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Foot posture and classification of the plantar
arch among adolescent wearers and
non-wearers of high-heeled shoes

Postura do pé e classificacao do arco plantar de adolescentes usuarias € nao
usuarias de calcados de salto alto

Patricia A. O. Pezzan, Isabel C. N. Sacco, Silvia M. A. Jodo

Abstract

Objectives: To investigate the relationship between foot posture and plantar arch among adolescent wearers and non-wearers of
high-heeled shoes. Methods: Thirty-six female adolescents aged 13 to 20 years were selected and grouped as 16 high-heel non-
wearers and 20 high-heel wearers. Foot posture was analyzed using photos, firstly barefoot and, secondly, after wearing previously
standardized high-heeled platform shoes for an hour. The analysis was performed using the software SAPo. Barefoot impressions were
taken, and the Chipaux-Smirak Index was calculated to classify the plantar arch of the foot. For statistical analyses, the paired ttest was
used to investigate equality between the right and left sides. The Shapiro-Wilk adherence test was performed, followed by inferential
analysis using the non-parametric Wilcoxon test, the Mann-Whitney test and Spearman’s correlation coefficient. The significance level
used was 0.05. Results: There was no correlation between the type of plantar arch and foot posture among the female adolescents
studied. However, the rearfoot angle was significantly different, with rearfoot varus after wearing the shoes in both groups. The plantar
arch in the wearers group presented smaller values for the Chipaux-Smirak Index. Conclusions: There is no correlation between foot
posture and the type of plantar arch, although these variables are influenced by high-heeled shoes.

Article registered in the Australian New Zealand Clinical Trials Registry (ANZCTR) under the number ACTRN12608000300370.
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Resumo

Objetivos: Correlacionar a postura dos pés com o arco plantar de adolescentes usuérias e ndo usuarias de calcados de salto alto.
Métodos: Foram selecionadas 36 adolescentes, 16 no grupo de nédo usuarias e 20 no grupo de usuarias, com idade entre 13 e 20 anos.
A postura do pé foi analisada por fotos nas condi¢gbes descalga e com calgado de salto alto tipo Anabella, previamente padronizado,
apos terem permanecido com ele por uma hora. Sua analise foi realizada pelo software SAPO. A impressdo plantar foi realizada
descalca e, a partir dela, calculado o Indice de Chipaux — Smirak para classificacéo do arco plantar. Para analise estatistica, utilizou-
se o teste { pareado para verificar igualdade entre lados direito e esquerdo. Foi realizado o teste de aderéncia Shapiro Wilk e, entao,
a andlise inferencial por meio dos testes ndo paramétricos de Wilcoxon, o teste de Mann-Whitney e a correlacdo de Spearman. O
nivel de significancia adotado foi de 0,05. Resultados: N&o foi encontrada correlagdo entre o tipo de arco plantar e a postura do pé
das adolescentes estudadas. Porém, o angulo do retropé se mostrou significativamente diferente, apresentando varo de retropé apos
a colocagdo do calgado em ambos os grupos, e o arco plantar do grupo de usudrias apresentou valores menores quanto ao indice
Chipaux — Smirak. Conclus6es: Nao existe correlacdo entre a postura do pé e o tipo de arco plantar, embora essas variaveis tenham
sofrido influéncia do calgado de salto alto.

Artigo registrado na Australian New Zealand Clinical Trials Registry (ANZCTR) sob o nimero ACTRN12608000300370.
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Foot posture and plantar arch among high-heel wearers

Introduction

The stages of child development are closely linked to the
variations in posture that arise as a response to the balance
problems derived from changes in body proportion'. Ado-
lescents also face this challenge, which renders the prepu-
bertal and postpubertal phases crucial to the formation and
structuring of posture*®. Several factors can influence the
formation of good posture during this stage including longer
school hours from age ten, therefore longer periods of time
in the sitting position and heavier loads of notebooks in the
children’s backpacks*®.

The type of shoe worn is an external factor that can in-
fluence the posture of the distal extremity (foot and ankle), gait
and the type of plantar arch. In this respect, the habit of wea-
ring high-heeled shoes must be highlighted, as it has become
increasingly more common among teenagers from an earlier
age®!’. Although high-heeled shoes are important accessories
in women’s apparel, the main concern is the improper wear
which compromises the health of feet, legs, and spine'.

