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Plantar pressure distribution
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before and after wearing high-heeled shoes
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Purpose: The aim of this study was to assess the biomechanics of the foot in beauty pageant contestants wearing shoes that increase
calcaneal height. Plantar pressure distribution and postural balance were examined in women after one hour of wearing high-heeled
shoes. Methods: Foot arch measurements were conducted using EPSR1. Based on these measurements, 18 of the 19 tested women were
diagnosed with significant pes cavus. Results: The experiment revealed a significant reduction in the excessively high metatarsal arch
of both feet. The mean load on the metatarsus measured at rest was 0.0% in both feet, and it increased by 0.6% in the left leg (p < 0.022;
Z =12.293) and by 2.7% in the right leg (p < 0.023; Z = 2.271). These results suggest that excessive stretching of the plantar fascia and
impaired function of the short muscles of the foot lead to a temporary reduction in the arch of the foot. This phenomenon can be com-
pared to stretching a bowstring and its return to the shortest length under static conditions. A statistical analysis of the results of stabi-
lographic measurements revealed significant changes only in the left foot barycenter. An analysis of the ability to maintain postural
balance revealed that the observed changes contributed to postural destabilization at p < 0.011 and Z = 2.535. Conclusions: Further re-
search involving electromyography tests is needed to examine plantar muscle tension during isotonic contractions. The duration of the
exercise-induced reduction in pes cavus should also be determined for therapeutic purposes.
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shoes are particularly popular among younger women

who participate in beauty pageants and fashion shows
[17]. High heels force the foot into an unnatural posi-

1. Introduction

High-heeled shoes are increasingly popular among
women and they are promoted by the fashion industry
as the ultimate symbol of being a woman [21]. Ac-
cording to research, 59% of women wear high-heeled
shoes for 1-8 hours a day [24]. Esthetic factors play
a very important role in women’s footwear choices,
and high-heeled shoes are regarded as the epitome of
beauty, self-confidence and elegance [15]. High-heeled

tion, which is why they have been raising serious con-
cern among medical professionals and researchers for
more than 50 years [26]. Feet play a key role in the
biomechanics of human movement by ensuring the
static and dynamic stability of the body. Feet are or-
gans of locomotion that support the human body.
Healthy feet are flexible and have an arch on the
plantar aspect, which provides cushioning and support
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for the foot when walking or running and gives stabil-
ity when standing [2]. The forces acting on feet can
have positive or negative consequences and can lead
to defects [1]. Repeated tension from wearing high
heels leads to plantar fasciitis, a condition that causes
heel and instep pain [27].

High-heeled shoes are highly popular among
women despite their harmful effects on the physiol-
ogy of the foot [6]. They affect the movement pattern
and women who wear stilettoes find it more difficult
to maintain correct body posture. High heels increase
the load on the forefoot, which exerts a negative
effect on postural stability during movement [7].
High heels also influence gait and plantar pressure
distribution by raising the heel, increasing the load
on the forefoot and the transverse arch of the foot.
The severity of these adverse effects is determined
by heel width, the age at which the subject began to
wear high-heeled shoes, the number of years spent
wearing high heels and experience [31]. It is believed
that high-heeled shoes force the feet into an unnatu-
ral position. Abnormal posture affects the musculo-
skeletal system, including the lumbar and cervical
spine [12], causes progressive musculoskeletal de-
formities and pain, and affects the body’s mechanical
functions and physical appearance [4]. Frequent and
prolonged use of high-heeled footwear can damage
foot architecture, leading to foot and back pain [17].
The appropriate heel height restriction for an indi-
vidual wearer can be estimated by a physician, but it
would be impractical to seek professional medical
help when purchasing high-heeled shoes [13]. High-
heeled shoes exert a much greater strain on the mus-
culoskeletal system than flat sole shoes. Prolonged
walking in high heels induces permanent changes in
gait kinematics and leads to irreversible foot de-
formities over time [11]. Bone structures can become
deformed when physical problems, including foot
and talocrural joint overload, are ignored. High-
-heeled shoes with pointed toes can also contribute to
hallux valgus [12]. Yin et al. [28] reported that long-
term use of high-heeled shoes can induce changes in
arch morphology: the longitudinal arch tends to rise
within 2-5 years; it is flattened within 6-10 years,
and collapses over a period of 20 years.

