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Plantar pressure variation during jogging
with different heel height
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Abstract. This paper presents the key testing and analysis results of an investigation on the effect of heel height on the plantar
pressure over different foot areas in jogging. It is important in improving the understanding of jogging with high heels and
damage/injury prevention. It can also potentially guide the development of suitable/adaptive exercise schemes in between daily
activities with high heels. In this work, plantar pressure data were collected from 10 habituated healthy female subjects (aged
21–25 years) at their natural jogging speed with three different conditions: flat heeled shoes (0.8 cm), low heeled shoes (4.0 cm),
and high heeled shoes (6.6 cm). Data analysis showed significantly differences in plantar pressure distribution associated with
the heel heights with increased pressure in the first metatarsal region and decreased pressure in the lateral metatarsal and midfoot
sections. However, there is no significant alteration of plantar pressure in the central area of the forefoot with jogging gait.
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1. Introduction

According to surveys on footwear, between 39% and
69% of women wear high heels on a daily basis [1, 2].
One of the most important benefits for women wear-
ing high-heeled shoes is that it increases the femininity
of gait, shoes with heels make their wearer appear to
be taller and to have longer and thinner legs and more
gracious posture. Women’s pursuit and enthusiasm for
high heels has been enduring despite the fact that the
intensity of their daily movement has been greatly
increased in a modern life. In addition to intrinsic
safety issues associate with the difficulty in balanc-
ing and movement, wearing high heels could also have
detrimental effects on gait and lower limbs function.
The possible negative effects of high-heeled shoes on

∗Corresponding author: Y.D. Gu, Faculty of Sport Science,
Ningbo University, Zhejiang 315211, P.R. China. Tel.: +86 574
87600456; Fax: +86 574 87600456; E-mail: guyaodong@hotmail.
com.

hallux valgus [3–6], the development of degenerative
joint disease [7–10] have been reported.

The issue on high heeled walking has been
researched in several biomechanical studies. It is sug-
gested that walking with high heels leads to changes in
load distribution beneath the feet, increase of the foot
bone internal stress [11, 12], decrease of the contact
area and transfer of the center of pressure from mid-
foot to forefoot [12–14]. Another distinct difference
reported is that peak pressure with positive correla-
tion to the heel height shifting from the lateral forefoot
to medial forefoot: from the area of 3rd, 4th and 5th
metatarsal head to 1st and 2nd metatarsal head [11, 13,
15, 16]. These previous findings could be correlated to
high-heel wearing induced foot pain and uncomfort-
ableness. In a recent work, Gu et al. [17] investigated
the effect of high heels on plantar pressure on the shoe-
ground surface and found that peak pressure increased
not only in the fore part of sole but also the heel region.
Most of these works were based slow space walking,
while issues on potential effects of high heel on high
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intensity movement such as jogging is lees known.
Running is potentially more injurious due to the strik-
ing impact of the foot being transferred up the lower
kinetic chain at a higher rate [18]. Jogging could be a
little bit safer comparing to running, as maximum force
and peak pressure were lower [19, 20]. However, slow
jogging (between 1.5 and 3 m/s) produces vertical GRF
up to 1.6 times more than walking at the same speed,
thus making jogging a potentially more injurious activ-
ity as compared to walking [21]. This may have directly
influences on high heel wearers and the understanding
of such a process is becoming increasingly important
with increasing space of modern society. Wearing high
heeled shoes seems to be a currently global trend,
because many international companies believed that
female workers should wear high heels in order to
show courtesy [28]. What’s more, some companies
have stipulated in the agreement that female workers
should wear high heels in order to maintain profes-
sional images [22]. In these cases, wearing high heels
have to be done out of necessity as part of a job; in
fact, running matches in high heels was interestingly
being worldwide. More detailed understanding the foot
mechanics for this situation is required for improving
the safety and comfortableness. However, there was
very few literature specifically related to high heels in
relatively high-intensity movement rather than walk-
ing. It is very important to discover plantar pressure
pattern changes under different heel heights condition
while jogging at a natural speed. The primary purpose
of this study is to establish the characteristics of plan-
tar pressure during jogging with increased heel height.
The changes in loading and subject adaptability may be
amplified in jogging comparing to walking. Detailed
study of the loading pattern will provide some techni-
cal directions for optimizing design attributes of high
heel shoes particularly in improving the safety factors.

