
 

 

   

ISSN: 2476-6909; Modares. Mech. Eng. 2025;25(05):261-269. 

 

Modares Mechanical Engineering 
 

DOI: 10.48311/MME.25.5.261 
journal homepage: mme.modares.ac.ir 

 

Effect of Athletic Status on Medial Longitudinal Arch (MLA) in Individuals 

Under 20 Years of Age  

Amin Partovi fard, Mahmoodreza Azghani* , Sadra Jalali, Elham Hazrati, Samin Asghari 

1 Faculty of Biomedical Engineering, Sahand University of Technology, Tabriz, Iran 

A R T I C L E   I N F O 

 

A B S T R A C T  

Article Type 

Original Research 

Introduction 

The medial longitudinal arch (MLA) plays a role in foot function and injury prevention, particularly during 

growth. Its shape could be age- and chronic athletic loading-dependent. The aim of this study was to 

investigate the effect of participation in sports on MLA development in participants under the age of 20 

years. 

Methods 

A cross-sectional study on 494 subjects (256 boys and 238 girls) aged below 20 years was undertaken. 

Subjects were divided into four age groups and further divided into athletes and non-athletes. Foot 

morphology was quantified using a 3D foot scanner, and the Arch Index was calculated. Independent T-

tests were run to ascertain the effect of athletic status on the Arch Index for each age group. 

Results 

Athletes exhibited lower Arch Index values than non-athletes in some subgroups, most significantly in 

boys aged 12–15 and girls aged 16–19. These differences were statistically significant in some cases (p < 

0.05), and in others, borderline (e.g., p = 0.05 and p = 0.08). The effect size was small, and asymmetries 

between the right and left foot existed—greater in the left foot of boys and the right foot of girls. 

Conclusion 

The findings suggest the possible association of sport participation with higher MLA height during 

developmental years. However, due to small effect sizes and borderline statistical significance in some 

groups, the results need to be interpreted carefully. More prospective research is needed to establish the 

type, intensity, and duration of sport playing roles in MLA development. 
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1- Introduction  

Physical condition at early development stages profoundly influences 

body biomechanics and musculoskeletal adaptations [1]. Systematic 

reviews and meta-analyses have demonstrated that long-term physical 

training leads to substantial physiological and structural adaptations 

in many organ systems, including the musculoskeletal system and 

weight-bearing joints [2-5]. Among the most important manifestations 

of such adaptations is alterations in foot arch morphology after 

exercise [6]. The foot arch, or the medial longitudinal arch (MLA), 

absorbs force and redistributes it, as well as shock absorbency, when 

undertaking static and dynamic activities such as standing, walking, 

and running. Flatfoot, normal arch, and high arch are commonly 

classified and each has a unique performance and risk of injury [7-9]. 

Walking is a repetitive biomechanical activity where parameters such 

as body weight and pattern of loading can influence the MLA structure 

[10]. As crucial as it is to function, the foot arch is positioned centrally 

in terms of biomechanical economy, injury protection, and the 

development of overuse conditions due to abnormal pressure 

transmission [11-14]. Therefore, understanding the structural 

modifications induced by different types of physical activity 

throughout development is essential for the optimization of 

performance and prevention of injury [15]. Notably, recent evidence 

suggests that morphological modifications of the MLA during 

development have potentially persistent consequences for health [16]. 

Morphological changes in MLA are typically either congenital or 

acquired. Congenital flatfoot, occurring at birth, is typically flexible 

and associated with global developmental characteristics[17]. 

Acquired flatfoot, in contrast, is well documented in adolescent 

athletes and results from cumulative repetitive stress generated by 

high levels of physical loading[18]. Whereas congenital flatfoot is 

usually benign and less directly associated with the potential for 

injury, acquired flatfoot, particularly its association with chronic 

athletic use, can lead to significant biomechanical derangement and 

pose a predisposition for musculoskeletal damage. This current study 

focuses specifically on acquired flatfoot in active children and 

differentiates this condition from the congenital condition based on 

both etiology and clinical consideration. 

Impact sports such as running, weightlifting, and tennis have been 

observed to induce significant changes in foot arch shape [19,20]. 

