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ABSTRACT

Background: Standing on textured materials can improve static balance, potentially by modulating somatosen-
sory inputs from the soles of the feet.

Research question: To synthesise and quantify the immediate effects of textured materials on static balance in
healthy young and older adults.

Methods: Primary outcomes were the centre of pressure (COP) displacement and velocity, during eyes open and
eyes closed conditions. Ten crossover studies (n = 318, 58% female) met the inclusion criteria. A random effects
meta-analysis model derived pooled standardised mean differences (SMD; Hedges g) to quantify the effects of
textured materials. Heterogeneity was quantified with the tau-statistic (t). A 95% prediction interval quantified
the likely range of true effects on COP outcomes in similar future studies.

Results: There was a small to moderate beneficial effect for textured materials vs control conditions in: COP
displacement during both eyes open (SMD: 0.29; 95% CI -0.06 to 0.64; T = 0.32) and eyes closed (SMD: 0.75;
95% CI 0.18 to 1.33; T = 0.55). A trivial to small beneficial effect was observed in COP velocity during eyes open
(SMD: 0.14; 95% CI -0.14 to 0.43; T = 0.18) and eyes closed (SMD: 0.20; 95% CI 0.01 to 0.40; T = 0.18) for
textured materials. The 95% prediction intervals showed texture may not consistently provide beneficial results
across studies for all outcomes: COP displacement EC (-0.61 to 2.12), EO (-0.54 to 1.12), COP velocity EC (-0.27
to 0.68) and EO (-0.44 to 0.73).

Significance: Overall, textured materials improved balance, but these effects were heterogeneous. This research
may therefore inform applied investigations into balance improvements for healthy populations, for example, in
functional movements and sports.

1. Background

afferent information to the internal model (expected state) to elicit a
motor response, which will maintain the centre of mass within the

Maintenance of upright balance for humans can be difficult due to a limits of stability [5]. These signals are however plagued by noise [6]. It

high centre of mass over a relatively small base of support [1]. Even
when standing statically (often termed quiet standing), the body still
produces small amounts of sway [2]. This postural sway is an indicator
of displacement and motor corrections to maintain the centre of gravity
within the base of support [3].

Postural control is achieved via the central nervous system (CNS),
which collates afferent information arriving from visual, vestibular and
somatosensory sources [4]. The afferent information received from
these sources allows for an internal representation of the body’s posi-
tion and location in space. When balance is threatened by either an
external or internal perturbation, the CNS can initiate an appropriate
muscular response. This is accomplished by comparing the collated

would therefore be beneficial if an intervention could enhance the
available information arriving to the CNS. This would allow for a re-
duction of the noise for the purpose of internal modelling and allow for
quicker, efficient and more accurate motor responses when necessary.

A key somatosensory input for the CNS is derived from the cuta-
neous mechanoreceptors located in the soles of the feet [7,8]. The af-
ferent information received from these specialised sensors are particu-
larly important as they contact the standing surface, providing vital
information regarding the body in space [9]. A reduction in the in-
formation available through these receptors can equate to poorer pos-
tural performance during quiet standing [10]. Mechanically stimulating
the plantar skin, via application of a fixed pin matrix to participants’

* Corresponding author at: School of Health and Social Care, Teesside University, Middlesbrough, TS1 3BX, UK.
E-mail addresses: R.P.W.Kenny@tees.ac.uk (R.P.W. Kenny), Greg.Atkinson@tees.ac.uk (G. Atkinson), D.Eaves@tees.ac.uk (D.L. Eaves),
D.Martin@tees.ac.uk (D. Martin), N.Burn@tees.ac.uk (N. Burn), John.Dixon@tees.ac.uk (J. Dixon).

https://doi.org/10.1016/j.gaitpost.2019.04.017

Received 17 December 2018; Received in revised form 5 April 2019; Accepted 16 April 2019

0966-6362/ © 2019 Elsevier B.V. All rights reserved.


