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The information and views set out in this document have been 
developed within the framework of the “SciLED- Footwear in the 
21st century: New skills for the design of drastically improved 
comfort, sustainable, fashion-oriented and scientifically-led 
footwear products” project, funded by the ERASMUS+ Programme, 
KA2 - Cooperation for Innovation and the Exchange of Good 
Practices - Knowledge Alliances. 
 
The European Commission support for the production of this 
publication does not constitute an endorsement of the contents, 
which only reflects the views of the authors, and the Commission 
cannot be held responsible for any use, which may be made of the 
information contained therein. 
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The purpose of the Work Package (WP) 2- Analysis of Footwear Comfort and Sustainability is to 
collect and review updated information relevant to footwear comfort and sustainability. At first, all 
major types of footwear were reviewed and classified according to their comfort requirements. 
Emphasis was given to casual footwear which count for 75% of the production. The comfort 
parameters were identified according to the footwear classification and include dimensional and 
mechanical parameters at the foot plantar area. The role of materials and sole structures were 
studied and a thorough review of existing computer-based systems and equipment for determining 
comfort parameters was performed. Material and manufacturing practices were also considered in 
terms of sustainability as an integral part of modern footwear manufacturing. Similarly, advanced 
3D CAD/CAM/CAE software, 3D scanning and rapid prototyping systems, and learning tools and 
methods were reviewed for the preparation of corresponding educational material. This WP 
provides the means to accomplish the following project objectives: 

 Incorporation of comfort and sustainability in product life-cycle; 
 Analysis of all parameters that affect footwear quality with respect to comfort and 

performance; 
 Utilization of existing state-of-the-art technologies and computer-based tools for the 

determination of footwear comfort and sustainability parameters; 
 Provision of the “educational package” to the allied Universities as complementary material 

for the enrichment of their current undergraduate or graduate programmes. 
 

The WP2 was coordinated by the partner P3-UEGEAN, having the partner P11- INESCOP as co-
leader. Partner P3-UEGEAN led the definition of footwear comfort and sustainability parameters 
according to footwear and comfort categorisation. Partner P2-UMH led the investigation of 
footwear comfort and sustainability with regard to material selection and sole design parameters. 
Partner P8-POLIMI led the review on computational tools and laboratory or field equipment for 
determining footwear requirements, drawing from several fields (e.g. biomechanics, product 
testing, physics etc.). To achieve quality and consistent outcomes of the foreseen activities, 
guidelines for conducting both desk and field researches, as well as reporting guidelines, have been 
developed by partner P1-TUIASI. The produced outcomes have been checked against the quality 
criteria by partners P1-TUIASI and P4- CEC, and they were analysed and validated by industrial 
partners of the SciLED consortium.  

 
Main results of field research based on interviews with representatives of footwear companies are 
presented in Result 2.1- Report Field Research and include: 

 requirements for the production of comfortable footwear; 
 challenges when managing sustainability issues in the sector; 
 evidence of the existing educational background of the sector 
 benefits of business- academia – research cooperation. 

 
Main results of desk research consist in compiled reviews for: 

 analysing all phases of footwear life-cycle including a new phase “design for comfort” 
(Result 2.2- Categorisation of footwear according to comfort requirements) 

 detailing the parameters that define footwear performance and comfort (Result 2.3- 
definition of comfort and sustainability parameters according to footwear categorisation 
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 footwear sustainability issues (Result 2.4-Review of the role of materials and special 
structures in footwear comfort and sustainability) 

 investigating existing technologies and computer-based tools for the determination of 
footwear comfort parameters (Result 2.5- Review of computational tools and equipment 
for determining comfort parameters)  

 

The outcome of the Categorisation of footwear according to comfort requirements (Result 2.2) is 
reported in this deliverable in the following chapters: 

• CHAPTER 1. The concept of comfort today 

• CHAPTER 2. Human foot, gait cycle and comfort 

• CHAPTER 3. Modern industrial footwear structure and its relation to comfort 

• CHAPTER 4. Objective measurement of footwear comfort aspects 

• CHAPTER 5. Categorisation of footwear according to comfort requirements 

The purpose of this deliverable is the categorisation of footwear according to comfort requirements 
through desk research. To this purpose the report first clarifies the basic notion of comfort and its 
relationship with different aspects that may be relevant to an individual-consumer. In the specific 
case of footwear, two comfort levels can be differentiated: immediate comfort, which is associated 
to the moment when the shoe is tried on, and deferred comfort, which is linked to its daily use.  
 
