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Abstract

Introduction: Changes in the physical and anatomical structure of the foot can affect motor abilities and
may limit or alter the execution of motor skills. Therefore, this study aimed to investigate the ability to
differentiate foot abnormalities through gross motor skills in children.

Method: This correlational research employed discriminant analysis within a relatively large
population of boys and girls aged 7 to 12 years. A total of 456 participants were purposefully
sampled from the children of employees at the Sangan Copper Company (from the cities of Tabriz,
Ahar, and Varzeqan). The Bruninks-Oseretsky test (1978) was utilized to assess gross motor
development, and the DSI foot scanning device was employed. For data analysis, discriminant
analysis was conducted using SPSS software version 26 at a significance level of 0.05.

Findings: The results indicated that among the factors of motor development, agility, with a
significance level of 0.005, was able to accurately predict 40.6% of the characteristics of different
foot types. Factors such as balance (p=0.502), bilateral coordination (p=0.252), and strength
(p=0.653) were not significant. Specifically, agility correctly predicted 37.5% of flat feet, 54.5% of
Pes Cavus, and 43.8% of standard foot types.

Discussion and Conclusion: It can be concluded that agility, as a composite ability encompassing
speed, balance, and strength, is highly capable of distinguishing various foot structures. Under
specific conditions, it may serve as a predictive factor for foot structure, especially in cases of Pes
Cavus (hollow foot).
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Extended Abstract

Introduction

Motor development in children involves the acquisition of various movement patterns and skills,
influenced by factors such as age, gender, socioeconomic status, and physical activity levels
(Zarezadeh et al., 2011), (Gallahue et al., 2011). Fundamental motor skills, particularly gross
motor skills executed by large muscle groups, form the foundation for more complex movements,
daily activities, sports participation, and specialized skills (Gallahue et al., 2011); (Ozonoff et al.,
2008). These skills enable children to engage in walking, running, jumping, climbing, and object
manipulation (e.g., catching, throwing, kicking). While genetic and maturational factors drive
typical development, environmental elements like education, practice opportunities, and
encouragement also play crucial roles (Sugden, 2013).

Theoretical frameworks, such as Newell's model, emphasize constraints on motor development:
individual (structural and functional), environmental, and task-related (Gallahue et al., 2011).
Individual structural constraints, including biomechanical features of the body, can impact motor
patterns. Foot abnormalities, such as flat feet (pes planus) or high-arched feet (pes cavus), may
disrupt proprioceptive inputs, postural control, and balance; (Proske & Gandevia, 2012), (Khalaghi
et al., 2022). Flat feet, prevalent in 20-30% of young children (Smith et al., 2020), and high-arched
feet, reported in up to 90% of pediatric foot clinic referrals (Sidarta & Afyora, 2024), can alter
center of pressure displacement, sensory feedback, and overall biomechanics (Hajirezayi et al.,
2019); (Jankowicz-Szymanska et al., 2018); (Abdoli et al., 2011); (Wozniacka et al., 2013).
Literature reveals mixed findings on the impact of foot arch types on motor performance. Some
studies indicate flat feet reduce agility and alter gait in children aged 7-10 (Sidarta & Afyora,
2024), while others suggest no detrimental effects on sports skills or even advantages in vertical
jumping for flat-footed children aged 9-15 (Tudor et al., 2009). Conversely, high-arched feet are
associated with poorer balance and functional performance due to reduced surface contact and
altered pronation (Wozniacka et al., 2013); (Hajirezayi et al., 2019) .Skeletal-muscular
abnormalities in the lower limbs, influenced by environmental factors, poverty of movement, or
muscle imbalances, can affect biomechanics of walking, running, and displacement (Wozniacka et
al., 2013); (Wilczynski, 2020). Pathological gait in children may lead to severe conditions like
arthritis or scoliosis, underscoring the need for early monitoring.

Despite these insights, research on the link between foot structure and gross motor skills in
children remains limited and inconsistent. This gap is critical, as motor abilities underpin learning
and participation in physical activities (Aghdasi et al., 2021), (Fathirezaie et al., 2021). The present
study addresses whether gross motor skills (agility, balance, bilateral coordination, strength) can
discriminate and predict foot arch types (flat, high, normal) using discriminant analysis, potentially
clarifying predictive relationships in a large pediatric sample.

