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Abstract
Background: Wearing a textured shoe insole can decrease postural sway during static balance. Previous studies
assessed bipedal and/or unipedal standing. In contrast, we aimed to investigate if textured insoles modulated
postural sway during four stance types (bipedal, standard Romberg, tandem Romberg, and unipedal), with and
without vision.
Methods: The repeated measures design involved 28 healthy young adults (13 females; mean age = 26.86 ± 6.6 yrs)
performing quiet standing in the four stance types on a force platform, under two different insole conditions
(textured insole; TI vs. smooth insole; SI), with eyes open and eyes closed. Postural sway was assessed via the range
and standard deviation of the COP excursions in the anterior-posterior and medial-lateral sway, and overall mean
velocity.
Results: The main effect of insole type was statistically significant at the alpha p = 0.05 level (p = 0.045). Compared
to smooth insoles, textured insoles reduced the standard deviation of anterior-posterior excursions (APSD). While
simple main effect analyses revealed this was most pronounced during eyes closed bipedal standing, insole type
did not provide a statistically significant interaction with either stance or vision in this measure, or any other.
Postural sway showed statistically significant increases across both stance type (bipedal < standard Romberg <
tandem Romberg < unipedal), and vision (eyes closed < eyes open), in almost all measures. Stance and vision did
have a statistically significant interaction in each measure, reflecting greater postural disturbances with eyes closed
when stance stability decreased.
Conclusions: Overall, these results support textured insole use in healthy young adults to reduce postural sway
measures. This is because APSD is an index of spatial variability, where a decrease is associated with improved
balance and possibly translates to reduced falls risk. Placing a novel texture in the shoe presumably modulated
somatosensory inputs. It is important to understand the underlying mechanisms by which textured insoles
influence postural sway. As such, utilising a healthy adult group allows us to investigate possible mechanisms of
textured insoles. Future research could investigate the potential underlying mechanisms of textured insole effects at
a neuromuscular and cortical level, in healthy young adults.
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Background
Wearing a textured insole (TI) in the shoe can decrease
postural sway during static balance tasks [1, 2] in a range
of populations, including: healthy older people [3, 4],
people with Parkinson’s disease [5], multiple sclerosis
[6], and even healthy young adults [4, 7]. One proposal
is that TIs improve balance by altering sensorimotor
inputs via mechanoreceptors on the plantar surface of
the feet [8]. Other studies show, however, that TIs do
not always improve balance [9–13]. This discrepancy
could be due to multiple factors, such as insole characteristics (including geometric patterns and material
properties) [8], and whether different textures interact
with stance type (which modulates balance difficulty),
vision, and the sensorimotor pathologies of different
populations. Next, we briefly explain our selection of a
pyramidal shaped insole texture, before reviewing literature justifying our experimental manipulations.
A range of insole textures have previously been studied. Improvements in postural control during quiet
standing balance have been obtained using a convex texture in people with Parkinson’s disease [5], and a spiked
texture in healthy young and older participants [14, 15].
In comparison, no beneficial effects were observed when
wearing a rounded nodule pattern in healthy young
adults [9], and a spiked pattern in those with chronic
ankle instability [11]. The more commonly used pyramidal patterning has also produced no improvements for
static balance in middle-aged women [10], older adults
with a history of falls [8], and in people with multiple
sclerosis [12]. Conversely other studies have shown
pyramidal patterning has generated positive effects in
healthy young adults [7], healthy older people [4], and
people with multiple sclerosis [6]. Hatton and colleagues
[4, 7] also found advantages for a pyramidal compared
to a concave textured floor pattern in young healthy
adults and older people. Given these predominantly
positive results, particularly in healthy young adults, we
compared the pyramidal to a smooth insole (control) in
the current study.
Previous static balance research has typically evaluated
TI effects only in bipedal and/or unipedal quiet standing
[7, 11, 12]. While earlier studies have manipulated balance difficulty, for example using foam vs. firm surfaces
[4, 5], no previous studies have explored TI effects
across a range of stance types that pose increasing
challenges to postural stability. This approach could
establish a profile for TI effects across multiple stance
types and may thus serve to better inform subsequent
interventions. We therefore manipulated the base of
support to assess TI effects throughout a linear increase
in task difficultly, from bipedal (feet apart) to standard
Romberg (feet together), to tandem Romberg (feet
heel-to-toe), to unipedal standing.
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Since vision is predominantly involved in balance control [4], it is useful to isolate TI effects from the contribution of visual perception during quiet standing. TI
studies have previously manipulated eyes open (EO) vs.
eyes closed (EC), with some only observing a significant
TI effect during EC [3, 4, 6], and others no effect during
EO [7, 9]. A greater reliance on somatosensory information is likely required during EC, causing sensory
reweighting: a phenomenon by which the relative contribution of each sensory system changes depending on
environmental constraints [16]. In the absence of vision,
we therefore predicted an increase in the magnitude of
the TI effect due to sensory reweighting that emphasises
proprioceptive sources. The present study is therefore
the first to assess TI effects across four stance types,
with and without vision.
The aim of the present study was to investigate the effect of TIs in multiple stance types, with and without vision. Overall, we hypothesised postural sway would be
altered when wearing TIs compared to the smooth insole in each stance type. In addition, it was expected that
stance and vision would modulate postural sway
measures.

