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Abstract
Background: Processing somatosensory input requires cognitive resources, any additional processing can decrease stability. Postural 
alignment of the feet has been linked to altered lower-limb movements and postural stability. The study aimed to determine whether 
there were differences in kinematics and kinetics between subjects with and without flat foot conditions, about postural stability.
Material and methods: The sample consisted of 31 participants comprising 62 feet, 15 of whom were in the experimental group 
with the flat foot condition, while 16 were in the control group with the neutral foot condition. The Navicular Drop Test and Resting 
Calcaneal Stance Position test were used to categorize each group of participants before posture analysis. All participants were 
subjected to a bipedal weight-bearing stance posture stability analysis, using a 3D-Motion Capture system and a force platform, 
both in eyes-open and closed conditions.
Results: Considering kinematics differences between groups, the only statistically significant results found were for the ankle joint 
namely in the sagittal (p=.047), coronal (p=.013), and transverse (p=.001) planes. Regarding Center of Pressure outcomes, no 
statistically significant results were found (p>.05) regarding group differences. Statistically significant results were found regarding 
Total and Antero-Posterior excursion (p=.027/.016), Total and Antero-Posterior Total velocity (p=.027/.016), and Antero-Posterior 
and Medio-lateral Amplitude (p=.011/.039).
Conclusion: In both conditions, flat-footed subjects present few alterations compared to neutral foot participants, in bipedal 
weight-bearing stance. Due to the methodological deficiency regarding influencing factors, further research should also address 
methodological variables to focus only on the foot.

Key words: Foot Posture; linear analysis, flat feet, plantar pressure.

Resumen 
Introducción: el procesamiento de información somatosensorial requiere recursos cognitivos, cualquier procesamiento adicional 
puede disminuir la estabilidad. La alineación postural de los pies se ha relacionado con movimientos alterados de las extremidades 
inferiores y estabilidad postural. El estudio tuvo como objetivo determinar si había diferencias en la cinemática y la cinética entre sujetos 
con y sin pie plano, sobre la estabilidad postural.
Métodos: La muestra estuvo compuesta por 31 participantes de 62 pies, de los cuales 15 estaban en el grupo experimental con 
condición de pie plano, mientras que 16 estaban en el grupo control con condición de pie neutro. La prueba de caída del navicular 
y la prueba de posición de la postura del calcáneo en reposo se utilizaron para categorizar a cada grupo de participantes antes del 
análisis de la postura. Todos los participantes fueron sometidos a un análisis de estabilidad de la postura de la postura con soporte de 
peso bípedo, utilizando un sistema de captura de movimiento 3D y una plataforma de fuerza, tanto en condiciones de ojos abiertos 
como cerrados.
Resultados: Considerando las diferencias cinemáticas entre los grupos, los únicos resultados estadísticamente significativos 
encontrados fueron para la articulación del tobillo en los planos sagitais (p=0,047), coronal (p=0,013) y transversal (p=0,001). En 
cuanto a los resultados del Centro de Presión, no se encontraron resultados estadísticamente significativos (p>.05) con respecto 
a las diferencias de grupo. Se encontraron resultados estadísticamente significativos en cuanto a Excursión Total y Antero-Posterior 
(p=.027/.016), Velocidad Total y Antero-Posterior Total (p=.027/.016), Amplitud Antero-Posterior y Medio-lateral (p =.011/.039).
Conclusión: En ambas condiciones, los sujetos con pie plano presentan pocas alteraciones en comparación con los participantes 
con pie neutro, en la postura de carga bípeda. Debido a la deficiencia metodológica con respecto a los factores que influyen, la 
investigación adicional también debe abordar las variables metodológicas para centrarse solo en el pie.

