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ABSTRACT
Background: Footwear is often recommended in the management of plantar heel pain (PHP), theoretically to reduce tissue
stress during standing and walking; however, limited data exist to guide footwear design and recommendations.
Methods: Plantar pressures, impact forces and comfort during walking were recorded in 29 women with PHP (mean age
47 � 12 years) in six randomised shoe and insert conditions. A test shoe (polyurethane outsole, 14‐mm heel‐toe pitch) was
compared to a control shoe (rubber outsole, 4‐mm heel‐toe pitch), and within the test shoe, five different insoles that varied by
material, density and arch contouring were also compared.
Results: The test shoe reduced heel peak pressure (15%, p < 0.01) and reduced the loading rate but not the peak magnitude of
the vertical ground reaction force (average loading rate reduction: 7%, p < 0.01; maximum loading rate: 29%, p < 0.01) and was
more comfortable (47%–67%, p < 0.01) compared to the control shoe. Within the test shoe, dual‐density inserts with arch
contouring showed lower heel peak pressure compared to a lightweight flat insert (11%–12%, p < 0.03). The insert with the
firmest material and higher arch contouring showed higher midfoot peak pressure (16%–21%, p < 0.01) compared to other
inserts. Forefoot peak pressure did not differ between shoe or insert conditions (p > 0.05). There were no differences in impact
forces or comfort between the different inserts within the test shoe (p > 0.05).
Conclusion: Findings suggest that shoe and insert properties are both important and provide data to guide footwear design and
management recommendations for PHP.

1 | Introduction

Plantar heel pain (PHP) is among the most common symptoms
reported by people with foot pain who seek medical treatment

[1, 2]. The condition has a detrimental impact on health‐related
quality of life and is associated with limited physical and social
capacity [3–5]. Imaging studies have demonstrated that many
structures of the plantar heel are affected in PHP [6], and the
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heel fat pad is less effective at dissipating energy in affected
individuals compared to those without PHP [7]. One typical
clinical feature of PHP is that symptoms are aggravated by
weight‐bearing activities [8]. In some occupational settings,
increased time standing on hard surfaces and walking have
been associated with PHP [9, 10]. Shoes and shoe inserts that
have the potential to alter weight‐bearing loads on structures of
the heel are therefore considered an important component of
management [8, 11].

In PHP populations, various shoe inserts (contoured orthoses,
heel cups and heel pads) have been shown to reduce heel peak
pressures [12–15]; however, effects of shoe design and material
properties have not yet been investigated in PHP. Findings in
asymptomatic populations report reduced plantar pressures in
shod walking compared to barefoot [16, 17], with more
compressible (softer) materials redistributing loads effectively
[18, 19] and softer‐soled shoes producing lower peak pressures
than harder‐soled shoes [20]. Further investigation of shoe
design and materials in PHP populations is therefore warranted.

Although pressure‐relieving properties of shoes and shoe inserts
have been evaluated, their shock‐attenuating effects have not
been investigated in PHP, and studies in asymptomatic adults
report conflicting findings on shoe inserts [21–25]. Studies of
impact forces during walking and running in asymptomatic
individuals report varied effects of shoes compared to barefoot
[16, 17] and minimal differences between different military and
training footwear designs [26]. Investigation of the potential
effect of shoes and shoe inserts on impact forces during walking
in people with PHP will improve understanding of the role of
footwear in clinical management.

The existing literature on pressure‐relieving and shock‐
attenuating effects of shoes and shoe inserts largely focuses on
athletic footwear [12, 13, 16, 17, 21] and military footwear [26],
and in some cases, footwear features are not clearly described
[14, 15, 25]. Many occupations involving long hours of weight‐
bearing (e.g., nursing, teaching, retail, hospitality) require peo-
ple to wear nonathletic styles of footwear. There is currently a
lack of evidence investigating the pressure‐relieving and shock‐
attenuating properties of nonathletic ‘everyday’ footwear and
inserts that may fit in such footwear. Additionally, there is
limited understanding of how pressure‐relieving and shock‐
attenuating properties of footwear influence comfort.

