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Abstract
Background & purpose Afferent input from the sole affects postural stability. Cutaneous reflexes from the foot are 
important to posture and gait. Lower-limb afferents alone provide enough information to maintain upright stance 
and are critical in perceiving postural sway. Altered feedback from propreoceptive receptors alters gait and patterns 
of muscle activation. The position and posture of the foot and ankle may also play an important role in proprioceptive 
input.Therefore, the current research aims to compare static balance and ankle and knee proprioception in people 
with and without flexible flatfeet.

Methodology 91 female students between the ages of 18 and 25 voluntarily participated in this study, of which 24 
were in the flexible flatfoot group and 67 were in the regular foot group after evaluating the longitudinal arch of the 
foot. The position sense of ankle and knee joints were measured using the active reconstruction test of the ankle and 
knee angle; Static balance was measured using the Sharpened Romberg test. Data were non-normally distributed. 
Accordingly, non-parametric tests were applied. The Kruskal-Wallis test was applied to compare differences between 
groups in variables.

Result Kruskal-Wallis test showed a significant difference between two groups of flat feet and normal feet in the 
variables of static balance and position sense of ankle plantarflexion, ankle dorsiflexion, and knee flexion (p ≤ 0.05). 
A significant correlation was found between static balance and sense of ankle and knee position in the group with 
normal feet. The analysis of the regression line also showed that ankle and knee position sense could predict the static 
balance score in the regular foot group (ankle dorsiflexion position sense 17% (R2 = 0.17), ankle plantarflexion position 
sense 17% (R2 = 0.17) and knee flexion position sense 46% (R2 = 0.46) explain of changes in static balance).

Discussion & conclusion Flexible flatfoot soles can cause loss of balance and sense of joint position; therefore, 
according to this preliminary study, clinicians must be aware and should take into account this possible deficit in the 
management of these patients.
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Introduction
The condition of the soles plays a critical role in the 
quality of daily activities such as standing, walking, and 
running [1–3]. Any change in the structure of the sole, 
including increasing or decreasing its arch, is among the 
factors that expose the foot to overuse injuries caused by 
physical activity; it is assumed that defects in the quality 
of coordination, flexibility, and resistance of the foot arch 
and change in the kinetics of the foot disrupt the function 
of the foot and make people prone to balance disorders 
[1, 2, 4]. While almost 80% of people have foot problems 
in some way, the most common of these disorders at any 
age is flat foot deformity [5]. According to previous stud-
ies, the prevalence of flat foot in the general population 
was about 25% [6, 7]. This abnormality seems familiar 
in women [the talar facet of the calcaneus was oriented 
more medially with respect to the calcaneal body in 
females than in males [8]], people with higher body mass 
index (BMI), and people with larger feet [6, 7, 9]. The 
occurrence of a flat foot in infancy and early childhood 
is normal, with an arch developing as the individual ages 
[10].

The occurrence of flat foot deformity can be due to sev-
eral factors. It may be present from birth (congenital flex-
ible flatfoot), or it may develop in the later stages of life 
(acquired flatfoot) [11]. Suggested causative factors for 
acquired flat foot include age, obesity, and not wearing 
shoes in early childhood [7, 9, 12]. In addition, improper 
function of the internal and external muscles of the foot 
at birth or later has contributed to this abnormality [13]. 
On the other hand, flat foot abnormality is caused by the 
laxity of the internal longitudinal arch ligament [14]. Lig-
ament laxity allows the foot to drop inward when weight 
bearing and the heel to deviate to a valgus position. This 
shape change can change the mechanics of other joints, 
ligaments, and tendons along with the alignment of the 
foot. For example, the deltoid ligament is stretched to 
counteract the rearfoot valgus. Over time, the posterior 
tibial and peroneal tendon strain becomes more promi-
nent. Abnormal bone structure, ligament laxity, and 
chronic injury of joint capsule appear with flat foot [15].

