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Regenerative medicine offers innovative solutions through cell therapy and tissue engineering techniques to address irreparable 

bone damage. Engineered structures play an important role in enhancing the body’s natural healing process, especially in cases 

where extensive bone loss prevents natural recovery. This article provides an overview of the most commonly used scaffolds 

in tissue engineering for bone regeneration. Given that bone is a rigid and inflexible tissue, scaffolds designed for bone repair 

must be made from materials that possess similar hardness. For example, bioactive glasses are an ideal material, as they form a 

crystal layer of hydroxyapatite when exposed to the body’s physiological fluids. The choice of manufacturing method depends 

on the structure of the tissue being studied. Scaffolds are crucial in tissue engineering, and various methods have been developed 

to create effective scaffolds. One of these methods is electrospinning, which allows the creation of fibers ranging from several 

microns to nanometers in size by altering specific conditions. The high surface area-to-volume ratio of electrospun fibers 

increases cell adhesion and proliferation on the scaffold. Consequently, scaffolds made by electrospinning, combining bioactive 

glass and polymer materials, provide a promising foundation for the treatment of bone diseases. 
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Introduction 

Bone tissue is crucial for the body’s functionality, and 

any damage to its structure, whether from injury, disease, 

or lesions, can disrupt the body’s equilibrium and 

significantly affect a person’s quality of life [1, 2]. While 

bone tissue has a natural ability to heal after injury [3], it 

is only effective in minor fractures. In these cases, the 

body’s natural healing processes, involving stromal cells, 

stem cells, macrophages, osteoblasts, and osteoclasts, 

work together to repair the damage [4, 5]. However, in 

severe cases such as major fractures, defects like 

displaced bone fractures, traumatic injuries, periodontal 

disorders, or congenital issues like cleft palates, the 

body’s natural repair mechanisms fall short, and medical 

intervention becomes necessary [6, 7]. 

Bone grafting is the most common surgical procedure 

used today to repair and strengthen bones in orthopedic 

practices [8-10]. There are several types of bone grafts: 

Xenograft, Allograft, and Autograft. Xenografts involve 

taking tissue from another species, such as animals and 

carry risks of immune rejection and infection 

transmission. Allografts are human-derived grafts 

typically taken from deceased individuals, though they 

require sterilization to avoid immune responses and 

 

Received: 14 November 2023; Accepted: 28 January 2024 

Copyright CC BY-NC-SA 4.0 

How to cite this article: Kostadinova M, Raykovska M, Simeonov R, Lolov S, 

Mourdjeva M. Advancements in Bone Tissue Regeneration: A Review of 

Common Scaffolds in Tissue Engineering. J Med Sci Interdiscip Res. 

2024;4(1):8-14. https://doi.org/10.51847/9j9DuUUgWY 

Journal of Medical Sciences and Interdisciplinary Research 

 

Abstract 

 

Access this article online                              https://smerpub.com/ 

https://doi.org/10.51847/9j9DuUUgWY


J Med Sci Interdiscip Res, 2024, 4(1):8-14                                                                                 Kostadinova et al. 
 

 

9 

disease transmission. The challenges with allografts 

include limited availability and potential transmission of 

diseases like AIDS, hepatitis, and cancer [11, 12]. 

Autografts involve transplanting tissue from one part of 

a person’s body to another. Although this avoids immune 

rejection, the extensive surgery required can result in 

long-term pain and discomfort [13, 14]. 

Despite the widespread use of bone grafting, several 

obstacles remain. These include challenges in finding 

suitable tissue for transplantation, poor bone quality in 

conditions like osteoporosis [15-17], risks of disease 

transmission, the need for re-surgery, and difficulties 

with tissue integration [18]. In contrast, tissue 

engineering, which uses cell-based or autogenous tissue 

transplantation, has emerged as a solution to many of 

these challenges. The concept of tissue engineering 

builds on the principles of autograft transplantation [19, 

20]. 

Regenerative medicine, using tissue engineering and cell 

therapy, offers innovative approaches to repairing 

irreparable bone damage. Engineered structures play a 

critical role in accelerating the healing process, especially 

when extensive tissue loss makes natural recovery 

impossible. This article explores the different scaffolds 

used in tissue engineering for bone regeneration. 

