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ABSTRACT

Aim: Different postural stability and functional movements may play an
important role in secondary injuries in people with flexible flat feet compared to
people with normal feet. However, the difference between static and dynamic
stability and functional movements of people with and without flexible flatfeet has
not been investigated. Therefore, the current study was conducted with the aim
of comparing static and dynamic stability and functional movements of subjects
with and without flexible flatfeet and examined the relationship between
functional movements and static and dynamic stability.

Methods: In the cross-sectional study, 96 subjects after evaluating the medial
longitudinal arch of the foot with navicular drop test were divided into two
groups, flexible flat feet group (n=25) and normal feet group (n=71). Functional
performance using functional movements screening test, static stability using the
Sharpened Romberg balance test, dynamic stability using the Y balance test
were measured. In order to compare the parameters measured in two groups,
non-parametric U-Mann-Whitney test was used.

Results: The scores of functional movements and static stability in the normal
feet group were significantly higher than the flexible flatfeet group (p<0.05). The
total score of the Y test was not significantly different between the two groups
(p=0.05). In the group of normal feet, a significant correlation was observed
between functional movement scores and dynamic stability (p<0.05).
Conclusion: These results show that subjects with flexible flatfeet have different
movement performance and static stability compared to subjects with normal
feet, but they have similar dynamic stability. It may indicate that there is no
connection between static and dynamic stability and these two functions are
separate from each other.
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Extended Abstract:

A complex interplay of biomechanical and neuromuscular factors governs postural
stability and functional movement. Variability in these factors, particularly in individuals
presenting with flexible flat feet (FFF) compared to those with normal feet (NF), may
significantly contribute to secondary musculoskeletal injuries. FFF is a common
morphological characteristic defined by a reduced medial longitudinal arch (MLA) during
weight-bearing, often referred to as pes planus (1). While FFF is morphologically distinct
from NF, numerous studies have highlighted its potential secondary characteristics,
including mechanical imbalances such as posterior tibial tendon dysfunction (PTTD) (2),
chronic pain syndromes (3, 4), joint injuries, and even stress fractures (5).

Impaired postural stability, often categorized into static and dynamic components, is
hypothesized to underlie these secondary issues. Static stability is conventionally
defined as the capacity to minimize the movement of the center of gravity (COG) within
the base of support (BOS) under fixed conditions (6). Conversely, dynamic stability
relates to maintaining equilibrium during body movement or while reacting to external
perturbations. Previous research attempting to delineate differences in static stability
between FFF and NF populations has yielded conflicting results. For instance, Hertel et
al. (2002) posited that individuals with FFF exhibit poorer static stability, evidenced by a
larger center of pressure sway area and faster COP velocity compared to NF
individuals (7). However, counter-evidence exists, as reported by Cote et al. (2005),
who found no significant difference in COP sway or postural oscillation between the two
groups (8). Tsai et al. (2006) further complicated the consensus by reporting that FFF
individuals show greater maximal COP displacement specifically in the anterior-
posterior direction compared to NF individuals (9).

Regarding dynamic stability, the evidence is similarly mixed. Tsai et al. suggested that
FFF might compromise balance during challenging single-leg functional activities (9). In
contrast, Cote et al. noted only marginal differences in dynamic stability assessed via
the Star Excursion Balance Test (SEBT) between the two foot types (8). Although
several intervention studies involving FFF have utilized the (10), they often failed to

include a direct comparison with NF data. This highlights a crucial gap: a
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comprehensive comparison between FFF and NF is essential to fully characterize
functional deficits across the spectrum of postural control.

Furthermore, the foot's structural positioning directly impacts adjacent structures
through the kinetic chain (11). Given that most weight-bearing activities involve the
coupled, closed kinematic and kinetic chain of the foot, ankle, knee, and hip (12),
alterations in foot posture are expected to cascade into changes in proximal joint
alignment and body posture (13). Specifically, excessive foot pronation in FFF can
induce internal tibial rotation, leading to knee valgus and internal hip rotation during
weight-bearing. This misalignment can subsequently destabilize the core and affect
lumbar spine posture (14). Consequently, the foot-ankle complex plays a pivotal role in
shock absorption, adapting to support surfaces, and efficiently transferring ground
reaction force (GRF) during gait (15). Thus, it is highly probable that this compromised
kinetic chain negatively influences fundamental motor patterns. Despite the compelling
logic, research directly linking FFF to fundamental movement quality, assessed by tools
like the Functional Movement Screen (FMS), is limited (16).

Various reliable and validated tests exist for assessing stability. The Sharpened
Romberg Test is a practical, equipment-minimal test used to assess static stability (17).
For dynamic stability, the Y-Balance Test (YBT) is a highly reliable field method (18),
challenging postural control by requiring integration of strength, proprioception, and
flexibility (18). During the YBT, the participant maintains single-leg stance while
reaching with the contralateral limb in three standardized directions (19). The FMS is an
established assessment tool designed to evaluate core strength and fundamental motor
patterns through a battery of seven tests (20), measuring movement patterns requiring
the integration of mobility and stability elements (20). Given the time-consuming nature
of assessing these variables, recent studies have explored correlations between static
and dynamic balance tests (21). However, the relationship between FMS scores and
both stability components, particularly in individuals with FFF, has not been thoroughly
examined.

The current study was, therefore, designed to compare static stability, dynamic stability,

and functional movement performance in female students with and without FFF.
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Furthermore, it investigates the potential correlation between functional movement
performance and both static and dynamic stability. We hypothesized that there would be
significant differences in static stability, dynamic stability, and functional movement
performance between the two groups, and that functional movement performance would
correlate with both static and dynamic stability.