Palabras clave: Postura del Pie; análisis lineal, pies planos, presión plantar. 
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Introduction

Incorrect range of motion, ligament/joint laxity, neurological 
restrictions, and altered muscle activity can all contribute 
to flat feet (FF)1. Mechanical overloading injuries are more 
likely to occur in FF subjects than in subjects without 
this condition. Knee pain, cartilage damage, medial 
tibial stress syndrome, sacroiliac dysfunction, metatarsal 
stress fractures, plantar fasciitis, Achilles tendinitis, tibialis 
anterior inflammation, or patellofemoral pain can result 
from this alteration1-4. Patients with musculoskeletal 
pathologies exhibit different postural patterns regarding 
functional activity. In daily living activities, both static and 
dynamic postural controls are required to maintain the 
Center of Mass (CoM) above the Base of Support (BoS)5. 
Alterations in BoS, such as a larger area, will result in an 
increase in sensorimotor adaptation resulting in increased 
postural stability, thus preventing fall risks6,7. BoS 
changes induce body sway, thereby increasing intrinsic 
stiffness6,7. Additionally, to maintain postural stability, the 
body requires the lower limb’s proprioceptive receptors 
to respond effectively to environmental changes7-9. 
Plantar pressure, proprioceptive feedback, visual and 
oculomotor information, and vestibular information 
contribute to posture stability8,10-12. Through its unique 
sensory capacity, the visual and oculomotor system 
contributes to balance, not only by estimating distance 
but also by providing information about body motion 
and sway9,10,13. Any additional cognitive processes can 
reduce stability sustaining because somatosensory input 
requires cognitive processing to sustain stability. This 
information is processed in the Central Nervous System 
(CNS) to create neuromotor necessary output commands 
to maintain stability14,15.

Foot posture induces altered plantar pressure patterns 
and proximal joint motion. In response to altered sensory 
afferent signals, the CNS modulates joint stiffness and 
postural stability through muscle coactivation, thus 
affecting muscle function, foot biomechanics, and lower-
limb biomechanics16. These occur globally and locally 
through postural and functional joint stabilization4,14,15,17-20. 
Thus, foot posture, through altered lower-limb motion 
pattern can induce injuries21,22 and it has been associated 
with abnormal foot motion during gait1,4,23-26. In addition to 
being a sensitive map, the foot contains many cutaneous 
mechanoreceptors that provide important information 
about balance, posture, movement, and muscular 
sensitivity27. Moreover, afferent input from the foot sole 
can affect postural awareness, while FF increase can 
be triggered by neurological and muscular restrictions, 
ligament and joint laxity, excess motion, and muscle 
activity1. It is difficult to assess the postural stability of FF 
subjects without assessing plantar pressure patterns that 
can influence negatively the results10. On the other hand, 
in FF subjects, the plantar foot area increases compared 
to the neutral foot which can impair the plantar pressure 
feedback, resulting in the other receptors’ compensation 

for maintaining postural stability8,11. Consequently, an 
imprecise assessment of plantar pressure results from 
reduced accuracy in sensory integration8.

According to biomechanical principles, the body can be 
conceptualized as a network of segments connected 
worldwide by main forces interactions28. A combined 
effect of rotational alignment between segments and 
the cumulative effect of foot hyperpronation induced a 
postural re-alignment to conserve the Center of Pressure 
(CoP) in the subject BoS, with repercussions on both 
distal and proximal joints29,30. Any variation in lower-limbs 
joints can influence both positively or negatively the whole 
lower extremity kinematic and kinetic chain31. In previous 
research, authors stated that during excessive subtalar 
pronation, the calcaneus performs an eversion movement, 
producing medial and inferior talus slide motion along 
with internal rotation, provoking thereby an internal shank 
rotation28-32. Thus, this biomechanical modification results 
in an increase in medial rotation of the femur, which in turn 
increases the pressure between the femoral head and the 
posterior portion of the acetabulum29,33. Consequently, 
this will produce an anterior pelvis tilt28-30. Finally, due to 
the pelvis/lumbar spine relationship at the sacroiliac joint 
by widespread fibrous connection, the anterior pelvic tilt 
increases lumbar lordosis28,29, spine instability, balance 
disorder, and structural abnormalities29. Exposing subjects 
to induced hyperpronation emphasizes an immediate effect 
on the intersegmental relationship and not necessarily a 
prolonged adaptive effect28. 

The purpose of this study was to see if there is a difference 
in kinematics and kinetics between subjects with and 
without FF conditions, regarding postural stability.

