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SUMMARY

The present study aims to analyze the relationship between
plantar arch index and the postural balance in adult women
with high and low frequency of use of heeled shoes. To
obtain the plantar arch index (PAI) the printing plant method
was used, with a plantar foot pressure. For postural balance
data an AMTI force plate was used. The variables analyzed
were: amplitude of anteroposterior displacement of the
center of pressure (COPap), amplitude of medial-lateral
displacement of the center of pressure (COPmI) and average
velocity of displacement of the center of pressure (COPvel).
The results showed negative and strong correlations,
according the criterion of Malina, in the low frequency of
heels use group (LF) between two variables (COPap and
COPmlI) and PAI (left) in the closed eyes closed condition,
indicating that the less the plantar arch index of the plantar
arch (cavus feet tend to) the greater the body sway of these
young people. We conclude that individuals of LF group
who have excessive increase of the medial longitudinal arch,
in other words, minor PAI, have a increased postural sway.
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INTRODUCTION

The human foot has three podal arches:, the lateral
longitudinal arch, the anterior transverse arch and the medial
longitudinal arch (MLA), which have the function of feet
adaptation to ground irregularities [1].

The continuous use of high heeled shoes causes changes in
the plantar arches, which may cause displacement of the
center of gravity and result in imbalances in its users [2].
The measurement of plantar arch index, allows to found
possible deformities in the MLA (planus or cavus feet),
which can cause musculoskeletal misalignments, altering
postural balance, and increasing the risk of falls. Based on
these assumptions this study seeks to analyze the
relationship between the plantar arch index and postural
balance in adult women with high and low frequency of use
of heels.

METHODS

The study group consisted of 18 female subjects divided into
two groups: group of nine individuals in the low frequency
of heels use group (LF) and nine individuals in theat high
frequency of heels use group (HF).

The mean age, height and weight of the participants was
were 44.83 + 8.04 years, 1.59 + 0.06 m and 58.12 + 6.20 kg,

respectively. The exclusion criteria of the study were:
problems osteo-myo-articular (less for the longitudinal arch
of foot), physical disability and / or mental, have
hypertension, or diabetes, labyrinthitis, have pain in the
spine or other problems that may interfere with results of
balance. The study was approved by the local Ethics and
Research Committee (CAAE - 08398612.8.0000.5346).

First we applied a questionnaire adapted from Manfio [3]
was applied to determine the frequency of use of heeled
shoes by the individuals individuals, and classify them in the
groups of LF or HF.

The evaluation of the plantar arch index was accomplished
by printing plant, using a plantar foot pressure. The
footprints were scanned and transformed into digital images,
as illustrated in Figure 1.

Figure 1: Method used for the classification of the plantar
arch, according to Cavanagh and Rodgers [4].

The plantar arch index (PAI) was calculated dividing the
footprint in three equidistant regions: rearfoot, midfoot and
forefoot, excluding fingers. The index value is the ratio
between the area of the midfoot and the total area of the
footprint (B / (A + B + C)).

According Cavanagh and Rodgers, the ALM is classified in;

- ALM high or cavus foot (arch index < 0.21)
- ALM normal or normal foot (0.21 < arch index < 0.26)
- ALM low or flat foot (arch index > 0.26)

For data acquisition related to postural balance an AMTI
model OR6-6 force plate was used. The raw data of forces



and moments from the force plate were filtered with a low
pass 4th order Butterworth filter with cutoff frequency of 10
Hz. Then COP coordinates were calculated.

The variables evaluated were range of anteroposterior
displacement of COP (COPap), range of medial-lateral
displacement of COP (COPmI) and average velocity of the
COP (COPuvel).

Two conditions were evaluated: opened eyes (OE) and
closed eyes (CE) with arms along the body. The feet
position was marked on a paper so that all trials were made
at the same position. There were two trials with opened eyes
and two with closed eyes. The sampling rate of the force
plate was 100 Hz and the acquisition time was 30 seconds.
Data were submitted to descriptive statistics. Data normality
was tested by Shapiro-Wilk’s test. Pearson correlation test
was used for parametric data and Spearman's for
nonparametric to assess relationships between plantar arch
index and variables of balance between groups. The
significance level for all tests was 5% (a = 0.05). For
analysis the statistical package SPSS version 13.0 for
Windows was used.

RESULTS AND DISCUSSION

In the LF group of 18 feet LF evaluated, 12 feet (66.6%)
were classified as normal feet, seven (38.8%) in cavus and
one (5.5%) in plan.

In the group of HF 18 feet evaluated, eight (44.4%) were
classified as normal feet, 10 (55.5%) in cavus and no plan.

The results showed negative and strong correlations,
according the criterion of Malina, in LF group between left
PAI and COPap (p = 0.04), and between left PAI and
COPmI (p = 0.03), provided with eyes closed, indicating
that the lower the plantar arch index (trend cavus foot)
higher body sway. In the HF group differences were not
statistically significant.

In this study the majority of women evaluated in the LF
group showed normal feet and in the HF group cavus
feet,agreeing with the results of Pezzan [7].

In this study the authors analyzed the influence of wearing
high heels in the longitudinal plantar arch in adolescents by
the footprint and characterization of foot type. It was found
that the width of the plantar arch of the foot of users of high-
heeled shoes was reduced when compared to another group.
These findings show that high-heeled shoes changes the
anthropometry of the foot with respect to the width of the
plantar arch, suggesting a tendency to cavus foot.

Dorneles et al. [8] in a review on the use of high-heeled
shoes, show that this type of shoe generates musculoskeletal
overloads, including back pain, hallux valgus, calluses foot
diseases, fractures and ligament injuries, and can change the
anthropometry of the foot with respect to the width of the
plantar arch, suggesting a tendency to cavus foot.

The statistically significant associations found in this study
were only in closed eyes condition. It is observed that in the
absence of visual information, other variables such as the
PAI have greater importance in the body sway However,
under normal conditions, the PAI has no effect in the
postural balance in this study. Other authors [10,11] also
found in their studies larger oscillations with closed eyes,
suggesting a greater postural sway when compared with the

opened eyes condition, or in addition to other sensory
manipulation.

CONCLUSIONS

In the group with high frequency of use of high heels shoes,
the greater the plantar arch index (tendency to cavus foot),
greater the postural sway, in closed eyes condition. It is
suggested to conduct further studies with a larger number of
individuals and including the participation of different age
groups.
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