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Abstract: Introduction: Footprint and posture analysis in children is a highly
                    relevant topic in podiatry and biomechanics, as it allows for the identification of alterations that
                    can directly influence motor development, gait, and consequently, future quality of life. In the
                    city of Quito, there are no previous studies that specifically address this issue, highlighting the
                    need to generate local data to understand the behavior of children's feet in this population and, in
                    turn, contribute evidence to the national scientific community. Methods: This study was designed as
                    a descriptive and exploratory investigation with a quantitative design, aimed at collecting data
                    that explain variations in gait pattern through the application of pedigraphic tests in children
                    between 5 and 11 years old. Results: The results show that 70 participants presented with cavus
                    feet, representing 66.67% of the sample; while 20 children, equivalent to 19.04%, exhibited flat
                    feet. Fifteen participants, representing 14.28%, presented with a normal or neutral foot. Discussion
                    These findings reflect a marked predominance of cavus feet within the studied population, followed
                    by a smaller percentage of flat feet, highlighting particular morphological patterns that require
                    greater professional and scientific attention. Taken together, these results underscore the
                    importance of continuing to investigate and promote frequent podiatric evaluations in children to
                    identify early alterations and guide timely interventions.

                

                Keywords: plantar footprint, pediatric population, cavus foot, pedigraphy.

            

        

        

        
             Introduction

            Foot development during childhood is significant from both a clinical and biomechanical perspective,
                since between the ages of 5 and 11, structures essential for locomotion, body weight support, and
                postural stability become established. This growth phase is a critical time in the development of the
                arch of the foot and, consequently, in the prevention of conditions such as flat feet or high arches,
                which could lead to orthopedic and functional complications later in life.

            Internationally, numerous studies have examined the association between foot prints and body posture (1),
                evaluating the relationship between foot prints and body posture in a school population using the
                Hernández Corvo Index (IHC) and the Portland State University (PSU) method. They reported that 10% of
                the students had flat feet and found significant differences in posture based on gender. They also
                identified a moderate correlation between body mass index (BMI) and shoulder-to-waist ratio (1). In
                another study, Stefan et al. noted that lower levels of physical activity are associated with increases
                in plantar pressure, as well as longer contact time and higher peak and average pressure values. These
                findings indicate that physical activity plays a significant role in the biomechanics of the foot in
                children aged 6 to 14 years(2).
In Ecuador, regional studies have been conducted that provide
                relevant data and highlight the need to explore this topic in greater depth. In the article
                Abnormalities in Footprints Among Preschoolers at the “Francisco Chiriboga” Buen Vivir Children’s
                Center, the authors described a high prevalence (93%) of abnormalities in footprints among preschoolers
                in Riobamba. In addition, 53% had physiological flat feet (3).
Similarly, in the context of secondary
                research at the national level, a study conducted in Cuenca among children aged 10 to 15 years showed a
                prevalence of pes cavus (56% in the right foot and 45.3% in the left), as assessed using a
                photopodometer and the Hernández Corvo index. These findings indicate that morphological variations in
                the foot are not only common but can also vary significantly by age, gender, or body mass index (BMI)
                (4).
Despite these advances in other cities, there are no previous studies in Quito that address this
                issue, making it necessary to generate specific information for this population and to contribute to the
                scientific community in the future. Given the capital city’s high altitude (about 2,850 m), unique
                environmental, nutritional, and socioeconomic factors may influence children’s biomechanics, including
                both their footprints and foot posture.
Footprint analysis is essential because it provides insight
                into the interaction between foot morphology and the distribution of body weight. Thus, correlations can
                be identified between foot deformities (flat feet or high arches) and postural abnormalities in the
                knees, ankles, or hips. This type of holistic approach is valuable for developing evidence-based
                preventive strategies focused on the use of appropriate footwear, educational programs for parents and
                teachers, or early physical therapy interventions among school-age populations in
                Quito.                       
                       