Methods
Participant information

A convenience sample of healthy young adults (n = 28;
13 females; mean age = 26.86 ± 6.6 yrs.; height = 171.82 ±
9.46 cm; weight = 73.22 ± 17.02 kg) volunteered, who
were aged 18-51 years [1], right-footed, injury-free and
with an adult shoe size (3–12, UK). Participants were
excluded if they had neurological or musculoskeletal
disorders, needed mobility aids, were injured or pregnant, had communicable foot diseases, or were unable to
provide informed consent. Ethical approval was granted
by the School of Health and Social Care Research Governance and Ethics Committee at Teesside University.
Informed consent was obtained from all participants
prior to testing.
Design

The study involved a three-factorial repeated measures design comprising of insole type (textured vs.
smooth), stance type (bipedal vs. standard Romberg
vs. tandem Romberg vs. unipedal), and vision type
(EO vs. EC), administered in a fully-randomised
order. The dependent variable was movement of the
centre of pressure (COP) during 30s of quiet standing, comprising five parameters: mean sway range
(mm) and standard deviation (SD) in both
anterior-posterior (AP range, APSD), and mediallateral (ML range, MLSD) directions, and overall
mean sway velocity (mm/s) of the AP and ML data.
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Materials

Two types of prefabricated insole were used, which have
been investigated in previous studies [7, 12]. The upper
surface of the TIs comprised small pyramidal peaks with
centre-to-centre distances of approximately 2.5 mm
(Evalite Pyramid EVA, 3 mm thickness, shore value A50;
Algeos UK ltd.), cut to a range of men’s and women’s
UK shoe sizes. The smooth insole (SI) acted as the control, having a completely flat upper surface (medium
density EVA, 3-mm thickness, shore value A50; Algeos
UK Ltd., Liverpool, UK). During the testing procedures
the insoles were worn within a standardised shoe (rubber sole with upper canvas). Participants wore thin standardised socks for hygiene purposes.
Quiet standing balance was assessed using two Kistler
force plates (Model: 9286AA, Kistler Instruments Ltd.,
Hampshire, UK), placed side-by-side and combined to
make one plate (approximate 5 mm space between
plates) via an integrated charge amplifier (Model: DAQ
5691, 16ch, Kistler Instruments Ltd.), sampling at 50 Hz.
Two force plates were needed due to the tandem stance
length (heel-to-toe) [17].
Procedure

