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Abstract- Many implants like biodegradable offer a promising approach to enhance bone healing by providing controlled
drug release directly to the site of injury.Compared with non-degradable materials, biodegradable biomaterials play an
increasingly important role in the repairing of severe bone defects, and have attracted extensive attention from
researchers. Twelve publications on pure Mg, Mg alloys and Zn alloys were finally included and reviewed after extraction
from a collected database of 2122 publications.Imagine a tiny implant that not only supports the broken bone but also
serves as a localized drug delivery system. This means that therapeutic agents, carefully selected to aid in bone healing,
infection prevention, and inflammation reduction, are released directly at the site of injury over a controlled period.

Key Words: human bone, bone fracture, biodegradable implants, drug loading

INTRODUCTION:

The study on "Advances in bone fracture management: A comprehensive review of treatment strategies and innovations" aims to
provide context and rationale for the research topic. It starts by acknowledging the significant impact that bone fractures have on
individuals' well-being, emphasizing the importance of effective treatment methods to minimize complications and promote
speedy recovery.

Traditional treatments, such as casting or surgical fixation, have been the go-to approaches for managing bone fractures. However,
these methods have limitations. Casting, for instance, can lead to muscle atrophy and joint stiffness due to immobilization, while
surgical fixation involves invasive procedures that might carry risks of infection, complications, and a prolonged recovery period.
The limitations of conventional treatments have fuelled the exploration of novel strategies to enhance bone healing. This is where
biodegradable implants come into play. These implants are designed to provide structural support to the fractured bone during the
initial stages ofhealing. Unlike permanent implants, which may require a second surgery for removal, biodegradable implants
gradually degrade over time, eliminating the need for a second procedure.

One of the key innovations is the integration of drug delivery within these biodegradable implants®. By loading the implants with
therapeutic agents, such as antibiotics or growth factors, researchers aim to address common complications associated with bone
fractures, such as infection and delayed healing. The localized and controlled release of drugs directly to the site of injury can
help prevent infections and reduce inflammation, thereby promoting a more favourable environment for bone regeneration.

This approach capitalizes on the controlled degradation of the implant to coincide with the healing progression of the bone?. As
the bone heals and gains strength, the implant's need for structural support diminishes, and its gradual degradation aligns with the
bone's recovery. This not only eliminates the need for implant removal but also offers the advantage of targeted drug delivery
precisely when it is most needed.

In conclusion, the introduction serves to establish the significance of the research topic by highlighting the limitations of existing
treatments and the potential benefits of biodegradable implants loaded with drugs. It sets the stage for further exploration into the
mechanisms, benefits, challenges, and implications of this innovative approach in the context of bone fracture management.

HUMAN BONE:

Bone has a hierarchical structure that provides it with the strength necessary for functional loading and specific toughening
mechanisms to resist fracture*. They provide structural support, protect vital organs, facilitate movement, and serve as a reservoir
for minerals like calcium and phosphate.Bones are rigid, hard, and dense connective tissues that make up the human skeletal
system®. Bone fractures create five problems that must be resolved: bleeding, risk of infection, hypoxia, disproportionate strain,
and inability to bear weight 8. Bones are remarkable structures that undergo constant change throughout a person's life.

Each bone in the body is a complex living organ, composed of both organic and inorganic components:

1. Organic Components: These include cells and a protein matrix called collagen. Collagen gives bones their flexibility and
strength, allowing them to withstand bending and twisting forces.

2. Inorganic Components: These mainly consist of minerals, primarily calcium and phosphate, which make bones hard and
resistant to compression. These minerals give bones their density and durability??.

The human skeleton is made up of more than 200 individual bones of various shapes and sizes, categorized into five main types:
1. Long Bones: These bones are longer than they are wide and have a shaft (diaphysis) and two ends (epiphyses). Examples
include the femur (thigh bone) and humerus (upper arm bone).
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2. Short Bones: These bones are roughly cube-shaped and provide stability and support. The bones of the wrist (carpals) and
ankle (tarsals) are examples of short bones.

3. Flat Bones: These bones are thin and flat, providing protection for internal organs and serving as attachment points for
muscles. Examples include the skull, scapula (shoulder blade), and ribs.

4. Irregular Bones: These bones have complex shapes that don't fit into the other categories. The vertebrae (bones of the spine)
and facial bones are examples of irregular bones.

5. Sesamoid Bones: These are small, round bones found within tendons. The patella (kneecap) is an example of a sesamoid bone.

Bones perform several essential functions in the body:

1. Support: Bones provide the structural framework that supports the body's shape and posture.

2. Protection: Bones protect vital organs. For instance, the skull protects the brain, and the ribcage shields the heart and lungs.

