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Abstract

Introduction: The shape of the lower limb axis and the foot arch are an integral element of body posture. Therefore, foot
defects are wrongly perceived as a local problem.

Aim of the research: To analyse the correlations between foot defects and balance reactions in school-children.

Material and methods: The study included a group of 132 girls aged 9-10 years. There were 103 (73%) children with foot
defects, and 29 (27%) without these defects (normal). The foot deformities were examined with the 2D Foot CAD podoscan-
ner, while balance reactions were assessed with the Zebris FDM-S dynamographic platform.

Results: Among girls with foot defects, significant correlations occurred regarding: angle btw. Y and major axis, deg. and
width R (p = 0.022) and width L (left foot) (p = 0.039); heel angle R and path length (p = 0.019) and average velocity (p = 0.020);
Wejsflog index R and path length (p = 0.021), and average velocity (p = 0.023), and deviation X (p = 0.038), and deviation Y
(p = 0.038). Wejsflog index L was significantly correlated with: path length (p = 0.003), average velocity (p = 0.003), length of
major axis (p = 0.006), deviation X (p = 0.035), deviation Y (p = 0.035), forefoot R (p = 0.012), backfoot R (p = 0.001), backfoot L
(p = 0.001).

Conclusions: There were significant correlations between foot defects and balance reactions. Significant differences be-
tween the group with foot defects and normal in equivalent reactions occurred for angle between Y and major axis. Girls
with foot defects had significantly higher values of this variable.

Streszczenie

Wprowadzenie: Ksztalt osi koficzyn dolnych oraz wysklepienie stép stanowia integralny element postawy ciata. Wady te
niestusznie postrzega sie jako problem o charakterze miejscowym.

Cel pracy: Analiza zalezno$ci pomiedzy wadami stép a reakcjami rownowaznymi u dzieci w wieku szkolnym.

Materiat i metody: Badaniami objeto grupe 132 dziewczynek w wieku 9-10 lat. Dzieci z wadami stép byto 103 (73%), a bez
tych wad (norma) 29 (27%). Stopy badano podoscanem 2d Foot CAD, natomiast reakcje réwnowazne oceniono za pomoca
platformy dynamograficznej Zebris FDM S.

Wyniki: W grupie z norma stwierdzono istotna korelacje miedzy Deviation Y (mm) a wskaZnikiem Wejsfloga P (r = —0.206,
p=0.036). U dzieci zwadami stop istotne korelacje wystapity miedzy: katem nachylenia osi Y i gtéwnej osi (mm) a szerokoscia
stopy prawej (p = 0.022) i szerokoscia stopy lewej (p = 0.039); katem pietowym prawym a dtugoscia $ciezki (mm) (p = 0.019)
oraz $rednia predkodcia (p = 0.020); wskaznikiem Wejsfloga prawej stopy a dtugoscia $ciezki (p = 0.021), oraz Srednia pred-
koscia (p = 0.023) oraz odchyleniem X (p = 0.038) i odchyleniem Y (mm) (p = 0.038). Wskaznik Wejsfloga lewej stopy istotnie
skorelowany byt z: dtugoscia Sciezki (p = 0.003), Srednia predkoscia (p = 0.003), dtugoscia wiekszej osi (p = 0.006), odchyle-
niem X (p = 0.035), odchyleniem Y (p = 0.035), Srednim rozkladem obcigzenia przodostopia strony prawej (p = 0.012), Sred-
nim rozktadem obciagzenia tytostopia strony prawej (p = 0.001), Srednim rozktadem obcigzenia tytostopia strony lewej (%)
(p = 0.001).

