
 

 

 

Abstract--The footwear attracts consumers‟ primarily due to its 

functional characteristics / advantages to secure the foot from risks 

and ease of well-being to users. The overweight/obese individuals 

experience difficulties on choosing appropriate footwear to enable 

realize the comfort requirements of foot. Their option relies 

specifically on sports footwear which would accommodate the wider 

foot characteristics of overweight and obese individuals.  The 

medical professionals associate closely with footwear 

technologists/manufacturers for exchange of ideas to accomplish 

pragmatic solution for better foot health conditions of customers‟. 

The main objective of design innovation in footwear is to create 

uneven surface profiles especially on the heel regions to investigate 

the human locomotion process using „Gait analysis‟ facilities.  In this 

paper, different shoes have been developed ranging between 7 and 9 

(English Sizes) with the design innovation of varied angles such as 

20 degree, 30 degree and 40 degree particularly on heel external 

regions with the addition of „Standard Shoe‟.  It has been revealed 

that the externally designed heel modified footwear influences 

significant changes on plantar pressures beneath the foot and the area 

of contact of footwear on floor assumed significant changes in human 

locomotion process. The innovative designs employed on the bottom 

surface geometry of footwear aid in achieving improved foot health 

conditions and therapeutic benefits especially for high BMI 

individuals. 
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I. INTRODUCTION 

HE Podiatrist express views that shoes play a major role 

with respect to foot problems for the consumers.  Shoes 

prevent the foot from the risks factors and are an ideal 

choice to provide comfort for the users‟ during locomotion. In 

locomotion, the foot carries entire body weight and is 

subjected under pressure exerted by human who, in general, 

experiences foot and ankle pain symptoms especially on the 

weight bearing areas as well as symptoms of pain on tendons 

and ligaments. The body weight has been implicated as a 

factor in plantar heel pain [3].The foot loading behaviour of 

human foot was the subject of interest for more than 100 years 

and the plantar pressure distribution instrumentation is an ideal 

clinical tool for diagnostics and therapeutic interventions 

[4].The foot specialists are driven to arrive at consensus on the 
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importance of choosing ideal footwear to remedy foot 

problems. Hence, the design innovation and development of 

footwear assumes greater concern on human foot health 

conditions.  Previous studies have found that the design 

change in shape and sole structure can significantly alter shoe 

plantar pressure in specific regions of the foot, which would 

prevent illnesses and provide improved comfort [1]. 

 People fall under high BMI categorisation are prone to 

develop all problems relating to foot   according to Dr.Stuart 

D.Miller, a member of AOFAS Public education Committee. 

The increased BMI is directly linked to increased foot 

pressures while standing and walking condition and is finally 

resulted to varied foot problems impacted on the entire regions 

of foot [2]. The impact forces are directly connected to muscle 

activity, comfort and fatigue of the individuals using footwear 

[5]. 

As high BMI Individuals pose numerous foot consequences, 

the conduct of plantar pressure analysis would provide 

additional insight into the aetiology of pain and lower 

extremity complaints [6]. The increased plantar pressure may 

lead to discomfort especially for obese individuals as 

hypothesized by an author [2]  Earlier research findings 

revealed that the Rocker profiles are the most commonly 

prescribed external therapeutic shoe modifications to mainly 

offload pressure relief on the plantar surface of the foot[7]. 

Nawoczenski et al [9] revealed that certain pivotal and curved 

rocker bottom shoes are effective to reduce forefoot pressure 

in normal subjects. Cho et al [10] suggested that rocker soles 

shoes with comfortable insoles may reduce foot pain and 

increase foot function for patients with Rheumatoid arthritis.  

 This paper proposes scientific analysis to evaluate waking 

pattern, plantar pressures and contact area of individuals with 

high BMI segments during their locomotion. The FSCAN 

system and in-shoe pressure measurement device is employed 

to measure dynamic pressures at the shoe-foot interface during 

locomotion.   Although there are still device limitations, the 

technique in-shoe measurement system has opened the door to 

a whole new realm of pressure studies both in research and 

clinical practice [8]. Hence, plantar pressure analysis on the 

proposed innovative design footwear is imperative to 

accomplish therapeutic benefits as well as to provide remedial 

solutions for all primary concerns of foot especially for 

overweight and obese individuals. 

II.  MATERIALS AND METHODS 

The foot characteristics of around 50 individuals possessing 

high BMI values were primarily studied and subsequently 

mean and average estimation on each foot parameters was 
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estimated statistically for modelling suitable shoe last 

exclusively meeting the footwear requirements of high BMI 

individuals.                         