http://www.sciencedirect.com/science/journal/09666362
https://www.elsevier.com/locate/gaitpost
https://doi.org/10.1016/j.gaitpost.2019.04.017
https://doi.org/10.1016/j.gaitpost.2019.04.017
mailto:R.P.W.Kenny@tees.ac.uk
mailto:Greg.Atkinson@tees.ac.uk
mailto:D.Eaves@tees.ac.uk
mailto:D.Martin@tees.ac.uk
mailto:N.Burn@tees.ac.uk
mailto:John.Dixon@tees.ac.uk
https://doi.org/10.1016/j.gaitpost.2019.04.017
http://crossmark.crossref.org/dialog/?doi=10.1016/j.gaitpost.2019.04.017&domain=pdf

R.P.W. Kenny, et al.

Gait & Posture 71 (2019) 79-86

search

Records identified through initial database

Exact duplicates removed
(n=398)

Identification

A4

(n=6111)

Records screened by title and abstract

Records excluded
(n=6081)

A4

Screening

Y

(n=30)

Full texts assessed for eligibility

Full-text articles excluded
(n=19)

Eligibility

A 4

(n=11)

Studies included in synthesis

| Studies not meta-analysed
" (m=1)

o
15}
=]
=
3}
=
=

Fig. 1. Flow chart of study selection.

forefeet, has been shown to improve postural sway measures [11]. This
intervention, however, was only applied to a small region of the soles of
the feet. By utilising a texture that covers the entirety of the plantar
surface of the feet, more mechanoreceptors could be activated and
therefore provide greater stimulation. To this end, similar benefits on
static balance have been observed when introducing texture to the
entire soles of the feet in healthy young and older participants [12-14].
Application of such texture has been accomplished via either a textured
surface [13,15-18] or textured insoles [12,14,19-22]. When referring
to each texture modality individually we will use this terminology.
When discussing texture as a collective it will be termed ‘textured
material’. Textured material has the potential of becoming a relatively
inexpensive and viable way of improving postural control, especially
through the textured insoles medium which can be worn within the
shoes and therefore have greater application in everyday life.

Most studies on the effects of textured materials involve a crossover
design, with relatively small sample sizes. Meta-analyses can be useful
to quantify the effects of an intervention with greater precision from a
pooled estimate. A standardised mean difference (SMD) is often re-
ported. The SMD is an effect size, which compares the average per-
formances of two groups or two conditions on a pre-determined out-
come [23]. In the current case this would be textured versus control.
The difference in means is calculated and expressed as a fraction of the
standard deviation. So, an SMD of 1 indicates that there is a mean
difference equivalent to one standard deviation. These effect sizes
correspond to the strength of the intervention, with suggested values
been: trivial < 0.2, small 0.2-0.3, moderate 0.4-0.8, and large > 0.8
[24]. A prior meta-analysis, assessing multiple subpopulations, showed
that upright balance was reduced during texture exposure (SMD: -0.24
[25]). This change in the SMD represents a small improvement in
balance outcomes. Another meta-analysis assessed textured and sti-
mulating insoles in those with either multiple sclerosis or Parkinson’s
disease, concluding a lack of effect on COP displacement (SMD: 0.07)
and COP velocity (SMD: -0.08 [26]). There is however a lack of recent
studies within this analysis, with only two of the included studies
[27,28] meeting the criteria for upright balance. Additionally, both
previous meta-analyses do not report whether they merged multiple
texture conditions to compare against a singular baseline, suggesting
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evidence of double counting [29]. A further concern of one of these
studies [26] is the lack of reporting towards the imputation of a paired
correlation coefficient for crossover studies. This casts issues regarding
how they arrived at the reported standard errors and confidence in-
tervals, as they do not reflect the crossover nature of the within-subject
designs [30]. The current review will address this issue via inclusion of
a correlation coefficient. Furthermore, no review has clarified the ef-
fects of texture on upright balance solely in healthy younger and older
adults. By quantifying the effects of textured materials on balance in
healthy participants, we can assess the immediate adaptive responses of
the CNS when it is free of impairment. Such studies can inform applied
work attempting to both understand and improve balance in healthy
populations. For example, in functional movements and in sporting
performance. Characterising the effect of textured materials in this way
provides a clear benchmark against which comparisons can be made to
other populations who present with a higher risk of falling. Moreover,
this approach will extend the existing knowledge base on textured
material as a potentially cheap and viable way of improving balance.
We therefore aimed to synthesise the evidence from previous studies
investigating the effect of texture on static posturography in healthy
young and older participants.

