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Abstract. Protection was the basic principle underlying the creation of footwear, once
humankind felt the need to protect feet from direct contact with soil, heat, cold and sharp
objects. However, this accessory soon acquired cultural, aesthetic, symbolic significance, and
apparently it was not related to comfort. This work aims to analyze comfort in women
footwear, especially high heels shoe. We intended to understand the emotional relationship of
consumers with this type of accessory, as well as to understand to what extent women are
willing to give up comfort in favor of aesthetics. For this purpose, a questionnaire was
designed, aimed at the female audience in order to understand the relevance of women's
footwear, their daily relationship with shoes, the specificity of heels and the problems caused
by it.

1. Introduction
As an object, footwear embeds cultural traditions and values. Also, it operates as a multidimensional
indicator of social class, gender, status, beyond protection. Its importance is highlighted even in Greek
mythology, since Zeus has gifted Hermes with winged sandals that allowed him to fly [1]. Even then
shoes were seen as a mystic object with supernatural powers going far beyond its physical dimension.
We may recall how shoes appeal to our childish imagination of superpowers, for example in
Cinderella fairy tale or in the case of the little red shoes of the Wizard of Oz. (figure1).

Figure 1: Hermes with winged sandals; Cinderella crystal shoe; The Wizard of Oz little red shoes

In fact, footwear is a fashion icon that changes throughout times, echoing different epochs. Fashion
trends influence shoe design and model, as well as the height or shape of the heel.



Like clothing, footwear is an accessory of great importance in the composition of personal image,
as well as in categorizing characteristics of the individual personality, depending on the style and
model of the chosen shoes. "Our choice of shoes reflects our personality, they reveal if we are
audacious or distinct, conservative or free spirit (...) shoes communicate our desires for a specified
social status and lifestyle, as well as proclaim our needs for power and sex " [2].

Among the many elements that make up the universe of women's footwear, one in particular has an
outstanding significance, the “high-heel”. This element leads to the manifestation of two classes of
very different audiences, those who love and those who complete reject it. For many it is considered a
symbol of femininity and seduction, but others consider it a suffering and submission symbol.
O´Keeffe claims that this accessory can place women in a position of power and control, which is the
main focus of seduction and femininity [3].

The orthopaedic professionals recommend the occasional use of high-heel shoes, as they may cause
serious health problems, involving deformities of the toes, postural damage, and muscle shortening,
among others.

2. Footwear and comfort
“Comfort is an emotional state defined by the simultaneous occurrence of physical and psychological
well-being induced by sensations, thoughts, images, objects, environment and situation that invoke
pleasant feelings and emotions (positive hedonic valence)” [4]. It is a fundamental requirement for the
current society as it has great relevance in the decision-making of the consumer when buying a
product.
Because it is a subjective qualitative variable, comfort can be defined in several ways. Iida defines it
as "an ergonomic quality of the product" and this is highly valued by users of footwear [5].

Therefore, it is not possible to outline a universal concept of comfort, since its perception differs
from person to person and depends very much on the situation being experienced, which makes
comfort a very subjective concept. It can, however, be divided into several dimensions to facilitate its
comprehension and evaluation, namely sensorial, thermophysiological, ergonomic and psycho-social
dimensions [6].

The thermophysiological comfort of shoes has to do with the properties of the raw materials and
how they allow the transference of moisture and heat. Similarly, the sensory comfort is related to the
physical-mechanical properties of the materials and how those are transmitted to the feet by direct
contact. The ergonomic comfort in shoes is associated with the shoe fitting to the foot. It is essential
that all stages of prototyping and manufacturing of the footwear “(...) are based on “forms” that
respects the anatomy, physiology and biomechanics of the feet" [7].

However, the production of high-heel shoes often disregards comfort and foot health in order to
accomplish an attractive design. Despite the medical alert, high-heel shoes grant devotion among
many women, which may be linked to the symbolism related to this accessory. "The association
between high-heels shoes and sensuality is related to the fact that it produces changes in the female
body. The increasing of heel-height causes changes in the hip movements, the bust and buttocks
become more evident, and create an effect of legs elongation, the use of this accessory creates in the
mind of the consumer a sense of psychological comfort in relation to her power seduction” [8].
Therefore psycho-social comfort is related to psychological well-being and personal satisfaction,
which are linked to social and fashion demands.

2.1 Use of high-heeled shoes and its consequences
Increasing the height of the heel in the shoe directly modifies the distribution of body pressure in the
feet, impairing the balance of the body, safety of walking, and altering the posture of the spine [9]. The
human foot naturally exhibits a slight imbalance in body distribution. When walking barefoot, 43% of
the weight is projected to the front of the feet, while the remaining 57% is directed to the heel portion.



Orthopedic specialists usually recommend the daily use of 2cm heel shoes since it helps balancing the
distribution of body weight throughout the length of the foot.

Inappropriate choice of the footwear model can cause a number of foot health problems. The most
frequent diseases diagnosed by orthopedists are articular, dermatological, circulatory and postural. The
use of unfitting shoes due to the use of poorly developed, inappropriate material or inadequate
modeling, can increase the appearance of problems and injuries in the feet. These problems are
potentiated in women's shoes, since the incorrect production of high heel footwear can cause
deformities in the feet, in addition to the above.

According to the International Society of Foot Surgery, 80% of the world population suffer from
some type of problem in their feet or posture, caused by a lack of adequate structure of the shoes or
abusive use of high-hell shoes [10].

The hallux valgus consists of a lateral deviation of the great toe, caused by the continuous pressure
exerted on the large toe [10]. This pathology associated with the use of narrow and pointed footwear
often requires orthopedic or surgical interventions (figure 2). The pointed toe shoes, by compressing
the toes, deform the first finger outward and the fifth finger inwards, which can lead to the appearance
of a bunion, overlapping fingers, finger dislocations, ingrown nails, bursitis, epithelial hardening and
callus [11]. Poorly developed heels and insoles can cause pain in the arch of the feet and backbone.
The inside finishing of the footwear may also cause severe problems to the feet, such as coatings that
inhibit freedom of movemnts; low quality synthetic materials that do not absorb sweat and may cause
fungal infections; sewing and clippings that can injure the epithelial tissue of the feet [11].

Figure 2: hallux valgus & hammertoe

Another problem associated with the use of incorrect footwear is the "hammer toe". This
deformation is caused by the use of heel shoes that puts excessive pressure on the metatarsal
phalangeal joint as an effect of the posture imposed by high heels [10].

The high heel alters the original position of the feet, causing it to remain in the position of dorsal
hyperflexion, and ends up harming the joints between the metatarsal and the proximal phalanges of the
toes. This change in the posture of the foot causes the entire load of the body to be thrown forward and
directed to the joints of the fingers. This negative effect is potentiated by pointed footwear, in addition
to high heels [12].

3. Experimental Part
This research aims to analyse female's shoes, especially high heel shoes, trying to understand the
emotional relationship that this accessory sets in the mind of the consumer and how far she is willing
to abdicate comfort for the benefit of aesthetics [13].

3.1 Methodology
For the development of this work, a literature search was led and served as a conceptual framework for
the second phase of the research in which a survey, targeting a female universe, was conducted



through online platform. The questionnaire comprised 28 questions divided into six parts, seeking to
facilitate the collecting, comprehension and analysing of the data. The questionnaire was organized as
follows: the first part intended for socio-demographic characterization of the sample, followed by
questions aiming to identify the footwear consumption habits of the sample. In the third part we
intended to identify the relation of respondents with different type of footwear using images of shoes
with different height of the heels (figure 2). Then, questions were asked about ergonomic comfort and
foot problems. Psychological perception of the respondents regarding high heels composes the fifth
part. Finally an open question allowed the respondent to express her opinion freely on the subject [13].