 

Fig 1 Shoe Last for High BMI Categories 

The lasts ranging between size 6 and 10 were modelled by 

M/S Shoe Shangavi Accessories P (Ltd) at Chennai, INDIA 

and an image of a shoe last is illustrated as above (Fig1). The 

unique feature of the last developed is its wider fitting 

parameters to match exactly the broader width foot of high 

BMI individuals. 

The shoes of Derby style were developed with wider girth 

dimensions for the accommodation of foot of high BMI 

individuals and also reinforced with rigid counter and toe 

stiffener to maintain its shape and dimension to meet the 

comfort requirements of beneficiaries.  The leather from cow 

origin was chosen as upper material in footwear due to its 

physical strength characters and elongation behaviours 

purportedly keeping in mind the foot dynamics of high BMI 

individuals. The Micro Cellular Rubber (MCR) was chosen as 

unit sole for bottom application in footwear.  The external 

design modifications on the heel surface profile were 

configured with varied angles of  20 degree, 30 degree and 40 

degree on footwear developed ranging between 7 and 9 (total 

of 3 sizes) respectively; besides control shoes. 

               

      

 

       

 

Fig. 2(comprising of standard, 20 degree, 30degree and 40 

degree shoes) 

The subjects possessing high BMI were enrolled for plantar 

pressure studies using in-shoe pressure measurement device in 

the Gait laboratory. A consent from individual participants was 

obtained prior  to the commencement of plantar pressure 

analysis. About 3 subjects of foot size 7 possessing BMI 

values < 30 were evaluated for experimental analysis.  These  

particiapants were advised to use standard shoe and other 

experimental shoes  with 20 degree,30 degree and 40 degree 

configurations. 

In this study, a „Pedar Pressure Measurement System‟ was 

employed across all the experimental applications. Pedar 

system offers an accurate and reliable pressure distribution 

measuring system for monitoring local loads between foot and 

shoe. This device is equipped to function with its built-in state 

of Blue tooth TM technology to enable communicate with the 

Bluetooth compatible pocket, notebook, or standard PC‟s. The 

scientific outcome using Pedar system is therefore more 

relevant to real life situations. 

 

Fig. 3 Photo of Pedar system 
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The Pedar system is connected to high conforming elastic 

sensor insoles that cover the whole plantar surface of the foot 

or sensor pads for the dorsal, medial or lateral areas of the 

foot. The applications of Pedar systems are feasible in the field 

of shoe research and design, orthotic design, rehabilitation 

assessment, kinetic analysis of gait etc. The unique feature of 

Pedar system can be employed for all kinds of shoe research 

especially in biomechanics to measure the pressure distribution 

inside the shoes during the dynamic phase of locomotion. 

The main importance of exploring pedar system is to 

fundamentally understand the varied phases of locomotion 

experienced by overweight and obese individuals. The varied 

surface configurations employed on the heel region of 

footwear (Fig 2) would impact significant difference on the 

plantar pressures exerted by overweight and obese individuals. 

The participants were advised to begin with standard shoe and 

subsequently followed with externally modified shoes of 20 

degree, 30 degree and 40 degree respectively. The plantar 

pressure distribution in respect of static condition on the 

standard and externally modified shoes was recorded using 

„Pedar In-Shoe Pressure Measurement System‟ in the initial 

phase of assessment process. Subsequently, the dynamic 

pressure studies on standard shoe followed with other 

modified shoes were recorded using Pedar system for scientific 

analysis. 

III.  RESULTS 

The participants, comprising of 3 male subjects possessing 

foot size of 7, were participated for  experimentation in this 

study.. The „Pedar In-Shoe pressure  measurement system‟ was 

employed to estimate data on  plantar pressure geneartion and 

area of contact of the participants during locomotion phases. 

Each participant was advised to experiment  shoes  initially to 

begin with standard shoe and followed with other shoes such 

as 20 degree, 30 degree and 40 degree respectively. The 

experimental analysis was carried out with  the participants  on 

varied shoes include standard and externally modified designs. 

The Plantar pressures (Kpa) generated  were recorded by „In-

shoe‟ pressure device in respect of standard shoe followed 

with externally modified shoes of 20 degree, 30 degree and 40 

degree. The data obtained from these experiments are 

presented with mean and standard deviations values  in  

Table(1). 

 
 

TABLE 1 

PLANTAR PRESSURES ON SHOES 

 Subject Mean Std. Deviation 

Std 74.53 18.593 

20 D 103.85 42.965 

30D 70.50 9.423 

40D 83.43 19.057 

Total 82.14 27.219 

 
ANOVA  

 

 Sig. 