Leg dominance was assessed by watching participants
kick a football [18]. Each condition (n = 16) consisted
5 × 30s balance trials, producing 80 trials per participant.
Stance position was standardised on the force plates for
each participant. During bipedal standing, participants
were instructed to “stand in a position comfortable for
you”. In standard Romberg participants stood with the
medial arches of the feet together. The tandem Romberg
stance was completed heel-to-toe, right foot forward
[17]. Unipedal standing was performed on the dominant
leg, since no differences exist between legs in this population [19]. During all stance types participants were
instructed to stand as still as possible. During EO,
participants looked at a target on a wall 3 m ahead of
the force plates [7]. Trials commenced once participants
adopted the standardised position (trunk erect, arms by
sides, lower limbs extended). For EC trials participants
closed their eyes beforehand. There was a 2 min seated
break between stance conditions. All data was collected
within a single testing session to assess acute effects of
insole usage. Acute effects are important and commonly
used because they provide the opportunity to assess the
body’s initial response to changes in sensory input
during balance (c.f., [3–5, 7, 9]). They also afford the
groundwork for future studies to assess longitudinal
effects. They also afford the groundwork for future studies to assess longitudinal effects. In addition, safety of
participants must be considered. By assessing acute
effects in a laboratory setting we can monitor participants responses to an unfamiliar device, prior to
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exploring any longitudinal effects, whereby participants
are not within the constraints of a supervised laboratory
setting.
Data extraction

All COP variables were extracted from the force platform using Bioware software (Bioware V5.3, Kistler). All
data processing was performed off-line using a commercial software package (MATLAB 2016a, The MathWorks
Inc., Natick, MA). Since literature suggests 20–30s of
data collection is sufficient to assess quiet standing [20],
the minimum trial duration included for analysis was
20s. In bipedal and standard Romberg all participants
successfully completed 30s quiet standing balance. In
tandem Romberg and unipedal stances all participants
completed 20–30s, with the majority of trials lasting 30s
(n = 96.1 and 71.4%, respectively). Removed trials
involved one foot stepping out of the required stance.
Statistical analysis

A three-factorial repeated measures ANOVA was used to
investigate the factors of insole type (smooth vs. textured),
stance type (bipedal vs. standard Romberg vs. tandem
Romberg vs. unipedal) and vision type (eyes open vs. eyes
closed) in each of the five COP variables. Analyses were
conducted using SPSS Statistics 23 (IBM, Chicago, IL,
USA). We adjusted for any violation of the homogeneity
of variance assumption using the Greenhouse–Geisser
correction. Alpha levels were set to 0.05, and effect sizes
were calculated as partial eta squared values (η2p ). Simple
main effect analyses with Fishers LSD were used as
post-hoc tests.

Results
Insole type

The main effect of insole was significant in the APSD
variable, F(1, 27) = 4.38, p = 0.045, η2p = 0.14. Post-hoc
tests revealed APSD was significantly reduced in the textured, compared to the SI condition (6.92 ± 2.16 mm vs.
7.14 ± 2.51 mm, respectively; mean difference of 0.22
mm, 95% CI: 0.004 to 0.44). Simple main effect analyses
investigating each of the four stance types in the APSD
data showed postural sway was only significantly
reduced in the textured compared to the smooth condition in the bipedal stance, F(1, 27) = 5.84, p = 0.02, η2p =
0.18 (4.29 ± 1.32 mm vs. 4.8 ± 2.29 mm; mean difference
of 0.51 mm, 95% CI: 0.076 to 0.935). While this pattern
was replicated in both the standard and tandem Romberg stances, the associated alpha levels were not significant, see Table 1. More focused simple main effect
analyses on the bipedal data revealed postural sway was
significantly less for the textured compared to smooth
insole in the EC condition, F(1, 27) = 4.68, p = 0.04, η2p =
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Table 1 Mean (SD) APSD (mm), mean difference (95% CI), and alpha levels for stance and insole type
Stance

Mean SI (SD)

Mean TI (SD)

Mean dif. (95% CI)

P-Value

Bipedal

4.8 (2.29)

4.29 (1.32)

- 0.51 (−0.94 to − 0.08)

0.02

Standard Romberg

5.43 (1.84)

5.2 (1.63)

- 0.23 (−0.61 to 0.15)

0.23

Tandem Romberg

8.56 (4.83)

8.28 (4.32)

- 0.28 (−0.9 to 0.34)

0.36

Unipedal

9.76 (2.02)

9.88 (0.48)

0.12 (−0.29 to 0.54)

0.54

SI. smooth insole, TI textured insole, SD standard deviation, dif. difference, CI confidence interval

