.83 (using a 50’ tilt) [23]
and a Spearman’s rho of p>0.99 (with a tilt of 30°) [11].

In a similar way to our study, Dias et al. [37] used the test with a
spring platform to evaluate the results of a 4-week-long specific
training oriented towards improvement in the peroneal activation
times in healthy individuals, again seeking a possible strategy for
preventing ankle sprains, but they did not find any significant
differences among the groups evaluated. On the other hand, both
Griineberg et al. [38] and Lofvenberg et al. [24] detected significant
differences in the observation of peroneal onset when comparing
healthy individuals to subjects with a history of prior injuries, in
inversion tests on platforms at 25° and 30’ respectively.

Another aspect analysed in this study was the level of EMG activity
in the ankle musculature during the moments prior to and the ones
immediately after a change in balance. Santos et al. [19] and Krishnan
et al. [20] presented the existing relationship between APA activity,
which occurs approximately 200 m before tonset [20,21] and CPA
activity, which is generated immediately after and up to the first 400 m
after t0. In this sense, there were no significant differences between the

different situations (A and B) in the overall analysis. However, in the
individual analysis of the muscles, some changes in the activation
patterns were detected. When observing the EMG behaviour trend of
the 4 time windows in this study, it is worth mentioning that the EMG
activity in situation B always tended to be higher for each muscle
studied.

It is also interesting to note that the muscular activity observed
during time window -1 was greater in situation B, as it was also the
case for window +1. In this particular comparison (window * 1) it can
be observed that according to the effect size shown by the difference in
both situations, the increase in muscular activity is much greater in
situation A, thus corroborating that the events that occur during the
instants prior to an articular homeostasis alteration determine the
muscular behavior that will occur after the perturbation.

This could indicate that the APA activity increased in this study
after a prior isometric contraction of the thigh musculature; this fact
could provide a better balance control strategy when facing possible
alterations in balance [19,20]. These studies by Santos et al. [19] and
Krishnan et al. [20] coincided in describing muscle sensory receptors
in a higher state of alert when a movement can be predicted, since APA
activity was observed to a greater extent than CPA activity. On the
other hand, if the perturbation is unexpected, which is what happens
in an ankle sprain, the APA is virtually non-existent in contrast with
the CPA, which is much more intense in order to correct postural
imbalances [19-21].

It is also interesting to observe the change registered in the behavior
of EMG activity in the musculature observed in window +1, where the
role of each muscle changed due to a modification in the intensity of
muscular activation. Thus, during situation A, TA was the muscle that
showed greater electrical activity, followed by GL, PL, and SL. On the
other hand, in situation B, the levels of muscular activity in this time
window were, from greater to lesser: GL and TA for both variables,
followed by PL and SL for the average EMG, and SL and finally PL for
the RMS. It is important to keep in mind that these changes in the
pattern of activation can also be influenced by both the deceleration of
the muscle itself during the fall and by changes in the muscle torque
[39].

Although traditionally the actions of the invertor and evertor
musculature of the foot have been given importance when it comes to
the control of joints, especially when a sudden inversion activity takes
place [12,40], nowadays there is sufficient evidence for us to consider
the need to include a hip musculature training using the protocols to
prevent an ankle injury. An example of these would be the references
that link the effect on the hip musculature that follows an ankle injury
and the global alteration of the sensory motor system [4,8,10,18,41].
The results of this study contribute to reinforce this idea since they
show that the proximal muscle activation in the reaction chain of the
lower extremity could interfere in the activation pattern of the ankle
muscles, which makes them a possible preventive strategy for the type
of injuries that these perturbations could cause. Future studies using
muscular training with low-intensity muscle contractions in the hip
area are necessary to evaluate more extensively their effect on
activation patterns. Tsao and Hodges [35] found that it is possible to
selectively train a muscle at low intensity so as to generate changes in
its activation during the Feed forward of a motor action, and that these
changes could be maintained over the long-term.

This study has three limitations. Firstly, it is necessary to assume
that, in the different situations that we evaluated, there were no
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significant changes in the torque of the different joints involved in the
movement given that this could lead to different levels of activation.
We must also consider the fact that this study was carried out on a
selection of healthy individuals and that the same study should
therefore be carried out on individuals who have previously suffered
ankle sprain injuries and thus, determine their exact impact. Lastly, the
small sample size may contribute in the fact of not finding significance
in the variables studied in the test.

Conclusions

The results of this study suggest that no significant differences were
observed in the level of EMG activation of the muscles TA, PL, LG, and
SL when performing a low-intensity (<25% MVIC) isometric
contraction of the proximal thigh musculature (GMax, GMed and
TFL) prior to the realization of an ankle sprain, even though no
significant changes were detected in the activation patterns of the
shank muscles.
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