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Abstract

Background: Plantar pressure distribution is a valuable tool for studying how the ground
reaction forces are transmitted from the feet to the body and for detecting abnormalities
in foot biomechanics. Objectives: The objective of this study was to determine the effect
of the foot type (normal foot, flatfoot, and cavus foot) on plantar pressure distribution
in healthy Mexican men and women aged from 3 to 74 years. Methods: A database of
the plantar pressure distribution under dynamic and static conditions for both feet was
studied using descriptive statistics, regression analysis, and statistical factorial design. The
database contained images of the soles of the feet and pressure distribution of 996 persons
between 3 and 74 years old (53.9% females and 46.1% males). Two different conditions
were evaluated; the first was in a static condition, and the second was during walking. The
Chippaux-Smirak Index (CSI) was used to classify the type of feet. Results: In the left
foot, a linear regression analysis of the soles of the feet shows that the prevalence of flatfoot
(p-value = 3.45 x E~°) decreased with age, while the normal foot (p-value = 7.39 x E~°)
increased. When people are standing (static), the hindfoot (55.64 & 18.80%) presents
more pressure than the forefoot (45.18 + 19.50%), while in dynamic, the forefoot
(55.95 £ 13.36%) supports more pressure than the hindfoot (44.05 £ 13.36%). Similar
behavior occurs in the right foot. A statistical factorial design ANOVA shows that the
plantar pressure in the forefoot and hindfoot regions is significantly different (p < 0.05).
Conclusions: The prevalence of flatfoot decreased with age, while the proportion of nor-
mal foot type increased. Under static conditions, the hindfoot bore more load than the
forefoot, whereas under dynamic conditions, the forefoot bore more load than the hindfoot.
This research contributes to generating a comprehensive database of reference values of
the plantar pressure of different foot types in a Mexican population; this will be useful
to podiatrists, clinicians, and physiotherapists for the analysis or treatment of abnormal
foot postures.
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1. Introduction

The plantar pressure distribution analysis is one of the most common procedures
used to investigate the relationship between foot structure (foot type) and the mechanics
of the lower limbs of the human body [1-4]. Several investigations of plantar pressure
have been developed to study musculoskeletal disorders of the foot and their effects. For
example, plantar pressure has been studied to analyze the relation between the muscu-
loskeletal disorders of the foot and the effect of orthotic devices (insoles) as a conservative
treatment [5-8]. Moreover, abnormal foot posture and plantar pressure are considered risk
factors for lower limb injury [1,9]. Another application is footwear science, which studies
comfort through plantar pressure and the relationship between the foot and the characteris-
tics of shoes, as this can contribute to sports performance [10,11]. Plantar pressure has been
considered in evaluating stress injuries in young soccer players [12-15]. A decrease in the
peak plantar pressure in people with flatfoot could signify a lower risk for stress fractures
of the metatarsal bones [16,17]. In addition, clinical studies have determined that plantar
pressure can be used to detect stress concentration and provide treatment in patients with
diabetic foot [18,19]. Moreover, it has been discovered that the plantar pressure distribution
profile for patients with diabetic neuropathy varies from that obtained from healthy indi-
viduals [20]. Diabetic foot ulcers and Charcot Foot are serious complications of diabetes,
often leading to infection, gangrene, and the need for amputation; therefore, identifying
risk factors is crucial for clinical decision-making [21-23]. Finally, obese children with
flatfoot could present a higher risk for foot injuries, as the foot could be subjected to higher
loads and excessive plantar pressures [9,24].

Therefore, it is essential to understand plantar pressure distribution in both healthy
individuals and those with conditions such as flatfoot, cavus foot, or diabetic foot. Foot type
is classified based on the morphology of the plantar vault. This structure (vault) is formed
by three arches of the foot: the medial, lateral, and anterior arches. These three arches
support and distribute body weight. The vault plays an important role in foot movement as
this structure helps to absorb energy and return it when the body is propelled forward [25].
The efficient propagation of ground reaction forces from the plantar surface to the kinetic
chain of the lower extremity is primarily influenced by morphological deviations of the
foot, such as flatfoot or cavus foot [10,26]. However, some authors have found that the
type of feet or foot posture has a minor effect on knee kinematics during walking [27]. In
addition, it has been reported that the foot type does not affect the subtalar joint when
participants run for 5 min. Nevertheless, they found a significant increase in the subtalar
joint eversion (calcaneal eversion) in individuals with flatfoot and cavus foot after 45 min
of running [28].