Experts recommend that individuals with PHP should be
advised to select comfortable footwear [11]. In a small sample
with PHP, Ho et al. (2022) reported that walking in a canvas
sneaker with a contoured custom orthotic was rated more
comfortable than without an orthotic [27]. This is supported by
systematic review evidence from varied populations that adding
an insole improved footwear comfort [28]. The existing litera-
ture suggests that softer, more flexible insoles are perceived as
more comfortable, but insole preference is also influenced by
occupation [28]. By comparison, shoe sole hardness was re-
ported to have minimal influence on comfort [20]. The influ-
ence of insole contouring is less clear, with conflicting evidence
as to whether flat or contoured insoles are perceived as more
comfortable [28]. Comfort of shoes and shoe inserts is an
important consideration because it influences adherence [29].

To the authors' knowledge, no study has concurrently evaluated
the pressure‐relieving properties, impact forces and comfort of
shoes and shoe inserts in individuals with PHP. Improving our
understanding of footwear features that provide cushioning and
comfort for individuals with PHP may be an important first step
to identify a footwear intervention to investigate in a clinical
trial. The aim of this study was to investigate the effect of both
shoe and shoe insert designs on in‐shoe plantar pressures, ver-
tical ground reaction force and underfoot comfort in individuals
with PHP.

2 | Materials and Methods

This study was approved by the Institutional Human Research
Ethics Committee (#4889) and participants provided written
informed consent. Funding was provided by a government and
industry partnership scheme (Innovation Connections
ICG001752). The industry partner manufactures women's foot-
wear; hence, women were recruited to participate in this study.
The industry partner was not involved in data collection or
analysis.

Twenty‐nine women with PHP participated in this study. Par-
ticipants were recruited via advertisements in local physio-
therapy and podiatry clinics, the university community and paid
Facebook advertisements. Eligible women were aged 18 years or
older and reported symptoms consistent with PHP in one or
both feet for a minimum of 4 weeks. Inclusion criteria also
included pain aggravated by walking on most days in the last
month (rated at least three out of 10 on a numerical rating
scale), pain with palpation of the plantar heel and shoe size
women's US/AUS six to eleven. Women were excluded if they
reported a mobility or cognitive impairment, neurological con-
dition affecting walking gait, injury or surgery of the lower back
or lower limb in the preceding six months, lower limb muscu-
loskeletal pain in areas other than the heel that may affect
walking gait, systemic inflammatory disease, peripheral sensory
neuropathy or regular use of foot orthoses in the last 12 months.
Participant characteristics are displayed in Table 1. Sample size

TABLE 1 | Characteristics of the women who participated in this
study.

Characteristic Mean (SD) Range
Age (years) 47 (12) 24–73

Height (m) 1.65 (0.06) 1.51–1.73

Weight (kg) 83.4 (13.5) 57.5–103.1

Body mass index (kg/m2) 30.7 (5.0) 20.5–39.3

Time on feet (hours/day) 6.2 (2.8) 1.5–12.0

Foot posture index (−12 to þ12) þ3.5 (3.7) −4 –þ10

Manchester‐Oxford Foot Questionnaire (%, 100 = greater
severity)

Index (single score) 54.1 (15.2) 23.4–85.9

Pain 60.7 (2.5) 25.0–85.0

Standing/walking function 48.4 (19.3) 25.0–92.9

Social 42.9 (21.6) 0.0–87.5
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calculations indicated that 26 participants provided a 90%
probability of detecting a moderate difference between condi-
tions (f = 0.25) with the alpha level set at 0.05 [30].

Participants attended one data collection session where they
walked in six conditions across a 10‐m walkway. Each partici-
pant was fitted for shoe and insert size and provided a new pair
of socks (bamboo ankle sock, FRANKIE4). The order of con-
ditions was randomised to minimise potential sequencing ef-
fects. Data were recorded for the painful limb or most painful
limb where symptoms were bilateral. To describe participant
characteristics we recorded age, weight, height, average time
spent standing each day, foot posture index [31] and foot pain
and disability (Manchester‐Oxford Foot Questionnaire) [32].

