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Abstract 
 

Introduction: By reduction or absence of the medial longitudinal arch in flatfoot deformity, a large part of the 

contact forces of the body weight transmit to the upper joints. The present study investigated weight distribution on 

the lower limbs and the external moment around the ankle in women with flatfoot. 

Materials and Methods: The statistical population included women students aged 19 to 25 years in Alzahra 

University, Tehran, Iran. The control group was composed of twelve healthy women, and 37 with flatfoot deformity 

were divided into three experimental groups. Those in the experimental group 1 had unilateral flatfoot deformity, 

group 2 had rigid bilateral flatfoot deformity, and group 3 had flexible bilateral flatfoot deformity. The displacement 

of the center of pressure in the mediolateral and anteroposterior directions was calculated for assessing weight 

distribution on the lower limbs and the external moment around the ankles. Force plate and 8 motion analysis 

cameras were used to collect data. MATLAB and SPSS software were used to calculate the displacement of the 

center of pressure and statistical analysis, respectively. 

Results: Experimental groups 2 and 3 and the control group significantly used the right leg for bearing body weight 

(P < 0.001); while in the experimental group 1, there was no significant difference in weight distribution on a flat or 

normal foot. There was no significant difference in the mean displacement of the center of pressure between the 

experimental and control groups. Only in experimental groups 2 and 3, there was a significant difference between the 

mean displacement of the center of foot pressure under the right and left feet (P = 0.020). 

Conclusion: Women with bilateral flatfoot are more subjected to external moment acting on one foot, which is the 

same foot that bears body weight in a standing position for a longer time. 
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Introduction 
The medial longitudinal arch (MLA), which plays an 

important role in body weight-bearing, is reduced or 

eliminated in individuals with flatfoot (FF). If the 

decrease or loss of MLA takes place both in the 

closed kinetic chain (during weight-bearing) and in 

the open kinetic chain (without weight-bearing), the 

individual will suffer from a rigid or pathological FF, 

and if it takes place only in the closed kinetic chain, 

he will suffer from a flexible or physiologic FF (1). 

FF can be either bilateral or unilateral (2), with the 

bilateral and unilateral FF deformities involving both 

feet and only one foot, respectively. With increasing 

age from childhood to adulthood, the incidence rate 

of FF deformities decreases, with this rate being 

about 20% in young people (3). It is also more 

common in women compared to men at a young  

age (4). 

The results of investigations show that Joints 

condition, anatomy, and subsequently, the lower 

extremity biomechanics in patients with FF change 

compared to healthy individuals, so that when an 

individual with FF performs a movement in a closed 

kinetic chain, the subtalar joint becomes pronated and the 

heel moves into valgus (5,6). Changes in the foot result in 

the internal rotational force applied to the leg (7), 
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knee posture change, and pain in this joint (8). 

Among the skills, exercises, and daily movements 

performed in the closed kinetic chain, the simplest 

movement can be double standing. Among the forces 

that create moment around the lower limb joints in 

double standing position are the body weight and 

ground reaction force. (GRF). The body weight and 

GRF are applied to the center of gravity (CG) and the 

center of pressure (COP), respectively (9). In double 

standing position, the COP moves in the mediolateral 

(ML) and anteroposterior (AP) directions between the 

two lower limbs (9). 

The displacement of COP in the ML direction is 

affected by the weight distribution on the lower limbs 

(9). Based on the studies, when standing, weight 

distribution on the two legs is asymmetric in healthy 

individuals (10). In people with FF, studies have been 

focused on the distribution of pressure in different 

areas of the soles (11-13). Although researchers 

believe that examining the symmetry of weight 

distribution on the legs in patients with injuries may 

be important (14), the weight distribution on the legs 

in patients with FF has not been evaluated so far. 

Investigation of body weight distribution  on the legs 

in patients with FF is of importance in various 

aspects. In these patients, if the asymmetric 

distribution of body weight on the legs is greater or as 

in healthy individuals, one foot is always affected by 

high volume of force, which may increase the 

likelihood of injury to the lower limb joints, as the 

MLA not only contributes to the weight distribution, 

but also acts as a shock absorber (15). MLA 

dissipates much of the force exerted on the feet 

during weight bearing before it enters the long bones 

such as the leg and thigh bones (16). With the loss or 

decrease of MLA height, the foot will be more rigid 

leading to a greater impact from our body weight to 

be transmitted to the higher joints such as knee, hip 

and waist (17). Therefore, it can be stated that if the 

individuals with FF tend to lean towards one foot 

while standing, it is more likely to be exposed to 

external forces because it has to bear a greater 

proportion of the body weight. Additionally, as the 

MLA height decreases or disappears, the mechanism 

of the shock absorption is not working properly and 

the joints of that lower limb are more likely to be 

injured. 