Whioski: Wystapily istotne zalezno$ci miedzy wadami stopy a reakcjami réwnowagi. Znaczne réznice miedzy grupa z wa-
dami stép i w normie w reakcjach réwnowaznych obejmowaty kat nachylenia osi Y i gtéwnej osi. Dziewczeta z wada stép
mialy istotnie wyzsze wartosci tej zmiennej.
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Introduction

Foot defects are the result of genetic and environ-
mental factors [1]. The shape of the lower limb axis
and the foot arch are an integral element of body pos-
ture. Therefore, these defects are wrongly perceived
as a local problem [2]. Although their generalised ef-
fect on body posture and gait is emphasized, the ther-
apy of foot defects is still limited to local corrections.
Therefore, orthopaedic equipment in the form of cor-
rective inserts and kinesiotherapy is used. In severe
forms of defects, surgical treatment is required. The
effectiveness of therapy understood in this way, fo-
cused on local correction, is not satisfactory. The rea-
sons for this situation should be seen in reducing the
problem only to the local distorting mechanism [3].
Additionally, in the traditional approach to correct-
ing these defects, slight deviations from the normal
development of the feet are considered temporary
features, which the child usually grows out of [4]. The
reasons for foot defects, however, should be related to
disorders of the comprehensive pattern of sensorimo-
tor development. There is a feedback relationship be-
tween the shaping of the spatial architecture of the
feet and hip joints and their functional development.
This development is integrated into the whole senso-
rimotor functions of the body. It is based on innate,
comprehensive movement patterns [5]. Foot defects
are a compensatory consequence of disturbances in
physiological development in higher body segments
or they also initiate compensatory changes [6]. Ab-
normal foot development relates to disturbed sen-
sorimotor development of the child. Their examina-
tion should always be carried out taking the complex
movement pattern of the lower limb and the whole
body into account [7]. The task of therapy should
only be to restore conditions for further physiologi-
cal development of the entire lower limb. Nothing
replaces the undisturbed, physiological development
of a child based on genetically conditioned, compre-
hensive movement patterns [8].

In our opinion, foot defects are the result of the
lack of ability to resist gravity. The antigravity system,
associated with the function of the central nervous
system and balance, plays an important role here [9].
For this system to function properly, it is necessary to
develop reflexes, sensory information, muscle tone,
postural tension, postural and motor patterns, as well
as postural control [10-12]. A properly functioning
antigravity system is the basis for developing the abil-
ity to adopt and maintain correct body posture and
curvatures of the feet. As a result of dysfunction of
this system, and especially the reduction of postural
tension, children become inefficient in overcoming
the force of gravity and develop body posture defects,
including those related to the feet. In this situation,
the possibility of assuming stable posture is assured
by the compensatory system [13, 14].

Medical Studies/Studia Medyczne 2020; 36/4

Children with reduced postural tension, unable to
sufficiently stabilise the head, shoulder girdle, trunk,
and iliac girdle, compensate for these deficiencies by
automatically activating substitute stabilisation. Pas-
sive stabilisation takes place, which is obtained by ma-
nipulation of the support plane and projection of the
centre of gravity or by using passive periarticular ele-
ments. The projection of the body’s centre of gravity
then extends beyond the limits of the support quadri-
lateral. The consequence of compensation using pas-
sive periarticular elements is the shifting of the centre
of gravity beyond the axis of a given joint, so that the
muscular stabilisation of the joint with passive re-
sistance can be replaced, mainly by that of the liga-
ments [15, 16]. However, this entails a whole series of
irregularities. Moving any segment forward or back-
ward immediately results in the displacement of adja-
cent sections in opposite directions. Thus, the entire
compensatory system is created, in which incorrect
settings apply to all body segments, from the pelvis
up through the spinal joints to the head position and
from the pelvis down through the knee joints to the
position of the feet [17, 18]. The second compensation
method is excessive proximal or distal stabilisation
activated on the basis of reflex tonic activity. The ef-
fect of both asymmetrical compensatory mechanisms
is pelvic torsion in the flexion mechanism forward
on the overloaded side, and in extension towards the
back. A similar situation applies to excessive distal
stabilisation, which is manifested by irregularities in
the positioning of the lower limb joints [19, 20]. Pri-
mary protection against triangulation of the lower
limb joints in children with a proximal tension deficit
is also the manipulation of the centre of gravity pro-
jection and distal fixation. A very common manoeu-
vre here is the tendency to create an additional knee
support point, which results in flexion and valgus of
the knees, ankles and feet. As a consequence of com-
pensation, hyperextension of the hip, knee and ankle
joints also appears, usually accompanied by appropri-
ate foot shape [21]. Their incorrect load is the basic
reason for their incorrect shape. Most often, as a re-
sult of overloading the forefoot, a flat-valgus foot de-
velops, while overloading the heel, or rather relieving
the forefoot, creating a tendency to shape a seemingly
hollow foot. Such a shape is acquired due to activation
of the tonic grip reflex of the foot [22].