To investigate the effect of shoe outsole design, we compared a
test shoe (Jackie sneaker, FRANKIE4, Australia; lace‐up
sneaker with 14‐mm heel‐toe pitch and dual‐density moulded
polyurethane outsole) with design features consistent with
expert recommendations for PHP [11] (i.e., supportive, incor-
porating some heel‐toe pitch) to a control shoe lacking these
features (Dunlop Volley, Pacific Dunlop Ltd., Melbourne,
Australia; lace‐up sneaker with a 4‐mm heel‐toe pitch and
rubber outsole). For this comparison, the same flat low‐density
ethylene vinyl acetate foam insert was used (FRANKIE4
Flat þ Lite Footbed); see Conditions A and B, Figure 1. Control
and test shoes were re‐used throughout this study. To investi-
gate the effect of insert design, within the test shoe we compared
five inserts that varied in material and contouring; see Condi-
tions B–F, Figure 1. A new shoe insert was used for each
participant for Conditions A–E and every second participant for
Condition F. Condition F insert was trimmed and additionally
heat‐moulded to fit inside the shoe (other conditions did not
require heat moulding). Participants were aware that different
shoe/insert conditions were being assessed but were not
informed of specific features. The six conditions tested were as
follows (Figure 1):

A. Control shoe with a flat low‐density ethylene vinyl acetate
foam insert (FRANKIE4 Flat þ Lite Footbed).

B. Test shoe with a flat low‐density ethylene vinyl acetate
foam insert (FRANKIE4 Flat þ Lite Footbed).

C. Test shoe with a moulded contoured dual‐density insert
(FRANKIE4 Sole Hero Footbed) to investigate the effect of
this insert material.

D. Test shoe with a moulded contoured dual‐density insert
(FRANKIE4 Sole Hero Footbed) with amoulded contoured
thermoplastic rubber piece at midfoot (FRANKIE4 Arch
Peace) to investigate the effect of increased contouring.

E. Test shoe with a moulded contoured bio‐derived poly-
urethane (PU) dual‐density insert (FRANKIE4 Sole Hero
Bio PU Footbed) to investigate the effect of this insert
material.

F. Test shoe with a moulded contoured polyethylene foam
insert (Formthotics) as the industry standard comparator.

The Novel Pedar system (Novel GmbH, Munich, Germany)
collected in‐shoe plantar pressure data during walking trials.

For each condition, the Pedar insole was placed atop each insert
and calibrated in a non‐weight‐bearing position prior to a two‐
minute acclimatisation walk. A force plate (AMTI, OR6‐6,
Watertown, MA, USA) embedded in the floor measured vertical
ground reaction force (vGRF). Force plate data were digitised

FIGURE 1 | Shoe and insert conditions. The test shoe was a lace‐up
sneaker with leather upper, 14‐mm heel‐toe pitch and dual‐density
moulded polyurethane outsole (Jackie sneaker, FRANKIE4, Australia).
The control shoe was an athletic lace‐up sneaker with canvas upper,
4‐mm heel‐toe pitch and rubber outsole (Dunlop Volley, Pacific
Dunlop Ltd., Melbourne, Australia). Condition A: Control shoe
(Dunlop Volley) with a flat low‐density ethylene vinyl acetate foam
insert (FRANKIE4 Flat þ Lite Footbed). Condition B: Test shoe
(Jackie sneaker, FRANKIE4) with a flat low‐density ethylene vinyl
acetate foam insert (FRANKIE4 Flat þ Lite Footbed). Condition C:
Test shoe (Jackie sneaker, FRANKIE4) with a moulded contoured
dual‐density insert (FRANKIE4 Sole Hero Footbed). Condition D: Test
shoe (Jackie sneaker, FRANKIE4) with a moulded contoured dual‐
density insert (FRANKIE4 Sole Hero Footbed) with a moulded
contoured thermoplastic rubber piece at midfoot (FRANKIE4 Arch
Peace). Condition E: Test shoe (Jackie sneaker, FRANKIE4) with a
moulded contoured bio‐derived polyurethane (PU) dual‐density insert
(FRANKIE4 Sole Hero Bio PU Footbed). Condition F: Test shoe
(Jackie sneaker, FRANKIE4) with a moulded contoured polyethylene
foam insert (Formthotics).
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using a Vicon MX Giganet system (Vicon, Yarnton, Oxford, UK)
at 1000 samples/s. Reflective markers (14 mm) were placed on
the shoe at the heel and second toe to enhance visualisation
confirming force plate foot strike and on the participant's back
at the level of the sacrum to assess variability in walking speed.
3D positions of reflective markers were recorded with the force
plate data at 100 samples/s using a 12‐camera Vicon system
(Vantage V5, Vicon, Yarnton, Oxford, UK). Participants walked
at a self‐selected comfortable speed until five successful trials
(i.e., consistent speed, force plate strike with test limb) were
recorded. Timing gates (Freelap SA, Switzerland) were used to
monitor walking speed in real time with trials excluded if they
varied more than 5% from the original self‐selected walking
time. At the completion of walking trials in each condition,
participants used a 100‐mm visual analogue scale to rate their
perceived comfort underfoot (anchored by ‘not comfortable at
all’ and ‘most comfortable imaginable’) at the heel, midfoot and
forefoot regions as well as overall (i.e., under the whole foot)
[33]. To monitor symptoms across the session, participants
completed a 100‐mm visual analogue scale to rate perceived
PHP intensity while walking (anchored by ‘no pain’ and ‘worst
pain imaginable’). Participants were provided a minimum five‐
minute rest period between each condition.

