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Abstract: The high-heeled shoes are the cause of slips and falls while walking. Objective: To determine the shape of the
base of the heel of the shoe to a stabilization of the locomotor pattern of walking. Materials and Methods: Fifteen young
women had normal-weighted market shoes without heel and with heels of 5.08 cm; 7.6 cm and 10 cm. Each shoe were
associated three square bases whose sides were: small: 1.5 cm; average: 3 cm wide and 5.3 cm. Results: Significant differences
between the kinematic parameters were only for small and medium bases. There was no significant difference between the
large base and the heel without shoes. The base of the heel of the shoe that stabilizes the locomotor pattern of walking is one
that is large and whose side is equal to 5.3 cm. This value represents the heel of the foot width of the subject.
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1. Introduction

Human locomotion for over three million years, walking is
a learned activity, integrated automatic (Plas and al., 1979). It
is defined generally as a displacement consisting of a
translation of the entire body, resulting from rotational
movements of the joint (Bouisset and Maton, 2000). Walking
is a cyclical activity characterized by a repeat sequences of
body segments to move the body forwards while maintaining
the balance (Perry, 1992). His decomposition involves two
major phases that are the stance and swing that are evaluated
through the space-temporal parameters.

By its nature, walking involves a near constant contact of

the feet with the ground, which can cause injuries and other
injuries to the sole of the foot. To remedy this state of affairs,
the shoe was created for more than 5,500 years to protect the
feet of different injuries they are subjected during walking
(Pinhasi and al., 2010). Since then, the shoe has undergone
several transformations to happen today, not only to play its
historic main role, but also to serve as a fashion accessory,
making all part of the clothing range. Thus the high-heeled
shoes are now best worn by women in the performance of
their daily and professional tasks.

This social behavior that tends to take more and more
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important, has interested many researchers. Thus, Hong and
al. (2013), questioning on the stability factor, testified that
women who wear high-heeled shoes often complain about
the instability of the foot and lower back pain. Menz and
Lord (1999) were interested in postural adaptation in high
heels in the elderly people. They reveal that any changes
occurring between the foot and the ground are likely to affect
the posture. The authors concluded that high heels are
sources of instability leading to injuries such as fractures and
ankle sprains (Chien and al., 2013). Other studies had
indicated that such a result by showing that the high heel
disrupts the locomotor pattern and is associated with an
increased risk of falling and slipping (Ebbeling and al., 1994).

Lord and Basford (1996) in a solution approach indicated
that the increase of the base of the shoe heel part in the
stability of the locomotor pattern. In addition, to improve
postural stability in high-heeled shoes, the center of mass
should be located 2 to 4 mm, compared to the center line of
the shoe (Philips and al., 1991). However, no details were
given as to dimensions or measures that may have the base of
the heel of the shoe to ensure stability of the locomotor
pattern.

The objective of this study is to determine the shape of the
base of the heel of the shoe for better stabilization of the
locomotor pattern of walking.

2. Materials and Methods
2.1. Type of Study and Implementation Framework

This is a controlled prospective study, which took part in
the Laboratory for Biomechanics and Performance (LABIOP)
of the National Youth Institute of Physical Education and
Sport (INJEPS)

2.2. Study Population and Sampling

The target population consists of women who had worn
high-heeled shoes of public and private institutions of Porto-
Novo, one of the special status cities of Benin. The study was
included a non-probability sample of fifteen healthy women
with normal overweight (BMI = 22.17 + 1.72 kg m?),
volunteers, aged 22.4 + 2.56 years and assigned the wearing
high-heeled shoes as a professional dress requirement.

2.3. Materials

- Measurements of body mass and height were performed
using respectively, scales (Seca, electronic, France) extended
150 kg and 0.1 kg precision and a fathom (206 Bodymeter
Seca, Wall, France), range 2.20 m, accurate to within 1 mm.

- All the kinematic gait parameters were collected with
OptoJump Next system (Microgate, version 1.8.10.0,
Switzerland) which was connected to a computer where the
data were transferred.

- The walk took place on a treadmill at a slope of 1%
(Tehnogymn, slope -5° to + 25°, China) with one pair of
shoes without heel and nine pairs of heels (Collection, wide
base, Italy) as follows: Three heights of heels 5.08 cm, 7.62

cm, and 10 cm. For each height were associated three
different bases each having form of a square whose side was:
small base (Sb) = 1.5 cm; average basis (Ab) = 3 cm; large
base (Lb) =5.3 cm

- The heart rate at rest and walking were measured with a
heart rate monitor (Polar RS 800 SD, Electronics, Finland).