Several non-invasive methodologies are available for classifying foot types based on
plantar footprint analysis, including the Chippaux-Smirak Index (CSI), Staheli Arch Index,
Herndndez-Corvo Index, Clarke Angle, among others [29-33]. Among these, the CSI is one
of the most widely adopted due to its reliability and ease of application [34-36]. Moreover,
it presents no health risks, as it does not involve exposure to X-rays (ionizing radiation).

It has been reported that the modification of the foot structure (medial longitudinal
arch and vault) could modify the kinematics/kinetics of the lower limbs, and have a
negative impact on people’s quality of life [2,16,29,37,38].

From the plantar pressure analysis in the standing position and barefoot, it has been
found that 60% of the pressure is in the hindfoot region and 40% in the forefoot [25,39].
Other authors have considered 50% of the pressure in the forefoot and hindfoot regions
as a normal distribution [6]. There is no standard plantar pressure, and the variations in
the reported values could be due to the anthropometric features of the population studied.
Then, the pressure distribution of the foot for each condition has yet to be identified.



Physiologia 2025, 5, 29

30f16

Although different studies have reported plantar pressure, to the best of our knowl-
edge, there is no study about plantar pressure related to the type of feet of a population
from an early age to adulthood. Most of the studies reported describe the effect of the
plantar pressure distribution for a specific population with a particular or limited range
of ages [9,19,40,41]. One study has reported on the spatiotemporal parameters of gait and
plantar pressure patterns in people from 3 to 101 years [42]. However, this study did not
consider the relationship between the plantar pressure and the type of feet [42].

Therefore, the main objective of this research was to determine the effect of foot type
(normal foot, flatfoot, and cavus foot) on plantar pressure distribution in healthy Mexican
men and women aged from 3 to 74 years. Two different conditions were evaluated: the first
was in the static condition, and the second was during walking. This research aims to clarify
and understand the relationship between the plantar pressure distribution and the type of
feet at different ages. A secondary objective was to generate a comprehensive database of
reference values, organized by age, type of feet, and plantar pressure distribution in the
human lifespan. Moreover, this study examined two hypotheses. The first proposed that
foot type is associated with age. The second suggested that plantar pressure distribution in
the hindfoot is higher than the forefoot when people are standing (static), and this pattern
reverses when people walk.

2. Materials and Methods

A database of the soles of the feet and plantar pressure distribution on dynamic and
static conditions of both feet was studied. The database was acquired between 2017 and
early 2023.

2.1. Participants

The database included images of the soles of the feet and plantar pressure distribution
of 996 persons between 3 and 74 years (53.9% females and 46.1% males). Table 1 shows the
gender distribution (males/females), body mass index (BMI), and gait velocity of the partic-
ipants arranged in 9 groups. The participants were recruited using convenience sampling.
The inclusion criteria were healthy male and female participants who were able to execute
the gait without impairment. Participants who did not provide anthropometric data or did
not complete all trials were excluded from the analysis. Furthermore, participants with
musculoskeletal disorders such as hallux valgus, diabetic foot, or recent surgeries were
also excluded.

Table 1. Anthropometric data of the participants and average velocity during walking.

Age (vears) Gender Participants BMI Velocity Velocity
sely (%M/%F) (M/F) (kg/m?) (km/h) (m/s)
3-10 53/47 58/51 18.6 6.56 1.82
11-18 59/41 83/57 21.7 5.36 1.49
19-26 29/71 27/66 257 4.94 1.37
27-34 65/35 64/35 26.2 5.34 1.48
3542 55/45 66/54 27.5 524 1.45
43-50 43/57 52/69 27.6 4.99 1.39
51-58 37/63 46/77 29.0 4.24 1.18
59-66 36/64 47/82 28.0 391 1.09
67-74 40/60 26/39 28.2 3.55 0.99

The procedures, risks, and benefits were explained to the participants in order to
obtain their voluntary and written consent to participate, following the General Health
Law of Mexico, and considering the principles of the Declaration of Helsinki. The process
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and the execution of this study were approved by the Bioethics Committee of the Center
for Applied Innovation in Competitive Technologies, registered with the National Bioethics
Commission N.CONBIOETICA11CEI00620131108.