Currently, in clinical practice, it is very common to find
                certain biomechanical abnormalities in children’s feet, with flat feet being one of the most common.
                During well-child visits, the physical assessment of a pediatric patient’s gait often goes unnoticed;
                this is why a proper analysis of the footprint is so important in this age group.
The study of the
                footprint and foot posture in children is a highly significant aspect of podiatry and biomechanics, as
                it facilitates the early detection of postural abnormalities that could affect motor development and
                long-term quality of life (5).
The primary objective of this study is to evaluate foot morphology and
                possible postural abnormalities in children in the city of Quito, with the aim of gathering information
                that will contribute to the prevention of musculoskeletal disorders from an early age and, thereby,
                reduce the risk of future complications.
The significance of this research lies in the need for early
                and comprehensive identification of potential abnormalities in gait and foot support, as these can
                affect physical performance and contribute to the development of conditions such as flat feet, high
                arches, or other abnormalities, including limb length discrepancies (6).
In addition, factors that
                may affect foot posture—such as the type of footwear, the level of physical activity, and genetic
                factors—are taken into account (7). Based on this theoretical framework, the aim is to generate
                meaningful information for both the scientific community and health professionals working to prevent
                postural disorders in children.

            Biomechanics of the Footprint and Foot Alignment

            During early childhood, particularly between the ages of 5 and 11, the foot undergoes a fundamental
                process of maturation, both structurally and functionally. During this period, the bones, muscles, and
                ligaments gradually strengthen, which contributes to the formation of the medial longitudinal arch and
                the development of a more stable gait pattern (Pita-Fernández et al., 2022). Physiological flat feet,
                which are common during the early years of life, usually resolve on their own around the age of 7 or 8.
                However, in certain cases, these changes may persist over time and lead to postural compensations that
                affect other parts of the body, such as the knees, hips, and spine (Rojas Vega & Gutiérrez, 2020).
            

            A study conducted in Ecuador, which included a sample of 1,678 children, demonstrated significant annual
                variations in foot dimensions, such as length (with increases of up to 4.7–5.0%) and width (between
                3.8–3.9%).

            Similarly, the arch of the foot showed an annual increase of 1.5% in girls and up to 4% in boys between
                the ages of 5 and 6. A high prevalence of flat feet was also observed, particularly among 8-year-old
                girls (64.9%) and 12-year-old boys (82.5%) (Martín, Palomo et al., 2024).

            This finding highlights the need to take age and gender into account in population-based research, and
                suggests that in Quito, due to its altitude and unique characteristics, these patterns may manifest
                specifically among children.

            A footprint represents the pattern of contact between the foot and the ground and is a useful diagnostic
                tool for identifying morphological abnormalities such as flat feet, normal feet, and high arches.
                Footprint analysis allows for an assessment of the development of the arch of the foot, body weight
                distribution, and symmetry of weight bearing. There are various methods for studying this, including the
                Hernández Corvo index and the Chippaux-Smirak index, which are widely used in clinical and school-based
                studies (Villanueva et al., 2019). Early identification of abnormalities in the footprint can help
                prevent chronic postural imbalances and locomotor disorders.

            Foot posture refers to the foot's three-dimensional alignment during weight-bearing. It is generally
                classified as neutral, pronated, or supinated. Poor alignment can affect overall body mechanics, leading
                to compensatory changes in structures such as the ankles, knees, pelvis, and spine. For example,
                excessive pronation is associated with flat feet, while supination is linked to high arches (Zapata
                Sánchez et al., 2020). During early childhood, these abnormalities often go unnoticed; however, if they
                are not corrected in a timely manner, they can lead to biomechanical disorders during adolescence and
                adulthood.

            A healthy foot is essential for good posture and walking. Flat feet is a medical condition characterized
                by the absence or reduction of the medial longitudinal arch, accompanied by osteoligamentous
                misalignment. Because of the plantar fat pad, a baby's feet appear flat; this fat pad disappears between
                the ages of 2 and 10 as the medial arch develops. (Abich, 2020).

            The anatomical manifestations of flattening or descent of the medial arch of the foot include ligament
                laxity, equinus deformity, torsional deformity, vertical talus, and tarsal coalition, caused by
                multifactorial variables such as being overweight, obesity, footwear type, weakness of the muscles
                supporting the arch, foot injuries, and congenital deformities. (Abich, 2020)

            Although flat feet and high arches have opposite morphological characteristics, both can impair foot
                function and affect a child's overall posture. These variations in the arch of the foot lead to changes
                in weight distribution, balance, and gait mechanics, which can result in compensatory changes in other
                structures such as the knees, hips, or spine. For this reason, it is important to consider both types of
                abnormalities within the same analytical framework, since their timely detection allows for an
                appropriate and case-specific intervention.

             pes cavus is an orthopedic condition that affects both children and adults. Pes cavus is a
                deformity typically characterized by cavus (elevation of the longitudinal arch of the foot), plantar
                flexion of the great toe, pronation of the forefoot, and valgus or varus of the hindfoot and adduction
                of the forefoot. (Travis & Bola, 2023). And it may be the result of a forefoot propulsion disorder.
            