Methods

1. Participants
This observational descriptive study was carried out 
at RoboCorp Laboratory, at the Polytechnic Institute 
of Coimbra after approval of the Ethics Committee of 
Polytechnic Institute of Coimbra (13_CEPC2/2019) 
based on the revised version of the 2013 Declaration 
of Helsinki34,35. Additionally, the recommendations 
for the communication of observational studies 
recommendations were followed (Strengthening the 
Reporting of Observational Studies in Epidemiology-
STROBE)35. The sample size was calculated with the 
aid of the G*power 3.1.9 software (G*power 3.1.9, Kiel, 
Germany) based on the previously published paper 
of Kim et al. (2015). The sample size was determined 
as the number of participants necessary to reach a 
statistical power of 95%, an estimated alpha level of 
0.05, considering a moderate effect size (d = 0.6) (ref 
Kim et al. (2015). Therefore, a required sample size 
of 18 was determined and, consequently, forty-three 
volunteers were recruited for this study. All subjects 
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were informed about the purpose of the study and the 
associated benefits, as well as any associated risks 
before any assessment was performed. Participants 
were guaranteed the right to withdraw at any time, and 
they were required to read and provide informed consent 
before participating. A total of thirty-one subjects aged 
between 18 and 35 years old met the eligibility criteria (13 
women / 18 men – 23.26 yo ± 4.43 SD) (Table I). The 
inclusion criteria for the study were limited to subjects 
who presented bilateral FF or neutral foot (NF) who were 
aged between 18 to 40 years old.

Inclusion criteria in the FF group encompassed subjects 
that presented a >9mm Navicular Drop Test (NDT) 
and >4° Resting Calcaneal Stance Position (RCSP) 
scores. However, the inclusion criteria in the NF group 
involved participants with <9mm NDT and <4° RCSP 
scores. All participants were submitted to the NDT 
and RCSP to identify whether they had a FF or an NF 
as this test is clinically used by practitioners worldwide. 
The procedures were all performed by one practitioner 
who had more than six years of experience using these 
techniques. Following this, participants who presented 
the following criteria were not excluded from this study: 
(a) any disturbance that might affect posture analysis 
like orthopaedic, neurological, or visual impairment; (b) 
participation in a physiotherapy treatment program; (c) 
bone fracture or an ankle sprain in the last 6 months; (d) 
injury or surgery to the spine, hip, knee, or ankle; (e) aged 
less than 18 and more than 40 years old. Subsequently, 
15 bilateral FF participants were assigned to the FF 
group, comprising a total of 30 feet, and 16 bilateral NF 
subjects were assigned to the NF group, comprising a 
total of 32 feet.

2. Procedures
2.1 Assessment
Foot posture was diagnosed based on clinical 
procedures including the Navicular Drop Test and the 
Resting Calcaneal Stance Position test, as those are 
clinically used by practitioners worldwide29-31. Both 
NF and FF conditions were evaluated bilaterally using 
the same assessment procedure in a weight-bearing 
barefoot stance position. They were performed by 
a single physiotherapist with more than 6 years of 
experience in the use of these techniques. The same 
procedure was used for both groups. In the first step, 
the navicular drop severity was evaluated using the 
NDT, where three measurements are summed up to 
determine its severity. The practitioner holds a plastic 
ruler perpendicularly to the ground and records the 
ground-navicular bone distance (millimeters). Then, the 
practitioner inverts the talus into a neutral position and 
repeats the procedure. The difference between both 
assessment positions quantifies the navicular drop 
severity8. Afterward, the angle between the rearfoot and 
the leg was assessed by the same practitioner using the 

Resting Calcaneal Stance Position test, where the mean 
of three measurement values defines the angle. This 
angle is formed by the longitudinal bisecting line of the 
calcaneus and the longitudinal bisecting line of the distal 
third of the leg, which was drawn by the investigator in 
a prone position, regarding the methodology previously 
used by Tsai et al. (2006). A rigid goniometer was used 
to measure this angle (Enraf-Nonius B.V, Rotterdam, The 
Netherlands).