The COP displacement in the AP direction is 

affected by the displacement of the CG of the body 

and under the control of the ankle muscles (9). Given 

the studies, the leg and ankle muscle function is 

impaired in patients with FF and changes relative to 

the healthy individuals (18,19). This change in 

muscle function in patients with FF can affect COP 

control, subsequently affecting the external moments 

acting on the ankle joint and other lower limb joints. 

The results of the study by Kim et al. (20) also 

confirmed this finding. They concluded that the 

muscle force and the vertical GRF play the role of a 

mechanical lever system so that the differential COP 

movement can be interpreted as a moment arm for the 

vertical GRF. (20). Therefore, if the COP 

displacement in the anterior direction is greater in 

patients with FF in comparison to the healthy 

subjects, due to the increase in the length of the 

moment arm of  vertical GRF, the external moments 

and forces applied on the ankle in the AP direction 

increase, thus increasing the risk of the lower 

extremity injuries in patients with FF. To test this 

hypothesis, it is necessary to measure the mean COP 

displacement relative to the ankle joint in patients with 

FF and compare it with the healthy individuals. 

In accordance with the results of studies, there is 

little information on COP control during double 

standing in patients with FF (21). Tahmasebi et al. 

reported that in double standing position, the COP 

excursion was significantly higher in subjects with FF 

compared to the healthy subjects (21). Chao and Jiang 

concluded that in double standing position, there was 

no difference in the COP excursion in the AP 

direction between the patients with FF and healthy 

subjects and only some of the COP displacement 

measures could indicate the difference between the 

two groups (22). Chao and Jiang (22) and Tahmasebi 

et al. (21) conducted their studies to compare the 

postural stability between the healthy individuals and 

patients with FF and examined the COP displacement 

variables in the standing posture; the results of the 

two studies were inconsistent. It should be noted that 

the COP displacement measures examined in the two 

studies (21,22) were among the measures used in 

various studies to investigate the postural stability. 

However, in order to respond to the hypothesis 

presented in the current study, it is necessary to 

measure mean displacement of the COP relative to 

the ankle joint in the anterior direction. 

The present study was accomplished aiming to 

investigate the COP displacement in the ML and AP 

directions, the weight distribution on the lower limbs, 

and the external moments acting on the ankle among 

the individuals with FF and healthy subjects. 

 

Materials and Methods 
This cross-sectional study was approved by the 

Research Ethics Committee, Institute for Sport 

Sciences, Ministry of Science, Research, and 
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Technology, Tehran, Iran, under code 

IR.SSRI.REC.1398.532. The statistical population of 

the study included female students aged 19 to  

25 years old. For sampling, the female students of 

Alzahra University Tehran, Iran, who volunteered to 

participate in the study were screened for FF. The 

sample size was determined using G٭Power software 

(23). Using the software, the sample size needed to 

achieve the effect size of 0.80 (according to the 

software convention, this value is for the large 

number for the paired sample t-test) at the 

significance level of 0.05 and statistical power of 0.95 

was determined to be at least 10 subjects. 

The participants were screened for FF in two 

stages. In the first stage, based on the clinical 

procedure (24), the individual’s soles were evaluated 

in the standing position and in case observing signs of 

a decrease or disappearance of the MLA, convexity of 

the inner edge of the foot, or heel valgus in the foot, 

the individual would enter the second screening stage. 

At the second stage, the footprint method and the 

Staheli index were applied (25,26). In this method, 

the individual would first stand on a stiff surface 

impregnated with ink and immediately on the white 

paper to imprint the sole on the paper (27). After 

recording the footprint of the right and left feet, the 

quality of the footprint was evaluated. If the print of 

the outer edges of the foot on the paper was not of 

good quality, the test would be repeated. According to 

the Staheli index, if the ratio of the two lines was 

greater than 0.8, the individual had a FF abnormality. 

The two lines in the Staheli index included the 

minimum width of the midfoot and the maximum 

width of the hindfoot (25). The values of the two lines 

were measured on each of the footprints and then the 

ratio was calculated. The navicular drop test (NDT) 

was adopted to determine the type of the FF anomaly. 

Based on this test, if the difference in navicular height 

between the standing position (weight bearing) and 

sitting position (without weight bearing) was more 

than 10 mm, the individual would suffer from a 

flexible FF (28). The navicular height was measured 

when the subtalar joint was in the neutral position. 

The study inclusion criteria included age range of 

18 to 25 years (29), normal body mass index (BMI) 

(30), and no history of neuromuscular diseases (31). 

The FF deformities of the subjects in the experimental 

groups had to be confirmed at both screening stages. 

