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ABSTRACT

Purpose: The current study aimed at evaluating the effect of 5-toed shoes on electromyographic
activity of leg muscles during the stance phase of running.

Methods: The current semi-experimental study recorded the electromyographic activity of
tibialis anterior, soleus, gastrocnemius lateralis, and medialis muscles of 15 healthy male students
(mean age: 24.5+3.4 years, mean height: 177.6+5.8 cm, and mean weight: 75.7+8.9 kg) during
the stance phase of running in barefoot and shod (5-toed shoes) conditions. Paired sample t test
was used for statistical analysis with SPSS19.

Results: In shod running, electromyographic activity of tibialis anterior during loading response
phase (P=0.001) and electromyographic activity of soleus (P=0.002) and medial gastrocnemius
(P=0.004) during propulsion phase were significantly higher, compared with the barefoot
running; there was no significant difference in gastrocnemius lateralis muscle between both
conditions (P>0.05).
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Conclusion: According to the current study findings, using 5-toed shoes could increase
electromyographic activity of leg muscles during the stance phase of running.

1. Introduction

unning is a basic skill of displacing and

executing sports activities [1]. Leisure

runners are the vulnerable groups and it is

shown that 19.4% to 79.3% of individuals

participating in activities including run-
ning experience chronic injuries every year [2].
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Recently barefoot running is of great interest in sports
clinics [3]. Some researchers reported that barefoot run-
ning results in reduction of chronic injuries in runners
[4]. This can be due to the fact that in barefoot running,
heel-toe pattern is used, which leads to reduction of con-
tact forces on organs from ground or land surface [5].

Since foot is the most important tool of interaction be-
tween the ground and body, the performance structure of
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foot influences the pattern of transitional movements [6,
7]. Any deviation in feet can transfer its effect on joints
and upper extremities in a chain format. Modification of
forces applied to foot is one of the roles of these shoes [1].
Recently, in biomechanics studies, focus on barefoot run-
ning and the number of runners who tend to run on bare-
foot and 5-toed shoes were increasing, which shows that
barefoot running reduces the possible damages on joints
and muscles followed by the reduction of velocity and
intensity of foot contact with ground by the musculoskel-
etal system. The study showed that running on barefoot
and 5-toed shoes imposes less pressure on the body; in
addition, eccentric activity of quadriceps femoris muscle
in barefoot is reduced, compared with the normal shoes.

There are different shoes in the market such as instable
shoes; 5-toed shoes and the shoes designed for differ-
ent sports such as running [8-10]. The purpose of using
instable shoes is involving the muscles more, and as a
result, strengthening the muscles and preventing their
weaknesses in long-term that play an important role in
kinematic and kinetic changes [11, 12]. Five-toed shoes
are already available in the market.

There are few researches to determine the merits and
demerits of 5-toed shoes [3, 13]. For example, it is re-
ported that there is no difference in the sense of joints
after running between barefoot and 5-toed shoes [13].
Also, the force applied to Achilles tendon in barefoot
running is greater than that of 5-toed shoes running,
while the knee extension moment in running in 5-toed
shoes is greater than that of barefoot running [3].

Because of the important role of the shoes in comfort
and level of pressures applied to joints, it is necessary to
study the role of such shoes. The current study aimed at
investigating the electromyographic activity of leg mus-
cles in loading response sub-phase and running progress
in barefoot and 5-toed shoes.

2. Materials and Methods

The current quasi-experimental study was conducted in
2016. The sample constituted 15 healthy male students
with the mean age of 24.5 years, mean height 177.6 cm,
and mean weight 75.7 kg. The inclusion criteria of the
study were no history of surgery, fracture, burning, dam-
age, or severe trauma in lower extremities, as well as no
artificial organs in thigh, knee, and ankle, in addition to
no medical shoes, diabetes, and specific diseases.

Biomonitor ME6000® (Finland) was used to record
the electromyographic activity of muscles. The device
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can record the activity of 16 muscles simultaneously.
The electrodes are adhesive and disposable, and can
be attached to the positive and negative electrodes of
each channel in a electromyography (EMG) device. It
also contains specific gel to reduce the skin resistance
and receive the muscle electrical activity and transfer to
EMG device. The shoes used in the current study were
the 5-toed shoes (Figure 1).

The procedures were followed when the subjects re-
ferred to the lab. First, the redundant hair on front foot
was removed and the skin was cleaned with cotton and
alcohol. Then, the adhesive AG-Agcl electrodes con-
taining conduction gel were installed on the selected
muscles based on SENIAM recommendations to reduce
the skin electrical resistance and transfer the electrical
impulses [14].

The earth electrode was placed on the tibia bone. Sur-
face EMG signals were collected with sampling fre-
quency of 1000 HZ and passed through a bypass filter
8 to 450 HZ. After installing the electrodes, the subjects
were asked to move in a direct path of 15 m at the deter-
mined speed (Figure 2) to have a natural running (3 to 5
meters) and prepare themselves for the main test. Three
trials were recorded for each situation (barefoot and
shed). The muscles were soleus, medial, lateralis gas-
trocnemius, and tibialis anterior, and the moving speed
(3 m/s) was controlled by a chronometer. In the current
study, the stance phase of running was divided into load-
ing and propulsion sub-phases. The values of RMS were
normalized in each sub-phase by the Maximal Voluntary
Isometric Contraction (MVIC) method.