Methods

This correlational, field-based study with applied objectives involved 456 children (234 boys, 222
girls) aged 7-12 years, purposively sampled from the offspring of employees at Sungun Copper
Company in Tabriz, Ahar, and Varzeqan, Iran. Sample size was calculated using G*Power software
(effect size = 0.01, power = 0.95, predictors = 4), yielding a minimum of 110 participants; however,
502 referrals resulted in 456 analyzable cases after exclusions. Participants were recruited via company
announcements, with informed consent obtained from parents. Testing occurred individually in a
motor development laboratory at the University of Tabriz between 9:00 AM and 12:00 PM.
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Inclusion criteria excluded children with fractures, severe visual/hearing impairments, cognitive
disorders, or BMI >30. Demographic data (height, weight, age, gender) were collected first. Gross
motor skills were assessed using the Bruininks-Oseretsky Test of Motor Proficiency (BOTMP)
(Bruininks & Bruininks, 2012), a norm-referenced tool for ages 4.5-14.5 years, comprising eight
subtests (46 items) administered in 45-60 minutes. Focus was on four gross motor subtests: agility
(running speed, jumping), balance (beam walking, stork stand), bilateral coordination (hand-foot
tasks), and strength (push-ups, sit-ups). Reliability (test-retest: 0.78; validity: 0.84; overall: 90%)
was established in prior standardizations.

Foot arch type was evaluated using the Foot Medicine Plus scanner (Danesh Salar Iranian Co.),
measuring maximum pressure, center of pressure changes, arch type (normal, flat, high) and
degree, pressure distribution, contact area, and Achilles tendon angles.

Data analysis used SPSS v23, including descriptive statistics (means, SD) and inferential statistics:
one-way ANOVA for group differences and linear discriminant analysis (LDA) to predict foot
type group membership from motor skills.

Results

Descriptive statistics (Table 1) revealed variations in gross motor scores across foot types: flat
(n=203; agility: 8.68+5.11; balance: 20.97+5.29; coordination: 13.95+4.29; strength: 19.99+8.50),
high-arched (n=84; agility: 7.73+4.87; balance: 22.32+4.36; coordination: 12.59+4.57; strength:
18.55+£5.34), and normal (n=169; agility: 10.22+5.49; balance: 21.234£5.51; coordination:
14.17£3.96; strength: 20.14+6.29).

ANOVA (Table 2) showed significant differences only in agility (Wilks' Lambda=0.977, F=5.322,
p=0.005), with no significance for balance (p=0.502), coordination (p=0.252), or strength (p=0.653).
LDA indicated a significant model (Box's M=59.08, F=1.86, p=0.003; Wilks' Lambda=0.95,
*=22.72, df=10, p=0.012). Canonical discriminant function coefficients (Table 3) highlighted agility
(0.176) as the primary discriminator, with minor contributions from others. Classification accuracy
(Table 4) was 40.6% overall: 37.5% for flat, 54.5% for high-arched, and 43.8% for normal feet.
Discussion

Findings demonstrate that agility uniquely discriminates foot arch types, aligning with studies
showing flat feet reduce agility (Samakosh & Hadadnezhad, 2021); (Sidarta & Afyora, 2024). and
high-arched feet impair lower-limb performance (asl et al., 2020). Normal arches facilitate better
shock absorption and sensory input, enhancing motor efficiency (Kumala et al., 2019); (Cobb et
al., 2014). High-arched feet's higher prediction accuracy (54.5%) may stem from biomechanical
issues like short Achilles tendons (23-63% shorter); (Burns & Crosbie, 2005), limiting
dorsiflexion, causing instability, muscle imbalances (evertor weakness, inverter dominance), and
poor shock absorption (Wozniacka et al., 2013); (Sinclair et al., 2017). This affects agility tasks
requiring explosive jumps, directional changes, and weight-bearing.

Non-significance for balance, coordination, and strength contrasts some prior work (Khodaveisi et
al., 2009); (Hajirezayi et al., 2019); (Abdoli et al., 2011), possibly due to measurement methods (e.g.,
beam walking vs. dynamic tests) or statistical approaches. Agility's composite nature (encompassing
speed, balance, power) likely amplified its discriminatory power in LDA. Age effects may diminish
foot structure's influence (Musavi et al., 2012), with environmental factors like activity levels or
lifestyle overriding (Bukowska et al., 2021); (Iordan et al., 2021); (Anida Kapo, 2020).
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Limitations include urban sample bias; future research should compare rural/urban, climatic, or
altitude variations. Recommendations: Annual school-based foot scans and motor assessments for
early intervention.

Conclusion

This study reveals a significant association between agility and foot arch height, but not other
gross motor skills (strength, bilateral coordination, balance). No universal positive/negative
relationship exists between motor abilities and foot indices, influenced by age, gender, tools, and
statistics. Agility's embedded elements (speed, balance, power) are collectively impacted by foot
structure, though individually insufficient for discrimination except agility. Further in-depth
studies are warranted to refine these insights.

Keywords: Agility, Motor Development, Flat Foot, Pes Cavus, Foot Deformities.
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