Results and Discussion 

Tissue engineering scaffolds 

Cells in the body secrete proteins and other 

macromolecules that form a complex, porous network 

known as the extracellular matrix. This matrix provides 

support for cells, allowing them to grow and multiply. 

The combination of these cells and the matrix is referred 

to as tissue. Most cells in the body, with a few exceptions 

such as blood cells and certain embryonic tissues, grow 

on this extracellular matrix [21, 22]. Artificially created 

extracellular matrices, called scaffolds, serve as 

temporary structures that provide support for cells to 

connect, proliferate, and differentiate into the desired 

tissues or organs. Over time, these scaffolds degrade at a 

controlled rate, and new tissue gradually replaces them. 

Today, scaffolds are widely used in regenerative 

medicine, tissue engineering, gene therapy, and drug 

delivery [23, 24]. 

Bone tissue overview 

Bone is a dynamic, highly vascularized tissue that is vital 

for several functions in the body [25]. As a core 

component of the skeletal system, bones offer protection 

to critical organs like the brain, lungs, and heart. 

Additionally, bones provide structural strength and 

support for movement. They also help regulate various 

bodily functions, such as metabolism, glucose levels, and 

testosterone, and act as a reservoir for important minerals 

including calcium, magnesium, and phosphorus [26]. 

The structure of bone tissue is composed of both cells and 

an extracellular matrix. The extracellular matrix consists 

of two components: an organic phase and an inorganic 

phase. Bone tissue contains approximately 8% water, 

22% protein, and 70% minerals. The mineral content 

consists primarily of calcium ions, calcium carbonate, 

and phosphate, forming a substance known as 

hydroxyapatite. Hydroxyapatite accounts for about 65% 

of the bone’s weight and contributes to its strength and 

rigidity. The organic component of bone is mainly made 

up of type I collagen fibers, along with osteopontin and 

osteocalcin [27]. Type I collagen is crucial for providing 

flexibility and tensile strength to the bone matrix. These 

collagen fibers are made up of three helical chains that 

form fibrils [28]. 

The combined presence of collagen and hydroxyapatite 

determines the bone’s mechanical strength. There are 

three primary cell types within bone tissue: osteoblasts, 

osteocytes, and osteoclasts. Osteoblasts, which are 

derived from mesenchymal stem cells, are responsible for 

synthesizing and secreting the bone matrix. They play a 

role in repairing minor cracks or damage within the bone 

[26]. Osteoblasts represent about 4-6% of bone cells. 

When active, they secrete the bone matrix, containing 

numerous vesicles, an advanced Golgi apparatus, and a 

rough endoplasmic reticulum, giving the cells a cubic 

appearance [29]. 

Osteoblasts also contain various growth factors, such as 

bone morphogenetic proteins, platelet-derived growth 

factor, fibroblast growth factor, and insulin-like growth 

factor. They also have receptors for hormones such as 

prolactin, progesterone, insulin, thyroid hormone, and 

growth hormones. Osteoblasts either remain in the bone 

matrix, where they continue to form bone or undergo 

apoptosis (programmed cell death), transforming into 

osteocytes once the matrix is calcified [30]. Osteocytes, 

which make up 90-95% of bone cells, have an extended 

lifespan, often exceeding 25 years [29]. Osteoclasts, large 

multinucleated cells originating from monocyte 

progenitors, are responsible for resorbing bone tissue and 

play a critical role in bone remodeling [31]. 
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Bone tissue engineering scaffold design 

The design of scaffolds for bone tissue engineering is 

essential, as it involves selecting materials that are 

biocompatible, biodegradable, and non-toxic for cells 

[32]. Since bone tissue is composed of both a mineral 

phase and a polymer phase [33], scaffolds must replicate 

these components to effectively facilitate bone 

regeneration. Bioceramics are commonly used to 

represent the mineral phase, while a variety of natural, 

synthetic, or hybrid polymers are used to create the 

polymer phase. Successful scaffold design requires a 

deep understanding of bone biology, including its 

development and repair processes, as the goal is to 

regenerate functional bone tissue [34]. 

Materials for bone tissue engineering scaffolds 

Bone tissue engineering scaffolds can be made from a 

wide range of materials, which can be classified into 

three primary categories: natural polymers, synthetic 

polymers, and ceramics [35]. These materials can either 

be biodegradable or non-biodegradable, depending on 

the needs of the tissue engineering process. 