In addition, the lack of the FF deformities had to be 

confirmed in the subjects in the control group at both 

stages of screening. The study exclusion criteria were 

having a history of foot and ankle surgery (32) and 

lower extremity length difference of greater than 2 cm 

(33). After screening and performing the FF 

diagnostics tests, 12 and 37 individuals without and 

with a FF abnormality were chosen respectively for 

the control group and for the three experimental 

groups. The three experimental groups were 

respectively one group with unilateral FF 

(experimental group 1, n = 13) and two groups with 

bilateral FF (experimental groups 2 and 3, n = 11 and 

n = 13, respectively). The criterion of difference 

between the two experimental groups with a bilateral 

FF was the type of the anomaly (rigid or flexible). It 

should be noted that in the experimental group 1 

(with unilateral FF), 6 and 7 patients had the anomaly 

in the right foot and in the left foot, respectively. 

In order to comply with the ethical aspects, 

through the information contained in the consent 

form, the subjects were informed about the foot 

examination method, implementation of tests at the 

laboratory, as well as the method of dissemination of 

the results and signed the informed consent form. 

In order to perform the tests and collect data on 

the dependent variables, the subjects were required to 

stand quietly and bilaterally on both legs  in three 

repetitions and for 35 s in each repetition. The 

subjects were asked not to move their arms, feet, and 

body during the test run and to look at a screen 

located 3 m away from them along their eyes (14). 

Moreover, the break interval between the repetitions 

was considered 1 minute. 

The study dependent variables included body 

weight distribution on the lower limbs and the size 

of the moment arm of the GRF around the ankle. 

To measure these variables, 8 motion analysis 

cameras (Oqus 5+, Qualiysis, Sweden) and a force 

plate (9286BA, Kistler, Switzerland) were utilized. 

The cameras were used to record the instantaneous 

position of four 12-mm reflective markers placed 

on the lateral malleolus and heel of the subjects, 

and the force plate was applied to record the COP 

instantaneous position. In order to measure the 

weight distribution on the feet, the percentage of 

time in which the COP was shifting to each foot 

(markers mounted on the lateral malleolus) during 

the lateral displacement was calculated. The 

midpoint of the two markers mounted on the lateral 

malleolus was the boundary of the COP deviation 

to each foot. The mean time percentage of the COP 

deviation toward each foot (right or left) was 

recorded as the weight distribution time percentage 

for the same foot and was introduced into the 

statistical analysis (34). To estimate the the 

moment arm of GRF around the ankle joint in the 

AP direction the COP displacement relative to the, 
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Table 1. Demographic and other characteristics, as well as the number of the subjects in each group 

Group 

Variable 

Experimental group 

1 (n = 13) 

Experimental group 2 

(n = 11) 

Experimental group 3 

(n = 13) 

Control group  

(n = 12) 

Characteristics of subjects’ feet Healthy-flat Flexible-Flexible Rigid-Rigid Healthy-Healthy 

Height (cm) 162.77 ± 2.98 162.73 ± 4.52 162.08 ± 5.60 163.37 ± 4.07 

Weight (kg) 61.69 ± 8.14 66.08 ± 9.98 60.15 ± 5.89 59.00 ± 7.90 

Body mass index (kg/m2) 23.43 ± 3.34 24.97 ± 3.82 22.94 ± 2.43 22.11 ± 2.62 
Data were reported as mean ± standard deviation (SD). 

 

heel marker was measured instantaneously and 

ultimately, the mean COP displacement was 

analyzed. All weight distribution and COP 

displacement calculations were performed by 

MATLAB software (v2009b, the Mathworks Inc., 

Natick, MA, USA) and the kinematic and kinetic 

data were collected at a sampling frequency of 200 

and 1000 Hz, respectively. To eliminate the effect 

of unwanted signals, the data were filtered using 

the Butterworth filter (fourth-order and cutoff 

frequency of 10). 

The one-way analysis of variance (ANOVA) test 

was used to compare the mean COP displacement in 

the AP direction among the four groups. The 

assumptions of this test, including the ratio or interval 

measurement scale and independence of the groups, 

were observed. In the present study, the ratio 

measurement scale was applied for the dependent 

variable and the study groups were independent from 

each other in terms of the presence or type of 

deformity, such that the control group lacked any 

symptoms of FF deformity . The experimental groups 

were also completely independent from each other in 

terms of the type of FF. Furthermore, the 

homogeneity of variance test and Shapiro-Wilk test 

were exploited to check the homogeneity of variance 

of the independent variables and the normal 

distribution of the data, respectively, which both 

were confirmed; as in examining the homogeneity of 

variance of the dependent variables among the 

groups, the Levene test results were not significant 

(P > 0.05). Besides, the Shapiro-Wilk test result was 

not significant as well (P > 0.05). The time 

percentage of the weight distribution on the legs and 

the mean COP displacement in the AP direction 

between the subjects’ feet in each group were 

compared using the paired sample t-test. Finally, the 

data were analyzed in SPSS software  

(version 25, IBM Corporation, Armonk, NY, USA) and 

P < 0.05 was considered as the data significance level. 