Most of the questions that compose the survey were closed answers type (one or multiple choices)
but it also included some open question for a deeper and subjective exploration. A questionnaire test
was applied to check comprehension and clarity of the questions. After proper corrections, the
questionnaire was presented in online electronic format and spread by email (based on researcher’s
electronic mail database) and social media, for a casual, non-probabilistic sample.

Figure 2: Footwear typology organized by height of the heels shoes

3.2. Results
The online survey collected the responses of 574 women. The sample was mostly composed of
“Younger” (ages under 24) and “Young Adults” (ages between 25 e 35), with a weight of 70% and
15% respectively, followed by “Adults” (age 36 to 45) and a lower representation of the “Mature”
group (over 46 years) with a 7% and 8% respectively.

For practical reasons, we will present here the results of the two most representative groups of the
study, the “Younger” and the “Young Adults”, representing together 85% of the sample. The data
analysis showed that for this group comfort is the most important criterion when buying shoes
(36,51% of the Younger; 40,11% of the Young Adults) and they do not have the habit of using high-
heels shoes (50.12% of young people do not wear high heels, compared to 53.93% of young adults).

The price is the second most important criterion at the time of purchase (33.36% of Younger,
29.38% of Young Adults), followed by design (29.86% of Younger, 30.51% of Young Adults).



In regard to footwear consumption habits of the group, the majority of young people (38.46%)
claim to have 5 to 10 pairs of shoes, followed by 33.25% with 11 to 20 pairs of shoes. Young adults
tend to have more than 20 pairs (34.83%) and 31.46% of them say they have only 5 to 10 pairs.

About the relation of respondents with different types of shoes, among the images used in the
questionnaire, the Young people claimed to use more "sneakers" models (48.52%) and B "ballerina
flats" models (14.2%). The Young Adults elected for their day to day the models B (33,88%) and E –
boots (14,88%).

We found that the majority does not use high-heel shoe (over 5 cm), but when asked what type of
shoe they would like to use more often, a significant part of the respondents indicated the models with
high heels – the Younger preferred models P (17,73%) and M (12,84%), whilst Young Adults chose N
(19,19%) and O (14,14%) models. This demonstrates that most women are not satisfied with the type
of shoe they currently use. A possible explanation for this discrepancy may be that the lack of
ergonomic features in high heels shoes prevents women from wearing the product they want in order
to guarantee their comfort.

Women in the group of those wearing high heels were asked to indicate which type of footwear
caused more discomfort (based on figure 2). Among Young people the more frequent responses were
N and P models (22.99% and 22.03%, respectively); Young Adults referred N and O models (32.32%
and 26.326%, respectively).

When asked about the meaning of high heels, the majority linked this type of footwear with beauty
and femininity (61.20% of Younger; 53.04% of Young Adults) followed by sacrifice and discomfort
(17.6% Younger; 21.74% of the Young Adults). Open answers allowed for some more categories,
such as elegance, posture, attitude, feel good; safety, occasional need.

When trying to understand the psychological perception of the interviewees that actually use high-
heel shoes, the scenario changes: 51,5% feel more feminine; 24,7% feel special and powerful; 15,5%
conditioned in their movements and 8,2% normal (uninterested). To conclude, a significant part of the
respondents claimed that, when using high-heel shoes, the accessory provides a psychological feeling
of being more feminine.

4. Final Considerations
The research demonstrates that the high-heel shoe is an accessory that carries a high aesthetic power in
the minds of consumers. This association is due to the symbolism of this type of footwear, because it
is an almost unique element of the feminine universe. Despite the symbolic power and the imaginary
of seduction and femininity, the discomfort of this accessory seems more important for women when
choosing their footwear. In fact, they end up preferring flat, comfortable shoes in their daily life, even
if they wish to use high-heels shoes. These results demonstrate that the footwear sector, a strong
segment of the world economy, needs to invest in research and development, seeking to combine
comfort and aesthetics in high-heel shoes.
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Abstract. The paper presents the results of a fieldwork study conducted in order to analyze
major causal factors that influence the foot deformities and pathologies of elderly women in
Romania. The study has an exploratory and descriptive nature and uses quantitative
methodology. The sample consisted of 100 elderly women from Romania, ranging from 55 to
over 75 years of age. The collected data was analyzed on multiple dimensions using a statistic
analysis software program. The analysis of variance demonstrated significant differences
across age groups in terms of several biomechanical parameters such as travel speed, toe off
phase and support phase in the case of elderly women.

1. Introduction
From a mechanical point of view, the human locomotor apparatus represents a complex system of
levers acted upon by a force field. The biomechanics studies reveal the nature of these forces, their
actions, as well as the loads acting upon the foot and, through it, on the footwear components [5].
These studies are used for offering information for the rational footwear manufacturing [6], in
particular, the shape of the insole, sole or heel. Since footwear represents a necessity nowadays [7], the
constructive parameters of the pattern of the footwear product are very important [8].

Due to their unique characteristics, elderly people require customized products. Especially, they
have special needs in terms of footwear; very often they cannot use the mass products available on the
market. Despite their specific needs, old people are currently constrained to accept the mass footwear
that they are offered. Because of their foot deformities, their biomechanical characteristics are
different than the rest of the population [1] and constitute important indicators for a better
understanding and analysis of their particular footwear necessities [2, 3]. The elderly people, with a lot
of illnesses caused by age, are mainly disposed to osteopathy [4]. In the World Health Organization
list of preventive activities, the major place is taken by the relevant orthopedic means, among them
choosing and processing the correcting means for the normalization of the deformations of footwear
and foot pathologies.

2. Research methodology
The study used the quantitative methodology and an exploratory and descriptive approach. The
research methods which best fit the objective of the study were the biomechanical gait measurement
for ground reaction force, the questionnaire-based survey, and observation.



2.1. Data collection
The data was collected in Bucharest, Romania over a period of 3 weeks. The ground reaction force
was measured using AMTI´s AccuGait System [9], with NetForce and NetForce/ BioAnalysis
components. The respondents also answered to a short questionnaire consisting of questions referring
to anthropometric and demographic data, enquiring about their age, height, weight and medical
conditions.

2.2. Research sample
The sample was composed of 100 elderly women. The main statistic indicators characterizing the
sample are presented in Table 1:

Table 1. Statistic indicators for the main demographic and anthropometric parameters.

Height (cm) Weight (kg) Age (years)
N Valid 100 100 100

Missing 0 0 0
Mean 161.75 72.96 67.05

Median 163.00 71.00 64.00
Mode 165 80 59

Std. Deviation 6.663 11.414 8.916
Minimum 148 50 55
Maximum 184 112 87

Source: SPSS software

The age of the participants varied between 55 to 87 years, with the eldest female subjects (over 71
years) making the most of the sample (34%), followed by the subjects of the 60 – 64 years (27%) and
55 – 59 years (26%) age groups, respectively. The average height of the subjects of the studied sample
was 161,75 cm, the average weight was 73 kg and the average age was 67 years.

3. Data analysis and interpretation of research results
Statistical processing of collected data used the statistical software SPSS for Windows, version 19.0,
and descriptive and inferential statistical analysis was conducted in the following stages: the statistic
summary of relevant information and the analysis of variance.