The participants were distributed by age into nine groups, with each having a range
of 8 years, as shown in Table 1. Most groups included more than 80 participants. The
smallest group had 65 participants, while the largest one included 140. The data were
extracted directly from the FreeStep software (ver. 1.6.009, Sensormedica, Guidonia Mon-
tecelio, Rome, Italy). Then, the data processing was done in Matlab R2015a software
(version 8.5.0.197613, The MathWorks Inc., Natick, MA, USA) using custom-written code.

2.2. Procedure and Assessment of Plantar Pressure Distribution

For the dynamic condition (gait), the participants were instructed to walk barefoot
at a comfortable speed as they do in daily life. They walked four times on two pressure
platforms at a self-preferred velocity. The dimensions of each pressure platform were
1.2 x 0.5 m (Sensormedica, Guidonia Montecelio, Roma, Italia), as shown in Figure 1. When
in static conditions, the participants stayed in a standing anatomical position barefoot on
the baropodometer to measure the plantar pressure distribution, as shown in Figure 1. For
this condition, the plantar pressure was measured for 10 s, and the results were averaged.

Figure 1. Equipment for measuring the plantar pressure distribution in static and dynamic conditions.

The mean pressure values of both regions (the hindfoot and forefoot) were obtained
directly from the FreeStep™ software. The plantar pressure distribution was normalized
with the body mass of each participant. Then, the units of the plantar pressure were in
percentage (%). The recording frequency of the baropodometry was 50 Hz.

As the participants stayed barefoot in a standing anatomical position, the soles of the
feet were digitized with a Podoscan (Sensormedica, Guidonia Montecelio, Roma, Italia).
The measurements of the soles of the feet were considered to classify the type of feet in the
participants. The data acquisition was performed by one experienced physiotherapist and
a researcher with more than eight years of experience in biomechanics.

The calibration of the equipment was done according to the user manual. Figure 2
shows the plantar pressure distribution on the forefoot and hindfoot regions in static and
dynamic conditions. The red color represents the higher plantar pressure distribution.
Conversely, the dark brown color represents the lower plantar pressure, as shown in
Figure 2.
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Figure 2. Foot features: Plantar pressure distribution in (a) static condition and (b) during walking
(dynamic). Capital M represents the maximum pressure point for the right foot, and lower m
represents the maximum point for the left foot.

2.3. Foot Type Classification

The Chippaux—Smirak Index (CSI) was used to classify the type of feet as has been
done in previous studies [35,36,43,44]. The CSI was measured from the widest part of
the front foot (forefoot) and the narrowest part of the middle foot (midfoot), as shown
in Figure 3. Although there are other techniques to classify the type of feet, the CSI has
proved to be a non-invasive and reliable procedure [5,45-48]. It was decided to classify
just three types of feet (normal foot, flatfoot, and cavus foot) to have a significant amount
of data to compare the pressure differences between the types of feet. The CSI ratio for a
normal foot was 0.25 < CSI < 0.45, for a flatfoot was CSI > 0.45, and for a cavus foot was
0 < CSI <0.25 [45-48].

@ ©
oo O O oo

(] &)

Flatfoot Index
CSI=B/A
A = Forefoot width
B = Hindfoot width

Figure 3. Measurements of the soles of the feet: Classification of the type of feet through the
Chippaux-Smirak Index (CSI).

Once the classification of the type of feet was done, the mean percentage of the plantar
pressure of the hindfoot and forefoot regions was correlated for every group and type of feet.

2.4. Statistical Analysis

In this section, descriptive statistics, along with histograms, were used to graphically
show the data. Furthermore, a regression analysis was performed to validate the results of
the type of feet [49,50]. By doing the regression analysis, it can be determined if there is a
significant change in the number of people for each foot type over time. A linear regression
model is proposed as shown in Equation (1) for each foot type (flatfoot, normal, and cavus)
on each foot (left and right).

yi =a+bx; 1
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where y; and x; are the response and the independent variables of the ith class, respectively,
a is the intercept and b is the slope of the regression model. To determine if the assumptions
of the models were fitted, the Shapiro—Wilks test and a visual inspection of the standardized
residuals versus fitted values were performed to evaluate normality and homoscedasticity,
respectively. The significance level was set at p < 0.05.