Statistical analysis was performed with SPSS version
19. The Shapiro-Wilk test was applied to assess the nor-
mal distribution of the data. The paired t test was used
to compare the variables between different positions.
P<0.05 was considered as the level of significance.
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Figure 1. The shoes used in the study
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Figure 2. Running path and EMG recording

3. Results

The results of comparing tibialis anterior muscle activ-
ity between 5-toed shoes and barefoot in the sub-phase
of loading response showed a significant difference in
the mean activity of tibialis anterior muscle between the
cases (P=0.001). The muscle activity of tibialis anterior
was higher in the 5-toed shoes than barefoot (Table 1).
The means of electromyographic activity of soleus mus-
cle, medial, and lateralis gastrocnemius in barefoot and
5-toed shoes in the sub-phase of loading response of run-
ning stance showed no significant difference (Table 1).

Findings showed no significant difference between
muscle activity of tibialis anterior and lateralis gastroc-
nemius in both cases; while the activity of medial gas-
trocnemius and soleus muscles when using 5-toed shoes
was significantly greater than that of the barefoot in the
propulsion sub-phase (Table 2).
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4. Discussion

The current study aimed at investigating the electro-
myographic activity of leg muscles in loading response
and running propulsion sub-phases in barefoot and
5-toed shoes runners. The activity of tibialis anterior
muscle in 5-toed shoes in loading response sub-phase
was higher than that of the barefoot case. Tibialis an-
terior muscles are contracted extroversive in loading
response in toe-heel pattern to prevent quick contact of
foot with the ground [15]. Therefore, the greater activity
of this muscle in this sub-phase for 5-toed shoes may
cause more absorption of energy in ankle joint and re-
duction of contact forces in foot striking the ground. The
toe-heel running pattern in shoe and barefoot runners
can be the reason of greater activity of tibialis anterior
muscle [16-18]. There was no significant difference in
the mean electromyographic activity of soleus, medial,
and lateralis gastrocnemius muscles between both cases
in the loading sub-phase of running stance.

The current study findings showed that in the propul-
sion sub-phase there was no significant difference in the
mean activity of tibialis anterior and lateralis gastrocne-
mius muscles for the 5-toed shoes and barefoot, while
the activity of medial gastrocnemius and soleus muscles
in 5-toed shoes was significantly greater than that of the
barefoot in the propulsion sub-phase. These results were
not consistent with those of Sinclair's research, which
stated that the force applied on Achilles tendon in run-
ning with barefoot is less than that of the 5-toed shoes [3].

Table 1. Modified RMS comparison of leg muscles in the running loading response sub-phase in barefoot and five-toed shoes

Muscle Barefoot Five-Toed Shoes t P
Tibialis anterior 67.7+16.1 98.3+24.7 4.477 0.001"
Soleus 47.5+24.2 54.9+28.7 1.708 0.110
Medial gastrocnemius 44.5+14.5 51.5+20.2 1.725 0.107
Lateralis gastrocnemius 47.3+21.0 52.4+20.6 1.102 0.289

*P<0.05
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Table 2. Comparison of modified RMS in calf muscles in propulsion in five-toed shoes and barefoot runners

Muscle Barefoot Five-Toed Shoes t P
Tibialis anterior 41.9+10.9 47.9+22.6 1.488 0.159
Soleus 68.3+11.1 84.2+19.5 3.879 0.002°
Medial gastrocnemius 76.3£12.9 95.1+23.3 3.494 0.004"
Lateralis gastrocnemius 71.149.8 76.5+13.3 1.839 0.087

*P<0.05
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The likely reason can be that the greater electromyo-
graphic activity of muscles in dynamic movements does
not show the greater force produced by muscles [19] and
the relationship of muscle activity domain with the pro-
duced force is linear only in isometric contraction [20,
21]. Thus, another reason can be toe-heel running pattern
for greater force on Achilles tendon in barefoot running,
although more research is needed to prove it.

According to the results of most researches, the pur-
pose of shoe design is to increase muscle activity and
prevent muscle weaknesses in daily activities such as
running and walking [12, 22]. Regarding the current
study results, it can be said that 5-toed shoes can increase
the leg muscles activities such as tibialis anterior, medial,
and lateralis gastrocnemius in running stance, in addition
to protection of foot against damage from contact with
external bodies. Therefore, they are suitable to strength-
en the leg muscles in daily activities.

The role of medial gastrocnemius muscles such as ankle
plantar flexor in running is to stabilize the ankle and knee
and control tibialis bone rotation to reduce the damage. It
seems that in 5-toed shoes, due to the increase of medial
gastrocnemius activity, the possible damages on ankle
and knee are less. Yet, the effect of these shoes on the
activity of other extremities and trunk muscles as well as
other kinematic and kinetic variables should be studied to
explain the biomechanical features of these shoes.

Using the 5-toed shoes can increase the activity of
tibialis anterior muscle in loading response and also in-
crease the activity of medial gastrocnemius and soleus
muscles in the propulsion sub-phase. It seems that run-
ning in 5-toed shoes had more efficiency to activate leg
muscles, compared with normal shoes.
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