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Abstract: Flatfoot is considered a structural condition that can occur
in either one foot (unilaterally) or both feet (bilaterally), manifested by
the collapse of the medial plantar arch of the foot, rearfoot pronation,
and forefoot abduction. The purpose of the study was to investigate the
impact of flatfoot on postural alignment of the primary school students
regarding early detection and prevention of postural deviation. Using a
pre-test design, foot posture was assessed using Foot Posture Index-6
and postural alignment wusing Global Postural System 400. The
study's  findings  showed that there are statistically  significant
correlations  between  flatfoot and postural alignment. Specifically,
significant correlations were found both: between the left flatfoot and the
frontal alignment of the pelvis on the left side (r = -504, p < .014)
and between the midfoot and the frontal alignment of the ipsilateral
pelvis (r = -754, p < .001). In addition, strong correlations were
identified between the alignment of the pelvic girdle on the side of the
pronated and hyperpronated foot and the shoulder girdle in the frontal
Pplane (r=.617, p <.002; r = .600, p <.002). The findings of the
study underscore the relevance of early detection and implementation of
intervention strategies in school, considering the impact of flatfoot on
primary school students' posture.

Keywords: flatfoot, posture, postural deviations, foot pronation,
FPI-6.
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Introduction

Flatfoot is considered a structural condition that can occur in either
one foot (unilaterally) or both feet (bilaterally), manifested by the collapse of
the medial plantar arch of the foot, rearfoot pronation, and forefoot
abduction (Vergillos Luna et al., 2023).

Specialists in the field demonstrate that in the case of flatfoot, was
observed several common clinical modifications that impact the structure of
the foot. In connection with the tibia, the calcaneum is plantar flexed, the
talus follows the calcaneum and realizes the plantar flexion, navicular is
forced to abduct and dorsal flexed. At the same time, the forefoot is in an
abduction and supination position. Furthermore, radiological investigations
subjects with flatfoot exhibit a marked exacerbation of the articular space
between the talus and navicular and contribute to the collapse of the plantar
arch (Ezema et al., 2014; Peeters et al., 2013; Dare, 2014).

Flatfoot is not just a simple deformity. The excessive hindfoot
pronation of the hindfoot, the collapse of the medial longitudinal arch, and
the forefoot's abduction forced the medial edge of the foot to become
convex. This phenomenon exerts additional stress on musculoskeletal
structures, which try to compensate for the biomechanical deficit (Ghasemi
et al., 2016; Cote et al., 2005).

The postural deviations associated with biomechanical alterations
affect the foot's walking function (Jouira et al., 2024) and significantly affect
the entire body. Such changes, in combination with body morphology and
composition, can compromise stability, balance, and coordination, negatively
influencing physical activity (Calcaterra et al., 2022), especially in highly
complex sports such as basketball or football (Covi¢ et al., 2023; Causevi¢ et
al., 2023). In this context, identifying and correcting postural deviations
caused by flatfoot become critical for preventing injuries and optimizing
performance.

In addition to the biomechanical explanations, we highlight the
importance of the plantar surface in the postural tonic activity. The plantar
surface, rich in somatosensory endings, provides information that facilitates
the coordination and adjustment of the postural response (Shumway-Cook,
1986). Therefore, even minimal changes to the human support base can
significantly impact postural control strategies (Alexe, 2013). In other words,
changes in the foot's structure trigger several adaptive reactions, not only in
the foot but also in the upper structures of the body.

Following the concept that the feet are considered a crucial sensory
structure involved in postural control mechanisms, several researchers have
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identified essential correlations between foot posture types and various
changes in posture alignment (Van Boerum & Sangeorza, 2003; Buldt et al.,
2013).

From a biomechanical point of view, bilateral feet hyperpronation
creates tension forces that force the tibia, knees, and hips to rotate (Cornwall
et al, 1991; Barton et al, 2009) internally. Therefore, the pelvis is
anteriorized, and the lumbar spine is hyperlordosis through the conjugation
connections of the pelvic-lumbar complex. Compensatory, to preserve the
body's homeostasis, the thoracic and cervical spine change their posture (Yi,
2016). It can generate structural and functional deficits in the lower limbs
(Khamis & Yizhar, 2007).

