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Kinematic gait analysis in children
with valgus deformity of the hindfoot
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Deformities of the feet in children can influence not only optimal foot development but also the development of other body seg-
ments. The aim of the study was to compare the hip and pelvis kinematics in groups of children with and without valgus deformity of the
hindfoot. Three groups of children participated in the study: bilateral hindfoot valgosity (11 children, age 5.4 ± 1.4 years), unilateral
hindfoot valgosity (14 children, age 5.6 ± 1.6 years) and the control group (8 children, 4.8 ± 1.2). Hindfoot valgus angle was measured
clinically during standing. Hindfoot valgosity was considered in the range of 6 to 20 degrees. Kinematic data from five trials for each
child was obtained using the Vicon MX system (six infrared cameras, frequency 200 Hz, Vicon Motion Systems, Oxford, UK). The
results of our study showed significantly higher pelvic anteversion during the whole gait cycle for both unilateral and bilateral hindfoot
valgosity children and significantly higher hip external rotation during the first half of the stance phase in bilateral deformity. The differ-
ences in the hip and pelvis kinematics, when compared to the control group, are higher for the group with bilateral deformity than in the
group with unilateral deformity.
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1. Introduction

The human foot plays a fundamental role by linking
the body with the ground and therefore, it is a signifi-
cant contributing factor in the overall development of
the musculoskeletal system in children [1]. If a child
has some abnormal foot loading during basic move-
ment activities such as gait, then the earlier neutrali-
zation of such abnormality can increase the chance of
more normal development to occur [2].

A wide variety of lower extremity morphological
and pathological variations can result in deviations from
optimal gait performance. Many studies have been en-
gaged in subjects with flat foot [3], [4], which is very
often associated with valgus deformity of the hindfoot.

The degree of valgus in the heel during weight-
bearing (the hindfoot angle) is commonly used as an

angular criterion in the evaluation and treatment of
flatfoot in children and adults [5]. In children with
flexible flatfoot, a valgus position of <20° is prevalent
whereas in children with pathological flatfoot, the
condition is defined by a valgus position of >20°.

Development of children’s feet has been assessed
by many methods in both static and dynamic condi-
tions [1], [3], [4], [7]. The effect of arch height on
kinematic coupling during walking was studied by
Wilken et al. [8].

In this type of studies, the foot is often considered as
a separate element; however hindfoot valgus, as other
foot deformities, can influence not only foot movement,
but also movement of other body segments.

In this research area some observations of the re-
lationships between foot structure (position) and hip
and pelvic movements can be found in the adult
population. Pinto et al. [9] reported the relationships
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between unilateral increase in calcaneal eversion and
pelvic alignment in healthy adults during standing
position.

While many previous reports are based on investi-
gations of the paediatric foot, research concerning
relationships between valgus deformity of the hind-
foot in children and gait kinematics of the hip and
pelvis is lacking. Therefore, the aim of this study was
to evaluate the influence of hindfoot valgosity in chil-
dren on the hip and pelvis movement during gait.

2. Materials and methods

2.1. Subjects

Thirty three children participated in the study. All
participants were recruited from nursery and primary
schools. The criteria for inclusion in the study were
age from 3 to 8 years and the ability to stand and walk
independently for 30 s period. The criteria for exclu-
sion consisted of current or previously known neuro-
logical, cognitive or other diagnoses or medications
affecting balance.

Hindfoot position was classified by the angle be-
tween the bisection of the calcaneus and the floor with
the child standing [10]. It was measured clinically on
both lower limbs in all subjects by the same experi-
enced person. The study of Barton et al. [11] showed
that intraclass correlation coefficients for healthy
subjects (control group) in three raters were relatively
high (ICC ≥ 0.8 for all raters), thus we expected that
this measurement is reliable for our purposes.

The study of Sobel et al. [12] showed that the
mean relaxed calcaneal stance position in children
was 5.6 ± 2.9 degrees valgus, hindfeet with five de-
grees of valgosity was considered as without valgos-
ity. Hindfoot with valgosity was considered in the
range of 6 to 20 degrees.