In addition, trends in the plantar pressure distribution were analyzed with a statistical
factorial design. Factorial designs allow us to observe the factors that influence the increase
or decrease in foot pressure. Plantar pressure is a determining factor when observing the
patient’s foot type. Three factors were considered for the factorial design: foot type (normal,
cavus, and flatfoot), foot part (forefoot and hindfoot), and the type of analysis (static and
dynamic). Age was also considered a blocking factor. According to some reported studies,
age was blocked because age influences foot type [46,51]. Then, a factorial Analysis of
Variance (ANOVA) of those three factors was performed. The significance level was taken
to be p < 0.05. The statistical analysis was performed in R software, version 4.2.2 (2022).

3. Results
3.1. Assessment of the Prevalence of the Foot Type

The analysis of the soles of the feet shows a high prevalence of flatfoot at an early age,
and it decreases in adulthood, as shown in Figure 4. Conversely, the prevalence of normal
feet is low at an early age, and it increases in adulthood. The cavus foot remains within a
range from 4 to 14% of prevalence, and on average, this is close to 8%. Figure 4a presents
the prevalence of the type of feet in the left foot. The prevalence of flatfoot decreases from
81.2% to 15.9% from an early age (3-10 years) to adulthood (67-74 years) in the left foot.
The prevalence of normal foot increases from 14.9% to 76% from the first group to the
eighth group (59-66 years) and slightly decreases to 69.8% in the last group (67-74 years).
The prevalence of the cavus foot remains in the range from 4% to 14.3%.

( a) [ Normal foot (Left)

] Flatfoot (Left)
Prevalence of type of foot (Left) o Cavo foct (Lt

100 T T T T T T T T T
90 4

80

7 ]
7o— ]
604 |1 E
;4,, 3
i U 2 1
//?a i ]
] 7 V] 3
SIT A RR :

Percentage of population (%)

Age (years)

b [ Normal foot (Right)
( ) Prevalence of type of foot (Right) Flatfoot (Right)

= [_] cavus foot (Right)
0\\0/100 T T T T T T T T ]
§ 0l ]
a1l g -
g 5] 17 7
=21 z
5 %1 | | |V ]
SN N AR DR
§ 20 + é 7 é ? é g 4
E 4 7 i

Age (years)

Figure 4. Classification of the type of feet at different ages, starting from three to seventy-four years:
(a) Prevalence of the type of feet in the left foot and (b) prevalence of the type of feet in the right foot.
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Similarly, the percentage of prevalence of the type of feet in the right foot presents a
comparable trend to that observed for the left foot, as shown in Figure 4b. The prevalence
of flatfoot decreases from 89.1% to 19% from an early age (3-10 years) to adulthood
(67-74 years) in the right foot. The prevalence of normal foot increases from 6.9% to 69.8%
from the first group (3-10 years) to the last group (67-74 years). The prevalence of the
cavus foot remains in the range from 4% to 11.1%.

3.2. Plantar Pressure Distribution in Forefoot and Hindfoot Regions

Figure 5a displays the plantar pressure distribution of the left and right feet in the
static condition when the participants remain in a standing position. The graphs indicate
that most hindfoot pressure values cluster near 100% on both axes. This indicates that the
hindfoot, or heel, bears greater pressure compared to the forefoot region. Conversely, the
forefoot pressure values stay in the region close to 0% for both axes. This indicates that
the forefoot has less pressure when the person is in a standing position. This distribution
pattern of pressure occurs on both feet. The mean percentage pressure values of the left foot
were 45.18 £ 19.50% for the forefoot region and 55.64 + 18.80% for the hindfoot. Similarly,
the mean percentage pressure values of the right foot were 45.38 & 18.63% for the forefoot
region and 54.62 % 18.63% for the hindfoot.

