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ARTICLE INFO ABSTRACT

Background and Aims: The surface quality and type are an important
factor that may influence the risk of sustaining injuries during running.

The aim of the present study was to compare forces excreted on the foot
while running on the ground and artificial turf in people with pronated and
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Keywords: selected by available sampling and participated in the present study.
Ground Reaction Forces, Statistical samples were divided into three groups. There were 10
Running, Supinated Foot, patients in the pronated foot group, 10 people in the supinated foot group

Pronated Foot and the third group of 10 people as the control group. The navicular drop

test was used to measure foot type. A Bertec force plate was used to

Zg:'xnt;fg :ﬁee'zha e, Aveman record ground reaction forces while running on ground and artificial turf
Madahi Givi. Milad Piran at constant speed (about 3.2 m/s). The ground reaction forces in the
ham|abadi_,2\c°mparison Of vertical (Fz), anterior-posterior (Fy) and medio-lateral (Fx) directions
Forces Excreted On The Foot were recorded during running.

While Running On The Ground Results: The results revealed greater medio-lateral ground reaction

And Artificial Turf In People With force at the heel contact in males with pronated feet while running on the
Pronated And Supinated Feet. ground than that artificial grass. In addition, the time to reach the peak of
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Technology, 2025: 23(29): 56-71. e vertical component at heel contact during running on grass was
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Conclusion: The results showed that the use of artificial turf can
improve the risk factors for injury in people with pronated and supinated

feet.
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Extended Abstract

Background and Aims: Running takes place on various surfaces, such as meadows,
forests, gravel roads, city streets, artificial tracks, and gym floors. These surfaces vary in
characteristics like flatness, stiffness, and elasticity, which can lead to different responses
from the neuro-muscular system, affecting stiffness regulation. Runners adapt their leg
stiffness to match the stiffness of the surface, helping them maintain consistent running
mechanics. Stiffness regulation during the initial contact phase of running is influenced by
factors like pre-activation, the quick response of the stretch reflex, joint angles, and
fatigue. Most runners employ a heel-toe technique at speeds up to 5 m/s. The rate of
running-related injuries (RRIs) can range from 3% to 85%, with 2.5 to 33 injuries per 1000
hours of activity, depending on the studied population. Approximately 87% of these injuries
occur in the knee, lower leg, foot, and ankle, with abnormal foot posture being a significant
contributing factor. The foot, being the only body part in contact with the ground while
running, is crucial for shock absorption and distributing ground reaction forces. An atypical
medial arch can hinder this shock absorption, increasing stress on the foot and other
joints. Abnormalities in foot structure, such as over-pronation (OPF), which affects 2-23%
of adults, can predispose runners to injuries. Contributing factors to OPF include deficits in
muscular strength, anatomical alignment of the lower limbs, and ligament function. A
supinated foot is associated with external rotation of the tibia, which in turn causes the
femur to rotate similarly. This alignment affects the angle and position of the knee,
potentially leading to dysfunction in the lower limbs. It's reasonable to believe that closed-
chain activities can alter mechanical alignment and dynamic function in proximal joints.
Running is a popular physical activity that provides various health benefits but also poses
injury risks, especially for individuals with certain foot types. The running surface
significantly affects the forces on the feet, influencing the likelihood of injuries. Foot type is
crucial in running biomechanics; individuals with pronated feet tend to roll inward
excessively, while those with supinated feet roll outward. Both conditions can lead to
abnormal loading patterns, increasing the risk of injuries such as plantar fasciitis, shin
splints, and stress fractures. Additionally, the choice of running surface affects the forces
experienced by the feet. Natural surfaces like dirt or grass typically offer more cushioning
than harder artificial turf. This study aims to explore the differences in ground reaction

forces (GRFs) experienced by individuals with pronated and supinated feet when running
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on natural ground versus artificial turf. Understanding these differences is vital for
developing strategies to reduce injury risks and improve runner safety. The aim of this
study was to compare excreted forces on the foot while running on the ground and artificial

turf in people with pronated and supinated feet.

