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ABSTRACT

Introduction: This study aimed to explore foot pronation deformity on the postural control of

Article info: the body and the onset time of the electrical activity of ankle muscles during landing.

Received: 25 Jun 2018 :

Accepted: 20 Aug 2018 Materials and Methods: In this cross-sectional study, 27 people with a pronated foot
deformity and 27 normal people participated. The force plate was used to measure the postural
control of the body. Surface electromyography signals were recorded in landing tests with
electromyography, which synchronized with a force plate. To compare the performance of the
two groups, we used multivariate analysis of variance.
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Results: The results indicated a statistically significant difference in the medial-lateral
direction of differences between center of pressure and center of mass (COP-COM) between
foot pronation (pronated) and normal group during landing (P<0.05). Regarding the variable
of the onset time of the muscular electrical activity during landing, there was a statistically
significant difference in medial gastrocnemius, soleus, tibialis anterior, and peroneus longus
muscles between the two groups (P<0.001).

Conclusion: Foot pronation can be regarded as a factor affecting the biomechanics of landing

Keywords: by changing postural control of the body in the medial-lateral direction and the onset time of
Pronation, Postural control, the electrical activity of medial gastrocnemius, soleus, tibialis anterior, and peroneus longus
Muscles activity, Landing, Men :  muscles during landing movement.
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1. Introduction

oot pronation involves the loss of the medial

longitudinal arch of the foot, which causes

the navicular drop down and is accompanied

by other anatomical anomalies [1, 2]. The re-

duction of longitudinal arch height depends
on the condition of the bones and ligaments of the foot, leg,
and foot muscles, and plays an essential role in maintain-
ing balance and performing motor abilities and skills [3].
People with pronated foot suffer from many biomechanical
inefficiencies in ankle and foot [4]. Foot pronation can re-
sult in biomechanical irregularities in the performance that
may lead to the Achilles tendon pain, leg pain, hamstring
stretch, quadriceps stretch, and so on [5]. Thus, pronated
foot leads to the impairment in postural control, the disorder
in pressure exerting foot, risk of lower extremity injuries,
and changes in the mobility of ankle and foot joints [6-9],
which may secondarily alter muscular activity [10]. There-
fore, these disorders, besides changes in the standing posi-
tion, influence the displacement.

In many sports such as basketball, volleyball, and
handball, single- and double-leg landing motions are
very common [11]. Although during walking and run-
ning, the force from the ground (ground reaction force)
reaches the lower limb up to 1.5 and 2.5 times the body
weight, respectively [12], in a landing motion from a
height, this force can reach 7 times the bodyweight [13].
This pressure can add a double load on the joints and
the lower extremities - besides, the risk of losing balance
and falling during the exercise increases [14].

The displacement of the center of pressure as the stat-
ure postural stability index provides useful information
for foot performance because of the predicting indicator
of dynamic balance [15]. Most studies about people’s
stability in foot pronation deformity have been conduct-
ed in a standing position [16]. Colby et al. stated that
the standing position does not effectively challenge the
neuromuscular system in sporting activities. Evidence
suggests that when musculoskeletal abnormalities occur
in one of the joints, muscles on the concave side shorten,
and muscles on the convex side elongate [17, 18].

As aresult, the onset time of muscular activity probably
changes compared with the normal people. In this case,
other muscles compensate for the dysfunction during
sports activities. Therefore, the slightest biomechanical
change at the level of reliance affects the postural control
of body and balance [19]. Since previous studies have
mostly examined static balance [16] and the electrical
activity of muscles during walking and running [20-23],
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it seems necessary to investigate the postural control of
the body dynamically, as well as the timing pattern of
muscles during functional movements such as landing.

As changes in the foot structure can change in the pos-
tural control of the body and muscle timing during jump
movements, and since these changes can affect lower ex-
tremity joints, knowing these variables can help thera-
pists and coaches choose the right therapeutic and train-
ing approach. Therefore, the current study investigates
the effect of foot pronation abnormality on the postural
control of the body and the onset of the electrical activity
of selected ankle muscles during landing motion.