Recent studies®™® have shown that high-heeled shoes
shift the center of the body mass forward, placing the ankle
in plantar flexion, causing an overload on the forefoot and
transferring the pressure peaks from the 3%, 4%, and 5%
metatarsal heads to the 1* and 2" metatarsals. In this po-
sition, the triceps surae becomes shortened, which results
in decreased contractile strength®®*!*. The shortening of the
posterior leg muscles due to the constant wearing of these
shoes can increase the incidence of ankle sprains and foot
fractures, as it reduces balance and step velocity'™.

With the forward displacement of the line of gravity, high-
heel wearers must compensate for this effect. This compensa-
tion may be carried out by means of postural changes developed
over the time one wears these shoes®*'!. These changes were
observed in some studies on trunk, knees, and ankles, and they
do not follow a set of rules, i.e. each individual adopts a diffe-
rent posture composed of different combinations of segmental
changes to counterbalance the forward displacement of the
center of gravity'.

According to Mathieson, Upton and Prior*and to Neu-
mann'®, blomechanical changes in the plantar fascia and the
muscles that sustain it can bring about changes in the plan-
tar arch. When the fascia is elongated and/or the muscles
are weakened, the medial longitudinal arch collapses, a con-
dition known as flat foot. According to the same authors,
when this condition is combined with excessive pronation of
the subtalar joint, the rearfoot becomes valgus. Conversely,
when the fascia and/or the muscles are tense or shortened,
there will be an increase in the plantar arch called cavus

foot, and when this is combined with supination of the sub-
talar joint, the rearfoot becomes varus. However, no studies
have been found in the literature to establish the correlation
between foot posture and the medial longitudinal arch in
adolescents.

Considering that the target population of the present study
consisted of growing teenagers, the detection of these postu-
ral data, alongside the characteristics of the type of foot, may
support therapy procedures and be particularly preventive in
this population. Therefore, the study aimed to investigate the
relationship between the foot posture and the plantar arch of
adolescent high-heel wearers and non-wearers.

Methods
Case study

The study included female adolescents aged 13 to 20 ye-
ars old', who were enrolled at private schools in the cities of
Pogos de Caldas (MG) and Sédo Paulo (SP). They were divided
into two groups: non-wearers of high-heeled shoes, compri-
sing 16 girls with a mean weight of 51.2 kg, mean height of 1.63
m and mean age of 16 years and 7 months; and the group of
high-heel wearers, with 20 girls, mean weight of 52.4 kg, mean
height of 1.62 m and mean age of 17 years and 8 months. All
participants or legal guardians signed an informed consent
form. This research was approved by the Committee of Ethics
of the School of Medicine — Universidade de S&do Paulo (USP),
under the protocol number 236/06.

The criteria for inclusion were: adolescents who wore
high-heeled shoes at least four times a week for four con-
secutive hours and who had been wearing this type of shoe
for at least a year’; adolescent non-wearers of high-heeled
shoes; BMI below the 85" percentile"!” and physical activity
restricted to school requirements of two weekly sessions or
less than three hours a week'®". By means of questionnaires,
we excluded the adolescents with a history of congenital
diseases, traumatic or neuromuscular lesions, musculoske-
letal diseases, presence of systemic joint diseases, or with a
difference of more than 1 cm between limbs®. A question-
naire on shoe wearing habits was applied to select and stan-
dardize the shoe that would be adopted in the present study.
This choice was based on information about the frequency
of wear and the type of shoe most worn by the adolescents.
Thus, the high-heeled platform sandal, with a 10 cm wedge
heel and a 2 cm front platform, scored 100% of wearing fre-
quency; other types of shoes were also mentioned but none
achieved this frequency (Figure 1).
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Foot posture assessment

This analysis was carried out by applying photogramme-
try. The pictures were taken in a reserved, well-lit room with a
digital SONY H7, 8.1 mega pixel camera positioned parallel to
the ground on a tripod 1 m from the floor and 2.40 m from the
participant, ensuring a full body shot®. The camera was swi-
veled and locked at 90° from the horizontal position in order
to focus longitudinally on the adolescent’s body. During the
photogrammetric assessment of the rearfoot, the adolescents
remained in a standing position next to a plumb line 15 cm
from the wall. To maintain this distance, a 15 x 60 cm ethyl
vinyl acetate (EVA) rectangle was positioned between the wall
and the participant*. A 7.5 cm EVA rectangle was placed be-
tween the adolescents’ feet to maintain the standard posture.
The participants were also asked to keep their feet in the most
comfortable position, therefore no foot alignment position was
imposed, respecting Fick’s angle.

