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A B S T R A C T

Plantar heel pain is one of the most common musculoskeletal conditions affecting the foot and it is

commonly experienced by older adults. Contoured foot orthoses and some heel inserts have been found

to be effective for plantar heel pain, however the mechanism by which they achieve their effects is

largely unknown. The aim of this study was to investigate the effects of foot orthoses and heel inserts on

plantar pressures in older adults with plantar heel pain. Thirty-six adults aged over 65 years with plantar

heel pain participated in the study. Using the in-shoe Pedar1 system, plantar pressure data were

recorded while participants walked along an 8 m walkway wearing a standardised shoe and 4 different

shoe inserts. The shoe inserts consisted of a silicon heel cup, a soft foam heel pad, a heel lift and a

prefabricated foot orthosis. Data were collected for the heel, midfoot and forefoot. Statistically significant

attenuation of heel peak plantar pressure was provided by 3 of the 4 shoe inserts. The greatest reduction

was achieved by the prefabricated foot orthosis, which provided a fivefold reduction compared to the

next most effective insert. The contoured nature of the prefabricated foot orthosis allowed for an

increase in midfoot contact area, resulting in a greater redistribution of force. The prefabricated foot

orthosis was also the only shoe insert that did not increase forefoot pressure. The findings from this study

indicate that of the shoe inserts tested, the contoured prefabricated foot orthosis is the most effective at

reducing pressure under the heel in older people with heel pain.

� 2010 Elsevier B.V. All rights reserved.
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1. Introduction

Plantar heel pain is one of the most common musculoskeletal
conditions affecting the foot [1]. It is regularly experienced by
running athletes [2] and people who are overweight [3], however it
has also been reported to affect 4–17% of older people [4,5]. As the
specific cause of pain is often difficult to determine clinically, the
broad term plantar heel pain is regularly used [3,6]. There are many
causes of pain in the plantar heel region, although plantar fasciitis
is recognised as being the most common [6]. Among older people,
heel pain can have a negative impact on foot-specific and general
health-related quality of life [7], which includes functional
limitation [8].

The aetiology of plantar heel pain remains unclear, but it is
likely to be multifactorial with many associated risk factors having
been identified, including increased age, obesity, increased hours
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of standing and some biomechanical or functional factors [1,9]. In
addition, a strong association between plantar heel pain and
calcaneal spurs has been identified [9,10]. This finding is supported
by a radiographic study which reported that older people with
calcaneal spurs were 5 times more likely to have a current or
previous history of heel pain [11].

Shoe inserts have been found to be effective in the management
of plantar heel pain [12–14]. The mechanism by which they
achieve their effect is still largely unknown, although it may
include a reduction in plantar pressure under the heel [15,16]. At
present, only two studies have investigated the effects shoe inserts
have on plantar pressure under the heel in people with a history of
plantar heel pain, however one study measured plantar pressures
while standing [15], while the other study only included
participants who no longer experienced plantar heel pain [16].
In addition, neither study included participants over the age of 65
years. This may be of importance as it has been shown that ageing
results in increased heel pad stiffness [17] and decreased energy
dissipation [18]. Given that the biomechanics of the heel may differ
between young and old people, this study aimed to investigate the
pressure-relieving properties of a variety shoe inserts in older
people with plantar heel pain.

http://dx.doi.org/10.1016/j.gaitpost.2010.12.009
mailto:d.bonanno@latrobe.edu.au
http://www.sciencedirect.com/science/journal/09666362
http://dx.doi.org/10.1016/j.gaitpost.2010.12.009


Fig. 1. The five experimental conditions. Left to right: (i) Dunlop Volley; (ii) silicon

heel cup; (iii) soft foam heel pad; (iv) heel lift; (v) prefabricated foot orthosis.
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2. Methods

2.1. Participants

The sample consisted of 36 participants, comprising 24 males (67%) and 12

females (33%). Participants were recruited via advertisements in local podiatry

clinics, retirement villages and newspapers. Inclusion in the study was conditional

on participants: (i) having symptoms consistent with plantar heel pain for a

minimum of four weeks in one or both feet; (ii) being aged 65 years or older; (iii)

being able to walk household distances without a walking aid; and (iv) having

normal cognition, as determined by the Short Portable Mental Status Questionnaire

