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Abstract

Inroduction and aim of the study. Hallux valgus is a deformity where there is a
lateral deviation of the proximal phalanx of the big toe. The objective of the study
was investigation of the occurrence of hallux valgus based on the image from a
podoscope in children, examination of the effect of ill-fitted footwear on the
development of this complaint.

Material and method

The study covered 184 children, aged 7-13. The children were examined in their
underwear, without shoes and socks. Body weight and body height was measured.
The image of the feet on a podoscope was done at full load. The hallux valgus
angle o, the Clarke’s angle and the Wejsflog’s index were calculated. The
software calculated the correct size of the footwear which should be worn by the
children. This size was compared with the size of the shoes which a child had
during the examination.

Results. The problem of hallux valgus affects 26% of the children. Hallux valgus
more frequently concerned the left foot. In 8% of cases hallux valgus concerned
both feet.

Conclusions. Hallux valgus in the examined group more often concerned girls
than boys. The hallux valgus angle a increased with age. Children who had a
normal hallux valgus angle a had higher values of the Clarke’s angle. In the group
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of children examined, no statistically significant relationship was found between
hallux valgus angle a and the fitting of footwear, Wejsflog’s index and the BMI.

Introduction

Hallux valgus is a pathological deformity where there is a lateral deviation of the
proximal phalanx of the big toe with respect to the metatarsal bones, deviating
medially, which is related with lateral displacement of the tendon of the flexor
hallucis longus muscle. With time, there occurs pulling of the proximal phalanx of
the big toe by the tendon of the extensor hallucis longus and abductor hallucis
muscle. It occurs that the base of the head of the first metatarsal is pushed into
adduction, and the deformity increases. The medial surface of the head of the first
metatarsal becomes visible, the medial part of the joint capsule is stretched, and
the lateral part contractures. The consequence of this may be the deformity of
other toes [1]. In the etiology of this disease genetic predispositions may be
observed — inheritance from the side of the mother. This complaint more often
concerns females, and the hallux valgus angle increases with age [1, 2, 3]. Also,
footwear and concomitant diseases, such as flat foot, generalized ligamentous
laxity, systemic inflammatory diseases, contracture of the Achilles tendon or of
the gastrocnemius muscle, may be of great importance in the development of the
deformity [1, 4].

Hallux valgus may be diagnosed using an X-ray image, or a footprint from a
podoscope. The normal value for the hallux valgus measured by the X-ray image
is 15°, which is the angle between the axis of the proximal phalanx of the big toe
and the axis of the base of the first metatarsal. The X-ray is performed at anterior-
lateral projection at full load [5, 1]. The hallux valgus angle a is in the image of
the foot performed using a podoscope; this is the angle formed between the
tangent of the medial edge of the foot and the tangent running from the widest
part of the forefoot to the external edge of the hallux, which should be within from
0-9°[6].

In the relevant literature, there are many reports dealing with this problem in
adults [2, 3,7, 8, 9, 10].

Objective
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The objective of the study was investigation of the occurrence of hallux valgus
based on the image from a podoscope in children from rural areas, and
examination of the effect of ill-fitted footwear on the development of this
complaint.

Material and method

The study was conducted during the period from September 2015 — March 2016,
and the consent for carrying out research was obtained from the Bioethical
Committee. The study covered 184 children attending schools located in the
Mastéw commune, aged 7-13, including 100 girls and 84 boys. Among the
examined children there were 8 7-year-olds, 12 9-year-olds, 31 9-year-olds, 52
children aged 10, 38 — aged 11, 42 aged 12, and 1 child aged 13; mean age 10
years.

The criterion for enrolment into the study was obtaining consent from a parent or
legal guardian of the child, and lack of chronic diseases. The criterion for
exclusion from the study was the lack of consent from a parent or legal guardian
to perform examinations, and concomitant chronic diseases occurring in the
children.

The children were examined in their underwear, without shoes and socks. Their
body weight was measured using the Tanita BC-418MA scale, while body height
by means of a stadiometer SECA 213. The accuracy of measurement of body
weight was 0,1 kg, body height — 0,01m. Based on the parameters obtained the
BMI was calculated. The subsequent stage of the study was the performance of
the image of the feet (Fig. 1) on a podoscope at full load. It was used computer
podocop 2D with software FreeStep Basic. Using computer software, based on
the image of the feet performed, the hallux valgus angle o and the Clarke’s angle
were determined, and the Wejsflog’s index calculated. The software calculated the
correct size of the footwear which should be worn by the children. This size was
compared with the size of the shoes which a child had during the examination.
The hallux valgus angle o is the angle formed between two tangents - the tangent
of the medial edge of the foot and the tangent running from the widest part of the
forefoot to the external edge of the hallux, the normal value for this angle is
within 0-9°[6].

The Clarke’s angle is the angle evidencing the longitudinal foot arch, formed
between two lines — the tangent of the medial edge of the foot and the line running

from the deepest part to the edge of the forefoot.
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The Wejsflog’s index is used for assessment of transverse flatfoot and is the foot
length to foot width ratio. The value of this index remains within 2 and 3, and
transverse flatfoot may be diagnosed when the value of this index is closer to 2,

while it is normal when this number is closer to 3 [6].