 

Results 
The demographic and other characteristics, as well as 

the number of the subjects in each group are 

presented in table 1. 

In order to answer the two important questions of 

whether the difference in weight distribution on the 

legs (percentage difference in COP deviation between 

feet) was significant in the subjects of different 

groups and that to which foot the subjects were 

leaned and applied more of the body weight, the 

paired sample t-test was used, the results of which are 

presented in tables 2 and 3. 

Given the data in table 2, the weight distribution 

on the legs was significantly asymmetric in all groups 

(P < 0.001). 

The results of comparison of the COP deviation 

time percentage between the flat and healthy feet in 

the experimental group 1 and the right and left feet 

of experimental groups 2 and 3 and the control 

group are presented in table 3. Since 6 and 7 of the 

13 patients in experimental group 1 with unilateral 

FF deformity had the anomaly in the right foot and 

in the left foot, respectively, it was necessary to 

compare the distribution of weight on the flat and 

healthy feet in this group. Based on the findings 

displayed in table 3, experimental groups 2 and 3 

and the control group used the right leg 

significantly to maintain body weight (P < 0.001). 

In experimental group 1, there was no significant 

difference in the weight distribution on the flat and 

healthy feet. 

 
Table 2. Center of pressure (COP) deviation time percentage difference during test run in the experimental groups and the control group 

Group  COP deviation time percentage difference between feet  

(mean ± SD) 

df t P value 

Experimental group 1 80.89 ± 28.20 13 17.68 < 0.01* 

Experimental group 2 78.85 ± 28.22 11 16.03 < 0.01* 

Experimental group 3 81.23 ± 28.35 13 17.89 < 0.01* 

Control group 77.74 ± 27.42 12 16.53 < 0.01* 
 Significant correlation at the level of P < 0.050 ٭

COP: Center of foot pressure; SD: Standard deviation; df: Degree of freedom 



 

 
 

http://jrrs.mui.ac.ir 

Distribution of weight and GRF moment on FF Ghazaleh and Behnampoor 

Journal of Research in Rehabilitation of Sciences/ Vol 14/ No. 5/ Dec. 2018 261 

Table 3. Center of pressure (COP) deviation time percentage difference between the flat and healthy feet in the experimental 

group 1 and the right and left feet in the experimental groups 2 and 3 and the control group 

Group Foot COP deviation time percentage 
of right and left feet 

(mean ± SD) 

COP deviation time percentage 
difference between feet 

(mean ± SD) 

t P value 

Experimental group 1 Flat 51.38 ± 39.38 2.71 ± 78.75 0.12 0.91 
Healthy 48.67 ± 39.36 

Experimental group 2 Right 87.54 ± 13.02 75.06 ± 26.05 9.56 < 0.01* 
Left 12.47 ± 13.02 

Experimental group 3 Right 80.08 ± 22.46 59.71 ± 45.21 4.76 < 0.01* 
Left 20.37 ± 22.78 

Control group  Right 80.60 ± 21.22 61.19 ± 42.45 4.56 0.01* 
Left 19.40 ± 21.23 

 Significant correlation at the level of P < 0.050 ٭
COP: Center of foot pressure; SD: Standard deviation  

 

Data obtained from comparing the length of the 
moment arm of GRF around the ankle (mean COP 
displacement in the AP direction) revealed no 
significant difference in the COP displacement 
between the experimental groups and the control 
group (P > 0.05) (Figure 1). 

 

 
Figure 1. Comparison of mean center of pressure (COP) 

displacement in the anteroposterior (AP) direction  
among the groups 

 
The results of comparison of the mean COP 

displacement in the AP direction between the flat and 
healthy feet in the experimental group 1 as well as 
between the right and left feet of the experimental 
groups 2 and 3 and the control group are presented in 
table 4. Given this table, in the experimental group 2, 
there was a significant difference in the mean COP 
displacement under the right and left feet in the AP 
direction between the two feet (P = 0.02). In the 
experimental group 3, there was also a significant 
difference in the mean COP displacement under the 
right and left feet in the AP direction between the two 
feet (P = 0.04). 

 
Discussion 

The results indicated that the weight distribution on 
the leg was significantly asymmetric in all groups. In 
addition, the results of comparison of the COP 
deviation time percentage between the flat and 
healthy feet in the experimental group 1 and the right 
and left feet in the experimental groups 2 and 3 and 
the control group indicated that the experimental 
groups 2 and 3 and the control group significantly 
used their right leg to support the body weight, 
whereas in the experimental group 1, there was no 
significant difference in the weight distribution on the 
flat and healthy feet. 