Between Groups .004 

 

Table -1 presents the data on plantar pressures generated using 

In-shoe pressure measurement system on varied shoe 

categories such as Standard, 20 degree, 30 degree and 40 

degree. The mean and standard deviations of these shoes are 

calculated and are shown in the tabular format. It is observed 

from the table that the varied shoes evaluated on plantar 

pressures, the 20 degree shoe possesses lesser value of plantar 

pressure while comparing standard and other categories. The 

design configured in the case of 20 degree shoe showed longer 

distant curvature than all other items and this design parameter 

is the resultant of reduced plantar pressure generated in the 

locomotion analysis. From a statistical analysis (ANOVA), sig 

value of 0.004 on plantar pressures is found from the 

experiment. 
 

TABLE II 

 MULTIPLE COMPARISONS 

(I) Group2 (J) Group2 Sig. 

20 Std Shoes .017 

30 .004 

40 .220 

 

 Significant differences exist in respect of plantar pressures on 

the shoes employed as seen from the analysis. A  Bonferroni 

multiple comparison analysis was carried out where  it is found 

that there is a significant difference in plantar pressures 

between standard shoe and 20 degree shoe and the difference 

between standard shoe with others such as 30 and 40 degree 

shoes is of insignificant. 

   
TABLE III 

 RESULTS ON AREA OF CONTACT OF SHOES 

   

 Mean Std. Deviation Minimum Maximum 

1 114.97 5.94 108.13 125.42 

2 113.77 6.88 103.48 123.62 

3 110.24 6.52 101.68 120.77 

4 105.14 5.44 95.74 113.49 

Total 111.17 7.19 95.74 125.42 

 

 
    

ANOVA 

                                         Sig. 

Between Groups .000 

Multiple Comparisons 

(I) Group (J) Group Sig. 

4 1 .000 

2 .001 

  

3 .145 

 

In respect of area of contact,  a significant difference is found 

among all four categories of shoes assessed in the statistical 

analysis. To find the differing groups, the Bonferroni multiple 

comparison test was carried out and it can be seen that there is 

a significant difference between 20 degree shoe and „standard 

shoe‟. Also, there is a significant difference exists between 20 

degree shoe with other categories of 30 and 40 degree shoes. 
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IV. DISCUSSIONS 

 Shoes designed with standard  as well as external heel 

modifications of 20degree, 30 degree and 40 degree were 

experimented with In-shoe pressure measurement system to 

estimate the generation of plantar pressures exerted by the 

participants possessing high BMI values. It is seen from data  

that the plantar pressures generated by externally modified 

shoes are lower in (Kpa)values than the standard shoe.The 

design innovations particularly on the heel region of shoes aid 

in minimising the force impacted by the participants during the 

phases of walking  that resulted  into lower  pressures beneath 

the plantar surface of the feet. The  external design 

configurations  assist forward momentum of the body over the 

foot due  to  the surface curvature created  on bottom profile of 

shoes. 

The main purpose of design innovations is to induce 

instability via the uneven surface of shoe which supposedly 

mimics barefoot locomotion.  It is advantageous that the 

uneven surface challenges lower leg muscles therefore, the 

unstable shoe design is intended to strengthen lower leg 

muscles and is helpful to reduce pain for a range of 

musculoskeletal conditions , including knee joint,osteoarthritis 

and low back pain. It was revealed from the results that the 

area of  surface contact in respect of externally designed shoes 

is less than  that of standard shoe.The lesser area of contact in  

case of externally designed shoes  implies less load of  body 

resting on the ground  in time than the standard shoe. Hence,  

the modified shoes represent higher % of swing phase than the 

standard shoe and the externally modified shoes impart 

improved comfort with the possible reduction of pain 

symptoms,in general, experienced by high BMI individuals. It 

is also learnt that the bevelled angles developed in shoes 

render added stability at the time of foot landing on the ground 

at heel strike point. It is understood from the results that the 

externally modified design especially 20 degree shoe 

possessing the  reduced value on plantar pressure and area of 

contact  derived from the analysis of  In-shoe pressure 

measurement system and this specific design configuration 

shoe deserves the meritorious results in terms of comfort and 

theraupetic benefits to the high BMI individuals. 

V. CONCLUSION 

 Footwear plays a key role to ensure comfort on the foot 

health consequences experienced in the human locomotion. In 

this paper, the design Innovations in footwear has been 

explored mainly to scientifically investigate the efficacy of 

design configurations on plantar pressure distribution patterns 

in the locomotion using In-shoe pressure measurement system 

in the Gait laboratory. The shoes experimented are standard 

shoe and externally modified shoes of 20 degree, 30 degree 

and 40 degree.  The scientific investigation in this paper 

revealed 20 Degree modified shoe possesses lower values on 

plantar pressure and area of contact while comparing standard 

and other modified categories. Hence, it is concluded that 20 

Degree shoe is found as an optimal choice to accomplish 

therapeutic benefits especially for high BMI individuals. 
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