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Abstract

High heels are worn by millions of women every day in both
professional and social settings. Despite high heels being
used prolifically, research examining the effects of different
heel heights on gait patterns is limited. The current study
investigated how changes in heel-height alter pressure dis-
tribution. Following institutional ethics approval, 16
high-heel wearing females (Age mean ± SD: 26 ± 10yrs; Mass
mean ± SD: 62.6 ± 18kg; Shoe size mean ± SD: 5.3 ± 1 UK; foot
width mean ± SD: 9 ± 0.5cm; foot length mean ± SD: 25 ±
1.4cm) completed three walking trials in each of four separate
conditions; barefoot over a pressure plate and in three con-
ditions wearing shoes with different heel heights (1.5cm,
5.3cm and 9cm respectively), that had a pressure-measuring
insole inserted into the shoes. The anatomical points of inter-
est for measuring pressure were the five metatarsal heads
and both the lateral and medial aspects of the heel of the left
foot. Repeated measures analysis of variance revealed that an
increase in heel-height resulted in significant increases in
pressure at the heads of metatarsal 2 (P = 0.006) and
metatarsal 3 (P < 0.01) and decreases in pressure at the head
of metatarsal 5 (P = 0.002) and the lateral heel (P = 0.025). The
results of this study suggest that it would be advised to keep
heel heights to a minimum in order to reduce any possible
discomfort and mitigate the potential for other detrimental
effects. 
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Introduction

Throughout history shoes have been used to indicate ones
position in society; the colour of a soldier’s sandals was a sign
of his rank in the Roman army, while in the Victorian era to
have your shoes made specifically for you was a luxury of the
more affluent (Yarwood, 1975; McDowell, 1994). Humans
have worn shoes for thousands of years, mainly as a protec-
tive covering for the feet (Frey et al., 1993). Evidence suggests
that simple sandals were prevalent throughout the Roman,
Grecian and Etruscan eras, and that these designs were very
similar to those worn by the ancient Egyptians and in
Mediterranean cultures (Yarwood, 1975; McDowell, 1994).
Yarwood (1975) states that it was during the reign of Louis XIV
in France that high heels were introduced; the king was
reported to have worn bright red high heeled shoes and

influenced both men and women of his court to follow suit
(McDowell, 1994). In recent decades, fashion continues to be
considered more important than comfort or practicality; with
an increasingly greater value placed upon appearance. While
the trend for men to wear high heels has all but diminished,
women continue to wear high heels prolifically. According to
Phillips et al. (1991) women wearing high heels can be con-
sidered more aesthetically desirable, which in turn leads to
more women wearing high heels more often (Frey et al.,
2003). Some studies have reported that up to 70% of women
wear high-heeled shoes, in both professional and social set-
tings, on a daily basis (Ensenyel et al., 2003). While typical
shoes have an elevation of approximately 1-2cm, high-heeled
shoes may have an elevation of up to, or greater than, 10cm
(Stefanyshyn et al., 2000). In addition, they have a rigid heel
cap that protrudes anteriorly, exhibit excessive plantar curva-
ture and a narrowed toe-box (Stephens, 1992); the latter
being particularly concerning as research has shown that the
higher the heel the more the forefoot is forced down into the
toe area of the shoe (Bendix et al., 1984). 

