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Abstract

Burn injuries are a prevalent medical concern, and skin grafts represent a standard therapeutic
approach for their treatment. These grafts involve the transplantation of healthy skin from a
donor site to cover the damaged or burned area, known as the recipient site. However, a
significant limitation of conventional skin grafts is their limited expansion capabilities. This
constraint poses a challenge, particularly in cases of extensive and severe burn injuries where
the availability of donor skin is limited. To overcome this issue and improve the expansion
potential of traditional skin grafts, a systematic and scientific investigation is necessary. This
investigation incorporated both computational and experimental studies that focus on the
analysis of various dimensional parameters related to traditional skin graft patterns.
Experimental studies was conducted to validate the findings from the computational models
and to assess the practical applicability of the proposed enhancements. Through the integration
of computational simulations and experimental data, researchers can gain a deeper
understanding of how varying dimensional parameters impact the expansion capabilities of
traditional skin grafts. The results of this comprehensive study would not only contribute to
advancing our scientific knowledge in the field of burn injury treatment but also potentially
lead to the development of improved skin graft techniques. These enhanced grafting
approaches could offer a promising solution for treating large and severe burn injuries by

maximizing the use of available donor skin and improving overall patient outcomes.

The introductory chapter of this research provides a comprehensive overview of the
biomechanics of the skin, emphasizing its structural and functional properties. It delves into
the scientific principles of skin grafting as a widely used technique for treating various medical
conditions, with a particular focus on its application in burn injury treatment. The chapter
highlights the global impact of skin grafting in healthcare, underscoring its significance as a
therapeutic approach. Furthermore, the chapter introduces the concept of auxetic structures,
which are characterized by their unique property of expanding in response to external forces.
These structures have garnered significant attention in recent scientific literature due to their
potential for high expansion capabilities. The scientific basis of auxetic structures and their
distinctive mechanical behavior is explored, setting the stage for their relevance and potential

applications in the context of skin grafting.

The second chapter of this research is dedicated to the development of traditional skin grafts,

with a primary focus on investigating their expansion capabilities. Utilizing a scientific



approach, the chapter aims to systematically analyze and validate the results obtained from
these skin grafts by comparing them with existing literature. By conducting a comprehensive
examination, the study aims to gain a deeper understanding of the factors influencing the
expansion analysis of traditional skin grafts. Through experimental and computational
methods, the chapter aims to quantify the expansion behavior of traditional skin grafts under
various dimensional parameters. This involves investigating how factors such as graft size,
thickness, and orientation impact the overall expansion potential of the grafts. Additionally,
the chapter seeks to validate the findings by comparing them with established scientific

literature on skin grafting.

Chapter three and four of this research involve a thorough and comprehensive investigation of
auxetic skin grafts patterns. Assuming a scientific approach, both computational and
experimental methodologies were employed to study and analyze these unique graft structures.
The primary objective was to identify the auxetic patterns that exhibit the highest expansion
capabilities. Additionally, an ultra-low-cost biaxial testing device was developed to test the
skin graft simulants biaxially. This device allowed us to test different skin graft patterns in a
controlled manner to characterize the auxetic skin graft pattern. In chapter three, a detailed
computational study was conducted, utilizing advanced numerical modeling techniques to
simulate the behavior of various auxetic skin graft patterns. The computational simulations
allowed for a systematic exploration of different auxetic configurations, enabling the
identification of patterns with the most promising expansion properties. By employing
computational tools, the study aimed to gain insights into the mechanical behavior and
expansion characteristics of these specialized grafts. Chapter four focused on the experimental
aspect of the research. A series of carefully designed experiments were carried out to validate
the findings from the computational simulations and to further explore the effect of dimensional
variations in auxetic structures. Through meticulous experimentation and data analysis, the
research obtained to elucidate how factors like geometry, thickness, and material properties
impact the expansion capabilities of auxetic skin grafts. The combination of computational and
experimental investigations enhanced the overall scientific validity and reliability of the study's

outcomes.

Chapter five of this research is dedicated to a thorough and systematic investigation of
hierarchical auxetic skin graft patterns. Employing a comprehensive scientific approach, this
chapter aims to explore and analyze the additional expansion potential offered by these unique

hierarchical structures. The study involves a combination of computational simulations and

Vi



experimental studies to examine the mechanical behavior and expansion characteristics of the

hierarchical auxetic skin grafts.

Chapter six of this research presents a detailed investigation into the implementation of the
highest expansion auxetic structure on fresh cadaveric skin. The chapter aims to analyze the
results obtained from testing the cadaveric skin samples at different displacement rates. During
the experimentation process, the mechanical properties and behavior of the skin samples were
closely observed and analyzed and calculated the meshing ratios of the traditional skin graft
patterns and compared them with the results obtained from the implementation of auxetic skin
graft patterns. The meshing ratios serve as essential indicators of how effectively the graft
patterns adhere to and integrate with the recipient site, providing valuable insights into the
overall performance of the grafts. The research findings revealed that the auxetic skin graft
patterns exhibited less stress on the skin samples and demonstrated higher expansion

capabilities compared to traditional skin grafts.

The overall objective of this dissertation was to develop auxetic skin graft patterns to
understand their expansion protentional to recover large burn areas. Numerous auxetic patterns
were developed and optimized for the highest pattern structures and tested computationally and
experimentally. Additionally, hierarchical auxetic patterns were developed, and calculated the
additional expansion in auxetic structures. Finally, the highest expansion and lowest void area
structure was implemented on the fresh cadaver skin and observed that auxetic skin graft
patterns showed superior behavior. This research will build the foundation of future studies on
small and large animal models and analyze cell proliferation and tissue regeneration. Also, a

clinical trial was also conducted to understand the effectiveness of auxetic skin graft patterns.
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