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Abstract 12 

  Objective: The objective of this study is to evaluate the efficacy of indoor footwear with a 13 

textured surface to improve control of balance and reduce excessive plantar pressure in older women. 14 

  Background: Balance instability is a common condition in older people. Textured insoles with 15 

protrusions on the entire insole have been examined for enhancing somatosensory feedback in the 16 

elderly in order to improve control over balance. However, these insoles have significant challenges in 17 

distributing the plantar pressure. Textured insoles with tailored protrusions should be therefore 18 

investigated for the same purpose but provide better plantar pressure distribution. 19 

  Method: A total of 24 older women have undergone both static standing and walking tests with 20 

the use of the in-shoe Pedar®  system. 21 

  Results: The results indicate that wearing textured indoor footwear provides a significant 22 

reduction in postural sway, particularly in the medial–lateral direction during walking. As compared to 23 

walking barefoot, the center of pressure trajectory when wearing the textured indoor footwear remains 24 

supported with less variance among the steps, which is statistically significant in the medial–lateral 25 

direction. A significant reduction in the peak pressure is found in the forefoot and rearfoot regions as 26 

the plantar pressure is redistributed to the midfoot regions. 27 

 Conclusion: The textured surface of the insole improves balance control of older women and 28 

effectively reduces foot pressure at high pressure areas. 29 

 Application: The findings enhance current understanding on textured footwear as a form of 30 

intervention associated with changes in functional impairments, therefore providing basis for footwear 31 

design in balance control. 32 

33 
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Précis: A textured insole with specific types of protrusions helps to improve postural stability and 35 

redistribute plantar pressure in the elderly in both static and dynamic activities. 36 
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1. Introduction39 

Postural control is a fundamental component of daily human activities, which involves motor, sensory 40 

(visual, vestibular, and somatosensory) and nervous system functions (Duarte & Freitas, 2010; 41 

Mesquita, de Carvalho, Freire, Neto, & Zângaro, 2015). To maintain balance during walking, 42 

information from three aspects, including the eyes, vestibular system and sole of the feet, is normally 43 

used (Christovão et al., 2013). However, control over posture declines with age due to deterioration of 44 

plantar sensitivity, and loss of vestibular system function, vision and muscle strength. Elderly people 45 

therefore often have a slower walking speed, shorter and wider stride length, as well as shorter swing 46 

phase time and lower joint range of motion during gait (Devita & Hortobagyi, 2000; Stief et al., 2016). 47 

In comparison to young adults, they also have greater body sway even in a simple upright posture so 48 

that neuromuscular adjustments are constantly needed to keep the center of pressure (COP) within the 49 

stability limits of the supporting base (Parreira et al., 2013).   50 

51 

As feet are an important source of afferent feedback for balance and locomotion, many footwear 52 

intervention studies have attempted to explore the effects of shoes or insoles on postural stability by 53 

artificially enhancing cutaneous information (Palluel, Nougier, & Olivier, 2008; Priplata et al., 2002; 54 

Qiu et al., 2012; Wang & Yang, 2012; Wu et al., 2007). To improve the postural stability of the elderly, 55 

Wang and Yang (2012) constructed vibrating insoles that provide temporary stimuli at an appropriate 56 

amplitude. The results showed that vibrating the plantar soles leads to increased postural response, 57 

which is more obvious in the anterior-posterior (AP) direction. However, vibratory devices are 58 

expensive, complex and difficult to use as an effective intervention in the mass market to reduce 59 

postural sway. As a means to stimulate plantar sensory nerves, protrusions placed at the edge of an 60 

insole and/or massaging knobs throughout the insole surface have shown to improve postural stability. 61 

Textured insoles with an array of spikes made with semi-rigid PVC at a low cost have been also used 62 

to enhance the somatosensory feedback of the feet of the elderly to reduce postural sway during quiet 63 

standing and maintain better stability, where a significant reduction was found in the surface area of 64 

the COP as well as the AP and medial–lateral (ML) root mean square (RMS; Palluel et al., 2008). 65 
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Significant differences in the velocity and surface area of the COP were also found in the young 66 

subjects during standing (Corbin, Hart, Palmieri-Smith, Ingersoll, & Hertel, 2007). Qiu et al. (2012) 67 

compared the effects of soft and hard textured insoles made of EVA on COP measurements for both 68 

young (mean age 27 ± 3 years) and elderly adults (mean age 72 ± 4 years) by using a force plate. Both 69 

types of insoles were found to reduce the postural sway of older people, especially when the subjects 70 

had their eyes closed and were standing on a foam surface. Nonetheless, the results from these studies 71 

are conflicting. Wilson, Rome, Hodgson, and Ball (2008) argued that wearing textured insoles has no 72 

significant effects on the range of AP or ML sway in healthy middle-age females in the static position. 73 

Experimental studies have also been done to evaluate the influence of a full textured insole made of 74 

Evalite Pyramid EVA (Shore A50) for improving the postural control of older people (Hatton, Dixon, 75 

Rome, Newton, & Martin, 2012). However, no significant immediate improvement was found in any 76 

of the COP parameters in quiet standing and gait measurements with the use of the GAITRite (a 77 

pressure sensitive walkway) except for gait velocity, and step and stride lengths. To date, the efficacy 78 

of full textured insoles on postural balance, especially in walking, has not been verified. The material 79 

properties of the textured insoles entirely covered with protrusions for enhancing the cutaneous 80 

response of the sole of the feet have not been reported in detail. Although the hard textured insoles 81 

(constructed with EVA) in Qiu et al. (2012) with granulations that are evenly distributed across the 82 

entire surface of the insole help to reduce the postural sway of older people during standing to a 83 

certain extent, they might cause issues in distributing the plantar pressure because they reduce the 84 

surface contact area, thus leading to discomfort during wear, especially in areas of high pressure. 85 

Therefore, protrusions on insoles made of an appropriate type of material are important for improving 86 

the comfort and practical use of footwear. 87 

 88 

Current designs of textured insoles mainly have protrusions that cover the entire surface of the insoles, 89 

which evenly stimulate the sole of the feet. However, a previous study by Zehr et al. (2014) found that 90 

significant dynamic changes in reflex amplitudes, kinematics, and foot sole pressures are caused by 91 

site-specific stimulation. The stimulation of discrete locations on the sole of the feet could lead to 92 