Balance is often used to investigate the reactiveness of 
the lower limb segments and is defined as maintaining 
the body’s center of gravity within the individual’s base 
of support. For an individual to maintain balance in an 
upright posture, the central and peripheral nervous sys-
tem components continuously communicate to control 
the body’s alignment and center of gravity within the base 
of support [16]. Balance control comes from the interac-
tion of the individual with the task and the environment. 
Environmental constraints such as the type of the base 
of support, sensory signs, and cognitive demands affect 
balance control. Individual constraints include the abil-
ity to control body position in space resulting from the 

complex interaction of the musculoskeletal and nervous 
systems- collectively referred to as the “postural control 
system.“ Musculoskeletal components include a joint 
range of motion, spine flexibility, muscle characteristics, 
and biomechanical relationships between related body 
parts [17].

When maintaining balance in a standing position, the 
activity in the postural muscles increases to counter the 
gravity forces- called postural tone. Sensory inputs from 
several sensory systems are sent to the central nervous 
system to create postural tone, one of which is proprio-
ceptive signals. Proprioceptive input includes informa-
tion about the position sense of muscle and joints and the 
movement of external receptors located in the skin [18]. 
Of course, afferent input from the sole has the most sig-
nificant effect on positional awareness [19, 20]. The acti-
vation of external skin receptor inputs in the sole causes 
a placing reaction that leads to the mechanical stretching 
of the foot towards the base of the support surface and, as 
a result, increases the postural tone in the extensor mus-
cles. Somatosensory inputs from the neck are activated 
by changing the direction of the head and can also affect 
the distribution of postural tone in the trunk and limbs 
[21, 22]. The afferents of the visual and vestibular systems 
also affect the postural tone.

In addition, effective control of posture requires more 
than the ability to generate and exert force to control 
body position in space. To know when and how to apply 
neutralizing forces, the CNS must accurately picture 
where the body is positioned in space and whether it is 
stationary or moving. To do this, the CNS must orga-
nize information from sensory receptors throughout the 
body, including visual, somatosensory (joint mechano-
receptors, epidermal external skin receptors, and muscle 
receptors), and the vestibular system. Each sensory input 
provides specific information about the position and 
movement of the body to the CNS [23, 24]. The integra-
tion of sensory inputs is essential for postural control.

The somatosensory system provides information about 
the position and movement of the body by relying on 
the base of support for the CNS. In addition, somato-
sensory inputs throughout the body report information 
about how body parts are related [17]. The importance 
of somatosensory inputs in static posture control is 
such that the reduction of afferent input from the lower 
limb due to vascular ischemia (anesthesia or freezing) 
increases the movement of the center of pressure (COP) 
in the base of the support surface during static standing 
[25, 26]. However, it seems that somatosensory inputs 
from all body parts contribute to static balance during 
standing still [27, 28]. Because according to Holm’s point 
of view, the afferent information sent from the sensory 
receptors plays an essential role in (1) directly trigger-
ing the reflex response, (2) determining the parameters 
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of voluntary programmed responses, and (3) integrating 
feedback and feedforward mechanisms to maintain bal-
ance in static and dynamic states [29].