The description of the research groups is presented
in Table 1.

The Ethics Committee at the Faculty of Physical
Culture of Palacky University Olomouc gave approval
for this study. Parents of all measured subjects signed
informed consent.

2.2. Method and
experimental procedure

Prior to the measurement, 16 reflective markers
(PlugIn Gait Model) were placed on the subject’s
lower limbs and the pelvis. For each subject, five tri-
als of gait were measured. For each trial one gait cycle
in the middle of the walkway was assessed. Kinematic
data was obtained using the Vicon MX system (six
infrared cameras, frequency 200 Hz, Vicon Motion
Systems, Oxford, UK).

2.3. Data processing

The observed data was analyzed by Vicon
Nexus and Vicon Polygon software. Movement at
the hip and the pelvis in the sagittal, frontal and
transversal planes was evaluated. Hip position dur-
ing standing was used as reference for hip move-
ment during gait. It means that the angular value of
0 degrees indicated relaxed standing position of the
subject in each plane. From kinematics data, the
following variables were determined: maximal hip
flexion, maximal hip extension, hip range of
movement (ROM) in sagittal plane, maximal hip
adduction, maximal hip abduction, hip ROM in
frontal plane, maximal external rotation, maximal
internal rotation, hip ROM in transversal plane,
maximal pelvis anteversion, minimal pelvis ante-
version, pelvis ROM in sagittal plane, maximal
pelvis upward obliquity, maximal pelvis downward

Table 1. Description of the research groups (mean ± 95% confidence interval)

Group

Variable Bilateral
hindfoot
valgosity

Unilateral
hindfoot
valgosity

Control

Number 11 14 8
Gender ratio
[boys/girls] 6/5 6/8 5/3

p value
for differences
between groups
(Kruskal–Wallis

ANOVA)

Age [years] 5.4 ± 1.0 5.6 ± 1.0 4.8 ± 1.2 0.493
Height [cm] 114.0 ± 9.8 117.3 ± 6.5 106.8 ± 6.6 0.103
Weight [kg] 22.1 ± 5.3 21.6 ± 2.3 17.2 ± 2.7 0.101
BMI [kg.m–2] 16.5 ± 1.5 15.6 ± 0.7 15 ± 0.9 0.383
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obliquity, pelvis ROM in frontal plane, maximal
pelvis internal rotation, maximal pelvis external
rotation, pelvis ROM in tranversal plane.

Before statistical processing (Statistica, Version
9.0, Stat-Soft, Inc., Tulsa, USA), the values of each
variable from five trials were averaged for each sub-
ject. The normality of all variables was evaluated us-
ing the Shapiro–Wilk test. Because some variables
demonstrated non-normal distribution non-parametric
testing procedure was chosen. For statistical compari-
son between the groups, the Mann–Whitney U test
was performed. Significant differences between the
limbs with and without hindfoot valgosity in the group
with unilateral valgosity were assessed by paired Wil-
coxon test.

3. Results

The mean values and standard deviations of se-
lected kinematic variables for all three groups are
presented in Table 2.

3.1. Experimental groups
and control group

Higher maximal external rotation during the first
half of the stance phase (Fig. 1) in comparison with
control group was found for the group with bilateral
hindfoot valgosity. Differences in hip movement in
the sagittal and frontal planes were not significant.

Fig. 1. Hip rotation in gait cycle: C – controls,
B – bilateral hindfoot valgosity, UU – unilateral valgosity
unaffected limb, UA – unilateral valgosity affected limb

Table 2. Kinematics of hip and pelvis in experimental and control groups

Group C B UU UA P values

Variable Mean SD Mean SD Mean SD Mean SD C × B C × UU C × UA UU × UA
H_S_max 35.0 3.3 33.6 6.3 33.3 5.8 33.1 6.5 0.589 0.193 0.101 0.874
H_S_min –13.1 4.6 –12.4 5.1 –11.2 6.7 –12.5 6.9 0.549 0.313 0.667 0.769