Materials and Methods: The study involved 30 healthy male participants aged 20-25
years from Ardabil province, who were categorized into three distinct groups based on
their foot type: 10 individuals with pronated feet, 10 with supinated feet, and a control
group of 10 with neutral foot types. The determination of foot type was conducted using
the navicular drop test, which assesses the height difference of the navicular bone while
standing compared to a relaxed position, providing a reliable measure of foot alignment.
To evaluate ground reaction forces (GRFs), a Bertec force plate was employed, allowing
for precise measurements during running. The bertec force plate was located at the
midway of 18 m walkway. The sampling rate was 1000 Hz. Participants were instructed to
maintain a consistent running speed of approximately 3.2 m/s on both natural ground and
artificial turf surfaces. The force plate recorded GRFs in three primary directions: vertical
(Fz), anterior-posterior (Fy), and medio-lateral (Fx) during the heel contact phase of
running. The 10 N vertical GRF was used as threshold in order to determine stance phase.
The peak GRF values in three dimensions along with their time to peak was calculated for
further statistical analysis. The GRF values were smoothed using 20 Hz cut of frequency.
The GRF values were normalized using body weight and presented as a % body weight.
The collected data were subjected to rigorous statistical analysis using software to
compare GRFs across the three groups and between the two different running surfaces.
Shapiro-Wilk test was used in order to determine normality of data. ANOVA tests were
utilized to identify significant differences among the groups, with a significance threshold
set at p < 0.05, ensuring that the findings were statistically robust and meaningful. All
statistical analysis were performed using SPSS software. Eta squred was used to
calculate effect size values. This methodology not only aimed to elucidate the impact of
foot type on GRFs but also sought to provide insights into how different running surfaces
influence biomechanics, ultimately contributing to a better understanding of injury

prevention strategies for runners.

Results: The findings indicated that the effect of the surface factor at the moment of heel

strike on the ground in the internal-external component (P = 0.014), the moment of heel lift
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off the ground in the internal-external component (P = 0.028), the moment of heel strike on
the ground in the vertical component of ground reaction force (P = 0.008), and the time to
reach the peak of the vertical component of ground reaction force (P = 0.001) during
running is significant. Pairwise comparisons showed that at the moment of heel strike on
the ground in the internal-external component during running on a solid surface, there was
an increase compared to running on grass. Additionally, pairwise comparisons revealed
that the moment of heel lift off the ground in the internal-external component during
running on grass was increased compared to running on a solid surface. Furthermore,
pairwise comparisons indicated that at the moment of heel strike on the ground in the
vertical component of ground reaction force during running on grass, there was an
increase compared to running on a solid surface. Pairwise comparisons also showed that
the time to reach the peak of the vertical component of ground reaction force during
running on grass was increased compared to running on a solid surface. Specifically,
individuals with pronated feet exhibited significantly greater medio-lateral GRFs at heel
contact when running on natural ground compared to artificial turf. This finding suggests
that the harder surface of artificial turf may reduce the lateral forces acting on the foot,
potentially decreasing the risk of lateral ankle sprains. Additionally, the time taken to reach
the peak of the vertical GRF component at heel contact was longer when running on
artificial turf compared to natural ground. This delay may indicate a more gradual loading
pattern on artificial surfaces, which could be beneficial for individuals with both pronated
and supinated feet, allowing for better shock absorption and reducing the risk of abrupt
force application that can lead to injuries. The findings indicated that the effect of the group
factor and the interaction effect of surface and group on the values of the components of

ground reaction force during the running phase were not significant (p > 0.05).

Conclusion: The findings of this study suggest that artificial turf may provide protective
advantages for runners with both pronated and supinated feet, potentially lowering their
risk of injury. By understanding the dynamics between foot type and running surface,
runners can make more informed choices about their training environments, which can
lead to safer and more effective running practices. This knowledge is particularly
significant for runners, coaches, and healthcare professionals, as it emphasizes the
importance of selecting appropriate training surfaces. For instance, individuals with
pronated feet may benefit from running on artificial turf, which could help alleviate some of
the risks associated with excessive lateral forces that often lead to injuries such as shin
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splints or IT band syndrome. Similarly, those with supinated feet may find that the
cushioning properties of artificial surfaces provide essential shock absorption, reducing the
likelihood of stress-related injuries. Based on these results, it is advisable for runners,
especially those aware of their foot type, to carefully consider the surfaces on which they
train. Incorporating a variety of running surfaces, including artificial turf, can help distribute
forces more evenly across the body, potentially minimizing the risk of overuse injuries.
Furthermore, selecting footwear that is specifically designed to accommodate individual
foot types can enhance comfort and performance, providing additional support where
need. However, the study also highlights the need for further research to explore these
relationships in greater depth. Future investigations should focus on understanding how
different surfaces impact biomechanics across diverse populations and training regimens.
This research could lead to the development of targeted interventions aimed at injury
prevention, ultimately enhancing the safety and effectiveness of running as a physical
activity. By continuing to study these dynamics, the running community can better equip
athletes with the knowledge and tools necessary to maintain their health and performance
over time. However, further studies were needed in order to better determine the effect of

surface levels on running mechanics in in individuals with different foot types.

Keywords: Ground reaction forces, Running, Supinated foot, Pronated foot
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