[19]. The diagnosis of plantar heel pain was determined by: (i) heel pain being most

noticeable in the morning or after rest but easing with mild activity; (ii) pain being

generally worse with prolonged standing; and (iii) pain reproducible with palpation

of the medial tuberosity of the calcaneus. Bilateral plantar heel pain was

experienced by 14 participants (39%). The median duration of symptoms was 8

months (range 1–60 months). Participants were excluded from the study if they had

a history of inflammatory arthritis, surgery to the heel, heel pain of unknown

diagnosis, or were unable to speak English. The project was approved by the

Institutional Ethics Committee and informed consent was obtained from all

participants. The characteristics of the participants are shown in Table 1.

2.2. Interventions

All participants were tested wearing new shoe inserts and socks to minimise the

effect of material fatigue on the plantar pressure data. The cotton socks (Texas Peak

Pty Ltd., Melbourne, Australia) and canvas athletic footwear (Dunlop Volley, Pacific

Dunlop Ltd., Melbourne, Australia) were standardised to minimise their influence

on pressures across participants. The style of footwear was selected as its

lightweight construction and original flat insole surface was thought to have a

minimal effect on the foot, the shoe inserts, and the in-shoe pressure mapping

insoles.

The 5 conditions analysed were (Fig. 1):

(i) Shoe only (control condition).

(ii) Shoe + silicon heel cup (Silpos1 Wonderspur, viscoelastic polymer).

(iii) Shoe + soft foam heel pad (PPTTM, 6 mm thick open-cell polyurethane).

(iv) Shoe + heel lift (Formthotics1 heel lift, 6 mm thick polyethylene).

(v) Shoe + prefabricated foot orthosis (Formthotics1, 3/4 length dual-density

polyethylene insole).

The silicon heel cup, along with other viscoelastic heel inserts, has been shown to

reduce heel plantar pressures in asymptomatic young adults [20]. The heel lift and

soft foam heel pad are both relatively inexpensive, and the material PPTTM [21] and

elevation of the heel [22] have been shown to reduce heel plantar pressure. The

prefabricated foot orthosis contours the heel and arch of the foot. Similar orthotic

insoles, made by the same manufacturer, have been shown to be effective in

providing short-term improvements in pain and function in people with plantar

fasciitis [13]. Furthermore, contoured foot orthoses have been shown to decrease

heel plantar pressure [23,24].

2.3. Randomisation

The 5 conditions were tested in random order to minimise potential sequencing

effects.

2.4. Blinding

To minimise bias, participants were not aware of the variety of shoe inserts used

in the study or which shoe insert was being investigated with each trial. The

investigator was not blinded due to the difficulty in concealing the shoe insert used

in each condition. Because the plantar pressure apparatus provides objective data,

this was not viewed as a concern.

2.5. Pressure analysis equipment

Plantar pressures were measured with the in-shoe Pedar1 system (Novel GmbH,

Munich, Germany), a reliable, valid and accurate measure of in-shoe pressure
Table 1
Characteristics of the 36 study participants.

Characteristic Mean Standard deviation Range

Age (years) 71 6.9 65–92

Height (m) 1.69 0.08 1.51–1.83

Body mass (kg) 81.4 13.1 54.0–103.9

Body mass index (kg/m2) 28.7 4.8 20.8–40.3

Time on feet (h/day) 6.0 2.9 2.0–12.5
[25,26]. The Pedar1 insoles are approximately 2 mm thick and consist of 99

capacitive pressure sensors that are arranged in grid alignment. Plantar pressure

data were sampled at a frequency of 50 Hz. All insoles were calibrated with the

trublu1 calibration device prior to the commencement of the study (Novel GmbH,

Munich, Germany).

2.6. Protocol

The Pedar1 insole was placed on top of each shoe insert. Prior to the first walking

trail of each condition, the pressure insoles were zeroed as described by the

manufacturer’s guidelines (Novel GmbH, Munich, Germany). After a familiarisation

period of approximately 2 min, participants completed 4 walking trials for each

condition. Participants were timed as they walked at a comfortable self-determined

speed along an 8 m walkway. The mean walking speed was 4.4 (0.4) km/h (range

3.4–5.2 km/h). If a trial did not fall within 5% of the original walking time it was

eliminated and repeated to minimise the effect of altered walking speed on plantar

pressures [27]. To exclude the effect of acceleration and deceleration steps, only the

middle 4 steps from each trial of the most painful foot were included for analysis. An

average recording was determined from the 16 steps (4 steps from 4 trials) for each

condition.