“sensory steering” and might improve balance as well as locomotion through the modulation of limb 93 
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loading and the placement of the feet (Zehr et al., 2014). To date, few studies have explored the effects 94 

of site-specific stimulation on balance by using textured insoles. Therefore, insoles with specific 95 

placement of protrusions are important for enhancing the stability of the elderly through site-specific 96 

stimulation. Arch support can be incorporated into the insoles with specific placement of the 97 

protrusions to further promote better balance. A properly shaped arch support has been found to offer 98 

good cushioning as well as adequate support of the body, which would help to prevent hyperpronation 99 

of the forefoot as well as shift the load and pressure under the areas of the heel and metatarsal to the 100 

midfoot area, thus reducing the pain of the lower extremities and contributing to better walking 101 

stability (Chen, Ju, & Tang, 2003; Mulford, Taggart, Nivens, & Payrie, 2008). It is considered that 102 

such footwear-generated biomechanical manipulation could lead to adjustments in body movement 103 

and redistribution of plantar pressure which would allow the user to develop suitable motor skill 104 

strategies that improve stability during locomotion in response to the lack of stability and control over 105 

balance.   106 

 107 

To evaluate the effects of the different interventions and/or treatments and their performance efficiency 108 

in controlling balance, posturography is commonly used as a method to assess balance problems. The 109 

COP of the feet on the ground and the displacement of the COP in either static or dynamic conditions 110 

are recorded to assess postural sway. Previous studies have suggested certain measures of the COP to 111 

assess the risk of falls, and have even attempted to directly differentiate between faller and non-faller 112 

groups to predict falls (Laughton et al., 2003; Prieto, Myklebust, Hoffmann, Lovett, & Myklebust, 113 

1996; Qiu & Xiong, 2015). Moghadam et al. (2011) and Prieto et al. (1996) found that the mean 114 

velocity of the COP is the most critical measure for assessing the postural steadiness and risk of falls 115 

related to age-group differences. However, few studies have included the velocity of the COP to study 116 

textured insoles. During double-limb standing tests, Hatton et al. (2012) reported larger COP velocity 117 

but not significant COP velocity in older fallers who had their eyes closed when wearing the textured 118 

insoles during double limb standing. The velocity of the COP as a balance parameter should be 119 

therefore further considered when assessing textured insoles for balance.  In view of dynamic balance, 120 

walking stability can also be measured based on the abnormal trajectory of the COP during the stance 121 
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phase, which is also known as a process for balance control by measuring the tilting movements of the 122 

foot (Hoogvliet, vanDuyl, de Bakker, Mulder, & Stam, 1997). Walking in spike insoles/sandals for 5 123 

mins influences the plantar cutaneous information from the sole of the feet, which lead to 124 

improvements in the AP and ML planes for balance in the elderly and indicate a shift in the COP 125 

(Palluel, Nougier, & Olivier, 2008). The extra inversion or eversion movements of the foot at different 126 

activity levels can lead to deviations in the COP (Gefen, Megido-Ravid, Itzchak, & Arcan, 2002). Thus, 127 

COP measurements as well as the COP trajectory are particularly relevant for the biomechanical study 128 

of balance and postural control (Winter, Prince, Frank, Powell, & Zabjek, 1996). However, the effects 129 

of textured insoles on balance performance during dynamic activities based on COP parameters have 130 

not been fully reported in the field.    131 

 132 

Therefore, the aim of this study is to examine the effects of specific site stimulation by using textured 133 

insoles with specific types of protrusions at the boundaries of the metatarsal heads and lateral heel 134 

areas as well as arch support on the COP trajectory and plantar pressure distribution in older women. It 135 

is hypothesized that indoor footwear with insoles that have a unique textured surface can help to 136 

improve their balance control and optimize the overall control of plantar pressure during walking. The 137 

findings of this study are important for designing ergonomic indoor footwear for older people that 138 

enhance their balance control.  139 

 140 

2. Method 141 

2.1 Participants 142 

Twenty-four older women between the ages of 60–73 years old (M: 65; SD: 3.6) have been recruited 143 

for this study. The inclusion criteria are women who are 60 or older, able to walk independently across 144 

a distance of at least 6 m without a walking aid, have hallux valgus with an angle that is less than 30 145 

degrees, free of neurological conditions and musculoskeletal problems that might affect balance, and 146 

no history of foot injuries during the past two years. The body mass index of these women ranges from 147 

15.2 to 32.2 kg/m2 (M: 22 ; SD: 3.2). Their foot size is 35 to 40 (European). Written informed consent 148 

is provided to all the participants before participating in the study. The experiment is approved by the 149 
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Human Subjects Ethics Sub-Committee at The Hong Kong Polytechnic University prior to beginning 150 

the study. 151 

 152 

2.2 Indoor Footwear Conditions 153 

All of the participants are examined under three experimental foot conditions in this study, which are 154 

barefoot (Condition A), wearing the control (Footwear Condition B without socks), and wearing the 155 

designed textured insole with an arch support (Footwear Condition C without socks) (see Figure 1). 156 

The raised nodules and arch support in the texture insoles were made of silicone (KE-1300T, 157 

Shin-Etsu Chemical Co, Ltd.). The experimental parameters with specific test standards are listed in 158 

Table 1. Eight protrusions of the same size were placed around the boundaries of the metatarsal heads 159 

and on the toe crest (five protrusions) as well as the boundaries of the lateral side of the heel of each 160 

foot (three protrusions). This design is based on the work in Maki, Perry, Norrie and McLlroy (1999) 161 

in which a continuously raised ridge was formed and extended around the perimeter of the plantar 162 

surface of the foot (from the metatarsal heads to the heel) to improve sensation and enhance particular 163 

types of stabilizing reactions caused by unpredictable postural perturbations.   164 

   165 
                                     Control (B) 166 
 167 

             168 
             169 
                      Designed texture insole with an arch support (C) 170 
 171 

Figure 1: Experimental indoor footwear  172 

 173 
 174 
 175 
 176 
 177 
 178 
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                      179 
Table 1: Experimental parameters 180 

 Indoor 

footwear (B) 