For the analysis of the rearfoot angle that characterized the
foot posture, the following anatomical landmarks were marked
on the right and left legs: (1) a point on the mid line of the leg,

(2) apoint on the calcaneal tendon at a mean height calculated

Figure 1. High-heeled shoes worn in this study.

CSI=b/a; a=widest section of the metatarsal head region, b=narrowest section of the
longitudinal arch region.

Figure 2. Representation of the straight line segments used to calculate
the CSI.

from the two malleoli and calcaneus®. The first picture was
taken in the posterior view, with the participant in the orthos-
tatic position and barefoot. After that, the participant put on
the previously standardized high-heeled shoes provided by
the researcher and wore them for one hour while standing or
walking for the postural adaptations to take place’. The second
picture was then taken.

The pictures were analyzed by the posture assessment
software, SAPO?. It interprets negative values for this angle
as rearfoot varus or supinated feet, and positive values as
being valgus or pronated feet. Nevertheless, the values re-
present an estimate of the posture of this foot joint complex
in the frontal plane.

Assessment of the type of medial longitudinal arch

This assessment is carried out by means of a foot impres-
sion obtained with a podograph. A single impression was
taken of both feet while standing, with bilateral weightbe-
aring® after wearing the shoe. The Chippaux-Smirak Index
(CSI) as described by Forriol and Pascual® was used to collect
the anthropometric measures of the feet and to analyze the
medial longitudinal arch. To calculate this index, two tan-
gents were drawn: one through the most medial points and
another through the most lateral points of the regions of the
metatarsal heads and calcaneus. Next, two parallel straight
lines were drawn: the first between the most medial and the
most lateral points of metatarsal head region, thus obtaining
the widest section of the impression (segment a); and the se-
cond over the narrowest section of the medial longitudinal
arch (segment b). Both segments were measured, and the va-
lue of b was divided by a. For this index, the reference values
were: 0 cm - cavus foot; 0.01 to 0.29 cm - normal foot; 0.30 to
0.39 cm - intermediate foot; 0.40 to 0.44 cm - lowered foot; and
0.45 cm or more - flat foot (Figure 2).

Statistical analysis:::.

For the statistical data analysis, we used the software Ex-
cel 2003 and Statistica v.7. A paired ¢ test was used to verify
the equality between the right and left sides. The equality
between then was confirmed (p>0.05), thus both sides were
analyzed together as a single sample, comprising 32 feet
in the non-wearer group and 40 in the wearer group. The
Shapiro-Wilk goodness-of-fit test was applied and found
no normal distribution of the data. Inferential analysis was
then carried out by means of Wilcoxon non-parametric
tests to compare the barefoot and shod conditions, and the
Mann-Whitney test to compare the non-wearer and wearer
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groups. The test for equality of two proportions was used in
the analysis of the CSI classification. To investigate the re-
lationship between the dependent variables concerning the
position of the rearfoot and arch index, we used Spearman’s
non-parametric correlation test. A significance level of
p<0.05 was adopted.

Results :::.

By means of Wilcoxonss test, we compared both groups for
the rearfoot angle in the barefoot and shod conditions. Both
groups had statistically significant differences after wearing
the high-heeled shoe. The rearfoot angle was varus after the
shoe was worn (Table 1).

By using the Mann-Whitney test, we compared the non-we-
arer and wearer groups for both conditions and found that the
wearer group had a wider varus angle of the rearfoot than the
non-wearers in both conditions (Table 2). The Mann-Whitney
test allowed the comparison of foot width for both groups and
showed significant statistical differences between them. The
wearers had lower values for the foot arch, thus indicating hi-
gher foot arches (Table 3). Also by means of the Mann-Whitney

test, both groups were compared for CSI values, and the results
revealed lower values for the wearer group (Table 4).