0.15 (4.88 ± 6.62 mm vs. 5.46 ± 6.6 mm; mean difference
of 0.58 mm, 95% CI: 0.03 to 1.14), and was close to significant in the EO condition, F(1, 27) = 3.41, p = .076, η2p
= 0.11 (3.71 ± 4.12 mm vs. 4.14 ± 1.79 mm; mean difference of 0.43 mm, 95% CI: -0.047 to 0.901). The main effect of insole type was not significant in the other four
COP measures: AP range, F(1, 27) = 0.78, p = 0.39, η2p =
0.03, MLSD, F(1, 27) = 0.03, p = 0.87, η2p < 0.01, ML
range, F(1, 27) = 0.80, p = 0.38, η2p = 0.03, and overall
mean velocity, F(1, 27) = 1.71, p = 0.20, η2p = 0.06.

= 0.46; AP range, F(1.57, 42.45) = 23.37, p < 0.001; η2p =
0.46, MLSD, F(3, 81) = 211.91, p < 0.001, η2p = 0.89; ML
range, F(3, 81) = 66.48, p < 0.001, η2p = 0.71); overall
mean velocity, F(2.12, 57.27) = 85.23, p < 0.001, η2p =
0.76. Post-hoc results reflected the general finding that
while removing vision produced postural disturbances in
all four stance types, this effect was stronger in those
stances with inherently larger postural sway (i.e., unipedal > tandem Romberg > standard Romberg > bipedal).
See Table 2. All other two-way and three-way interactions within each measure were not significant.

Stance type

The main effect of stance type was significant in each of
the five measures: APSD, F(1.57, 42.29) = 54.42, p < .001,
η2p = 0.67; AP range, F(1.61, 43.43) = 63.56, p < 0.001, η2p =
0.70; MLSD, F(2.45, 66.22) = p < 0.001, η2p = 0.93; ML
range, F(2.41, 65.18) = 263.8, p < 0.001, η2p = 0.91; overall
mean velocity, F(3, 81) = 116.91, p < 0.001, η2p = 0.81 (see
Fig. 1). In almost all cases postural sway significantly
increased between each stance type in the following order:
bipedal < standard Romberg < tandem Romberg < unipedal. This trend repeated but did not reach significance in
overall mean velocity for: bipedal vs. standard Romberg,
tandem Romberg vs. unipedal, and in the MLSD data for
tandem Romberg vs. unipedal. By exception, postural sway
in ML range was greater in tandem Romberg vs. unipedal.
Vision type

The main effect of vision type was significant in each of the
five measures: APSD, F(1, 27) = 87.8, p < 0.001, η2p = 0.77;
AP range, F(1, 27) = 116.17, p < 0.001, η2p = 0.81; MLSD,
F(1, 27) = 782.6, p < 0.001, η2p = 0.97, ML range; F(1, 27) =
430.76, p < 0.001, η2p = 0.94; overall mean velocity, F(1, 27)
= 160.73, p < 0.001, η2p = 0.86. In each case postural s way
was greater during EC compared to EO with the majority
of the associated alpha levels < p = 0.001, those results that
were above this threshold were non-significant (see
Table 2).
Stance type * vision type

This two-way interaction was significant within each
COP measure: APSD, F(2.01, 54.27) = 143, p < 0.001, η2p