Plantar pressure distribution (Static) f Eﬁ;z;gg:
100 -

90
80
704
60+
504 <
4040
30 A
204
10
0

T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
Plantar pressure distribution Left Foot (%)

Plantar pressure distribution (Dinamic) : E‘?r::;gg:

Plantar pressure distribution Right Foot (%)

—
[\
-

100
90
80
704
60 4
50 4
40
30 A
204
10

0

T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
Plantar pressure distribution Left Foot (%)

_. Plantar pressure distribution Right Foot (%)

T
-

Figure 5. Plantar pressure distribution in the forefoot and hindfoot regions: (a) Plantar pressure
distribution in static conditions, and (b) plantar pressure distribution in dynamic conditions. Plantar
pressure normalized with body mass.

Figure 5b presents the plantar pressure distribution of the left and right feet in dy-
namic conditions when the participants were walking at an average velocity of 4.90 km/h
(1.36 m/s). Under dynamic conditions, the forefoot pressure values approach 100% for both
axes. This means that the forefoot region is subjected to more pressure, and the pressure
in the hindfoot diminishes. The mean percentage pressure values of the left foot were
55.95 & 13.36% for the forefoot region and 44.05 & 13.36% for the hindfoot. Similarly, the
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mean percentage pressure values of the right foot were 57.12 + 11.10% for the forefoot
region and 42.88 & 11.10% for the hindfoot.

3.3. Plantar Pressure Distribution Across Age Groups

Figure 6 illustrates the mean and standard deviation of plantar pressure distribution

by age group under static conditions. In this scenario, plantar pressure was consistently

higher in the hindfoot compared to the forefoot across all age groups. This pattern was
observed in both the left and right feet.
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Plantar pressure distribution (%)
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Flatfoot
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Forefoot L = Forefoot Left
Hindfoot L = Hindfoot Left
Forefoot R = Forefoot Right
Hindfoot R = Hindfoot Right

Figure 6. Mean and standard deviation of the plantar pressure distribution for different types of

feet on static condition: distribution by age from 3 to 74 years. Plantar pressure normalized with
body mass.
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The first group (3-10 years) presented the highest difference in pressure between the
forefoot and hindfoot for the three types of feet. Conversely, the group between 67 and
74 years presented the lowest difference in pressure between the forefoot and hindfoot
for the normal foot and flatfoot. In most of the groups, the difference in pressure for the
two regions (hindfoot vs. forefoot) was reduced as the age increased, as shown in Figure 6.
However, there were a few cases where the pressure difference did not decrease with age;
this can be observed in the cavus foot of the last group, Figure 6.

Similarly, Figure 7 shows the mean and standard deviation of the plantar pressure
distribution in the hindfoot and forefoot regions in dynamic conditions. This figure shows
the recorded plantar pressures for the three types of feet being studied for individuals aged
from 3 to 74 years. For this condition, in all groups, the plantar pressure distribution was
higher in the forefoot region, except in the first group, where the normal foot and cavus
foot presented higher pressure in the hindfoot region.
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Figure 7. Mean and standard deviation of the plantar pressure distribution for different types of
feet on dynamic condition: distribution by age from 3 to 74 years. Plantar pressure normalized with
body mass.
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Under dynamic conditions (gait), the difference in plantar pressure between the
forefoot and hindfoot regions was nearly uniform across all groups, except for the first
group. Unlike the static condition, this pressure difference did not vary with age. Excluding
the first group, the mean pressure difference between the two regions across all age groups
and foot types was 15%, as illustrated in Figure 7. This pattern was consistent for both the
left and right feet.

3.4. Statistical Results of the Type of Feet

The regression analysis performed for the three types of feet in the left foot indicates
that the flatfoot and normal foot can be predicted as people age. For the flatfoot class, the
p-value is significant (p-value = 3.45 x E~°) and the model fits the data well, as the R-squared
value is 0.925, so the number of people who have flat feet is smaller over the years. For
the normal foot class, the p-value is significant (p-value = 7.39 x E~°), and the model fits
the data well, as the R-squared value is 0.907, so there are more people in this class over
time. In the case of cavus foot, the regression model and the coefficients are not significant
(p-value = 0.35 x EY); it cannot be said that over time the number of people who have cavus
foot increases or decreases significantly.