Terry 

fabric 

Protrusions – Footwear 

Condition C 

Size (diameter,mm) N/A N/A 15 

Thickness (mm) 13.43 4.50 5.00 

Density (g/cm3) N/A 0.12 1.12 

Weight Range (g) 71.33-82.49 N/A 0.78 

Coefficient of friction 0.67 N/A N/A 

Bending stiffness (N·mm) 643.80 N/A N/A 

Hardness (Shore A) ASTM D2240 26 N/A 8 

Force Reduction ASTM D 2632 (%) 61.56 N/A  96.98 

Compression ASTM D575-9 (kPa) 14,018 N/A  1,007 

 181 
 182 
2.3 Experimental Protocol 183 

The experiment was conducted in a laboratory. The participants were required to perform both static 184 

standing and dynamic walking in the tests for all three footwear conditions, see Figure 2. All of the 185 

measures were taken with the eyes of the subjects open. To minimize possible order effects, the 186 

sequence of the footwear conditions was randomized. For the static standing test (3 footwear 187 

conditions X 3 recordings), the participants were asked to go through all three footwear conditions and 188 

stand in their standard posture with their hands at their side. Their feet had to be spaced 17 cm apart 189 

between the midpoints of the left and right heel counters, with the toes pointing at an angle of 14 190 

degrees for 30 seconds (McIlroy & Maki, 1997), while looking at a red sticker dot that was placed 2 m 191 

away from where they were standing at eye level. Only the timeframe between 5 and 25 seconds is 192 

analyzed in this study. Each condition was recorded three times. Before the recording started, the 193 

subjects were given 30 seconds to adjust to the fit of the footwear after changing to a new condition in 194 

a standing position. They were allowed to rest for 1 min after every 3 recordings. For the dynamic 195 

walking test (3 foot/footwear conditions X 3 recordings), the participants were required to walk along 196 

a 7-meter concrete walkway at a self selected speed for all of the walking trials. An automatic timing 197 

gate (Brower Timing Systems, Utah, USA) that uses infrared and has 0.01 s precision was used to 198 

measure the speed of walking so as to ensure the walking speed of each subject was consistent across 199 

different footwear conditions. To establish the self selected speed, they were asked to walk in barefoot 200 

over a distance of 11 m at their natural pace. Two timing gates were placed at the 2 m and 9 m to 201 
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determine the duration for each trial. A total of 10 trials were carried out to obtain the speed of 202 

walking of each participant, which was calculated based on the division of the distance walked (7 m) 203 

by the time needed to cover this distance (s). To minimize the effect on the plantar pressure due to the 204 

different walking speeds, the walking trials were rejected if it exceeded 5% of the predetermined 205 

self-selected speed (Burnfield, Few, Mohamed, & Perry, 2004). For each test condition, 206 

acclimatization (2 walking trials) was first given to the participants to walk along the pathway so as to 207 

adapt to the footwear conditions and the environment as well as to adjust the strap of the footwear, and 208 

then complete 3 valid walking trials under instruction. The participants were given 3 minutes for a 209 

short rest after completing each condition. In barefoot condition, the pressure-sensing insoles is 210 

secured onto the plantar of the feet of the subjects by using standard cotton socks (1.4-mm in thickness) 211 

(Bacarin, Sacco, & Hennig, 2009; Burnfield et al., 2004). The overall rated subjective comfort for 212 

Footwear Condition C in comparison to their own indoor shoes was provided by the participants after 213 

they finished the walking test (see Figure 3).The data for each participant were collected within two 214 

hours. 215 

 216 

 217 

 218 
 219 

Figure 2: Experimental procedures for static standing and dynamic walking tests 220 

 221 

Figure 3: Rating scale for subjective comfort 222 
 223 
 224 
 225 
 226 
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 227 
 228 

2.4 Equipment 229 

The COP and the plantar pressure distribution were recorded with the in-shoe Pedar®  system (Novel 230 

GmbH, Munich, Germany) and the sampling rate is set at 50 Hz. This system consists of a pair of 231 

flexible pressure-sensing insoles, which have 99 capacitance-based sensors that are 1.9-mm in 232 

thickness. Pressure-sensing insoles in different sizes were available to accommodate the participants 233 

with different foot sizes. The location of the in-shoe COP is recorded by the software as X–Y 234 

coordinates, which relatives to the origin and is lied at the most medial and posterior points of the 235 

insole (Debbi et al., 2012). 236 

 237 

2.5 Data analysis 238 

The COP measures are: range of COPx (ML direction) and COPy (AP direction), mean COPx and 239 

COPy, mean SD of COPx and COPy, and mean velocity of COPx and COPy, except for the 95% 240 

confidence ellipse area, which was only assessed for the static standing test. To assess the changes in 241 

the ML direction during dynamic walking, the RMS of the residual of each COPx to its mean curve 242 

was calculated with Matlab R2008a. First, all of the steps were normalized from 0 to 100% in the 243 

stance phase. A mean curve was then fitted to the COPx of all selected steps in each condition for each 244 

subject, where the residual of each data point is the distance between the data point to the fitted curve. 245 

All of the COP measurements were calculated by using equations from previous studies (Jiang, Yang, 246 

Shieh, Fan, & Peng, 2013; Raymakers, Samson, & Verhaar, 2005; Rugelj, Gomiscek, & Sevsek, 2014). 247 

In order to analyze the pressure distribution, the plantar foot was divided into 4 anatomical regions: 248 

the toes, forefoot, midfoot and rearfoot (Luximon, Cong, Luximon, & Zhang, 2015). For each region, 249 

three variables of plantar pressure were measured: the mean of the peak pressure (MPP), contact area 250 

(CA) and pressure-time integral (PTI), and the Novel software was used for statistical analysis. To 251 

eliminate the influence of acceleration and deceleration during gait initiation and termination of each 252 

walking trial, the first and last two steps were excluded (Arts & Bus, 2011; Bonanno, Landorf, & 253 

Menz, 2011). Only the data of the right foot were analyzed.  254 
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2.6 Statistical analysis   255 

The data were analyzed by using the Statistical Package for the Social Sciences (SPSS) Version 19.0 256 

(SPSS Inc., Chicago, IL). Reliability tests were used to assess the consistency of the data from three 257 

repeated trials. One-way repeated measures ANOVA (within-subjects effect) was used to test for the 258 

statistical significant differences of the different indoor footwear conditions on the COP parameters 259 

and plantar pressure in the older women. In order to compare the main effects among each condition, 260 