Since natural postural control occurs automati-
cally without conscious effort, it has traditionally been 
assumed that little attentional resources are required 
during balance control. Attentional resources are the 
information processing resources needed to complete 
a task. Dual-task interference occurs when simultane-
ously tasks are performed, resulting in competition for 
available attentional resources reducing performance on 
one or more tasks [17]. Dual-task research has shown 
that there are high attentional demands for postural 
control. Furthermore, attentional demands are not con-
stant but very different depending on the postural task, 
the individual’s age, and balance abilities. Also, atten-
tional demands change according to the sensory context; 
when sensory inputs for postural control are reduced, 
the attentional demands associated with maintaining 
stability increase [30–32].Various studies investigated 
the effect of foot biomechanics on balance. Among oth-
ers, Cote and his colleagues (2005) studied the effects of 
increasing and decreasing the arch of the foot on static 
and dynamic stability; the results showed that the degree 
of stability in personalized pronated feet is higher than 
in supinated feet, but these two groups did not have a 
significant difference with people with normal plantar 
arches [16]. On the other hand, Khramtsov et al. (2009) 
evaluated the level of stability in 112 children aged 7 
to 10 years with flat and normal arch feet. The results 
show that children with flat feet have less vertical stabil-
ity than people with normal arch feet [33]. Abdulwahab 
and Kachanathu (2015) studied the effects of differ-
ent degrees of foot posture on static balance in healthy 
adults. The results showed that increasing the foot pos-
ture index (FPI) affects static balance in healthy people 
[34]. Song et al. (2021) compared the difference in foot 
pressure, ground reaction force, and balance ability based 
on foot arch height in young adults; the results showed 
no significant difference between the peak vertical force 
in people with flexible flatfoot and regular foot. However, 
static balance in people with flexible flatfoots was signifi-
cantly lower than in people with normal feet [35]. There-
fore, the results in the field of foot biomechanical effects 
on balance and stability are contradictory.

On the other hand, fewer studies have focused on the 
biomechanical effect of the foot sole on the propriocep-
tive of the joints of the lower limbs. Only research by 
Yalcin et al. (2012) measured ankle isokinetic strength 
and proprioception in patients with flat feet. The results 
indicated that in people with flexible flatfoot, the error 
scores of passive reproduction of ankle joint position in 
eversion for the dominant side were significantly higher 
compared to the control group. There was no significant 

difference in the strength of the aurator and invertor 
muscles between people with flat flexible soles and the 
control group [36]. Therefore, the biomechanical effect of 
the sole on the balance and proprioceptive of the joints of 
the lower limbs is unclear.

In other hand, balance control and ankle propriocep-
tion are negatively associated with ankle injuries [37, 38]. 
In 1984 Tropp et al. found that ankle injuries were almost 
4 times more prevalent in soccer players with poor bal-
ance in comparison to those with normal balance abil-
ity [39]. Similarly, Watson found hurdling athletes and 
Gaelic football players with poor balance had nearly 
twice as many ankle injuries relative to their counterparts 
with normal balance [40]. In addition, balance ability was 
found to be significantly associated with ankle injury risk 
in both younger male and female basketball players [41]. 
A systematic review suggested that poorer balance abil-
ity is an intrinsic factor associated with increased ankle 
injury risk [38].

Similar reports of the relationship between ankle pro-
prioception and ankle injury risk are also noted in the lit-
erature. A longitudinal study found ankle proprioception 
could predict ankle injuries in college basketball players 
[42]. In addition, basketball players with poorer ankle 
proprioception used an altered pattern of cocontraction 
of ankle plantarflexors and dorsiflexors, which in turn 
resulted in greater impact force at the moment of land-
ing associated with higher risk of ankle injury [43]. Ankle 
proprioception is one of the intrinsic factors associated 
with ankle injury, as identified by Witchalls et al. in their 
systematic review [38].

Ankle injuries often lead to disruption of muscles and 
tendons with associated damage to inherent mechano-
receptors [44–46], which detrimentally alter the qual-
ity of proprioceptive information required for balance 
control. Unrehabilitated, impaired ankle proprioception 
after ankle injury can subsequently result in long-term 
deterioration of postural and balance control [47–49]. 
Gymnasts, dancers, and military sportsmen with poorer 
ankle proprioception after injury demonstrate worse per-
formance in both static and dynamic postural and bal-
ance control tasks [50–52]. These findings suggest that 
ankle proprioception is closely related to balance control 
in sport injuries, and balance ability may be significantly 
affected by impaired ankle proprioception after injuries.