3.1. Health conditions analysis
Important information correlated with the biomechanical parameters was provided by the answers to
the health condition questionnaire. The elderly women participating in the study declared the illnesses
that they suffer from (Figure 1):

Figure 1. Declared illnesses for the whole sample.
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It can be observed that the most frequent disease is arthrosis, affecting 37% of the investigated
sample, followed by diabetes (23%) and vertigo (21%). To a lower extent, the elderly women declared
they suffer from stroke (10%), ischemic heart disease (4%), heart failure (3%) and eye diseases (2%).

In order to further investigate the significant variance of the investigated variables, the participants
have been divided into three age groups, as age is a very important parameter. Table 2 illustrates the
differences regarding the declared health conditions across age groups:

Table 2. Declared illnesses distribution across age groups.

Declared illnesses

Age Frequency Percent Valid Percent
Cumulative
Percent

55-62
years

Valid Vertigo 8 19,5 19,5 19,5
Diabetes 10 24,4 24,4 43,9
Arthrosis 15 36,6 36,6 80,5
Ischemic heart disease 2 4,9 4,9 85,4
Stroke 6 14,6 14,6 100,0
Total 41 100,0 100,0

63-70
years

Valid Eye diseases 1 3,8 3,8 3,8
Heart failure 1 3,8 3,8 7,7
Vertigo 4 15,4 15,4 23,1
Diabetes 7 26,9 26,9 50,0
Arthrosis 10 38,5 38,5 88,5
Ischemic heart disease 1 3,8 3,8 92,3
Stroke 2 7,7 7,7 100,0
Total 26 100,0 100,0

71-87
years

Valid Eye diseases 1 3,0 3,0 3,0
Heart failure 2 6,1 6,1 9,1
Vertigo 9 27,3 27,3 36,4
Diabetes 6 18,2 18,2 54,5
Arthrosis 12 36,4 36,4 90,9
Ischemic heart disease 1 3,0 3,0 93,9
Stroke 2 6,1 6,1 100,0
Total 33 100,0 100,0

Source: SPSS software

The distribution of declared illnesses across age groups surprisingly shows an increase of the
occurrence of diseases in the first age group (55-62 years), followed by the most elderly age group
(71-87 years), with the women in the middle age group (63-70 years) reporting the fewest illnesses.

It can be concluded that the age of 55-62 years is a critical age in terms of the health conditions of
elderly women, followed by a period of relative stationary health condition for the next 7 years, while
the old age (71-87 years) brings the worsening of the health situation.



3.2. Biomechanical Parameters Analysis
Biomechanical parameters are indirect indicators of pathologies and foot deformities. The distribution
of the main biomechanical parameters that were investigated using the force platform are presented
(Table 3):

Table 3. Biomechanical parameters statistic indicators.

Travel speed Heel strike Toe off phase Support phase
N Valid 100 100 100 100

Missing 0 0 0 0
Mean ,7004 ,09440 ,993100 ,89870
Median ,7300 ,09500 ,917500 ,82250
Mode ,49 ,095 ,8300 ,740
Std. Deviation ,18170 ,004938 ,2773675 ,277616
Source: SPSS software

It can be observed that given the low standard deviation, the sample is relatively homogeneous in
terms of the investigated biomechanical parameters.

3.3. The Analysis of Variance
In order to analyze the variance of the declared illnesses of elderly women across age groups, the
following research hypothesis was formulated:

H1: There are statistically significant differences between the three age groups in terms of declared
illnesses.

H0: There are no differences between the three age groups in terms of declared illnesses.
The most appropriate testing method was considered the One-Way ANOVA. It was performed

using the SPSS software. The results of the analysis are presented in Table 4:

Table 4. One-Way ANOVA test results for the variance of declared illnesses across age groups.

Sum of Squares df Mean Square F Sig.
Between Groups 6,472 2 3,236 1,848 ,163
Within Groups 169,888 97 1,751
Total 176,360 99
Source: SPSS software

As observed, the significance level is 0,163 (p = 0,163), which is greater than the confidence level
of 0,05 established for this analysis. Consequently, the alternative hypothesis H1 has to be rejected,
therefore the null hypothesis has to be accepted: there are no statistically significant differences
between the three age groups of elderly women in the investigated sample in terms of the declared
illnesses.

Furthermore, the authors investigated if the variance of the main biomechanical parameters which
were tested was statistically significant across the three age groups. Four more working hypotheses
were formulated as follows (H2 – H5):

H2: There are statistically significant differences between the three age groups in terms of the
travel speed.

H3: There are statistically significant differences between the three age groups in terms of the heel
strike.

H4: There are statistically significant differences between the three age groups in terms of the toe –
off phase.



H5: There are statistically significant differences between the three age groups in terms of the
support phase.

The null hypotheses stated that there are no differences between the three age groups in terms of
these biomechanical parameters. The same statistical test was applied, and the results can be consulted
in Table 5:

Table 5. One-Way ANOVA test results for the variance of biomechanical parameters across age
groups.

Sum of
Squares df Mean Square F Sig.

Travel speed Between Groups 1,697 2 ,848 52,362 ,000
Within Groups 1,572 97 ,016
Total 3,269 99

Heel strike Between Groups ,000 2 ,000 ,769 ,466
Within Groups ,002 97 ,000
Total ,002 99

Toe off phase Between Groups ,477 2 ,238 3,237 ,044
Within Groups 7,140 97 ,074
Total 7,616 99

Support phase Between Groups ,477 2 ,239 3,237 ,044
Within Groups 7,153 97 ,074
Total 7,630 99

Source: SPSS software

The significance level for Hypothesis H2 is 0,000 (p= 0,000), which is smaller than the significance
level of 0,05 established for this analysis. Hypothesis H2 was therefore accepted, confirming that there
are statistically significant differences between the three age groups in terms of the travel speed.
Consequently, the null hypothesis was rejected.

As the significance level is 0,466 (p= 0,466) which is greater than the significance level of 0,05
established for this analysis, hypothesis H3 was rejected. Therefore, the null hypothesis was accepted,
stating that there are no statistically significant differences between the three age groups of elderly
women in the investigated sample in terms of heel strike.

The significance level for Hypothesis H4 is 0,044 (p= 0,044) smaller than the significance level of
0,05 established for the analysis. This recommends that the working hypothesis H4 should be accepted,
confirming that there are statistically significant differences between the three age groups of elderly
women in the investigated sample in terms of the toe-off phase.

The same significance level of 0,044 (p= 0,044) for Hypothesis H5 was calculated, which is smaller
than the significance level of 0,05. Hypothesis H5 was therefore accepted, confirming that there are
statistically significant differences between the three age groups of elderly women in the investigated
sample in terms of the support phase. Age is, therefore, an important factor that influences important
biomechanical parameters such as the travel speed, toe off phase and support phase in the case of
elderly women.

4. Conclusions
In this research, the authors conducted a study in order to investigate major causal factors influencing
foot pathologies and deformities of the elderly women. As observed, the most frequent disease among



the investigated participants is arthrosis, affecting 37% of the female respondents, followed by
diabetes (23%) and vertigo (21%). To a lower extent, the elderly women declared they suffer from
stroke (10%), ischemic heart disease (4%), heart failure (3%) and eye diseases (2%). Another
important finding is that the range of 55-62 years is a critical age in terms of the health conditions of
elderly women, followed by a period of relative stationary health condition for the next 7 years, while
the old age (71-87 years) brings the worsening of the health situation.