In addition, the regression analysis for the three types of feet in the right foot presents
similar results to the left foot. It is shown that the number of people with flat feet decreases
with age (p-value = 1.40 x E~° and R-squared = 0.942). The opposite happens with the
normal foot when the age increases; there is a greater number of people with this type of
foot (p-value = 5.54 x E~¢ and R-squared = 0.955). For the cavus foot, the linear regression
model and coefficients are not significant.

3.5. Statistical Results of the Plantar Pressure Distribution Across Ages

Table 2 shows the ANOVA found. This analysis shows three significant factors, which
are those with bold p-values. Some of these significant factors are factor interactions, so
individual factors are not ruled out based on the hierarchy principle. The foot part (forefoot
or hindfoot) is considered significant for the plantar pressure on the feet when standing
and walking. Furthermore, the plantar pressure significantly changes in the foot when
people are standing or walking. The significance of the results comes mostly from the foot
part since, in the two significant interactions, the one factor is the foot part, as shown in
Table 2.

Table 2. ANOVA of the factors influencing foot pressure.

Source SS Df MS  F-Value p-Value
Type of foot (normal, cavus, and 0 5 0 0 1.00 x EO
flatfoot)
The foot part (forefoot and hindfoot) 880 1 880 353911 119 X E~8
Type of analysis (static and dynamic) 0 1 0 0 1.00 x EY
Type of foot and foot part 162 2 81 3.25759  4.05 x E72
The foot part and the type of analysis 15,705 1 15,705 631.6106 8.34 x E—%4
Block (age) 2 8 0.25 0.010054 1.00 x E°
Error 4973 200  24.865

SS = Sum of Squares. Df = Degree of freedom. MS = Mean of Squares.

How the foot part influences the pressure is observed in Figure 8. We observe that
the direction of the plantar pressure changes if a static or dynamic (walking) analysis is
performed for each part of the foot. Moreover, it is visible how the plantar pressure changes
concerning the foot part (forefoot and hindfoot).
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Figure 8. Main effects graph for the average pressure.

4. Discussion

The analysis of plantar pressure distribution across different foot types and ages
demonstrates variations in pressure distribution with age. The first hypothesis set at the
beginning has been partially accepted, as the foot type is associated with age, except for the
cavus foot. This means the foot structure (flatfoot and normal foot) could change as people
age. The second hypothesis was accepted; a significant difference was found between the
forefoot and hindfoot when people are standing or walking. These results were validated
with statistical tools and linear regression analysis in each type of foot.

It is known that the plantar pressure distribution has been used to identify foot
disorders. From the results, it was found that the plantar pressure was higher in the
hindfoot than the forefoot when the participants were standing. Furthermore, the plantar
pressure distribution between the forefoot and hindfoot regions tends to be similar in static
conditions as people get older, except for the cavus foot. This plantar pressure pattern may
enhance stability during standing [52]. Moreover, the foot structure (muscles, tendons,
and ligaments) tends to change as people age, making the foot more flexible. Age-related
structural changes in the foot may influence plantar pressure distribution. It is known that
elderly people tend to walk more slowly as a protective mechanism to avoid falls [52,53].
Our results support this idea, as gait speed tends to decrease as people age. This trend
is consistent with Pomarino’s findings, which reported increased forefoot pressure with
age [54]. Furthermore, from the statistical factorial design, it was found that the foot part
(forefoot and hindfoot) and the type of analysis (static and dynamic) were the factors that
most affected the plantar pressure distribution.

Analyzing the plantar pressure distribution in people from an early age to adult-
hood is useful for identifying abnormal plantar pressure in people with diabetes [19].
It is recommended to treat or resolve those foot disorders that could affect the plantar
pressure distribution, especially when they can produce foot ulcers. The results of the
plantar pressure distribution found in static conditions support the idea that the plantar
pressure is different between young and elderly people [52]. Furthermore, our results of the
plantar pressure were not the same but were close to the values of Viladot and Pomarino
(60% hindfoot and 40% forefoot) [25,52]. This means that the Mexican population presents
a particular plantar pressure distribution. The pressure differences among other studies
could be because we considered people from an early age to adulthood. Moreover, it is
known that body mass can affect the postural sway and the center of pressure [55,56]. The
characteristics of the study (gait speed), the different age ranges, or the type of subjects
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(anthropometric features) considered in the research could contribute to those differences
as well.