Some clinical trial results indicate that structural changes in flatfoot
influence the pelvic and spine alignment (Khamis et al., 2015; Ghasemi et al.,
2016). The authors consider that when the tibia, knee, and hip perform
internal rotation, the femoral head is pushed posteriorly into the acetabular
cavity and, therefore, will anteriorize the pelvis.

Due to the lumbar-pelvic complex's connective connections, this
pelvis forward inclination can produce lumbar hyperlordosis. The iliopsoas
muscle tenses, inhibiting the activity of the gluteal muscles, which makes
them unable to provide maximum performance. Therefore, the hamstring
muscles and extensor hamstrings take over their role. Thus, a muscular
imbalance is created between the abdominal and back muscles, which also
causes the exacerbation of the curvatures of the vertebral column
(Dabholkar, 2012).

In contrast with bilateral pronation, unilateral pronation causes the
pelvis to rotate forward (anterior pelvic tilt posture). In this case, the pelvis
tilts on the side of the affected lower limb (Eldesoky & Abutaleb, 2015).
Although this limb is shorter, this difference is a functional adaptation.
When the difference exceeds 1-2 cm, imbalances occur in the pelvis, leading
to dorso-lumbar scoliosis (Albu & Albu, 2000).

Following the statistical results, the researchers emphasize the
importance of assessing the foot posture in vertebral column deviations, as
the biomechanical alignment of the foot can directly influence the structure
and posture of the entire body, including the spine (Coglianese, 2000;
Negrini et al., 20106; Ionite et al., 2022). The Foot Posture Index (FPI-6) is a
standard method for assessing and evaluating foot posture. It offers an
objective and standardized assessment of the various components of foot
alignhment and valuable information in diagnosing and treating spinal
deviations.
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Even the clinical manifestation of the flexible flatfoot improves with
age: the plantar arch develops and matures (Turner et al., 2020), and the
valgus of the feet reduces (Valmassy et al., 1996; Sobel et al.,, 1999), the
flatfoot still registers high prevalence in primary school students (Vergara-
Amador et al.,, 2012). It was found that approximately 59% of 2083 children
aged between 7- 12 vyears were diagnosed with flatfoot, with a
preponderance among 8 years (Chang et al., 2010).

The premises of the study were based on the following training
framework: (1) the foot is one of the pillars of the postural system and is
regarded as a primary input of postural tonic activity with a role in providing
sensory information, for the elaboration and adjustment of postural
responses; (2) any change in the support base can disrupt the functional level
of the foot structures and consequently can change the entire kinematic
chain of the body.

Based on the scientific foundations mentioned above, this study
aims to investigate the impact of flat feet on the postural alignhment of
primary school students, highlighting the need for early detection and
implementation of preventive strategies for postural deviation.

Material and methods
Participants

The participants were selected based on eligibility criteria. The study
included 23 subjects, eleven girls and twelve boys, primary school students
(mean age 7.54%0.61 years). We applied the following inclusion criteria:
primary school students aged 7 to 9 years, an FPI-6 score = 6 points, and a
flexible foot. On the other hand, the exclusion criteria concerned subjects
with a history of trauma to the lower limbs or feet, surgeries in the same
area, length discrepancies of the lower limbs, neuro-muscular pathologies,
use of plantar supports, and obesity. To participate in this study, we
obtained informed consent from their parents.

Instruments

Foot Posture Index 6 (FPI-6) is a valid assessment tool for foot
posture in various clinical settings. Based on visual and palpation evaluation
methods, it frames foot posture regarding supination, neutrality, or
pronation. Following a standard procedure of evaluation, this tool can
evaluate the foot in a static position in orthostatic, assessing six criteria:
palpation of the head of the talus to establish its position, visual evaluation
of curve formed by the edge above and below the lateral malleolus, visual
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evaluation of inversion or eversion of the calcaneum, navicular position and
the height of the medial longitudinal arch, adduction or abduction of the
forefoot.

The Rasch statistical model confirms the validity of the construct of
the six-item instrument and the consistency of the PSI=0.88 metric results
(Keenan et al., 2007). This tool is handy in paediatric populations, where
early detection of foot position abnormalities can guide interventions for
conditions such as flatfoot. The instrument uses a scoring system based on
the Likert scale, where the subjects that register a lower score indicate a very
supinated foot. In contrast, higher scores indicate a very pronated foot

(Figure 1).

