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ABSTRACT
Introduction. Flat foot is still a controversial topic. As of yet, there are no unified definitions of this deformation. 
Aim. To assess the correlation between the longitudinal arch of the foot and hindfoot valgus in school-age children. 
Material and methods. A total of 362 pupils, 183 girls aged 10.96 ± 0.78 yrs and 179 boys aged 10.89 ± 0.78 yrs, participated 
in the study. Their height and weight were measured and their Body Mass Index (BMI) weight status was categorized. The Arch 
Index (AI) was used to assess the longitudinal arch of the foot. Hindfoot valgus was measured by a goniometer and defined as 
the angular deviation between the tibial anatomical axis and the calcaneus longitudinal axis.
Results. About 1/3 of the participants had hollow feet and about a fifth of them had flat feet. No correlations between the lon-
gitudinal arch of the foot and the hindfoot valgus were discovered; however, a correlation between excessive weight and the 
longitudinal flat foot was revealed. No correlations between BMI and hindfoot malalignment were found.
Conclusion. Hindfoot valgus was prevalent in a considerable proportion of boys and girls with the flat, normal and hollow foot. 
Therapeutic correction of valgus feet should be varied and should depend on the quality of the longitudinal arch of the foot.
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Introduction
The ability to maintain good posture is not inborn. Chil-
dren, acquiring new locomotor skills, gradually manage 
control over their body and develop their postural pat-
tern. The lower limb alignment undergoes especially dy-
namic development. In infants and toddlers, flat feet are 
a common and normal condition until about age ten.1,2 
During that time, due to the impact of negative external 
or internal stimuli, foot deformities may develop. Ob-
servations of the relationship between the status of body 

mass and the quality of the arching of the feet indicate 
a greater incidence of flat feet in children with exces-
sive body mass.3 Knees valgus are also associated with 
incorrect foot shape.4 Foot deformities are very com-
mon. Most pediatric orthopedic consultations concern 
flat feet.5

From the point of view of biomechanics, flat feet 
are a complex deformity. They are caused by ligamen-
tous laxity and lack of muscle control.6 This study aimed 
to assess correlations between the longitudinal arch of 
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the foot and hindfoot alignment in children aged 10-12 
years. It was investigated which of the above-mentioned 
deformities prevailed more often and whether excessive 
weight increased the risk of their development.

Materials and methods
The study was conducted in September and October 
2015. Prior to the start of the study, consent of the local 
ethics committee was obtained (no 3/0177/2014). Four 
schools were randomly selected and all pupils attending 
grades four through six were initially invited to partici-
pate in the study. Participants were assigned to the study 
samples based on a written informed consent of their 
parent or a legal guardian and lack of medical certifi-
cation of disability. Those children, who had previous-
ly been treated due to hip dysplasia or Perthes disease, 
and those who had suffered from injuries to their lower 
limbs within six months prior to the study, were exclud-
ed from the examination. Eventually, a total of 362 pu-
pils aged 10-12 years (10.89 ± 0.78), including 183 girls 
(50.5%) and 179 boys (49.5%), participated in the study.

Participants’ height and weight measurements were 
taken, their BMI calculated and their weight status cat-
egorized. Body height was measured within 1 cm by 
means of a calibrated anthropometer (ZPH Alumet No 
010208, Warsaw, Poland), measuring the distance from 
the floor to the highest point on the head. During mea-
surements, participants stood motionless with their legs 
together and feet flat on the floor and with their sight di-
rected straight ahead. Body weight was measured within 
0.1 kg on the Tanita scales (bf-350 Tanita Corporation of 
America, Inc., Arlington Heights, Illinois, USA). Mea-
surements were taken from participants undressed to 
their underwear and without footwear. Based on the re-
sults obtained, BMI was calculated dividing body weight 
(kg) by the square of body height (m). Participants’ 
body weight status was categorized using the BMI-for-
age thresholds for overweight and obesity, developed for 
children by Cole et al.7