Discussion
Compared to smooth insoles, textured insoles produced
a statistically significant reduction in the standard deviation of anterior-posterior sway (3.08%; effect size =
0.14). While this main effect was significant when the
data were collapsed across stance and vision type, the
most pronounced impact was during bipedal standing
with eyes closed; one of the least challenging and most
natural stance types. The same trend was observed in
the standard and tandem Romberg positions, but did
not reach the level of significance, with no trends for
unipedal standing. The textured insole had no significant
effects on any of the other COP measures of interest.
Presumably the intact postural control system in healthy
young adults is adept at maintaining balance, making TI
effects small in magnitude and difficult to observe in this
group overall. The effect magnitudes we found in bipedal standing (10.5%), however, were stronger than
those obtained previously for TIs in healthy young adults
(6.82% [7]). Given the general importance of improving
balance per se, in both healthy and clinical populations,
we regard these isolated but significant findings as
insightful for developing future interventions. In
addition, a healthy young participant group was deemed
necessary given the extended balance testing and their
lack of pathologies, which allowed us to assess potential
mechanisms of TIs effects on postural sway in multiple
stance types.
The APSD variable is a key index of spatial variability
[21, 22]. Reductions in this measure can specifically
translate into improved maintenance of upright balance
and a significant reduction in the prevalence of falls [23].
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Fig. 1 Mean postural sway in the five COP measures for the factor of stance. a. Mean postural sway for anterior-posterior standard deviation
(APSD) (b). Mean postural sway for anterior-posterior range (AP range) (c). Mean postural sway for medial-lateral standard deviation (MLSD) data.
d. Mean postural sway for medial-lateral range (ML range) data. e. Mean postural sway for the mean velocity data. ** denotes a significant
difference of p < .001. * denotes a significant difference of p < .05. Error bars show standard deviation of the mean

While TIs have previously been recommended for
healthy young adults, based on improvements in ankle
inversion/eversion in ballet dancers [24] and footballers
[25], our results go further. We show positive TI effects
in a variable associated with fall occurrence.
It is likely that introducing novel texture to the plantar
surface of the feet enhanced afferent sensory input via
the mechanoreceptors. Little is currently known, however, about the underlying mechanisms by which TIs
effects occur. So far, two studies found TIs did not alter
lower limb muscle activity (assessed using electromyography) during bipedal standing in healthy young [7] and
older adults [3]. Other studies have shown, however, that
human balance is controlled at least in part at a higher

cortical level, rather than purely at a spinal level [17, 26].
Augmenting either an increase or alteration in afferent
sensory information via TIs may therefore facilitate the
estimation of error (with regards to the body’s position
in space) undertaken at the cortical level [27], resulting
in the balance improvements we observed in the present
study. It will be important to investigate this proposal in
future neuroimaging studies.
While we observed a clear linear increase in postural
sway from bipedal to standard Romberg, to tandem
Romberg, to unipedal across almost all variables, insole
type did not significantly interact with stance type in any
measure. In the APSD variable simple main effects
revealed TIs reduced spatial variability in all but the
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Table 2 Mean (SD) measures, and mean difference (95% CI) for stance and vision type
Measure

Stance

Mean EO (SD)

Mean EC (SD)

Mean dif. (95% CI)

APSD (mm)

Bipedal

3.93 (1.34)

5.17 (2.37)

1.24 (0.69 to 1.8)

Standard Romberg

4.66 (1.79)

5.97 (1.92)

1.31 (0.68 to 1.94)

AP Range (mm)

MLSD (mm)

ML Range (mm)

Mean Velocity (mm/s)

Tandem Romberg

6.83 (3.66)

10.01 (5.85)

3.18 (1.75 to 4.61)

Unipedal

7.25 (2.33)

12.39 (2.5)

5.14 (4.41 to 5.89)

Bipedal

22.19 (6.67)

28.94 (11.69)

6.75 (3.7 to 9.81)

Standard Romberg

25.12 (8.24)

32.21 (8.86)

7.09 (4.53 to 9.66)

Tandem Romberg

39.22 (18.63)

60.95 (36.09)

21.73 (12.43 to 31.02)

Unipedal

42 (14.84)

76.38 (17.61)

34.38 (28.31 to 40.45)

Bipedal

1.76 (0.8)

2.1 (1.01)

0.34 (0.12 to 0.56)

Standard Romberg

4.45 (1.31)

5.67 (1.81)

1.22 (0.88 to 1.56)

Tandem Romberg

5.41 (1.02)

10.31 (2.01)

4.9 (4.42 to 5.38)

Unipedal

5.53 (1.12)

10.33 (1.39)

4.8 (4.46 to 5.15)

Bipedal

11.99 (6.78)

13.55 (6.33)

1.56 (− 0.42 to 3.55)*

Standard Romberg

23.33 (6.42)

31.08 (9.22)