2. Review method
2.1. Search strategy

We searched MEDLINE, CINAHL, AMED, and SPORTDiscus data-
bases, utilising the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA; see Fig. 1) approach [31]. The searches
included detailed terms relating to the use of foot orthotics (textured
insoles/surfaces), static balance control and sensorimotor feedback, all
search terms with Boolean operators can be seen in Table 1. Searches
were conducted from inception through February 2018.

2.2. Inclusion criteria

For inclusion, each study needed to meet the following criteria:
assessed textured insoles or surfaces during data collection, the texture
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Table 1
Terminology used for systematic search of databases.

Search Query Results
38 Healthy OR young OR older OR elderly AND Insole OR 6, 509

insoles OR surface OR surfaces OR textured insole OR

textured insoles OR textured surface OR textured surfaces

OR orthosis OR orthotics OR orthoses OR inserts OR shoe

inserts AND Balance OR static balance OR posture OR

postural control OR postural steadiness OR postural

stability OR quiet standing OR motor control OR

sensorimotor OR somatosensory OR mechanoreceptor OR

mechanoreceptors OR feedback OR feedback OR sensory

reweighting OR proprioception OR proprioceptive
37 Balance OR static balance OR posture OR postural control 657, 593

OR postural steadiness OR postural stability OR quiet

standing OR motor control OR sensorimotor OR

somatosensory OR mechanoreceptor OR

mechanoreceptors OR feedback OR sensory reweighting

OR proprioception OR proprioceptive
36 Proprioceptive 11, 020
35 Proprioception 15,656
34 Sensory reweighting 126
33 Feedback 170, 486
32 Mechanoreceptors 11, 898
31 Mechanoreceptor 2, 417
30 Somatosensory 41, 124
29 Sensorimotor 27, 453
28 Motor control 26, 504
26 Quiet standing 1, 815
25 Postural stability 5, 431
24 Postural steadiness 180
23 Postural control 11, 090
22 Posture 115, 104
21 Static balance 3, 257
20 Balance 291, 237
19 Insole OR insoles OR surface OR surfaces OR textured 1, 270, 016

insole OR textured insoles OR textured surface OR

textured surfaces OR orthosis OR orthotics OR orthoses

OR inserts OR shoe inserts
18 Shoe inserts 331
17 Inserts 14, 742
16 Orthoses 12, 887
15 Orthotics 9,706
14 Orthosis 14, 670
13 Textured surfaces 539
12 Textured surface 580
11 Textured insoles 44
10 Textured insole 40
9 Surfaces 273, 299
8 Surface 1, 156, 234
7 Insoles 2, 467
6 Insole 2, 263
5 Healthy OR young OR older OR elderly 2, 795, 995
4 Elderly 317, 773
3 Older 537, 898
2 Young 1, 397, 088
1 Healthy 888,719

must have contacted the whole plantar surface of the foot, and a control
condition was present (e.g. no texture). Participants were either healthy
young (< 55 years old) or older adults (=55 years old) and data was
collected via posturography (COP) during static balance.