2. Materials and Methods

The population of the cross-sectional study includes
male students of Physical Education and Sports Science
in Karaj City, Iran. Of them, 27 people with a pronat-
ed foot deformity and 27 normal people were selected
based on the purposive sampling method. The place of
the research was the Lab of Kharazmi University, and
the data were collected in one week.

The number of the subjects was determined, using the G x
POWER software (a=0.05, effect size=0.70, 3=0.2, statisti-
cal power=0.80). Each group contained 27 subjects.

Foot Posture Index (FPI) method was used for dividing
the subjects into the pronated and normal groups [22].
Each subject was asked to stand, take a few steps for-
ward, march on the spot for 6 to 8 steps, and stand still
with arms by their side and looking forward. During the
assessment, it is important to ensure that the patients do
not swivel and try to see what is happening on them-
selves, as this will significantly affect the foot posture.
The observers performed the foot assessment of each
subject, using 6 criteria of the FPI: 1. Talar head palpa-
tion; 2. Curvature at the lateral malleoli; 3. Inversion/
eversion of the calcaneus; 4. Talonavicular bulging; 5.
Congruence of the medial longitudinal arch; 6. Abduc-
tion/adduction of the forefoot on the rearfoot, where each
item is scored between -2 and +2 to give a total between
-12 (highly supinated) and +12 (highly pronated) [23].

The subjects were asked to sit on a chair and place their
feet in a state of weightlessness. Then, their feet were
placed in the natural position of the subtalar joint. One of
the researchers put his thumb under the medial malleolus,
and the subject rotated the foot in and out slowly so that
the researcher’s index finger and thumb were placed in the
same direction. In this condition, first, navicular tuberos-
ity was marked. Then, the distance from the ground to
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navicular tuberosity was measured with a ruler. Next, the
subjects were asked to stand and divide their weight on
both feet equally. In this condition, the height of Navicu-
lar tuberosity from the ground was measured, too [24].

The subjects were selected based on the inclusion cri-
teria, including general health, male gender, voluntary
participation, and the completion of the consent form.
The exclusion criteria included a difference in lower ex-
tremities, as well as a history of musculoskeletal injuries,
especially in the lower extremities. After explaining the
ethical considerations of the research and some instruc-
tions and training (which did not interfere with the pro-
cess of research and data collection), the subjects were
asked to wear sports clothes. To avoid injuries, before
running the test, the subjects were instructed to perform
initial warm-up. Then, they completed the informed
consent form and personal information questionnaire
(age, weight, height, etc.). The height and weight of
the subjects were measured, using a metal height gauge
(SEKA from Germany) and a digital scale (Germany).

The electrode placement was performed, using the
SENIAM (Surface ElectroMyoGraphy for the Non-
Invasive Assessment of Muscles) protocol [24]. The
SENIAM method determines precisely where the elec-
trodes (Al/AgCl) are placed on the muscle. Using the
method, we placed the electrodes on medial gastroc-
nemius, soleus, tibialis anterior, and peroneus longus
muscles (Figure 1). The electrode for the medial gas-
trocnemius was placed over the bulge of the medial
head of the gastrocnemius. The soleus electrode was
just put medial to the Achilles tendon, inferior to the
midpoint of the lower leg. Electrode placement on the
tibialis anterior was at 1/3 on the line 1 cm to 2 cm
lateral to the tibia. Electrode placement on the tibialis
anterior was at 25% of the line between the tip of the
head of the fibula and the tip of the lateral malleolus,
both on the affected and unaffected sides [24]. When
the electrode placement process was completed, the
subjects were asked to run a few steps in the lab to
identify and resolve any possible restrictions that may
be caused by the electrodes for the subjects.