Bonferroni-adjusted post hoc tests were conducted subsequently. The level of significance was set 261 

at .05.  262 

 263 

3. Results  264 

3.1 Static standing test  265 

The results of the COP parameters collected during both static standing and dynamic walking are 266 

presented in Table 2. A reliability test was carried out and acceptable values (over 0.7) were found for 267 

all of the COP parameters as well as plantar pressure variables (Qiu & Xiong, 2015). Table 2 shows 268 

that there are no significant differences across all of the COP parameters among the three conditions 269 

for static standing. In comparison to Condition A and Footwear Condition B, the subjects showed 270 

better stability in the ML direction with Footwear Condition C. However, the mean of the COPy 271 

between Condition A and Footwear Condition C was found to be close to significance, which might 272 

indicate that the subjects have less stability in the AP direction with Footwear Condition C in 273 

comparison to Condition A, which is the barefoot condition. 274 

 275 
Table 2: COP parameters of three experimental conditions 276 

Main effect  A B C P-value 
Footwear Conditions 

 Mean (SD) Mean (SD) Mean (SD) A & B A & C  B & C 

Static Standing Test 
Range of COPx (mm) 2.98 (1.66) 2.54 (0.83) 2.53 (0.72) 0.856 0.738 1.000 
Range of COPy (mm) 19.64 (7.62) 18.93 (5.76) 18.94 (5.78) 1.000 1.000 1.000 
Mean COPx (mm) 41.22 (3.78) 41.59 (2.93) 40.95 (2.64) 1.000 1.000 0.207 
Mean COPy (mm) 89.75 (13.87) 91.60 (12.31) 93.15 (12.55) 0.290 0.056 0.393 
Mean S.D. COPx  0.56 (0.30) 0.45 (0.17) 0.45 (0.14) 0.184 0.160 1.000 
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Mean S.D. COPy 3.95 (1.49) 3.62 (1.26) 3.82 (1.26) 0.467 1.000 0.951 
Mean velocity of COPx 
(mm/s) 

10.43 (2.68)  11.29 (2.93) 11.24 (2.55) 0.170 0.446 1.000 

Mean velocity of COPy 
(mm/s) 

38.66 (11.42) 42.45 (13.66) 42.62 (15.24) 0.385 0.758 1.000 

95% Ellipse Area (mm2) 21.38 (17.73) 17.79 (11.71) 17.72 (8.75) 0.754 0.941 1.000 

Dynamic Walking Test    
Range of COPx (mm) 23.06 (4.57) 20.28 (3.75) 19.74 (4.26) 0.013 0.007 1.000 
Range of COPy (mm) 144.49 (13.94) 140.98 (13.43) 142.90 (14.50) 0.411 1.000 0.901 
Mean COPx (mm) 43.32 (3.26) 41.74 (2.97) 40.96 (3.13) 0.007 0.004 0.229 

Mean COPy (mm) 114.82 (8.35) 122.39 (8.91) 124.87 (8.94) 0.000 0.000 0.211 

Mean S.D. COPx  7.43 (1.69) 6.36 (1.12) 5.69 (1.28) 0.006 0.000 0.007 

Mean S.D. COPy 49.10 (5.39) 48.71 (4.77) 47.65 (5.90) 1.000 0.322 0.567 
Mean velocity of COPx 
(mm/s) 

53.46 (9.59) 48.69 (8.58) 47.24 (10.43) 0.125 0.030 1.000 

Mean velocity of COPy 
(mm/s) 

246.05 (45.20) 252.80 (24.17) 252.63 (31.60) 1.000 1.000 1.000 

RMS COPx 3.77 (1.32) 3.26 (1.09) 3.03 (0.97) 0.103 0.014 0.387 

Note: Bold values show significance at P<0.05    

 277 
 278 

3.2 Dynamic walking test  279 

The mean walking speed during dynamic walking was 3.19 km/h (SD: 0.49), which ranged from 2.37 280 

to 4.54 km/h. Footwear Conditions B and C provide a significant reduction in the range and mean of 281 

COPx and a significant increase in the mean of COPy when compared to Condition A, see Table 2. 282 

Footwear Condition C, in particular, also resulted in a significant reduction in the mean SD, the mean 283 

velocity and the RMS of COPx when compared to the other foot conditions. According to Figure 4, 284 

the COP trajectory of the subjects in Footwear Condition C is similar to that in Condition A, but with a 285 

significantly smaller range of movement in the ML direction. The lowest COP trajectory was found for 286 

Footwear Condition B, which may indicate an effect on propulsion during walking. Figure 5 shows a 287 

typical example of the variability of the COPx under each condition. Footwear Condition C has a flat 288 

and concentrated fitted curve along the ML direction, with the smallest RMS value of the COPx, 289 

which indicates that there is little variance amongst the steps taken when compared to the other foot 290 

conditions (Figure 5(C)). The highest COPx values are found for Condition A during loading response 291 

(0-20% of the stance phase) and mid-stance (20-70% of the stance phase). A slightly upward shift to 292 

the right after heel strike can be observed for Condition A followed with a decline towards the end of 293 

loading response for all footwear conditions, while Condition A shows a more steep decline in 294 
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comparison to the other footwear conditions (Figure 5(A)). At push-off (about 80-90% of the stance 295 

phase), the lowest COPx values are found for all footwear conditions, in which the COP is found 296 

around the metatarsal heads. The mean subjective comfort for Footwear Condition C is 7.29 (S.D. 297 

1.66), which indicates that the overall comfort of Footwear Condition C is not only acceptable but is 298 

quite comfortable. 299 

 300 
Figure 4: Example of COP trajectory during dynamic walking in three footwear conditions 301 

 302 
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 303 
Figure 5: Example of COPx distributions and fitted smoothing spline curves across entire stance phase 304 

during dynamic walking in three footwear conditions  305 

3.3 Plantar Pressure Distribution  306 

As shown in Figure 6, the subjects show a significant increase in the MPP in the toe region when 307 

wearing shoes, while a significant reduction is found in the forefoot and rearfoot regions, especially 308 

for Footwear Condition C. A significant increase is also found for PTI in Footwear Conditions B and C 309 

in the toe and midfoot regions, while a significant reduction is found in the forefoot and rearfoot 310 

regions. The lowest PTI is in the forefoot region for Footwear Condition C. Footwear Condition C also 311 

causes a significant increase in the CA of all the plantar regions when compared to Conditions A and 312 

Footwear Condition B (see Figures 6 and 7).  313 
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 314 

 315 
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 316 
Figure 6: Mean values (S.D.) of three variables of plantar pressure during dynamic walking  317 