Materials and Methods:

Study Design and Participants

This was a cross-sectional, comparative study (with ethics code
IR/SSRI.REC.2022.13901.1950). A total of 96 female university students (aged 18 to 25
years) participated voluntarily. They were divided into two groups after assessing their
longitudinal arch height using the Navicular Drop Test (22): the Flexible Flat Feet group
(FF, n=25) and the Normal Feet group (NF, n=71). Exclusion criteria included a history
of foot or ankle surgery, lower extremity pain, obesity, severe foot deformities like hallux
valgus, and neuromuscular disorders (23).

Testing Protocol

Static Stability: Assessed using the Sharpened Romberg Test (SRT). The participant
stood barefoot on a flat surface in a tandem stance (dominant foot in front of the non-
dominant foot) with arms crossed over the chest. The test was performed with eyes
closed. The time (in seconds) the individual maintained the posture before losing
balance determined the score. Loss of balance was defined by any of the following
errors: arms separating from the chest, opening the eyes, excessive swaying, or falling
(24).

Dynamic Stability: Measured using the Y-Balance Test (YBT). The participant stood
barefoot on the non-dominant leg at the center of the apparatus and performed maximal
reach with the dominant leg in three randomized directions: anterior, posteromedial, and
posterolateral. Fault criteria included shifting the stance foot, touching down the
reaching foot, or falling (15). The maximum reach distance, normalized to limb length,
was recorded (25).

Functional Movement: Evaluated using the Functional Movement Screen (). The
consists of seven tests (Deep Squat, Hurdle Step, In-line Lunge, Shoulder Mobility,
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Active Straight-Leg Raise, Trunk Stability Push-up, and Rotary Stability) designed to
assess both composite movement patterns and central stability (16). Qualitative
analysis was performed using the scoring system (0 to 3 points) according to the
guidelines established by Cook et al. (16, 20).

Statistical Analysis

Data were presented as mean standard deviation (and median with quartiles for non-
parametric data). Normality was checked using the Shapiro-Wilk test, and homogeneity
of variances using Levene’s test. Since normality and homoscedasticity assumptions
were violated for the static and dynamic balance variables, the non-parametric Mann-
Whitney U test was used for inter-group comparisons. The Independent Samples t-Test
was used to compare FMS scores. To examine the correlation between FMS scores
and balance variables (which were normalized using inverse density function
transformation), Pearson’s correlation coefficient and, where appropriate, linear
regression were performed. The significance level was set at for all calculations, which
were performed using SPSS24 software.

Results:

Table 1 presents the demographic data. MANOVA results indicated significant inter-
group differences in Weight (P=0.02) and Body Mass Index (BMI) (P=0.03). Specifically,
the FF group had significantly higher mean Weight (65.60+10.76 kg) and BMI
(24.33+3.43 kg/m2) compared to the NF group (58.28+9.35 kg and 21.89+£3.40 kg/m2,
respectively). No significant differences were found in Age (P=0.83) or Height (P=0.56).

Table 1- Demographic Characteristics of the Participants.

Variables Flexible Flat Feet Normal Feet P-value
Group (n=25) Group (n=71)
Age (years) 19.64+1.14 19.59+0.95 0.83
Weight (kg) 65.60+10.76 58.2849.35 0.02V
Height (cm) 164.0015.28 163.21+5.96 0.56
BMI (kg/m?) 24.33+3.43 21.89+3.40 0.03*

P<0.05: Significant difference between groups (LJ.
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The Independent Samples t-Test results showed a significant difference in FMS scores
between the FF and NF groups (p<0.05), with the NF group performing better than the
FF group.

The Mann-Whitney U test also revealed a significant difference in static balance
between the groups (p<0.05); static balance in the NF group was significantly greater
than in the FF group. However, no significant difference was found in any of the reach
directions or the composite score for dynamic balance between the FF and NF groups
(p>0.05).

Pearson's correlation results indicated:

1. In the Flexible Flat Feet (FF) group, no significant correlation was observed between
FMS scores and static balance (p>0.05) or dynamic balance (p>0.05).

2. In the Normal Feet (NF) group, a significant positive correlation was found between
FMS scores and dynamic balance (r=0.415, p=0.001).

Linear regression analysis in the NF group showed that dynamic balance was a
significant predictor of FMS scores, explaining approximately 17% of the variance in
FMS scores (R2=0.173, p=0.001).

Conclusion:

The finding of significantly reduced static balance in the FF group aligns with previous
studies by Hertel et al. (7) and Tsai et al. (9), likely stemming from subtalar joint
instability and excessive ankle pronation (26). However, the lack of a significant
difference in dynamic balance may be attributed to muscular compensation
mechanisms (e.g., adaptation of tibialis and peroneal muscles) that allow asymptomatic
individuals to approach the NF group's performance during functional activities like the
YBT (27). The lower FMS scores in the FF group, contrasting with the findings of Fallah-
Asadi et al. (16) concerning hyperlordosis deformity, suggest that the foot deformity
directly impacts fundamental movement patterns. The absence of a correlation between
dynamic/static balance and FMS in the FF group indicates that the structural defect
might disrupt the natural link between stability and complex motor performance (28).

In conclusion, the flexible flat foot deformity significantly impairs static balance and

functional movement performance in young women. It is recommended that individuals
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with FF be made aware of these potential deficits and engage in targeted rehabilitation
exercises to improve static stability and fundamental movement patterns for
conservative treatment and injury prevention.

Key words: movement performance, static stability, dynamic stability, flexible fat feet
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