Traditionally, high-heeled shoes have been blamed for a myr-
iad of foot complaints and for the majority of foot deformities
and problems that physicians encounter in women (Phillips
et al., 1991; Frey et al., 1993). Merrifield (1971) has previously
stated that wearing high heels causes both step length and
stride length to decrease and foot forces to be concentrated
more anteriorly and medially. These factors affect stability
and balance, and, ultimately require the wearer to continually
make adjustments to the biomechanics of their gait (Merri-
field, 1971; Opila-Correia, 1990a); potentially linking common
complaints of leg and back pain to the wearing of high
heeled shoes. Previous research has speculated that
increased pressure on certain areas of the foot have resulted
in various deformities such as hallux valgus, hammertoes, cal-
louses and metatarsalgia, and have contributed to problems
with other parts of the body and with muscular fatigue
(Phillips et al., 1991; Frey et al., 1993; Stefanyshyn et al., 2000).
Gefen et al. (2002) states that high-heeled shoes have been
shown to adversely affect gait kinematics particularly at the
ankle joint, which is excessively plantar flexed, and clinical
relationships have been proposed linking foot problems, or
pain, to the wearing of high heels. When walking in high
heeled shoes, biomechanical differences such as stride
length, muscle activity, increased instability of the rear foot
and plantar foot pressure have been reported (Opila-Correia,
1990a; 1990b; Phillips et al., 1991; Stefanyshyn et al., 2000).
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Ebbeling et al. (1994) and Stefanyshyn et al. (2000) also
reported that an increased heel height caused increases in
ankle plantar flexion, knee flexion, vertical ground reaction
forces and anteroposterior braking force. It has been pro-
posed that the altered anatomical position of the foot causes
functional changes that include a shift in ground reaction
force toward the medial forefoot, a reduction in foot prona-
tion during mid-stance, and an increase in the vertical ground
reaction force (GRF) at heel strike (Ensenyel et al., 2003). Snow
and Williams (1990) also reported that wearing high-heels
significantly increased the vertical forces applied to the fore-
foot, due to increased plantar flexion, and a shift in the centre
of mass both anteriorly and medially. These finding corre-
sponded to those of McBride et al. (1991) who found that
forces at the first metatarsophalangeal, during the toe-off
phase of gait, were twice as large when wearing high heels
compared to barefoot walking. 

However, despite growing concerns regarding the damaging
effect on gait and lower extremity function, little research has
been conducted on the relationship between heel height
and the consequent pressures beneath the foot; the majority
of literature available on the biomechanical and metabolic
responses during human locomotion has focused on athletic
shoes with a minimal heel height (Ebbeling et al., 1994; Otta-
viani et al., 2001; Wakeling et al., 2002). Past research that has
been conducted on women wearing high heels has tended
to focus on the kinematics of gait rather than the kinetics
(Opila-Correia, 1990a; 1990b; Snow et al. 1992). It is only more
recently, according to Speksnijder et al. (2005) that the tech-
nology, principally concerning insole pressure devices, have
advanced significantly enough to allow for greater under-
standing of insole pressure variations. Investigating pressure
measurements when women wore low heels (~2cm) and
high heels (~6cm), Speksnijder et al. (2005) reported that as
height increased so did the corresponding pressure on the
metatarsal heads of the forefoot. Ko et al. (2009) also reported
that increased heel height resulted in increasing medial fore-
foot loading pressure, which also resulted in stationary
compressibility exhibited by the soft tissue, when the heel
height was greater than 2cm; leading to a suggestion of lim-
iting heel height to no greater than 2cm and using medial
padding under the metatarsal heads to potentially reduce
discomfort and injury risk. Given the large number of women
who wear high-heeled shoes, examining the effects that dif-
ferent heel heights have on pressure variables may offer
further insights into clinically preventable musculoskeletal
problems.

Table 1. Participant demographics

Methods

Following institutional ethics approval, 16 experienced high-
heel wearing females (Table 1) volunteered for the study.
Participants were classified as experienced wearers as they
wore high heels three or more times per week for approxi-
mately five hours at a time, in accordance with Snow et al.
(1992) and Ebbeling et al. (1994). All participants were
required to be in good health with no previous fractures or
surgery of the lower limbs, pelvis, or spine and with no car-
diovascular or neuromuscular disorders; identified by
Opila-Correia (1990b) and Ebbeling (1994) as factors, which
might affect their gait patterns. This was determined by com-
pletion of a pre-exercise questionnaire and an informed
consent form. All participants were required to wear shoes of
a standard size four, five or six, depending on the shoe size of
the participant. All participants completed three walking tri-
als in each of four separate conditions; barefoot over a
pressure plate (RSScan International, Belgium) and in three
conditions wearing shoes with different heel heights (flat
heel: 1.5cm; medium heel: 5.3cm; and high heel: 9cm; Figure
1), that had a pressure-measuring insole (RSScan Instep
Insole system; RSScan International, Belgium) inserted into
the shoes. In order to standardise the experimental protocol,
all shoes were provided by the research team and the heels
of the medium and high heel were of a similar diameter. The
anatomical points of interest for measuring pressure were the
five metatarsal heads and both the lateral and medial aspects
of the heel of the left foot. 