Research has shown that high-heeled shoes can
negatively affect the spine, hips, knees, ankles and
feet, and alter the wearer’s posture and gait. High
heels can cause foot pain if worn for a long period of
time [10]. The aim of this study was to assess the
biomechanics of the foot in women participating in
beauty contests, who regularly wear high-heeled shoes
that increase calcaneal height.

2. Materials and methods

Nineteen (n = 19) women were randomly selected
for the study from the group of contestants participating
in the Miss Mazovia 2021 beauty pageant (Fig. 1).

The candidates for the study were aged 18-25 years.
All women who qualified for the study met the inclu-
sion criteria had not been diagnosed with orthopedic
disorders, foot dermatitis or other health problems.
The inclusion criteria involved experience in wearing
stilettoes with 9 to 10 cm heel in height.

The mean age of the studied population was
22.21 £ 2.39 years; the mean body height was 172.32
+ 4.24 cm; the mean body weight was 56.02 + 3.91 kg
and the mean body mass index was 18.87 £ 1.71.

The body composition analysis was conducted with
the use of the InBody 270 device. Before the study, the
participants’ data (ID number, date of birth, height) were
entered into the analyzer software by a qualified person.
Body height was measured by the researcher with the
Soehnle height rod (Soehnle, Gaildorfer Stralie 6, 71522
Backnang, Germany). After the body composition
analysis, the measured values were automatically
uploaded into the Lookin’Body 120 program. The
E.P.S./R1 pedobarographic mat with 2304 active
surface sensors (Letsens Grupa Letsens S.R.L. Via
Buozzi, CastelMaggiore, Bologna, Italy) was used
to measure plantar pressure distribution and postural
balance. The participants were registered anonymously
in the Biomech Studio program (Biomech Studio 2.0,
Letsens Group, Letsens SRL Via Buozzi, CastelMag-
giore, Bologna, Italy) to collect data for the gait analysis.
The measurements conducted on the pressure sensing
mat lasted 20 s and the collected data were automatically
sent to the Biomech Studio program.

Data were processed statistically in the Statistica
13.0 program (Statsoft, Krakéw, Poland). The Shapiro—
Wilk test was performed to check for the normal dis-
tribution of the random variable. The analyzed data
were not normally distributed, therefore, they were
subjected to the Mann—Whitney—Wilcoxon test (also
known as the Mann—Whitney test, Wilcoxon rank sum
test, or the unpaired two-samples Wilcoxon test).

The study was conducted on two dates (Novem-
ber 28, 2021 and December 12, 2021) during two
meetings for Miss Mazovia 2021 contestants organ-
ized in the Mistral Hotel in Marki.

The participants’ body height was measured with
the Soehnle height rod, and their body composition
was analyzed with the InBody 270 device. During the
podological exam, the participants were asked to stand
barefoot on a pedobarographic sensing mat, with feet



Plantar pressure distribution and postural balance in beauty pageant contestants before and afier wearing high-heeled shoes

101

Mazovia 2021 beauty pageant

[ Discussion with the manager of the Miss ]

[ Designing the experiment

[ Conducting the study

)

Recruitment of participants (n =25)

Excluded participants
(n=06)

- did not consent to

\ 4

P participate (n=2)
- did not wear high heels
(0=4)

Body composition analysis (n=19)

v

Measurements involving the E.P.S R/1 sensing mat (n=20)

v

v

Analysis of plantar
pressure distribution

Analysis of postural
balance (n=19)

(n=19)

Wearing high-heeled shoes

v

Measurements involving the E.P.S R/1 sensing mat (n=20)

v

v

Analysis of plantar pressure
distribution (n=19)

Analysis of postural
balance (n=19)

Fig. 1. Recruitment process and the number of study participants

shoulder width apart, while maintaining correct body
posture. The resulting images were recorded. The area
of the forefoot region, metatarsal region and calcaneal
region was measured before and after wearing high-
heeled shoes. The foot barycenter and the body bary-
center were determined. The participants were then
asked to walk in high-heeled shoes for one hour, after
which plantar pressure distribution was measured once
again. All measurements were conducted at room tem-
perature (22 °C). The participants walked in high-
heeled shoes on a flat floor without any cavities, pro-
trusions or architectural barriers.

3. Results

The pedobarographic assessment revealed that the
majority of the studied women were affected by pes
cavus. In 14 out of the 19 analyzed subjects, forefoot
load was determined at 0—7% (normal forefoot load is

21.1-28.0%). A minor and moderate increase in right
and left foot arches was noted in four participants.
Only one subject was characterized by normal foot
arches.

