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INTRODUCTION

Background: The mediallongitudinal arch of the foot playsa vitalrole in weight
distribution and locomotion. The Foot Arch Index (FAI) provides a reliable
measure of arch morphology across populations. Understanding age-related
variations in FAI is important for clinical assessment and management of foot
disorders.

Material and Methods: This cross-sectional observational study included 240
participants stratified into three groups: Group 1 (6—15 years), Group II (16—40
years), and Group III (41-65 years), with 80 individuals in each. Footprints were
obtained using the inked footprint method under full weight-bearing. The FAI
was calculated as the ratio of the area of the middle third of the footprint to the
totalfootprint area, excludingthe toes. Arch types were classified ashigh (<0.21),
normal(0.21-0.26), or flat (>0.26). Statistical analysis was performed using one-
way ANOVA with p < 0.05 considered significant.

Results: Children in Group I demonstrated the highest mean FAI (0.28 + 0.05),
while young adults in Group II exhibited the lowest values (0.24 + 0.04),
indicating better developed arches. Middle-to-older adults (Group IIT) showed
intermediate values (0.26 + 0.05). The differences among groups were
statistically significant (p <0.001). Distribution analysisrevealed that flat arches
were most common in children (62.5%), normal arches predominated in young
adults (55.0%), and older adults showed a mixed pattern with nearly equal
proportions of flat (47.5%) and normal arches (41.3%). High arches were
relatively uncommon across all groups, with the highest prevalence observed in
young adults (17.5%).

Conclusion: The study demonstrates thatfootarch morphology evolves with age,
showing flatteningin children, maturation in young adults,and partial decline in
older adults. These findings highlight the importance of age-specific evaluation
of foot arch in clinical and anatomical assessments.

Key words: Foot Arch Index, Flat Foot, Age-related changes, Footprint analysis,
Arch morphology

The medial longitudinal arch (MLA) of the foot is a critical structure that contributes to load distribution and shock
absorption during weight-bearing activities. Variationsin MLA morphology, such asflatorhigh arches,can influence
gait patterns and predispose individuals to musculoskeletaldisorders [1]. The Foot Arch Index (FAI), introduced by
Cavanagh and Rodgers in 1987, quantifies arch morphology by calculating the ratio of the middle third area of a
footprint to the totalfootprintarea, excluding the toes. This method provides a reliable and reproducible measure of

foot arch type [2].
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Age-related changes in foot structure have been documented, with studies indicating that older adults often exhibit
flatter feet compared to younger populations [1]. These alterations may be attributed to factors such as ligamentous
laxity, decreased muscle strength, and changesin body mass distribution. For instance,a study by Menzet al. (2005)
reported that older individuals tend to havereduced arch height and increased foot width, which are associated with
increased risk of foot pain and disability [1].

Furthermore, research has shown that the prevalence of flat feet decreases with age during childhood, suggesting a
developmentalprogression towards a more stable arch [4]. A study by Menzet al. (2012) found that children aged 6 —
10 years had a higher incidence of flat feet, which decreased as they approached adolescence [3].

Understanding the variations in foot arch morphology across different age groups is essential for developing age -
specific interventions and footwearrecommendations [5,6]. The present study aims to investigate the distribution of
foot arch types in children, youngadults, and older adults using the FAI, providing insights into the developmental
and degenerative changes of the foot arch.

MATERIAL AND METHODS

This cross-sectional, observational study was carried out in the Department of Anatomy of a tertiary care medical
teaching hospital. A total of 240 participants were recruited, stratified into three age groups: Group I (6—15 years),
Group II (1640 years), and Group III (41-65 years), with 80 individuals in each group. The sample size was
determined considering previous literature on foot morphology and allowing for adequate statistical comparison
between age categories. Participants were selected using a simple random sampling technique from students, staff,
and patients’ attendants who fulfilled the inclusion criteria.

Inclusion criteria comprised healthy individuals with no history of congenital or acquired foot deformities, trauma, or
systemic musculoskeletal disorders. Subjects with prior foot surgery, chronic inflammatory diseases, or metabolic
conditions affecting bone or soft tissue were excluded. Written informed consent was obtained from all adult
participants, while consent and assent were secured for minors.

Procedure:

Footprints were recorded using the inked footprint method. Each subject was instructed to wash and dry both feet,
afterwhich they stepped on an ink-smeared sponge sheet placed over a white paper, ensuring full weight-bearing in
an upright posture. The prints were allowed to dry and subsequently analyzed.

The Foot Arch Index (FAI) was calculated as described by Cavanagh and Rodgers [2, Figure 1]. Each participant
provided an inked footprint in a standing position with full weight-bearing. The footprint (excluding the toes) was
divided into three equalregions—anterior, middle, and posterior. The area of the middle third was measured and then
divided by the total footprint area to obtain the FAI value. An FAI value <0.21 was considered indicative of a high
arch, 0.21-0.26 asnormal,and >0.26 as flat arch. Measurements were made independently by two observers, and the
average values were used for analysis to reduce inter-observer variability.

