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ABSTRACT METHODOLOGY ANALYSIS AND RESULTS
This investigation evaluates the mechanical properties of skeletal tissue

and reviews various biomaterials used in the development of innovative

implants for skeletal rehabilitation. These include metals, polymers, and

ceramics, selected for their similarity to the native tissue they aim to

replace. Emphasis is placed on the critical role of biocompatibility and

thermodynamic principles in successful implant integration.

The advancement of biomaterials in biomedical science has significantly

reshaped the treatment of damaged tissues and organs. Biomaterials are

classified by their chemical composition as organic or inorganic, with key

groups that include metals, ceramics, and polymers.

Historically, rudimentary materials were used; however, recent

developments in tissue engineering (TE) have introduced complex,

biocompatible scaffolds designed to replace or regenerate damaged

tissues.

According to recent research, biomaterials now incorporate advanced

properties such as biocompatibility, biodegradability, cell adhesion, cell

proliferation, water retention, and antimicrobial activity—all of which are

crucial for implant success.

Biocompatibility refers to the ability of a material to function as intended

without provoking adverse biological responses, while also supporting a

favorable interaction with surrounding tissues. Modern biomaterials are

expected not only to be inert but also to actively promote biological

processes such as growth factor release, extracellular matrix (ECM)

integration, and cell signaling. For example, scaffolds made from materials

like polycaprolactone (PCL) and collagen have been shown to support

osteoblast proliferation and facilitate tissue regeneration.

In skeletal applications, biomaterial selection must consider both

mechanical compatibility with the host tissue and biological performance.

Metals like titanium offer high structural strength; ceramics such as

hydroxyapatite provide osteoconductive surfaces; and biodegradable

polymers like PLA and PCL allow for gradual replacement by native tissue.
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• Acquire a solid understanding of skeletal tissue characteristics and

properties to inform orthopedic device design.

• Develop in-depth knowledge of skeletal tissue characteristics and

functions.

• Use the acquired knowledge to support the future design of orthopedic

devices.

• Ensure that orthopedic device design is research-driven and

scientifically supported.
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Figure1. Chemical composition of cartilage (Figueroa,. 2025).

Table 1. Mechanical properties of bone tissue. Figueroa, E. 2025. 

Table 2. Mechanical properties of cartilaginous tissue. Figueroa, E. 2025 
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• Hard structures, such as bones, should be replaced with metals due to

their analogous mechanical behavior and properties. Metals provide the

necessary strength and durability to withstand physiological loads,

making them suitable candidates for orthopedic and dental implants.

• For cartilaginous tissues, a combination of polymers and ceramics is

more appropriate, as these materials can better functional

characteristics of native cartilage. Polymers offer flexibility and

biocompatibility, while ceramics contribute to wear resistance and

structural integrity.

• Thermodynamic principles play a crucial role in explaining

biocompatibility. The interactions between biomaterials and biological

environments, including protein adsorption, surface energy, and

thermodynamic stability, influence the material’s acceptance by the

body.

As a biomaterial resembles the tissue it is intended to replace, such as

the similarity between metals and bone, it ensures better mechanical

compatibility, stability, and overall performance in the biological

environment. This similarity allows the implant to effectively withstand

physiological loads, reducing the risk of mechanical failure and

improving its longevity. Finally, the success of biomaterials in skeletal

rehabilitation depends on the design of systems that address the triad

of scaffolds, cells, and signaling molecules. Their effectiveness depends

on the scaffold's ability to mimic the native extracellular matrix (ECM),

offer mechanical support, and guide regeneration without triggering

immune rejection.
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INTRODUCTION

The scaffolding architecture should be investigated using 3D bioimpression,

the degradation of the material for the specific timelines of tissue

regeneration and incorporate antimicrobial properties in implants without

affecting cell viability and apply findings to soft tissue scaffolding.