Therefore, based on these findings and taking into 
account the fact that in flatfoot deformity, changes in the 
position of the ankle lead to a change in the muscle syn-
ergist during activities - so that, nowadays many studies 
seek to manage this deformity during sports by using the 
methods of designing sports shoes in order to prevent 
sports injuries [45, 53, 54], the objectives of this study 
were: (1) comparison of balance between subjects with 
and without flexible flat feet; (2) comparison of ankle and 
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knee proprioception between subjects with and without 
flexible flat feet; and (3) investigating the relationship 
between ankle and knee proprioception with balance in 
subjects with and without flexible flat feet. We hypoth-
esized that there would be between the two groups (1) a 
difference in balance, (2) proprioception of the ankle and 
knee; there correlation would be detected between pro-
prioception and balance in normal foot group, but not in 
flatfoot group probably.

Methodology
Design and participants
The current study is a cross-sectional and prospective 
comparative research conducted in compliance with 
ethical principles. For this purpose, 91 female students 
between the ages of 18 to 25 voluntarily participated 
in this study after completing a written consent form, 
which, after evaluating the internal longitudinal arch of 
the foot (using the drop navicular test, which is a simple 
and reliable method for measure the arch of the foot 
sole [55]): 24 people were in the flexible flatfoot group - 
Navicular Drop (ND) of ≥ 10 mm was regarded as flexible 
flat foot, and 67 people were in the normal foot group - 
Navicular Drop (ND) of 5–9 mm was regarded as normal 
foot [Sample size was calculated using G∗power 3.1.9.4 
(Franz Faul, Kiel, Germany) based on data from a similar 
study [56]. A required sample size of 23 was determined 
by calculating an estimated effect size of 0.4, alpha level 
of 0.05, and power of 0.75. Consequently (statistical test: 
Repeated measures, within-between interaction), a total 
of 46 individuals (23 in each group) were required [56]].

Inclusion criteria in research: being in the age range of 
18–25 years, not having a history of congenital abnor-
malities in the lower limbs or legs, not having a systemic 
condition that affects the position of the lower limbs or 
legs, not having a history of trauma or pain in any form 
feet, lower limbs and lumbosacral region at least 12 
months before the study.

Exclusion criteria in research: people with structural 
flatfeet, professional athletes or people who have regular 
sports activities, volunteers with apparent symptoms of 
abnormalities in the lower limbs and feet (except flexible 

flatfeet), history of neurological, rheumatic, metabolic 
diseases, Psychological disorders, disorders in the ves-
tibular system, history of balance disorders and frequent 
positional vertigo, severe trunk abnormalities such as 
severe scoliosis, hyperkyphosis, etc., taking medica-
tion that affects balance before the tests, accompanying 
pathology (surgery in the last three months, a history of 
sprain, dislocation, semi-dislocation of the ankle and a 
significant injury that recently involved the joints of the 
lower limbs) [57].

Testing protocol
Proprioception of the ankle and knee In order to 
measure the position sense of ankle and knee joints, the 
reconstruction of ankle and knee angles test was used. In 
this test, the subject sits on a chair so that the angles of 
the trunk with the thigh and the thigh with the leg are at 
90 degrees. The chair’s height was chosen so that the soles 
of the feet did not reach the ground. In order to elimi-
nate vision, the subject’s eyes were closed with a black 
blindfold. Then the examiner passively moved the ankle 
and knee joints subject to the middle range of motion 
(according to the sources, these angles are 20 degrees 
for plantarflexion and 10 degrees for dorsiflexion, and 45 
degrees for knee flexion [58–60]). Then the subject was 
asked to actively move her leg and foot up to the intended 
angle. The subject performed this active angle reconstruc-
tion for ankle dorsiflexion, ankle plantarflexion, and knee 
flexion three times consecutively, then considered the dif-
ference between the target angle and the reconstructed 
angle without considering their sign (absolute error) as 
the position sense of the ankle and knee joints [61–65]. 
A goniometer was used to evaluate the person’s perfor-
mance during the reconstruction of the desired angles (six 
markers were used to facilitate the measurement, which 
was the external condyle of the tibia, the outer external 
malleolus, the distal of the metatarsal bone fourth, the 
greater trochanter of the femur bone and the midline of 
the femur bone and the midline of the fibula bone were 
connected) [61, 62, 65, 66] (Fig. 1).