HR_S 48.1 3.7 46.1 6.6 44.6 8.2 45.5 7.4 0.201 0.154 0.423 0.769
H_F_max 7.7 3.4 6.5 3.2 7.1 3.8 8.8 4.1 0.258 1.000 0.580 0.511
H_F_min –6.9 3.9 –8.0 3.2 –7.0 4.5 –5.8 3.9 0.258 0.854 0.637 0.635

HR_F 14.7 2.7 14.5 2.4 14.1 3.2 14.6 4.0 0.529 0.854 0.790 0.982
H_T_max 6.9 4.8 10.1 4.7 7.4 4.2 8.3 4.4 0.036 0.759 0.334 0.603
H_T_min –4.3 4.1 –3.9 4.7 –4.9 4.9 –4.4 3.3 0.849 1.000 0.822 0.910

HR_T 11.2 3.0 14.1 4.6 12.3 3.5 12.7 4.8 0.122 0.473 0.355 0.667
P_S_max 7.7 3.8 15.3 4.9 11.1 1.9 12.9 2.0 0.000 0.008 0.000 0.024
P_S_min 6.5 3.7 13.8 4.7 10.9 1.9 10.7 2.6 0.000 0.001 0.005 0.804

PR_S 5.1 1.2 5.0 1.4 5.0 1.5 5.1 1.5 0.569 0.790 0.951 0.635
P_F_max 4.1 2.4 4.3 2.6 4.5 2.2 3.9 2.5 0.759 0.697 1.000 0.701
P_F_min –4.3 2.2 –4.2 2.5 –3.7 2.4 –4.4 2.5 1.000 0.473 1.000 0.454

PR_F 8.3 1.6 8.5 2.5 8.2 3.3 8.3 3.5 0.895 0.822 0.728 1.000
P_T_max 8.0 5.2 7.4 4.7 9.0 2.8 8.0 2.4 0.919 0.355 0.667 0.376
P_T_min –7.3 5.4 –6.2 4.6 –6.9 2.2 –7.9 2.8 0.737 0.697 0.423 0.137

PR_T 15.3 2.8 13.6 4.3 15.9 3.2 15.9 3.7 0.162 0.759 0.525 0.874

Legend: C – controls, B – bilateral hindfoot valgosity, UU – unilateral valgosity unaffected limb, UA – unilateral valgosity affected
limb, SD – standard deviation, C x B – difference between group C and group B, H_S_max – maximal hip flexion, H_S_min – maximal
hip extension, HR – hip range of movement (ROM) in sagittal plane, H_F_max – maximal hip adduction, H_F_min – maximal
hip abduction, HR_F – hip ROM in frontal plane, H_T_max – maximal external rotation, H_T_min – maximal internal rotation, HR_T
– hip ROM in transversal plane, P_S_max – maximal pelvis anteversion, P_S_min – minimal pelvis anteversion, PR_S – pelvis ROM
in sagittal plane, P_F_max – maximal pelvis upward obliquity, P_F_min – maximal pelvis downward obliquity, PR_F – pelvis ROM
in frontal plane, P_T_max – maximal pelvis internal rotation, P_T_min – maximal pelvis external rotation, PR_T – pelvis ROM
in tranversal plane, p < 0.05.
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Fig. 2. Pelvic tilt in gait cycle:
C – controls, B – bilateral hindfoot valgosity,

UU – unilateral valgosity unaffected limb,
UA – unilateral valgosity affected limb

Both bilateral and unilateral experimental groups
showed greater anteversion of the pelvis in comparison
with the controls during the whole gait cycle (Fig. 2).

3.2. Limbs with and without
hindfoot valgosity in unilateral group

In the comparison of the angle variables between
the affected and unaffected limbs in the group with
unilateral hindfoot valgosity, only one statistical dif-
ference ( p = 0.024) was found. The affected limb
showed higher value for pelvic tilt (higher antever-
sion).

4. Discussion

The recent scientific literature suggests a relation-
ship between proximal and distal lower limb function
[9], [13], [14]; however, most of them studied these
relationships only during standing.