2. Materials and methods

2.1. Participants

Ten young healthy females, aged 21–25 years
(23.88 ± 1.65; mean ± SD) with no previous/current
foot injury, participated in this study voluntarily Sub-
jects with any pathologies that could have affected
the research and its results were not qualified for
participation. The average height and weight of the par-
ticipants was 162.00 ± 3.30 cm and 52.19 ± 3.68 kg,

respectively. All those tested had been wearing high-
heeled shoes more than two years (including two years)
with a frequency of about 4 times a week.

2.2. Instruments

Jogging tests were conducted along a 12 m walk-
way with a middle section of 7 m designated for data
collection. The PEDAR insole system (Novel, GmBH,
Munich, Germany) was used to measure the pressure
and force between the plantar surface of the foot and
the shoe. The PEDAR insole is a pressure distribution
measuring device based on the capacitance principle.
The insoles are approximately 2.6 mm thick and con-
tain 99 sensors. The insole system is able to measure
pressures up to 120 N/cm2.

Three types of women’s fashion shoes (sized 37
EUR) with different net heel height (flat: 0.8 cm, low:
4.0 cm, and high: 6.6 cm), according to difference
between the back and forefoot part of shoe (Fig. 1).
All the shoes were commercially available with simi-
lar design, construction, and material. In addition, these
footwear selected were also similar in terms of fore-
foot width and straps, as these may potentially affects
the results.

2.3. Procedures

Preliminary trials showed that all subjects have a
heel-toe running pattern, and they were asked to per-
form jogging at their own natural pace for several
trials with different testing shoes, the running speed
was found to be between 2 m/s to 3 m/s. This proce-
dure ensures that the subject become accustomed to
the testing insoles. During the test with full scale data
collection, participants were asked to jog three times
at her natural speed in each study condition. Further-
more, there was a six-minutes resting interval between
tests of different shoe conditions in order to prevent any
fatigue effect, and resting time was confirmed by the
subjects during preliminary trials for this short jogging
distance. The three conditions of different heel height
were tested in a randomized sequence.

2.4. Data analysis

Data analysis was based tests from the left feet
of all participants. The foot was divided into eight
regions of masks (Fig. 1): big toe (BT), lesser toes
(LT), medial forefoot (M1, nearly the first metatarsal),
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Fig. 1. A: Shoes with different heel height; B: The mask definition of the plantar area.

middle forefoot (M2-3, nearly the second and third
metatarsal), lateral forefoot (M4-5, nearly the fourth
and fifth metatarsal), medial midfoot (MMF), lateral
midfoot (LMF) and heel (H). For each of these regions
the following parameters were assessed: contact area
(CA) in cm2, maximum force (MF) in N, peak pres-
sure (PP) in N/cm2, force time integral (FTI) in Ns. The
FTI provides an understanding of the load distribution
applied over time.

SPSS 17.0 for Windows was used in the statistical
analysis. Data from clinical evaluation and physical
measurements were input to the SPSS program. Anal-
ysis of variance (ANOVA) was employed to study the
effects of heel height, and Tukey test was used for post
hoc comparison with the level of statistical significance
set at a level of 5%.

3. Results

The data of the key foot areas is shown in Fig. 2. It is
clearly shown that jogging with high heeled shoes has
significantly increased the maximum force in BT and
M1 regions (p < 0.05). However, less force was found
to be acting on the LT, M4-5, MMF, LMF and H regions
when comparing the data of the high heeled shoes to
low and flat heeled shoes jogging (p < 0.05). It is also

evident that the M2-3 region had no significant alter-
ation in maximum force. As shown in Fig. 3, the peak
pressure exhibited patterns similar to that of maximum
force (Fig. 3), i.e., lower peak pressure in M4-5, MMF,
and LMF regions and higher peak pressure in BT and
M1 regions (p < 0.05). A sharp decrease of about 70%
in peak pressure was observed in the midfoot and M4-5
region when comparing high heeled shoes data to the
low and flat heeled shoes data. However, the increase
in BT and M1 was only about 20% with the high heeled
shoes jogging. A similar pattern was observed in the
data of force-time integral (Fig. 4). The differences
were especially accentuated on the midfoot and BT
region with a decrease of about 90% and an increase
of 70%, respectively.

As shown in Fig. 5, the contact area was smaller in
the M4-5 region and midfoot for the high heeled jog-
ging compared with the flat heeled jogging (p < 0.05).
Particularly, it almost reduced to zero in the LMF
region. Meanwhile, the contact area was lager in the
OT and M1 region with high heels (p < 0.05).