Other authors have considered that the plantar pressure should be 50% for the forefoot
and hindfoot [6]. In our results, the main pressure differences were found between the
forefoot and hindfoot regions of the foot in static and dynamic conditions. Our findings
show that the plantar pressure during walking tends to be higher in the anterior part of the
foot, except for the youngest group of people (3-10 years). It is possible that the maturation
of the foot structure played an important role in the plantar pressure distribution, as in this
case, the vault could not be completely developed.

Moreover, the fact that the plantar pressure in the forefoot was higher could be
produced by the ground reaction force that the body structure has to overcome (inertia)
to move forward (push-off phase). This pressure distribution pattern was observed on
both feet.

There is limited research on plantar pressure distribution from early childhood to
adulthood [54,57]. Most existing studies focus on healthy subjects in a static position [27] or
limited age groups [1,2,56]. Comparative analysis of normative plantar pressure datasets
is hindered by methodological heterogeneity, particularly concerning data normalization
procedures and regional foot segmentation frameworks. There is a lack of consensus
regarding the appropriate scaling parameters, such as normalization to body mass, foot
contact area, foot length, or peak force, which can substantially alter the interpretation
of pressure magnitudes. Furthermore, inconsistencies in the anatomical delineation of
plantar regions (e.g., forefoot, midfoot, hindfoot, and subregions such as the metatarsal
heads or heel quadrants) result in variable spatial resolution and data granularity across
studies. These discrepancies limit the interoperability of datasets, constrain meta-analytical
synthesis, and impede the establishment of universally applicable normative benchmarks
in plantar pressure research [1,42,56,58].

To the best of our knowledge, this is the first study to examine the relationship
between plantar pressure distribution and foot types across different age groups in a
Mexican population. Although the plantar pressure patterns related to the spatiotemporal
gait parameters have been studied, the relationship between the plantar pressure and foot
type from early age to adulthood has not been reported yet [42].

Our study presents some limitations. First, the results cannot be generalized due to
the size of the sample considered in the analysis. Further work has to be done considering
more people per group and reducing the range of ages between groups (i.e., from 2 to
4 years). This is important for young people when the foot dimensions change rapidly.
Second, even though the participants were instructed to walk at a comfortable speed as
they usually do in daily life, there were some differences between young and elderly people.
Therefore, the plantar pressure could increase as velocity increases. Third, although we
measured the BMI in the participants, we did not study the relationship between the BMI
and plantar pressure distribution. Finally, the type of foot classification could be affected
by the index selected (CSI), as there are other methods to classify the type of feet, such as
the Staheli Arch Index, Hernandez—-Corvo Index, Clarke Angle, Foot Posture Index, and so
on. Then, the interpretation of the results must be taken with caution.

However, although there are some limitations, the results clearly show that the plantar
pressure distribution is different between young and elderly people. Moreover, the mean
plantar pressure in the forefoot tends to be similar to the forefoot region as people age.
It will be necessary to consider more variables in future studies, such as sports activities,
shoe-wearing habits, overweight conditions, and so on, to have a better understanding of
plantar pressure in daily life activities. Reference or normative data contribute to evaluating
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the effectiveness of rehabilitative interventions and can also be used for comparison across
different studies.

Similarly, further studies have to be done to analyze the plantar pressure distribution
during gait at higher velocities or during different sports maneuvers. We hypothesize that
the plantar pressure distribution in the forefoot will increase significantly and could be
a risk factor for getting a stress injury [12,14,15]. There are few studies with conclusive
information regarding plantar pressure distribution at different ages, so the comparison of
results becomes difficult.

5. Conclusions

In conclusion, the prevalence of flatfoot decreased with age, while the proportion of
normal foot type increased. Under static conditions, the hindfoot bore more load than
the forefoot, whereas under dynamic conditions, the forefoot bore more load than the
hindfoot. The static load discrepancy decreased with age, but the dynamic load pattern
remained unchanged. Furthermore, the present study contributes to the development of a
comprehensive normative database of plantar pressure distributions across various foot
types within a Mexican population, providing a valuable reference for clinical assessment,
gait analysis, and the design of preventive strategies that target foot health and balance in
young and elderly populations.
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