The test for equality of two proportions was used to com-
pare the CSI classification for the groups and showed the
percentage of foot type for each group (Table 5). The Spear-
man correlation test was used to investigate the correlations
between the variables of the rearfoot angle and the plantar
arch index. No satisfactory correlation was found between the
analyzed variables (Table 6).

Discussion :::.

This study aimed to investigate the relationship between
the foot posture and the plantar arch of adolescent wearers
and non-wearers of high-heeled shoes. No significant correla-
tion was found between the foot posture and the plantar arch
index. Few studies were found in the literature with a metho-
dology similar to the one adopted in this investigation or that
correlated foot posture by means of the rearfoot angle and foot
impression; nonetheless, one can mention the work developed
by Penha et al.”, who were also unable to detect any correlation
between these variables when they were analyzed in children.

Table 1. Rearfoot angle for the wearer and non-wearer groups and comparison between barefoot and shod conditions according to the Wilcoxon test.

Rearfoot angle (degrees) Mean Median  Standard Deviation CV Q1 Q3 Cl p-value
Shod -1.55 -2.60 3.75 -243% -3.60 -1.60 2.04 .

NWG Barefoot 9.45 8.40 5.73 61% 5.90 13.90 311 0.001
Shod -7.38 -5.00 9.33 -126% -8.80 -2.60 4.09 .

W Barefoot 2.76 2.20 3.71 134% 1.35 4.68 1.63 <0001

NWG=non-wearer group; WG=wearer group, CV=coefficient of variation, Q1=1% quartile, Q3=3" quartile and Cl=confidence interval.

Table 2. Comparison of the rearfoot angle between the non-wearer group versus the wearer group for the barefoot and shod conditions according

to the Mann-Whitney test.

Rear-foot angle (degrees) Mean Median  Standard Deviation cv Q1 03 Cl p-value
00 o . o

o G R

R e T T

NWG=non-wearer group; WG=wearer group, CV=coefficient of variation, Q1=1% quartile, Q3=3" quartile and Cl=confidence interval.

Table 3. Foot length according of the foot impression of the non-wearer and wearer groups according to the Mann-Whitney test.

Length (cm) Mean Median Standard Deviation Q1 Q3 Cl p-value

R | T "

L IR

D e e e

*p<0.05; NWG=non-wearer group; WG=wearer group, CV=coefficient of variation, Q1=1% quartile, Q3=3" quartile and Cl=confidence interval.
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Table 4. Foot impression analysis according to the Chippaux-
Smirak index for the plantar arches of the non-wearer and wearer groups
according to the Mann-Whitney test.

Chippaux-Smirak Index

Indices

NWG WG
Mean 0.33 0.22
Median 0.34 0.26
Standard Deviation 0.06 0.09
15 Quartile 0.30 0.20
3 Quartile 0.35 0.28
Cl 0.03 0.04
p-value <0.001*

*p<0.05; NWG=non-wearer group; WG=wearer group; Gl=confidence interval.

Table 5. Classification of the Chippax-Smirak index for the plantar
arches of the non-wearer and wearer groups according to the test for
equality of two proportions.

Classification LG e p-value
Qty % Qty %
Cavus 0 0.0% 2 100% 0.193
Chippaux - Intermediate 10 65.6% 1 5.0% <0.001*
Smirak Normal 4 25.0% 17 85.0% <0.001*
Lowered 2 12.5% 0 0.0% 0.104

*p<0.05; NWG=non-wearer group; WG=wearer group.

Table 6. Correlation between the rearfoot parameters and the arch index
according to the Chippaux-Smirak classification in the non-wearer and
wearers groups according to the Spearman correlation test.

Groups Rearfoot ~ Plantararch  r-value p-value
Barefoot NWG 8.75+4.94  0.331+0.05  -0.128 0.165
Shod NWG 4.00+2.71 0.331+0.05 0.224 0.223
Barsfoot WG 3.96+2.35  0.218+0.09 0.122 0.037*
Shod WG 7.02+8.70  0218:0.09  -0.112 0.249

*p<0.05; NWG=non-wearer group; WG=wearer group.