Forefoot load was measured at rest and after 60 min-
utes of walking in high heels (10 cm). The average left
forefoot load increased by 2.4% (from 34.1% at rest to
36.5% after walking on high heels) and the average
right forefoot load decreased by 1.10% (from 54.0%
to 52.9%). The average left heel load decreased by
4.6% (from 61.4% to 56.8%) and the average right
heel load decreased by 2.1% (from 42.1% to 40.0%).
The observed changes in forefoot and heel load did
not differ significantly between the right and the left
foot (Fig. 2).

The noted differences in metatarsal load distribu-
tion in both feet were statistically significant. The
mean metatarsal load in both feet was 0.0% at rest,
and it increased by 0.6% in the left foot (p < 0.022;
Z = 2.293) and by 2.7% in the right foot (p < 0.023;
Z =2.271) after walking in high heels.
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Fig. 2. Metatarsal load distribution before and after walking on high heels

In the metatarsal region, significant differences in
all biomechanical parameters of the foot were noted
at rest and after walking in high heels (Table 1).

Table 1. Significant differences in the metatarsal area
revealed by the posturographic test at rest and after one hour
of walking in high heels in the studied population

Maximum| Mean
Plantar | Plantar
plantar | plantar Area
pressure | pressure b
pressure | pressure [Kef] [%] [em?]
[kPa(n] | [kPa(n)] | "¢
Left foot 0.004* 0.008* | 0.012* | 0.005* | 0.004*
Right foot| 0.015% 0.011* | 0.011* | 0.007* | 0.015%
*p <0.05.

A statistical analysis of stabilographic measure-
ments revealed significant changes only in the left
foot barycenter. An analysis of the ability to maintain
postural balance revealed that the observed changes
contributed to postural destabilization at p <0.011 and
Z=12.535.

4. Discussion

The present study analyzed the effect of walking in
high-heeled shoes on plantar pressure and postural bal-

ance in adult women participating in a beauty pageant.
Similarly to the work of Melvin et al. [16], this study
aimed to increase awareness and demonstrate the con-
sequences of walking in high heels by registering
forefoot load.

Similar results were reported by Wan et al. [25],
who analyzed the influence of calcaneal pitch on foot
stability in women wearing high heels. They demon-
strated that high heels force the foot into an unnatural
position and lead to excessive forefoot loading. Previ-
ous research on the impact of high-heeled shoes on
forefoot loading produced similar findings. Moreover,
considerable changes in the structure of the Achilles
tendon, induced by high calcaneal pitch, were ob-
served in women who regularly wear high heels.

Deng and Ning [5] analyzed the distribution of
forces on the ground and found that wearing high
heels for a long time can cause changes in the arch of
the foot and contribute to a flat foot. In women who
wore high heels, the length of the second metatarsal
was significantly correlated with increased pressure.
The length of the second metatarsal was determined at
5-7 cm in women who wore high heels and at 3-5 cm
in women who wore low-heeled shoes. The above
conclusions confirm the results of the present study.

Naseer et al. [19] reported significant differences
in lateral talar-first metatarsal angle in women who
wore high heels regularly. Their results suggest that
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wearing heels for even less than two years can cause
changes in the longitudinal arch. However, a study
of female college students who wore high heels for
7-8 hours a day did not reveal any changes in the
longitudinal arch. These findings contradict the results
of the present study.

The problem of high heels was also addressed by
Chen et al. [3], who compared the impact of of heel
height on postural stability and functional mobility in
inexperienced and experienced high heel shoe wear-
ers. They found that perceived stability and functional
mobility decreased when wearing high heels. During
dynamic perturbations, the percentage of ankle strate-
gies and motor control strategies was higher in women
who wore 3.9-cm-high heels than in flat shoe wearers.
Experienced high heel wearers used a higher percent-
age of ankle strategies and COG directional control in
postural control than novices. In addition, experienced
wearers achieved greater postural stability and dem-
onstrated better functional mobility. The influence of
high heels on experienced and inexperienced high
heel wearers was examined by Lee et al. [14]. They
observed that novices altered lower limb joint angles
and moments to achieve balance during gait while
carrying an asymmetrical load.

The present study demonstrated that high heels
affect body balance, and similar observations were
made by Shang et al. [23], who found that young
women developed different gait adjustments when
climbing stairs in high-heeled and flat shoes. To sta-
bilize body posture during stair ascent in high-heeled
shoes with a small heel base area, compensatory
changes were needed to drive an effective motor re-
sponse, including an increase in the pelvic range of mo-
tion in the transverse and sagittal planes, and changes in
the joint angles of the lower extremities.

