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Abstract. Human body segments interact harmoniously and efficiently so that homeostasis is maintained in
any circumstances. Even the slightest modification of the support surface can have repercussions on postural
control strategies and consequently can lead to a change in the alignment of the whole body. Flat foot is the
most common condition of the lower limb. It is clinically manifested on multiple anatomical planes: flattening of
the medial longitudinal arch (sagittal plane), valgus of the calcaneus (frontal plane) and abduction of the
anterior foot (transverse plane). In any case, the influence of structural modifications of the flat foot on one’s
posture, especially in children, still remains an insufficiently researched topic. The purpose of this study was to
assess the effects that structural modifications of a flat foot have on the pelvis and spine in the sagittal plane, in
children aged 7-9. Thus, the following hypothesis was formulated: the structural modifications of flat feet can
modify the sagittal alignment of the pelvis and spine in children aged 7-9. The flat feet were assessed using the
Foot Posture Index-6 (FPT-6) while the sagittal alignment of the pelvis and spine was measured using the GPS400 computerised postural analysis system. Statistical analysis of the data did not indicate any significant
correlations between the FPI-6 score and pelvic tilt angle or between the FPI-6 score and differences between
the sensors and the lumbar and dorsal spinous processes.
Keywords: flat foot, pronation, pelvis, spine, posture.

Introduction
The plantar surface, which is rich in somatic-sensory afferentations, provides information
that allows the adjustment of postural responses (Alexe, 2013). Thus, even the slightest
modification of the support surface can have repercussions on postural control strategies and
consequently can lead to a change in the alignment of the whole body. Cordun (2009) also
believes that the asymmetrical distribution of plantar pressure causes a change in the
architecture of the foot. Therefore, this could be the starting point for upper-muscle chain
imbalances that alter postural alignment.
Flat foot is the most common condition of the lower limb. Several authors tried to define
flat foot by including two consistent features: the collapse of the medial longitudinal arch and
the valgus heel position. It can occur in one foot (unilateral) or in both feet (bilateral). Most
epidemiological studies have shown that flat foot has a high prevalence. For the 7-12 age
group, Chang et al. (2010) identified 1,222 (59%) flatfoot cases in a sample of 2,083 children,
mostly among 8-year-olds. It was noticed that boys were more affected by this condition
compared to girls. Specialists in the field record the excessive eversion of the subtalar joint as
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a consistent characteristic of the flat foot. According to this, the following changes may occur
in the structure of the foot: plantar flexion of the talus, plantar flexion of the calcaneus in
relation to the tibia (equine posture), dorsal flexion and abduction of the navicular, valgus
posture of the heel, abduction and supination of the forefoot (Ezema et al., 2013). Moreover,
a collapse of the posterior face of the navicular can be observed radiologically, which creates
an expansion of the articular space with the talus (Peeters et al., 2013). These changes trigger
the collapse of the medial longitudinal arch (Dare & Dodwell, 2014).
In reality, the structural changes of the flat foot are manifested more than by a simple
diminution of the medial longitudinal arch or the valgus posture of the heel. In some clinical
cases, the medial edge of the foot becomes convex and causes full contact with the support
surface. As a result, excessive tension is triggered in the deltoid ligament and posterior tibial
muscle, whose functions are inhibited. These changes and the valgus posture of the hindfoot
disrupt the functioning of the midfoot and forefoot. From this point, the upper segments are
forced to develop compensatory responses in order to both solve the problems imposed by the
adoption of this posture and maintain balance.
It has been postulated that the flattened appearance of the foot is potentially problematic.
Several studies have tested the link between the type of foot (supine or prone) and the
alignment of the lower limbs and pelvis. In a closed cinematic chain, studies suggest that
there are a series of modifications caused by the pronation of the subtalar joint (a component
of the flat foot). Characterised by the adduction, plantar flexion and eversion of the
calcaneus, the pronation of the subtalar joint can cause a medial and inferior translation of the
talus. Its position in relation to the tibia and fibula forces the tibia to perform an internal
rotation motion (Tiberio, 2000). The knee joins the tibia and spins in the same direction (only
under static conditions). As a result, an internal rotation of the hip is generated, which pushes
the femoral head in the posterior acetabulum, causing the pelvis to move forward (Khamis &
Yizhar, 2007). Thought to be a key element between the upper and lower body, the position
of the pelvis can influence the spine through the anatomical connections between the two
segments. Moreover, this adjustment, which can affect the lumbar spine, causes a deviation
of the centre of mass from the ideal postural alignment. As a result, the body will use
strategies of postural compensation to bring back the centre of mass projection within the
base of support (Ghasemi et al., 2016).
In any case, the influence of structural modifications of the flat foot on the pelvis and
spine posture in the sagittal plane, especially in children, still remains an insufficiently
researched topic.
The purpose of this study was to assess the effects that structural modifications of a flat
foot have on the pelvis and spine in the sagittal plane, in children aged 7-9.
Thus, the following hypothesis was formulated: the structural modifications of flat feet can
modify the sagittal alignment of the pelvis and spine in children aged 7-9.
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Methodology
Participants
The participants were selected using the Foot Posture Index-6 (FPI-6). Thus, out of a total
number of 64 participants proposed by an interdisciplinary team, 51 children aged between 7
and 9 (7.54 ± 0.61 years) were assessed with FPI-6.
Based on the results recorded using the FPI-6, 23 children (7.43 ± 0.58 years old) were
proposed for postural analysis. After being presented the purpose of the research, the
children’s parents/legal guardians accepted their participation in the study (Figure 1).
The inclusion criteria were: age between 7 and 9, an FPI-6 score higher than 6 points,
flexible flat foot. The exclusion criteria were: rigid flat foot, coexisting musculoskeletal
pathologies of the foot and ankle, neurological pathologies, previous surgery of the lower
limb and spine, use of plantar orthoses or supports.