The foot posture analysis showed that both the wearers
and non-wearers of wedge-heeled platform sandals had a val-
gus posture (rearfoot angle) when barefoot. The group of non-
wearers had a mean angle of 9.45°, and the group of wearers, a
mean angle of 2.76°. Such findings are similar to those reported
by other researchers, who found values ranging from 0° to 7°
valgus in children aged six to 16 years”, and from 5° to 7° in
children aged seven to eight years®. There is a physiological val-
gus in the barefoot condition for the ankle posture of children
and adolescents. However, the wearer group had a significantly
lower valgus value than the non-wearer group. This suggests
that, over time, these wearers applied a compensatory strategy
of postural adaptation, placing their feet as close as possible to
0c for the rearfoot angle, which consequently led to a greater

varus value for this group in the shod condition. This may ex-
plain the fact that, although both groups significantly changed
the rearfoot angle after wearing the wedge-heeled platform
sandals and assumed a varus position, the wearers showed
a greater varus than the non-wearers, with a mean -7.38° for
wearers compared to -1.55° for non-wearers.

High-heeled shoes keep the ankle and the foot in a po-
sition that causes the extensors and invertors to shorten,
which may explain the varus position assumed by the ankle
for better stabilization and balance. According to Gastwirth
et al., high-heeled shoes have a limitation in the subtalar
joint pronation, which, these authors claim, may be related
to problems affecting the knee, hip, and lumbar spine. The
findings put forward by these researchers, alongside those of
the present study, corroborate the descriptions given by Snow
and Williams’. After studying the pronation angle in women’s
shoes of varying heel heights, they found greater rearfoot
pronation with low-heeled shoes compared to medium- and
high-heeled shoes. According to the same authors, prolonged
supination causes laxity of the lateral ligaments of the ankle
and foot’, contributing to the instability of this joint!".

The data show that the high-heeled shoe wearers have a
narrower plantar arch compared to the non-wearers, which
suggests a tendency toward cavus foot and corroborates
the study developed by Gastwirth et al.®®. Yung-Hui and
Wei-Hsien' stated that, in addition to the changes in the
pressure peaks of the sole, the force generated in the initial
contact with the ground during gait with high-heeled shoes
is transmitted to the skeleton as a shockwave that appears
to harm the soft tissues. This in turn may lead to symptoms
such as fatigue and pain in the legs, feet and spine, a condi-
tion found among high-heel wearers'. Furthermore, these
factors may eventually lead to degenerative joint disease'.
Although the measurements of the heel width did not reveal
any significant differences, Rolf* reported that the high-he-
eled shoe narrows the width of the heel while maintaining
the extension of the ankle, thus reducing the participation
of the heel in sustaining the body and increasing the partici-
pation of the tip of the foot as verified by other authors®**~

Another factor that must be taken into account regarding
the changes to the plantar arch is the displacement of the cen-
ter of gravity when wearing high-heeled shoes®’. This accessory
affects the body’s center of gravity indirectly and may lead to
localized pain in the supporting regions of the feet and to an-
talgic posture with postural adaptations, as previously descri-
bed by Tokars et al.*. Opila et al.® concluded that, because the
overload is transferred to the forefoot and to the triceps surae,
now in a shortened condition, there will be a reduced capacity
to develop contractile force. Therefore, high heeled shoes may
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play a central role in triggering changes in the plantar arch, as
the shortened muscles are vital to the maintenance of the arch
as well as ankle and foot posture.

The results also showed a significant difference for some
of the classification items for the references of the index used
in the present study. Regarding the Chippaux-Smirak index
in the wearer group, most of the participants (85 to 90%) had
normal feet. In the non-wearer group, however, most parti-
cipants had intermediate feet (65.6%), showing that in this
age group the feet suffer changes when submitted to the pre-
viously mentioned muscle shortening and possible posture
disorders caused by prolonged high-heeled shoe wear. This
suggests that these shoes could affect the normal develop-
ment of the plantar arch.

The data collected in the current study indicate a tendency
for wearers of wedge-heeled platform sandals to structure the
position of the feet in varus. They also indicate a narrower
plantar arch when compared to the non-wearers, suggesting a
tendency toward cavus foot. This study and data in the litera-
ture suggest that prolonged high-heeled shoe wear, especially
when it starts during the developmental phase, may lead to an
inadequate foot alignment and, ultimately, less efficiency in
the mechanics of the movement.
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