12— -5 0—5 6—9 10—12

Very supinated

Neutral

Pronate

Very pronated

Figure 1. Interpretation of the FPI-6 score according to Redmond et al. (2006) (authot's
creation)

The Global Postural System 400 (GPS 400) is a postural analysis device
that captures digital information about the position of segments of the body
in different anatomical planes. It comprises several items accompanied by
software that registers, processes, and calculates the variables related to body
morphology. The hardware component of the GPS 400 includes a platform,
a digital camera that captures the posture in real-time, and a frame ruler with
sensors vertically defined by two bars. The markers used for the assessment
include horizontal alighment of the eyes, nose-ear plane, head position,
shoulder alignment, the line formed between the scapulae, and alignment of
the pelvis, knees, and ankles. The GPS 400 is considered a reliable system
due to its ability to produce consistent and accurate measurements of
postural parameters. Included in the system is the PodataTM, a plantar
pressure and weight distribution analysis device used in the biomechanical
evaluation of the feet. This device is part of a complex diagnostic system
that analyzes posture and gait problems by capturing the plantar footprint
and estimating the distribution of forces applied to the plantar surface.

Evalnation procedure

a) Identifying the tipe of foot
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The subjects were informed and instructed about the testing
procedure. After this step, they were asked to stay relaxed and barefoot on
the testing surface. For this step, we used a wooden base with the following
characteristics: 40 cm x 44 cm x 20 cm. Throughout the testing procedure,
the subjects stayed still but relaxed and tried to keep a visual target placed 10
m away. For data interpretation and subject selection, the following
reference values were applied: a neutral foot was defined by a score ranging
from 0 to 5; a pronated foot corresponds to scores between 6 to 9; a very
pronated foot was characterized by scores above 10; a supinated foot
identified with scores between -1 and -4; and a very supinated foot indicated
by scores below -5 (Figure 1).

b) Assessment of posture and footprint

The assessment of posture and the plantar footprint was performed
by postural analysis and 2D podometry. First, the subjects were asked to
place their feet on marks indicated on the platform. The entire body was
scanned, and the reference points were captured using the sensors from
sliding wires. In step 2, the subjects did two steps on the spot, after which
they were positioned on the PodataTM platform to assess body weight
distribution on the plantar surface. Then, they were asked to remain still and
relaxed for 30 seconds while data on plantar surfaces were recorded. The
system generated the image of the plantar surface, highlighting the footprint
of the sole. Subsequently, the loading areas on each foot were estimated in
pixels by measuring the anterior plantar surface (metatarsal area) and the
medial longitudinal arch (the narrowest region of the sole).

Statistical analysis

Statistical analysis was performed by applying the Pearson
correlation using the IBM SPSS software package (Version 25), with a
significance level set to p = 0.05 (two-tailed).

Results

The analysis of the results obtained through FPI-6 highlighted the
following findings: a) 6 subjects (26.08% of the total subjects evaluated)
were classified with both feet in the reference category very pronate; b) 7
subjects, representing 30.43% of the total number of participants, had a right
very pronated foot and a left pronated foot; ¢) 10 subjects (43.47%) had a
pronated right foot and a very pronated left foot (Figure 2).
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Pronate |Pronate| Pronat

(RIGHT) | (LEFT) (Bilateral)
6—9 6—9 | 6—9

Figure 2. The number of feet analyzed and the ir interpretation according to according to
Redmond et al. (2006)- (authot's creation)

The distribution of flatfoot children, based on FPI-6 scores for the
right and left feet, have an asymmetry that tends to agglomerate towards
high values. For both FPI 6 scores, the median of data collected for right
and left foot was 10, suggesting more than half of the sample recorded lower
or higher scores than this reference point. We highlight that at the top of the
graph (Q3-max range), there is a higher concentration of FPI 6-If scores.
This could express that more subjects recorded higher scores for the left
foot than the right foot.

