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Abstract

Origami constructions, inspired by the ancient
Japanese art of folding paper, are gaining
importance in mathematics and science. The
paper explores the mathematical aspects of
origami, with a focus on their geometric
constructions and applications. Applications of
origami in the field of medicine were investigated.
The paper also discusses and addresses advanced
topics such as modular origami and origami
computing. Through all these topics, the richness
and depth of mathematical ideas hidden behind
folded paper are shown, thus emphasizing their
importance in the modern world. An
understanding of origami mathematics was
provided, thus providing an incentive for further
research and applications in medicine. Through
this work, the goal is to understand the potential
of origami as a creative and interdisciplinary tool
in the medical field, highlighting opportunities for
innovation and progress.
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1. INTRODUCTION

Origami, the Japanese art of folding paper, is not
just an aesthetic form of entertainment or
decoration; it represents a deep mathematical and
geometric discipline that has given birth to some of
the most innovative solutions in modern science [1].
While origami is traditionally associated with the
art of harmonious folding of paper, its application is
increasingly becoming a subject of interest and
research. This paper introduces the world of the use
of origami constructions in medicine, highlighting
the historical context, theoretical foundations,
mathematical ~ problems and  contemporary
applications of this fascinating discipline.

Pioneering works such as Akira Yoshizawa and
Robert J. Lang contributed to the development of

origami theory and opened the door for
mathematical analysis in this area [1]. Today,
origami is not only an art, but also a tool for solving
complex mathematical problems and engineering
challenges.

The geometric basis of origami constructions lies
in simple axioms and rules of paper folding. On the
other hand, behind that simplicity are hidden deep
mathematical theories that reach into the areas of
algebra, topology and geometry. Mathematical
concepts such as the construction of angles, lengths
and surfaces are reinterpreted through the prism of
origami, opening up new areas of research and
application.

Contemporary applications of origami extend
beyond the boundaries of mathematics into fields
such as architecture, robotics and medicine. In
medicine, origami is used to design implants and
surgical instruments that can be folded inside the
patient's body. This paper explores the breadth of
origami mathematics, highlighting its importance
for medical purposes. The paper deepens this
application in medicine, providing a comprehensive
insight into the world of origami constructions and
their vital role in various areas of human activity in
medicine.

One area that is gaining increasing attention is
medicine, where origami is proving to be an
extremely useful technique with the potential for
revolutionary applications. Through the precise
folding and shaping of, origami provides unique
opportunities for the development of innovative
medical devices, biomaterials and therapeutic
interventions [2].

This paper explores the diverse applications of
origami in medicine, exploring how this ancient art
can contribute to the advancement of modern
medical practice. Through a review of available
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literature, analysis of current research and case
studies, it is shown how origami can be creatively
and effectively used in diagnostics, therapy, tissue
reconstruction, as well as in the development of
innovative medical devices and biomaterials. It has
been studied how features of origami, such as
precision, flexibility and personalization, open the
door to advanced medical applications that can
improve the quality of life of patients and facilitate
the work of medical staff. In order to intuitively
understand the topic of origami constructions, some
examples of models from everyday life are shown
(Figure 1).

Figure 1. Examples of some origami models

2. ORIGAMI CONSTRUCTIONS

Origami mathematics is an interdisciplinary field
that combines geometry, algebra, number theory,
and other mathematical disciplines to explore the
basic principles and theorems underlying paper
folding. Through the study of theoretical
foundations, mathematicians are able to explore
new ideas, theorems and algorithms that have wide
application in practice.

Over the centuries, origami constructions have
evolved from simple shapes to complex geometric
structures. Although origami have traditionally
been associated with aesthetic and artistic value,
their mathematical potential has only recently
become the subject of systematic study. One of the
most significant moments in the development of
origami mathematics was the work of the American
mathematician Robert J. Lang. Lang is known for
his discovery of Lang angles, a key concept in
origami theory [3]. His works established the
mathematical foundations of origami geometry and
provided tools for solving complex problems in this
field.

The development of origami constructions in
mathematics did not stop at basic theorems.

Through development, origami constructions have
gone from simple artistic forms to complex
mathematical structures with a wide range of
applications even in the fields of medicine.

