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Abstract

Foot pronation, as one of the prevalent foot abnormalities, can influence the biomechanics of the lower limbs. The use of
various foot orthoses, including insoles and braces, is very common in eliminating this problem. The results obtained
regarding the effect of orthoses on pain and biomechanics of individuals with foot pronation are different. The present review
study was conducted to evaluate the effects of foot orthoses and shoes on the biomechanics of the lower limbs and balance in
individuals with foot pronation. The articles were searched in Persian and Latin languages during 2004-22 in the databases of
PubMed, Web of Science (WOS), Scopus, Islamic Science Citation (ISC), and Google Scholar search engine. Moreover, the
types of the searched studies were original research, review studies, and clinical trials. Using keywords of Foot pronation,
Foot orthoses, Medical soles, and Motion-control shoes, 52 relevant articles were selected, and 22 articles regarding the
effects of orthoses and shoes on foot pronation were finally analyzed. Eight articles also reported that reducing forces
imposed on the joints, absorbing shock, preventing pronation-related running injuries, and improving muscle activity
occurred when using orthosis. Furthermore, 4 articles reported improving sports performance in athletes, reducing the ground
reaction forces, and changing the frequency of muscle activity. Finally, 2 articles showed that motion-control shoes prevented
intensifying the injury due to increased fatigue and subsequently increased mechanical loading during running. The results of
the present study demonstrated that foot orthoses and motion-control shoes could have positive effects on balance, improving
the activities of the lower limbs and reducing foot pronation and force imposed on the foot and lower limb joints.
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Extended Abstract

Introduction

oot pronation (ankle internal rotation) is among the prevalent
F congenital complications of the lower limbs in the ankle joint
observed in the ankle region due to inefficient biomechanical
changes. Any biomechanical changes in the ankle structure, including foot
pronation, can result in injuries to the ankle joint, other body joints, and even
the spine. Pronated foot is directly associated with pressure on the ankle,
knee, and pelvic belt joints. In foot pronation, the longitudinal-internal
arches are exposed to collapse. The existence of these arches in the soles of
the feet is an influential factor in absorbing shocks. One of the effective
ways to prevent the incidence of malformations and injuries can be the use of
insoles and sports shoes. On the other hand, biomechanical changes
stemming from foot pronation may impose more pressure on the knee joint
loads and improper alignment. Research has indicated that the use of braces
culminated in improving and reducing external torque to the knee (valgus
brace), relieving pain, and increasing performance and quality of life. The
most significant force applied to the ankle in this condition is the ground
reaction force. Based on the kinematic chain theory, the poor performance of
one movement segment can also influence other movement segments.
Considering the importance of the topic and the high prevalence of this
condition, particularly among athletes, the present study was conducted to
assess the effect of foot orthoses and shoes on the biomechanics of the lower
limbs and balance in individuals with pronated feet.

Methods

In this systematic review, articles in Persian and Latin languages were
searched during 2004-22 in the databases of PubMed, Web of Science
(WOS), Scopus, Islamic Science Citation (ISC), and Google Scholar search
engine. The study types were original research, review studies, and clinical
trials. Foot pronation, Foot orthoses, Medical soles, and Motion-control
shoes were the keywords used to extract articles, and 52 relevant articles
were selected.

The inclusion criteria included the use of articles in the field of applying
support tools in individuals with foot pronation, the amount of navicular
bone loss more than 10 mm, and the foot posture index higher than 10 mm.
Finally, 22 articles regarding the effects of orthosis and shoes on foot
pronation were analyzed. Articles were validated by measuring and
evaluating articles indexed in the Scopus, WOS, or ISC databases.

Conclusion

Of all studied articles, 27% demonstrated that the use of supportive
orthoses and motion-control shoes could improve dynamic balance and
particularly influence the dynamic balance of runners with foot pronation,
9% indicated that customized foot orthoses could positively affect the
improvement of heel pain, and 36% demonstrated that reducing forces
imposed on the joints, absorbing shock, preventing pronation-related running
injuries, and improving muscle activity occurred when using orthosis. In

addition, 18% of the articles showed that braces and motion-control shoes
could improve muscle activity in the elderly, improve sports performance in
athletes, affect ground reaction forces positively, and lead to changes in the
frequency of muscle activity. Furthermore, 10% of the articles assessed the
impacts of motion-control shoes and carbon plates on the fatigue protocol
and found that motion-control shoes prevented the increased fatigue
stemming from mechanical loading following initial contact during running
in female runners, and carbon plate shoes could lead to improved running
economy.

One of the factors influencing the biomechanics of walking can be the type
of shoes, insoles, and other support tools used by an individual. Orthoses and
shoes considerably affect maintaining balance. The role of shoes becomes
important, particularly when balance is reduced under conditions such as
fatigue and muscle control. Since track shoes have been designed in such a
way that they impose shock absorption throughout the foot for a runner with
hypersupination, motion-control shoes have been designed for runners with
hyperpronation. The risk of injury is less in participants with motion-control
shoes than in those with regular shoes; this positive impact was observed
only in runners with pronated feet, and no change was found in healthy
individuals. Runners with pronated feet have shown a higher risk of injury
when using standard shoes than motion-control shoes. Findings in runners
with pronated feet who used motion-control shoes for a long time
demonstrated that the frequency with the power of 99.5% in the vertical
direction showed a reduced stance phase of running. Severe foot pronation
may be related to the incidence of pathological conditions of the lumbar
spine. There is limited evidence to approve the use of insoles as a treatment
for nonspecific chronic low back pain disability. The positive effects of
medical insoles have been observed in lowering the angular velocity,
absorbing the shocks on lower limb joints, and preventing injuries in the
ankle and knee joints. The use of shoes with medical soles is effective on the
reaction force variables in the vertical direction. Double-density shoes with
medical insoles have indicated that medical insoles have probably changed
the way force is distributed by maintaining the arches in the soles of the feet
and have improved the ground reaction force and shock absorption in
runners with foot pronation. The use of orthosis and motion-control shoes
has positively resulted in improving the electrical activity of lower limb
muscles and sports performance. The use of various support tools and
motion-control shoes apparently improves muscular electrical activity and
consequently culminates in both improving sports performance and
preventing lower limb injuries.
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