 

Table 4. Mean center of pressure (COP) displacement in the anteroposterior (AP) direction between the flat and healthy feet in the 

experimental group 1, and the right and left feet in the experimental groups 2 and 3 and the control group 

Group Foot 
COP displacement (mm) 

(mean ± SD) 
t P value 

Experimental group 1 Flat 102.04 ± 16.91 -2.05 0.06 
Healthy 108.68 ± 19.06 

Experimental group 2 Right 112.31 ± 19.26 2.91 0.02* 
Left 101.37 ± 18.70 

Experimental group 3 Right 108.25 ± 12.96 2.37 0.04* 
Left 104.62 ± 14.26 

Control group Right 99.09 ± 10.53 -1.84 0.09 

Left 102.31 ± 12.58 
  Significant correlation at the level of P < 0.050; COP: Center of foot pressure; SD: Standard deviation ٭
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Comparison of mean COP displacement in the AP 

direction among the groups also showed no 

significant difference in the COP displacement 

between the experimental groups and the control 

group. In addition, only in the experimental group 2 

and 3, there was a significant difference in the mean 

COP displacement in the AP between the right and 

left feet, so that the COP displacement under the right 

foot was significantly higher than the left foot in the 

two groups. 

Investigation of the weight distribution on the legs 

in the present study showed that people with FF 

asymmetrically distributed body weight on the legs 

like the healthy people, regardless of the unilateral or 

bilateral and type of the deformity (rigid and 

flexible). Previous studies have confirmed this in 

healthy individuals (10,35). Prado-Rico and Duarte 

stated that in the healthy young people, weight was 

asymmetrically distributed on the legs in the standing 

position, and this asymmetry was more pronounced 

among women than in men (35). Since the weight 

distribution on legs in people with FF has not been 

evaluated in the studies so far, it was not possible to 

compare the results of weight distribution in people 

with FF with previous studies. In general, there are 

few studies on the distribution of weight on the lower 

limbs. Researchers acknowledge that in describing 

norms of asymmetry of  loading of the left or right leg 

during standing and postural control  in healthy 

humans it is very important to compare the results to 

posture asymmetry in various injuries or diseases. 

(14). However, despite their efforts, this has not yet 

materialized. To complement the results regarding the 

asymmetric weight distribution on the legs in people 

with FF, it was necessary to determine which leg they 

often use to support body weight and whether they act 

like healthy individuals in leg selection. 

The findings revealed that the subjects in the 

control group used mainly the right leg for body 

weight tolerance in the standing position, which is in 

line with the findings in the study by Gutnik et al. 

(10). They examined the 18-35-year old individuals 

and found that GRF mainly tended to the right leg 

during double standing (10). The remarkable results 

in subjects with FF were that the subjects in the 

experimental groups 2 and 3 who had bilateral FF, 

as the control group, used mainly the right leg to 

bear the body weight, whereas in the experimental 

group 1 who had unilateral FF abnormality, there 

was no difference in the weight distribution on the 

flat and healthy feet. In other words, people with 

unilateral FF used mainly the flat foot in some of the 

repetitions and the healthy foot in other repetitions 

to bear weight. This result could be one of the 

important findings of the present study. 

Accordingly, it can be stated that when the feet are 

symmetrical in structure (when both feet are healthy 

or abnormal), the individual often uses a specific leg 

(right leg) to support weight, but when the feet 

structure is asymmetric in an individual (a healthy 

foot and a flat foot), he does not lean on a fixed leg 

to support body weight. 

Although the higher use of one leg for weight 

bearing in the standing posture is a normal function of 

the body, in people with bilateral FF, it can be a threat 

to the joints of the lower limb that support body 

weight. In the standing position,, MLA helps to 

distribute body weight on the foot (15). In both types 

of FF (rigid and flexible) in the standing posture, the 

MLA height decreases or disappears (1). By the 

removal or decrease of the MLA height, much of the 

body weight-related contact force is transferred to 

higher joints such as the knee, thigh, and waist (17). 

The results of the study by Levinger et al. suggested 

that the lower extremity injuries is more likely to occur 

in people with FF (36). Moreover, Iijima et al. 

achieved significant results by examining the extent of 

the knee injury in individuals with FF. They reported 

that people with bilateral FF were more likely to suffer 

from pain associated with knee osteoarthritis compared 

to those with unilateral FF (37). They interpreted this 

finding as people with unilateral FF may use their 

healthy foot to compensate for the function of FF when 

performing motor tasks (37). The findings of the 

present study also showed that despite the individuals 

with bilateral FF, the subjects with unilateral FF did 

not rely on one leg when bearing body weight, and 

used both legs to support the body weight. Therefore, it 

can be declared that since people with bilateral FF 

make more use of one of their leg and foot to support 

the body weight, it is more likely that leg and foot is 

exposed to contact forces due to body weight and 

injury compared to the others.  