            Various factors influence the shape of the foot and foot posture in children. Age is a key factor, since
                the development of the arch of the foot and postural stability gradually become established as the child
                grows. Gender may also play a role, as significant differences in the prevalence of flat feet between
                boys and girls have been observed in some populations (Burbano & Viteri, 2018). Furthermore, being
                overweight and obesity have been associated with a higher incidence of postural and morphological
                abnormalities of the foot, due to the increased load on structures that are not yet fully developed
                (Zapata Sánchez et al., 2020). Finally, the geographical environment and the type of footwear can have a
                significant impact: walking barefoot on natural surfaces promotes the development of the arch of the
                foot, while prolonged use of inappropriate footwear can limit it (Muñoz-Chávez et al., 2023).

            In the city of Quito, located more than 2,800 meters above sea level, children grow up in a unique
                geographic and socioeconomic environment. Differences in climate, culture, and access to health care can
                influence the physical growth and movement patterns of children. However, there are only a limited
                number of studies that jointly analyze footprints and foot posture in this specific population.
                Therefore, this study aims to contribute to local knowledge about pediatric biomechanics, generate
                useful information for the prevention of musculoskeletal disorders, and guide future interventions in
                the fields of public health, physical education, and pediatric physical therapy.

            Biomechanics of the Footprint and Foot Alignment

            During early childhood, particularly between the ages of 5 and 11, the foot undergoes a fundamental
                process of maturation, both structurally and functionally. During this period, the bones, muscles, and
                ligaments gradually strengthen, which contributes to the formation of the medial longitudinal arch and
                the development of a more stable gait pattern (8). Physiological flat feet, which are common during the
                early years of life, usually resolve on their own around the age of 7 or 8. However, in certain cases,
                these changes can persist over time and lead to postural compensations that affect other parts of the
                body, such as the knees, hips, and spine (8).

            A study conducted in Ecuador, which included a sample of 1,678 children, demonstrated significant annual
                variations in foot dimensions, such as length (with increases of up to 4.7–5.0%) and width (between
                3.8–3.9%).

            Similarly, the arch of the foot showed an annual increase of 1.5% in girls and up to 4% in boys between
                the ages of 5 and 6. A high prevalence of flat feet was also observed, particularly among 8-year-old
                girls (64.9%) and 12-year-old boys (82.5%)(9).

            This finding highlights the need to take age and gender into account in population-based research, and
                suggests that in Quito, due to its altitude and unique characteristics, these patterns may manifest in
                specific ways among children.

            A footprint represents the pattern of contact between the foot and the ground and is a useful diagnostic
                tool for identifying morphological abnormalities such as flat feet, normal feet, and high arches.
                Footprint analysis allows for an assessment of the development of the arch of the foot, body weight
                distribution, and symmetry of weight bearing. There are various methods for studying this condition,
                including the Hernández Corvo index and the Chippaux-Smirak index, which are widely used in clinical and
                school-based studies(10).  Early identification of abnormalities in the footprint can help prevent
                chronic postural imbalances and locomotor disorders.

            Foot posture refers to the foot's three-dimensional alignment during weight-bearing. It is generally
                classified as neutral, pronated, or supinated. Poor alignment can affect overall body mechanics, leading
                to compensatory changes in structures such as the ankles, knees, pelvis, and spine. For example,
                excessive pronation is associated with flat feet, while supination is linked to high arches (11). During
                childhood, these abnormalities often go unnoticed; however, if they are not corrected in a timely
                manner, they can lead to biomechanical disorders during adolescence and adulthood.

            A healthy foot is essential for good posture and walking. Flat feet is a medical condition characterized
                by the absence or reduction of the medial longitudinal arch, accompanied by osteoligamentous
                misalignment. Because of the plantar fat pad, a baby's feet appear flat; this fat pad disappears between
                the ages of 2 and 10 as the medial arch develops(12).

            The anatomical manifestations of flattening or descent of the medial arch of the foot include ligamentous
                laxity, equinus deformity, torsional deformity, vertical talus, and tarsal coalition, caused by
                multifactorial variables such as being overweight, obesity, footwear type, weakness of the muscles
                supporting the arch, foot injuries, and congenital deformities (12).