The baroresistive BTS P-walk platform (BTS Bio-
engineering Corp., NY, USA) was used to measure the 
longitudinal arch of the foot. The Arch Index (AI) was 
determined in two feet standing, for the right and left 
foot, calculated as the ratio of the area of the middle 
third of the footprint to the entire footprint area. The AI 
is an easy and objective method of assessing the quali-
ty of the longitudinal arch of the foot, and its character-
istic value for the foot with a normal arch equals from 
21% to 28%. Its values below 21% refer to a high foot 
arch, and those above 28% denote flat foot. The hindfoot 
alignment was measured by a goniometer (KaWe, Horn 
Wellness Group Ltd. Poznan, Poland) and defined as the 
angular deviation between the tibial anatomical axis and 
the calcaneus longitudinal axis. The angle above 5o in-
dicated hindfoot valgus.8 Participants assumed relaxed 

posture and stood with their legs a little apart. Individu-
al measurements were taken in a pre-arranged order, by 
the same experienced physiotherapists, before the noon 
and in a well sun-filled room.

The mean, median, minimum and maximum val-
ues and standard deviation were used to analyze the 
data collated. The normal distribution of variables was 
assessed by means of the Shapiro-Wilk test. The differ-
ence between the samples was determined by means of 
the t-test for independent samples (at normal distribu-
tion), and by the U Mann-Whitney test (at lack of nor-
mal distribution) or by the Kruskal-Wallis and post hoc 
Tukey’s tests (at comparing three samples at the same 
time). Correlations between variables were assessed by 
Pearson’s linear correlation. The level of significance was 
accepted at p = 0.05.

Results
Girls were slightly taller and lighter than boys. BMI did 
not significantly differentiate boys and girls (Table 1). 
Excessive body weight was discovered in 99 partici-
pants, out of which 72 were overweight (18.9%) and 27 
obese (7.5%). Overweight was more typical of girls, and 
obesity in boys (Table 2). The AI for the right and left 
foot was slightly greater in boys, which implied that they 
had lower foot arches than girls (Table 1). A fallen arch 
in the right foot was found in 19.1% of participants, i.e. 
in every fourth boy and in every sixth girl. A fallen arch 
in the left foot was discovered in 16.3% of participants, 
i.e. in every fourth boy and every ninth girl (Table 2). 
A high arch in the right foot was found in 31.5%, and 
in the left foot in 36.7% of all participants. In the case 
of both feet, high foot arches were more typical of girls.

The hindfoot valgus angle in the right foot was great-
er in girls, and in the left foot in boys; however, those 
differences were not of statistical significance (Table 1). 
The hindfoot malalignment was revealed in over 50% of 
participants. The valgus deformity in the right foot pre-
vailed more often in girls, while in the left foot in boys 
(Table 2). The comparison of the hindfoot malalignment 
in participants with the high, normal and flat foot dis-
closed a statistically significant difference only in the 
size of the hindfoot valgus angle in the right foot in chil-
dren with the normal foot and flat foot (Table 3). The 
valgus deformity in the right foot was discovered in 207 
participants - 31.4% of them had the high-arched foot, 
45.4% normal and 23.2% flat foot. The valgus deformi-
ty in the left foot was found also in 207 participants - 
34.8% of them had the high-arched, 45.9% normal and 
19.3% flat foot.

The lowering of the longitudinal arch of the foot cor-
related with increased BMI (Table 3). Significant differ-
ences in the BMI value were seen between participants 
with the high-arched and normal foot, and between the 
high-arched and flat foot. The analysis of dependencies 
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Table 1. Comparison of variables in girls and boys
Variable Group Mean Median Minimum Maximum Stand. Dev. p

Height [cm]
Girls 147.88 147.80 128.40 171.00 9.55

0.34a

Boys 147.11 145.90 124.40 178.30 8.95

Weight [kg]
Girls 41.68 41.80 21.00 73.20 10.67

0.34b

Boys 41.70 38.40 23.60 100.60 12.98

BMI [kg/m2]
Girls 18.80 18.59 12.70 29.32 3.27

0.51 b

Boys 18.97 17.74 11.85 38.57 4.26

AI right foot [%]
Girls 22.06 23.46 1.96 36.42 7.03

0.08 b

Boys 22.90 24.80 0.90 41.64 8.36

AI left foot [%]
Girls 20.95 22.37 1.90 37.28 7.22

0.09 b

Boys 22.17 23.38 0.78 38.66 8.12
Right hind valgus 

angle [o]
Girls 6.32 6.00 0.00 13.00 2.65

0.75 b

Boys 6.25 6.00 2.00 15.00 2.49
Left hind valgus angle 

[o]
Girls 5.96 6.00 0.00 13.00 2.53

0.75 b

Boys 6.71 7.00 1.00 18.00 2.81
*statistically significant differences, a t test, b U Mann-Whitney test