Following the aforementioned tests, a three-dimensional 
computerized posture analysis was performed on both the 
FF and NF groups to assess movement characteristics 
such as joint angular kinematics and Center of Pressure 
parameters. A bilateral weight-bearing stance position 
was measured with a 10-camera Qualisys® 3D Motion 
Capture System (Qualisys AB, Götebor, Sweden) with a 
predictive error of 25 mm and a maximum residual set at 
6 mm. This last one was coupled with a force platform 
Bertec® FP4060 (Bertec Corporation, USA). A full-body 
marker setup based on the IOR model36 comprising fifty-
three reflective kinematic markers was used on specific 
anatomical positions of the participants, namely on the 
thorax, the head, and the lower limbs. Tracking markers, 
i.e., four marker clusters, were placed over the thighs 
and shanks to improve segment tracking accuracy. 
Therefore, kinematic data were collected in a previously 
calibrated volume, with a calibration error below 0.7 mm 
and recorded at a 200 Hz sampling frequency for the 
kinematics and a 1000 Hz sampling frequency for CoP 
characteristics.

Before posture acquisition, subjects were asked to 
perform a bilateral stance posture assessment regarding 
model creation processing. Therefore, subjects were 
instructed to stay upon a force platform for 60 sec with 
eyes open (EO) and repeated it with eyes closed (EC). 
There was a ten-second rest period between trials. 
The assessment was done with subjects in a quiet, 
comfortable barefoot posture upon the force platform 
while keeping their arms at the side and they were asked 
to look at a reference point for 5 seconds to stabilize the 
position before recording the data37. No other restrictions 
were placed on participants. Trials in which all of the 
markers were clear and possible to identify were defined 
as valid and if any participants failed to maintain their 
position, the trial was repeated.

2.2 Data processing and analysis
Initially, the recorded kinematic data were pre-processed 
using the Qualisys Track Manager v2.15 (Qualisys AB, 
Götebor, Sweden) software. The resulting data were 
then exported to Visual3D (C-Motion, Germantown, MD, 
USA) for further analysis. The marker’s trajectories were 
then filtered with a 6-Hz Butterworth low-pass filter and a 
3-D model was created to analyse the relative angles of 
ankle, knee, and hip joints and, pelvis38. A 3D model was 
created to analyse the relative angles of the ankle, knee, 
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and hip joints. Finally, Visual 3D (C-Motion, Germantown, 
MD, USA) software commands were computed and 
identically replicated for each subject to identify outcomes 
measures, namely joint angular kinematics (ankle, knee, 
hip, and pelvis angle). Also, the CoP excursion, velocity, 
and area were evaluated. Alongside, the Matlab-R2020b 
(MathWorks Inc., USA) software was utilized for the CoP 
data processing. Initially, all CoP data were downsampled 
to a 200Hz frequency and, then filtered with a 7th-order 
Butterworth 50-Hz low-pass filter to reduce some high-
frequency parasitic signals. Finally, a routine was created 
to identify CoP outcomes.

3. Statistical analysis
The data were statistically processed with the IBM 
SPSS Statistics 27.0 software (IBM Corporation, New 
York, USA). In this observational descriptive study, the 
appropriate summary statistics were applied to the 
descriptive analysis of the sample. Before any further 
statistical procedure, the normality of the distribution 
was explored. The samples presented a normal 
distribution based on the Shapiro-Wilk test regarding 
kinematic variables (p>.05, t>0.074) and several 
CoP variables (p>.725, t>0.976). For the remaining 
CoP variables, the sample presented a non-normal 
distribution using the Shapiro-Wilk test (p<.001, 
t>0.617). Continuous variables were described using 
the median/variance and mean/standard deviation 
based on the sample distribution. The differences 
between the groups were assessed according to the 
T-test for independent samples and U-Mann Whitney in 
the comparison between the experimental and control 
group. Then, the differences between both condition 
assessments, EC and EO were assessed according 
to the T-test for paired samples and the Wilcoxon test. 

The level of significance was set at 5% (p<.05) for all 
hypothesis tests.

Results

1. Sample and Groups characteristics
The sample characteristics are specified in table I 
alongside the mean values of the different tests for 
both groups. In the procedure, 30 FF and 32 NF were 
identified through inclusion criteria. Both subjects were 
identified and allocated to different groups using the NDT 
and RCSP score assessment.