- The step rate was imposed by a metronome (Seiko DM-
20, Digital, Deutschland) for the duration of walking on
treadmill.

2.4. Experimental Protocol

A phase of addiction laboratory equipment was used to
determine the speed gait freely chosen in shoes without heel
(Stewn)- On this basis, the step frequency freely chosen in
shoes without heel (Fg.,) was also determined. The test
consisted of walking on the treadmill at a slope of +1%, at
the Sgwn and Feyy for six minutes. Walking without shoes
heel was the reference condition. In total, the subjects were
walking in ten conditions that were all randomized. At the
end of each passage, a recovery time is given to the subject to
enable the return of heart rate to his the rest value.

2.5. Variables Measured

The kinematic parameters of the walking that are the stride
length (SL), the proportion of the stance phase (PStP), the
duration of the stance phase (DStP), the proportion of the
swing phase (PSwP), the duration of the swing phase (DSwP)
and the gear ratio (GR) were collected.

2.6. Data Analysis

The recorded data were processed using the Statistica
software Stat Soft Inc (Version 7.1). For each variable the
mean and standard deviation were calculated. The analysis of
variance for repeated measures was used to determine
generally the parameters affected by the shape of the base of
the heel of the shoe. Fischer LSD test was used to determine
significant differences specific to each shoe heel base. The
level of statistical significance was set at p < 0.05.

2.7. Ethical Considerations

The study protocol was submitted to the Scientific
Committee of Sectoral Sports and Physical Activities of
Science and Technology of the University of Abomey-Calavi
whose gave his approval to conduct the study before data
collection. Each subject signed a card written informed
consent before participating in the study.

3. Results

The characteristics of the subjects (Table 1) of this study
showed that it was a young population with an average age of
22.40 + 2.56 years. They said, considering the body mass
index (BMI = 22.17 + 1.72 kg m-2) that the study sample
consists of normal-weighted women. The heel of the foot
width of the subjects was 5.3 cm.

The comparison of kinematic parameters at different shoe
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heels bases showed that whatever the height of the heel of the
shoe, the large bead base had presented no significant
difference. However, significant disturbances observed in the
small and the average bead base increased with the height of
the heel of the shoe. The bead base of the shoe that does not
disturb the locomotor pattern is a square whose side is equal
to the width of the heel of the foot of the subject.

169

Table 1. Biometrics subject characteristics.

Mean + standard deviation

Sample size = 15

Age (years) 22.40 +£2.56
Height (m) 1.63 £0.04
Body weight (kg) 59.07 £5.15
Body mass index (kg/m?) 2217+ 1.72
Walking speed (km/h) 2.63+£0.17
Width of the heel of the foot (cm) 5.33+0.26

Table 2. Change in kinematic gait parameters at different shoe heels bases for a height of 5.08 cm.

SL (cm) PStP (%) DStP(s) PSwP (%) DSwP (s) GR (m/pas/min)
SWH 61.3+8.05 59.8+6.07 0.803+0.265 40.2+6.78 0.531+0.113 0.0058+0.0008
Sb 54.75+9.38* 51.29+£13.98%* 0.623+0.185* 48.714£5.37*** 0.594+0.153 0.0051+0.0017
Ab 61.75+6.75 59.58+7.22 0.842+0.211 40.42+6 .91 0.580+0.186 0.0052+0.007
Lb 63.43+9.65 59.63+6.91 0.865+0.237 40.37+7.22 0.561+0.068 0.0054+0.002

The numbers in the table represent the mean values + standard deviation of kinematics parameters; SL: step length; PStP: proportion of the stance phase; DStP:
duration of the stance phase; PSWP: proportion of the swing phase; DSwP: duration of the swing phase; GR: gait ratio; *: Significant difference at p < 0.05;

***: Significant difference at p < 0.001

Table 3. Change in kinematic gait parameters at different shoe heels bases for a height of 7.6 cm.

SL (cm) PStP (%) DStP(s) PSwP (%) DSwP (s) GR (m/pas/min)
SWH 61.3+£8.05 59.8+6.07 0.803+0.265 40.2+6.78 0.531£0.113 0.0058+0.0008
Sb 54.6+6.45* 50.843.5%** 0.487+0.202%* 49.242 24%** 0.571+0.152 0.0327+0.0025%**
Ab 60.25+7.53 51.548.19** 0.506+0.190** 48.5+6.24** 0.569+0.161 0.0099+0.0026***
Lb 61.37+7.21 61.1+7.3 0.714+0.122 38.9+6.62 0.527+0.139 0.0063+0.0049

The numbers in the table represent the mean values + standard deviation of kinematics parameters; SL: step length; PStP: proportion of the stance phase; DStP:
duration of the stance phase; PSwP: proportion of the swing phase; DSwP: duration of the swing phase; GR: gait ratio; *: Significant difference at p < 0.05; **:

Significant difference at p < 0.01; ***: Significant difference at p < 0.001

Table 4. Change in kinematic gait parameters at different shoe heels bases for a height of 10 cm.