51 participants (assessed with FPI-6)

23 participants identified with flat feet and proposed for postural analysis

Figure 1. General presentation of the process of selecting the participants included in the
preliminary study
Instruments
a. Assessment of the type of foot
Foot Posture Index-6 (FPI-6) is a method used to assess foot posture based on preestablished morphological and functional criteria. This method uses a simple numeric scale to
assess quantitatively and qualitatively the foot posture in the standing position. FPI-6 is a
clinical instrument used to quantify how much a foot is in pronation, is neutral (normally
developed) or in supination. When the assessor has time and materials, it is not recommended
to use the Foot Posture Index to assess the patient’s gait. Still, studies have shown that FPI-6
is a more valid approach in comparison with many of the static and non-weighing
goniometric methods that are currently used in clinical evaluation (Evans et al., 2003; Menz,
1998; Redmond et al., 2006).
The raw value of the Foot Posture Index for each foot is calculated by adding the raw
values of the morpho-functional indices for the 6 markers:
1) palpation of the talar head;
2) curvatures above and below the lateral malleolus;
3) inversion/eversion of the calcaneus;
4) prominence of the talonavicular joint;
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5) shape of the medial longitudinal arch;
6) the abduction/adduction of the anterior foot.
b. Global postural analysis
Postural analysis was conducted using the Global Postural System 400 - GPS (Chinesport
FISIOTERAPIA). This device uses non-invasive techniques and methods to assess body
alignment. It comprises multiple components and a software program that calculates different
variables related to body morphology. GPS 400 software runs in English on any computer
equipped with the Windows operating system. It scans the body, collects information and
takes pictures in real time. It allows the recording of personal data and the comparison of
analyses after a period of time to track the results obtained. The sensor highlights the
following:
 horizontal axis of the eyes;
 nose-ears axis;
 head position;
 shoulder position;
 the line created by the inferior angle of the shoulder blades;
 pelvis line;
 knee posture;
 ankle posture;
 the degree of rotation of the body.
Procedure
a. Foot assessment using the FPI-6 - to determine the type of foot
Each participant was instructed to stand barefoot on a wooden structure with the following
dimensions: 40 cm wide x 44 cm long x 20 cm high. Children were instructed to stand in a
relaxed position while looking at a target 10 m away, mounted to a wall 2 metres above the
floor. They were also asked not to move during the assessments.
This way, the anatomical markers set in the FPI-6 were assessed, recording a score
between -2 and +2, depending on the type of foot. The results were analysed as follows: 0
and +5 = neutral foot; between +6 and +9 = foot in pronation; +10 = foot in pronounced
pronation; between -1 and -4 = foot in supination; -5 = foot in pronounced supination.
b. Posture assessment - GPS 400
The posture was analysed using the Lux Postural Analyser. The temperature of the room
where the tests were conducted was previously raised to optimal levels. The surfaces were
constantly washed and disinfected.
Children were asked to undress and stand on the plantar marks according to the indications
on the surface of the platform. The system scanned the body, collected the information and
took pictures in real time. The sensors on the gliding wires of the platform frame measured
pelvic tilt angle and distances between lumbar and dorsal spinous processes in relation to the
reference point of the device.
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A series of statistical indices were determined with regard to the Foot Posture Index score
(for the right foot: FPI-6-rf and left foot: FPI-6-lf), pelvic tilt angle and distances between the
lumbar and dorsal spinous processes and the posterior sensor.
Pearson’s correlation coefficient was calculated to establish the relationship and its
intensity between the variables. Independent variables - IVs (played the role of IVs) were
represented by the right and left FPI scores (FPI-6-rf, FPI-6-lf), while dependent variables
(DVs) were represented by: pelvic tilt angle, lumbar spinous process - posterior sensor
distance, dorsal spinous process - posterior sensor distance.
Results
Table 1 and Figure 2 summarise the descriptive indices for the distribution of FPI-6 raw
values for the right foot and left foot. The values were calculated for each participant.
Table 1. Descriptive indices for the distribution of FPI-6 values
Statistical markers
Minimum
Maximum
m
Median
s