Although the MLA is a protective mechanism against repetitive load 

and impact, repeated stress may result in reduction or collapse of the 

arch, which renders a person more vulnerable to injury [21,22]. Such 

changes are especially frequent in athletes on long-term, high-level 

training [8,23]. For example, the frequency of flatfoot among distance 

runners [24] and sport-specific adaption in gymnastics [25] 

demonstrate how various types of physical activities differentially 

affect the development of arches. Football and basketball, which 

involve lateral or multi-directional movements, are placing specific 

mechanical demands upon the foot, and these result in changes of arch 

structure over time [26]. These impacts are determined not only by 

sport type, but also by frequency, intensity, and duration of exercise, 

and developmental status of the individual. 

Structural modifications in the MLA, height increase or decrease, are 

associated with knee, ankle, and spine injuries [27,28]. The majority 

of these injuries are induced by abnormal plantar pressure distribution 

[29,30]. Changed MLA morphology individuals at risk of joint 

overload and ankle sprain. For example, runners have been found to 

have an increased lower arch, which can load the knee and hip and 

cause chronic overuse injuries such as patellofemoral pain syndrome 

[31,32]. Therefore, regular monitoring and biomechanical assessment 

of the MLA should be done to avoid long-term injury. 

Different studies have examined the influence of sport-specific 

loading on foot morphology [26,33-35]. Vertical ground reaction 

force-high sports such as running and weightlifting were associated 

with MLA loss [36], while low-impact activities result in minimal 

change in arch shape [37-39]. Moreover, lateral or pivot activities such 

as football, tennis, and basketball were shown to alter transverse arch 

size and plantar pressure patterns [40-43]. Repetitive and 

asymmetrical loading during these sports has the propensity to load 

mechanical stresses on specific areas of the foot, leading to localized 

morphological adaptations [44,45]. Interestingly, these adaptations 

are age, gender, and involvement-level dependent, further 

accentuating the need for subgroup-specific analysis. This study 

therefore analyzes the impact of sports status on the morphology of 

medial longitudinal arch in individuals under 20 years of age - a phase 

of indispensable development with high musculoskeletal plasticity. 

Based on variation analysis between sporting and non-sporting 

adolescents at different age ranges. Sports participation, as it pertains 

to its type, intensity, and duration, is forecasted to have a correlation 

with extensive changes in the medial longitudinal arch of children and 

adolescents under the age of 20 years. 

2- Methods 

2-1- Data Collection and Inclusion/Exclusion Criteria 

To ensure reliability and validity of the study results, specific 

inclusion and exclusion criteria were established. Participants' choice 

was based on their general state of health as well as their ability to 

stand alone during the process of 3D scanning. Participants suffering 

from musculoskeletal, neurological, or cardiovascular illness, or 

physical injury, were excluded since the mentioned conditions may 

alter the architecture of the foot as well as biomechanics and may lead 

to distortion of data [46]. Participants complaining of pain, tiredness, 

or who were unable to be scanned due to technical issues were also 

excluded from the study (Figure 1, Section A). 

Additional exclusions were based on the following reasons: 

 

1. Inpatients with unacceptable foot position during scanning 

(rotation > 5°) were excluded to provide consistency and 

accuracy in alignment of the feet. 

2. Suboptimal image quality scans, e.g., high noise or distortion 

which could not be removed in preprocessing, were rejected to 

maintain data integrity. 

3. Inadequate anatomical data, such as images containing over 5% 

missing data points or missing necessary foot landmarks, was 

discarded to offer full representation of the foot structure. 

 

These guidelines were implemented to reduce possible bias and 

maintain consistency of collected data [47]. 

Participants were categorized into two groups based on their level of 

physical activity in the past year, as presented in the demographic 

questionnaire. The categorization was informed by the conceptual 

model provided by Gatti [48], with a focus on frequency and intensity 

of physical activity among youth. 

 

• Physically Active Group: The group included participants who 

had reported doing planned physical activity for a minimum of 

150 minutes per week in the previous year. They did recreational 

or school sports (e.g., football, running, volleyball), but not 

professional or elite, at this time. They did physical activity on a 

regular and consistent basis to qualify as regular moderate 

physical activity. 

• Physically Inactive Group: Those participants who had not 

engaged in any organized physical activity or formal sport over 

the previous year were considered to be inactive. They did not 

exercise at all, apart from usual, everyday movements or light 

activities. 