Balance To evaluate the static balance, the Sharpened-
Romberg test was used; for this purpose, the subject stood 
without shoes on a flat surface and then placed the domi-
nant leg in a tandem position in front of the non-domi-
nant leg; also, the hands were crossed on the chest. This 
test was performed with eyes closed. The number of sec-
onds the person is able to maintain the position up to 60 s 
before the balance is disturbed was considered as the per-
son’s score (in case of errors such as: separating the hands 
from the chest, opening the eyes, shaking, and swaying a 
lot, the test would stop). Yim-Chiplis et al. (2000) reported 
the validity of this test with eyes closed as 0.76–0.77 [67].

Fig. 1 The markers position
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Statistical analysis
All information is presented based on mean and standard 
deviation. Unpaired t-test, Pearson’s correlation coeffi-
cient, and linear regression were used for the statistical 
data analysis. Before performing these tests, the Shapiro-
Wilk test was used to check the normality of the data, 
and the Leven test was used to check the equality of vari-
ances. Since in the variables of balance, ankle, and knee 
proprioception, the normality and equality of variances 
(homogeneity of variances) were not met; therefore, the 
equivalent non-parametric test (i.e., Mann–Whitney U) 
was used. Pearson’s correlation test was first performed 
to investigate the correlation between balance scores and 
ankle and knee proprioception variables; then, the linear 
regression test was performed. Naturally, the normal-
ity of the residuals (errors) and the independence of the 
residuals from each other was investigated. For all cal-
culations, a significance level of 0.05 was considered. All 
statistical calculations were done using SPSS24 software.

Result
The general characteristics of the subjects by the group 
are presented in Table  1. As can be seen, in terms of 
demographic variables between the subjects of the two 
groups there is significant difference in height, but no dif-
ference in weight and Body Mass Index (BMI).

Non-parametric Mann–Whitney U test was used to 
compare the difference between static balance, ankle pro-
prioception (dorsiflexion and plantarflexion), and knee 
proprioception in the flexible flatfoot group and the nor-
mal foot group. The Error of Median of balance score and 
values of absolute joint positioning error of the flatfoot 
and control groups are presented in Table  2. The Error 
of Median of values of absolute joint positioning error in 
the flatfoot group were higher than those of the control 
group. whereby a significant difference was noted in the 
plantarflexion and dorsiflexion position of the dominant 
ankle and the flexion position of the dominant knee. In 
other hand Median of balance score in the control group 
were higher than those of the flatfoot group. As a result a 
significant difference was noted in the balance score.

Pearson’s correlation test was used to investigate the 
correlation between balance test scores and ankle and 
knee proprioception in the flexible flatfoot group. To 
investigate this relationship, ankle proprioception (dorsi-
flexion and plantarflexion) and knee proprioception were 
considered predictive variables; static balance was con-
sidered the criterion variable (Table 3).

According to the data obtained from the correlation 
coefficient, the values are not significant at the 0.05 level; 
It can be concluded that ankle and knee propriocep-
tion in the group of flatfoot is not correlated with static 
balance.

Pearson’s correlation test was used to investigate the 
correlation between balance test scores and ankle and 
knee proprioception in the normal foot group. To investi-
gate this relationship, ankle proprioception (dorsiflexion 
and plantarflexion) and knee proprioception were con-
sidered predictive variables; the static balance was con-
sidered the criterion variable (Table 4).

According to the data obtained from the correlation 
coefficient, the values   are significant at the 0.05 level; it 
can be concluded that static balance has a relationship 
with ankle dorsiflexion position sense with a correlation 
value of -0.309; the static balance has a relationship with 

Table 1 General characteristics of subjects
Variables flexible flat-

foot group 
(n = 24)

Normal 
foot group 
(n = 67)

T P 
value

age (years) 19.50 ± 0.72 19.79 ± 1.23 -1.08 0.28

weight (kg) 59.92 ± 9.85 57.55 ± 7.29 1.23 0.21

height (cm) 163.58 ± 4.79 160.90 ± 4.56 2.44 0.01*

body mass index 
(kg/m2)