Natural polymers 

Natural polymers are derived from organic sources such 

as plants, animals, and insects. These materials offer 

several advantages, including biocompatibility, 

mechanical properties that closely resemble those of 

natural tissues, and minimal inflammatory responses. 

However, they also have the downside of lower 

mechanical strength. Natural polymers are beneficial for 

supporting cell attachment, proliferation, and 

differentiation, and are biologically active by nature [36]. 

These polymers can be categorized into three main types: 

1. Protein-based polymers: Examples include silk, 

gelatin, and collagen. 

2. Polysaccharide-based polymers: Sourced from 

plants, animals, or microbes, these materials are non-

toxic, biocompatible, and cost-effective. Notable 

examples are alginate, chitosan, and hyaluronan. 

3. Polyhydroxyalkanoates: These are biodegradable 

polymers produced by bacteria. They are notable for 

their high biodegradability, elasticity, and 

biocompatibility, and have gained attention due to 

their production from renewable resources [37]. 

 

Overall, natural polymers are excellent for promoting cell 

adhesion and growth [37]. 

Synthetic polymers 

Synthetic polymers are manufactured under controlled 

conditions, allowing for precise manipulation of their 

mechanical properties and degradation rates. These 

materials generally have lower biological properties and 

flexibility compared to natural polymers. Examples of 

synthetic polymers include polyvinyl alcohol, 

polyhydroxybutyrate, polylactic acid, polyglycolic acid, 

and polycaprolactone [38]. 

Bioceramics 

Bioceramics are widely used in orthopedic and dental 

applications for repairing damaged bones and tissues. 

Materials like cobalt-based alloys, titanium alloys, and 

316L stainless steel are commonly used in implants. 

While metal implants help with tissue regeneration, they 

can also cause issues such as the formation of fibrous 

tissue, which reduces mechanical strength and can lead 

to immune reactions. Additionally, the release of toxic 

metal ions into the body can pose long-term health risks, 

including cancer [39]. As a result, there is growing 

interest in biodegradable alternatives to metal implants. 

Bioceramics are ceramic materials applied to repair or 

replace defective tissues and organs. They are divided 

into two categories based on their origin: natural 

bioceramics (e.g., coral and hydroxyapatite) and 

synthetic bioceramics (e.g., bioactive glasses, calcium 

triphosphate, and synthetic hydroxyapatite) [40]. 

Bioceramics can also be classified based on their 

chemical interactions with body tissues, categorized into 

three groups: 

1. Inactive bioceramics: These materials (e.g., alumina, 

zirconia) do not interact with the body and have high 

abrasion resistance. 

2. Non-absorbable bioceramics: Materials like calcium 

phosphate and calcium triphosphate, which do not 

degrade in the body but are eventually replaced by 

natural tissue. 

3. Bioactive bioceramics: These, including 

hydroxyapatite ceramics and bioactive glass, can 

stimulate cellular reactions that promote bone 

formation and regeneration. 

 

Among synthetic bioceramics, bioactive glasses exhibit 

the best bioactivity. These glasses can bond with both 

soft and hard tissues, stimulating growth factors and 

promoting osteoblast activity, cell growth, and 

angiogenesis. Smaller bioactive glass particles tend to 

exhibit higher biological activity, which is beneficial 

when used as carriers for gene or drug delivery. The 
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nanometer scale plays a significant role in this increased 

activity [41, 42]. 

To enhance their mechanical or biological properties, 

various oxides, such as zinc, magnesium, zirconia, 

titanium, silver, and boron, can be added to bioactive 

glasses. For instance, adding zinc enhances their 

mechanical properties and supports bone formation both 

in vitro and in vivo. Furthermore, bioactive glasses 

containing silver can serve as antimicrobial coatings, 

offering a controlled release of antimicrobial agents to 

combat bacterial growth [43]. Bioactive glasses create a 

strong chemical bond with bone tissue, making them 

valuable as bioactive materials in bone regeneration 

applications [44]. 

methods of making tissue engineering scaffolds 

The choice of scaffold construction method is crucial, as 

it directly impacts the tissue structure and the scaffold’s 

ability to support cell attachment, differentiation, and 

proliferation. Several fabrication methods are employed 

in tissue engineering, each suited to different scaffold 

properties. Some of the most common methods include 

phase separation, gas foaming, freeze-drying emulsion, 

solvent casting particulate leaching, and electrospinning 

[45]. 