 318 

 319 
Figure 7: Example of plantar pressure distribution (peak pressure) during dynamic walking in 320 

three conditions 321 

 322 

 323 
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4.  Discussion 324 

The purpose of this study is to investigate the effects of a designed textured insole which is placed in 325 

indoor footwear on standing and walking stability as well as plantar pressure distribution. In 326 

comparison to Condition A, the subjects showed improved postural stability when wearing the 327 

footwear with the textured insole (Footwear Condition C) in the ML direction for both the static 328 

standing and dynamic walking tests. These results are consistent with those of previous studies 329 

(Corbin et al., 2007; Qiu et al., 2012). According to Palluel et al. (2008), elderly people who wear 330 

textured insoles that are covered entirely with spike protrusions show greater improvement in stability 331 

during standing as opposed to walking. However, after wearing the textured insoles (Footwear 332 

Condition C) in this study, the subjects are able to show a more pronounced improvement in stability 333 

during walking as opposed to only standing. This might be because the textured insoles evenly 334 

stimulate the entire sole of the foot which results in better balance control during static standing. 335 

However, the areas of the loss of sensitivity of the plantar of the foot are not the same, as the elderly 336 

are found to have less sensitivity in the forefoot and rearfoot regions as opposed to the midfoot regions 337 

(Machado et al., 2016). Therefore, more stimulation might be required for specific foot sites for better 338 

stability during dynamic movement or walking. The eight protrusions on the surface of the textured 339 

insole in this study could induce more plantar pressure onto specific sites of the sole of the feet and 340 

provide greater sensory stimulation to the mechanoreceptors of these sites. The response of the 341 

mechanoreceptors to mechanical stimuli (such as indentation and stretching of the skin) can provide 342 

information on the texture and allow detection of the roughness and textured patterns for spacing and 343 

orientation (Gardner, Martin, & Jessell, 1991). Additionally, pressure gradients induced by the 344 

specified textured sole pattern might increase and also stimulate the mechanoreceptors. The 345 

stimulation induced by the protrusions on the lateral side of the plantar foot increased the load 346 

medially on the sole of the foot. The result is a shift in weight to ensure an even load on the foot in 347 

response to the uneven surface and for better balance (Zehr et al., 2014). As a result, the overall neural 348 

feedback from the cutaneous receptors which is transferred to the central nervous system would 349 
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increase and possibly lead to more improvement of postural control, especially in dynamic walking 350 

(Hidaka, Nozaki, & Yamamoto, 2000; Manjarrez, Rojas-Piloni, Mendez, & Flores, 2003). 351 

 352 

The roles of the feet include the support of the body, distribution of plantar pressure, absorption of 353 

impacts and adjustment for postural stability during walking (Christovão et al., 2013). Adjustments 354 

made for postural stability include straightening of the spinal column, verticalization of the sacrum 355 

and flexion of the knee and hip can be reflected and measured from abnormal deviations in the COP 356 

trajectory (Gefen et al., 2002; Han, Paik, & Im, 1999). In this study, the mean, magnitude and velocity 357 

of the COPx significantly increase in Condition A in comparison to Footwear Condition C during 358 

walking. Larger mean and excursion of the COP, and more rapid rate of change in movement in the 359 

COPx direction may indicate that the elderly experiences a larger COP medial shift and propulsion 360 

occurs over the medial metatarsal and toe regions, which results in less stability in barefoot (Chiu, Wu, 361 

Chang, & Wu, 2013). Greater effort and more intensive body sways are then required to correct the 362 

COP so as to maintain body balance. The specific placement of protrusions in Footwear Condition C 363 

helps to reduce deviations in the COP (the mean and S.D. of the COP), which suggests that the foot 364 

and ankle are more stable during the loading response phase of the gait cycle (Chiu, Wu, Chang, & Wu, 365 

2013). Consistent with the results of Palluel et al. (2008), protrusions with a unique pattern also result 366 

in a significant reduction in the RMS of the COPx during walking, which indicates that specific site 367 

stimulation could also provide similar effects as textured insoles that are entirely covered with 368 

protrusions but with higher perceived comfort. 369 

 370 

The elderly usually suffer from age-associated impairment in terms of lateral stability and loss of 371 

control in lateral balance. The aging effects on balance might be accentuated in the ML direction. 372 

Previous falls and the future risk of falls of the elderly are usually associated and predicted with 373 

measures of ML sway/amplitude (Machado et al. 2016; Rogers & Mille, 2003). Therefore, the COPx 374 

can be regarded as a vital factor for assessing stability. During walking, the displacement of the COPx 375 

(in the ML direction) is greater in Condition A in comparison to all shod conditions, especially in 376 

Footwear Condition C. The mean curve of the COP in the ML direction during the stance phase 377 
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plotted in this study helps to determine walking stability by showing the pattern of the progression of 378 

COPx and the intra-subject variance of COPx among strides. The mean curve of the COP for 379 

Condition A shows more fluctuations and a relatively greater decline towards the end of loading 380 

response, which might indicate that the COP has shifted to the medial side at push-off, and the foot 381 

becomes more unstable and tends to exert greater effort to “correct” the COP back to a neutral position 382 

during loading response along the ML direction. The possible reasons for the lower displacement and 383 

fewer fluctuations of the COPx in Footwear Condition C are because the sole of the footwear might 384 

have reduced the medial rolling of the foot and therefore the displacement of the COP in the medial 385 

direction (Zhang, Paquette, & Zhang, 2013). The protrusions placed on specific locations of the lateral 386 

side of the foot might have also contributed to enhancing plantar sensation which would allow better 387 

balance control in the ML direction under the acute effect of the disturbance.     388 

 389 

The pressure under the areas of heel and midfoot is mainly influenced by weight bearing at heel strike 390 

and midstance, whereas pressure in the toes and forefoot is largely affected by flexibility, and  391 

strength and recruitment of muscle (Kimmeskamp & Hennig, 2001). It was observed in Condition A 392 

that less force and pressure were exerted by the elderly onto the medial side of the foot, such as the 393 

medial arch and medial calcaneus. This indicates that the bearing weight of older people during 394 

normal walking appeared on the lateral side of the foot which results in less propulsion in the 395 

heel-touch to the toe-off phases. As refer to the clinical field, the lateralization of pressure under the 396 

foot and reduction in propulsion found in older people may affect the their walking ability, thus 397 

causing difficulties in balance control, forward thrusting, and terrain adapting. Better redistribution in 398 

weight bearing and significant reduction in foot peak pressure were found in Footwear Condition C. 399 