Data processing was performed by investigators blinded to
condition. Using the Novel Pedar‐x Expert analysis program
(version 28.3.8.6, Novel GmbH, Munich, Germany), the middle
four steps from each trial were selected for analysis. A mask was
applied to each footprint, corresponding to the heel, midfoot
and forefoot regions [34]. Peak pressure and contact area were
extracted for each stance phase, and the average for each con-
dition was determined from 20 steps (four steps � five trials per
condition).

Force plate data were low‐pass filtered using a bi‐directional
second‐order low‐pass Butterworth filter with a cut‐off fre-
quency at 100 Hz [35]. The stance phase period was detected
using a vertical force threshold of 1 N. Vertical force plate data
were normalised to body weight using the mean of vertical force
during a ~10 s stationary standing period. Within each stance
phase, peak magnitude was identified as the first maximum,
average loading rate was calculated from heel strike till peak
magnitude, and peak loading rate was calculated as the
maximum rate of change during the same time period. 3D po-
sitional data were low‐pass filtered using a second‐order But-
terworth filter at 5 Hz [36]. To verify that consistent walking
speed was achieved across conditions, walking speed was
calculated in post‐processing as the mean of the time‐
differentiated sacral marker position in the X‐direction across
the complete stride cycle prior to force plate heel strike. Heel
strike prior to force plate heel strike was determined as the local
vertical minimum of the heel marker [37]. Step length was
determined as the difference in X position of the heel marker at
force plate strike and the X position of the contralateral heel
during the prior heel strike.

For plantar pressure and force plate data, the coefficient of
variation of stance time for included steps was less than 10%,
which was deemed acceptable. Walking speed for each trial
across conditions was inspected to ensure all conditions were
within �5% variation.

The Statistical Package for Social Sciences (version 27, SPSS Inc,
Chicago, IL) was used for data analysis. Data were explored for
normality using histograms and skewness/kurtosis statistics
(values above þ3 or below −3 were considered a good indication
that data were not normally distributed) [38]. Between‐condition
differences in peak pressure, contact area, peak vGRF, average
and maximum loading rate of the vGRF and comfort were
determined using a linear mixed model and post hoc tests where
appropriate. To investigate the effect of shoe outsole design, the
comparison of Conditions A and B was of interest, and to inves-
tigate the effect of insert design, Condition B throughCondition F
were compared. For the contact area at the heel/midfoot/forefoot,
bootstrapping (conducted with 5000 resamples) was conducted,
as the transformation of data was not successful in meeting as-
sumptions of normal distribution. To ensure gait consistency, a
linear mixed model was used to examine between‐condition dif-
ferences in speed, stance time and step length. To monitor the
stability of pain across conditions, a linear mixedmodel was used
to examine differences in pain across the order of conditions (A–
F). For all analyses, differences between conditions were
considered significant if p < 0.05. For each linear mixed model,
participants' identification numbers were entered as random in-
tercepts and condition was entered as a fixed factor.

3 | Results

Speed, stance time and step length were not different between
conditions (Table 2). Pain did not differ across the order of the
six conditions (p = 0.98; i.e., pain was stable through the data
collection session).

Heel peak pressure was lower (mean difference: 45 kPa, 15%,
p < 0.01) in the test shoe (Condition B) compared to the control
shoe (Condition A) (Table 2, Figure 2). Within the test shoe,
Conditions D and E reduced heel peak pressure when compared
to Condition B (31.8 kPa, 12%, p = 0.01; 27.1 kPa, 11%, p = 0.03).
Midfoot peak pressure was higher in Condition F compared to
Condition B (20.0 kPa, 16%, p= 0.01). Forefoot peak pressure was
not different between shoe or insert conditions (< 0.4–36 kPa,
< 0.1%–10%, p = 0.07). Contact area at the heel, midfoot and
forefoot was not different between conditions (< 2.1 cm2, < 6%,
p = 1.0, 0.43 and 0.93, respectively) (Table 2, Figure 2).