SL (cm) PStP (%) DStP(s) PSWP (%) DSwP (s) GR (m/pas/min)
SWH 61.348.05 59.8+6.07 0.803+0.265 40.2+6.78 0.531+0.113  0.0058+0.0008
Sb 53.4446.7% 42.344.02%%* 0.382+£0.336%*%  57.74533%%* 0.566+0.075  0.0600£0.01%**
Ab 54.1£10.5% 51,540, 5%+ 0.8040.244 48.545.34%%* 0.556+0.107  0.05000.02%**
Lb 55+10.4 62.4+7.91 0.835+0.261 37.646.61 0.50040.080  0.0070+0.004

The numbers in the table represent the mean values + standard deviation of kinematics parameters; SL: step length; PStP: proportion of the stance phase; DStP:
duration of the stance phase; PSwP: proportion of the swing phase; DSwP: duration of the swing phase; GR: gait ratio; *: Significant difference at p < 0.05; **:

Significant difference at p < 0.01; ***: Significant difference at p < 0.001

4. Discussion

This study was conducted with a sample of women with
high-heeled shoes. The normality of the locomotor pattern
guided the choice of subjects for this study. Only women
with a normal gait cycle have been taken into account. This
was verified from the standards of literature behind than
normal walking, the stance phase occupies 60% of the cycle
and 40% swing phase (Viel, 2000; Vaughan and al. 1992)
with a gear ratio which is invariant 0.0064 m / steps / min in
women (Sckiya and al., 1997). Indeed, there was no
significant difference between the values observed in subjects
of this study and those of the literature.

This result confirms that of literature indicating that
wearing high heels is associated with instability and collapse,
which can lead to injuries such as rupture of the
patellofemoral ligament (Hong and al., 2005). This could be
due to the shape of the base of the heel of the shoe contacts
the ground. Indeed, when the subject wear the shoe which
has a small or medium base heel, the entire surface of its heel

and the foot of the plant is not in contact with the ground; the
support polygon which is the plane drawn by the footprints is
thereby reduced, thus decreasing the balance strategies. The
point of projection of the center of gravity and the center of
pressure are then modified (Tortolero and al., 2007). And in
such cases, while walking, the body's center of gravity could
end up outside this polygon is restricted, leading to instability
and imbalance; since in normal operation, the center of
gravity moves to create a model of sine waves indicating the
efficiency of walking, with correct durations of the various
phases (Braune and Fischer, 1985). Walking in small or
medium bases heels, disrupts this model ideal as reported in
Stefanyshyn and al. (2000) who noticed that wearing high
heels is a source of loss of fluidity of the market, hence the
loss of efficiency. Indeed, they have indicated that a height of
4 cm heel, a significant difference at p <0.01 was observed
for the flight duration and therefore the swing phase. Which
is in contradiction with the work of Ebbeling and al. (1994)
did not observe significant differences that from 5.08 cm heel
height. This discrepancy is justified by not taking into
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account the shape of the base of the heel in the course of their
study. It is inferred that the results of studies by these authors
did not specify the size of the bases used heeled shoes are in
perspective because this study has shown that the base of the
heel of the shoe strongly influences the quality of walking
and that, whatever the height of the heel. Specifically, the
small bead base absolutely influences walking heeled shoes,
as well as how high.

Another important result of this study is the lack of
significant difference between heel shoes without data and
those observed with great shoe heel base. It is understood
throughout this result that the large bead base with sides of
the width of the heel of the foot, is one that offers a good
balance about. What goes in the same direction as the results
of Lord and Basford (1996) have shown that increasing the
base of the shoe heel helps to improve postural stability. This
was best explained by Phillips and al. (1991) who reported
that the center of mass of the foot placed 2 to 4 mm with
respect to the midline of the shoe, improving the postural
stability during walking

5. Conclusion

Through the results of this study, the conclusion is that the
determination of the base of the heel of the shoe that
stabilizes the locomotor pattern is of paramount importance
in the methodology to be used to study the effect of the heel
height of the shoe on the foot. Studies on the effects of the
height of the heel of the shoe on the locomotor pattern should
take into account the base of the heel of the shoe to avoid
methodological bias and collect real disturbances induced by
high heels.
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