Results of comparing the mean COP 

displacement in the AP direction among the groups 

showed that there was no significant difference in 

the COP displacement between the experimental 

groups and the control group. Chao and Jiang also 

carried out a study to evaluate the postural stability 

and compared the COP displacement indices in 

subjects with FF and healthy controls. The results of 

their study indicated that only some of the COP 

displacement measures showed a difference in the 

postural stability between the healthy individuals 

and patients with FF (22). It should be noted that the 

COP displacement measure used in the present study 
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was not calculated to assess the postural stability in 

patients with FF, but to estimate the GRF moment 

arm around the ankle joint. Comparison of the 

aforementioned variable between the right and left 

feet of the subjects showed that there was no 

difference in the mean COP displacement under the 

right and left feet of the healthy subjects and 

subjects with unilateral FF in contrast to the subjects 

with bilateral FF. In other words, in the healthy 

subjects and subjects with unilateral FF, the length 

of the moment  arm of GRF around the right ankle 

was equal to that around the left ankle. The reason 

why the individuals with unilateral FF acted as 

healthy individuals, according to the assumption by 

Iijima et al., may be due to the compensation of the 

flat foot function by the healthy foot in these 

individuals (37), but interestingly, the individuals 

with bilateral FF performed differently from the 

control group and the experimental group 1; as in 

these subjects, there was a significant difference 

between the length of moment arm of GRF around 

the right ankle joint and that around the left ankle 

joint. In other words, the length of moment arm of 

GRF was longer when the COP was deviated to the 

right foot compared to when the COP was deviated 

to the left foot. This may be due to the weakness of 

the foot muscles in people with bilateral FF (38). 

Winter stated that in double standing position the 

COP moves between the two feet and its 

displacement in the AP direction is controlled by the 

ankle muscles (9). In people with bilateral FF, since 

the anatomic structure and muscle function change in 

both feet, it is not possible to compensate for the 

functional weakness of one foot by the other one (like 

what occurs in unilateral FF) and the COP control is 

weakened. Thus, in people with bilateral FF of the 

rigid and flexible types, the moment applied by the 

external GRF force on the right ankle joint is greater 

than that value on the left ankle. 

It can be claimed that, in terms of the moment that 

GRF exerts on the foot, ankle, and other lower 

extremity joints, in the patients with bilateral FF one 

of the leg is more subject to the external moment than 

the other, and the important point is that this leg is the 

one that support body weight in a longer time in the 

standing position. Therefore, it seems that the 

rehabilitation professionals and therapists need to 

place greater emphasis on the weight bearing foot in 

the individuals with bilateral FF when providing 

training and therapeutic programs to these 

individuals. However, further investigations are 

required to identify the weight-bearing foot in 

individuals with bilateral FF using simple tests and 

clinical methods. 

 

Limitations 
There was no important limitation on the method and 

tools used in the present study, but due to the lack of 

similar studies regarding weight distribution in 

patients with FF, it was not possible to compare the 

results of the experimental groups with those of the 

previous studies. 

 

Recommendations 
Performing similar studies with more complex motor 

tasks such as standing longer, jumping, climbing 

stairs, and other activities in which greater force is 

applied to the lower limb joints is recommended. 

 

Conclusion 
The results of this study showed that subjects with 

bilateral FF (rigid and flexible types), like the healthy 

subjects, distribute asymmetrically more body weight 

on the right leg in double standing position.. 

Furthermore, unlike healthy individuals, the length of 

moment arm of GRF around the right ankle is larger 

than that around the left ankle. In subjects with 

unilateral FF, the weight distribution is symmetric 

and the length of moment arm of GRF around the 

right and left ankle joints are equal. 

 

Acknowledgments 
The present study was based on the analysis of the 

results of an independent study approved by the code 

of ethics IR.SSRI.REC.1398.532 in the Research 

Ethics Committee, Institute for Sport Science, 

Ministry of Science, Research, and Technology and 

set up at Alzahra University. The authors would like 

to appreciate all study contributors. 

 
Authors’ Contribution 

Leila Ghazaleh: Study design and ideation, 

attracting funding for the study, the study support, 

executional, and scientific services, providing 

study equipment and samples, analysis and 

interpretation of results, specialized statistics 

services, manuscript arrangement, manuscript 

expert assessment in scientific terms, confirmation 

of the final manuscript for submission to the 

journal office, responsibility for maintaining the 

integrity of the study process from beginning to 

publication, and responding to the opinions of the 

reviewers, Marzieh Behnampoor, attracting 

funding for the study, providing the study 

equipment and samples, collecting the data. 