Peak magnitude of the normalised vGRF was not different be-
tween conditions (p = 0.44). Average and maximum loading
rates were lower (average loading rate: 0.56 BW/s, 7%, p < 0.01;
maximum loading rate: 6.42 BW/s, 29%, p < 0.01) in the test
shoe (Condition B) compared to the control shoe (Condition A)
(Table 2, Figure 2). Within the test shoe, there were no differ-
ences observed between insert conditions (p > 0.33).

Perceived underfoot comfort overall and at the heel, midfoot
and forefoot was higher in the test shoe (Condition B) compared
to the control shoe (Condition A) (Table 2, Figure 2). Im-
provements in comfort were 23.1 mm (64%, p < 0.01) for overall
comfort, 22.4 mm (67%, p < 0.01) at the heel, 23.5 (64%,
p < 0.01) at the arch and 21.2 (47%, p < 0.01) at the forefoot.
Within the test shoe, there were no differences in comfort
observed between insert conditions (p > 0.07).
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4 | Discussion

Our findings demonstrate the importance of both shoe and shoe
insert design. In women with PHP, a nonathletic ‘everyday’
sneaker with design features consistent with recommendations
for PHP reduced heel peak pressure and loading rate of the
vGRF during walking and was rated as more comfortable than a
shoe without these features. Within the test shoe, some inserts
influenced peak plantar pressures, but there were no differences
in impact forces or comfort between the various inserts.

Plantar pressures at the heel were influenced by both shoe and
shoe insert design, highlighting the potential increased efficacy of
inserts in combination with recommended footwear. The test
shoe with a flat low‐density ethylene vinyl acetate foam insert

(ConditionB) reducedheel peakpressure compared to the control
shoe with the same insert (Condition A). Differences in shoe
outsole design included softer/more compressible material
(polyurethane vs. rubber) and greater heel‐toe pitch (14 vs. 4mm).
This finding is supported by findings in asymptomatic individuals
where plantar pressures were higher as sole hardness increased
[20]. Within the test shoe, dual‐density inserts with arch con-
touring (ConditionsD andE)more effectively offloadedheel peak
pressure compared to a flat low‐density ethylene vinyl acetate
insert (Condition B). Both contouring and material compress-
ibility have been shown to influence peak plantar pressures at the
heel in asymptomatic individuals [18]. These inserts effectively
reduced heel peak pressure without significantly increasing
pressure at the midfoot or forefoot. The insert with the firmest
material and higher arch contouring (Condition F) increased

TABLE 2 | Group mean and standard deviation for speed, stance time, peak plantar pressures, contact area, vertical ground reaction force (GRF)
and comfort for each condition.

Variable Condition A Condition B Condition C Condition D Condition E Condition F p‐value
Speed (m/s) 1.32 (0.17) 1.32 (0.17) 1.33 (0.17) 1.33 (0.17) 1.32 (0.18) 1.32 (0.17) 0.99

Stance time (s) 0.684 (0.050) 0.695 (0.050) 0.694 (0.051) 0.692 (0.050) 0.696 (0.053) 0.694 (0.050) 0.34

Step length (m) 0.70 (0.07) 0.71 (0.07) 0.72 (0.07) 0.71 (0.07) 0.71 (0.07) 0.71 (0.07) 0.54

Peak plantar pressure (kPa) by region

Heel 301.5 (65.0)b,c 256.8 (45.0)a 233.0 (44.2) 225.0 (45.2)b,c 229.7 (45.9)b,c 233.4 (37.9)c < 0.01

Midfoot 118.0 (33.4)c 122.4 (28.3) 120.4 (25.4) 128.0 (25.4)c 117.6 (31.3)c 142.4 (36.7)b,c 0.02

Forefoot 356.6 (76.7)c 345.0 (55.0) 355.5 (57.2) 352.8 (52.1)c 357.1 (62.0)c 393.0 (61.2)c 0.07