 

This separation allowed for better differentiation between active and 

inactive adolescents and the ability to examine additional differences 

in foot arch between the levels of activity and the sexes. 
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Fig. 1 Overview of the Methodology: (A) Collection of demographic data, including sports history, height, age, and related variables; (B) Selection of 

participants under 20 years of age; (C) Data acquisition using a three-dimensional scanner and computation of medial longitudinal arch height based on the 

Arch Index method; (D) Statistical analysis performed using an Independent T-Test. 

 

2-2- Study Design 

The study was cross-sectional and part of a larger anthropometric 

study in East Azerbaijan Province. The individuals 5–75 years were 

recruited, but the analysis was performed only on less than 20-year-

olds (Figure 1, Section B). 

 

2-3- Sample Size Estimation 

Sample size was calculated using G*Power 2.9.1.3 software with 80% 

power and a 5% significance level (alpha error) of 5%. To achieve a 

sense of solidity for the study, 20% margin was added conservatively 

on top of the above-calculated sample size to account for dropouts. 

The effect size (Cohen's d) used for calculation was based on the 

available anthropometric studies addressing the examination of foot 

arch [49], which had a medium effect size (d = 0.5). According to 

these parameters, the minimum sample size to identify significant 

differences was calculated to be 178 participants. For the present 

study, 494 participants aged below 20 years (256 boys and 238 girls) 

were recruited to make the sample representative for the built-up age 

groups (4-7, 8-11, 12-15, 16-19). 

 

2-4- Study Population 

Among 4,312 volunteers (2,527 men and 1,785 women), 494 

individuals younger than 20 years (256 boys and 238 girls) were 

selected. The subjects were classified into four groups (50) (Figure 1, 

Section B): 

• Group 1: 4–7 years 

• Group 2: 8–11 years 

• Group 3: 12–15 years 

• Group 4: 16–19 years 

 

2-5- Foot Arch Assessment 

For measuring the type of foot arch, the Payatek 3D scanner device 

was used. The subjects placed their feet and socks inside the machine 

and stood on the scanner, one foot at a time. A predefined marker with 

no angle was kept inside the machine with one foot, and another was 

kept on the platform. Maintaining their balance and weight evenly, the 

machine's laser cameras scanned each foot separately and recorded its 

geometric characteristics. Next, Arch Index method was employed to 

determine the type of foot arch. Here, a line is first drawn from heel 

center to the second toe to indicate the longitudinal axis of the foot. A 

second line is then drawn perpendicular to the longitudinal axis of the 

foot and along the most anterior margin of the contact surface of the 

foot (in front of the metatarsal heads). The intersection point of these 

two lines will serve as a point of reference in continuing the process 

of marking. The longitudinal axis of the foot is marked into thirds by 

drawing parallel lines through each division. These lines divide the 

contact surface of the foot into three regions: the heel region (D), the 

midfoot region (E), and the forefoot region (F). Finally, the 

longitudinal arch index is calculated using the formula below [51-54] 

(Figure 1, section C): 

(1) 𝐴𝑟𝑐ℎ 𝐼𝑛𝑑𝑒𝑥 =
E

(𝐷 + 𝐸 + 𝐹)
 

In this system, if the longitudinal arch index value is less than or equal 

to 0.21, then it is a high arch. A value of between 0.26 and 0.26 is a 

normal arch, while a value greater than 0.26 is a collapsed arch, and 

from it, a flat foot is diagnosed. This method is scored among the most 

accurate tools for assessing the condition of the longitudinal arch of 

the foot, ranging from direct measurements of the contact surface of 

the foot. Hence, the participants were categorized into three groups 

based on their foot arch type: high arch (Group 1), normal arch (Group 

2), and flat foot (Group 3). In addition, for checking if the data 

obtained from the longitudinal arch index are normal, the skewness 

and kurtosis methods were utilized [53,54]. 

 

2-6- Ethical Approval 

The study was approved by Tabriz University of Medical Sciences 

Ethics Committee (IR.TBZMED.REC.1403.1014). Written informed 

consent was received by all participants, or their guardians in case of 

minor participants. Confidentiality of personal information was 

maintained stringently, and anonymization of all data was done prior 

to analysis. 