Footwear comfort is also relevant as a conditioning factor for the biomechanical aspects related to 
the development of lower limb activities and, therefore, also affects user’s wellbeing, going beyond 
a subjective feeling. Hence, footwear comfort has a widely recognised role in several functional 
aspects including gait kinematics, neuromuscular control of balance and posture, and muscle energy 
expenditure. It is therefore extremely difficult to quantify footwear comfort in a single test with a 
single variable. Therefore, it is essential to categorise footwear comfort so that a testing protocol 
can be established with the purpose estimate the degree of comfort provided by a given shoe to a 
significant segment of the target population. 
 
A review of human foot anatomy and kinematics, including gait, has been presented in Chapter 2 in 
order to explain the interrelation of anatomical elements with comfort parameters. Foot troubles 
have been analysed and categorised in different categories. The gait cycle is explained by presenting 
foot kinematics during walking and standing. Gait parameters, like strike forces, angles, moments 
and accelerations, as well as foot biomechanics in dynamic condition are described. 
 
Chapter 3 provides an overview of modern footwear structure and its relation to comfort. Several 
footwear parameters like cushioning, shock absorption, slip resistance, etc., have been analysed in 
order to present their link with different comfort parameters.  
 
In Chapter 4, several comfort parameters and the relation between foot, last and footwear have 
been studied. Thermal comfort and chemical aspects that affect the user are detailed, while an 
extensive Table with allergens in footwear has been also compiled. 
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Finally, this report concludes with Chapter 5, where several objective approaches to comfort 
determination are presented. An engineering approach to footwear comfort is described which 
consists of three categories: mechanical, thermal and miscellaneous aspects. According to the 
existing literature, mechanical comfort is focused on measuring either through differential or finite 
element methods the following parameters:  
• Plantar pressure maxima and distribution; 
• Shock Absorption& Sole cushioning characteristics; 
• Bending characteristics of the sole structure; 
• Torsional characteristics of the sole structure; 
• Fitting aspects. 

 
Modern simulation systems based on FEA are now thoroughly used for the computation of the 
above parameters without the need to produce physical prototypes. A methodology for relating 
engineering parameters (measured through simulation) to comfort levels has been presented. A 
study on dimensional fitting and methods for managing this comfort aspect during footwear design 
is also presented, and the chapter concludes with a discussion on thermal comfort parameters that 
affect shoe thermal conductivity and vapour exchange. 
 
The detailed structure of this deliverable is presented below:  
 
INTRODUCTION  
AIM OF THE STUDY  
METHODOLOGY  
 
CHAPTER 1. The concept of comfort today  
 
CHAPTER 2. Human foot, gait cycle and comfort  

2. 1. Human foot: Bones. Joints. Arches. Muscles. Ligaments and tendons  
2.1.2. Foot movements  
2.1.3. Foot troubles. Variation in feet.  

2. 2. Gait cycle 
2.2.1. Gait biomechanics  
2.2.2. Foot biomechanics in static conditions  
2.2.3. Phases of normal walking  
2.2.4. Gait parameters  
2.2.5. Foot biomechanics in dynamic condition. Kinetic parameters. Force. Pressure. 
Centre of gravity and centre of mass during the walking  

 
CHAPTER 3. Modern industrial footwear structure and its relation to comfort.  Relation between 
mechanical comfort characteristics and footwear structure  

3.1. Cushioning  
3.2. Shock absorption  
3.3. Slip resistance  
3.4. Softness and flexibility 
3.5. Lightweight  
3.6. Controlling the plantar pressure distribution  
3.7. Facility of walking, balance and stability  
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CHAPTER 4. Objective measurement of footwear comfort aspects  

4. 1. Plantar mechanical aspects  
4.1.1. Plantar pressures (maxima and distribution)  
4.1.2. Foot biomechanics during walking  
4.1.3. The centre of pressure (COP)  
4.1.4. Shock absorption characteristics of the sole structure  

4. 2. Haptics & dorsal fitting aspects  
4.2.1. Static and dynamic foot measurements  
4.2.2. Relation between foot, last and footwear  

4. 3. Thermal aspects  
4.3.1. Thermal conductivity  
4.3.2. Water permeability  

4. 4. Chemical aspects  
 
CHAPTER 5. Categorisation of footwear according to comfort requirements  

5. 1. Engineering footwear for mechanical comfort  
5.1.1. Managing plantar pressure maxima and distribution  
5.1.2. Managing shock absorption characteristics  
5.1.3. Managing bending and twisting characteristics of the sole structure  
5.1.4. Managing fitting aspects  

5. 2. Engineering footwear for thermal comfort  
 
Conclusions  
REFERENCES  
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