FPI-6 score - right foot
6
12
9.78
10
1.62

FPI-6 score - left foot
7
12
9.78
10
1.41

Note: m = arithmetical mean; s = standard deviation; FPI-6 = Foot Posture Index-6

Figure 2. FPI-6-rf score; FPI-6-lf score
In the case of the distribution of children with flat foot based on the FPI-6 score for the
right foot and left foot (Figure 2), preliminary data analysis shows that there are no extreme
values (Predoiu, 2021), considering both scores (FPI-6-rf and FPI-6-lf). Also, the result
distribution for the right foot and left foot indicated an asymmetry with a crowding towards
high values. As one can see in Table 1 and Figure 2, in both cases (FPI-6-rf and FPI-6-lf), the
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median of the series had the value 10, meaning that half of the participants were below/above
this value. There is a decreased concentration of the FPI-6-lf score compared to FPI-6-rf in
the lower side of the figure. Interpretation of the FPI-6 score shows that the value of a score ≥
10 represents a foot in pronounced pronation.
Table 2. Descriptive indices for the distribution of values of dependent variables
Statistical markers

Pelvic tilt angle
(degrees)
4
9.10
7.09
7.10
1.24

Minimum
Maximum
m
Median
s

Lumbar spinous process - posterior
sensor distance (cm)
17.32
24.06
21.76
21.71
1.73

Dorsal spinous process posterior sensor distance (cm)
16.52
22.54
19.30
18.86
1.53

Note: m = arithmetical mean; s = standard deviation; cm = centimetres

Pearson’s correlation coefficient for FPI-6-rf and FPI-6-lf scores and dependent
variables
The results indicate that there are no significant correlations between FPI-6-rf and FPI-6-lf
scores and dependent variables (Table 3).
Table 3. Pearson’s correlation coefficient for independent and dependent variables
Pelvic tilt angle
FPI-6 - rf
score
FPI-6 - lf
score

r
p
N
r
p
N

-0.035
0.874
23
0.069
0.753
23

Dorsal spinous process posterior sensor distance
-0.318
0.139
23
0.081
0.714
23

Lumbar spinous process posterior sensor distance
-0.154
0.482
23
0.099
0.652
23

Pearson’s correlation coefficient for dependent variables
A positive significant correlation with a strong intensity - r2 was found (Predoiu, 2020)
between two dependent variables: lumbar spinous process - posterior sensor distance and
dorsal spinous process - posterior sensor distance (r = 0.774, p < 0.000). There are no
significant correlations between pelvic tilt angle and the other two dependent variables (Table
4).
Table 4. Pearson’s correlation coefficient for dependent variables
Pelvic tilt angle
Pelvic tilt angle