Pearson correlation analysts

The Pearson correlation coefficient was used to evaluate the
relationships between the variables, which measures the strength of the
relationship between them. We investigated the relationship between the
FPI-6 right foot score (independent variable) and FPI-6 the left foot score
(independent variable), and the following dependent variables: the distance
between the upper sensor and the acromion homolateral to the very
pronated foot, the distance between the upper sensor and the acromion
homolateral to the pronated foot, the distance between the upper sensor and
the acromion on the right foot, the distance between the upper sensor and
the acromion on the left foot, the distance between the lateral sensor and
the iliac crest both feet, calcaneus angles, tibiae angles, pelvis tilt angle, the
distances between posterior sensors and the lumbar and dorsal spinous
process, the distances between the anterior sensor and the acromion for the
right and left foot, the plantar pressure distribution in the forefoot and

460



Revista Romaneasci pentru January-March 2025
Educatie Multidimensionald Volume 17, Issue 1

midfoot area for both feet. We mention that, in Table no. 1 and Table no. 2,
we highlight the results of the Pearson correlations analysis relevant to our
study, which were selected from a large volume of data. Therefore, the
statistical analysis highlighted the following relationships:

* Significant negative, medium-to-strong correlation between left
flatfoot and frontal pelvis alignment: FPI-6 Lf score and distance between
the iliac crest and lateral sensor left foot (r = -.504, p < .014), Table 1;

* Highly significant negative correlation of strong intensity between
the left midfoot area and the pelvis alignhment in the frontal plane,
homolateral: left midfoot area, and the distance between the lateral sensor
and iliac crest homolateral to Lf (r = -.754, p < .00), Table 2;

* Significant positive correlation of medium to strong intensity was
established between the pelvis alignment and alignment of the shoulder
girdle in the frontal plane (distance of the iliac crest Lf -lateral sensor and
distance of the acromion- superior sensor on homolateral to the pronated
feet and also homolateral to very pronated feet (r=.617; p < .002; r= .600; p
<.002), table 2;

e A significant positive correlation of strong intensity was
established in the frontal plane, between the pelvis alighment and the
shoulder girdle in the frontal plane (distance from the lateral sensor Lf and
the distance from the superior sensor and acromion Rf (r= .575; p < .004),
table 2;

¢ Between the pelvis alignment and the alignment of the scapular
girdle has established a strong, significant, positive, high-intensity correlation
in the frontal plane: iliac crest distance Rf- lateral sensor and acromion
distance Lf - upper sensor (r=.637; p < .001), table 2;

¢ No correlations were found between the left flatfoot and pelvis
alignment in the sagittal plane: FPI-6 Rf respectively Lf and pelvic tilt angle
(t =-.035,p < 0.874; r = 0.069 p < .753), Table 1;

* No correlations were found between flatfoot and lumbar spine
alignment: FPI-6 Rf and Lf score Rf, and lumbar spinous process distance-
posterior sensor (r = -.154, p < .482; r = -.099p < .652), Table 1;

* No correlations were found between flatfoot and dorsal spine
alignment: FPI-6 score PD respectively PS and dorsal spinous process -
posterior sensor (r = -.318, p <.139;r = 0.081 p <.714), Table 1.
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Table 1. Pearson's correlation coefficient between flatfoot and postural references (authot's

analysis)
Lateral Lateral Posterior  Posterior
sensor- sensofr- Tilt sensot- sensor-
Iliac crest  Iliac crest  angle - Lumbar Dorsal
distance distance pelvis spinous spinous
Right foot  Left foot process process
ppl.  Learson 0,179 0,396 0,035 0,154 0,318
6 Correlation
Right tsﬁeg_ 0,414 0,061 0,874 0,482 0,139
foor 23 23 23 23 23
ppl.  Learson 0,224 -,504 0,069 0,099 0,081
6 Correlation
Left Slg' (2- 0,303 0,014 0,753 0,652 0,714
foot tailed)
oot N 23 23 23 23 23

**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Table 2. Pearson's correlation coefficient between dependent variables (authot's analysis)

Upper
Upper
Left sensrf)}; and  SEmsOrT Upper Upper
midfoot acromion- 2cromion-  sensor- sensor-
e conated very acromion- acromion-
area p ?ogt pronated  Right foot Left foot
foot
Lateral Pearson. _’754** ,617** ’600** ’575** ’637**
sensor-  Correlation
Erlzsct tsﬁeg 0,000 0,002 0,002 0,004 0,001
distance
Left foot 23 23 23 23 23
Discussions

The results of this study confirm that primary school students aged
7-9 with flatfeet show changes in body posture, especially in the alignment

of the pelvis and the shoulder girdle.