 

 
 

http://jrrs.mui.ac.ir 

Distribution of weight and GRF moment on FF Ghazaleh and Behnampoor 

Journal of Research in Rehabilitation of Sciences/ Vol 14/ No. 5/ Dec. 2018 

 
264 

Funding 
The study was based on the analysis of the results of 

an independent study approved by the code of ethics 

IR.SSRI.REC.1398.532 in the Research Ethics 

Committee, Institute for Sport Science, Ministry of 

Science, Research, and Technology and implemented 

at Motion Analysis Laboratory, Alzahra University. 

The university did not comment on data collection, 

analysis, and reporting, manuscript preparation, and 

final approval of the study for publication. 

Conflict of Interests 
The authors declare no conflicts of interest. Dr. Leila 

Ghazaleh has funded the basic studies related to this 

paper and has been working as an Assistant Professor, 

Sport Biomechanics, Department of Sport 

Physiology, School of Sport Sciences, Alzahra 

University since 2016. Marzieh Behnampoor has 

been an undergraduate student in sports science at the 

School of Sport Sciences, Alzahra University  

since 2014. 
 

References 
1. Napolitano C, Walsh S, Mahoney L, McCrea J. Risk factors that may adversely modify the natural history of the pediatric 

pronated foot. Clin Podiatr Med Surg 2000; 17(3): 397-417. 

2. Eldesoky MT, Abutaleb EE. Influence of bilateral and unilateral flatfoot on pelvic alignment. World Acad Sci Eng Technol 

2015; 9(8): 641-5. 

3. Abaraogu UO, Onyeka C, Ucheagwu C, Ozioko M. Association between flatfoot and age is mediated by sex: A cross-

sectional study. Pol Ann Med 2016; 23(2): 141-6. 

4. Eluwa M, Omini R, Kpela T, Ekanem T, Akpantah A. The incidence of pes planus amongst Akwa Ibom State students in the 

University of Calabar. The Internet Journal of Forensic Science 2009; 3(2): 1-5. 

5. Arunakul M, Amendola A, Gao Y, Goetz JE, Femino JE, Phisitkul P. Tripod index: A new radiographic parameter assessing 

foot alignment. Foot Ankle Int 2013; 34(10): 1411-20. 

6. Dyal CM, Feder J, Deland JT, Thompson FM. Pes planus in patients with posterior tibial tendon insufficiency: Asymptomatic 

versus symptomatic foot. Foot Ankle Int 1997; 18(2): 85-8. 

7. Tiberio D. Pathomechanics of structural foot deformities. Phys Ther 1988; 68(12): 1840-9. 

8. Letafatkar A, Zandi S, Khodayi M, Vashmesara JB. Flat foot deformity, Q angle and knee pain are interrelated in wrestlers.  

J Nov Physiother 2013; 3(2): 138. 

9. Winter DA. Human balance and posture control during standing and walking. Gait Posture 1995; 3(4): 193-214. 

10. Gutnik B, Leaver J, Standen C, Longley C. Inferred influence of human lateral profile on limb load asymmetry during a quiet 

standing balance test. Acta Med Okayama 2008; 62(3): 175-84. 

11. Chang HW, Chieh HF, Lin CJ, Su FC, Tsai MJ. The relationships between foot arch volumes and dynamic plantar pressure 

during midstance of walking in preschool children. PLoS One 2014; 9(4): e94535. 

12. Periyasamy R, Anand S. The effect of foot arch on plantar pressure distribution during standing. J Med Eng Technol 2013; 

37(5): 342-7. 

13. Pauk J, Daunoraviciene K, Ihnatouski M, Griskevicius J, Raso JV. Analysis of the plantar pressure distribution in children 

with foot deformities. Acta Bioeng Biomech 2010; 12(1): 29-34. 

14. Stodolka J, Sobera M. Symmetry of lower limb loading in healthy adults during normal and abnormal stance. Acta Bioeng 

Biomech 2017; 19(3): 93-100. 

15. Kirby KA. Longitudinal arch load-sharing system of the foot. Revista Espanola de Podologia 2017; 28(1): e18-e26. 

16. Franco AH. Pes cavus and pes planus. Analyses and treatment. Phys Ther 1987; 67(5): 688-94. 

17. Burkett B. The skeletal system: The axial skeleton. In: Tortora GJ, Derrickson BH, editor. Principles of anatomy and 

physiology. 15th ed. Hoboken, NJ: John Wiley and Sons; 2016. p. 239-66. 

18. Jung DY, Koh EK, Kwon OY. Effect of foot orthoses and short-foot exercise on the cross-sectional area of the abductor 

hallucis muscle in subjects with pes planus: a randomized controlled trial. J Back Musculoskelet Rehabil 2011; 24(4): 225-31. 