Hypothesis H1 was rejected, showing that there are no statistically significant differences between
the three age groups of elderly women in the investigated sample in terms of the declared illnesses.
Hypothesis H2 was also accepted, confirming that there are statistically significant differences between
the three age groups in terms of the travel speed, which decreases with age. Hypothesis H3 was
rejected, showing that there are no statistically significant differences between the three age groups of
elderly women in the investigated sample in terms of heel strike. The working hypothesis H4 was
accepted, confirming that there are statistically significant differences between the three age groups of
elderly women in the investigated sample in terms of the toe-off phase. Hypothesis H5 was also
accepted, confirming that there are statistically significant differences between the three age groups of
elderly women in the investigated sample in terms of the support phase.

Age proved to be an important causal factor that influences important biomechanical parameters
such as the travel speed, toe off phase and support phase in the case of elderly women. Given the large
enough size of the sample investigated, the generalization of the research results is supported with an
acceptable margin of error for the elderly women in Romania.
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Abstract. For some time design of a new product is not connected only with aesthetic, artistic 

appearance but moreover with functionality and engineering (from rightful selection of 

materials, construction, and technological concept to prototyping). One good example of this is 

design of multifunctional footwear as well as hiking footwear, footwear for soldiers, police 

officers, first responders etc. All mentioned kinds of footwear have lot of specific requirements 

to fulfil starting from maintaining and enhancing mobility to maximizing protection and 

eliminating or minimizing the risk for the wearer. Therefore, designing appropriate footwear 

represents a great challenge not only for designers but for engineers as well. Having that entire 

in mind few years ago, Faculty of Textile Technology University of Zagreb started the research 

with the aim to develop 21st century multifunctional footwear for e.g. military, police, first 

respondents or any special human forces for different weather environment. The paper presents 

how it was done in the case of boots for hot environment conditions 

 

 

1. Introduction 

Footwear that protect human feet against harsh conditions such as cold and/or wet environments, and 

hard and rough ground surfaces are known for thousands of year (Figure 1 [1-3]). Through their 

history, they passed a lot of changes in design, used materials and production but all in order to fulfil 

end-users requirements ranging from fashion to comfort and protection. That is why today a lot of 

subtypes of footwear, each with its specific characteristics, exist on the market e.g. sport shoes, 

trekking/hiking shoes, summer shoes, protective shoes, working shoes etc. One of such particular 

footwear is footwear for soldiers, police officers, first responders etc., which can be used in different 

and extreme environment condition (cold or hot environment). 

Many reports have documented that extreme weather rather than the enemy have defeated armies. 

Lessons learned from previous wars such as the Korean War, the two World Wars and the Gulf War 

have demonstrated that the soldiers’ performance is largely determined by the performance of 

footwear [4]. Military footwear have lot of specific requirements to fulfil starting from maintaining 

and enhancing mobility to maximizing protection and eliminating or minimizing the risk for the 



wearer (protection against ballistics; battery acid; degradation by sea water, human sweat, or 

microbiological agents; falling heavy objects; flames or heat; insects and snake bites; nuclear and 

chemical threats; etc). Therefore, designing appropriate military footwear represents a great challenge 

not only for designers but for engineers as well. 

 

 

Figure 1. History of footwear.  

 

Today, in each new product development, considerable efforts should be put in designing process 

from rightful selection of materials, construction, and technological concept to prototyping and 

consumer desires (Figure 2) [5]. Only in that case new product will be designed and functionalized 

according to the end user needs and requirements.  

 

Figure 2. Product design concept.  

 

Timeline 

 8,000 BC  1,550 BC  1450 AD 1917 AD  

 3,500 BC  3,500 BC  1795 AD  1978 AD 



The process of designing of specific products (for example protective clothing or footwear) 

includes the entire design activity for the development of new products with high technological 

content from the initial idea and first project concept to the feasibility analysis, considering new 

materials and researchers during designing, prototyping and manufacturing. Designing of specific 

products means balancing between design requirements and function, performance, protection and 

comfort [6]. In this paper through multifunctional design, development and production of boots for hot 

climate condition will be presented.  

 

2. Experimental part 

21st century has put many requests on engineers when designing new products and most of them have 

the same prefix – multifunctionality. Having in mind that footwear for soldiers, which is designed to 

provide support for the ankle, allow walking on a variety of terrains, and to protect the feet from a 

variety of environmental situations share those characteristics with hiking boots, rain and snow boots, 

and safety boots. Few years ago, we started the research with the aim to develop multifunctional 

footwear for e.g. military, police, first respondents or any special human forces for different weather 

environment.  

In line with common product design cycle (Figure 2), design analysis, raw materials selection, way 

of product assembly, evaluation of design outcomes, prototyping, testing prototype in real 

environment, and corrections of prototype were done according to the end-user recommendations and 

suggestions. As a result of such integrated and iterative process of product development new 

multifunctional boots for hot weather conditions are developed. 

 

3. Results 

According to a survey on functionality, ergonomics, comfort, protection, shape, weight etc. conducted 

among end-users basic design sketch of new multifunctional boots was done (Figure 3).  

 

 

Figure 3. Sketch of multifunctional boots for hot environment condition. 

 

Based on proposed model, available materials and technology construction parts of new boots (36 

of them) are defined (Figure 4). Since there are so many different parts in one boot it was very 

important to choose right material that will fulfil all end-users requirements regarding resistance on 

abrasion, tearing, perforation, penetration, bending, motor fuels etc., while at the same time assuring 

proper comfort for wearer in harsh hot environment. In addition, materials for all 36 parts for new 

boots should be at the same time capable to be combined together assuring esthetical and functional 

value as well as comfort.  

In production of new boots high quality waterproof leather, multilayered textile materials, three-

layer laminate with a waterproof breathable membrane and combination of PU/rubber were used 

(Table 1). Upper material was cow leather and multilayered textile materials (PA, cotton and PES). 

Cow leather should be waterproof, with thickness 2.1 to 2.3 mm so that it can satisfy parameters, 



which are connected with breaking strength and load. These parameters have influence on quality, 

strength, elasticity and plasticity during manufacturing process and on final product – boots. Also 

according to ecological standards, chromium content shall not be detected. Other parameters (water 

permeability, water absorption, water vapour permeability) are connected with comfort of boots for 

hot environment condition. For multilayered textile materials are important thickness and mass per 

unit area, so the boots can be lighter. Tear resistance and breaking strength are important in usage 

regarding the durability of boots. For lining materials three-layer laminate with a waterproof and 

breathable membrane (1st layer 80% PA / 20% PES; 2nd layer PTFE membrane; 3rd layer 100% PA) 

was used. Sole was profiled, made in combination of PU/rubber since it should be tear, bending and 

motor fuels resistant.  

 

 

 

 

Figure 4. Structural parts of multifunctional boots for hot environment condition. 



During technological process of boots manufacturing, it is very important to bring together all parts 

of boots from different materials in final product, which will be functional, aesthetic and satisfy all 

conditions of use (protection and comfort). Seams at the socks lining should be welded with special 

band at the specific temperature to ensure water resistance of the boots. Socks lining and upper part of 

boots should be slipped on the mould and connected with the main sole using glue. In this process few 

different types of adhesives can be used - special type of granulate, neoprene adhesive and two-

component PU adhesive. 

 

Table 1. Specification of materials used in boot production. 