Contact area (mm2) by region

Heel 37.3 (2.2) 37.5 (2.1) 37.3 (2.3) 37.5 (2.1) 37.2 (2.6) 37.4 (2.2) 0.99

Midfoot 36.8 (3.8) 36.7 (4.6) 38.1 (3.7) 38.2 (5.0) 37.4 (6.1) 38.9 (4.9) 0.43

Forefoot 64.8 (4.3) 64.7 (4.4) 64.3 (4.5) 64.8 (3.8) 63.8 (4.3) 64.4 (3.6) 0.93

vGRF (normalised to body weight)

Peak magnitude
of force (BW)

1.10 (0.09)c 1.09 (0.08)c 1.11 (0.09)d 1.11 (0.08) 1.11 (0.08)c 1.10 (0.09)d 0.44

Average loading
rate (BW.s)

7.90 (1.87)b,c 7.34 (1.61)a,c 7.33 (1.73)d 7.40 (1.76) 7.30 (1.84)c 7.28 (1.74)d 0.03

Maximum loading
rate (BW.s)

22.24 (10.19)b,c 15.82 (4.56)a,c 16.23 (5.49)d 16.44 (6.22) 15.69 (4.97)c 16.22 (4.96)d < 0.01

Comfort (based on a 100‐mm visual analogue scale)

Overall (mm) 36.2 (24.7)b 59.4 (22.4)a 63.3 (19.6) 62.9 (24.7) 55.21 (22.6) 55.2 (23.9) < 0.01

Heel (mm) 33.6 (22.3)b 56.0 (21.5)a 60.3 (22.1) 63.0 (22.5) 56.4 (21.1) 52.2 (23.3) < 0.01

Midfoot (mm) 36.8 (23.7)b 60.3 (21.8)a 65.3 (22.6) 62.5 (25.8) 55.8 (25.0) 55.5 (29.3) < 0.01

Forefoot (mm) 45.4 (29.9)b 66.6 (21.5)a 67.4 (21.8) 66.4 (23.6) 63.6 (22.5) 61.1 (25.2) < 0.01
Note: Condition A: Control shoe (Dunlop Volley) with a flat low‐density ethylene vinyl acetate foam insert (FRANKIE4 Flat þ Lite Footbed). Condition B: Test shoe
(Jackie sneaker, FRANKIE4) with a flat low‐density ethylene vinyl acetate foam insert (FRANKIE4 Flat þ Lite Footbed). Condition C: Test shoe (Jackie sneaker,
FRANKIE4) with a moulded contoured dual‐density insert (FRANKIE4 Sole Hero Footbed). Condition D: Test shoe (Jackie sneaker, FRANKIE4) with a moulded
contoured dual‐density insert (FRANKIE4 Sole Hero Footbed) with a moulded contoured thermoplastic rubber piece at midfoot (FRANKIE4 Arch Peace). Condition E:
Test shoe (Jackie sneaker, FRANKIE4) with a moulded contoured bio‐derived polyurethane (PU) dual‐density insert (FRANKIE4 Sole Hero Bio PU Footbed). Condition
F: Test shoe (Jackie sneaker, FRANKIE4) with a moulded contoured polyethylene foam insert (Formthotics). The test shoe was a lace‐up sneaker with leather upper,
14‐mm heel‐toe pitch and dual‐density moulded polyurethane outsole (Jackie sneaker, FRANKIE4, Australia). The control shoe was an athletic lace‐up sneaker with
canvas upper, 4‐mm heel‐toe pitch and rubber outsole (Dunlop Volley, Pacific Dunlop Ltd., Melbourne, Australia). p‐value based on a linear mixed model.
Abbreviation: BW, body weight.
aDifferent to Condition A in post‐hoc comparisons (p < 0.05).
bDifferent to condition B in post‐hoc comparisons (p < 0.05).
cMissing data for 1 participant.
dMissing data for 2 participants (missing data for peak pressures was due to signal loss at data collection. Missing data for vertical GRF was due to the loss of sacral
reflective marker and inability to verify walking speed).
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midfoot peak pressures. Our observation of increased midfoot
peak pressure with this insert is similar to that reported by a
previous study that used a similar insert of ¾ length, albeit in a
different shoe [12]. The implication of higher midfoot pressure
requires further investigation but feasibly could influence how
well the insert is tolerated over a longer period ofwear. Contoured
inserts are thought to distribute plantar pressures by increasing
surface contact area; however, we did not observe significant
differences in contact area between conditions.