2. Kinematics Analysis
Considering the result kinematics values regarding 
the differences between groups, the only statistically 
significant results found were all concerning the ankle 
joint namely in the sagittal (diff=1.93°, p=.047), coronal 
(diff=2.62°, p=.013), and transverse (diff=5.02°, p=.001) 
planes. The other joints did not show statistically 
significant differences between groups (p>.05). All the 
results those results are presented in table II.

3. CoP analysis
No statistically significant results were found (p>.05) 
regarding CoP between groups, both in the EO and EC 
conditions. Between conditions, statistically significant 
results were found regarding several outcomes, namely 
the Total CoP excursion (p=.027), Antero-Posterior 
Total excursion (p=.016), Total CoP velocity (p=.027), 
Antero-Posterior Total velocity (p=.016), Antero-Posterior 
and Medio-lateral Amplitude (p=.011/.039). Table III 
presents all of the results over the CoP characteristics 
along with Figures 1 and 2, which show examples of 
Statokinesigram and phase plane analysis.

Table I: Sample characteristics.

Mean ± Standard Deviation; NF = Neutral Foot; FF = Flatfoot.

Group n NDT (mm) RCSP (º) Age (years) Height (m) Weight (kg)

NF 16 5.06 ± 2.42 1.44 ± 1.19 21.69 ± 2.98 1.72 ± 0.09 75.92 ± 17.03
FF 15 11.35 ± 1.43 5.52 ± 2.22 24.93 ± 5.17 1.68 ± 0.10 74.32 ± 12.90
Total 31  -  23.26 ± 4.43 1.70 ± 0.98 75.14 ± 14.94

Table II: Groups kinematics characteristics in Eyes Open assessment.

Mean ± Standard Deviation; NF = Neutral Foot; FF = Flatfoot; Negative value = extension / internal rotation / adduction / anterior tilt; Positive value = flexion / external 
rotation / abduction / posterior tilt.

  NF FF p-value

 Dorsiflexion - Plantarflexion -3.77 ± 3.91 -1.83 ± 3.54 0.047
Ankle (º) Abduction - Adduction -8.38 ± 3.63 -5.75 ± 4.34 0.013
 Internal – External rotation -13.31 ± 6.15 -8.29 ± 4.96 0.001
 Flexion - Extension -2.07 ± 5.88 -3.88 ± 4.98 0.198
Knee (º) Abduction - Adduction 1.42 ± 4.26 0.65 ± 5.44 0.536
 Internal - External rotation 18.05 ± 10.57 16.10 ± 6.62 0.393
 Flexion - Extension -1.48 ± 9.40 -1.08 ± 7.67 0.856
Hip (º) Abduction - Adduction -0.62 ± 3.68 -1.93 ± 5.29 0.268
 Internal - External rotation 3.24 ± 9.71 -0.77 ± 7.21 0.071
 Anterior – posterior Tilt -9.13 ± 7.93 -9.47 ± 5.97 0.894
Pelvis (º) Lateral Tilt -0.66 ± 2.34 -1.09 ± 2.64 0.635
 Rotation -0.28 ± 5.69 -0.05 ± 2.64 0.889
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Discussion

The current study is the first of its kind to investigate 
differences between FF and NF in terms of overall lower-
limb kinematics, CoP characteristics, and eligibility criteria, 
such as NDT and RSCP testing. Studies have previously 
investigated kinematics and postural stability variations 
using different inclusion criteria and conditions, such as 
bilateral FF or induced bilateral excessive ankle eversion.

In our observational study not all results present 
statistically significant differences between the NF and 
FF group concerning kinematics outcomes. In our overall 
lower-limb analysis, only the ankle joint presents variation 
between groups in all planes. In the FF group, subjects 
presented higher dorsiflexion (p=.047), abduction 
(p=.013), and external rotation (p=.001) ROM compared 
to the control group. The results can be translated into 
a drop of the navicular bone and a collapse of the entire 
medial longitudinal arch, i.e., alterations that are present 
in FF subjects. These findings are also in agreement with 
the results of clinical tests used to evaluate FF conditions, 
namely the NDT and RCSP. Many authors analyzed 
the kinematic outcomes in FF subjects concerning 