To obtain changes in the Center of Pressure (COP)-
mass in landing movement, a force plate (Bertec Model,
the USA) was used. The sampling frequency of the force
plate was 500 Hz, and its sensitivity was lower than 1 N.
Then, the subjects landed on the force plate from a 48.8-
cm high box placed next to the force plate in a controlled
single-leg way. Each subject practiced landing 3 times.
Then, each subject performed 5 landing movements and
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tried to maintain their balance. The rest interval between
the tests was 2 minutes [25].

Differences in the Center of Mass (COM) to body
pressure in the anterior-posterior and medial-lateral di-
rections were calculated, using Winter inverted pendu-
lum formula [23] (Formula 1):

1. COP-COM=IxCOM/Wh I4-P=0.0533 *x m x H2
and IM-L=0.0572 xm x H

In this formula, I stands for inertia torque around the
ankle joint, H (meter) is the height of the person and
m (kilogram) is body mass, COM is the acceleration
of the center of mass (in 2 directions of medial-lateral
and anterior-posterior), W (newton) is the weight, and
h (meter) is the height [26]. As the center of pressure
and the center of mass are measured entirely indepen-
dently, the correlation of the equation (COP-COM)
with the COM measure of the validity of the model
has been simplified [26]. The average correlation in
the anterior-posterior and medial-lateral directions has
been reported as 0.94 [26].

Recording the surface electromyography signals in
the tests of Maximal Voluntary Contraction (MVC) and
landing motion was implemented with electromyogra-
phy (MEI model, The United Kingdom), synchronized
with a force plate.

To reduce the cross-talk, we used small electrodes
and the distance between the electrodes was as small
as possible and the electrodes arranged parallel to the
main muscle bulk. Also, to prevent the cross-talk around
tibialis anterior and peroneus longus, the tibialis anterior
electrode was put in parallel with the fibula.

3. Results

Table 1 presents the Mean+SD, as well as the demo-
graphics of the subjects, including age, height, weight,
navicular drop, and FPI. The groups were matched re-
garding their age, height, and weight. Similarly, the me-
dian FPI in the normal group is 3, which is in the normal
range (0-5 score). The median FPI in the pronated foot
group is 8, and as it is more than 5, it is considered part
of the pronated foot [22]. The difference in FPI between
the two groups is statistically significant (P<0.001).

According to the normality of the data and the homo-
geneity of variance, MANOVA was used to compare
the groups. Table 2 presents the results of MANOVA
related to the variable of the differences in the center of
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Figure 1. Electrode placement on the desired muscles,
using the SENIAM (Surface ElectroMyoGraphy for the
Non-Invasive Assessment of Muscles) method

pressure-mass. There is no statistically significant differ-
ence in changes in the center of the pressure-mass vari-
able in anterior-posterior direction during landing mo-
tion between the normal and pronated groups (P=0.205),
while a statistically significant difference is observed in
medial-lateral direction (P<0.001).

Also, the statistical results related to the comparison
of the electrical activity of the selected muscles of ankle
between the normal and pronated foot groups in Table
3 indicate a significant difference in the variable of the
electrical activity of muscle between the two groups dur-
ing landing motion in medial gastrocnemius muscles
(P<0.001), soleus (P<0.001), tibialis anterior (P<0.001),
and peroneus muscles (P<0.001).

Table 1. Mean+SD of age, height, weight, and median of FPI
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4. Discussion

The present study aimed to examine the effect of foot
pronation deformity on the postural control of the body
and the electrical activity of the selected muscles of the
ankle in landing. As the results demonstrated, there was
no statistically significant difference in the center of pres-
sure-mass in the anterior-posterior direction, but the dif-
ference was statistically significant between the groups
in the medial-lateral direction. In De et al. study, which
examined people with flat feet during gait, the results
showed that the displacement of the COP was signifi-
cantly correlated to the medial arch of the foot [27]. The
reason for the discrepancy of this research is likely at-
tributed to the application of changes in the pressure cen-
ter rather than the pressure-mass center. Similarly, Kim
et al. study on people with the flat foot during single-leg
balance motion showed that the extent of variations in
both directions of anterior-posterior and medial-lateral in
people with the flat foot was greater than normal people
[16]. And the medial-lateral direction of the study was
consistent with the present research result.