3. Movement: Muscles attach to bones, allowing them to generate movement when contracted. Joints enable bones to move in
various ways.

4. Storage: Bones store essential minerals, especially calcium and phosphate, which the body can release when needed for
functions like muscle contraction and nerve signaling.

5. Blood Cell Formation: Bone marrow, found within certain bones, is responsible for producing blood cells (hematopoiesis),
including red blood cells, white blood cells, and platelets.

Overall, bones are vital structures that give the body its shape, provide protection for organs, facilitate movement, store minerals,
and contribute to the production of blood cells. Their complex composition and arrangement make them a crucial component of
the human body's overall function and health.

STRUCTURE OF BONE:

Certainly, let's delve into the structure of bones. Bones are complex organs with a hierarchical structure that combines various
layers and components to provide strength, flexibility, and support to the body. The structural organization of bone can be
described at different levels:

1. Macroscopic Level:

- Diaphysis: Also known as the shaft, the diaphysis is the elongated central part of a long bone. It is primarily composed of
compact bone, which provides strength and stability.

- Epiphyses: These are the rounded ends of long bones. They consist of spongy or cancellous bone covered by a thin layer of
compact bone. The epiphyses contribute to articulation with other bones in joints.

2. Microscopic Level:

Bones have a microscopic structure that consists of various types of bone tissue and cells:

- Compact Bone: This dense outer layer of bone forms a solid shell around the medullary cavity (inner space). Compact bone is
made up of units called osteons, or Haversian systems, which contain concentric layers of bone matrix (lamellae) surrounding
central canals (Haversian canals). Blood vessels and nerves pass through these canals®.

- Spongy (Cancellous) Bone: Found in the interior of bones and the epiphyses of long bones, spongy bone consists of trabeculae
(small, interconnected columns) that create a lattice-like structure. Spaces between trabeculae are filled with red or yellow bone
marrow.

- Bone Marrow: The medullary cavity and spaces within the spongy bone contain bone marrow. Red bone marrow is responsible
for producing blood cells, while yellow bone marrow consists mainly of fat cells®3.

3. Cellular Level:

- Osteoblasts: These cells are responsible for bone formation. They secrete collagen and other organic components, which form
the bone matrix.

- Osteoclasts: Osteoclasts are specialized cells that break down bone tissue during a process called bone resorption. This helps
regulate bone shape, calcium release, and mineral balance.

- Osteocytes: These are mature bone cells embedded within the bone matrix. Osteocytes help maintain bone tissue by sensing
mechanical stress and orchestrating the process of bone remodeling.

- Bone Matrix: The bone matrix is made up of collagen fibers and mineral salts, primarily calcium and phosphate. Collagen
provides flexibility and tensile strength, while mineral salts give bones their hardness and resistance to compression?®,

4. Periosteum and Endosteum:

- Periosteum: The periosteum is a fibrous membrane covering the outer surface of bones. It contains blood vessels, nerves, and
connective tissue that nourish and support bone growth and repair.

- Endosteum: The endosteum is a thin layer of connective tissue lining the medullary cavity and covering the trabeculae within
spongy bone. It contains osteoblasts and osteoclasts involved in bone remodeling?2,

In summary, the structure of bones is characterized by their macroscopic and microscopic composition. Long bones consist of
diaphyses and epiphyses, while the microstructure comprises compact and spongy bone, bone marrow, and a network of cells.
This hierarchical arrangement of bone tissue and components contributes to their remarkable strength, flexibility, and ability to
adapt to mechanical stress over a person's lifetime?.

BONE FRACTURE:

Bone fractures occur when the force applied to a bone is greater than its ability to withstand that force. This can result from
various causes such as falls, car accidents, sports injuries, or even from simple activities if the bone is weakened by conditions
like osteoporosis. The severity and type of fracture depend on factors like the force applied, the angle of impact, and the bone's
strength’.
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Causes and Types:

Closed Fracture: In a closed fracture, the bone breaks but does not puncture the skin. This type of fracture is less likely to cause
infection compared to open fractures.

Open Fracture: Also known as compound fractures, these occur when the broken bone pierces through the skin. Open fractures
are more prone to infection due to exposure to external contaminants.

Greenstick Fracture: Common in children whose bones are more flexible, a greenstick fracture occurs when the bone bends and
breaks partially, similar to how a green twig snap.

Comminuted Fracture: In this type, the bone shatters into multiple fragments. It can be more challenging to treat due to the
increased risk of bone pieces not healing properly*’.

Hairline Fracture: A hairline fracture is a small crack in the bone's surface. It's often difficult to detect and might only show up
on imaging tests like X-rays.