Aim of the research

The aim of the study was to analyse the correla-
tions between foot defects and balance reactions in
school-children.

Material and methods

The study included a group of 132 girls aged
9-10 years. There were 103 (73%) children with foot
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defects, and 29 (27%) without these defects (normal).
Research was conducted in 2017 at Primary School
No. 3 and 24 in Radom (Poland). All research proce-
dures were carried out in accordance with the applica-
ble 1964 Declaration of Helsinki and with the consent
of the University Bioethics Committee of Jan Kocha-
nowski University in Kielce, No. 23/2016.

Foot defects were examined with the 2D Foot
CAD. This device is an advanced tool for digital foot
analysis. Measurements of many parameters, angles
and axis of the foot were performed. The CCD (charge
coupled device) transducer was used in the Foot CAD
podoscanner, which, in practice, meant that both the
part of the foot that adhered to the glass and also the
part that was a few cm above were scanned very care-
fully. This resulted in an accurate (1 : 1 scale) result
and foot print. The following parameters were anal-
ysed: length R and L (right and left foot) (cm), width R,
hallux valgus angle R and L (°), varus angle R and L
(°), heel angle R and L (°), Wejsflog index R and L and
Clarke angle R and L (°).

Balance reactions were examined via the Zebris
FDM-S dynamographic platform. The device record-
ed the distribution of pressure on the plantar side of
the foot (COP). The following parameters were anal-
ysed: ellipse area (mm?) demonstrating the total path
length that COP has travelled in both planes during
oscillation, COP path length, representing the length
of the path (mm), COP average velocity, indicating
the average velocity of the subject (mm/s), length
of minor axis representing the length of the smaller
axis in the balance test on the subject (mm), length
of major axis, indicating the length of the larger axis
in the balance test on the subject (mm), angle btw. Y
and major axis, deg., measuring the inclination angle
of the Y and main axis during the test (mm), deviation
X representing the average oscillation along the X axis
(mm) and mean lateral deflection (mm), i.e. the aver-
age distance between extreme deviations of the centre
of pressure of the feet in the lateral plane, deviation
Y showing average oscillation along the Y axis (mm),
forefoot R exhibiting the average load distribution of
the forefoot R (%), backfoot R showing the average
load distribution (%), total R (%) is the average load
distribution of the whole right side, forefoot L is the
average forefoot load distribution (%), backfoot L rep-
resents the average load distribution (%), total L rep-
resents the average load distribution on the left side
(%). The tests were non-invasive and completely safe.

Statistical analysis

To determine foot and balance reaction variables,
the arithmetic mean, standard deviation and confi-
dence intervals as well as the minimum and maxi-
mum values were determined. Before the beginning
of the analytical process, the Kolmogorov-Smirnov
test, which shows normality of distribution, was per-
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formed, with a significance level of p > 0.05. This was
used to select parametric methods in statistical anal-
ysis. To assess whether there were significant differ-
ences in foot and balance reaction variables between
the group with foot defects and the norm, one-way
analysis of variance (ANOVA) was used. The homo-
geneity of variance was confirmed via Levene’s test
(p > 0.05). Tukey’s post hoc test for unequal volume
of values was also used to assess significant group-
related differences. Pearson’s correlation coefficient
analysis was applied to assess interdependence of the
analysed variables.