The use of designed texture insoles does not lead to excessive plantar pressure on the foot during 400 

normal walking, which may help to relieve the heavy loads and pressure imposed onto the foot and 401 

prevent pressure ulcers (Hessert et al., 2005). A previous study by Kato, Takada, Kawamura, Hotta 402 

and Torii (1996) showed that the peak pressure of the entire foot could reduce by 56.3 percent and  403 

the contact area could increase by 62.7 percent when using a customized molded polyurethane insole 404 

(Kato et al., 1996). As compared to Condition A, a properly shaped arch support and protrusions used 405 
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in a textured insole would also lead to a reduction in the peak pressure of the forefoot by 17.2% and 406 

the heel by 22.1%, which redistribute the pressure to the midfoot area (Chen, Ju, & Tang, 2003). 407 

Moreover, a larger CA over the entire foot of 26.0% in this study, especially in the midfoot which 408 

increased by 95.0%, also helps to provide more foot support, thus enabling walking stability (Luximon, 409 

Cong, Luximon, & Zhang, 2015).  410 

 411 

Nevertheless, this is a preliminary study with some limitations. First, the relatively small sample size 412 

may limit the generalizability of the results. A multivariate analysis of variance could be a more 413 

stringent statistical test for a study with a small sample size. A self selected speed for walking is 414 

chosen in this study, which may introduce variability to the data and may even affect the results to a 415 

certain extent. For example, increasing the speed of walking could lead to higher pressure and the 416 

COP may shift medially. Structural characteristics of the foot, such as the arch type, may also affect 417 

plantar pressure distribution. Pressure tends to concentrate beneath the forefoot and the heel of a more 418 

rigid high-arched foot, with little pressure found beneath the midfoot. However, the effects of and 419 

relationship between arch type and plantar pressure have not been analyzed in this study. Future 420 

research can consider studying the effects of various types of indoor footwear on the COP based on 421 

foot segments and gait cycle.   422 

 423 

5.  Conclusion 424 

Indoor footwear plays an important role in preventing falls of older people at home, especially with an 425 

appropriate design and components. The findings from this study show that textured insoles can 426 

improve the balance control of older women in both standing and walking, especially in the ML 427 

direction. The COP trajectory when the indoor footwear is worn with the designed textured insole 428 

during walking allows a natural balance to emerge just like being barefoot, but has resulted in 429 

significantly smaller range of changes in the ML direction. The findings of this study may have 430 

important practical implications with regard to the development of novel footwear designs that 431 

improve balance control and reduce the risk of falling in older adults.  432 
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Key points: 

•  The effects of textured insoles with designs on balance performance during static and dynamic 433 

activities based on COP measures have been reported in this study. 434 

•  The designed textured surface of the insole is found to significantly reduce plantar pressure in 435 

the forefoot and the heel areas, as well as improve the balance control of the elderly, especially 436 

in the ML direction during walking. 437 

•  The current findings enhance understanding on intervention with textured footwear which will 438 

contribute to footwear designs that improve the postural stability of older adults. 439 

 440 

References: 

Arts, M. L. J., & Bus, S. A. (2011). Twelve steps per foot are recommended for valid and reliable 441 

in-shoe plantar pressure data in neuropathic diabetic patients wearing custom made footwear. 442 

Clinical Biomechanics, 26(8), 880–884. https://doi.org/10.1016/j.clinbiomech.2011.05.001 443 

Bacarin, T. A., Sacco, I. C. N., & Hennig, E. M. (2009). Plantar Pressure Distribution Patterns During 444 

Gait in Diabetic Neuropathy Patients with a History of Foot Ulcers. Clinics (Sao Paulo, Brazil), 445 

64(2), 113–120. https://doi.org/10.1590/S1807-59322009000200008 446 

Bonanno, D. R., Landorf, K. B., & Menz, H. B. (2011). Pressure-relieving properties of various shoe 447 

inserts in older people with plantar heel pain. Gait & Posture, 33(3), 385–389. 448 

https://doi.org/10.1016/j.gaitpost.2010.12.009 449 

Burnfield, J. M., Few, C. D., Mohamed, O. S., & Perry, J. (2004). The influence of walking speed and 450 

footwear on plantar pressures in older adults. Clinical Biomechanics, 19(1), 78–84. 451 

https://doi.org/10.1016/j.clinbiomech.2003.09.007 452 

Chen, W. P., Ju, C. W., & Tang, F. T. (2003). Effects of total contact insoles on the plantar stress 453 

redistribution: a finite element analysis. Clinical Biomechanics, 18(6), S17–S24. 454 

https://doi.org/10.1016/S0268-0033(03)00080-9 455 

Chiu, M. C., Wu, H. C., Chang, L. Y., & Wu, M. H. (2013). Center of pressure progression 456 



21 
 

characteristics under the plantar region for elderly adults. Gait & Posture, 37(3), 408–412. 457 

https://doi.org/10.1016/j.gaitpost.2012.08.010 458 

Christovão, T. C. L., Neto, H. P., Grecco, L. A. C., Ferreira, L. A. B., Franco de Moura, R. C., Eliege 459 

de Souza, M., …Oliveira, C. S. (2013). Effect of Different Insoles on Postural Balance: A 460 

Systematic Review. Journal of Physical Therapy Science, 25(10), 1353–1356. 461 

https://doi.org/10.1589/jpts.25.1353 462 

Corbin, D. M., Hart, J. M., Palmieri-Smith, R., Ingersoll, C. D., & Hertel, J. (2007). The effect of 463 

textured insoles on postural control in double and single limb stance.(use of textured insoles for 464 

postural control of sport persons). Journal of Sport Rehabilitation, 16(4), 363–372. 465 

Debbi, E. M., Wolf, A., Goryachev, Y., Yizhar, Z., Luger, E., Debi, R., & Haim, A. (2012). In-shoe 466 

center of pressure: Indirect force plate vs. direct insole measurement. The Foot, 22(4), 269–275. 467 

https://doi.org/10.1016/j.foot.2012.07.001 468 

Devita, P., & Hortobagyi, T. (2000). Age causes a redistribution of joint torques and powers during 469 

gait. Journal of Applied Physiology, 88(5), 1804–1811. 470 

https://doi.org/10.1152/jappl.2000.88.5.1804 471 

Duarte, M., & Freitas, S. M. S. F. (2010). Revisão sobre posturografia baseada em plataforma de força 472 

para avaliação do equilíbrio Revision of posturography based on force plate for balance 473 

evaluation. Revista Brasileira de Fisioterapia, 14(3), 183–192. 474 

https://doi.org/10.1590/S1413-35552010000300003 475 

Gardner, E., Martin, J., & Jessell, T. (1991). The bodily senses. In E.Kandel, J.Schwartz, &T.Jessell 476 