Table 2. Weight status, foot arches and hindfoot alignment in girls and boys

Variable Group
Girls Boys All

n (column %) N (column %) n (column %)

Weight status
Normal 138 (75.4%) 125 (69,9%) 263 (72.6%)
Overweight 38 (20.8%) 34 (19.0%) 72 (18.9%)
Obesity 7 (3.8%) 20 (11.1%) 27 (7.5%)

Right foot arch
High arched 61 (33.3%) 53 (29.6%) 114 (31.5%)
Normal 94 (51.4%) 85 (47.5%) 179 (49.4%)
Flat 28 (15.3%) 41 (22.9%) 69 (19.1%)

Left foot arch
High arched 73 (39.9%) 60 (33.5%) 133 (36.7%)
Normal 90 (49.2%) 80 (44.7%) 170 (47.0%)
Flat 20 (10.9%) 39 (21.8%) 59 (16.3%)

Right hindfoot 
alignment

Normal 76 (41.5%) 78 (43.6%) 154 (42.5%)
Valgus 107 (58.5%) 101 (56.4%) 208 (57.5%)

Left hindfoot 
alignment 

Normal 87 (47.5%) 67 (37.4%) 154 (42.5%)
Valgus 96 (52.5%) 112 (62.6%) 208 (57.5%)

Table 3. Comparison of variables in children with high-arched, normal and flatfoot (Kruskal-Wallis and post hoc Tukey’s tests)

Variable
Foot arching 
groups

Mean Median Minimum Maximum
Stand. 
Dev.

p

Ri
gh

t f
oo

t

Hindfoot 
alignment 

[o]

High-arched 6.39 7.00 0.00 13.00 2.65 H & N p=0.38
Normal 6.91 7.00 2.00 15.00 2.50 H & F p=0.55
Flatfoot 6.91 7.00 2.00 15.00 2.50 N & F p=0.028*

BMI [kg/
m2]

High-arched 17.42 16.64 11.85 24.62 2.98 H & N p=0.00002*
Normal 19.34 18.88 13.10 31.75 3.70 H & F p=0.00003*
Flatfoot 20.05 19.24 13.13 38.57 4.45 N & F p=0.99

Le
ft

 fo
ot

Hindfoot 
alignment 

[o]

High-arched 6.26 6.00 0.00 14.00 2.73 H & N p=0.99
Normal 6.27 6.00 1.00 18.00 2.74 H & F p=0.67
Flatfoot 6.68 7.00 2.00 12.00 2.50 N & F p=0.64

BMI [kg/
m2]

High-arched 17.38 16.79 11.85 25.55 2.88 H & N p=0.00004*
Normal 19.39 18.79 13.10 31.75 3.70 H & F p=0.0000001*
Flatfoot 20.71 20.27 12.98 38.57 4.57 N & F p=0.17

* statistically significant differences, H= high-arched foot, N=normal arched foot, F=flatfoot

Table 4. Correlations between variables

Correlated variables
Right foot Left foot

r p R p
BMI & Arch Index 0.31 0.0001* 0.32 0.0001*

BMI & Hindfoot valgus angle -0.07 0.19 -0.09 0.06
Arch Index & Hindfoot valgus alignment 0.23 0.06 -0.01 0.85

*statistically significant correlation
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between variables also revealed significant positive cor-
relation between the BMI and AI values for the right 
and left foot (Table 4). No significant correlations be-
tween the AI and the hindfoot valgus angle or between 
BMI and the hindfoot valgus angle were discovered. 