2.7. Outcome measures

The primary outcome measures were peak pressure, maximum force and contact

area beneath the heel for each condition. Secondary outcome measures included

peak pressure, maximum force and contact area beneath the midfoot and forefoot

for each condition.

2.8. Statistical analysis

The plantar pressure data were entered into the Pedar1 analysis program and a

Novel percent mask was applied to each footprint. Percentage sized masks were

applied to the heel (proximal 31% of foot length), midfoot (middle 19% of foot

length), and forefoot (distal 50% of foot length) [24].

Data were analysed using the computer program Statistical Package for the

Social Sciences (SPSS) Version 17.0 (SPSS Inc., Chicago, IL). The data were explored

for normality and some data required log or inverse square root transformation

prior to inferential analysis. A one-way repeated measures analysis of variance

(ANOVA) with Bonferroni-adjusted post hoc tests was used to compare measure-

ments between each of the conditions. Differences between the mean plantar

pressures of each condition were considered significant if p < 0.05.

3. Results

3.1. Plantar pressure changes

There were a number of significant plantar pressure, force and
contact area differences (Fig. 2) between the 5 conditions. As
overall contact times did not differ across conditions it can be
assumed that the participants walked at a consistent speed during
the trials and therefore any differences in plantar pressures can be
attributed to the conditions being analysed (Table 2).

3.1.1. Heel

All shoe inserts had a statistically significant effect on either
peak pressure or maximum force under the heel compared to the



Fig. 2. Percentage change of peak pressure, maximum force and contact area for the

foot for each shoe insert compared to the shoe alone condition (N = 36). Significant

(p < 0.05) changes marked with an asterisk (*).

Table 2
Mean (SD) contact time for each of the conditions (N = 36).

Insert Contact time (ms)

Mean (SD) % Change p-Value

Shoe only (control) 702.33 (83.89) n/a n/a

Silicon heel cup 701.29 (83.25) �0.14% 1.000

Soft foam heel pad 703.75 (79.34) +0.20% 1.000

Heel lift 712.80 (87.38) +1.49% 1.000

Prefabricated foot orthosis 696.00 (78.78) �0.90% 1.000
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shoe only condition (Table 3). Significant reductions in peak
pressure were provided by the prefabricated foot orthosis (29%),
soft foam heel pad (6%), and silicon heel cup (6%). The only shoe
insert to provide a reduction in maximum force was the
prefabricated foot orthosis (7%), while the heel lift was the only
insert to significantly increase maximum force (6%). Comparison
between the shoe inserts established that the prefabricated foot
orthosis provided significantly lower peak pressure than all other
inserts.

Compared to the shoe only condition, the prefabricated foot
orthosis was the only insert to significantly increase (5%) contact
area in the heel. In contrast, the soft foam heel pad and silicon heel
cup demonstrated a significant decrease in contact area (3% and 4%,
respectively). The heel lift had no effect on contact area.

3.1.2. Midfoot

Compared to the shoe only condition, all shoe inserts had a
significant effect on either maximum force or peak pressure under
the midfoot (Table 3). Similar and significant reductions in peak
pressure were provided by the silicon heel cup (24%), soft foam
heel pad (22%), and heel lift (17%). In comparison, the prefabricated
foot orthosis increased midfoot peak pressure (11%), although this
increase was not significant compared to the shoe, but it was
significantly different to the other shoe inserts.

The prefabricated foot orthosis was the only shoe insert to
provide a significant increase in maximum force (66%) at the
midfoot. In contrast, all other inserts significantly reduced
maximum force (35–42%), with the silicon heel cup reducing
maximum force significantly more than the soft foam heel pad.

All shoe inserts had a significant effect on midfoot contact area
compared to the shoe only condition. The only insert to increase
contact area was the prefabricated foot orthosis (42%), while all
other shoe inserts provided significant and similar reductions in
contact area (22–29%).