Results

The values of location and dispersion measures
for foot variables had different distributions (Table 1).
The greatest absolute differences in the values oc-
curred for the hallux valgus angle L variable among
girls within the norm (S = 4.67). In contrast, among
girls with deformities, the largest absolute differenc-
es in values occurred for the Clarke angle R variable
(S =11.67) (Table 1).

One-way analysis of variance showed significant
differences between groups regarding foot variables.
This means that the values of the variables signifi-
cantly differed between the group with foot defects
and the norm, and the significance level was less than
0.05 (p < 0.05). Homogeneity of variance was met us-
ing Levene’s test (p > 0.05). The foot defect group had
a significantly smaller Clarke angle in the right and
left foot (p = 0.001) (Table 2).

The values of location measures and dispersion of
balance reaction variables had different distributions
(Table 3). The largest absolute differences in values oc-
curred for the variable ellipse area [mm?], among girls
with foot defects (S = 220.72) and within the norm
(S = 438.86) (Table 3).

One-way analysis of variance showed significant
intra-group differences in variables for equivalent re-
actions. This means that the values of the variables
significantly differed between the groups of foot de-
fects and in the norm among girls for the variable an-
gle btw. Y and major axis, deg [mm] (p = 0.047), which
means that girls with foot defects had higher values
than girls within the norm. Homogeneity of variance
was met using Levene’s test (p > 0.05) (Table 3).

In the group within the norm, a significant corre-
lation was only found between deviation Y (mm) and
the Wejsflog index P (r = —0.206, p = 0.036) (Table 4),
whereas among girls with foot defects, significant cor-
relations occurred between: angle btw. Y and major
axis, deg. (mm) and width R (r = -0.425, p = 0.022) as
well as width L (r = —-0.386, p = 0.039); heel angle R
and COP path length (mm) (r =-0.431, p = 0.019) and
COP average velocity (mm) (r =-0.431, p = 0.020); We-
jsflog index R and COP path length (mm) (r = -0.425,
p =0.021), and COP average velocity (mm) (r = -0.422,
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Table 1. Characteristics of foot defects and balance reactions in the group with deformities and the normal group

Foot variables among girls Mean Confidence Min. Max. SD

with defects 20.95 0.95

Length R 19.66 19.23 20.10 15.90 24.40 2.22
Length L 19.68 19.25 20.11 16.00 24.40 2.19
Width R 8.00 7.85 8.15 6.70 10.00 0.77
Width L 7.98 7.83 8.13 6.60 10.30 0.75
Hallux valgus angle R 5.16 4.29 6.02 0.00 26.00 4.45
Hallux valgus angle L 4.89 4.13 5.66 0.00 22.00 3.91
Hallux varus angle R 6.04 5.37 6.70 0.00 15.00 3.40
Hallux varus angle L 6.17 5.53 6.82 0.00 16.00 331
Heel angle R 14.48 13.79 15.16 10.00 42.00 3.50
Heel angle L 14.40 13.80 15.00 7.00 39.00 3.08
Wejsflog index R 2.46 243 2.48 2.12 2.89 0.12
Wejsflog index L 2.46 2.44 2.49 2.15 2.74 0.11
Clarke angle R 36.22 33.94 38.50 4.00 64.00 11.67
Clarke angle L 34.02 32.00 36.04 10.00 63.00 10.34
Foot variables among girls Mean Confidence Min. Max. SD

within the norm 20.95 0.95

Length R 19.82 18.95 20.70 16.00 24.20 2.29
Length L 19.83 18.98 20.67 16.00 24.20 2.22
Width R 7.90 7.60 8.20 6.50 9.50 0.78
Width L 7.94 7.66 8.22 6.50 9.30 0.74
Hallux valgus angle R 5.59 4.20 6.97 0.00 16.00 3.65
Hallux valgus angle L 4.48 2.71 6.26 0.00 21.00 4.67
Hallux varus angle R 6.52 5.36 7.68 2.00 15.00 3.05
Hallux varus angle L 6.45 5.23 7.67 0.00 15.00 3.20
Heel angle R 14.55 13.76 15.34 11.00 20.00 2.08
Heel angle L 14.28 13.49 15.06 10.00 18.00 2.07
Wejsflog index R 2.51 245 2.56 2.29 291 0.14
Wejsflog index L 2.50 2.45 2.54 2.30 2.74 0.13
Clarke angle R 47.21 45.71 48.71 42.00 54.00 3.94
Clarke angle L 19.82 18.95 20.70 16.00 24.20 2.29