Dorsal spinous
process - posterior
sensor distance

r
p
N
r
p
N

1
23

Dorsal spinous process posterior sensor distance
0.067
0.763
23
1
23
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Lumbar spinous process posterior sensor distance
0.327
0.128
23
0.774
0.000
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Discussion
Considering the inter-segmental anatomical and biomechanical collaboration and the
importance of the feet in developing and adjusting postural responses, the authors started
from the assumption that any foot modification could cause compensatory movements in the
upper body. In this sense, the following hypothesis was formulated: the structural
modifications of flat feet can modify the sagittal alignment of the pelvis and spine in children
aged 7-9. The results did not record any data to confirm this hypothesis.
Flat feet and sagittal pelvic tilt
The results of this study suggest that there are no statistically significant correlations
between FPI-6 and sagittal pelvic alignment.
Under laboratory conditions, Khamis and Yizhar (2007) used inclined surfaces to induce
bilateral eversion of the calcaneus. Their results showed that an increase of 10 degrees in the
inclination angle of the support surface caused a calcaneal eversion of 1-3 degrees and a
pelvic modification of 0.5 degrees on average. These authors have concluded that anterior
sagittal pelvic tilt can be attributed to standing hyper-pronation. Relying on the results of the
previous study, Pinto et al. (2008) showed that the bilateral pronation of the foot caused
changes of 1.57 degrees (SD 1.57; 95% CI = 0.70-2.49; F = 13.844; p = 0.003) in the anterior
pelvic tilt.
In contrast, Duval et al. (2010) did not record any results that could establish a statistical
link between the pronation of the feet and the forward movement of the pelvis (R = 0.30, R2
= 0.09). Similarly, Khamis et al. (2015) did not record any data to confirm their hypothesis.
The authors presumed that sagittal pelvic tilt could be caused by the pronation of the feet (r =
-0.052, p = 0.76). Inducing hyper-pronation by inclining the support surfaces is likely to
cause compensatory mechanisms able to prevent changes in the pelvic and lumbar spine
alignment, as the test time is too short.
Flat feet and sagittal alignment of the spine
Based on the anatomical link between foot, leg, pelvis and spine, the professional
literature suggests the following: the functionality of the feet may be perturbed in the case of
flat feet; bilateral pronation of the subtalar joint (a component of the flat foot) can lead to
biomechanical adjustments manifested by an internal rotation of the tibia, an internal rotation
of the femur and a forward motion of the pelvis (Ghasemi et al., 2016); the pelvis, as a link
between the lower and upper body, could cause the spine to modify its alignment in order to
restore postural balance (Legaye et al., 1998).
The results of our study did not find any correlations between the FPI-6 score (flat foot highly pronated) and the alignment of the lumbar or dorsal spine. One could argue that the
lower limbs have already performed compensatory movements to restore postural balance
before reaching the pelvis.
Confirming our study results, data from Duval et al. (2010) suggest that the foot eversion
(surrogated with the pronation of the subtalar joint) does not influence the position of the
pelvis (R = 0.30, R2 = 0.09) and spine (R = 0.05, R2 = 0.003). The aforementioned
researchers think that the manipulation of ankle movements was too small to have an effect
on the pelvis and lumbar spine. More than that, their results do not indicate any statistical
links between the degree of pelvic tilt and the modification of lumbar curvature (R = 0.04, p
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= 0.68). The authors of that study believe that the connective tissue between the spine and the
pelvis allows a certain independence of movement and, as a result, no postural responses are
being triggered.
However, the data from our study indicate a significant positive correlation of strong
intensity between the lumbar spinous process - posterior sensor distance and the dorsal
spinous process - posterior sensor distance (r = 0.774, p < 0.000). According to Giglio and
Volpon (2007), the sagittal spinal curvature tends to increase linearly with age in a wellrepresented range, with no gender differences.
Farokhmanesh et al. (2014) stated in their study that dorsal kyphosis appeared as a
compensatory response to the exacerbation of lordotic curvature. Compared to our study, the
authors mentioned above found significant correlations between the bilateral pronation of the
feet and the change in the lumbar and dorsal spine alignment. The inclination of support
surfaces with 10, 15, 20 degrees modified the curvatures with 1.9, 2.2 and 2.4 degrees, and
0.9, 1.4, and 1.4 degrees, respectively. Similar results were also obtained in a study by
Ghasemi et al. (2016). These authors concluded that hyper-pronation produced significant
modifications in the sacrum, lumbar spine and dorsal spine.
In contrast to previous results, Clément et al. (2013) did not find any correlation between
lumbar lordosis and thoracic kyphosis when they divided the sample of participants into two
groups according to the value of thoracic kyphosis. These authors state that the alignment of
thoracic spine is related to the alignment of lumbar spine in the sagittal plane, but this
depends on the apex of lumbar lordosis, which can be altered by the pelvic parameters.
Limitations and other considerations
Firstly, in our research, we cannot establish a clear causal relationship between the flat
foot and other variables. Longitudinal research is needed for a better understanding of this
issue. Secondly, the method by which we can measure the modification of the spine
alignment may not be sensitive enough to allow extracting accurate data. Another limitation
is possibly due the small number of participants.
Conclusion
The purpose of this study was to assess the effects that structural modifications of a flat
foot have on the pelvis and spine in the sagittal plane, in children aged 7-9. The results of our
study suggest that there are no significant statistical correlations between FPI-6 and the
sagittal alignment of the pelvis and spine. We have found no evidence that there is a
relationship between the pronation or hyper-pronation of the feet (scored with FPI-6) and the
anterior pelvic tilt. However, we cannot establish a relationship between the pronation or
hyper-pronation of the feet and the lumbar or dorsal spine. We assume that, if the
manipulation of the foot posture does not have a significant effect on the pelvis, then it
cannot change the sagittal alignment of the spine either. This may be due to the lower limbs,
which have already performed compensatory movements to restore postural balance before
reaching the pelvis.
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