3. DEVELOPMENT OF ORIGAMI IN
MEDICAL APPLICATION

Origami goes back a long way, where it
originally served as a means of entertainment and
artistic expression. However, in the medical
community, its application began to be investigated
with increasing attention as its potentials for
solving medical problems and improving
therapeutic approaches were discovered.

Throughout history, key events have marked the
evolution of origami in medicine. Pioneering work
by researchers and medical professionals has
resulted in numerous innovations, from simple
origami models used in education and simulation,
to complex origami-inspired medical devices and
biomaterials [4]. Origami models began to be used
as an educational tool for medical students,
allowing them to better understand anatomy and
medical procedures, and have evolved into an
advanced application in medicine today. The
origami technique is the inspiration for many
structures in medicine today (Figure 2).
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Figure 2. Some of the inspirations for the application of origami
in medicine

(4]

3.1 Benefits of origami in medicine

Origami requires a high level of precision in
folding and shaping. This feature allows medical
professionals to create accurate models of
anatomical structures or medical devices needed for
diagnosis, therapy or training. Origami allows
customization of shape and size according to the
specific needs and requirements of medical
procedures or patients. This flexibility makes
origami particularly useful in fields such as
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reconstructive surgery and the creation of
personalized medical devices [5].

Using origami can reduce the need for invasive
medical procedures. For example, origami-inspired
medical devices could be smaller and more flexible,
allowing for less traumatic procedures and faster
patient recovery. Combining origami principles
with medical technology can lead to innovative
solutions and advances in medicine. Origami-
inspired medical devices or biomaterials may open
up new areas of research and therapeutic
possibilities. The origami technique uses basic
materials that can reduce the cost of manufacturing
medical models or devices compared to traditional
methods that require more expensive materials or
technologies [5].

One of the key advantages of origami medical
devices is their ability to adapt to the patient's
anatomy. Inspired by origami constructions, these
devices can be folded into a small form for easy
insertion into the patient's body, and then unfolded
in the appropriate place to perform their function
(Figure 3) [6]. Origami endoscopy tools enable
precise and minimally invasive exploration of the
inside of the body, which reduces trauma and
patient recovery time. Origami principles can be
applied in reconstructive surgery to shape and
reconstruct tissues that have been damaged or lost
through trauma, disease or surgery.
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Figure 3. An example of a capsule containing an origami
structure

6]

The origami technique can be used to design and
create three-dimensional templates that can be used
as guides during reconstructive surgeries. These
templates allow surgeons to precisely shape
transplanted or reconstructed tissue sections,
leading to better functional and aesthetic outcomes
for patients [7].

4. ORIGAMI BIOMEDICAL IMPLANTS

Origami  biomedical implants represent an
innovative technique that combines the principles
of origami with biomedical technology to develop
advanced medical devices and implants [8]. This
technique is based on the idea of reshaping
materials, such as metals or polymers, into complex
three-dimensional structures through folding and
folding, thus enabling the creation of devices that
are adaptable, compact and functional.

Biomedical origami implants represent a field of
constant innovation in medicine. New technologies
and materials are constantly being developed to
improve the characteristics and performance of
these implants, providing new opportunities for the
therapy and treatment of various medical
conditions.

Origami is used in the design of medical
implants and prostheses. Folding origami-inspired
implants can be easily transported and implanted at
the site of intervention, then unfolded to provide the
required support or functionality [9]. These implants
are particularly useful in areas such as tissue
reconstruction,  regenerative  medicine  and
orthopedics.

Foldable sensors are used to monitor a patient's
vital signs or detect specific biomarkers in the
blood. Sew sensors are also used for the purpose of
folding origami at a specific location in the body.
These devices enable fast, accurate and non-
invasive diagnostics, which improves the quality
and efficiency of medical care.

The concept of Origami implant design
represents an innovative approach to 3D
integration, aiming to tackle the challenges
associated with size and cost limitations in
biomedical implants [9]. By breaking down large
systems into smaller chips and employing advanced
3D integration techniques, these components can be
seamlessly folded to achieve compactness for
implantation and later unfolded within the body.
This strategy allows for the partitioning of
electronics into functional blocks, facilitating mass
production, while also enabling the assembly of
customized implants from these cost-effective
modules.