Figure 1: Foot Arch Index (FAI) calculation [3]
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Statistical analysis was performed using SPSS version 25.0 (IBM Corp., Armonk, NY, USA). Descriptive statistics
were expressed as mean =+ standard deviation. Differences between groups were evaluated using one-way ANOVA
followed by post-hoc Tukey test. A p-value <0.05 was considered statistically significant.

RESULTS

Table 1 summarizes the demographic profile of the study participants. The mean age in Group I was around 11 years,
whereas Group II and Group III represented young and middle-to-older adults with mean ages of approximately 27
and 53 years, respectively. The gender distribution was nearly balanced across all groups, with a slight male
predominance overall. Body massindex (BMI) showed a progressive rise with advancingage, ranging from a mean
of 18 kg/m? in children to over 25 kg/m? in the older adult group, indicating an age-related increase in body habitus.

Table 1. Baseline Characteristics of Study Participants (N = 240)

Variable Group I Group II Group IIT Total
(6—15 yrs, n=80) (16—40 yrs, n=80) (41-65 yrs, n=80) (N=240)
Age (years), mean + 112426 27.4+62 52.6+7.1 3044162
Male : Female 41:39 40 : 40 42 :38 123 :117
o (kg/m?), mean + 182421 22.6+3.4 25.1+3.7 21.9+4.1

As shown in Table 2, the mean Foot Arch Index varied significantly amongthe three age categories. Children (Group
I) exhibited the highest mean FAI values, consistent with a predominance of flatterarches in this age group. In contrast,
young adults (Group II) demonstrated significantly lower FAI scores, reflecting better developed and more stable
arches. The middle-to-older adult group (Group IIT) showed intermediate FAI values, suggestive of a trend toward
flattening with aging. Statistical analysis confirmed that the differences across groups were highly significant (p <
0.001).

Table 2. Foot Arch Index (FAI) in Different Age Groups

Age Group Mean FAI + SD p-value*
Group I (615 yrs) 0.28 £0.05
Group II (16—40 yrs) 0.24+0.04 <0.001
Group III (41-65 yrs) 0.26 +£0.05

*One-way ANOVA test

The distribution of arch typesis presented in Table 3. A majority of children displayed flat arches, while normalarches
were most prevalent among young adults, supporting the notion of arch maturation during adolescence and early
adulthood. Interestingly, older adults demonstrated a mixed pattern, with nearly equal proportions of flat and normal
arches, along with a modest frequency of high arches. High-arched feet were least common acrossall groups but were
relatively more frequent in young adults compared with children. Overall, the findings indicate that the medial
longitudinal arch undergoes developmental strengthening during youth but tends to decline again with aging.

Table 3. Distribution of Foot Arch Types across Age Groups

Foot Arch Type

Group I (n=80)

Group IT (n=80)

Group III (n=80)

Total (N=240)

High Arch (<0.21)

5(63%)

14 (17.5%)

9 (11.3%)

28 (11.7%)

Normal Arch (0.21-0.26)

25 (31.3%)

44 (55.0%)

33 (41.3%)

102 (42.5%)

Flat Arch (>0.26)

50 (62.5%)

22 (27.5%)

38 (47.5%)

110 (45.8%)

DISCUSSION

Our study observed significant variations in the Foot Arch Index (FAI) across different age groups, aligning with
existing literature that highlights age-related changes in foot morphology. Children exhibited the highest mean FAI,
indicating flatter arches, while youngadultsdemonstrated the lowest mean FAI, suggesting more developed arches.
Older adults showed intermediate FAI values, consistent with a trend toward arch flattening with aging. These findings
corroborate previous studies that have reported similar age-related changes in foot arch structure [7].

The distribution of arch types in our study further supports these observations. A higher prevalence of flat arches was
noted in children, while normal arches were most prevalent among young adults. Older adults exhibited a mixed
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pattern, with nearly equal proportions of flat and normal arches, and a modest frequency of high arches. This
distribution is consistent with findings from other studies that have documented similar patterns in foot arch types
across different age groups [7,8].

The observed age-related changes in foot arch morphology may be attributed to several factors. In children, the
development of the arch is a dynamic process influenced by genetic, environmental, and mechanical factors [9,10].
As children grow, the soft tissues and bones of the foot undergo maturation, leadingto the formation of a more defined
arch. In youngadults, the arch reachesits peak development, providing optimal support for weight-bearing activities.
However, with advancingage, degenerative changes such as ligamentous laxity, decreased muscle strength, and
changes in body mass distribution can contribute to arch flattening [11-13].

Our study's findings underscore the importance of considering age-specific variationsin footarch morphology when
assessing foot health and designinginterventions. Understandingthese age-related changes can aid in the development
of targeted strategies to prevent and manage foot-related disorders across the lifespan.

CONCLUSION

The present study demonstrates that foot arch morphology, as assessed by the Foot Arch Index (FAI), exhibits
significant variations across different age groups. Children predominantly display flatter arches, reflecting ongoing
developmental changes, whereas young adults show well-formed normal arches, indicative of peak medial
longitudinal arch development. Older adults exhibit a mixed pattern with partial flattening, likely due to age-related
degenerative changes in soft tissues and ligaments. These findings emphasize the importance of considering age-
specific differences in foot arch evaluation for clinical assessment, preventive strategies, and appropriate footwear
design.
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