 

Tested parameter Requirements 

Characteristics of the leather 

Type of leather waterproof cow leather 

Thickness (mm) / (HRN EN ISO 2589) 2.1 – 2.3 

Breaking strength (N/mm2) / (HRN EN ISO 3376) ≥ 15 

Breaking load - two sided notch (N) / (HRN EN ISO 3377-2) ≥ 120 

pH value / (HRN EN ISO 4045) ≥ 3.2 

Chromium content (VI), (mg/kg) / (HRN EN ISO 20344) Cr (VI) shall not be detected (< 10) 

Water permeability (g) / (HRN EN ISO 20344) (HRN EN ISO 5403) ≤ 0.2 g after 60 minutes 

Water absorption (%) / (HRN EN ISO 20344) (HRN EN ISO 5403) ≤ 30 % after 60 minutes 

Water vapor permeability (mg/(cm2h) / (HRN EN ISO 20344) ≥ 0.8 

Coefficient of water vapour (mg/cm2) / (HRN EN ISO 20344) ≥  15 

Characteristics of the multilayered textile material (1st layer: 100 % PA; 2nd layer: 100 % cotton) 

Thickness (mm) / (HRN EN ISO 5084) ≥ 0.8 

Mass per unit area (g/m2) / (HRN ISO 3801; HRN EN 12127) 450 - 490 

Breaking strength (N) / (HRN EN ISO 13934-1) lengthwise 70 

widthwise 50 

Tear resistance at 100 000 cycles: weight loss (mg) / (HRN EN 

ISO 12947-3) 

0 

(no losses) 

Tear resistance (number of cycles, without hole) / (HRN EN 

ISO 20344) 

wet > 25600 

dry> 12800 

Water vapour permeability (mg/cm2h) / (HRN EN ISO 20344) ≥ 2.0 

Coefficient of water vapour (mg/cm2) / HRN EN ISO 20344) ≥ 20 

Characteristics of the three-layered laminated material (1st layer: 80% PA / 20% PES; 2nd layer: 

waterproof and vapour permeable membrane based on PTFE; 3rd layer: 100% PA) 

Thickness (mm) / (HRN EN ISO 5084) 0.5 – 0.8 

Mass per unit area (g/m2) / (HRN ISO 3801; HRN EN 12127) 220 – 260 

Waterproofness (Pa) / (HRN EN 20811) > 20000 

Breaking strength (N) / (HRN EN ISO 13934-1) lengthwise ≥ 330 

widthwise ≥ 650 

Tear resistance at 100 000 cycles: weight loss (mg) / (HRN EN 

ISO 12947-3) 

0 

(no losses) 

Tear resistance (number of cycles, without hole) / (HRN EN 

ISO 20344) 

wet ≥ 25600 

dry ≥ 12800 

Water vapour permeability (mg/cm2h) / (HRN EN ISO 20344) 18 

Coefficient of water vapour (mg/cm2) / HRN EN ISO 20344) 150 

 



According to the specified materials and available production processes in cooperative partner 

industry boots prototype were done and given to the volunteers (soldiers and members of the mountain 

rescue service as first responders) for real field testing in hot environment. From nearly all of them the 

feedback was positive meaning that all their requests and expectations are fulfilled, although some of 

them suggested that size of the boots might be better adjusted to the foot type (narrow; wide; types of 

arch). Based on such results final form of multifunctional boots for hot weather conditions (Figure 5) 

was placed in the commercial production. Today they are standard equipment for rescue operations 

during summer time and they are very comfortable and durable hiking footwear. 

 

 

Figure 5. Multifunctional footwear for hot weather conditions. 

 

4. Conclusion 

Commercialization of idea, in this case footwear for hot weather conditions intended for usage in 

demanding situation proved to be possible through multifunctional design of new product performed 

by interdisciplinary teamwork of engineers and designers according to the end-users’ requirements and 

suggestions. Today, ever increasing requirements are put on footwear quality, durability and 

endurance of multifunctional footwear in use, but also on maximum comfort and safety of the user. All 

of these requirements asks for the usage of top quality leather and high performance materials that 

offer water and steam impermeability. 
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Abstract. At the present, the State authorities of the Republic of Uzbekistan pay special attention
to the development of small and medium businesses and, in particular, to the enterprises oriented
on manufacturing products with high added value. The leather and footwear industry of
Uzbekistan is one of the dynamically developing sectors of economy. However, the study of the
situation demonstrates that the increase in number of small and medium footwear and leather
enterprises that have taken place in recent years, is not accompanied by a formation of
corresponding professional training system for the enterprises, especially for associate specialists.
The analysis of the legal base disclosed that the professional training level in footwear industry
enterprises does not meet the up-to-date manufacturing requirements. The study is devoted to the
issues of professional training of practice-oriented staff – the specialists for small enterprises of
footwear and leather industry. The main task is the development of new vocational courses and
programs for the training and professional development of personnel at all levels. The basic stages
of complete staff training cycle for footwear sector have been determined based on the practical
experience of staff training for small footwear enterprises in Greece. The 3-6 months duration
short-term courses recommended for associate and medium level specialists have been developed
and evaluated.

1. Introduction
At the moment small enterprises already comprise the significant sector of the economy of Uzbekistan.
Small enterprises quickly respond to market needs, endow economy with elasticity and adaptivity, form
required competitive environment, and promote monopolism overcoming.
The social importance of the small business is determined by the generality of small owners’ strata – by
owners of small enterprises and employees the total number of which is the most significant qualitative
characteristic of developed market economy of any country.

Footwear and leather branch of Uzbekistan is one of the dynamically developing sectors of economy.
In the presidential executive order ПП 2592 of September 15th 2016 “On the measures program for
further development of footwear and leather industry for the period of 2016-2020” the specific measures
on further modernization and diversification of footwear and leather industry, increase of production
volume and differentiation of products with high added cost based on advanced processing of raw
materials have been determined. All this indicates the specific conditions for business development in
footwear and leather industry.



That means, the basic education in raw materials  processing and labor recourses are just the base for a
successful development footwear industries in the republic of Uzbekistan.

The main attention in economics is   paid to develop industries for local needs and for readymade
goods.

However, the investigating results demonstrate the increase of the number of footwear and leather
small and medium enterprises that have taken place in recent years is not accompanied by formation of
corresponding professional training system for the enterprises especially for assistants and medium level
specialists. New leather and  footwear  factories, equipped with CAD-CAM  systems need working and
management staff of a new generation, educated to use in practice CAD systems as a working tool.  This
demands education in new techniques, to learn about new materials and fabrics, new design techniques
and computer aimed design (CAD).

There is  an urgent needs  to review the specialization of many colleges especially those focused on
training of professionals for such emerging sectors as footwear , leather processing.

2. The professional training data base for footwear and leather sector analysis
The analysis of the basic professional training in footwear industry enterprises disclosed that the most of
them does not meet the up-to-date manufacturing requirements which are based on innovative and high-
production technologies. Therefore, the basic requirement is that the staff will have knowledge both in
technic, technology and material science fields.

The content of the training program depends on the level of a trainee. Currently the following
professional education programs are implemented in Uzbekistan:

 specialized secondary education programs, that include qualified workers and employees
education courses;

 higher education programs – e.g. Bachelor’s, Master’s programs, academic staff training
programs, Doctor’s programs;

Basic professional education programs are realized too:
 workers, employees  professional training;
 workers, employees retraining;
 workers, employees advanced training;
There are some of higher educational institutions in Uzbekistan for textile and leather and footwear
industry
Tashkent Institute for Textile and Light Industry (TITLI) is only provides higher education program -

Bachelor’s, Master’s, Doctoral’s  (PhD, PS) programs  as well as Academic staff training programs. The
number of entrance to TITLI increase from year to year Total number of Bachelor’s and Master’s
students at Tashkent institute of textile and light industry (TITLI) in  2012- 2016 years are shown in
Table 1

The following materials have been included in education programs: curriculum, work programs of
education courses, subjects and disciplines (modules) and other materials that ensure the quality of
education. It is essential the availability of educational and methodological materials to ensure the
succession of basic professional education programs with regard to studying subjects on specialty chosen.