(Eds.), Principles of neural science (p. 430–50.). New York: McGraw- Hill Health Professions 477 

Division. 478 

Gefen, A., Megido-Ravid, M., Itzchak, Y., & Arcan, M. (2002). Analysis of muscular fatigue and foot 479 

stability during high-heeled gait. Gait & Posture, 15(1), 56–63. 480 

https://doi.org/10.1016/S0966-6362(01)00180-1 481 

Han, T. R., Paik, N. J., & Im, M. S. (1999). Quantification of the path of center of pressure (COP) 482 



22 
 

using an F-scan in-shoe transducer. Gait & Posture, 10(3), 248–254. 483 

https://doi.org/http://dx.doi.org/10.1016/S0966-6362(99)00040-5 484 

Hatton, A. L., Dixon, J., Rome, K., Newton, J. L., & Martin, D. J. (2012). Altering gait by way of 485 

stimulation of the plantar surface of the foot: the immediate effect of wearing textured insoles in 486 

older fallers. Journal of Foot and Ankle Research, 5, O21. 487 

https://doi.org/10.1186/1757-1146-5-S1-O21 488 

Hessert, M. J., Vyas, M., Leach, J., Hu, K., Lipsitz, L. A., & Novak, V. (2005). Foot pressure 489 

distribution during walking in young and old adults. BMC Geriatrics, 5, 8. 490 

https://doi.org/10.1186/1471-2318-5-8 491 

Hidaka, I., Nozaki, D., & Yamamoto, Y. (2000). Functional stochastic resonance in the human brain: 492 

noise induced sensitization of baroreflex system. Physical Review Letters, 85(17), 3740. 493 

Hoogvliet, P., vanDuyl, W. A., deBakker, J.V, Mulder, P. G. H., & Stam, H. J. (1997). A model for the 494 

relation between the displacement of the ankle and the center of pressure in the frontal plane, 495 

during one-leg stance. Gait & Posture, 6(1), 39–49. 496 

https://doi.org/http://dx.doi.org/10.1016/S0966-6362(96)01096-X 497 

Jiang, B. C., Yang, W. H., Shieh, J. S., Fan, J. S. Z., & Peng, C. K. (2013). Entropy-based method for 498 

COP data analysis. Theoretical Issues in Ergonomics Science, 14(3), 227–246. 499 

https://doi.org/10.1080/1463922X.2011.617109 500 

Kato, H., Takada, T., Kawamura, T., Hotta, N., & Torii, S. (1996). The reduction and redistribution of 501 

plantar pressures using foot orthoses in diabetic patients. Diabetes Research and Clinical 502 

Practice, 31(1), 115–118. https://doi.org/10.1016/0168-8227(96)01214-4 503 

Kimmeskamp, S., & Hennig, E. M. (2001). Heel to toe motion characteristics in Parkinson patients 504 

during free walking. Clinical Biomechanics, 16(9), 806–812. 505 

https://doi.org/10.1016/S0268-0033(01)00069-9 506 

Laughton, C. A., Slavin, M., Katdare, K., Nolan, L., Bean, J. F., Kerrigan, D. C., …Collins, J. J. 507 

(2003). Aging, muscle activity, and balance control: physiologic changes associated with balance 508 



23 
 

impairment. Gait & Posture, 18(2), 101–108. 509 

https://doi.org/https://doi.org/10.1016/S0966-6362(02)00200-X 510 

Luximon, Y., Cong, Y., Luximon, A., & Zhang, M. (2015). Effects of heel base size, walking speed, 511 

and slope angle on center of pressure trajectory and plantar pressure when wearing high-heeled 512 

shoes. Human Movement Science, 41, 307. 513 

Machado, Á . S., Bombach, G. D., Duysens, J., & Carpes, F. P. (2016). Differences in foot sensitivity 514 

and plantar pressure between young adults and elderly. Archives of Gerontology and Geriatrics, 515 

63, 67. https://doi.org/10.1016/j.archger.2015.11.005 516 

Maki, B. E., Perry, S. D., Norrie, R. G., & McLlroy, W. E. (1999). Effect of Facilitation of Sensation 517 

From Plantar Foot-Surface Boundaries onPostural Stabilization inYoung and Older Adults. 518 

Journal ofGerontology, 54A(6), 281–287. 519 

Manjarrez, E., Rojas-Piloni, G., Mendez, I., & Flores, A. (2003). Stochastic Resonance within the 520 

Somatosensory System: Effects of Noise on Evoked Field Potentials Elicited by Tactile Stimuli. 521 

Journal of Neuroscience, 23(6), 1997–2001. 522 

McIlroy, W. E., & Maki, B. E. (1997). Preferred placement of the feet during quiet stance: 523 

development of a standardized foot placement for balance testing. Clinical Biomechanics, 12(1), 524 

66–70. https://doi.org/http://dx.doi.org/10.1016/S0268-0033(96)00040-X 525 

Mesquita, L. S. de A., de Carvalho, F. T., Freire, L. S. de A., Neto, O. P., & Zângaro, R. A. (2015). 526 

Effects of two exercise protocols on postural balance of elderly women: a randomized controlled 527 

trial. BMC Geriatrics, 15, 61. https://doi.org/10.1186/s12877-015-0059-3 528 

Moghadam, M., Ashayeri, H., Salavati, M., Sarafzadeh, J., Taghipoor, K. D., Saeedi, A., & Salehi, R. 529 

(2011). Reliability of center of pressure measures of postural stability in healthy older adults: 530 

Effects of postural task difficulty and cognitive load. Gait & Posture, 33(4), 651–655. 531 

https://doi.org/10.1016/j.gaitpost.2011.02.016 532 

Mulford, D., Taggart, H. M., Nivens, A., & Payrie, C. (2008). Arch support use for improving balance 533 

and reducing pain in older adults. Applied Nursing Research, 21(3), 153–158. 534 



24 
 

https://doi.org/10.1016/j.apnr.2006.08.006 535 

Palluel, E., Nougier, V., & Olivier, I. (2008). Do spike insoles enhance postural stability and 536 

plantar-surface cutaneous sensitivity in the elderly? Age, 30(1), 53–61. 537 

https://doi.org/10.1007/s11357-008-9047-2 538 

Parreira, R., Amorim, C., Gil, A., Teixeira, D., Bilodeau, M., & Silva, R. (2013). Effect of trunk 539 

extensor fatigue on the postural balance of elderly and young adults during unipodal task. 540 