Phase separation 

In this method, a polymer is dissolved in a solvent with a 

low melting point and then mixed with a water solution 

to form two distinct phases—one rich in polymer and the 

other with less polymer. As the temperature drops below 

the solvent’s melting point, two solid phases form. By 

drying the mixture in a vacuum, the solvent sublimates, 

leaving behind a porous scaffold structure [46]. 

Gas foaming method 

In the gas foaming method, carbon dioxide gas is applied 

at high pressure to a polymer for several days on mesh 

plates. Once the pressure is released to atmospheric 

levels, the gas escapes, leaving behind pores in the 

scaffold. The porosity depends on the amount of gas 

dissolved in the polymer, which can be controlled by 

adjusting temperature and pressure. This method is 

particularly advantageous because it doesn’t require 

organic solvents, making it an environmentally clean 

process [47, 48]. Additionally, adding salt particles like 

ammonium bicarbonate enhances the method’s 

efficiency by creating more pores as the salt releases gas 

during its interaction with water [48, 49]. 

Freeze drying emulsion 

In the freeze-drying emulsion method, a polymer is 

dissolved in a solvent and then mixed with water to create 

an emulsion. The mixture is stirred to prevent phase 

separation before being poured into a mold. The mold is 

then placed in liquid nitrogen to freeze the mixture. 

Subsequently, a freeze-dryer removes the solvent and 

water, creating porosity in the structure. The porosity is 

controlled by adjusting factors like the percentage of 

solvent, polymer concentration, water content, and 

freezing temperature. This technique is primarily used for 

creating scaffolds for hard tissue [50]. 

Solvent casting particulate leaching 

For this method, salt crystals (e.g., sodium chloride) are 

placed in a mold. A polymer and solvent mixture is then 

added to the mold, and the polymer is allowed to harden. 

The salt is later removed using a second solvent, usually 

distilled water. The removal of the salt creates a porous 

scaffold structure that matches the shape of the mold. The 

size of the pores can be controlled by adjusting the size 

and amount of salt crystals used [51]. 

Electrospinning 

Electrospinning is a simple and cost-effective technique 

used to produce fibers with diameters ranging from 

microns to nanometers. The process uses a high-voltage 

electric field to draw fibers from a polymer solution. The 

electric field overcomes the surface tension of the 

polymer droplet, causing it to elongate and form fibers as 

it travels toward the collecting plate. Electrospinning is 

beneficial for creating scaffolds that mimic the 

extracellular matrix, as the high surface area-to-volume 

ratio of nanofibers promotes cell adhesion and 

proliferation. This method also allows the incorporation 

of various compounds, including bioglass, into the 

polymer solution to produce composite scaffolds [52-54]. 

Conclusion 

Bone tissue has the remarkable ability to repair minor 

damage on its own, but when the damage is extensive, it 

may not be able to heal completely. In such cases, bone 

tissue engineering offers a promising solution. This field 

combines growth factors and cell scaffolding to promote 

bone regeneration, with scaffold design being the most 

crucial component for success. Understanding the target 

tissue is essential when designing scaffolds, as bone is a 

hard and inflexible tissue. Therefore, scaffolds should be 

made from similarly rigid biological materials. 
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One such material is bioactive glass, which, when placed 

in a body-simulated environment, forms a hydroxyapatite 

crystal layer. This layer closely resembles the mineral 

phase of bone, making bioactive glass an ideal choice for 

the hard phase of bone scaffolds. The manufacturing 

method for the scaffold is another critical factor and 

depends on the specific tissue structure required. 

Among the various scaffold fabrication methods, 

electrospinning is a widely used technique due to its 

ability to produce fibers ranging from several microns to 

nanometers. The high surface area-to-volume ratio of 

these electrospun fibers promotes better cell adhesion 

and proliferation. When combined with bioactive glass, 

electrospun scaffolds can create an effective foundation 

for treating bone-related diseases and injuries. 
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