4. Discussion

The results in present study suggests that increas-
ing heel height would change maximum force, peak
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Fig. 2. Maximum force during jogging with different heel heights. ∗indicates significant difference (p < 0.05).

Fig. 3. Peak pressure during jogging with different heel heights. ∗indicates significant difference (p < 0.05).

Fig. 4. Force-time integral during jogging with different heel heights. ∗indicates significant difference (p < 0.05).
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Fig. 5. Contact area during jogging with different heel heights. ∗indicates significant difference (p < 0.05).

pressure, force-time integral, and contact area under
the forefoot surface (BT, OT, M1, M2-3 and M4-5
regions) during jogging. All the measured parameters
except the contact area value were increased in the
medial forefoot but decreased in the lateral forefoot.
In other words, the high pressure zones shifted from
the lateral forefoot to the medial forefoot. This trend
was consistent with those of previous studies [11, 13,
15, 16]. Interestingly, there was a distinctive differ-
ence between the data for the M2-3 regions of this
work and previous researches on high heeled walk-
ing, in which no significant difference was observed
in the M2-3 regions. This difference could be due to
the fact that the plantar pressure focused on the medial
forefoot much more during jogging with higher values
than walking [23]. The alterations of the pressure dis-
tibution might lead to the discomfort of the foot and
may cause some foot injuries such as plantar fasciitis
[24]. Because high forefoot loading means the posture
of ankle was positioned in plantar flexed, which would
shrink calf muscles [29]. In this case, changing high
heel to flat-heeled shoes can cause excessive load on
Achilles tendon and plantar fascia.

Under the midfoot area, there is a clear decreas-
ing trend of loading with increasing heel height. This
maybe caused by a decreased roll forward over the mid-
foot in high-heeled shoes [25]. These findings were in
a reasonable agreement with the study of Lee et al.
[22], but the values of peak pressure were different
from a previous study which reported that the midfoot
pressure increased after the heel height was increased
[12]. Under the condition of the experiments of this
work, contact area of the midfoot was very limited

when wearing high-heeled shoes, which may have con-
tributed to significant reduction of peak loading in this
region. The decrease of midfoot support function may
lead to high loading on the knee joint [26]. Another
aspect requires attention is that most high-heel shoe’s
sole material was very rigid, so both structure and
material could severely restrict the contact area of the
midfoot. This is the reason why the contact area could
be effectively expanded when using some arch support
insert over the midfoot section [22].

Previous work on walking suggested that there is
a significant load decrease in the heel region during
gait in high-heeled shoes [12–14]. In high heel jog-
ging movement, heel region was shown a similar trend.
The findings reported in this work confirm that wear-
ing high-heeled shoes significantly alters the normal
function of the foot. Because of this complication,
compensations must occur at the knee, hip even the
back of the subject to maintain stability and progres-
sion during walking or jogging [9, 27]. As highlighted
in the introduction section, in a modern life, in some
cases, the high heel wearers have to move in rela-
tive high speed similar to the pace of jogging. The
data showed a clear difference between walking data
and higher intensity jogging data, which is important
in improving the understanding of jogging with high
heels and injury prevention. It can also potentially
guide the development of adaptive exercise schemes
in between daily activities with high heels. How-
ever, there are several limitations of our study that
should be noted. To reflect the realistic conditions,
the data was based natural jogging speed rather than
controlled speed. This may bring variation between
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subjects. In addition, the subjects selected in this test-
ing all were experienced high heel shoes user. People
who are unaccustomed to high heel shoes may have
a different loading pattern thus different biomechan-
ical response. Only ten subjects were selected in this
test, further study shall recruit more participants. The
jogging speed was only generally screened during the
experiment, further study should also control the speed
under more specific level. The implication of the data
on potential design improvement in safety improve-
ment will be addressed in future works. The difference
between jogging and walking suggests that the weak-
ening of midfoot support function during high heel
jogging shall be concerned; factors that raise the per-
ception of this region may have substantial influence
on high heel jogging safety.

5. Conclusions

In summary, the results of the current study sug-
gest that jogging with high heel shoes predisposes an
individual to forefoot pain. This was reflected by sig-
nificant increases in the loading parameters compared
to that of wearing flat shoes. The work revealed the
different effects of heel height on the plantar pressure
between walking and jogging with high heeled shoes.
The data showed that the midfoot was nearly unsup-
ported region during high-heeled jogging, high heel
shoes enforce foot into a position in which these forces
could have a deleterious effect. One potential approach
to improve the performance of high heel shoes in new
footwear design could potentially be achieved through
improving sustainable function of midfoot.
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