            Although flat feet and high arches have opposite morphological characteristics, both can impair foot
                function and affect a child's overall posture. These variations in the arch of the foot lead to changes
                in weight distribution, balance, and gait mechanics, which can result in compensatory changes in other
                structures such as the knees, hips, or spine. For this reason, it is important to consider both types of
                abnormalities within the same analytical framework, since their timely detection allows for an
                appropriate and case-specific intervention.

            Pes cavus is an orthopedic condition that affects both children and adults. Pes cavus is a deformity
                typically characterized by cavus (elevation of the longitudinal arch of the foot), plantar flexion of
                the first toe, pronation of the forefoot, and valgus and varus of the hindfoot, as well as adduction of
                the forefoot (13). And it may be the result of a forefoot propulsion disorder.

            Various factors influence the shape of the foot and foot posture in children. Age is a key factor, since
                the development of the arch of the foot and postural stability gradually become established as the child
                grows. Gender may also play a role, as significant differences in the prevalence of flat feet between
                boys and girls have been observed in some populations (14). Furthermore, being overweight and obesity
                have been associated with a higher incidence of postural and morphological abnormalities of the foot,
                due to the increased load on structures that are not yet fully developed (11). Finally, the geographical
                environment and the type of footwear can have a significant impact: walking barefoot on natural surfaces
                promotes the development of the arch of the foot, while prolonged use of inappropriate footwear can
                limit it (15).

            In the city of Quito, located more than 2,800 meters above sea level, children grow up in a unique
                geographic and socioeconomic environment. Differences in climate, culture, and access to health care can
                influence the physical growth and movement patterns of children. However, there are only a limited
                number of studies that jointly analyze footprints and foot posture in this specific population.
                Therefore, this study aims to contribute to local knowledge about pediatric biomechanics, generate
                useful information for the prevention of musculoskeletal disorders, and guide future interventions in
                the fields of public health, physical education, and pediatric physical therapy.

        

        

        
            Method

            In Ecuador, regional studies have been conducted that provide relevant data and highlight the need to
                explore this issue in greater depth, particularly in the capital city. In the article Abnormalities in
                Footprints Among Preschoolers at the “Francisco Chiriboga” Buen Vivir Children’s Center, the authors
                described a high prevalence (93%) of abnormalities in footprints among preschoolers in Riobamba (3).

            However, it is the only city to have reported a study on this topic, which is why there is a need to
                assess the plantar footprint in children living in Quito, given that the demographic and socioeconomic
                characteristics differ.

            This study is descriptive and exploratory in nature, with a quantitative design. The study focused on
                finding information to support and explain why there are variations in foot strike patterns, based on
                pedigraphic tests conducted on children aged 5 to 11.

            To obtain the children’s footprints, the baropodometric analysis method was used with a pedigraph, a
                simple and effective instrument used in clinical, educational, and sports settings to produce a
                graphical representation of the footprint. Its main function is to record the shape of the foot in a
                static position, allowing for the observation of the type of foot arch and the detection of possible
                morphological abnormalities such as flat feet, high arches, or asymmetries between the two feet. It
                captures the footprint, from which various measurements were taken and a mathematical formula was
                applied; this formula, using a percentage (%), helps identify potential abnormalities in the structure
                or function of the foot. 

            The analysis of the footprint obtained using a pedigraph provides relevant information about load
                distribution, the degree of contact in the forefoot, midfoot, and hindfoot regions, as well as the
                condition of the arch of the foot. It also makes it easier to track the progress of orthopedic
                treatments or therapeutic exercise programs over time. Although it does not provide dynamic data like
                that offered by a baropodometric platform, the pedigraph remains a useful and valid tool, especially in
                school settings or communities with limited access to specialized technology.

            In addition, a physical assessment was conducted to observe and analyze foot posture, taking into account
                factors such as the alignment of the feet and legs, as well as to identify flat feet, high arches, or
                neutral feet.

        

        

        
            Results

            Of the 105 participants, 49 children—equivalent to 46.67%—were between the ages of 5 and 7, while 56
                children—equivalent to 53.33%—were between the ages of 8 and 11 (Figure 1).

             
            
            Figure 1. Age ranges.

            Based on the graph, pes cavus is more common in older age groups. 

             
            
            Figure 2. Foot Type by Age

            In terms of gender, it is evident that 80 of the participants—equivalent to 76.19%—were male, while 25
                participants—representing 23.81%—were female, indicating a notable difference in this regard (Figure 2).
            

          
            
            Figure 3. Percentage of participants by gender.