The cause of foot pronation is the weakness of the mus-
cles of the medial arch of the foot, especially the tibialis
posterior muscle. This muscle passes under the calcaneo-
navicular ligament. This ligament plays an essential role
in the foot since it is located at the top of the longitudinal
arch and is regarded as its key. Bodyweight is transferred
to the ligament by the talus, and the forces are divided
into the front side (the head of metatarsal bone) and the
rear side (heel) [28]. As mentioned, the posterior tibialis
muscle passes underneath the ligament and, to some ex-
tent, contributes to it and reduces its heavy task. When
the tibialis posterior muscle grows weak and the feet en-
dure weight force, calcaneonavicular ligament is stretched
and cannot support the talus bone because of being loose
[28]. As a result, the depended bones on the ligament are
slightly displaced, and the power distribution becomes
abnormal and the mechanism of the stability of postural
control in medial-lateral direction is impaired.

MeantSD
Variable
Age (y) Height (cm) Mass (kg) FPI (s) Navicular Drop (mm)
Normal 22.87+2.12 178.42+7.34 79.33+8.10 3+1.39 7.82+0.68
Group
Pronation 23.29+1.84 175.04+5.95 78.23+8.41 8+1.41 12.66+1.17
P 0.476 0.193 0.628 0.000 0.000
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Table 2. The results of MANOVA related to the variable of changes in the center of pressure-mass

Variable Direction Mean Square F P
Anterior-posterior 0.48 1.363 0.248
COP-COM
Medial-lateral 7.77 55.19 0.000
JMIR
Table 3. The results of MANOVA related to the variable of the onset of muscles activity
Variable Muscle (ms) Mean Square F P
Gastrocnemius 28153.50 261.855 0.000
Soloes 40398.68 372.436 0.000
The onset of muscles activity
Tibialis anterior 9653.40 39.396 0.000
Peroneus longus 34000.46 95.966 0.000
JVIR

The results indicated a statistically significant differ-
ence in the onset of the muscular activity of medial gas-
trocnemius muscle, soleus, tibialis anterior, and perone-
us longus muscles in landing motion between the normal
and pronated feet groups. The pronated foot causes the
onset of the gastrocnemius muscle, soleus, and peroneus
longus muscles to be delayed, and the onset of the tibi-
alis anterior muscle occurs earlier. In a study, Javdaneh
et al. examined the timing of the activity of the anterior
cruciate ligament agonist and antagonist muscles in the
male athletes with ankle pronation abnormality. They
concluded that there was no statistically significant dif-
ference in the medial gastrocnemius muscle between
the flat and normal feet groups [29]. Also, Gray et al. car-
ried out a study entitled “electromyography and motion
analysis for flat and normal feet subjects”. They reported
no statistically significant difference in the onset of the
activity of tibialis anterior and peroneus longus muscles
between the flat and normal feet groups [30]. The reason
for the inconsistency between these studies and the cur-
rent study may be related to the difference in the subjects
and the performed movements.

Abnormalities in the neuromuscular function of the
muscles around the ankle observed in persons with the
pronated foot can be attributed to changes in pre-de-
signed programs sent from the central nervous system
to the muscles. Changes in the pre-designed programs
sent from the central nervous system, which have been
observed in this study, can be attributed to the fact that
foot pronation in the long-term leads to anomalies in
the ankle joint position sense. The deficit of the ankle
joint position sense also results in changes in impulse

sent from the joint to the nervous system. Modified im-
pulses in the long-term can cause widespread neuro-
physiologic changes, including changes in motor com-
mands given to the muscles [30].