 

2-7- Statistical Analysis 

An independent t-test (SPSS 26) was used to determine whether 

athletic status (athlete or non-athlete) has a different effect on the 

medial longitudinal arch index across age groups (Figure 1, Section 

D). Normality of data was assessed by kurtosis, skewness, and the 

Shapiro-Wilk test. The data were considered normally distributed 

when skewness and kurtosis were between −2 to +2 [55-57], and when 

the Shapiro-Wilk test reported p > 0.05, meeting the criteria for 

parametric analysis [58]. 
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Table 1 Normal distribution of data 

 Age Left Arch Index Right Arch Index 

Skewness  

(for boys) 
-0.139 -0.243 0.030 

Kurtosis  

(for boys) 
-1.004 -0.693 -0.320 

Skewness  

(for girls) 
-0.174 -0.563 -0.383 

Kurtosis  

(for girls) 
-1.054 0.400 0.346 

Shapiro-Wilk P-value  

(for boys) 
0.061 0.074 0.138 

Shapiro-Wilk Statistics  

(for boys) 
0.984 0.987 0.990 

Shapiro-Wilk P-value  

(for girls) 
0.058 0.067 0.093 

Shapiro-Wilk Statistics  

(for girls) 
0.982 0.983 0.985 

3- Results 

3-1- Normality of Data 

The results of the skewness and kurtosis tests, along with the Shapiro-

Wilk test of normality, are shown in Table 1. The skewness and 

kurtosis values fall within the acceptable limit of −2 to +2, indicating 

that the distribution of data is roughly normal. Moreover, the Shapiro-

Wilk test yielded p-values greater than 0.05, further indicating that the 

data are normally distributed. 

 

3-2- Descriptive Statistics 

There were 4312 subjects in the current study, which included 2527 

males and 1785 females. Among them, 494 (256 boys and 238 girls) 

were younger than 20 years of age. The mean age of male and female 

subjects was 13.76 ± 16.76 years and 13.37 ± 0.25 years, respectively. 

The overall demographic information of the participant population is 

presented in Table 2 for both genders. These data provide a clear 

explanation of the demographic features of the population under 

study, on which the foundation of subsequent analysis is based. 

 

3-3- Arch Index Comparison Between Athletes and Non-Athletes 

3-3-1- Boys 

Comparing the Arch Index differences between male athletes and non-

athletes (Table 3), the results overall demonstrated trivial differences 

with some significant findings between the groups. For Group 1, 

athletes' (M=0.35) left foot mean Arch Index was slightly higher than 

that of the non-athletes (M=0.34), but the difference was not 

statistically significant (t(7)=0.64, p=0.54). For the right foot, the non-

athletes (M=0.36) had a higher mean Arch Index than the athletes 

(M=0.33), without a significant statistical difference (t(7)=1.04, 

p=0.33). 

In Group 3, the Arch Index of the left foot of non-athletes (M=0.33) 

was greater than that of athletes (M=0.31). The t-test revealed a 

borderline significant difference (t(91)=1.986, p=0.05), indicating that 

physical activity can affect a reduction in the Arch Index for male 

athletes. For the right foot, the average Arch Index of non-athletes 

(M=0.31) was slightly greater than that of athletes (M=0.29), although 

this was not statistically significant (t(91)=1.8, p=0.07). 

Interestingly, the most consistent trend of decreased Arch Index 

values in athletes was observed for the left foot of the boys, 

particularly in Group 3. 

Table 2 Descriptive statistics (age, body mass index, weight, and 

height) for both genders 

 Mean±SD 

Variables Boys Girls 

Age(year) 13.76 ± 0.16 13.37±0.25 

Body mass index (Kg/𝒎𝟐) 20.67±0.21 20.37 ± 0.30 

Weight (Kg) 55.34±0.94 48.67±1.09 

Height (Cm) 160.55±0.86 152.37 ± 0.97 

 

3-3-2- Girls 

The Arch Index values in female non-athletes and athletes in all the 

groups are shown in Table 4, which also provides the comparative 

details for both the feet. 

For Group 1, the mean Arch Index of the left foot for athletes 

(M=0.30) was slightly higher than that for non-athletes (M=0.29), 

although this was not statistically significant (t(15)=0.68, p=0.50). 

When the right foot was considered, the athletes' mean Arch Index 

(M=0.29) was higher than that of non-athletes (M=0.28), but again 

this was not statistically significant (t(15)=0.94, p=0.36). 

