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Abstract

Introduction: Fatigue and deformities in the lower extremities such as the pronate foot can
adversely affect the biomechanics of human movements and walking. Under fatigue conditions,
the biomechanical differences of pronate and healthy feet are more easily identified. Therefore,
the aim of this study was to investigate the effect of helpless fatigue protocol on all ankle muscle
contractions in pronate and healthy individuals during walking.

Materials and Methods: Fourteen young men with pronate feet and 14 healthy men participated
in this study. Electromyographic activity of selected muscles was recorded before and after the
fatigue protocol. Data were analyzed using SPSS software and two-way analysis of variance with
repeated measures.

Results: The results showed that after fatigue, all general contractions in pronate and healthy foot
groups decreased significantly during the heel contact phase (P=0.040). Also, the directional
contraction in both groups increased significantly during the heel separation phase (P=0.022) and
oscillation (P=0.039) in the pretest compared to the posttest. The other components did not show
any significant differences.

Conclusion: The change in all the contractions of the muscles around the ankle joint indicates an
increase in pressure on its internal structures. Abnormal anatomical changes in the feet of these
people after fatigue may put them at risk for overload or injury. Therefore, it is suggested that in
examining the effects of fatigue on gait mechanics and the incidence of gait injuries, attention
should be paid to all muscle contractions in the joints.
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Extended Abstract

and distributing forces on the body. The optimal performance of which depends on the arch of

the foot, including the internal longitudinal arch. People with pronated foot suffer from many
biomechanical inefficiencies in the foot and ankle. Since the foot is the most important means of
interaction between the ground, its structure plays a crucial role in maintaining the effective
performance of walking, so that any deviation in the foot causes abnormal movement during walking.
Fatigue and abnormalities in the lower extremities, such as the pronated foot, can adversely affect on
the biomechanics of human movements, such as walking, and lead to the absence of all muscle
contractions and unstable symptoms in the joints of the lower limbs (ankles). The heart rate deflection
point (HRDP) can be used as a non-invasive tool in determining the anaerobic threshold. Also, this
protocol is very similar to the speed of runners in endurance races and the athlete feels tired during the
race. Therefore, the researcher used the fatigue running protocol at the level of HRDP in this study.
Recognizing the effect of exhaustive fatigue protocol of running at the HRDP on contractions of the
muscles around the ankle while walking; in addition to helping people with pronated foot to
rehabilitation, weight loss and higher quality of life; also, it can also provide a new perspective on
biomechanics and other rehabilitation professionals to better implement the rehabilitation programs. So,
the aim of this study was to investigate the effect of exhaustive protocol on ankle muscle co-contraction
in healthy individuals and with pronated foot during walking.

Materials and Methods

Fourteen healthy men and 14 people with pronated foot from male students of Mohaghegh Ardabili
University were participated in this study. The subjects in the healthy group were randomly selected,
but the subjects in the pronated foot group were selected after examination and having a flat foot. The
present study was quasi-experimental. The fatigue protocol of this study was to run at the HRDP level
until fatigue. The electrical activity of the Tibialis anterior and middle Gastrocnemius muscles were
recorded in two stages of pre-test and post-test using electromyography. In order to obtain the amplitude
of electrical activity of muscles, the method of calculating root-mean-square was used. Peak activity of
these muscles was recorded as the most voluntary isometric contraction. The Shapiro-Wilk test was
used to investigate the normality of data distribution. Data analyzed by two-way analysis of variance
with repeated measures and Bonferroni post hoc for pairwise comparisons using SPSS software version
25 at the significance level of P < 0.05.

The feet have a number of physiologic functions, including stabilizing the body and absorbing

Results

The results showed that after fatigue, all general co-contraction in both pronated and healthy foot groups
decreased significantly during the heel contact phase (p=0.040). Also, after fatigue, directional co-
contraction increased significantly during push-off (p=0.022) and swing phases (p=0.039) in pre-test
compared to post-test in both pronated and healthy foot groups. The other components did not show
any significant differences. Table 1 shows the descriptive characteristics of the subjects in the two
groups of pronated and healthy feet.

Table 1. Anthropometric characteristics of participants

between group differences (p

variables Group with pronated-feet Normal controls values)

Age (year) 222 +19 222 +£25 0.985

Body height (cm) 169.3 £ 55 178.0* 6.6 0.103

Body mass (kg) 68.4 = 8.4 75.0 = 8.2 0.198

Body mass index (kg/m2) 252 £53238 = 238 £ 34 0.372

Navicular drop (mm) 117 £ 1.2 6.8 = 0.7 <0.001
Conclusion

The results of this study showed that there was a significant reduction in general co-contraction of the
muscles around the ankle during walking following fatigue caused by the helpless protocol in both
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pronated and healthy foot groups compared to the pretest. It is possible that, the transmission of
messages from tired muscles to nerve centers is disrupted after tiring and leads to a decrease in nerve
velocity and ultimately to the inability to produce adequate compensatory contraction or movements.
In fact, when muscles are tired, the ability to produce the proper muscular responses needed to maintain
joint stability is reduced, which can lead to more contractile changes in individuals, which can lead to
decreased motor function, gait pattern, and even injury. Finally, it is suggested that in examining the
effects of fatigue on gait mechanics and the incidence of gait injuries, all muscle co-contraction in the
joints should be considered to determine whether these changes were made to compensate for traumatic
mechanical changes after fatigue, or they are related to the adaptation of muscles to long-term activity.

Author contribution: All authors were contributed equally in the work.

Conflict of Interest/Funding/Supports: The authors stated that have no Conflict of interest or funding
supports in this study.

Ethical Considerations: The ethics committee of the Ardabil University of Medical Sciences has
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Applicable Remarks: In addition to significantly helping people with pronated feet in connection with
rehabilitation programs, weight loss and improving the quality of life, can provide a new perspective
for biomechanics and other rehabilitation specialists in the implementation of rehabilitation programs.
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