Discussion 
The process of shaping foot arches completes at about 
age ten when the foot assumes its mature structure.9 
Foot deformities observed at that time may become a 
chronic, life-long condition. Our study revealed foot 
malalignment in more than 50% of the 10-12-year–old 
participants. A fallen longitudinal arch in the right foot 
was typical of every sixth, and in the left foot, of every 
fifth participant. One third of our participants had high 
foot arches. The hindfoot valgus deformity was seen in 
57.5% of all participants. A similar prevalence of flat 
foot was observed in the 9-year-olds by El et al.10, who 
revealed moderately or considerably fallen arches in 
17.2% of their participants. Flat feet and plano-valgus 
feet were also disclosed in 16.7% of the 10-12-year-olds 
in the study of Szczepanowska-Wołowiec et al.11

Flat feet have been a subject matter of numerous 
academic and research discussions. On the one hand, 
some researchers claim that pediatric fallen foot arches 
are asymptomatic and they do not require any treat-
ment.12 On the other hand, other researchers maintain 
that flat feet lead to unfavorable changes in the dynamic 
functions of the whole lower limb and increase the in-
cidence of knee, hip and back complaints.13,14 According 
to the most common definition of flat feet, this defor-
mity consists of fallen foot arches, forefoot abduction 
and the hindfoot valgus deformity.5,15-17 Hindfoot valgus 
concomitant with flat foot was confirmed by Coughlin 
and Kaz.18 It should also be mentioned that the abduc-
tion of the calcaneus results in changes to the gait pat-
tern connected with the rotation in the hip joint and the 
pelvic tilt in the sagittal plane.16

Flat feet are more typical of boys than of girls. It was 
confirmed in the studies of Changa et al. and Ezema et 
al., and also by our findings.19,20 The correlation of the 
hindfoot valgus deformity with gender is not so distinct. 
In our study, the valgus deformity in the right foot was 
slightly more often discovered in girls, while in the left 
foot more frequently in boys. In the right foot, hind-
foot valgus was found in 57% of participants with the 
high-arched foot, in 53% with normal and in 71% with 
flat foot. In the left foot, those values were 55%, 57% 
and 68% respectively. No significant differences in the 
value of the hindfoot valgus angle in children with the 
high-arched, normal and flat foot were found despite a 
greater prevalence of the hindfoot valgus deformity in 
children with flat feet. No significant correlations be-
tween the hindfoot valgus angle and the height of the 
medial longitudinal arch were also found by Kanatli et 

al.21 In their study, they examined 206 voluntary partic-
ipants aged 4-20 years, in which the mean hindfoot val-
gus angle for the whole sample was 5.2o ± 3.3. That score 
was lower than in our study.

One should take into account a considerable in-
cidence of high foot arches in the participants in our 
study. They prevailed, as mentioned before, in 57.5% 
of all participants. In the 4-13-year-olds examined by 
Woźniacka et al., that proportion was even higher and 
it reached above 61%.22 In their study, the hollow foot 
was also discovered in obese children, although the low-
ered medial longitudinal arch of the foot was more typ-
ical of their participants. In our study, in the sample of 
obese children, high foot arches were disclosed in the 
right foot in 3.7%, and in the left foot in 11.1% of partic-
ipants. A significant correlation between excessive body 
weight and flat feet was observed as well. That correla-
tion was also confirmed by Halabchi et al.12 Moreover, 
Ezema et al. reported that obese school children had flat 
feet three and a half times more often than their mates 
with healthy body weight.20 Pauk et al. claimed that the 
8-14-year-olds with a low BMI less often had the pla-
no-valgus foot.23 According to the reports on young ad-
olescents of both genders, both fallen foot arches and 
hindfoot valgus more often prevailed in obese individ-
uals.24 In our study, a correlation between BMI and the 
height of the medial longitudinal arch of the foot was 
found but no significant correlation either between BMI 
and the hindfoot valgus angle, or between the height of 
the medial longitudinal arch of the foot and the hind-
foot valgus angle were revealed.

Conclusions
1. The hindfoot valgus deformity prevailed in school 

children more frequently than flat feet. It was man-
ifested by both girls and boys with the flat, normal 
and hollow foot. 

2. The valgus foot deformity did not correlate with 
the medial longitudinal arch of the foot. Therapeu-
tic corrections of the valgus deformity of the foot 
should be varied, depending on the quality of the 
longitudinal arch of the foot. 

3. Although the valgus foot deformity did not cor-
relate with excessive body weight, there was a sig-
nificant correlation between the BMI and the longi-
tudinal arch of the foot.
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