p =0.023), deviation X (mm) (r =-0.387, p = 0.038) and
deviation Y (mm) (r = -0.387, p = 0.038). The Wejsflog
index L was significantly correlated with COP path
length (mm) (r = -0.531, p = 0.003), COP average ve-
locity (mm) (r =-0.531, p = 0.003), length of major axis
(r =-0.494, p = 0.006), deviation X (mm) (r = —0.393,
p = 0.035), deviation Y (mm) (*r = -0.393, p = 0.035),
forefoot R (%) (r = 0.458, p = 0.012), backfoot R (%)
(r = 0.571, p = 0.001) and backfoot L (%) (r = 0.571,
p = 0.001) (Table 4).
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Discussion

Assuming and maintaining the correct posture de-
termines the efficient functioning of the nervous sys-
tem, as well as a properly shaped bone and ligament
system and a well-developed and efficient muscular
system. The nervous system is responsible for the phe-
nomenon of body posture regulation, including bal-
ance [23]. Maintaining a vertical position in humans
is the result of very precise muscular-neural coordina-
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Table 2. Analysis of differences with ANOVA between
groups with foot defects and the norm

Foot variables ANOVA differences
F P-value

Length R 0.12 0.73
Length L 0.1 0.75
Width R 0.36 0.55
Width L 0.06 0.81
Hallux valgus angle R 0.23 0.63
Hallux valgus angle L 0.23 0.63
Hallux varus angle R 0.47 0.50
Hallux varus angle L 0.16 0.69
Heel angle R 0.01 0.91
Heel angle R 0.04 0.84
Wejsflog index R 3.68 0.06
Wejsflog index L 1.69 0.20
Clarke angle R 24.76 0.001
Clarke angle L 41.93 0.001
Variables of balance Differences ANOVA
reactions F P-value
Ellipse area [mm?] 2.41 0.12
Path length [mm] 0.09 0.76
Average velocity [mm] 0.18 0.67
Length of minor axis [mm] 1.18 0.28
Length of major axis [mm] 0.16 0.69
Angle btw. Y and major 3.98 0.047
axis, deg. [mm]

Deviation X [mm] 0.57 0.45
Deviation Y [mm] 0.27 0.60
Forefoot P (%) 0.27 0.61
Backfoot P (%) 0.15 0.70
Total P (%) 0.16 0.69
Forefoot L (%) 0.01 0.91
Backfoot L (%) 0.00 0.99
Total L (%) 0.16 0.69

tion. Under normal conditions, posture regulation is
a dynamic process and is carried out reflexively due
to the coordinated action of the balance and vision
organ, proprioceptors and the central nervous system.
Disorders in the functioning of one of these elements
may lead to deterioration of body statics [24].

It is important to understand not only the biome-
chanical aspect of the problem of these defects, but
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above all, the neurophysiological mechanisms under-
lying the improper way of maintaining posture. The
essence of the problem of postural regulation is better
reflected by the term antigravity system. This system
consists of postural tension, organization of opposed
innervation and proper coordination of postural and
motor patterns [25]. The proper functioning of this
system plays a fundamental role in everyday move-
ment, in which it is necessary to be able to move any
of the various sections of the body, while maintain-
ing correct body positioning [26]. It is assumed that if
there is no reason for disturbing the development of
a child, then his/her individual, proper posture devel-
ops. It is the result of genetic and environmental fac-
tors associated with a child’s activity and established
habits. A child exists in changing conditions of the
external environment and must adapt to them. For
proper development of body posture, body balance
and stability are necessary. Maintaining balanced
posture is a specific movement activity that requires
precise cooperation of all body segments as the result
of dynamic processes taking place outside of the con-
sciousness. The mediator in this registration and pro-
cessing of afferent signals as well as the generation of
decisions in the efferent ways is the central nervous
system. This requires constant cooperation of the pro-
prioceptive, vestibular, visual, auditory and extero-
and mechanoreceptor systems [11].