Our findings suggest that impact force was influenced by shoe
characteristics rather than the inserts used in this study. Peak
magnitude of the vGRF was not different between shoe condi-
tions, but average and maximum loading rate was lower when
walking in the test shoe (Condition B) compared to the control
shoe (Condition A), indicating an effect of the softer outsole
material and greater heel‐toe pitch. No differences were
observed between insert conditions within the test shoe.
Although another study has reported altered loading rate when
walking in different shoes in asymptomatic individuals [39],
others have found no difference [26, 40] and most have solely
reported peak magnitude [16, 17]. Comparison to studies is
further limited by the variety of different shoe comparisons with

little description of specific shoe characteristics [26, 39, 40].
Future studies should ensure that shoe design features and
materials are clearly reported.

Our findings suggest that underfoot comfort also appeared to be
influenced by shoe design rather than the insert. The same insert
(flat low‐density ethylene vinyl acetate) was more comfortable
when used in the test shoe (Condition B) compared to the control
shoe (Condition A). Differences in comfort exceeded a clinically
meaningful magnitude (> 10 mm on visual analogue scale) [33];
however, it is uncertain which aspect of shoe design specifically
enhanced comfort. Lane et al. [20] reported that shoe sole hard-
ness had no immediate effect on comfort scores across shoe
conditions with identical heel‐toe pitch. It is possible that the
increased heel‐toe pitch and reduced loading rate of vGRF
demonstrated in our test shoe could help explain the immediate
effect on comfort, particularly in a population with symptomatic
PHP. We found no differences in comfort between insert condi-
tions in the test shoe. Existing literature [28] suggests that softer
insoles are perceived as more comfortable, and the influence of
contouring is conflicting as to whether flat or contoured insoles
are perceived as more comfortable. Although the inserts used in
this study varied in contouring and material properties, the

FIGURE 2 | Percentage change in peak pressure, contact area, comfort and vertical GRF for shoe (Condition A compared to B) and insert
(Condition C/D/E/F compared to B) comparisons. Significant (p < 0.05) differences marked with an asterisk (*) with colour indicating the
direction of difference (green for reduced, orange for increased). ALR = average loading rate; MLR = maximum loading rate.
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differences may not have been substantial enough to notice an
immediate effect on comfort, whereas further testing of comfort
over time would be warranted.

Although this study had several strengths, including concurrent
evaluation of pressure‐relieving/force attenuation effect and
comfort, investigation of a nonathletic ‘everyday’ shoe and
blinded data analysis, the results should be interpreted in the
context of some limitations. First, we report effects in a group of
middle‐aged, obese (group mean age = 47 years, BMI = 30.7 kg/
m2) women, and although this represents a common de-
mographic in the presentation of PHP, results may not be
generalisable to all individuals with PHP. Second, this study was
partially funded by a women's footwear manufacturer, which is
why women's footwear was investigated. Although a systematic
review of studies in the pharmaceutical industry suggests that
sponsored studies can lead to bias [41], the industry partner had
limited input during preliminary study conception/design and
was not involved in data collection or analysis. Third, the
literature has identified many influences on comfort [28], which
include, but are not limited to, structural and functional aspects
of shoe design. It is possible that anatomical and physiological
characteristics also influenced comfort scores and warrant
further investigation. Fourth, this study investigated the im-
mediate effects of various shoes and inserts, and investigation of
effects over a longer period is warranted. Fifth, although par-
ticipants were not informed of specific design features/differ-
ences, we were unable to conceal the external appearance of the
shoe. Previous studies suggest that perceptual factors including
cost, appearance and colour may influence comfort but are
unlikely to affect plantar pressures and vGRF characteristics
[28, 42]. Lastly, we heat moulded the Formthotics (Condition F)
to fit the test shoe, but the devices were not individually cus-
tomised, as would occur in a clinical setting.

5 | Conclusion

The results of this study suggest that in women with PHP, both
shoe and shoe insert characteristics are important consider-
ations for reducing heel peak pressures. Shoe outsole design,
rather than shoe insert, seemed to have the greatest effect on
impact forces and comfort. Reducing mechanical load on
structures of the heel during walking may be a mechanism by
which shoes in combination with inserts reduce symptoms in
PHP. Given that a person takes thousands of steps daily, the
potential cumulative effect may be significant. Comfortable
footwear is likely to improve adherence, which is an important
consideration for both the clinic setting and the design of clin-
ical trials. Our findings support expert recommendations
regarding footwear selection for PHP and may help identify
footwear for future clinical trials.
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