7.75 (5.86 to 9.65)

Tandem Romberg

29.83 (5.02)

51.63 (11.42)

21.8 (18.65 to 24.95)

Unipedal

29.77 (5.12)

45.99 (6.37)

16.22 (14.41 to 18.02)

Bipedal

51.02 (14.85)

51.24 (14.58)

0.22 (−1.22 to 1.67)*

Standard Romberg

52.89 (15.9)

53.75 (14.26)

0.86 (−1.1 to 2.84)*

Tandem Romberg

71.71 (16.45)

92.92 (20.06)

21.21 (15.3 to 27.1)

Unipedal

65.31 (12.83)

105.83 (21.41)

40.52 (34.22 to 46.83)

AP Anterior-posterior, ML Medial-lateral, SD Standard deviation, EO Eyes Open, EC Eyes Closed, dif. difference, CI confidence interval
*non-significant change

unipedal stance. This suggests the alteration of afferent
information via TIs during single-foot balance is insufficient for overcoming the inherent difficulties of this
stance. Since participants completed 30s of balance
more frequently in the tandem Romberg compared to
unipedal stance (96.1% vs. 71.4%, respectively), we suggest tandem Romberg is more suitable for studying TI
effects under challenging conditions.
Occluding vision significantly increased postural sway
in each COP measure. Given the likelihood of ‘sensory
reweighting’ during occluded vision (i.e., toward proprioceptive sources [16]) and since TIs most likely alter
somatosensory input via the mechanoreceptors in the
feet, it was surprising no interaction between vision and
insole was found. Post-hoc analyses revealed, however,
that TI effects were significant in the APSD variable during the bipedal stance with eyes closed, but only
close-to-significant with eyes open (10.7% vs. 10.3%
reductions for TI, respectively). These results support
previous research showing greater TI effects during EC
conditions [4–6]. They also align with the notion of sensory reweighting during occluded vision.
The significant two-way interaction in each COP
measure revealed more pronounced effects for vision
type when stance stability decreased. This points to a
greater reliance on vision during more challenging

stances. Accordingly, such sensory reweighting during
EO should then diminish TI effects, which are presumably driven by somatosensory sources. While this result
challenges the practical relevance of the eyes closed condition for some healthy and clinical populations, it forms
a sound rationale for investigating TI effects in the
partially sighted.
The present research adds to the literature advocating
the use of TIs in healthy younger adults (c.f. [4, 7]), as
evidenced by significantly improved postural control in
APSD during bipedal balance. This index of spatial variability is associated with improvements in upright
balance [21–23] and therefore could translate into a reduction in fall risk. It is, however, important to note we
utilised only one texture type. It is therefore too early to
rule out other textures, which may have differing degrees
of effects on postural sway. In addition, the importance
of assessing the mechanisms of such interventions (TIs)
requires a healthy young group, as they are clear of any
underlying pathologies and can undergo more rigorous
testing procedures.
It is important to note that our findings are derived
from a young healthy population, therefore the results
cannot be fully extrapolated to inform on the balance
abilities in those populations at greater risk of falls; such
as older adults or clinical populations with known
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balance impairments. We recommend further work to
be completed in clinical populations, such as people
with either neurodegenerative diseases or sensory deficits. For example, individuals with loss of foot sensation
show a greater reliance on and awareness of an altered
somatosensory input [28]. Future studies should now
investigate if balance can be similarly improved in such
groups through TIs, particularly in those with visual
impairment.
Research should also now investigate the longitudinal
effects of TIs in healthy young adults and explore if
these are associated with balance-related injury prevalence, for example, in sports and exercise settings. It will
also be important to assess the time course of TI effects,
which may dissipate through acclimatisation after an initial period of effectiveness. Future research into TI
effectiveness during dynamic balance (i.e., gait) in sports
and exercise will also be insightful, where the postural
control demands are constantly changing. Finally, future
studies should look to determine the underlying mechanisms by which these insoles effect postural sway. This
could be accomplished by assessing exposure to TIs at a
neuromuscular and cortical level. In summary, the positive results in the present research help clarify the benefits of TIs in healthy young adults across multiple stance
types, paving the way for further investigations into the
TI effectiveness for improving balance.