Figure 1. Flat heel (1.5cm), medium heel (5.3cm) and high
heel (9cm)

http://jst.ucb.ac.uk

6

http://jst.ucb.ac.uk/


1

Instrumentation and Data Collection

An RSScan (RSScan International, Belgium) pressure plate was
utilised during the barefoot condition; using the RSScan sin-
gle step software, measuring at 500Hz. The pressure plate
was positioned flush to the floor to avoid the participants
stepping up onto the platform, in accordance with Challis
(2001). During the three shod conditions the participants
wore shoes contained the RSScan In-Step Insole system
measuring at 500Hz (RSScan International, Belgium: Figure
2a-b). Each participant was required to complete three suc-
cessful trials in the bare foot condition. A trial was considered
to be successful when the participant made contact with cen-
tre of the pressure plate with their left foot, without
hesitation or alteration of their usual movement pattern. The
participants were instructed to focus upon a spot on the wall,
as targeting of the plate has been reported to alter stride pat-
tern (Challis, 2001). In each of the three shod conditions the
participants were required to walk for 20m to allow the in-
sole device to measure for a total of 8 seconds. All trials, both
bare foot and shod, were conducted at the participants’ pre-

ferred walking speed to ensure ecological validity in accor-
dance with Hayafune et al. (1999) and Cavanagh et al. (1992)
who noted that requiring participants to walk at a standard
prescribed speed, can disturb normal gait patterns. The
results of three trials were averaged for each participant, in
each condition, for analysis. Repeated measures analysis of
variance (ANOVA) was performed on the maximum peak
pressure on the 1st, 2nd, 3rd, 4th and 5th metatarsal heads of
the left foot, and the medial and lateral aspects of the left
heel (Figure 3).

Figure 3. Representation of pressure measurements at points
of interest

Results

Repeated measures ANOVA reported a borderline non-signif-
icant difference (P = 0.057) in pressure at metatarsal 1
between the barefoot and shod conditions. There was a sig-
nificant difference (P = 0.006) for pressure between the
barefoot and shod conditions at metatarsal 2 (see Table 2 for
mean pressures and % differences). A significant difference (P
= 0.006) was found between the mean pressures recorded at
metatarsal 3 for the barefoot and shod conditions (see Table
3 for mean pressures and % differences). No significant differ-
ence (P = 0.16) was found between the pressures at
metatarsal 4 for the barefoot and three shod conditions.
There was a significant difference (P = 0.002) in pressure at
metatarsal 5 between conditions (see Table 4 for mean pres-
sures and % differences). While there was a significant
difference (P = 0.025) in pressure at the lateral heel between
barefoot and shod conditions (see Table 5 for mean pressures
and % differences), there was no significant difference (P =
0.125) between the pressures recorded at the medial heel
between conditions. 
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Figure 2a. Frontal view of insole pressure system set-up

Figure 2b. Sagittal view of insole pressure system set-up
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Table 2. Mean and SD values at the main anatomical points
of interest in barefoot condition

Table 3. Mean and SD values at the main anatomical points
of interest in flat heel condition

Table 4. Mean and SD values at the main anatomical points
of interest in medium heel condition

Table 5. Mean and SD values at the main anatomical points
of interest in high heel condition

Discussion 

High-heeled shoes have traditionally been blamed for a myr-
iad of foot complaints (Phillips et al., 1991; Frey et al., 1993).
While previous research has speculated that increased pres-
sure on certain areas of the foot have contributed to various
deformities, and despite growing concerns regarding the
damaging effect on gait and lower extremity function, there
is a paucity of research investigating the relationship
between heel height and consequent pressures on the foot.
Ebbeling et al. (1994) and Stefanyshyn et al. (2000) reported
that an increased heel height caused increases in ankle plan-
tar flexion, knee flexion, vertical ground reaction forces and
anteroposterior braking force, while Esenyel et al. (2003)
found that the altered anatomical position of the foot was the
main cause of functional changes including a shift in ground
reaction force toward the medial forefoot, a reduction in foot

