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ABSTRACT

Foot overpronation is one of the most critical factors that cause musculoskeletal
: injuries and lead to greater mechanical loads in the lower limb structure. Sand is an unstable and un-
Received: 04 May 2021 ¢ predictable surface that has particular importance in human movement mechanics. The purpose of this
Accepted: 16 Jun 2021 ¢ study was to investigate the effect of sand surface training on directed and general co-contraction of
¢ ankle joint muscles in individuals with foot overpronation during running.
[VETTEE The present study was a randomized clinical trial type. Statistical samples of the present study in-
cluded 15 males with foot overpronation in the control group and 15 males with foot overpronation in the
intervention group. Individuals in the intervention group performed a sand surface training program consisting
of continuous jogging, striding, bounding, galloping, and short sprints for 8 weeks. Tibialis anterior and gas-
trocnemius medialis muscles activity was evaluated by an 8-channel electromyography system with a surface
electrode during running. A two-way ANOVA test was used for statistical analysis at the significant level P<0.05.
[ESTE The results demonstrated greater ankle-directed co-contraction in the push-off phase during
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Keywords: post-test compared with the pre-test in the intervention group during training on sand (P=0.040). Other
Foot overprona- :  components of directed co-contraction in the different stages and general co-contraction in all phases
tion, Sand surface ¢ did not demonstrate significant differences after sand training (P>0.05).
training, Directed co- [T It seems greater ankle joint directed co-contraction in the push-off phase after training pro-
contraction, General :  tocol reduced the risks of lower limb injuries and ankle instability in individuals with foot overpronation
co-contraction ©inthis phase.
Extended Abstract foot is a risk factor for mechanical dysfunctions and injuries
in the upper joints such as the ankle, knee, and hip joints.
1. Introduction In theory, pronated foot creates internal tibia rotation, hip
internal process, knee valgus, and pelvis anterior and ipsi-
ronation foot is a reversible complex foot lateral tilt. People with pronation feet experience pain and
deformity comprised of the heel valgus, discomfort in the knee joint while walking,
lower medial longitudinal arch, and abduc-
tory twist of the foot. The subtalar joint is the main joint Pronated foot deformity can lead to overuse of the lower
to evaluate pronation foot pathomechanics. The pronated limbs, injury, and foot dysfunction, as confirmed by the
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navicular drop test. Pronated foot deformity contributes to
musculoskeletal injury via the altered motion of the lower
extremity. The relationship between foot mobility and low-
er limb motion was reported, and pronation foot could be
recognized as a risk factor for postural stability.

The o-contraction of the muscles provides a means to alter
the stability and articular loading of the joint. In general,
there are two forms of muscle co-contraction: generalized
co-contraction and directed co-contraction. Sand is an un-
stable and unpredictable surface that has special importance
in human movement mechanics. The purpose of this study
was to investigate the effect of sand surface training on di-
rected and general co-contraction of ankle joint muscles in
individuals with foot overpronation during running,

2. Methods

The present study was a randomized clinical trial type.
We used the freeware tool GxPower (http://www.gpower.
hhu.de/) to calculate a one-sided a priori power analysis
with the F test family (ANOVA repeated measures within-
between interaction) and the respective statistical test based
on a related study that examined walking in adults with PF.
The power analysis was computed with an assumed Type
I error of 0.05, a Type II error rate of 0.20 (80% statisti-
cal power), two tests (pre, post), a correlation coefficient
of 0.5 between observations, and an effect size of 0.70 (i.e.,
interaction effects) for running. The analysis revealed that
11 participants would be sufficient to observe large Group
x Time interactions.

For both groups, participants were recruited if they
showed a navicular drop of more than 10 mm, and a foot
posture index larger than 10. Of note, the navicular drop
was measured as the difference in navicular height during
non-weight bearing compared with full weight bearing
of the foot during quiet unilateral standing. Also For both
groups, a priori defined exclusion criteria comprised a his-
tory of musculoskeletal surgery at the trunk and/or lower
limbs, neuromuscular or orthopedic disorders (except of
over Pronated Feet (PF)), limb length differences larger
than 5 mm, and in control group the performance of strenu-
ous physical exercises <8 weeks prior to testing. The proce-
dures were explained to the participants prior to obtaining
informed consent in accordance with the Declaration of
Helsinki. The included participants reported demographic
information including: age, limb dominance, and injury his-
tory. All participants were right footed and right handed as
determined by a kicking and throwing ball test.

Statistical samples of the present study included 15 males
with foot overpronation in the control group and 15 males
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with foot overpronation in the intervention group. Individu-
als in the experimental group performed a sand running
training program consisting of walking, continuous jog-
ging, striding, bounding, galloping, and short sprints for
eight weeks (3 sessions per week). Every session was start-
ed with a warm-up and stretching session for five minutes
and was ended with a cool-down session for five minutes.
The total training duration was 50 minutes per session. In-
dividuals in the control group did not perform any exercise
and were re-evaluated after 8 weeks. All participants were
asked not to participate in any other sports and activities
during the intervention period.

Tibialis anterior and gastrocnemius medialis muscles
activity was evaluated by an 8-channel electromyography
system with a surface electrode during running. The raw
EMG signals were digitized at 2000 Hz and streamed via
Bluetooth to a computer for further analysis. According to
the European recommendations for surface electromyogra-
phy (SENIAM), the skin surface was shaved and cleaned
with alcohol (70% Ethanol-C,H.OH) over the selected
muscles. After that, the skin was scratched gently prior to
electrode placement. Electromyography (EMG) data were
synchronized using Nexus software (Oxford Metrics, Ox-
ford, UK). All analyses were performed using SPSS v. 20.
Normal distribution was examined and confirmed using the
Shapiro-Wilk Test. A two-way ANOVA test was used for
statistical analysis at the significant level P<0.05.

3. Results

No significant between-group differences were found at
baseline for all examined variables while running (P>0.05).
Statistically significant main effects of “time” were found for
directed co-contraction dorsiflexion/plantar flexion of ankle
joint muscles (P=0.040) during the push-off phase. Pair-wise
comparisons revealed significantly greater directed co-con-
traction dorsiflexion/plantar flexion of ankle joint muscles in
the post-test compared with the pre-test during running,

The results did not demonstrate any significant main ef-
fects of “time” for directed co-contraction dorsiflexion/
plantar flexion of ankle joint muscles (P>0.05) during load-
ing response, mid-stance, and swing phases.

The results did not demonstrate any significant main ef-
fects of “group” for directed co-contraction dorsiflexion/
plantar flexion of ankle joint muscles (P>0.05) during load-
ing response, mid-stance, push off and swing phases. Also,
general co-contraction of ankle joint muscles (P>0.05) did
not demonstrate any significant main effects of “group” for
loading response, mid-stance, push off and swing phases
during training on sand. The results did not show signifi-
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cant group-by-time interactions for directed co-contraction
dorsiflexion/plantar flexion of ankle joint muscles (P>0.05)
for loading response, mid-stance, push off and swing phas-
es during running. Also, results did not demonstrate any
significant main effects of the group by time interactions
for general co-contraction of ankle joint muscles (P>0.05)
during loading response, mid-stance, push off and swing
phases of running.

4. Discussion and Conclusion
It seems greater ankle joint directed co-contraction in the
push-off phase after training protocol reduced the risks of

lower limb injuries and ankle instability in individuals with
foot overpronation in this phase.
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