Our results emphasize the international literature, which indicates that
structural deviations in the foot can influence the ascending kinematic chain,
leading to compensatory changes superiotly (Molina-Rueda et al., 2014; Kothari
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et al, 2016). Results of experimental studies demonstrated that a minimal
deviation in the alighment of the subtalar joint forces the talus to slide medially,
which induces, through the biomechanical links, an internal rotation at the level
of the tibia (Metcalfe et al., 2011). In a previous study, it was confirmed that in
subjects aged 7-9 years, there is a statistically supported link between flatfoot
and calcaneal and tibial alignment, ipsilateral (Panaet et al., 2022).

Flatfoot and pelvic alignment

The results of our study suggest changes in the pelvic alignment in
the frontal plane, ipsilateral with the left flatfoot.

Both feet registered higher FPI-6 scores. The left midfoot expresses
strong statistical links with the pelvic alignhment in the frontal plane. From a
clinical point of view, these variables highlight the fact that the left flatfoot
has a more significant pronation component, and together with the
collapsed plantar arch, they are related to the lateral translation of the pelvis.
Similarly, Resende et al. (2016), demonstrated that foot pronation causes
biomechanical changes in both the lower limbs and the trunk, exacerbating
knee adduction, calf rotation, and lateral trunk translation.

No statistically supported results were recorded for landmarks
measured in the sagittal plane at the pelvis level. Based on biomechanical
reasoning, Khamis et al., 2007, proved that the coupling movement between
the ankle and the tibia generates the knee's internal rotation, which is closely
related to the internal rotation movement of the femur. As a result, the
femur pushes into the posterior acetabular region, causing the pelvis to
anteriorize (Duval et al., 2010). Similar results were found in the study of
Wyndow et al. (2016) which confirmed that a pronounced forward
inclination of the pelvis was observed in subjects with foot pronation.

Flatfoot and dorso-lumbar spine

Our results cannot confirm the link between flatfoot and the spine
because no statistical evidence was found at the lumbar and dorsal level of
children with flatfoot. Contrary to the results of the current study, Kim et
al., 2017), obtained by inducing calcaneal hyperpronation, the forward
inclination of the pelvis, suggesting that the body tries to reduce the
disturbances caused by the initial imbalance through different adjustments of
the postures of the upper structures. Moreover, it was observed that
increasing the curvature of the lumbar spine by one degree will exacerbate
the vertebral flexion of the dorsal spine. Through a comprehensive analysis
of the structure and function of joints, Levangie et al. (2005, 495-496)
explain the mechanism by which the posterior convexity of the dorsal spine
enlarges and compensates for lumbar hyperlordosis to keep the head in
alignment with the sacrum.
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Flatfoot and shoulder girdle

In the context of postural changes at the pelvic level, the forward
inclination of the pelvis often causes a compensatory reaction in the spine in
the form of lumbar lordosis and thoracic kyphosis, which can lead to
anteriorization of the shoulders and an anterior position of the head (Lim,
2012; Neumann, 20106).

Our study results indicated that the pelvis' alignment did not change
in the sagittal plane. A lateral translational movement was found in the
opposite direction in the frontal plane.

In wunilateral flatfoot, authors highlicht an ipsilateral forward
inclination of the pelvis that creates a lateral translation. These functional
adjustments make the length of the lower limb appear smaller. When the
difference is more significant than 1-2 cm, it causes imbalances in the pelvis
and leads to lumbar scoliosis.

Since the selected age group is in a critical development stage, our
study significantly contributes to understanding the link between the feet
and postural alignment of the children regarding early detection and
prevention of postural deviation. Additionally, our study provides a
comprehensive framework for guiding other specialists in the assessment of
pediatric flatfoot. In this regard, our findings suggest that it is essential to
effectuate a complete evaluation of a child with flatfoot rather than focusing
just on the foot.

These strategies align with global health and education initiatives
promoting holistic child development.

Another perspective that our study proposes focuses on the
interdisciplinary approach. Incorporating FPI-6 and GPS could be an
assessment tool used in schools, encouraging multidisciplinary approaches
that help create internationally applicable preventive and corrective
strategies.

Limitations of the study are represented by the small and
demographically homogeneous sample, which may limit the generalization
of the results compared to a broader population. Secondly, this study has
not explored in detail whether these correlations differ depending on the
severity of the flatfoot.

Starting from the idea that prophylactic education is essential in an
actual societal context, the prevention of posture disorders generated by lack
of activity, genetic factors, obesity, demographic-geological factors, and
sociological contexts, we consider it necessary for other future studies to
develop our idea as a scientific approach to establishing prophylactic
educational strategies in different age categories.
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