European Journal of Applied Physiology, 113(8), 1989–1996. 541 

https://doi.org/10.1007/s00421-013-2627-6 542 

Prieto, T. E., Myklebust, J. B., Hoffmann, R. G., Lovett, E. G., & Myklebust, B. M. (1996). Measures 543 

of postural steadiness: differences between healthy young and elderly adults. Biomedical 544 

Engineering, IEEE Transactions on, 43(9), 956–966. https://doi.org/10.1109/10.532130 545 

Priplata, A., Niemi, J., Salen, M., Harry, J., Lipsitz, L. A., & Collins, J. J. (2002). Noise-enhanced 546 

human balance control. Physical Review Letters, 89(23). Retrieved from 547 

https://www.scopus.com/inward/record.uri?eid=2-s2.0-0037011680&partnerID=40&md5=56257548 

b157093778698d301d8aca0ce8b 549 

Qiu, F., Cole, M. H., Davids, K. W., Hennig, E. M., Silburn, P. A., Netscher, H., & Kerr, G. K. (2012). 550 

Enhanced somatosensory information decreases postural sway in older people. Gait & Posture, 551 

35(4), 630–635. https://doi.org/10.1016/j.gaitpost.2011.12.013 552 

Qiu, H., & Xiong, S. (2015). Center-of-pressure based postural sway measures: Reliability and ability 553 

to distinguish between age, fear of falling and fall history. International Journal of Industrial 554 

Ergonomics, 47, 37–44. https://doi.org/https://doi.org/10.1016/j.ergon.2015.02.004 555 

Raymakers, J. A., Samson, M. M., & Verhaar, H. J. J. (2005). The assessment of body sway and the 556 

choice of the stability parameter(s). Gait & Posture, 21(1), 48–58. 557 

https://doi.org/http://dx.doi.org/10.1016/j.gaitpost.2003.11.006 558 

Rogers, M. W., & Mille, M.-L. (2003). Lateral stability and falls in older people. Exercise and Sport 559 

Sciences Reviews, 31(4), 182. 560 



25 
 

Rugelj, D., Gomiscek, G., & Sevsek, F. (2014). The Influence of Very Low Illumination on the 561 

Postural Sway of Young and Elderly Adults.(Research Article). PLoS ONE, 9(8). 562 

Stief, F., Schäfer, A., Vogt, L., Kirchner, M., Hübscher, M., Thiel, C., …Meurer, A. (2016). 563 

Differences in Gait Performance, Quadriceps Strength, and Physical Activity Between Fallers 564 

and Nonfallers in Women with Osteoporosis. Journal of Aging and Physical Activity, 24(3), 430. 565 

https://doi.org/10.1123/japa.2015-0170 566 

Wang, C. C., & Yang, W. H. (2012). Using detrended fluctuation analysis (DFA) to analyze whether 567 

vibratory insoles enhance balance stability for elderly fallers. Archives of Gerontology and 568 

Geriatrics, 55(3), 673–676. https://doi.org/10.1016/j.archger.2011.11.008 569 

Wilson, M. L., Rome, K., Hodgson, D., & Ball, P. (2008). Effect of textured foot orthotics on static 570 

and dynamic postural stability in middle-aged females. Gait & Posture, 27(1), 36–42. 571 

https://doi.org/10.1016/j.gaitpost.2006.12.006 572 

Winter, D., Prince, F., Frank, J., Powell, C., & Zabjek, K. (1996). Unified theory regarding A/P and 573 

M/L balance in quiet stance. Journal of Neurophysiology, 75(6), 2334–2343. 574 

Wu, F., Wang, R., Jin, D., Hu, X., Yang, Y., Zhang, J., & Youshimura, N. (2007). Effect of 575 

noise-enhanced on the balance control ability in older adults. Lecture Notes in Computer Science 576 

(Including Subseries Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics). 577 

Retrieved from 578 

http://www.scopus.com/inward/record.url?eid=2-s2.0-38149112486&partnerID=40&md5=bcf8f579 

27f9416de6398e23f238e331dbb 580 

Zehr, E. P., Nakajima, T., Barss, T., Klarner, T., Miklosovic, S., Mezzarane, R. A., …Komiyama, T. 581 

(2014). Cutaneous stimulation of discrete regions of the sole during locomotion produces 582 

“sensory steering” of the foot. BMC Sports Science, Medicine and Rehabilitation, 6(1), 33. 583 

https://doi.org/10.1186/2052-1847-6-33 584 

Zhang, X., Paquette, M. R., & Zhang, S. (2013). A comparison of gait biomechanics of flip-flops, 585 

sandals, barefoot and shoes. Journal of Foot and Ankle Research, 6(1). 586 



26 
 

https://doi.org/10.1186/1757-1146-6-45 587 

 588 

Biographies: 589 

Kit-lun Yick is an associate professor at the Institute of Textiles and Clothing, The Hong Kong 590 

Polytechnic University. She specialises in fashion production technology and product development. 591 

She has carried out scientific studies in the areas of anthropometry measurements, comfort evaluation, 592 

apparel products and footwear development, and thermal properties of fabric for patients in hospitals. 593 

 594 

Pui-ling Li is a PhD student at the Institute of Textiles and Clothing, The Hong Kong Polytechnic 595 

University, who is currently working on a project to design and develop footwear that enhances the 596 

body balance of older people and increases their thermal comfort. 597 

 598 

Sun-pui Ng is a senior lecturer in the Division of Science and Technology, Hong Kong Community 599 

College, The Hong Kong Polytechnic University. As a mechanical engineer, his research areas include 600 

designing engineering materials and functional textiles, as well as formulating numerical simulation 601 

models to solve various problems in material engineering. 602 

 603 

Joanne Yip is an assistant professor at the Institute of Textiles and Clothing, The Hong Kong 604 

Polytechnic University. She specialises in textile materials science and functional designs for intimate 605 

apparel. Her research focus is to incorporate material engineering and apparel design into medical 606 

clothing which will produce intimate apparel that can correct posture and control spinal deformity. 607 