Conclusions
Overall our results support TI use in healthy young
adults for reducing postural sway measures. This is
represented by a significant decrease in the APSD; an
index of spatial variability, where a decrease is associated
with improved balance. Placing a novel texture in the
shoe presumably modulated somatosensory inputs arising from the soles of the feet. It is important to understand the underlying mechanisms by which TIs influence
postural sway. To this end, utilising a healthy young
adult group allows for the investigation of such mechanisms. Future research could investigate the potential
underlying mechanisms of TI effects at a neuromuscular
and cortical level, in healthy young adults.
Abbreviations
AP: Anterior-posterior; APSD: Anterior-posterior standard deviation;
COP: Centre of pressure; EC: Eyes closed; EO: Eyes open; ML: Medial-lateral;
MLSD: Medial-lateral standard deviation; mm: Millimetre; mm/s: Millimetres
per second; SI: Smooth insole; TI: Textured insole
Acknowledgments
We would like to thank all the participants who kindly volunteered to take
part in this study. Additionally, we would like to thank David Hodgson for
providing technical support.
Availability of data and materials
The datasets generated and analysed during the current study are not
publicly available due to ethical restrictions but are available from the
corresponding author upon reasonable request.

Page 7 of 8

Authors’ contributions
RPWK designed the protocol, analysed data and interpreted the data. DLE
aided in the design and analysis, including interpretation of data. DM aided
in the design and interpretation of the data. ALH aided in the protocol
design and interpretation of data. JD aided in the design and analysis,
including interpretation of the data. All authors had significant input into the
writing of the manuscript. All authors read and approved the final
manuscript.
Ethics approval and consent to participate
Ethical approval was granted by the School of Health and Social Care
Research Governance and Ethics Committee at Teesside University. Written
informed consent was obtained from all participants prior to testing.
Consent for publication
Not applicable.
Competing interests
One of the authors, Professor John Dixon, is an Editorial Board Member of
BMC Sports Science, Medicine, and Rehabilitation.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
School of Health and Social Care, Teesside University, Middlesbrough TS1
3BX, UK. 2School of Health and Rehabilitation Sciences, The University of
Queensland, Brisbane, AU, Australia.
Received: 13 March 2018 Accepted: 27 March 2019

References
1. Orth D, Davids K, Wheat J, Seifert L, Liukkonen J, Jaakkola T, et al. The role
of textured material in supporting perceptual-motor functions. PLoS One.
2013. https://doi.org/10.1371/journal.pone.0060349.
2. Hatton AL, Rome K, Dixon J, Martin DJ, McKeon PO. Footwear interventions:
a review of their sensorimotor and mechanical effects on balance
performance and gait in older adults. J Am Podiatr Med Assoc. 2013;103:
516–33.
3. Hatton AL, Dixon J, Rome K, Martin D. Standing on textured surfaces: effects
on standing balance in healthy older adults. Age Ageing. 2011;40:363–8.
4. Qiu F, Cole MH, Davids KW, Hennig EM, Silburn PA, Netscher H, et al.
Enhanced somatosensory information decreases postural sway in older
people. Gait Posture. 2012;35:630–5.
5. Qiu F, Cole MH, Davids KW, Hennig EM, Silburn PA, Netscher H, et al. Effects
of textured insoles on balance in people with Parkinson's disease. PLoS
One. 2013. https://doi.org/10.1371/journal.pone.0083309.
6. Kalron A, Pasitselsky D, Greenberg-Abrahmi M, Achiron A. Do textured
insoles affect postural control and spatiotemporal parameters of gait and
plantar sensation in people with multiple sclerosis? PM R. 2013;7:17–25.
7. Hatton AL, Dixon J, Martin D, Rome K. The effect of textured surfaces on
postural stability and lower limb muscle activity. J Electromyogr Kinesiol.
2009;19:957–64.
8. Hatton AL, Dixon J, Rome K, Newton J, Martin DJ. Altering gait by way of
stimulation of the plantar surface of the foot: the immediate effect of
wearing textured insoles in older fallers. J Foot Ankle Res. 2012. https://doi.
org/10.1186/1757-1146-5-11.
9. Corbin DM, Hart JM, Palmieri-Smith R, Ingersoll CD, Hertel J. The effect of
textured insoles on postural control in double and single limb stance. J
Sport Rehab. 2007;16:363–72.
10. Wilson ML, Rome K, Hodgson D, Ball P. Effect of textured foot orthotics on
static and dynamic postural stability in middle-aged females. Gait Posture.
2008;27:36–42.
11. McKeon PO, Stein AJ, Ingersoll CD, Hertel J. Altered plantar-receptor
stimulation impairs postural control in those with chronic ankle instability. J
Sport Rehab. 2012;21:1–6.
12. Dixon J, Hatton AL, Robinson J, Gamesby-Iyayi H, Hodgson D, Rome K, et al.
Effect of textured insoles on balance and gait in people with multiple
sclerosis: an exploratory trial. Physiotherapy. 2014;100:142–9.