Eversion of the feet while standing causes subtalar
pronation relative to the neutral position and it subse-
quently results in increased internal knee and hip ro-
tation [14]. Significant correlations were found be-
tween subtalar angle and knee rotation (R = 0.69) and
hip rotation (R = 0.80) [14]. The effect of placing the
feet in inversion is the opposite. Bilateral and unilat-
eral increases in calcaneal eversion led also to small
but significant changes in pelvic alignment [9]. The
bilateral and unilateral conditions caused increased
pelvic anteversion; the unilateral condition led to lat-
eral pelvic tilt, thus the presence of excessive calcaneal
eversion at the foot-ankle complex may be considered
as a contributing factor in pelvic misalignments during

maintenance of the standing position [9]. The influence
of medially tilted wedge was also observed during uni-
lateral weight-bearing [13]. The increase in calcaneal
eversion in these conditions results in differences at the
hip, the pelvis and the trunk increasing of hip flexion,
hip internal rotation and pelvic anterior tilt.

The results of our study showed different gait
performance in children with valgus hindfoot. Sig-
nificant differences were found for hip rotation and
the pelvic tilt.

On the basis of the above mentioned studies per-
formed during standing, we can suppose that children
with hindfoot valgosity have higher hip internal rota-
tion during standing. In our study, the value during
standing was used as reference (its value is 0 degrees).
Thus, higher external rotation peak during the first
half of the stance phase suggests that these children
perform greater external rotation from a more inter-
nally rotated position. The graph of hip rotation shows
that the greatest difference between the observed
groups is in the loading response and in the terminal
swing when the limb is preparing for the load. An-
other significant difference was found for the pelvic
tilt. This finding is similar as in the studies under
static conditions and can be considered more as
change in the pelvis position rather than a change in
the pelvis movement during gait. From Fig. 2 it is
apparent that the pelvic tilt angle is higher for the
whole gait cycle. The effect of hindfoot valgosity on
the pelvis position was found also in the group of
children with unilateral hindfoot valgosity.

Similar differences, as between the groups with
and without hindfoot valgosity (varosity), would be
expected when using some types of insoles (pronation,
supination insoles); however, the results of studies did
not show significant effects on the hip and pelvic
kinematics. Chen et al. [15] did not find any signifi-
cant differences in the peak values of flexion, exten-
sion, abduction and adduction at the hip joint using
insoles, which were moulded by clinical podiatrists
with the aim of reducing foot pronation. A similar
study of Nester et al. [16] showed that the effects of
medial and lateral wedge on the hip and pelvic kine-
matics are generally minimal.

The different results in our study can be attributed
to varying gait performance in children or due to dif-
ferent study design. In our study, two groups with
different foot structure were compared while in the
above mentioned studies only one group in various
conditions was evaluated.

Vázquez et al. [17] suggested the use of several
compensatory patterns in gait performance, although
significant differences were found only for the mean
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values of hip adduction/abduction during load re-
sponse and midstance, and hip flexion/extension dur-
ing pre-swing.

5. Conclusion

The results of this study showed significant differ-
ences between the observed groups, which indicate
significant relationships between hindfoot valgosity
and hip rotation and the pelvic tilt. In comparison with
the control group, the differences are higher in the
group with bilateral deformity than with unilateral
deformity. These findings suggest that in children
with hindfoot valgosity, clinicians need to pay close
attention not only to the foot but also to the hip and
the pelvis.

Limitations and future research

The main limitations of the study can be considered
the relatively large range of age from 3 to 8 years. The
foot in this period changes rapidly. For example, the
arch-index can keep changing up to 5 years age and
then remains constant [7]. However, the mean age in
the experimental and control groups was similar.
Also, the number of subjects in the groups could be
higher. For better interpretation of the data, detailed
kinematics of the foot would be useful.

In future research, the evaluation of the relation-
ships between the segments could be observed more
comprehensively. For example, there are some possi-
bilities of data processing that can bring new findings
to light, such as the application of angle-angle dia-
grams [18].
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