The application of this method can be
particularly advantageous in the context of retinal
prostheses. The retina is a layer of photosensitive
nerve cells located at the back of the eye, which
plays a key role in the vision process. Its basic
function is to convert light signals received by the
eye into electrical impulses that the brain can
interpret as visual information [10]. For the purposes
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of forming and installing a retinal prosthesis in the
eye, origami principles have proven to be extremely
useful. Instead of utilizing a single large chip, the
implementation of multiple smaller chips dispersed
across a flexible substrate offers a promising
alternative. Prior to implantation, this substrate can
be folded, allowing for ease of insertion, and
subsequently unfolded within the eye to conform to
its curved shape (Figure 3) [11].

By doing so, the implant achieves a customized
fit with the retina, optimizing electrode contact and
enhancing the effectiveness of stimulation.
Consequently, our innovative origami-based
approach introduces the potential to develop an
elongated planar system that can be seamlessly
folded into a compact structure for minimally
invasive surgical procedures, before transitioning
into its functional configuration.
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Figure 3. Appearance of the retinal implant substrate
[12]

Furthermore, the adaptability of such a system to
the eye's curvature allows for the optimization of
chip and electrode placement through the strategic
design of the origami structure [11].

4.1 Sensors in an origami retinal implant

Sensors made using the origami technique for the
retina of the eye are sophisticated medical devices
designed to monitor the health of the eye and
diagnose various diseases. This technology uses the
principles of origami geometry to create flexible
and adaptable sensors that can be precisely placed
on the surface of the retina.

Typically, retinal sensors are made of thin,
flexible materials such as polymer or silicone that
allow for comfortable placement on the surface of
the eye without causing discomfort or damage [12].
Origami techniques are used to shape these
materials into complex three-dimensional structures
that can be folded and shipped in a relatively small
space, then unfolded and placed on the surface of
the retina.

The process of making these sensors involves
several steps. First, the material is carefully selected
and prepared to be compatible with human tissue
and the environment of the eye. Folding and
shaping techniques inspired by origami geometry
are then used to transform the material into the
desired shape. This may involve folding, folding or
removing parts of the material to achieve the
desired structure.

Once the sensors are shaped, they can be
mounted on a thin foil or support that is then
carefully placed on the surface of the retina. This
application requires high precision and careful
manipulation to ensure that the sensors are properly
positioned and securely attached to the retina.

Once installed, the sensors can monitor various
parameters of the eye, such as intraocular pressure,
temperature, pH value or the concentration of
certain molecules in tears [12]. That data can be
vital for monitoring eye health and diagnosing
conditions like glaucoma, diabetic retinopathy or
dry eye.

By using the origami technique to create sensors
in the retina of the eye, high precision, flexibility
and comfort for patients is achieved. This
innovative technology promises to improve the
diagnosis and monitoring of eye diseases, paving
the way for personalized treatment approaches and
better management of ophthalmic conditions.

Given that the Origami implant is positioned
within the body, the precision of chip alignment
poses a challenge. Additionally, this alignment may
shift over time due to patient mobility and tissue
dynamics. Consequently, the proximity
communication system must intermittently assess
its alignment and adjust accordingly to optimize
power usage while maintaining a desired data
transmission rate. Apart from optimizing power
efficiency, alignment sensing serves as a valuable
tool for monitoring the implant's deployment
progress [12]. Considering the stringent power
limitations inherent in implants situated within
delicate organs like the eye, the alignment
adjustment  process must prioritize  energy
conservation and computational simplicity.

5. ENDOSCOPIC INSTRUMENTS

Flexible endoscopic instruments represent a key
aspect in the diagnosis and therapy of internal
organs, enabling precise visualization and
intervention without the need for invasive surgery.
Origami principles are increasingly applied in the
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design of these instruments in order to achieve
greater flexibility, precision and adaptability.

Internal anatomical structures are often complex
and diverse. Flexible endoscopic instruments must
be able to adapt to different shapes and curvatures
of organs in order to efficiently perform diagnostic
or therapeutic procedures.

The origami approach allows engineers to design
endoscopic instruments that can be bent and shaped
in real time. This allows surgeons to precisely
maneuver instruments through complex anatomies,
such as bowel bends or gastric curvatures, with
minimal trauma or discomfort to the patient [13].

