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Abstract

The purpose of this study was to investigate the effect of shoe type on muscles
electromyography while descending stairs. The population of this study was 15 students
aged 20 to 30 years. Co-contraction and peak muscle activity were recorded. The
repeated measure ANOVA test was used. The results showed that in both pre-activity
and eccentric phases, the peak activity of tibialis anterior, internal and external
gastrocnemius and soleus muscles significantly increased in the barefoot position
compared to normal shoes. The co-contraction of the peronaeus brevis and
gastrocnemius medialis muscles in the pre-activity phase had a significant difference
between normal and minimalist shoes. In the eccentric phase, there was a significant
difference between the co-contraction of the tibialis anterior and peronaeus longus
muscles in barefoot and normal shoe states. It seems that the increased co-contraction of
agonists and antagonists in barefoot and minimalist shoes compared to normal shoes
may be an effective factor in maintaining joint stability.
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Extended Abstract

Objectives

Descending stairs, which usually involves stepping down one foot per step, is a
common locomotor exercise in most sports and is usually designed in exercise
protocols to increase neuromuscular skills (1,2). Innovative footwear can
increase comfort and improve performance in professional and non-professional
athletes (3). Minimalist footwear has been shown to help activate leg muscles
and accelerate their loading during running as in barefoot exercise (4). Studies
have been carried out on walking, walking up and down stairs and even
comparing these tasks in terms of kinetics and kinematics. However, there is a
lack of research on muscle activity and muscle contraction in the task of
descending stairs in two different phases in various shoe types. The purpose of
this study was to investigate the effects of different shoes, especially minimalist
shoes, on the activity of the lower limb muscles while descending the stairs.
Materials and Methods: In this applied quasi-experimental study, fifteen subjects
with an age range of 20 to 30 years were selected via voluntary response
sampling. None of the subjects had a history of abnormalities in the structure of
their feet, surgery affecting the function of the neuromuscular system, and leg
length discrepancy of more than 5 mm. First, the subjects’ heights and weights
were measured and recorded. An Electromyography device (ME600-T16) made
in Finland was used to record the electrical activity of the limbs. A footswitch
was used to detect the exact foot-ground contact time and to separate the pre-
activity and eccentric phases. In order to reduce the electrical resistance of the
skin and easy transfer electrical impulses of the lower limbs muscles (tibialis
anterior muscle, fibularis longus muscle, fibularis brevis muscle, gastrocnemius
muscle (inner and outer), and soleus muscle), electrodes were installed
according to the European protocol, SENIAM (5). Step height in the current
study was 30 cm. The task of descending the stairs in 3 positions barefoot,
normal shoes, and minimalist shoes was performed by the subjects. At the end of
the task, the maximum voluntary isometric contraction (MVIC) test was used to
normalize the data. In the analysis of various movement stages, the duration
between 100 milliseconds before foot-ground contact and the contact was
considered as a pre-activity stage, and the duration between the foot-ground
contact and 100 milliseconds after the contact was considered as the eccentric
stage (6). Maximum voluntary isometric contraction (MVIC) and Root Mean
Score (RMS) were used to normalize the data. The following equation was used
to determine the values of directional co-contraction in the entire movement (7):

fttJEMG ant X dt

Cl= X 100

fttof[EMG ago+ EMG ant] X dt
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Shapiro-Wilk test was applied to check the normality of data distribution, and
repeated measures ANOVA was used to compare the three states of barefoot,
normal shoes and minimalist shoes.

Results

In the pre-activity phase, the results showed that the peak of tibialis anterior
muscle activity in the barefoot state was about 70% higher than the peak activity
of the muscle in the minimalist shoe state (P = 0.013) and 99% higher than the
normal shoes (P = 0.001). The peak activity of the tibialis anterior muscle in the
minimalist shoe state was about 45% higher than the normal shoe state (P =
0.001). The peak activity of fibularis longus muscle in the barefoot state
increased by about 30% compared to normal shoes (P = 0.023). The peak
activity of the fibularis brevis muscle in the barefoot state was about 45% higher
than in normal shoes (P = 0.002) and 30% higher than in minimalist shoes (P=
0.011). The peak activity of inner and outer gastrocnemius muscle in the
barefoot position increased by about 36% (P= 0.011) and 16% (P= 0.017)
compared to normal shoes (P= 0.011), respectively. The peak activity of soleus
muscle in the barefoot state increased by about 30% compared to normal shoes
(P= 0.020). In the eccentric phase of descending the stairs, the results showed
that the peak activity of the tibialis anterior muscle in the barefoot state
increased by about 26 compared to the normal shoe state (P= 0.019). The peak
activity of the outer gastrocnemius muscle in the barefoot state showed about
51% increase compared to normal shoes (P= 0.002) and 29% increase compared
to minimalist shoes (p= 0.021). The peak activity of the inner gastrocnemius
muscle and soleus muscle in the barefoot position had 16% (P= 0.022) and 24%
(P=0.037) increase compared to the position of the normal shoe, respectively.
There was a significant difference between muscle co-contraction in fibularis
brevis muscle and inner gastrocnemius muscle in the pre-activity phase in the
normal shoes and minimalist shoes states (P= 0.046). The results also showed
that there was a significant difference between co-contraction of the tibialis
anterior muscle and fibularis longus muscle in barefoot and normal shoe states
(P=0.040).

Conclusion

Minimalist shoes were ranked between barefoot walking and normal shoes in
terms of muscle activity. It appears that increased activity of the musculi
fibularis and the internal and external gastrocnemius muscles is related to plantar
flexion of the foot, which is mechanically less stable. The rate of co-contraction
increased in the fibularis brevis and internal gastrocnemius muscles in the pre-
activity phase and the tibialis anterior and fibularis longus muscles in the
eccentric phase during the barefoot running compared to minimalist and normal
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footwear. It seems that the increased mobility of the foot when running barefoot
compared to minimalist, and regular shoes reduces foot stability. In addition, the
increased co-contraction of agonists and antagonists in barefoot and minimalist
shoes compared to normal shoes may be an effective factor in maintaining joint
stability. Therefore, physicians or coaches should prescribe the most appropriate
trainers for each athlete depending on their needs.
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