2.3. Exclusion criteria

Studies were excluded if the surface/insole provided vibratory or
mechanical stimulation, assessed non-textured materials, did not con-
tact the whole plantar surface of the feet or the textured material only
contacted one foot. Participants with pathologies or older adults with a
history of falls were not considered. Studies that assessed gait were not
included. Finally, manuscripts must have been available in English.
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2.4. Study selection

Two members of the research team (RPWK) and (NB) independently
selected the studies for inclusion in the systematic review. Potential
studies were identified by examining the titles and abstracts, full copies
of the text were obtained if they met the initial criteria of evaluating
texture during quiet standing. Of the 30 full texts examined, 11 were
included within this review. One study was excluded from the meta-
analysis [21] due to their statistical reporting methods. This meant ten
studies were included in the final meta-analysis.

2.5. Data synthesis

Included studies were assessed for quality independently by two
authors (RPWK and NB), using established criteria (Physiotherapy
Evidence Data-base [PEDrol], http://www.pedro.org.au/english/down-
loads/pedro%20scale/). One author (RPWK) extracted data on the
study methods, sample size, participants characteristics, centre of
pressure displacement (mm) and velocity (mm/s) means and standard
deviations (SD). These variables were created by pooling COP mea-
surements, meaning a decrease in overall COP displacement or velocity
equalled an improvement in postural sway [25]. To accomplish this,
when studies reported separate force platform outcomes (e.g. anterior-
posterior range, anterior-posterior velocity, and so on) the averages,
that were presented in mm (displacement) or mm/s (velocity), were
pooled to create a singular mean for a given study; for either COP
displacement or COP velocity. All values attained were derived from
means and standard deviations presented in the individual studies,
which were averaged over multiple trials (3 or 4) collected over a range
of data capture periods (10-80s), per condition. One study attained
their values from a single trial, per condition [13]. Since it is common
to assess textured materials under eyes open and eyes closed conditions,
we meta-analysed the attained data with consideration for this factor.
Where the data was not reported in text or tables the data was digitised
via the ‘grabit’ toolbox (https://uk.mathworks.com/matlabcentral/fi-
leexchange/7173-grabit) in MATlab (MATLAB 2017a, The MathWorks
Inc., Natick, MA).

2.6. Meta-analysis procedure

Meta-Essentials software [32]was used to conduct a random-effects
(weighted variance method, Knapp-Hartung adjustment with Student’s
t-distribution) meta-analysis of the mean difference in texture and
control conditions for COP displacement and velocity for eyes open and
closed conditions. Standardised mean differences (effect sizes) were
calculated using the Hedge’s g as it accounts for small study bias, which
Cohen’s d does not [33]. The inputted data included sample sizes,
means and SD for textured and control conditions, and an imputed
correlation coefficient to consider the fact that all meta-analysed stu-
dies involved a within-subjects design [30], as well as the fact that
many authors did not directly report standard deviations of change,
exact P-values and/or t/F values. These correlation coefficients were
estimated from prior data collected in our laboratory, with a con-
servative r = 0.8 applied to each analysis. The software calculated the
pooled standardised difference in means to determine the effect size
[34]. The standardised mean differences and 95% confidence intervals
(CIs) were calculated as summary statistics. The 95% ClIs for each study
were calculated using the t-statistic rather than the z-statistic, as cov-
erage is more accurate using the t-statistic based approach [35,36].

Standardised mean difference (SMD) values were interpreted as
follows; trivial < 0.2, small 0.2-0.3, moderate 0.4-0.8, and large > 0.8
[24]. A positive effect size indicates a reduction in the reported measure
(COP displacement or velocity) when standing on texture and therefore
an improvement in balance. Heterogeneity amongst the studies was
quantified with the tau statistic (t), which is a standard deviation ex-
pressing the typical variability of the mean between studies [37]. In
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addition, the meta-essentials software automatically calculates 95%
prediction intervals (PI) for quantification of the expected range of true
values for 95% of similar future studies, which is recommended to be
reported [34].

