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The effect of minimal shoes in combination with textured and supportive 
insoles on static stability across the lifespan

Salahuddin Haowladera, Charlotte Appsa, Maria Biseleb and Daniele Magistroa

aSchool of Science and Technology, Nottingham Trent University, United Kingdom; bClinic for Orthopedics, Heidelberg University Hospital, 
Heidelberg, Germany

Introduction

Physiological changes associated with ageing can impair 
stability and increase the risk of falls in older adults (Du 
Pasquier et  al., 2003). Minimal shoes, textured insoles and 
supportive insoles improved stability in older or middle 
aged adults (Cudejko et  al., 2020). However, limited studies 
assess the effect of these combined footwear technologies 
on static postural stability across all ages of the adult lifes-
pan (Haowlader et  al., 2025).

Purpose of the study

To compare the combination of minimal shoes with and with-
out textured or supportive insoles, to barefoot and habitual 
footwear on static stability in healthy adults across the lifespan.

Methods

A total of 142 healthy volunteers (62 young, 40 middle-aged, 
and 40 older adults) completed three 30-second bipedal 
standing tests under eyes-open and eyes-closed conditions, in 

a random order of five footwear conditions: habitual, bare-
foot, minimal shoes, minimal shoes with textured insoles, 
and minimal shoes with supportive insoles (heel cups and 
arch support). Ethical approval (ID 743) was granted by 
Nottingham Trent University’s Human Invasive Ethics 
Committee; written consent was obtained from participants. 
Centre of pressure (CoP) data was recorded using a dual 
force plate (1000 Hz). The confidence ellipse, SD of CoP 
velocity, and CoP displacement range (anterior-posterior & 
medial-lateral) were computed and averaged per participant.

Type III ANOVA was performed using linear mixed-effects 
models, with footwear, age group, and their interaction as fixed 
effects, and participants as random intercepts. Post-hoc analysis 
compared estimated marginal means, with p-values (p < 0.05) 
adjusted using the false discovery rate.

Results

Significant CoP interactions (all p < 0.05) are reported in 
Table 1. In older adults with eyes open, minimal shoes and 
minimal shoes with textured insoles reduced the SD of 
antero-posterior velocity and medial–lateral range compared 
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Table 1.  Mean (SD) values of CoP parameters with significant interaction across footwear conditions and groups.

Test name Parameter Age group Barefoot (BF) Habitual shoes (HS)

Minimal shoes condition

Without insoles 
(MS)

Supportive insoles 
(MSI)

Textured insoles 
(MTI)

Static (Eyes 
open)

AP Velocity SD 
(mm/s)

Young 9.1 (0.5) 9.6 (0.5) 9.5 (0.6) 9.3 (0.5) 9.0 (0.5)
Middle age 8.3 (0.5)HS 9.4 (0.5) BF,MS,MTI 8.4 (0.6)HS 8.8 (0.5) 8.4 (0.5)HS

Old 11.9 (0.5)HS,MSI 13.9 (0.5)BF,MS,MSI,MTI 12.0 (0.6)HS,MSI 13.0 (0.5)BF,HS,MS,MTI 11.8 (0.5)HS,MSI

ML Displacement 
range (mm)

Young 14.7 (0.7) MS,MTI 14.4 (0.7)MS,MTI 13.1 (0.7)BF,HS,MSI 15.2 (0.7)MS,MTI 13.3 (0.7)BF,HS,MSI

Middle age 12.2 (0.7) 12.8 (0.7) 12.1 (0.7) 12.6 (0.7) 11.6 (0.7)
Old 16.1 (0.7)HS,MTI 17.3 (0.7)BF,MS,MSI,MTI 15.6 (0.7)HS,MTI 16.0 (0.7)HS,TI 14.3 (0.7)BF,HS,MS,MSI

Static (Eyes 
closed)

AP Velocity SD 
(mm/s)

Young 12.5 (0.9) 14.0 (1.2) 12.6 (1.0) 13.2 (1.0) 12.7 (0.9)
Middle age 11.5 (0.9) HS,MSI 13.8 (1.2)BF,MS 12.2 (1.0)HS 12.9 (1.0) BF 12.6 (0.7)
Old 17.9 (1.0)HS,MS,MSI 24.1 (1.2)BF,MS,MSI,MTI 19.2 (1.0)BF,HS 20.0 (1.0)BF,HS,MTI 18.3 (0.9) HS,MSI

ML Velocity SD 
(mm/s)

Young 9.8 (0.8)HS 11.7 (1.0)BF,MS,MSI,MTI 9.6 (0.8)HS 10.2 (0.8)HS 9.7 (0.7)HS

Middle age 9.5 (0.8) 10.2 (1.0) 9.0 (0.8) 9.3 (0.8) 9.1 (0.7)
Old 14.2 (0.8)HS,MTI 17.4 (1.1)BF,MS,MSI,MTI 13.5 (0.8)HS 14.0 (0.8)HS,MTI 13.2 (0.8)BF,HS,MSI

Note: AP, antero-posterior; ML, medial–lateral; SD, standard deviation.
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to minimal shoes with supportive insoles. With eyes closed, 
the textured insole condition further reduced the SD of 
antero-posterior and medial–lateral velocity compared to 
supportive insoles. Habitual shoes increased the SD of 
antero-posterior velocity and medial–lateral range in 
eyes-open conditions, and the SD of antero-posterior and 
medial–lateral velocity in eyes-closed conditions, compared 
to all other shoe conditions. In middle aged adults with 
eyes open, barefoot, minimal shoes, and minimal shoes 
with textured insoles decreased the SD of the antero-posterior 
velocity. With eyes closed, barefoot had reduced SD of the 
antero-posterior velocity compared to habitual footwear and 
the supportive insole condition.

In young adults (eyes open), minimal shoes and textured 
insoles reduced medial–lateral range vs. other conditions. 
With eyes closed, habitual shoes increased SD of medial–
lateral velocity vs. all conditions.

Discussion and conclusion

Textured insoles with minimal shoes had beneficial effects 
to static stability, with habitual footwear tending to increase 
instability. Footwear differences were found across age 
groups, with the older age group most affected by footwear 
condition. Textured insoles improve stability by stimulating 
foot receptors, while supportive or cushioned shoes can 
reduce this feedback and negatively affect stability (Qiu 
et  al., 2012). The combination of textured insoles with 

minimal shoes could be a better alternative for improving 
postural stability especially in older adults compared to 
habitual cushioned shoes.
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