Team sports such as soccer increase the risk of sole
disorders and forefoot overload, which leads to discom-
fort and compromises performance. Excessive fore-
foot load causes high plantar pressure in both men and
women [8]. Similar observations were made in this
study, where a relationship was found between fore-
foot load and walking in high-heeled shoes, compara-
ble with that noted in soccer players.

Jaszczur-Nowicki et al. [9] analyzed changes in
postural balance and plantar pressure distribution un-
der the influence of various factors. In a study of chil-
dren wearing backpacks, significant differences (p <
0.05) in plantar pressure distribution were reported in
forefoot and midfoot regions of the left foot. P-values
were below 0.05 in forefoot and midfoot regions of
the right foot. Jaszczur-Nowicki et al. [9] conducted
a similar study on university students and compared

forefoot load values at rest and after physical exertion.
The results were similar to those noted in the study of
children wearing backpacks, and physical exertion
increased the load on the feet. Significant differences
(p < 0.05) in plantar pressure distribution were also
reported by Zawadka et al. [29], who analyzed the
impact of an external load (backpack) on foot load.
They observed that a backpack worn near the center
of mass affected plantar pressure distribution in fore-
foot and rearfoot regions. In backpack wearers, the
forefoot load was maximized when the arms were
bent at an angle of 90°.

The negative impact of high heels was confirmed
by Lin et al. [13] who studied the effects of high-
-heeled shoes on the sagittal- and frontal-plane knee
kinetics/kinematics during gait. They demonstrated
that a greater Cohen’s d-effect (ES) at the moment of
knee flexion was associated with increased heel height
in high-heel wearers (P = 0.02) and greater body
weight (P =0.012).

The foot is the distal region of the lower limb
which plays locomotive, supportive and load-bearing
roles in the human body. Foot disorders are com-
monly diagnosed. Flat feet can contribute to postural
deformities. High body mass increases the load on the
feet and can cause the foot arch to collapse [22].
Zdunek et al. [30] confirmed the hypothesis that re-
peated foot overload in soccer players, fencers and
wrestlers increases the risk of flat feet. The above
sports disciplines act as external factors that lead to
injuries and dysfunctions of the lower limbs, including
feet. A literature review conducted by Mikotajczyk
et al. [18] revealed a relationship between a high arch
(pes cavus) and overweight and obesity.

High-heeled shoes exert similar effects. In the pre-
sent study, permanent changes in gait kinematics were
observed in women wearing high heels.

5. Conclusions

A considerable increase in the longitudinal arch of
the foot was noted in 18 women at rest and after
walking in high-heeled shoes. Normal foot biome-
chanics (foot arch) was observed only in one tested
subject. These results indicate that prolonged wearing
of high-heeled shoes induces changes in the position
of foot bones, joints and muscles, thus, leading to an
abnormally high plantar longitudinal arch.

The experiment revealed a significant reduction in
the excessively high metatarsal arch of both feet.
These observations were made based on the results of
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a podological test and measurements of foot surface
area and the maximum and mean plantar pressure.
Foot images captured before the loading test revealed
high longitudinal (medial and lateral) arches of the
foot in the sagittal plane. The longitudinal arches of the
feet decreased directly after walking in high-heeled
shoes. These results suggest that excessive stretching
of the plantar facia and impaired function of the short
muscles of the foot lead to a temporary decrease in the
arch of the foot. This phenomenon can be compared to
stretching a bowstring and its return to the shortest
length under static conditions.

Further research involving electromyography tests
is needed to examine plantar muscle tension during
isotonic contractions. The duration of the exercise-
induced reduction in pes cavus should be also deter-
mined for therapeutic purposes.

A significant difference in the ability to maintain
postural balance was found with respect to the left foot
barycenter, where greater instability was noted after
load. High-heeled shoes force the feet into an unnatu-
ral position, and this biomechanical factor compro-
mised postural stability, in particular, in the left leg
which was the dominant (support) limb.

Limitation of the study

A limitation of this study was that regional and in-
ternational beauty contests involve only a small per-
centage of the total female population. Therefore, in
a greater study group, the results may differ. In future
studies, we plan to expand our study group to include
women walking in high-heeled shoes, but not partici-
pants in beauty contests.
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