3. Results
3.1. Overview

Eleven studies met the inclusion criteria for this systematic review,
however, one study [21] was not included in the meta-analysis due to
their reported statistics, which provided insufficient data for analysis.
The ten studies included in the meta-analysis involved a total of 318
participants. All studies have been published in peer-reviewed scientific
journals. The experimental trials in the ten studies assessed the initial
effects of textured materials under foot. Additionally, all studies in-
cluded within the meta-analysis were completed using a within-subjects
research design. Wilson and colleagues [21] were the only study that
ran a parallel, longitudinal study. Furthermore, all meta-analysed stu-
dies assessed participants in a single session. Finally, all studies col-
lected COP data during exposure to a non-textured condition and tex-
tured materials.

The included studies are summarised in Table 2. The majority of
studies recruited people of both male and female sex. The only excep-
tion was Wilson and colleagues [21] who utilised only females. Hatton
and colleagues [13,15] were the solitary researchers to assess more
than one texture type, assessing pyramidal and concave circular pat-
terns, included within the meta-analyses. The study of Qiu et al. [14]
assessed the same texture type but at varying degrees of density (hard
insole, 320 density; soft insole, 270 density). Finally, Qu [22] also
measured COP changes during four insole types, but only one provided
textured stimulation to the sole of the foot (convex circular pattern). As
we were concerned with the texture effect overall, and to avoid double
counting, the textures were grouped together as a single intervention.
COP changes were assessed during textured insole exposure in five
studies, whilst the remaining five studies utilised a textured surface
without shoes. Of the ten meta-analysed studies nine measured postural
sway during bipedal standing only, whilst Corbin et al. [12] assessed
both bipedal and unipedal standing. The mean PEDro score for the ten
studies was 6.4(0.7), rating all studies to have a “good” methodological
quality.

3.2. Participant demographics and insole characteristics

Of the 318 meta-analysed participants 184 (58%) were female and
134 (42%) were male. Seven of the studies assessed 170 (99 female)
young participants (M age: 25.8(1.7) years) and six studies assessed 148
(85 female) older participants (M age: 70.3(2.5) years). Many different
textures were used in the literature, a summary of which can be found
in Table 2.

3.3. Meta-analysis

3.3.1. Centre of pressure (COP) displacement

Fig. 2 shows the immediate effect of textured material during eyes
open (EO) and Fig. 3 for eyes closed (EC), regarding the COP dis-
placement (mm) outcome. There was evidence of an effect for textured
materials, compared with their corresponding controls, providing a
reduction in COP displacement during EC (subtotal: SMD 0.75; 95% CI
0.18 to 1.33). This effect was smaller in the EO condition (subtotal:
SMD 0.29; 95% CI -0.06 to 0.64). In both instances’ heterogeneity was
present, with t being 0.55 and 0.32, respectively. The 95% PI for tex-
ture effect in the EC condition was estimated to be -0.61 to 2.12, whilst
the EO condition was estimated at -0.54 to 1.12.
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3.3.2. Centre of pressure (COP) velocity

Fig. 4 illustrates the immediate effect of textured material during
eyes open and Fig. 5 for eyes closed, regarding the COP velocity (mm/s)
outcome. Textured materials reduced COP velocity, compared to their
respective controls, for the EC condition (subtotal: SMD 0.20; 95% CI
0.01 to 0.40). Whereas there appeared to be a trivial effect during EO
conditions (subtotal: SMD 0.14; 95% CI -0.14 to 0.43). The observed
heterogeneity was lower in the velocity measure than the COP dis-
placement measure; t being 0.18 for both visual conditions. The 95% PI
for texture effect in the EC condition was estimated to be -0.27 to 0.68,
whilst the EO condition was estimated at -0.44 to 0.73.

4. Discussion

The improvement of balance per se, even in healthy individuals, is
important because this can translate into reduced risk of falling or in-
creased sports performance. Healthy populations can also act as a po-
tential baseline for comparison to populations who are more likely to
fall (e.g. normative values). To this end, the purpose of the present
review and meta-analysis was to examine the effect of textured mate-
rials on COP measures in healthy young and older adults during static
balance.