Kenny et al. BMC Sports Science, Medicine and Rehabilitation

(2019) 11:5

13. Qu X. Impacts of different types of insoles on postural stability in older
adults. Appl Ergon. 2015;46:38–43.
14. Palluel E, Nougier V, Olivier I. Do spike insoles enhance postural stability and
plantar-surface cutaneous sensitivity in the elderly? Age. 2008;30:53–61.
15. Palluel E, Olivier I, Nougier V. The lasting effects of spike insoles on postural
control in the elderly. Behav Neurosci. 2009;123:1141–7.
16. Asslander L, Peterka RJ. Sensory reweighting dynamics in human postural
control. J Neurophysiol. 2014;111:1852–64.
17. Varghese JP, Beyer KB, Williams L, Miyasike-daSilva V, McIlroy WE. Standing
still: is there a role for the cortex? Neurosci Lett. 2015;590:175–86.
18. Verhagen E, Bobbert M, Inklaar M, Van Kalken M, Van Der Beek A, Bouter L,
et al. The effect of a balance training programme on Centre of pressure
excursion in one leg stance. Clin Biomech. 2005;20:1094–100.
19. Hoffman M, Schrader J, Applegate T, Koceja D. Unilateral postural control of
the functionally dominant and nondominant extremities of healthy
subjects. J Athl Train. 1998;33:319–22.
20. Le Clair K, Riach C. Postural stability measures: what to measure and for
how long. Clin Biomech. 1996;11:176–8.
21. Doyle RJ, Hsiao-Wecksler ET, Ragan BG, Rosengren KS. Generalizability of
center of pressure measures of quiet standing. Gait Posture. 2007;25:166–71.
22. Vuillerme N, Chenu O, Pinsault N, Fleury A, Demongeot J, Payan Y. Can a
plantar pressure-based tongue-placed electrotactile biofeedback improve
postural control under altered vestibular and neck proprioceptive
conditions? Neuroscience. 2008;155:291–6.
23. Palmieri RM, Ingersoll CD, Stone MB, Krause BA. Center-of-pressure parameters
used in the assessment of postural control. Res Rev. 2002;11:51–66.
24. Steinberg N, Waddington G, Adams R, Karin J, Tirosh O. The effects of
textured ballet shoe insoles on ankle proprioception in dancers. Phys Ther
Sport. 2016;17:38–44.
25. Waddington G, Adams R. Football boot insoles and sensitivity to extent of
ankle inversion movement. Br J Sports Med. 2003;37:170–5.
26. Hulsdunker T, Mierau A, Neeb C, Kleinoder H, Struder HK. Cortical processes
associated with continuous balance control as revealed by EEG spectral
power. Neurosci Lett. 2015;592:1–5.
27. Franklin DW, Wolpert DM. Computational mechanisms of sensorimotor
control. Neuron. 2011;72:425–42.
28. Paton J, Hatton AL, Rome K, Kent B. Effects of foot and ankle devices on
balance, gait and falls in adults with sensory perception loss: a systematic
review. JBI Database System Rev Implement Rep. 2016;14:127–62.

Page 8 of 8