In Group 2, the mean Arch Index of the left foot of athletes (M=0.32) 

was slightly higher than that of non-athletes (M=0.31), but the 

difference was not significant (t(61)=1.36, p=0.17). For the right foot, 

the athletes' mean Arch Index (M=0.30) was similar to that of non-

athletes (M=0.30), and no significant difference was found 

(t(61)=0.06, p=0.95). For Group 3, the left foot mean Arch Index of 

athletes (M=0.31) was marginally greater than non-athletes (M=0.30), 

although this was not statistically significant (t(73)=0.76, p=0.44). For 

the right foot, the mean Arch Index for athletes (M=0.29) was 

marginally greater than that of non-athletes (M=0.28), although this 

was not statistically significant (t(73)=0.77, p=0.43). 

In Group 4, the left foot mean Arch Index of athletes (M=0.30) was 

lower than non-athletes (M=0.32), with a borderline significant 

difference (t(81)=1.775, p=0.08). For the right foot, the mean Arch 

Index of athletes (M=0.28) was lower than non-athletes (M=0.30), and 

this difference was statistically significant (t(81)=2.314, p=0.02). 

Unexpectedly, the largest and most statistically different difference 

among girls was in the right foot in Group 4. 

 

3-4- Summary of Findings 

Overall, although most of the differences between athletes and non-

athletes in Arch Index were not statistically significant, some trends 

were consistent throughout the age groups and genders. In boys, 

particularly Group 3 (12–15 years), the athletes presented lower Arch 

Index values compared to the non-athletes, with a borderline 

significant difference for the left foot. These effect sizes (D = 0.207 

for the left foot, D = 0.189 for the right foot) are small and indicate 

that, although the differences in Arch Index are statistically significant 

in some cases, they are really rather trivial in terms of practical 

significance. Similarly, in Group 4 girls (16–19 years), the athletes 

presented significantly lower Arch Index values for the right foot 

(Cohen's D = 0.256) and a marginally significant difference for the 

left foot (Cohen's D = 0.196). These results indicate that physical 

activity can exert a small influence on Arch Index values for this age 

group, with a slightly larger influence on the right foot. The Cohen's 

D values calculated show that the differences, while significant, are of 

small to medium effect size. These findings suggest that the 

development of the medial longitudinal arch may be influenced by 

physical activity, and that the differences are more marked in boys' 

left and girls' right feet. The presence of borderline p-values (i.e., p = 

0.05 and p = 0.08) mandates careful interpretation since, while the 

results were suggestive, they were not significant. Nonetheless, the 

trends apparent may reflect early structural adaptations as a result of 

athletic training and are worthy of longitudinal investigation. 
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Table 1 Independent T-Test Analysis of Arch Index Differences in Boys (Physically Active and Inactive) 

Age  
Group 

Parameter Mean±SD Athlete(N) Non-Athlete(N) t df Sig. (2-tailed) Mean Difference Cohen’s d 

1 
Left Arch Index 0.351±0.018 8 1 0.643 7 0.541 0.012 0.227 

Right Arch Index 0.337±0.024 8 1 1.040 7 0.333 0.027 0.368 

2 
Left Arch Index 0.331±0.037 49 16 0.319 63 0.751 0.003 0.040 

Right Arch Index 0.316±0.034 49 16 0.093 63 0.926 0.000 0.012 

3 
Left Arch Index 0.320±0.035 65 28 1.986 91 0.050* 0.015 0.207 

Right Arch Index 0.302±0.034 65 28 1.816 91 0.073 0.014 0.189 

4 
Left Arch Index 0.306±0.038 66 23 0.066 87 0.948 0.000 0.007 

Right Arch Index 0.291±0.036 66 23 0.665 87 0.508 0.005 0.071 

P*≤0.05 

Table 2 Independent T-Test Analysis of Arch Index Differences in Girls (Physically Active and Inactive) 

Age  
Group 

Parameter Mean±SD Athlete(N) Non-Athlete(N) t df Sig. (2-tailed) Mean Difference Cohen’s d  

1 
Left Arch Index 0.301±0.032 14 3 0.685 15 0.504 0.020 0.171  

Right Arch Index 0.293±0.028 14 3 0.941 15 0.362 0.018 0.235  

2 
Left Arch Index 0.320±0.034 47 16 1.366 61 0.177 0.013 0.173  

Right Arch Index 0.303±0.030 47 16 0.061 61 0.951 0.000 0.008  

3 
Left Arch Index 0.311±0.046 50 25 0.762 73 0.449 0.008 0.089  

Right Arch Index 0.290±0.040 50 25 0.779 73 0.438 0.007 0.091  

4 
Left Arch Index 0.306±0.039 70 13 1.775 81 0.080 0.021 0.196  

Right Arch Index 0.288±0.032 70 13 2.314 81 *0.023 0.022 0.256  

P*≤0.05 

 