The pre-designed programs of postural control sent
from the central nervous system play an important role
in the timely activation of the muscles while performing
various activities. The onset of muscle activities before
the foot touches the ground, followed by the emergence
of pre-feedback muscle, suggests the presence of a cen-
tral motor control strategy that prepares muscles for at-
tracting contact forces [31]. Delay in the activation of
peroneus longus muscle and the earlier activation of the
tibialis anterior muscle in the pronated foot group lead to
the failure of the co-contraction relationship between two
muscles (antagonist muscles of subtalar joint). They can
also cause the torque arm of the subtalar joint to invert
before the foot touches the ground and expose the joint
to the external torsion. The co-contraction of the ankle
antagonist muscles increases the stiffness of the joint and
prepares it for controlling the rapid and extreme change
in the tendon-muscle complex and fast movements when
performing various movements.

Delay in the onset of medial gastrocnemius and soleus
muscle activities before foot contacts the ground causes
a reduction in the amount of pre-feedback muscle activ-
ity and, consequently, a decrease in the production of
plantar-flexion torque of the ankle-foot complex during
ground contact that may cause further damage [31].
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April 2019, Volume 13, Number 2

For normalizing the electromyography data, an MVC
test was used. Following a 10-minute rest, the subjects
were asked to complete a series of strength tests to cap-
ture their MVC for each muscle consistent with Hagen
et al. methods. Briefly, this process included performing
maximum voluntary isometric contractions against man-
ual resistance in 3-movement directions of plantarflex-
ion (medial gastrocnemius, soleus), dorsiflexion (tibialis
anterior), and pronation (peroneus longus) [32].

The device contains transmitter and receiver units. The
transmitter unit, which is strapped as a waist belt around
the subjects’ waist, has 8 channels, and the bandwidth of
each channel is 1000 Hz. It can send waves wirelessly
through the antenna at a distance up to 100 m away from
the receiver, whose sensitivity is lower than 1 mV. Filter-
ing the electromyography data was carried out using the
band-pass Butterworth method with a cut-off frequency
of 10-500 Hz. The threshold level of the onset of activ-
ity was determined when the muscle activity exceeded
Mean=£SD of baseline [33].

The length and width of the foot were used for normal-
izing the data of changes in the center of pressure-mass.
The current study used MATLAB software to analyze
data, the Shapiro-Wilk test to assess the normality of the
data, the Levene’s test for the equality of error varianc-
es, and Multivariate Analysis of Variance (MANOVA)
(P<0.05) to compare the groups’ data.The average na-
vicular drop in the normal group is 7.82 mm, which is
in the normal range (5-9 mm), and the average navicular
drop in the pronated foot group is 12.66 mm, which is
in the abnormal range (more than 10 mm) [34]. The dif-
ference in the navicular drop between the two groups is
statistically significant (P<0.001).

The results of this study can help therapists and coach-
es choose the right therapeutic and training approach.
In the case of the former, identifying the anomalies and
the associated injuries could be leveraged to better gear
the therapeutic exercises to cure the individuals. Addi-
tionally, coaches may implement balance-related train-
ing programs to improve the performance of athletes
with foot pronation.

This study had several limitations, most notably the
absence of a study of kinematic ankle joints. Also, in
this study, only male subjects were studied. Consider-
ing the different anatomy and biomechanical behavior
of women and men, women should also be examined in
comparison with men.
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5. Conclusion

According to the results of the current research, it seems
that pronated foot is a factor affecting the biomechan-
ics of the landing movement that changes the postural
control of the body in the medial-lateral direction and
also a change in the onset time of medial gastrocnemius,
soleus, tibialis anterior, and peroneus longus muscles ac-
tivities. Given the shift in the postural control of the body
in the medial-lateral direction and the onset time of the
ankle muscles activity in people with foot pronation, it
seems that the combination of landing motion with the
lower extremities abnormalities, especially in ankle, can
make a person vulnerable to injury. The results of the
research call for an accurate and comprehensive study of
the effect of the abnormal structure of foot on the func-
tion of lower extremities during landing motion to de-
sign an appropriate training program.
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