In the authors’ research, there was a significant re-
lationship between foot defects and balance reactions.
The largest amplitudes of balance reactions were ob-
served in children with longitudinal and transverse
flat-valgus. In the group within the norm, the only
significant correlation was found between deviation Y
(mm) and Wejsflog index R, whereas among girls with
foot defects, significant correlations occurred between:
angle btw. Y and major axis, deg. (mm) and width R
as well as width L; heel angle R and COP path length
(mm) and COP average velocity (mm); Wejsflog index R
and COP path length (mm) and COP average velocity
(mm) and deviation X (mm) and deviation Y (mm). We-
jstlog index L was significantly correlated with: COP
path length (mm), COP average velocity (mm), length
of major axis, deviation X (mm), deviation Y (mm),
forefoot R (%), backfoot R (%) and backfoot L (%).

In other studies, it was observed that in children
aged 2-6 years with flat feet, the following showed the
most correlations: age, somatic features, joint flaccid-
ity and the frequency of knee injuries. Compared to
their peers without deformations of this distal part of
the musculoskeletal system, children with diagnosed
flat foot have greater problems with performing mo-
tor tasks and are characterised by poorer locomotion
indices, especially in terms of gait velocity. The au-
thors clearly emphasize the deterioration of function-
al parameters as a consequence of flat feet [27].

Other researchers have observed a relationship
between the severity of the symptoms of capsular-lig-
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Table 3. Characteristics of balance reactions

Balance reactions among Mean Confidence Min. Max. SD
girls with foot defects 20.95 0.95

Ellipse area [mm?] 293.98 250.84 337.12 34.00 1486.00 220.72
Path length [mm] 119.07 108.88 129.25 40.00 266.00 52.12
Average velocity [mm] 12.48 11.42 13.53 4.00 28.00 5.42
Length of minor axis [mm] 13.05 12.09 14.00 4.20 25.80 4.88
Length of major axis [mm] 26.29 23.83 28.75 9.00 87.50 12.59
Angle btw. Y and major 36.09 30.74 41.43 0.20 134.00 27.33
axis, deg. [mm]

Deviation X [mm] -7.00 -8.73 -5.26 -51.00 6.60 8.87
Deviation Y [mm] -17.82 -20.55 -15.09 —48.50 14.90 13.94
Forefoot R (%) 4191 39.47 44.36 15.00 72.00 12.51
Backfoot R (%) 58.09 55.64 60.53 28.00 85.00 12.51
Total R (%) 49.30 48.15 50.46 25.00 63.00 5.91
Forefoot L (%) 40.15 37.66 42.63 2.00 77.00 12.73
Backfoot L (%) 59.59 57.21 61.98 23.00 80.00 12.20
Total L (%) 50.70 49.54 51.85 37.00 75.00 5.91
Balance reactions among Mean Confidence Min. Max. SD
girls within the norm -0.95 0.95

Ellipse area [mm?] 386.07 219.14 553.00 55.00 1695.00 438.86
Path length [mm] 122.66 96.45 148.86 43.00 294.00 68.89
Average velocity [mm] 13.00 10.29 15.71 5.00 31.00 7.12
Length of minor axis [mm] 14.37 11.21 17.54 6.60 40.30 8.33
Length of major axis [mm] 27.39 21.50 33.28 10.10 66.90 15.48
Angle btw. Y and major 24.99 16.19 33.78 0.50 82.60 23.11
axis, deg. [mm]