22.37 ± 3.36 22.25 ± 2.86 0.16 0.86

Unpaired t-test to investigate the difference between groups in age, height, and 
weight variables

P ≤ 0.05: significant difference between groups

Table 2 Mann-Whitny U test results
Variables flexible flatfoot 

group
Normal foot 
group

P 
value

η2

Median [lower, 
upper quartile]; 
Standard Error 
of Median

Median [lower, 
upper quartile]; 
Standard Error 
of Median

Static balance 
(seconds)

14.00 [8/00-
29.22]; 3.25

36.83 [28.10-
45.43]; 1.93

0.00 0.58

AE of ankle 
dorsiflexion 
(degree)

8.00 [5.00–10.00]; 
0.448

8.00 [5.00–8.00]; 
0.288

0.03 0.57

AE of ankle 
plantarflexion 
(degree)

13.00 [10.00–
5.00]; 0.670

10.00 [8.00–
14/00]; 0.454

0.05 0.57

AE of knee flex-
ion (degree)

20.00 [18.00–
25.00]; 0.784

18.00 [15.00–
20.00]; 0.562

0.01 0.58

P ≤ 0.05: significant difference between groups

AE: Absolute error

η2 = Eta squared

Table 3 The results of Pearson’s correlation test in the flexible 
flatfoot group
Variables AE of Ankle 

dorsiflexion
AE of Ankle 
plantarflexion

AE of 
knee 
flexion

static 
balance 
(seconds)

Correlation 
Coefficient

0.274 0.130 0.092

P value 0.19 0.54 0.69

N 24 24 24
P ≥ 0.05: No significant relationship between the variables

AE: Absolute error
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ankle plantarflexion with a correlation value of -0.347; 
the static balance has a relationship with knee flexion 
position sense with a correlation value of -0.59. Since 
these coefficients are negative, the relationship between 
these variables is inverse. This means that balance 
increases by reducing joint proprioceptive error (increas-
ing proprioceptive).

Therefore, we used the regression test to investigate 
whether knee and ankle proprioception can predict static 
balance to investigate the relationship between the vari-
ables and the logical connection between the significant 
correlations (Table 4).

The results showed that ankle and knee proprioception 
could significantly predict static balance. Respectively, 
ankle dorsiflexion position sense 17% (R2 = 0.17), ankle 
plantar flexion position sense 17% (R2 = 0.17) and knee 
flexion position sense 46% (R2 = 0.46) explains of changes 
in static balance.

Discussion
This study aimed to compare static balance and ankle and 
knee proprioception in people with and without flexible 
flatfoot. The main result of the present study was that 
static balance, ankle, and knee proprioception in people 
with flexible flatfoot were significantly lower than in the 
group with the normal foot. On the other hand, there was 
a significant correlation between the scores of the static 
balance test with ankle and knee proprioception in peo-
ple with normal feet (that is, ankle and knee propriocep-
tion scores can predict static balance scores); however, in 
the group of flexible flatfoot soles, no significant correla-
tion was found between the scores of the static balance 
test with ankle and knee proprioception.

The results of the present study were consistent with 
the studies of Khramtsov et al. (2009), Abdulwahab and 
Kachanathu (2015), and Song et al. (2021) [33–35]. The 
results showed that the static balance is significantly 

lower in the flexible flatfoot group than in the normal 
foot group (Table 2); in other words, foot biomechanics 
affects balance and stability in a stationary state. Because 
the legs with more than 100 muscles, tendons, and liga-
ments, 26 separate bones, and 33 joints in connection 
with the ankle, knee, and femur joints form the kinematic 
chain of the lower limb, regulates the balance of the body 
in a static and dynamic state. The feet are located at the 
distal point of this chain and act as a base of support 
surface for the kinematic chain [68]. Based on this, it is 
believed that any small dynamic change in the feet affects 
the control of body position [16]. Also, the structural sta-
bility of the foot is maintained by supporting bone struc-
tures and soft tissue. Bone supports are created from the 
contact between the talus bone and the heel bone, while 
soft tissue support is provided by the deep muscles of the 
posterior part of the leg and the internal ligaments of the 
ankle/foot [68].