Overall, we observed a significant reduction in COP based measures
both for displacement and velocity. COP displacement was reduced in
both visual conditions — although the effect was amplified during EC,
compared to EO (SMD: 0.75 vs. 0.29, respectively). The same trend was
observed in the velocity variable, with a slightly greater effect during
EC, compared to EO (SMD: 0.20 vs. 0.14, respectively). When ex-
amining the PIs, we can see that the effect of textured materials does
not remain positive (the true effect does not cross zero) for any of the
COP variables, although COP displacement during both visual condi-
tions offer a possible large effect size in favour of textured materials
(95% PI: EC = -0.61 to 2.12; EO = -0.54 to 1.12). The COP velocity
variable appear to be less effected (95% PI: EC -0.27 to 0.68; EO -0.44
to 0.73). This would suggest that in 95% of similar studies we could
expect to find a change in COP displacement within this range of
magnitude [38]. The SMDs and 95% CIs suggest that balance can be
improved in healthy young and older adults by standing on textured
materials. If we, however, consider the high heterogeneity and 95% PIs
it is evident these positive results were not ubiquitous. Accordingly, a
more nuanced approach may be to recommend using textured materials
in healthy adults, and potentially in populations at greater risk of falls,
for the purpose of targeting specific components of balance where
textured materials may prove to be an inexpensive intervention. Fur-
ther work is therefore necessary to fully quantify the initial effects of
textured materials on static balance.

The greater effect of texture when vision is occluded could be ex-
plained by the fact that vision is a major contributor to generating an
internal model of the body in space [4]. When vision is occluded pos-
tural sway increases significantly compared with EO [39]. Textured
materials may therefore have greater effect during EC, when there is
more room for improvement (i.e. reduction of postural sway). A further
possibility is that the greater effect of texture during eyes closed, re-
lative to when eyes are open, may be attributed to sensory reweighting.
This is a phenomenon whereby the relative contribution of each sensory
system changes depending on environmental constraints [40]. Such
reweighting would allow the internal model to maintain greater accu-
racy when visual feedback is not available. One conclusion that could
be drawn from this finding is that textured materials may be most ad-
vantageous for those with visual impairments.

The observed effect in healthy individuals for textured materials on
COP displacement displayed a small to moderate improvement in bal-
ance. With regards to the COP velocity outcome there was a trivial
improvement in balance. It is thought that an increase in COP measures
relates to an increased fall risk, due to slower reactive responses and
reduced control of the direction of body movement [41]. This analysis
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Fig. 2. Forest plot of effect sizes (standardised mean differences) with 95% confidence limits and meta-analysis weightings, for studies evaluating the effects of
textured materials on COP displacement during eyes open conditions. The pooled effect size is given in the final row of the forest plot. The green line represents the
width of the 95% prediction interval for the pooled effect size (-0.54 to 1.12). (For interpretation of the references to colour in this figure legend, the reader is referred

to the web version of this article.)

highlights the potential for textured materials to reduce postural sway
and therefore improve balance. While these findings might extend to
other populations, further work is needed to ascertain the effects of the
more ecological valid textured insoles in different groups. This is made
apparent by the lack of available studies in people with multiple
sclerosis and Parkinson’s disease, which were analysed by a previous
meta-analysis, finding no effect of texture [26]. Their review compro-
mised of six studies, of which only two studies [27,28] assessed tex-
tured materials effects on quiet standing outcomes. Overall 231 parti-
cipants were included in the Alfuth review, equating to approximately a
quarter less people than in the current review. The two studies which
did assess texture similar to that reported here only assessed a small
number of participants (n = 69), thus showing the need for further
study in these sub-populations to investigate texture effects.