However, at the present time the institutions of the professional education system offer training
specialists in accordance with the training directions, topics and professions of the specialized secondary
on education and professional education classifier. As an example of the educational standards analysis
concerning footwear technology (including orthopedic footwear) it has been determined that the
professional education module regarding the purpose, design and technology of orthopedic footwear has
been included in the elementary specialized training program only.



Table 1.  Total number admitted of Bachelor’s and Master’s students at TITLI 2012– 2016
Higher education
programs

2012 y. 2013 y. 2014 y. 2015 y. 2016 y/

Bachelor’s 865 890 875 790 765

Entrants 6760 6517 7840 8732 8849

Master’s programs 120 130 144 146 85

Entrants 158 165 179 178 202

Students in footwear
and leather goods
technology course

35/10 35/12 35/15 60/16 60/15

The structure of the classifier’s professions and specialties lists and the requirements to the content of
the training that have been represented in the education standards do not develop the background for
extensive deployment of professional training of practice-oriented staff for small and medium footwear
business. For example in the “Education specialties classifier” the specialties oriented to small and
medium leather and footwear business are represented by the following groups: “Service” (by service
types) 3810300, “Footwear craft” 3810302, “Light industry’s products technology – footwear, leather and
small wares manufacturing” 3540602, “Footwear, leather and fur, leather and small wares equipment
maintenance” 3540609, “Leather industry” 3540610 in amount of 16 names.

The specialties of such a high demand as a last maker, a footwear materials fitter, and a shoe-upper
seamstress are absent. This is by no means a complete list of the specialties which are required to leather
and footwear sector. In the training structure of medium level specialists the general prosthetic and
orthopedic assistance delivery issues have been introduced and the requirements for the knowledge in
orthopedic footwear field have been denoted but in the professional module that discipline is absent.
There is not at all the discipline concerning orthopedic footwear in the higher professional education
standard and education programs for footwear and leather accessories designers.

Despite the fact that the name of the specialty of itself seems to be existed by the kinds of the branch
but actually such personnel is not graduated. It is necessary to emphasize that a strong necessity is
observed especially in this direction of personnel training. Medium and high level specialists should carry
out engineering and manufacturing, organizing and administrating, research and development and
professional design activity.

It is possible to conclude that the specialties list is not sufficient to ensure the complete cycle of
manufacturing process.
Therefore it is natural that the existing normative and data base, educational and program documentation,
methodological support and organization of training process do not allow responding adequately to labor
market demands that are associated with the tendency designated above. In this connection the objective
is to enrich theory, methods and practice of professional education by means of developing the system
that ensures professional training of practice-oriented personnel at colleges and universities for small
business sector. It is a logical stage of important tasks for further development of leather and footwear
industry and adequate policy making. According to the experience of Greece the first step in this direction
is to organize 3-6 months duration short-term courses and interest groups for training the above
mentioned assistant specialists on the base of corresponding specialized colleges or universities.



The 3-6 months duration methodical recommendations on short-term courses on the most demanding
professions and specialties such as a designer and an upper maker for associate and medium level
specialists have been developed and evaluated. Further cooperation and working in this direction will
allow improvement of the normative education which is also material base of specialists training for
leather and footwear industry of the Uzbekistan.

3. Conclusion
To make relevant qualifications requires closer communication between higher education and training
structure and the world of work. It is necessary to promote VET and strengthen its work-based
component, identify and explicit the evolution of training needs, prepare appropriate training actions,
promote positive relationships between producers and the training system.

One of the most impotant think  is development of the taining system for professional development of
non-university teachers in all levels. Non-university aspecialy vocational educational  teachers need
corpus of knowledge starting from spacific knowledge(specially in the field with rapid technological
chages ICT , CAD, new techichs and technologies ets/) as wel as pedagogilas, psychological and
methodological skills

Though, taking into consideration the direction of the development in local economics, it is absolute
need  to improove the system  of  preparing  Vocational Training Teachers- providing international
standards of education in these fields.
An international education based upon  new pedogogical inniciatievs and  new technologies. For us it is
absolutely necessary to improve our standards of education following the leading standards of the world,
following the technologies of European standards.For international communication it is necessary to
establish also a full course of studies in English language.
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Abstract. Portugal is today an important player in the European fashion industry. The 

Portuguese footwear industry, “low-tech”, mature and traditional, dominated by SMEs, is also 

a success case in the Portuguese economy. With own brands, own collections and own 

products, the quality, innovation and international image of the Portuguese clothes, accessories 

and shoes is increasing year by year in the most sophisticated markets worldwide. The new 

information economy and social media presents a new set of opportunities and threats to 

established companies, new challenges and new markets, and demanding to all the companies 

to rethink their strategy and to prepare new business plans. Portuguese companies in the 

fashion industry are starting to perceive that the brand’s transition to social media means a 

transformation of the customer relationship, wherein social media and the community members 

is an ally of the brand and not an “audience”. Also the universities are preparing new 

professionals to the fashion industry and the learning process has to be managed according 

these new challenges. And the University of Minho has the Bachelor in Fashion Design and 

Marketing, an excellent course to prepare new skills to these fashion companies: textile, 

clothing and footwear industries. 

1. Introduction 

The Portuguese fashion industry (textile, clothing, accessories and footwear) shows an excellent 

economic performance in the last years [1],[2]. With own brands, own collections and own products, 

the quality, innovation and international image of the Portuguese clothes, accessories and shoes is 

increasing year by year in the most sophisticated markets worldwide.  

University of Minho has the Bachelor in Fashion Design and Marketing (BFDM). The young students 

came from different schools and places, with different social backgrounds and links with fashion 

issues. The fashion industry needs good professionals to the design and marketing functions, but these 

skills have to be worked and be improved in the university. 

Frequently fashion is referred as being a form of non-verbal expression of communication and, 

many times, even of seduction. Clothing, jewellery, accessories  and shoes, as fashion items, may be 

considered as an expression as how people wish themselves to be seen by other individuals, as well as 

a way of belonging to a particular group or as a representation of a particular lifestyle, or a culture, or 

a social category [3]. Harriet Posner [4] defines “style tribes” as groups of people known to each other 

or not, with the same ideas and values, styles, tastes and behaviours, and it can describe also a group 

of people who dresses with a common distinctive style.  

The new information economy presents a new set of opportunities and threats to established 

companies, new challenges and new markets, and demanding to all the companies to rethink their 

strategy and to prepare new business plans. Firms are starting to perceive that the brand’s transition to 

social media means a transformation of the customer relationship, wherein social media and the 

community members is an ally of the brand and not an “audience” [5]. The BFDM students of the 

Minho University combine several important features that can help the fashion industry to reply more 

efficiently to their millennial consumers.   



 

 

2. Methodology 

The methodological approach to the research was defined considering the specificities of the sector, 

the characteristics of the BFDM students and the proposed research objectives. The research 

methodology can be quantitative or qualitative: the qualitative analysis is presented as the most 

recommended when the researcher wants to study a small sample of entities and the study is focused 

on a theme, subject or sector [6],[7]. 