Figure 1. Image of the feet performed using a podoscope.

The results of the study were analyzed using MS Office Excel and statistical
software R.3.3.1. It was calculated basic values of descriptive statistics (means,
standard deviation, minimum and maximum) for all parameters.

The relationships between variables were investigated using the following
nonparametric tests: Mann-Whitney-Wilcoxon, %, test ANOVA, and Spearman

correlation test. The level of significance was set at p < 0,05.

Results

Table 1 demonstrates the mean values of body height, body weight and the BMI.
The mean body height of the children was 144.85 cm, the mean body weight —
38.84 kg, and the mean BMI — 16.6 (Tab. 1).
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Table 1. Body height, body weight, and BMI in the group of children in the study

—according to gender

Gender | Body height Body weight BMI
Mean | Min- | SD Mean | Min- | SD Mean | Min- | SD
Max Max Max
Girls 144,92 | 113- | 12.62 | 39.29 | 16- 11.89 [ 169 |12.0- | 3.7
170 80 29.6
Boys 14477 | 109- | 12.12 | 38.30 | 17- 12.25 | 179 |13.3- | 3.9
180 86 32.0
Total 144,85 | 109- | 12.36 | 38.84 | 16- 12.03 | 16.6 | 12- 3.2
180 86 29.6

The mean values of hallux valgus angle a in the left foot were 6.23 degrees, and

the right foot — 4.93 degrees. The minimum value was 0 and the maximum value

16 degrees in the left foot, while in the right foot the minimum value was 0 and

maximum 17 degrees (Tab. 2).

Table 2. Hallux valgus angle o in the left and right big toe — according to gender

Gender Hallux valgus angle in the left | Hallux valgus angle in the right
big toe big toe
Mean Min-Max | SD Mean Min-Max | SD
Girls 7.07 0-16 4.15 5.48 0-17 4.35
Boys 5.32 0-14 3.4 4.28 0-14 3.19
Total 6.23 0-16 3.93 4.93 0-17 3.90

The problem of hallux valgus, where its angle is over 9°, affects 26% of the young

patients. Hallux valgus more frequently concerned the left foot. In 8% of cases,

the situation was that hallux valgus concerned both feet (Tab. 3).

Table 3. Hallux valgus angle o

left foot right foot both feet at least one foot
hallux valgus angle

n % n % n % n %
beyond the normal
value (over 9°) 40 22% |23 13% |15 |8% 48 26%
normal (0-9°) 144 78% |161 |88% |136 |74% |169 92%
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In order to investigate the presence of the relationship between the Clarke’s angle

and hallux valgus angle o the Mann-Whitney-Wilcoxon test was performed. The

results (statistics W equal 7,518; p < 0.01) showed that this relationship was

statistically significant.

It was observed that for patients in whom the hallux valgus angle a was within

normal value, the Clarke’s angle was higher (Tab. 4).

Table 4. Relationship between the Clarke'as angle and hallux valgus angle a

Hallux valgus | Clarke’s angle Mann-
angle Mean Standard No. of feet Whitney-
deviation Wilcoxon
Test
normal (0-9°) |43.41 5.53 305 W = 7518
beyond normal | 40.48 8.75 63 p<0.01

(over 9°)

Hallux valgus was more frequently found in girls than boys — in 50 of the feet in

girls the hallux was beyond normal, while in only 13 feet in boys (Tab. 5, Fig. 2).

Table 5. Relationship between hallux valgus angle a and gender

Gender Hallux valgus angle Y
Beyond normal (over 9°) | Normal (0-9°)
No. of feet | % No. of feet | % x> =17.98
Girls 50 25% 75% p << 0.01
Boys 13 8% 92%
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Figure 2. Hallux valgus angle according to gender

In order to investigate whether there is a statistically significant relationship
between the hallux valgus angle and gender, the y? test was performed (the value
of test statistics was 17.98; p < 0.01). This showed that in girls, a considerably
higher percentage had problems with hallux valgus.

The statistical analyses performed did not confirm any statistically significant
relationship between hallux valgus angle and the BMI.

Table 6 demonstrates that the hallux valgus angle increased with age.

Table 6. Occurrence of hallux valgus according to the age of children in the study

Age Mean Standard deviation | No. of feet
7-8 years 3.93 3.22 40

9-10 years 3.87 3.87 166

11-13 years 6.35 4.06 162

In the group of 7 - 8-year-olds, the mean value of the hallux valgus angle was
3.93, whereas among 11 - 13-year-olds this value was as high as 6.35.

For comparing the mean values ANOVA test was performed, the results of which
suggested that the mean values of the hallux valgus angle differed between
groups, and this was statistically significant (p<0.01).

In order to investigate the presence of relationships between the hallux valgus
angle and the Wejsflog’s index, the Spearman correlation analysis was performed
(Tab. 7). The results (p = 0.02; p = 0.76) allows the presumption that in the
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sample in the study there was no statistically significant relationship between the

examined variables.

