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Abstract

Objectives: Flat feet (Pes Planus) is a prevalent musculoskeletal condition
that results in multi-joint pain, premature fatigue, and balance instability.
Given that mass-produced footwear in Iran often lacks alignment with
Iranian anatomical characteristics, this study aimed to determine the
appropriate dimensions and indices for designing customized shoe lasts for
Iranian men with flat feet. This approach seeks to enhance biomechanical
performance and prevent excessive pressure and impact on the feet.
Methods: This applied-developmental study was conducted using a
descriptive-analytical methodology. Data were collected through four
primary instruments, namely a questionnaire (n=26), expert interviews,
observation and analysis of existing commercial products, and
anthropometric measurement of 10 users across 10 specific parameters,
including footprint characteristics. The primary goal was to establish
standardized dimensions for shoe last design, addressing the current lack
of localized industrial standards in the domestic market.

Results: Findings indicate that public awareness regarding flat feet and its
associated corrective products is low, and users are dissatisfied with
existing market solutions. Clinical observations confirmed that most Iranian
orthopedic centers focus primarily on insole production, with treatment
centered on symptom control and pain reduction. Based on the urgent
need for optimized products and the collected anthropometric data, a sole
pattern and a 3D shoe last model were designed and developed.
Conclusion: The results highlight the importance of enhancing medial
longitudinal arch support through specialized shoe last design, which can
significantly mitigate complications associated with flat feet. The final
outcome—comprising the sole pattern and the customized shoe last—
demonstrates that integrating anthropometric data into engineering design
environments provides a robust platform for manufacturers, ultimately
leading to improved consumer satisfaction and enhanced foot health.
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Extended Abstract

Background and Objective

In the foot's anatomical structure, the smallest
biomechanical changes in reliance level are effective in
controlling the human body's posture. Flat foot is a
common problem that can lead to joint pain, premature
fatigue, and balance problems. Anatomical differences
require that shoe design be tailored to each population,
but because proper information has not been provided to
society and shoe manufacturers, mass-produced shoes in
Iran are often made without regard for Iranian foot
anatomy. For this reason, this research has been
conducted to obtain suitable indicators for designing
shoe muscle molds for Iranian men with flat feet.
Consumers are looking for products that match the
biomechanical characteristics of their feet. This is an
ergonomic necessity for people with foot deformities to
prevent chronic injuries. So far, no measurements have
been taken in Iran for Iranian users with flat feet. The
goals of this research are to provide a pilot dimensional
index for the target population of shoe manufacturers
and to improve the biomechanical performance of shoes
to prevent excessive pressure and impacts on the feet.

Materials and Methods

The present study followed the protocols of applied-
developmental research, which used a descriptive-
analytical method. Four tools were used to collect
information: 1) a questionnaire administered to 26 target
users. The sample size was determined based on the
exploratory nature of the research and the availability of
the target community. Content validity was reviewed
and confirmed by experts, and reliability was analyzed
in the SPSS 27 software; the Cronbach's alpha
coefficient was 0.717. 2) Interviews with orthopedic
specialists and experts, which were completely recorded
and finally converted into written form. 3) Observation
and review of all types of products available in five
related orthopedic clinics and centers was performed. 4)
Dimensional measurements of the feet of 10 target users
were performed in 10 parameters, along with the
characteristics of each footprint. The sampling method
was considered as "purposive non-probability” in all
stages. The muscle mold is not the same size as the foot,
but it is designed based on the foot's dimensions. Each
country has its own standards and guidelines for
designing shoe soles. However, they all start from the
design of the floor pattern. In this research, the Chinese
floor pattern design system was used, and by obtaining
the system and collecting additional dimensional
parameters, we continued the design process for the shoe
muscle mold using Rhino 8 software.

Results

Based on many years of experience in this field, experts
have admitted that after 7 to 10 years of age, there is no
cure for flat feet. People can refer to experts to prevent
exacerbation or relieve pain. Clinical observations
confirmed that most orthopedic centers in Iran focus on
manufacturing insoles using scanning and CNC
machines, which are of relatively good quality.
However, this quality was not seen in special shoes; in

most centers, normal muscle molds are used. The results
of the questionnaire show that the general awareness of
flat foot and related products is low; the shoes used by
these people are destroyed faster than usual. Pain in
various parts of the body has developed as a result of this
complication, and users are dissatisfied with the existing
solutions. In the dimensional extraction section, the
number of 10 users was determined based on similar
pilot studies using the Case-Series approach. According
to the desired methodology, the design was first
developed on a reference template and parametrically
modeled in Rhino software; therefore, it could be scaled
to different dimensions. Moreover, according to the
principles of shoe production, the design was made for
one foot and then mirrored on the other. According to
the obtained dimensional information, the sole pattern
and shoe muscle mold were designed and modeled in the
software.

Discussion

The use of inappropriate shoe molds can lead to
discomfort, fatigue, and skeletal-muscular problems for
users; therefore, it is necessary to conduct an
anthropometric study to determine the dimensions and
specific characteristics of the feet of this group. In the
production of shoes in Iran, molds from other companies
outside Iran are used, which are not compatible with the
Iranians. This research was conducted to address this
problem. According to research, when people with flat
feet wear inappropriate shoes, the inner edge of the shoe
protrudes, causing discomfort and premature wear. A
shoe design without an arch in its inner part can solve
these problems to a suitable extent. Since there is no
treatment for adults with flat feet, there is no need to put
pressure on the foot, and the inner arch of the shoe can
be omitted. In addition, the ankles of people with flat
feet are usually angled inward; therefore, the rotation
angle was incorporated into the design of the muscle
mold to overcome the problem and prevent
complications from worsening. In this research, we
attempted to develop a pilot method for a more
comprehensive design research approach grounded in
Iranian anatomy.

Conclusion

In line with the specified goals, the target users' needs
were first identified, then the relevant information was
checked, and finally, the desired indicators were
measured and calculated across several parameters
using dimensional measurement. The results emphasize
the importance of increasing support for the inner arch
of the foot through the design of the shoe muscle mold
and can play a significant role in reducing complications
caused by flat foot. The final output of this research
includes the sole pattern and the muscle mold of the
shoe; in each of these two, the factors that could improve
the product were investigated and analyzed, and the
result demonstrates that by transferring the extracted
anthropometric  data  to  engineering  design
environments, a suitable platform can be provided for
manufacturers. The use of this proposed design in
products such as soles and special shoes for people with




flat feet can improve consumer satisfaction and promote produce quality, competitive products at the global
foot health, and can also help the domestic shoe industry level.
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