3.1.3. Forefoot

Compared to the shoe only condition, no shoe insert had an
effect on maximum force (Table 3) and peak pressure were only
affected by the heel lift and soft foam heel pad (6% and 7% increase,
respectively). Comparison between the shoe inserts revealed that
the prefabricated foot orthosis provided significantly lower
forefoot peak pressure than all other shoe inserts. Finally, the
heel lift produced a 4% reduction in contact area, while the
prefabricated foot orthosis provided a 4% increase compared to the
shoe alone.

4. Discussion

The attenuation of heel peak pressure provided by the
prefabricated foot orthosis was approximately five-fold that of
the next two most effective inserts – the soft foam heel pad and
silicon heel cup. Interestingly, the soft foam heel pad and silicon
heel cup both provided similar reductions in heel contact area,
peak pressure and maximum force. Such a finding may be of
financial importance as both heel inserts vary substantially in cost;
with supply prices at the time of the study being approximately
$29 (AUS) for the silicon heel cup and $6 (AUS) for the soft foam
heel pad. This finding is consistent with previous research which
has shown the cost of heel inserts is not indicative of their ability to
provide immediate reductions in heel plantar pressure [20].

The materials and geometry of the shoe inserts were not
standardised, and as such, several design features of the inserts
may have influenced plantar pressures. The contoured shape of the
prefabricated foot orthosis approximates the plantar contour of the
foot, which appears to have a considerable effect on its ability to
attenuate plantar pressures. Compared to the shoe only condition,
it was the only insert to increase contact area under all 3 regions of
the foot; with the midfoot increasing by at least 82% more than the
other inserts. This enabled the prefabricated foot orthosis to
redistribute force over a greater area compared to the heel inserts,
thereby providing a greater reduction in heel and forefoot plantar
pressure. These findings are consistent with previous research,
which has shown insoles with a greater conformity to the foot are
more effective at attenuating heel plantar pressure [22,24].

Although the heel inserts all differ in construction, they all
slightly elevate the heel. Our data demonstrates that this is
associated with a systematic increase in forefoot loading while also
reducing contact area under the heel, midfoot and forefoot. The
decreased contact area limits the inserts’ ability to distribute force
and this, coupled with the elevated heel height, may explain the
increase in forefoot pressure. Such findings suggest caution is
required when prescribing heel inserts, as the increase in forefoot



Table 3
Mean values (SD) for the heel, midfoot and forefoot (N = 36).

Insert Heel

Peak pressure (kPa) Maximum force (%BW) Contact area (cm2)

Mean (SD) % change p-Value Mean (SD) % change p-Value Mean (SD) % change p-Value

Shoe only (control) 251.5 (45.9) n/a n/a 73.3 (10.0) n/a n/a 45.7 (3.6) n/a n/a

Silicon heel cup 236.5 (38.6) �6%* 0.002 70.9 (9.4) �3% 0.092 44.1 (3.6) �4%* <0.001

Soft foam heel pad 236.7 (37.6) �6%* 0.006 71.9 (9.4) �2% 0.897 44.2 (3.8) �3%* <0.001

Heel lift 260.4 (35.6) +4% 0.848 78.0 (9.2) +6%* <0.001 45.3 (3.7) �1% 0.682

Prefabricated foot orthosis 178.0 (27.9) �29%* <0.001 68.0 (10.3) �7%* <0.001 47.9 (3.5) +5%* <0.001

Insert Midfoot

Peak pressure (kPa) Maximum force (%BW) Contact area (cm2)

Mean (SD) % change p-Value Mean (SD) % change p-Value Mean (SD) % change p-Value

Shoe only (control) 87.4 (29.0)# n/a n/a 13.9 (6.2) n/a n/a 24.3 (7.0) n/a n/a

Silicon heel cup 66.7 (29.0)# �24%* <0.001 8.1 (5.4) �42%* <0.001 17.2 (7.5) �29%* <0.001

Soft foam heel pad 67.8 (27.9)# �22%* <0.001 9.0 (5.3) �35%* <0.001 19.0 (7.3) �22%* <0.001

Heel lift 73.0 (28.8)# �17%* <0.001 8.9 (5.4) �36%* <0.001 17.6 (7.1) �28%* <0.001