4- Discussion and Conclusion 

In the last ten years, a growing volume of research on the effect of 

sports activity on the biomechanical structure of the foot, and more 

particularly on the medial longitudinal arch (MLA), a fundamental 

component for load transmission and movement economy during 

physical effort [59-62]. The MLA performs the function of balance, 

shock absorption, and propulsion during walking and so it plays a 

central role in improved performance as well as protection against 

injury in athletes [63]. This is the contribution of the current study that 

investigates the effect of chronic athletic exercise on the MLA in a 

large population of subjects below 20 years. There was a striking 

reduction in the Arch Index in sportsmen compared to non-sportsmen, 

with the trend particularly evident in Group 3 men (12–15 years) and 

Group 4 women (16–19 years), indicating a trend towards increased 

MLA among active participants. This reduction was more marked in 

the male left foot and female right foot and may be associated with 

sport-specific foot dominance and loading patterns. The reduction 

observed in the Arch Index is due to the adjustments of the 

musculoskeletal system caused by repetition loading, stretching, and 

strengthening of exercise in sport [64].  

Particularly in children, these mechanical stimuli have the capacity to 

augment foot arch stiffness and strength due to structural and 

neuromuscular remodeling. Care should be exercised in interpreting 

these modifications in the context of the particular benefits derived 

from augmented foot arch height and flexibility. Heightened arch 

height is associated with increased shock absorption, better force 

transmission, and reduced susceptibility to overuse injury, especially 

with active movements like running and jumping [65]. Furthermore, 

training for sports also seems to enhance the intrinsic foot muscles' 

strength, which results in increased arch support and stability of the 

foot as a whole [66].  Although our results concur with earlier reports 

of involvement of an association between physical activity and 

modulation of the foot arch—Lesby and Sanchez, for instance, 

reporting increases in the foot arch in active children [67]. The studies 

also reveal sex-specific and limb-specific asymmetries that were 

perhaps not accounted for in earlier work. Such differences may result 

from different age groups, training intensity, foot dominance, or sport-

specific loading patterns. For example, Lesby's sample included sports 

athletes of low-impact sports, whereas our sample included subjects 

that were subjected to a greater variety of activities [68].  However, 

other earlier research disagrees. According to a study by Cowley et 

al., there were mixed effects of sports activity on arch form, arguing 

that sports adaptations are highly context-dependent and need not 

necessarily lead to taller arches [69]. Similarly, studies by Aydog [33], 

Palkar and Bakhshi [70,71] concluded that load-bearing or impact 

sports like long-distance running or weightlifting tend to decrease arch 

height or increase asymmetry and potentially increase the risk of 

injury. Such findings point to the intricacy of sport-arch interaction. 

The presence of right-left asymmetry in arch formation was also 

identified by our study. The larger control in boys on the left side and 

girls on the right side may reflect foot dominance, asymmetrical 

training loads, or unilateral sports activities such as kicking or 

pivoting. The asymmetry, if exaggerated, may be responsible for long-

term biomechanical problems, i.e., uneven loading, gait imbalance, 

and vulnerability to overuse injuries. Furthermore, there is also the 

danger that overloading or improper loading in young athletes will 

lead to acquired flatfoot conditions or collapse of the arch, particularly 

where the recovery or corrective procedures are not available [72,73]. 

A notable reduction in the Arch Index, which may be beneficial in 

some cases, could also equate to overstress to plantar structures and 

lead to musculoskeletal dysfunction if left untreated [74]. In 

conclusion, the hypothesis within this study is confirmed that physical 

activity during development years will influence the morphology of 

the medial longitudinal arch. Specifically, sporting participation is 

associated with increased arch and flexibility in a sex- and age-related 

manner. This effect is, however, sport type-, foot dominance-, and 

pattern of loading-dependent and may have both positive and negative 

consequences. These findings highlight the importance of age-

specific, balanced training regimens and regular foot examination in 

young athletes to optimize foot health and reduce the risk for injury. 

Longitudinal studies in the future should attempt to compare the 

impact of specific sports, training volumes, and durations on foot 

growth and function. 5. Acknowledgements 
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