Deviation X [mm] -8.34 -11.08 -5.61 -29.80 4.20 7.18
Deviation Y [mm] -16.31 —21.24 -11.38 —45.50 10.10 12.96
Forefoot R (%) 40.55 35.75 45.35 14.00 68.00 12.61
Backfoot R (%) 59.10 54.55 63.66 32.00 81.00 11.98
Total R (%) 48.83 46.98 50.67 37.00 58.00 4.85
Forefoot L (%) 40.45 36.49 44.40 24.00 62.00 10.40
Backfoot: (%) 59.55 55.60 63.51 38.00 76.00 10.40
Total L (%) 51.17 49.33 53.02 42.00 63.00 4.85

amentous flaccidity and the reduction of the longitu-
dinal arch of the foot in children aged 3-15 years. The
more frequent occurrence of flat foot in children with
excessive capsular-ligamentous flaccidity in compari-
son to subjects with increased body mass suggested
that the reduction of the longitudinal arch of the foot is
more associated with tissue properties than the mass-
dependent load value [28].In other studies, researchers
looked at balance among people with transverse flat
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foot. It was found that balance disorders in this group
occur in up to 68% of cases. Only 29% of patients with
normal arching experienced balance disorders [29].

In turn, among studies performed among children,
it was found that the shape of the feet has a significant
impact on postural control parameters. Children with
reduced tension of the muscular-ligament apparatus
in static conditions had worse proprioceptive control.
It has also been noted that receptors located in the
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Table 4. Correlations between foot defect variables and balance reactions

Balance reactions Normal feet Foot defects
Wejsflog Width right Width left foot Heel angle Wejsflog Wejsflog
index right foot [cm] [em] right [°] index right index left
foot foot
Path length [mm] r=-0.431 r=-0.425 r=-0.531
p = 0.019 p =0.021 p = 0.003
Average velocity [mm] r=-0.431 r=-0.422 r=-0.531
p =0.020 p=0.023 p = 0.003
Length of major axis r=-0.494
[mm] p = 0.006
Angle btw. Y and major r=-0.425 r=-0.386
20, W i p = 0.022 p = 0.039
Deviation X [mm] r=-0.387 r=-0.393
p=0.038 p = 0.035
Deviation Y [mm] r=-0.206 r=-0.387 r=-0.393
p=0.036 p=0.038 p =0.035
Forefoot R (%) r=0.458
p =0.012
Backfoot R (%) r=-0.458
p = 0.012
Forefoot L (%) r=0.571
p = 0.001
Backfoot L (%) r=-0.571
p = 0.001

muscles and tendons play a major role in controlling
posture and proprioception when considering the an-
kle and tarsal joints [30]. Another researcher confirms
that the shape of the foot and its defects significantly
affect balance parameters [31].

It was also found that parameters of dynamic bal-
ance in the frontal and sagittal planes among children
with foot deformities were statistically significantly
different from all analysed parameters of dynamic
balance noted for healthy children. In children with
foot defects, values of these parameters were higher
than in healthy subjects [32].

Other studies have shown that tarsal valgus may
be a compensatory mechanism in response to postural
tension deficits. From a neurophysiological point of
view, this reasoning is justified. At the beginning of
ontogenesis, most children present poor deep muscle
performance in the lumbar-pelvic complex. This main-
ly concerns the transverse and oblique muscles of the
abdomen, as well as the multifidus muscle, pelvic floor
muscles and the diaphragm. Increased tension in the
distal parts and tarsal valgus can improve central stabi-

lisation. Only the gradual development of trunk stabi-
lising muscles allows limb function improvement [33].

As a result of the activation of the compensatory
mechanism, a child gradually begins to stiffen or mis-
align individual body parts (including limbs) in order
to achieve distal body stabilisation. It is probable that
the development of incorrect adjustment and balance
reactions that inhibits the progress in the develop-
ment of postural tension and postural equalisation in
all planes is the cause of foot deformities [34].

Conclusions

There were significant correlations between foot
defects and balance reactions. Significant differences
between the group with foot defects and the normal
group in equivalent reactions occurred for angle btw.
Y and major axis. Girls with foot defects had signifi-
cantly higher values of this variable.
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