Prefabricated foot orthosis 97.4 (31.9)# +11% 0.195 23.1 (6.4) +66%* <0.001 34.6 (2.8) +42%* <0.001

Insert Forefoot

Peak pressure (kPa) Maximum force (%BW) Contact area (cm2)

Mean (SD) % change p-Value Mean (SD) % change p-Value Mean (SD) % change p-Value

Shoe only (control) 292.0 (67.3) n/a n/a 89.1 (14.7)# n/a n/a 73.1 (6.9) n/a n/a

Silicon heel cup 310.5 (75.7) +6% .085 93.6 (16.0)# +5% 0.570 71.9 (7.5) �2% .766

Soft foam heel pad 311.3 (73.6) +7%* .001 91.4 (15.1)# +3% 0.112 71.9 (7.4) �2% .267

Heel lift 310.8 (72.6) +6%* .003 90.5 (16.0)# +1% 0.516 70.4 (7.4) �4%* .001

Prefabricated foot orthosis 283.6 (68.4) �3% 1.00 86.7 (15.5)# �3% 0.150 75.7 (6.8) +4%* .002

* Mean difference is significant at the 0.05 level (Bonferroni adjusted) compared to the shoe only (control).
# Data transformed prior to determining significance.
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plantar pressure may be of clinical importance and lead to
symptoms in the forefoot.

The findings of this study may assist in explaining why
contoured foot orthoses [12,13] and pressure-relieving shoe
inserts [14] are beneficial in the management of plantar heel
pain. Foot orthoses have often been used in the management of
plantar heel pain primarily on the premise they minimise foot
pronation and reduce plantar fascia strain [28,29]. However, the
association between plantar heel pain and foot pronation is
uncertain [9] and the mechanisms by which foot orthoses work
remain unclear [30]. The findings from this study are consistent
with the theory that plantar heel pain in older people may result
from increased vertical loading to the heel [11]. As such, plantar
heel pain may be able to be effectively managed by reducing such
loads. Interestingly, the prefabricated foot orthosis, which in this
study provided the greatest reduction in heel plantar pressure, has
been shown to be effective in reducing plantar heel pain [13].

The findings of this study need to be viewed in light of several
limitations. First, the participants had a limited period to
acclimatise to each of the conditions prior to data collection. A
longer period of acclimatisation was considered, but due to the
potential risk of aggravating the participants’ symptoms, it was
deemed inappropriate to do so from an ethical perspective. Second,
the laboratory-based setting may have influenced the external
validity of the study. Participants were required to wear
standardised footwear that may not be representative of what
they typically wear, and the insert being tested may also have
responded differently in more supportive footwear. Third, the
nature of using pressure-mapping insoles at the foot and shoe-
insert interface may in itself influence plantar pressures, but as it is
not possible to measure this potential influence it remains an
inherent limitation of using pressure-mapping insoles. Fourth, the
immediate effect heel inserts and foot orthoses have on plantar
pressures were analysed in this study, therefore the findings may
not reflect longer term changes such as degradation of the
materials used to manufacture the shoe inserts and the partici-
pants acclimatising to them. Finally, we recognise that the
association between vertical heel pressure and plantar heel pain
has not been fully established. Therefore, it would be beneficial if a
clinical trial was conducted to explore; (i) how effective various
shoe inserts are from a patient outcome perspective and (ii)
whether reduction in plantar pressure under the heel is able to
predict patient outcomes.

5. Conclusion

The results of this study suggest that prefabricated foot
orthoses and some heel inserts provide immediate reduction in
heel plantar pressure in older people with plantar heel pain while
walking. Furthermore, the cost of a heel insert or orthosis was not
found to be indicative of its ability to reduce heel plantar pressure.
Importantly, the contoured foot orthosis used in this study
provided a five-fold attenuation in plantar heel peak pressure
compared to the next most effective heel insert. The contoured
nature of the prefabricated foot orthosis allowed for an increase in
heel and midfoot contact, which allowed for a greater redistribu-
tion of plantar loads. Therefore, it is recommended that a shoe
insert that contours the heel and arch of the foot is most
appropriate when attempting to reduce heel plantar pressure in
older people with plantar heel pain.
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