It was followed two different strategies, – focus group and longitudinal analysis -, with the three 

footwear brands selected, - Fly London, Lemon Jelly and Josefinas -, and required an intensive follow 

up of the several steps and phases by the researchers.  

According to David Carson et al [8] focus group is used as research methodology and can be 

justified with regard to data collection, with the depth of understanding, flexibility and interaction with 

a group, as well as for generation of knowledge about the sources of complex behaviours and 

motivations of each individual of the focus group. 10 bachelor students (BFDM) were selected to the 

focus group and the work with them will be closed in June 2017. 

The longitudinal research of investigation serves two main purposes. First one is focus on a 

description of the changing patterns and the second is to establish a direction and magnitude of the 

causal relationships [9]. In this work, it is intended to develop a longitudinal analysis of the same 

brands of the case studies, observing their websites and social network account pages. To do it, were 

taken the data with pre-established criteria of the action’s brand, and linked with the consumer 

responsiveness to the published content in periods of every week, during three months (Table 1). 

 

Table 1: Longitudinal research data collection of brands with predefined variables 

Website variables Facebook variables Istagram variables 

Women product renewal Page likes  Followers 

Content update Content update Content update 

Website global ranking Engagement Likes 

Daily pageviews per visitor Shares Comments 

Daily time on site Post likes  

Bounce rate % Comments  

 Visitor posts  

 Brand responsiveness to comments  

   

 

3. Results and discussion 

The focus group made a discussion about three footwear brands/companies. Josefinas is a luxury 

brand, which is steadily building brands recognition nationally and internationally through 

trendsetters, well known fashion bloggers and fashion press, with appearance in such magazines as 

Vogue and Vanity Fair. Lemon Jelly is one of the emerging brands of the footwear sector in Portugal, 

which already received several innovation awards, since 2013. Fly London is the oldest brand 

considered in the research, and, simultaneously, the brand with more sales. Has own shops in London, 

Dublin, New York, Lisbon and we can find their collections in multibrand shops all around the world 

(Table 2). 

 

 

 



 

 

 

Table 2: General information of brands 

 

Brand Founded Company Online Retail 

market 

Market 

segment 

Target 

Lemon Jelly 2013 Procalçado Product 

specialists 

Fashion retailer 

Women, 

Men, 

Children 

Niche market 

Fly London 1994 Kyaia General Fashion 

Retailer 

Women, 

Men 

Mass market 

Josefinas 2013 Josefinas Product 

specialists 

Fashion retailer 

Women Luxury/Niche 

market 

 

The three brands considered do not have presence in all existing social networks (Table 3). So, the 

longitudinal research will be conducted observing the chosen brands through Websites, Facebook (FB) 

and Instagram, since they have presence in these digital platforms. In figures (1a),(1b) are presented 

the Facebook profile of Lemon Jelly and general performance in FB (followers, likes, views, etc).  

Figures (2a), (2b) present the Facebook profile of Josefinas and general performance in FB (followers, 

likes views, etc). Finally, figures (3a), (3b) present the Facebook profile of Fly London and general 

performance in FB (followers, likes, views, etc). 

 

Table 3: Digital presence of the selected brands 

 

Brand Website Facebook Google+ Instagram Twitter Pinterest Tumblr 

Fly London Yes Yes No Yes No No No 

Lemon Jelly Yes Yes No Yes No Yes No 

Josefinas Yes Yes Yes Yes Yes Yes Yes 

        

 

 

    
 

Figures (1a), (1b) – Lemon Jelly Facebook profile and followers. 



        
 

Figures (2a), (2b) – Josefinas Facebook profile and followers. 

 

   
 

Figures (3a), (3b) – Fly London Facebook profile and followers. 

 

 

4. Conclusions 

Companies in the fashion value chain have to continue investing into new information technologies, 

using the digital platforms and social media, as a way to be present in global markets and to be able to 

communicate with its customers. 

The discussion in the focus group shows that developing a web site or being in the social media for 

the fashion brands, involves more than choosing colours or header images. Aesthetic design isn’t the 

more important factor in the websites. Usability is the one of the most important factor that has to be 

considered when developing a website. Navigation, Language and Content, or Architectural and 

Visual Clarity are critical elements in the usability analysis and these parameters were valued 

positively by the students. The longitudinal analysis done provides also important data linked with the 

social media performance of the three footwear fashion brands. This work, as exploratory research, 

will continue in the future working with the same focus group and following up the performance in 

social media of these brands. Until now, only the general approach to evaluating the social media 

performance of the footwear brands by the fashion students is clearly defined.   
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Abstract. This paper concerns the development of a new approach for orthopaedic 

footwear to apply in KAFO orthosis (acronym for Knee Ankle Foot Orthosis). This 

procedure starts with full characterization of the problem with the purpose to 

characterize a plantar of a patient’s foot with polio. A 3D Scanner was used to collect 

their feet's data to produce an anatomic insole. After this step, the patient performs a 

study of his gait using a static and dynamic study with the aim of characterizing the 

parameters to improve quality in the footwear. The insole was produced using a 3D 

printing technology. It was essential to optimize manufacturing processes and it was 

developed a footwear prototype with innovative characteristics, which is 25% lighter, 

allowing the user to consume less energy in daily routines. 

Key words: Orthopaedic footwear, biomechanics, 3D insole, KAFO, polio, gait analyses 

1. Introduction 

This paper reports on the investigation that is being undertaken at the University of Minho concerning 

the development of orthopaedic footwear to be used in KAFO orthosis (acronym for Knee Ankle Foot 

Orthosis) [1]. 

The development of footwear associated with orthosis hasn’t received significant attention; for the last 

twenty years, the only concerns have been the robustness and durability of the system’s elements. 

Important issues, such as: the applications of advanced materials to achieve functionality and give 

better aesthetic values are usually neglected. The authors in previous papers have proposed several 

solutions, including laminating lining with hydrophilic membranes with functional products. With 

these solutions, it was attained a very high efficiency, reducing or eliminating the bromhidrosis 

problem and waterproof property has been achieved [2, 3, 4]. Additional and relevant aspects to 

reduce or even eliminate the humidity inside of footwear, toe puffs, counters and insoles, were 

considered in the development of the orthopaedic footwear. 

Nowadays, production of anatomic insoles, using a nonconventional methodology, has been evaluated. 

This methodology consists of using scan 3D system to digitalize the end user foot and sending all the 



information to be used on 3D printing to create an insole customized. The polymer insole base, latex 

foam, is coated with a fabric to create a material with very high absorption capability of fluids. The 

present insole is already ten times faster than leather to reduce the fluids [4].  

The main motivation for this research comes from current interest in developing new technical 

solutions that allows for the improvement of the life quality of people with physical handicap. In fact, 

over the last decades, the attention to design and analysis of technical aids for treatment and 

rehabilitation of people with mobility limitations has been growing a very significant manner [5]. In 

particular, the scientific and technical domain of Biomechanics of Motion plays a crucial role, in the 

measure that it permits to quantify the kinematic and dynamic parameters associated with the human 

daily activities [6]. Thus, this study deals with the design and development of a new customized insole 

to be employed on orthopaedic footwear. This work is part of a broader research project that has been 

developed at the Textile and Mechanical Departments of the University of Minho, main purpose of 

which is to develop a new manufacturing process of orthopaedic footwear.  