The posterior tibialis muscle inverts the subtalar joint 
and locks the bones that form the arch in a stable natu-
ral configuration, which is the most common cause of 
acquired deformity of flatfoot is dysfunction of the poste-
rior tibialis tendon [69]. In addition, the posterior tibialis 
muscle is the most critical dynamic factor for supporting 
and maintaining the longitudinal arch of the foot [69]. 
Changes in the muscular system involved in flexible flat-
foot deformity (joint dynamic stabilizers) are believed 
to affect positional fluctuations (static and dynamic bal-
ance) [70]; therefore, this change in the pattern of muscle 
activity potentially leads to a lack of balance in people 
with flexible flatfoot. However, the present study’s results 
were inconsistent with the study of Cote et al. (2005) [16]. 
A probable cause of dispute in Cote et al.‘s research is due 
to the use of the Chattecx Balance System to measure 
positional swing (maximum swing distance recorded in 
internal-external and anterior-posterior direction) dur-
ing single-leg standing with eyes open and eyes closed to 
evaluate balance static; while in this research, the Sharp-
ened-Romberg functional balance test was used (the time 
a person could maintain the tandem position with eyes 
closed [67]). Therefore, the use of different methods to 
evaluate static balance can be the reason for the inconsis-
tency of the two studies.

According to the study of Chiari et al. [71], the signifi-
cant difference between the static balance between the 
groups may be attributed to the significant difference in 
the height subjects - anthropometric factors. But in study 
of Fabunmi and Gbiri was observed low and positive 
correlation between Sharpened Romberg Test with foot 
length [72]. Probably, we cannot attribute the highly sig-
nificant difference between the two groups in the static 
balance to the significant difference in the height of the 
groups.

Table 4 The results of Pearson’s correlation test in the group of 
normal feet and Static balance regression equation based on 
ankle and knee proprioceptive
Variables AE of Ankle 

dorsiflexion
AE of Ankle 
plantarflexion

AE of 
knee 
flexion

static 
balance
(seconds)

Correlation 
Coefficient

− 0.419 − 0.416 − 0.681

t 10.183 10.219 13.57

P value 0.00 0.00 0.00

R 0.419 0.416 0.681

R2 0.176 0.173 0.464

 F Change 13.85 13.62 56.21

N 67 67 67
P ≤ 0.05: significant relationship between the variables & the regression 
equation holds

AE: Absolute error
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On the other hand, the research results showed that 
ankle and knee proprioception are significantly lower in 
the flexible flatfoot group than in the regular foot group 
(Table 2). In other words, foot biomechanics affects ankle 
and knee proprioception. The research results were con-
sistent with the study of Yalcin et al. (2012) [36]. The 
skeletal structure of the foot and many surrounding soft 
tissues, such as ligaments, muscles, and tendons, are 
affected, and their function changes [13, 73]. There are 
usually mechanical receptors and specialized proprio-
ceptive neurons among these soft tissues. The concept of 
proprioception is based on the fact that the neurological 
feedback to the central nervous system (CNS) is inhib-
ited by changing the shape and loading on the soft tissues 
where the mechanical receptors are located [74]. There-
fore, repeated chronic microtrauma of these soft tissues 
may cause proprioceptive defects [36].

Another consideration is the possible relationship 
between ligamentous laxity and proprioceptive disorder 
[75, 76]. It is believed that a flexible flatfoot is associated 
with different degrees of general ligament laxity [77]. 
Therefore, ligament laxity may not only lead to flatfoot; 
it is also one of the causes of lack and defect of proprio-
ception [36]. Also, Lin et al. (2001) point out that people 
with flexible flatfoots perform physical tasks more poorly 
compared to people with the regular foot. As determined 
by gait parameters, they move slowly in the environ-
ment [78]. We speculate that these clinical findings of 
Lin’s study may be related to background proprioceptive 
deficits.