19. Lee JE, Park GH, Lee YS, Kim MK. A comparison of muscle activities in the lower extremity between flat and normal feet 

during one-leg standing. J Phys Ther Sci 2013; 25(9): 1059-61. 

20. Kim KJ, Uchiyama E, Kitaoka HB, An KN. An in vitro study of individual ankle muscle actions on the center of pressure. 

Gait Posture 2003; 17(2): 125-31. 

21. Tahmasebi R, Karimi MT, Satvati B, Fatoye F. Evaluation of standing stability in individuals with flatfeet. Foot Ankle Spec 

2015; 8(3): 168-74. 

22. Chao TC, Jiang BC. A Comparison of postural stability during upright standing between normal and flatfooted individuals, 

based on COP-based measures. Entropy 2017; 19(2): 76. 

23. Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: A flexible statistical power analysis program for the social, 

behavioral, and biomedical sciences. Behav Res Methods 2007; 39(2): 175-91. 

24. Pfeiffer M, Kotz R, Ledl T, Hauser G, Sluga M. Prevalence of flat foot in preschool-aged children. Pediatrics 2006; 118(2): 

634-9. 

25. Maestre-Rendon JR, Rivera-Roman TA, Sierra-Hernandez JM, Cruz-Aceves I, Contreras-Medina LM, Duarte-Galvan C, et al. 



 

 
 

http://jrrs.mui.ac.ir 

Distribution of weight and GRF moment on FF Ghazaleh and Behnampoor 

Journal of Research in Rehabilitation of Sciences/ Vol 14/ No. 5/ Dec. 2018 265 

Low computational-cost footprint deformities diagnosis sensor through angles, dimensions analysis and image processing 

techniques. Sensors (Basel) 2017; 17(11). 

26. Soper C, Hume P, Cheung K, Benschop A. Foot morphology of junior football players: implications for football shoe design. 

Proceedings of the Conference: Developing sport - the next steps: conference 2001; Wellington, New Zealand. 

27. Onodera AN, Sacco IC, Morioka EH, Souza PS, de Sa MR, Amadio AC. What is the best method for child longitudinal 

plantar arch assessment and when does arch maturation occur? Foot (Edinb) 2008; 18(3): 142-9. 

28. Aenumulapalli A, Kulkarni MM, Gandotra AR. Prevalence of flexible flat foot in adults: A cross-sectional study. J Clin Diagn 

Res 2017; 11(6): AC17-AC20. 

29. Lee YC, Lin G, Wang MJ. Comparing 3D foot scanning with conventional measurement methods. J Foot Ankle Res 2014; 

7(1): 44. 

30. Shariff SM, Manaharan TV, Shariff AA, Merican AF. Evaluation of foot arch in adult women: Comparison between five 

different footprint parameters. Sains Malaysiana 2017; 46(10): 1839-48. 

31. Pezzan Patricia AO, Sacco Isabel CN, Joao Silvia MA. Foot posture and classification of the plantar arch among adolescent 

wearers and non-wearers of high-heeled shoes. Rev Bras Fisioter 2009; 13(5): 398-404. 

32. Queen RM, Mall NA, Hardaker WM, Nunley JA. Describing the medial longitudinal arch using footprint indices and a 

clinical grading system. Foot Ankle Int 2007; 28(4): 456-62. 

33. Ledoux WR, Hillstrom HJ. The distributed plantar vertical force of neutrally aligned and pes planus feet. Gait Posture 2002; 

15(1): 1-9. 

34. Ghazaleh L, Anbarian M, Damavandi M. Prediction of body center of mass acceleration from trunk and lower limb joints 

accelerations during quiet standing. Physicl Treatment 2017; 7(2):103-12. 

35. Prado-Rico JM, Duarte M. Asymmetry of body weight distribution during quiet and relaxed standing tasks. Motor Control 

2019; 1-13. [Epub ahead of print]. 

36. Levinger P, Murley GS, Barton CJ, Cotchett MP, McSweeney SR, Menz HB. A comparison of foot kinematics in people with 

normal- and flat-arched feet using the Oxford Foot Model. Gait Posture 2010; 32(4): 519-23. 

37. Iijima H, Ohi H, Isho T, Aoyama T, Fukutani N, Kaneda E, et al. Association of bilateral flat feet with knee pain and 

disability in patients with knee osteoarthritis: A cross-sectional study. J Orthop Res 2017; 35(11): 2490-8. 

38. Jung DY, Kim MH, Koh EK, Kwon OY, Cynn HS, Lee WH. A comparison in the muscle activity of the abductor hallucis and 

the medial longitudinal arch angle during toe curl and short foot exercises. Phys Ther Sport 2011; 12(1): 30-5. 

 