By wusing flexible endoscopic instruments
inspired by origami principles, it is possible to
reduce the need for invasive surgical procedures.
These instruments allow access to internal organs
through natural openings or small incisions, which
reduces the risk of complications and speeds up the
patient's recovery process.
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Figure 4. Endoscopic capsule for visualization of internal organs
[14]

Using origami principles, endoscopic instruments
with improved folding and folding mechanisms can
be developed, which can improve their
compactness and maneuverability. For example,
inspired by origami techniques, instruments can be
designed that can be folded compactly during
transport and then expand to the appropriate shape
and size during use. This facilitates instrument
handling and may reduce the need for additional
auxiliary tools during procedures. Also, the
application of the origami principle can enable the
development of endoscopic instruments with
multiple functions, which can further improve the
efficiency and practicality of these medical devices
[15].

6. ORIGAMI COMPUTING

Origami algorithms and computer geometry
represent a field of research that is oriented towards
the application of mathematical principles and
techniques of computer geometry in the analysis,
simulation and generation of origami constructions.
This area enables the development of sophisticated

algorithms for the automatic generation of origami
models with different characteristics and properties
and even those that are used for medical purposes.

One of the main properties of origami algorithms
is geometric transformation. These algorithms use
various geometric transformations, such as
translation, rotation and scaling, to manipulate and
transform paper modules or parts of an origami
model. These transformations allow the creation of
different shapes and structures of origami models
with the desired characteristics and properties
which are used as such and to create models that
have practical application in medicine..

In addition, origami algorithms also use various
optimization  techniques to  find  optimal
configurations of origami models in terms of
efficiency, stability or aesthetics [16]. These
algorithms use mathematical methods such as linear
programming, genetic algorithms or simulated
annealing to find the best solution according to the
given goals and constraints. They have a special
role in the context of creating a model that will take
up as little space as possible.

Computational geometry is important in the
development of origami algorithms, allowing
efficient manipulation of geometric data and
structures. These algorithms use different
algorithms and techniques to analyze and
manipulate origami models, such as algorithms for
cutting, overlapping checks or solving spatial
problems. Examples of origami algorithms include
algorithms for the automatic generation of origami
models, algorithms for analyzing the stability of
origami structures or algorithms for optimizing the
shape and dimensions of origami models [16].

7. CONCLUSION

Researching origami mathematics and its
application in medicine is a fascinating journey
through the history, theory and application of this
unique combination of art and science. Through
consideration of various aspects of origami
mathematics, its connections with other sciences
are revealed, thus revealing the complex
connections  between  paper folding and
fundamental mathematical concepts. Through
solving problems in medicine using the origami
technique, new ways of approaching classical
mathematical challenges are discovered.

Origami, as the art of translating a flat surface
into complex three-dimensional structures, exhibits
astonishing mathematical precision that brings a
potential revolution in the medical field. Through
the combination of geometry, engineering and
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medical needs, origami offers innovative
approaches in diagnosis, therapy and surgery. This
synergy between art and science enables the
development of sophisticated medical devices such
as stents, microrobots and affordable diagnostic
tools.

Advances in medical origami design enable more
personalized therapies, minimize invasiveness and
optimize treatment outcomes. The application of
origami geometry in the design of retinal implants
provides flexibility and adaptability, enabling
precise placement and reducing the risk of
complications.  Furthermore,  origami-inspired
microrobots represent the possibility of precisely
delivering drugs or performing microsurgical
procedures in places inaccessible by traditional
methods. These advanced devices promise to
revolutionize the way diseases are diagnosed and
treated, particularly in areas such as neurosurgery,
cardiology and oncology.

Despite the promising potential, there are
challenges that must be addressed. This includes
developing reliable materials that are compatible
with the human body, ensuring precision in the
manufacturing process, as well as adapting
regulatory frameworks to enable rapid integration
of these technologies into clinical practice.
However, with growing interest from the research
community and industry, the difficulties will be
overcome, and origami will remain a key
technology in transforming medicine. In each fold
lies an untold story of imagination becoming
reality, of complex mathematical ideas taking shape
through simple folding processes. Origami
constructions are a symbol of harmony between art,
mathematics and other sciences.
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