To assess COP movements, it is common practice to ‘break-down’
the overall COP into multiple outcomes, such as anterior-posterior and
medial-lateral range, standard deviation, velocity, and overall sway
path are some commonly reported outcomes. Given the mix of reported
outcome variables across previous studies, we adopted the overall ‘COP
displacement’ and ‘COP velocity’ as outcomes, as an individual analysis
for each measure would not be possible due to differences in the studies
chosen variables. Within the existing literature it is not uncommon to
find a significant alteration to balance in only one outcome. For ex-
ample, Hatton and colleagues [13] reported that only the medial-lateral
standard deviation and range, during eye closure, were significantly
reduced in a healthy older population. Whilst this is an important
finding, given the relationship between increased medial-lateral sway
and increased fall risk [41], our meta-analysis furthers these findings by

providing evidence that overall COP displacement may be reduced in
healthy adults, regardless of the vision condition. Given the healthy
adult samples included in this review, this improvement may translate
into reductions in injury risk during sport or act as a preventive for falls.
Again, this would appear a fruitful avenue for future research.

All meta-analysed studies assessed the short term, initial, effects of
textured materials on balance outcomes. The only study to examine
textured insoles longitudinally was that of Wilson and colleagues [21],
which found no effect of texture on any outcome variable in middle
aged women at baseline and after 4-weeks of wear. Whilst we show
here there is an initial adaptation to balance in healthy adults, further
research is now called for to confirm the nature of the longitudinal
effects of textured insoles. Such research will allow quantification of
any possible habituation phase that may occur.

An important consideration of the current meta-analysis is that we
only utilised ten studies, with a minimum of five studies in a single
analysis (COP velocity EO). This is a potential limitation as meta-ana-
lyses are not immune to statistical power issues and by pooling data
from a small amount of studies can still incur relatively low statistical
accuracy (wide confidence interval for pooled effect [42]). Further
work is therefore needed to clarify if textured insoles are a theoretically
cheap and viable method of attaining these desired effects.

4.1. Conclusion

Textured materials can improve quiet standing balance in healthy
young and older adults, which may equate to improved sports perfor-
mance and reduced risk of falls. The SMD and 95% CI suggest that COP

Statistics for each study Effect Size
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Fig. 3. Forest plot of effect sizes (standardised mean differences) with 95% confidence limits and meta-analysis weightings, for studies evaluating the effects of
textured materials on COP displacement during eyes closed conditions. The pooled effect size is given in the final row of the forest plot. The green line represents the
width of the 95% prediction interval for the pooled effect size (-0.61 to 2.12). (For interpretation of the references to colour in this figure legend, the reader is referred

to the web version of this article.)
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Statistics for each study Effect Size
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Fig. 4. Forest plot of effect sizes (standardised mean differences) with 95% confidence limits and meta-analysis weightings, for studies evaluating the effects of
textured materials on COP velocity during eyes open conditions. The pooled effect size is given in the final row of the forest plot. The green line represents the width
of the 95% prediction interval for the pooled effect size (-0.44 to 0.73). (For interpretation of the references to colour in this figure legend, the reader is referred to the

web version of this article.)
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Fig. 5. Forest plot of effect sizes (standardised mean differences) with 95% confidence limits and meta-analysis weightings, for studies evaluating the effects of
textured materials on COP velocity during eyes closed conditions. The pooled effect size is given in the final row of the forest plot. The green line represents the width
of the 95% prediction interval for the pooled effect size (-0.27 to 0.68). (For interpretation of the references to colour in this figure legend, the reader is referred to the

web version of this article.)

displacement can be reduced using textured materials in healthy young
and older adults, regardless of whether vision is available. Furthermore,
COP velocity measures appear less affected by textured materials, with
the effect only being significant in the EC conditions (SMD and 95% CI).
The 95% PI results, however, suggest that textured materials may not
always provide consistently beneficial effects in any COP outcome.
Overall, the results are in favour of gaining modest beneficial im-
provements in balance from standing on textured materials in healthy
populations, but further work is needed. Specifically, future studies
should look to ascertain the longitudinal effects of textured insoles in
healthy adult populations, and in other sub-populations, such as those
with visual impairment or neurodegenerative diseases. This is because
it is not yet clear how the specific advantages offered by textured in-
soles can improve balance in populations with different balance im-
pairments.
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