            With regard to the participants’ gender, the results show that high arches are more common among women:
                17 women had high arches, accounting for 68%; 4 women had normal arches; and 4 others had flat feet,
                accounting for 16% respectively. (Figure 3)

          
            
            Figure 4. Foot Type in Relation to Females

            Regarding foot shape in males, 77 individuals were found to have high arches, representing 65%; 11
                individuals had normal arches, representing 13.75%; and 17 individuals had flat feet, representing
                21.25%. (Figure 4).

            
            
            Figure 5. Foot Shape in Relation to Males

            With regard to foot type, 70 participants had high arches, accounting for 66.67%; 20 children, or 19.04%,
                had flat feet; and 15, or 14.28%, had normal or neutral feet. In this group, the majority of
                participants show very pronounced signs of high arches, while a smaller group exhibits flat feet (Figure
                5).

             
            
            Figure 6. Number of participants by foot type.

        

        

        
            Discussion and Conclusions

            Studies on foot type in certain regions of Ecuador are scarce and limited; therefore, this review aims to
                identify the prevalence of foot type by age and sex. The results show a marked prevalence of high arches
                over flat feet in both men and women; this is supported by the studies mentioned earlier in this
                article, which showed that high arches are more common in areas geographically similar to Zámbiza. 
            

            The neutral foot type shows lower percentages than the other foot types, which indicates that high arches
                are more common in this age group in this region and may be more closely related to factors such as
                weight, physical activity, and the patient's age. 

            Given that similar results were observed in both females and males, we can conclude that there is no
                direct relationship between sex and foot type, since, in this study group, pes cavus was present in more
                than 60% of both the female and male groups. 

            Among children aged 6 to 10, there is a marked tendency for high arches to be more common than flat feet
                and neutral feet; among children aged 5 to 6, flat feet predominate, since in early childhood the human
                foot goes through stages of morphofunctional maturation. As mentioned earlier, the bones, muscles, and
                ligaments of the foot gradually strengthen to form the medial longitudinal arch. 

            Identifying these structural variations in the feet is important, as they provide information about the
                potential long-term consequences this population may face if corrective measures are not taken. Based on
                the studies reported in this review, the consequences that may arise are as follows: pain that may be
                diffuse in the feet, ankles, or legs, or even specific pain in the sole of the foot that worsens with
                movement; fatigue in the feet after standing, walking, or engaging in sports for an extended period;
                changes in gait that are evident through asymmetric wear on footwear and that, in turn, indicate uneven
                weight distribution.

            Podiatric care and foot print analysis in children are essential for the early detection of abnormalities
                in arch development and foot biomechanics, which can affect posture, gait, and physical performance
                throughout childhood. A timely evaluation can help identify conditions such as flat feet or high arches,
                which, if left untreated, could lead to discomfort, muscle compensations, and future complications.
                Based on the above, pediatric podiatric care contributes to the early detection of conditions and
                provides guidance to parents or caregivers on the proper use of footwear, healthy habits, and preventive
                measures, thereby ensuring optimal motor development and reducing the risk of functional problems later
                in life.

            A study analyzing the foot prints of children aged 5 to 11 in the city of Quito revealed a high
                prevalence of pes cavus in most of the age groups evaluated, making it a morphological abnormality that
                requires attention in both pediatric and podiatric settings. This finding highlights the importance of
                understanding the development of the arch of the foot in the local pediatric population, since the
                biomechanical characteristics of the foot during childhood can have a significant impact on posture,
                gait, and functionality later in life.

            Similarly, the comparative analysis by sex revealed insignificant differences between boys and girls,
                with very similar percentages observed for the presence of pes cavus. This suggests that sex is not a
                determining predisposing factor in this sample, and that the identified trend may be more closely
                related to characteristics specific to the study population, as well as to possible environmental
                factors or common postural habits.

            The findings provide relevant data for the implementation of preventive and control measures in the early
                stages. In this context, it is recommended to promote regular podiatric evaluations in schools, as well
                as to strengthen foot health education programs aimed at teachers, parents, and caregivers. Furthermore,
                it is essential to take this information into account to guide future research that explores associated
                variables, such as footwear type, physical activity level, family history, and the presence of
                concomitant musculoskeletal disorders.

            Overall, this study expands our understanding of the behavior of the plantar arch in the pediatric
                population of Quito and highlights the need to implement measures to monitor and promote foot health
                from an early age. This will promote proper foot development and reduce the risk of future long-term
                biomechanical abnormalities.
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