Also, the research results showed that people with nor-
mal foot, ankle, and knee proprioception significantly 
correlate with balance; in other words, balance scores can 
be predicted based on ankle and knee proprioception. 
However, no significant correlation was found between 
the ankle and knee proprioception and balance in the 
group of flexible flatfoots. Inputs from mechanoreceptors 
in the joint capsule, muscle receptors (muscle spindle and 
Golgi tendon organs), and specialized receptors located 
in the skin (extrinsic receptors) provide proprioceptive 
information for static and dynamic postural control [29]. 
According to Janda, the three critical areas of proprio-
ceptive input for maintaining body position include the 
foot, the sacroiliac joint, and the cervical spine [29]. In 
such a way, the afferent input from the sole affects posi-
tional awareness [18, 19]. The proprioceptive afferents 
of the lower limb alone provide enough information for 
standing straight and are necessary to understand situ-
ational fluctuation [29]. Therefore, in people with regu-
lar sole foot, the proprioception of the joints of the lower 
limbs provides the ability to predict balance and posi-
tional stability.

On the other hand, according to the study by McKeon 
and Hertel (2007) and Meyer et al. (2004), in people 

whose sensory information of the soles of the feet is 
reduced, visual input is replaced [79, 80]. Likely, in people 
suffering from the deformity of the flexible flatfoot due 
to the deficiency that has occurred in the proprioceptive 
system, the vestibular and vision systems are replacing 
the lack of sensory information of the sole to control the 
body position in a static and dynamic state. As a result, in 
people suffering from flatfoot deformity, proprioceptive 
scores cannot predict and explain static balance scores.

Also, in these people, postural control probably needs 
close attention in static and dynamic status. The reduc-
tion of somatosensory inputs from the soles of the feet 
leads to sensory re-weighting by the CNS. On the other 
hand, the reduction of sensory inputs leads to an increase 
in attentional demands [30–32]. Since the vision system 
provides more reliable information between the vision 
system and the vestibule in such conditions, it seems that 
the increase in the attention load is more on the vision 
system. Performing a secondary task does not always 
have a destructive effect on postural control. Stoffergen 
et al. (2000) showed that when subjects were asked to 
focus on a visual target while also performing a visual 
task (counting the number of letters in a block of text), 
they fluctuated less than in a single task. The researchers 
concluded that postural control is organized as part of an 
integrated perception/action system and can be modified 
to facilitate the performance of other tasks [81].

In this context, Huxhold et al. (2006) suggested that the 
improvement in posture control under dual-task condi-
tions may be due to subjects’ attention to a highly auto-
matic process, such as posture control, actually reducing 
the efficiency of posture control mechanisms, but pay-
ing attention to a secondary task may improve the auto-
maticity and increase the efficiency of posture control 
processes [82]. Other researchers have suggested that 
reduced volatility in a dual-task environment may be 
due to increased arousal when performing a secondary 
task, which improves performance [83]. Therefore, some 
secondary tasks can increase postural sway (often inter-
preted as interfering with postural control); still, others 
reduce postural sway (often interpreted as improving 
postural control) [17], resulting in the unpredictability of 
balance based on a sense of proprioception.

Some anthropometric factors of the subjects should 
be considered in the study to help our understanding of 
the subject. In the present study, we could not control 
the height and length of the lower limbs of the subjects (a 
significant difference was observed between the groups 
in the height), so the anthropometric characteristics of 
the subjects should be investigated in future. Also, it is 
better to examine the proprioception of the joints of 
the lower limbs, especially the ankle joint, in the frontal 
movement plane. The relationship between propriocep-
tion and dynamic balance should also be investigated.
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Conclusion
The abnormality of the flexible flatfoot can cause loss of 
balance and sense of joint position; therefore, according 
to this preliminary study, clinicians must be aware and 
should take into account this possible deficit in the man-
agement of these patients.
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