several posture assessment conditions. However, those 
investigated mainly the correlations between joint motion 
and differences between groups. Others analysed the 
induced hyperpronation effect using a few wedges. 
Duval et al. (2010) found differences between subjects, 
yet not all those were statistically significant39. Subtalar 
pronation, relative to neutral position increases internal 
knee and hip rotation. Though, the authors found only 
a significant association between subtalar angle and 
knee and hip rotation (p<.001) which follows Khamis 
et al. (2007-2015) results. However, foot pronation and 
supination did not statistically significantly correlate with 
pelvic tilt and lumbar lordosis (p=.074). These results are 
in contradiction with those found by Farokhmanesh et 
al. (2014), Ghasemi et al. (2016), Khamis et al. (2007-
2015) who established a statistically significant increase 
in lumbar lordosis (p<.05). These differences may arise 
from the fact that the authors examined functional 
changes created by the wedges rather than structural 
changes occurring continuously in bilateral flatfoot 
subjects. Despite this, more research is needed due to 
differences in samples, setups, and quality of the studies.

Table III: Center of Pressure characteristics.

Mean ± Standard Deviation; NF = Neutral Foot; FF = Flatfoot;  EO = Eyes Open; EC = Eyes Closed

  EO   EC   EO vs EC

  NF FF p-value NF FF p-value p-value

Excursion Total 2476.82 ± 468.21 2492.82 ± 414.32 0.922 2457.15 ± 451.55  2570.49 ± 425.14 0.508 0.027
(mm) Antero-Posterior 1871.44 ± 352.55 1908.29 ± 314.98 0.766 1876.18 ± 334.31 1975.31 ± 337.02 0.450 0.016
 Medio-Lateral 1247.68 ± 239.55 1229.89 ± 212.08 0.832 1218.89 ± 243.16 1256.04 ± 199.83 0.667 0.210

Velocity Total 495.41 ± 93.65 498.61 ± 82.87 0.922 491.47 ± 90.32 514.14 ± 85.03 0.508 0.027
(mm/s) Antero-Posterior 374.32 ± 70.52 381.69 ± 63.00 0.766 375.27 ± 66.87 395.09 ± 67.41 0.450 0.016
 Medio-Lateral 249.56 ± 47.91 245.99 ± 42.42 0.832 243.80 ± 48.63 251.23 ± 39.97 0.667 0.210

Amplitude Antero-Posterior 30.33 ± 12.80 27.64 ± 11.03 0.637 38.85 ± 20.58 38.58 ± 26.01 0.793 0.011
(mm) Medio-Lateral 17.09 ± 7.91 17.30 ± 12.27 0.759 19.84 ± 12.48 17.75 ± 11.48 0.867 0.039

Area (mm2)  284.47 ± 250.93 221.37 ± 165.93 0.498 379.09 ± 453.38 376.25 ± 557.17 1.000 0.486

Figure 1: Statokinesigram. Figure 2: Phase Plane graphs.
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Also, Duval et al. (2010) found that thigh internal rotation 
produced an anterior pelvis tilt (p<.001)39. Although, 
in the same condition, Farokhmanesh et al. (2014) 
found alterations between subjects, with a statistically 
significant increase in thoracic kyphosis (p<.008) 
related to subtalar pronation that accords with Ghasemi 
et al. (2016) findings (p<.001). Finally, this last one 
analyzed sacral angle related to foot pronation and 
noticed a statistically significant increase in induced 
hyperpronation conditions (p<.001). No paper relating 
differences between groups using the combination of 
NDT and RCSP to assess FF condition was found. 
The difference between results can be explained by 
the selection of the inclusion and exclusion criteria, 
specifically the NDT-RCSP combination. Both tests 
are considered clinical tests, used to assess foot 
complex mobility40,41. They were considered user-
friendly but presented few limitations. Instead, several 
authors used Footprint parameters, namely using a 
few indexes to quantify and characterize foot posture 
FF, NF, and cavus foot42. However, NDT and Footprint 
parameters present good association and reliability 
based on the few published papers40-42. Nevertheless, 
those contradictions made unclear the emergence 
of a posture pattern often described in FF subjects. 
Nonetheless, more studies need to incorporate 
methodological variables to only focus on foot alteration 
based on methodological variations.