Table 7. Relationship between hallux valgus angle o and Wejsflog index and

fitting of footwear

p
Feet parameters Spearmana |p
Wejsflog index 0.02 0.76
Hallux valgus angle o0 |
Fitting of footwear |0.04 0.49

In order to investigate the relationship between the fitting of footwear and hallux
valgus angle, the fitting of footwear was defined as follows: as an indicator called
fitting of footwear was adopted the ration between the size of the shoes worn to
that recommended by the podoscope (Tab. 8). Value 1 means exactly the size
which should be worn, whereas the values below 1 meant that the shoes were too
small, while the values higher than 1 — that they were too big. The Spearman
correlation test performed showed (p?=0.04; p = 0.49) the lack of a relationship
(Tab. 7).

Table 8. Hallux valgus angle and fitting of footwear

hallux valgus angle

beyond normal

(over 9°) normal (0-9°) | total ¥
Fitting of footwear | n % n % n %
Well fitted 11 |14% 68 86% 79 100%
Too big 38 [18% 176 [82%  [214  |100% v*=0.76;
Too small 14 |19% 61 81% 75 100% p=0.69

II-fitting footwear is when the size of shoes recommended by the podoscope
differs from that declared. The %* analysis of the above-presented Table 8 also
leads to the conclusion about the lack of the relationship between the examined
variables (¥%=0.76; p = 0.69).
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Discussion

Hallux valgus is the problem relatively rarely undertaken by researchers dealing
with the structure and architecture of the foot in children. Usually, this defect is
described with respect to adults [2, 3, 7, 8, 9, 10]. In the relevant literature, many
reports may be found concerning the surgical treatment of hallux valgus, both in
adults [11, 12] and in children [13]. The problem of hallux valgus in children with
various dysfunctions is frequently undertaken, such as: Down syndrome [14], or
cerebral palsy [15].

In meta-analysis of studies concerning the occurrence of hallux valgus in the total
population performed by Nix et al. [3], it was observed that this complaint occurs
2.3 times more often in females, compared to males, and it was also found that the
hallux valgus angle increased with age.

Pita-Fernandez S et al. [2], while examining individuals aged over 40, noticed that
hallux valgus occurred in 38% of the persons examined; this value increased with
age, and was higher in females.

While investigating children from Nigeria, Owoeye BA et al. [16] observed that
this problem concerned 15.4% of children, more frequently girls, the values of
hallux valgus increased with age, and in 3.7% of children this problem concerned
both feet.

Demarczuk-Wtodarczyk et al. [17] found that hallux valgus more frequently
occurred in girls with higher body weight. However, Kedra [18], based on the
conducted study, drew the conclusion that this defect more often concerned boys.
In the studies conducted among children and adolescents from Krakow, Bac [19]
confirmed that the problem of hallux valgus twice as often concerned girls than
boys, and this problem occurred in 4% of the examined children.

Among 345 10-13-year-old children examined by Jeroshl et al. [20], the defect in
the form of hallux valgus was observed in 17.1%, and no relationship was found
between body height and body weight, and feet defects.

Klein et al. [4], while examining children aged 3 — 6.5, noted that the hallux
valgus angle was related with improperly fitted footwear, and too small shoes
resulted in an increase in this angle.

In own studies, similar to the majority of studies concerning hallux valgus, both in
adults and children it was observed that hallux valgus more often concerned the

examined girls, and this relationship was statistically significant. However, a
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higher percentage of children with bilateral hallux valgus was noted, compared to
other researchers [19]. In 8% of children, the problem of hallux valgus concerned
both feet, at least one foot with bilateral hallux valgus occurred in 26% of the
children examined. This percentage of children is higher than in previously
discussed studies. It was observed that when the hallux valgus angle was normal,
the Clarke’s angle was higher, it may be presumed that the hallux valgus
concerned children with a lowering of the longitudinal arch of the foot. In turn, no
relationship was found with transverse arch of the foot, which was measured
using the Wejsflog’s index.
Similar to the studies concerning hallux valgus in adults [1, 2, 3], in own study it
was observed that the hallux valgus angle increased with age. In own study, a
higher percentage of children was found in whom hallux valgus in at least one big
toe was observed, than Bac[19] czy Jeroshl [20].
In own study, opposite to the study by Klein et al. [4], no relationship was found
between the fitting of footwear in children and hallux valgus. Also, no
relationship was found between hallux valgus and the child’s BMI.
The problem of hallux valgus in children is noteworthy because the hallux valgus
angle increases with age. Early diagnostics would enable the implementation of
physiotherapeutic actions which would decrease the negative exacerbating of the
defect in the future. Therefore, it seems justifiable to continue studies and monitor
the occurrence of the problem among children.
Conclusions
1. Hallux valgus in the examined group of children more often concerned
girls than boys.
2. The hallux valgus angle o increased with age.
3. Children who had a normal hallux valgus angle o had higher values of the
Clarke’s angle.
4. In the group of children examined, no statistically significant relationship
was found between hallux valgus angle a and the fitting of footwear,
Wejsflog’s index and the BMI.
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