 

Material and methods  
The general methodology followed in this research has been divided into three main phases, namely 

(1) study of the human gait cycle to characterize the dynamic loads generated during the different 

motion phases; (2) development of a customized anatomic insole by collecting feet’s data with a 3D 

scanner FastScan® and producing it with 3D printing; (3) incorporation of the insole in orthopaedic 

footwear on KAFO orthosis and tested by the user.  

The firstly phase of this paper determinates the distribution of pressure, developed on the patient’s 

feet during gait, measured using pressure plates. The dynamic measurements were performed 

individually for each foot; the patient walks on the pressure plate to record the selected variant. In this 

study, the pressure measurements were performed using the FootScan® 3D Gait Scientific 2m System. 

Due to the FootScan® 3D interface, the user has the possibility to synchronize his system with other 

measurement tools, namely force plates. The characterization of the human gait for normal and 

pathological cases is performed based on the biomechanics of motion, which allows the identification 

of the worst scenarios in terms of loads during human gait [7].  

The 3D scan uses an innovative development of the implicit modelling method, Radial Basis 

Functions (RBF). An implicit modelling algorithm determines how known data points are used to 

imply (or estimate) unknown data points to create surfaces.  

Fused Deposition Modelling (FDM) is the most common 3D printing method used in desktop 3D 

printing, using thermoplastic filament heated and extruded through an extrusion head that deposits the 

molten plastic in X and Y coordinates, while the build table lowers the object layer by layer in the Z 

direction. 

During the third phase, the developed insole is incorporated in the new footwear, KAFO orthosis, 

and tested on a patient daily routine. 

 

2. Results and discussions 

  

Static Gait Analysis  

This section includes some of the earlier of this study. Firstly, two different devices, Lux Stabilometric 

footboard and Podata footboard, are used to carry out a stabilometric analysis. The Lux Stabilometric 

footboard has three load cells while the Podata footboard is provided with six cells (bipodalic), which 

can be adjusted in order to record the load under the 1st, 5th metatarsal and calcaneus of each foot. Fig. 

1 ant table 1 illustrates main parameters considered for the static analyses. The number of 

measurements is 4000, between 20 seconds   



 

Figure 1- Podata footboard 

 

Table 1 illustrates one atypical foot, as results of polio pathology. It is possible to verify that the force 

applied on the right calcaneus is equal to 24.589 kg, which represents 78% of total weight on right leg. 

It is also possible to observe that the left leg of the user has a different forces distribution. 

Table 1 – Results of static analysis 

Parameters  Left foot  Right foot 

Total mass (kg) 91.386 

Mass on left foot (kg) 59.787 x 

Mass on right foot (kg) x 31.599 

Mass of the 1st metatarsal 

(kg) 

20.983 0.029 

Mass of the 5th metatarsal 

(kg) 

39.794 6.981 

Mass of the calcaneus (kg) 0.990 24.589 

 

Dynamic Gait Analysis  

The experimental data used in this biomechanical simulation was obtained in a human gait laboratory. 

A polio patient male of age 43, mass 93 kg and height 178 cm have been dressed with a special suit 

with 37 reflective markers attached, as illustrated in Fig. 2. The polio patient was wearing a traditional 

KAFO orthosis on his right leg. 

 

For the experimental procedure, the subjects walk on a walkway with two AMTI AccuGait force 

plates, located in such a way that each plate measures the ground reactions of one foot during the gait 

cycle. The motion is captured by an optical system composed by 12 Natural Point OptiTrack FLEX: 

V100 cameras (100 Hz) [5]. 

Fig. 3 Knee joint angle during the entire gait cycle for the polio patient and centre-of-pressure curves 

(COP) during moment-of-force entire gait cycle for the polio patient. 

 



 

 

Figure 2- dynamic test 

 

Figure 3 – knee flexion degree 

 

 

The figure 4 depicts the dynamic results associated with human gait for one foot normal and one foot 

with cavus foot pathology. These plots represent the gait of the user considered in the present study. 

The intensity of pressure increases from green to red colours. In the dynamic analysis it can be verified 

that the differences between right and left feet responses during the gait. It is also possible to observe 

the high pressure on right foot located in calcaneus zone. 

 

  
(a) (b) 

Figure 4 (a) Left/normal foot (b) Right/cavus foot.  

The user considered in the present study has 93 kg mass, which is equivalent to 912 N. Another 

important factor to analyse the forces applied by the user during his gait, is the pronation angle, which 

is equal to 20° in the present case. Initial contact with the ground during the stance phase occurs with 

the calcaneus. With the ground during the stance phase occurs with the calcaneus. This contact area 

supports the entire body weight, as described in Fig. 5 by Fp (912 N, which corresponds to the force 

applied when the foot is in the normal position. In this particular case, there is an excessive pronation 

that produces an extra force Frs (970 N) that corresponds to ground reaction. This force can be 

decomposed by the amplitude of pronation angle (γ) in Fp. This movement causes beyond, a 

horizontal force Fh (330 N) towards the medial edge, perpendicular to the sagittal plane, applied at the 

joint of the talus and tibia[8].. 

 



 

Figure 5 Forces representation reaction force. 

 

Plantar Surface Data Acquisition  

FastSCAN™ instantly acquires three-dimensional surfaces by gathering measurements made by 

smoothly sweeping a handheld laser scanning wand over. The object’s image instantly appears on a 

computer screen without the need to place untidy or unwanted registration marks on the object. The 

finished scan is processed to combine any overlapping sweeps, significantly reducing the time to 

develop surface models of virtually any object with minor or no metal content.  

 

The figure 6 show the planter surface of polio patient with a pathological cavus foot and fig. 7 show a 

3D scan of a insole   

 

 
 

Figure 6 – 3D scan plantar foot Figure 7 – 3D scan insole 

 

 

Insole 3D Production  

Much like traditional printers, 3D printers use a variety of technologies. The most commonly known is 

fused deposition modelling (FDM), also known as fused filament fabrication (FFF). In it, acrylonitrile 

butadiene styrene (ABS), polylactic acid (PLA), or another thermoplastic is melted and deposited 

through a heated extrusion nozzle in layers. Digital light projector (DLP) 3D printing exposes a liquid 

polymer to light from a digital light processing projector, which hardens the polymer layer by layer 

until the object is built and the remaining liquid polymer is drained off. 

Polylactic Acid (PLA) bioplastics dominate in 3D printing. A biodegradable thermoplastic aliphatic 

polyester, PLA is made from renewable, organic resources like corn starch or sugarcane. It’s 

commonly used to make food packaging and biodegradable medical devices and implants. PLA is 

great for 3D printing because it’s easy to work with, environmentally friendly, available in a variety of 

colors, and can be used as either a resin or filament. 

The figure 8 and 9 show 3D printing manufacturing process of making three dimensional solid insole 

layer by layer, In this case the image is capture from 3D scanner of plantar foot of polio patient 

referenced in this study. 



  

Figure 8 – 3D printing process 

 

Figure 9 – 3D printing insole 

 

 

3. Conclusions 

The high potential of new technologies such as 3D scanner, 3D printer, to produce anatomic insoles 

and how the static and dynamic analysis gait improve the prospective of developing high quality 

footwear to apply on orthosis has been demonstrated in this work. It must be highlighted that the new 

model is 25% lighter than the conventional footwear, which is a crucial issue in terms of user’s 

usability. Furthermore, based on the user’s experience it is reduced the fatigue during gait so the new 

approach is appropriate and functional for daily activities. 
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