In our study, CoP characteristics were also investigated 
and analyzed. We did not find any statistically significant 
results between groups, in both assessment conditions, 
regarding CoP total, anteroposterior or mediolateral 
excursion, amplitude, and area (p>.05). Those are 
contradictory to the found results by Tahmasebi et al. 
(2014), who stated a statistically significant increase in 
anteroposterior CoP excursion (p=.034) in EO condition 
amongst FF subjects that can be due to group inclusion 
criteria where the authors utilized the FootPrint Arch 
Index and Arch Angle which is considered as a FootPrint 
parameter. Also, another published study by Koshino 
et al. (2020), find a statistically significant increase in 
Antero-Posterior and Medio-Lateral total excursion 
among FF subjects compared to NF subjects (p<.023). 
Likewise, we investigated the total, anteroposterior, and 
mediolateral CoP velocity where we did not find ether 
statistically significant differences (p>.05) between 
groups, which is contradictory to the result found 
by Tahmasebi et al. (2014). The authors related a 
statistically significant increase in total, anteroposterior 
and mediolateral CoP velocity in FF subjects compared 
to NF subjects (p=.000). However, along with the 
previous two mentioned articles, in our research, 
we did not find more published papers that related 
differences in CoP characteristics among FF subjects. 
In the literature research, none of the selected papers 
investigated the EC condition assessment nor the 
postural system modulation. Analysis of postural stability 

in FF subjects can be challenging without controlling or 
assessing the visual and oculomotor systems, which 
can adversely affect results10. In our study, contradictory 
to the postural stability system evaluation, we did not 
find any statistically significant differences between both 
conditions assessments, EO and EC. Additionally, the 
BoS area used to assess impairments in different foot 
posture conditions differs from previous searches, along 
with visual input assessment. Several studies used the 
unilateral stance position with Kinetic Stability Index, CoP 
excursion, and velocity outcomes analysis. They stated 
that a decreased kinetic sensitivity can increase postural 
sway and instability in that position8,9,43 as long as Antero, 
Mediolateral CoP excursion, and speed increase in FF 
subjects with EC and EO27. BoS variations lead to stability 
adaptation. In a bipedal stance, the mediolateral Center 
of Mass (CoM) position is usually positioned above the 
BoS area while it is reduced in unilateral stance, and 
accompanied by postural corrections, using ankle, 
knee, or hip strategy, which increases postural instability 
and body sway6,7. When proprioception is limited, FF 
participants might be prone to kinetic instability since 
inaccurate body sway estimation can be caused by 
reduced accuracy in the sensory integration process6,7. 
In our study, we used a weight-bearing bipedal stance 
position. The subject needs information from all postural 
receptors to maintain stability in that condition. As the 
position provides a higher BoS area, there is little external 
stimulus influencing the position maintenance, i.e., the 
postural system is fully functional and without reporting 
CoP impairments, nor differences between various foot 
posture conditions. Finally, along with those conditions, 
in FF subjects, plantar foot area increases compared to 
NF subjects which impairs pressure feedback resulting 
in receptors’ compensation for maintaining postural 
stability8,11. The method required to assess this parameter 
differs between authors according to the chosen test. 
In Tahmasebi et al. (2014) study, the authors used the 
combined method of Arch Index and the Footprint Angle, 
i.e., clinical methods. However, Koshino et al. (2020) 
used the Foot Posture Index (FPI-6), i.e., questionnaire 
evaluation, and finally the combined use of the NDT and 
RSCP was utilized in our study, i.e., mobility tests. Those 
represent three different methods to diagnose the FF 
condition, which can impair the results and comparation.

Considering the overall kinematic and CoP characteristics 
outcomes and assessed variables, we can state that FF 
subjects did present few alterations compared to NF 
participants, in bipedal weight-bearing stance, both in 
EC and EO conditions. However, considering the lack of 
consensus regarding utilized outcomes and assessment 
conditions, further studies need to be performed to 
create more robust evidence. Regarding methodological 
deficiency regarding influencing aspects, further studies 
need to encompass methodological variables handling 
to focus only on foot alteration.
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