pronation during mid-stance, and an increase in the vertical
ground reaction force (GRF) at heel strike. Snow and Williams
(1990) also reported that wearing high-heels significantly
increased the vertical forces applied to the forefoot, due to
the increased plantar flexion, and a shift in the centre of mass
both anteriorly and medially. The main findings of the current
study were that an increase in heel height corresponded to
an increase in pressure at the medial metatarsals (M2 and
M3), a reduction in pressure at the outermost lateral
metatarsal (M5) and an increase at the medial heel. The
changes in pressure noted at the respective lateral and
medial metatarsal heads indicates that as heel height
increases the participants placed more pressure down the
medial aspect of the foot during metatarsal loading; support-
ing previous studies’ findings (McBride et al., 1991; Snow et
al., 1992; Nyska et al., 1996; Mandato and Nester, 1999;
Esenyel et al., 2003; Speksnijder et al., 2005; Ko et al., 2009).
The medial aspect of the heel showed no significant differ-
ence in pressure though. This may indicate that pressure
received at this site during heel strike remains relatively con-
stant with increasing heel height. However, it has been
assumed that pressure in the forefoot increases due to the
presence of the heel, which forces more pressure down into
the forefoot; due to the excessive plantar flexion observed
when wearing high heels (Bendix et al., 1984). Other investi-
gations have noted that wearing high heels encourages the
body into falling forward and can cause the individual to
shuffle, rather than pick up their feet (Adrian and Karpovich,
1966; Bendix et al., 1984). This may explain why there was lit-
tle change in the pressure values noted in the medial aspect
of the heel and why the pressures noted in the lateral aspect
reduced as the individual may not be able to heel strike suffi-
ciently due to the lack of leverage at the ankle.

One advantage of the current study’s design was that three
different heel heights were tested and reflected previous
research by Stefanyshyn et al. (2000), which indicated that
high heeled shoes are often up to 10cm; while Snow et al.
(1992) tested three heights these only went up to a maxi-
mum of ~8cm, Speksnijder et al. (2005) tested only two
heights up to a maximum of ~6cm. Other differences
included the fact that participants in this current study were
provided with shoes, unlike Speksnijder et al. (2005) who
allowed participants to wear their own shoes. Speksnijder et
al. (2005) claims this assured comfort and a more normal gait,
although acknowledged that the variation in the soles,
uppers and linings may influence pressure measurements;
something that Hennig and Milani’s (1995) and Hennig et al.
(1996) findings regarding the increase in peak vertical forces
with an increase in shoe hardness concur with. Despite the
differences of methodologies, the findings of this current
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study link well with those of previous research. The overarch-
ing message is that wearing high heels appears to shift the
load from the heel region towards the central and medial
forefoot; something that is accompanied by an increase in
pressure at these sites. This may have implications for those
vulnerable to high pressure in the forefoot, such as diabetics
or those suffering from rheumatoid arthritis (Speksnijder et
al. 2005). It may also affect those wearing high heels for long
periods. Although no studies have assessed the effect of pro-
longed wearing of high heels over a number of years in terms
of pressure pattern alterations, much has been written about
long term changes in foot morphology thought to be caused
by extended wearing of high heels (Phillips et al., 1991; Frey
et al., 1993; Plank, 1995; Bryant et al., 1999; Stefanyshyn et al.,
2000). Opila, (1988) notes that wearing high-heeled shoes
causes statistically significant changes in the orientation of
the lumbar and pelvic regions. Opila-Correia (1990b) found
that those more accustomed to wearing high-heeled shoes
accommodated biomechanically to walking in that type of
shoe. Therefore it may be possible that certain individuals
who wear high heels more often over time not only change
their body position but the way in which they load the foot
so as to walk ‘normally’ in the shoes they usually wear.

Conclusion and Recommendations

Findings of the current study support previous research and
anecdotal evidence that increases in heel height cause
changes in pressure distribution across the foot and have the
potential to result in negative outcomes on gait patterns and
health. With up to 70% of women wearing high-heeled shoes
on a daily basis, in both professional and social settings, it
would appear appropriate to inform women about the dan-
gers of wearing high heels. Future research should now
examine the longitudinal effects of prolonged high heel
wearing, including degenerative bone and joint diseases,
muscular pain and potential changes in pressure distribution
patterns. 
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