Displaced Fracture: Displaced fractures occur when the broken bone ends are out of alignment. This type often requires
realignment for proper healing.

Non-displaced Fracture:In a non-displaced fracture, the broken bone ends remain in alignment. These fractures are generally
less severe and might require less invasive treatment?*,

Oblique Obligue
Traverse Linear non-displaced displaced Spiral Greenstick Comminufed

Figure 1: Types of Bone Fractures

Symptoms and Diagnosis:

The symptoms of a fracture can vary but typically include pain, swelling, bruising, and difficulty moving the affected area. In
some cases, a noticeable "cracking” sound might be heard at the time of injury. A doctor diagnoses a fracture through a physical
examination, medical history, and imaging tests such as X-rays, which can show the location and extent of the fracture®®.

TREATMENT OF BONE FRACTURE:

The repair of long bones has not been optimized by Mother Nature®. The treatment of bone fractures varies based on factors such
as the type of fracture, its location, the patient's age and overall health, and the presence of any associated complications®. The
primary goals of fracture treatment are to promote proper bone healing, alleviate pain, restore function, and minimize the risk of
complications. Here's an elaborate explanation of the different approaches to treating bone fractures:

1. Immobilization:

For stable fractures, a cast made of plaster or fiberglass is applied around the injured area to immobilize and protect the bone as it
heals. Casts can be customized to fit the specific shape of the body part, providing stability and support.

Splints are used to immobilize and temporarily stabilize the bone before a cast is applied or in cases where swelling might require
flexibility?°.

2. Surgery:

In more complex fractures, surgery may be necessary to realign the bone fragments accurately. Internal fixation devices such as
screws, plates, rods, or wires are used to hold the bone in place while it heals. This approach is common for fractures that are
displaced, comminuted, or involve joints®.

In certain cases, external fixation devices are used. These devices are placed outside the body and are attached to pins that are
inserted into the bone. They provide stability and allow for proper alignment during the healing process.

3. Traction:

Traction involves applying a pulling force to the affected limb to realign the broken bone ends. This approach is sometimes used
before surgery to correct alignment or as a temporary measure to manage fractures in children??.

4. Medication:
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Over-the-counter or prescription pain relievers are often prescribed to manage pain associated with fractures. In open fractures,
where the bone punctures the skin, antibiotics might be prescribed to prevent or manage infection. For individuals at risk of blood
clots due to immobilization, blood thinners might be prescribed?®.

5. Physical Therapy:

Once the fracture begins to heal, physical therapy might be recommended to restore strength, flexibility, and function to the
affected area. Physical therapists can guide patients through exercises and activities to prevent muscle atrophy and regain
mobility. Regular follow-up appointments with a healthcare provider are essential to monitor the healing progress, address any
complications, and make adjustments to the treatment plan if necessary?.

For more severe fractures or fractures involving joints, a more comprehensive rehabilitation program may be required. This could
include ongoing physical therapy, specialized exercises, and gradual return to normal activities.

It's important to note that the treatment approach will be tailored to each individual's specific circumstances. Factors such as age,
overall health, lifestyle, and the type of fracture play a significant role in determining the most appropriate course of action.
Effective fracture treatment requires a collaborative effort between the patient, orthopaedic specialist, and healthcare team to
achieve the best possible outcome in terms of healing, function, and quality of life.

NOVEL THERAPY FOR BONE FRACTURE:

Types of biodegradable materials for bone fracture:

Several biodegradable materials can be used for bone fracture treatment to create implants that provide initial stability and support
during healing, gradually degrade, and stimulate bone regeneration. Here are some examples of biodegradable materials that have
been investigated for this purpose:

1. Biodegradable Polymers:

Poly (lactic acid) (PLA): PLA is a biocompatible and biodegradable polymer that has been widely studied for medical
applications. It degrades into lactic acid, a naturally occurring compound in the body, which is then metabolized.

Poly (glycolic acid) (PGA): PGA is another polymer that can degrade into glycolic acid. It's known for its strength and is often
used in combination with other polymers to create composite materials?.

Poly (lactic-co-glycolic acid) (PLGA): PLGA is a copolymer of PLA and PGA, offering a balance between the degradation rates
of the two individual polymers. It's commonly used in medical devices due to its tunable degradation characteristics?.
Polycaprolactone (PCL): PCL is a slow-degrading polymer that retains its mechanical strength for an extended period. It has been
used in bone regeneration applications due to its long-lasting support.

2. Biodegradable Ceramics:

Calcium Phosphate: Calcium phosphate ceramics closely resemble the mineral composition of bone. They gradually degrade and
release calcium and phosphate ions, promoting bone healing and regeneration.

Tricalcium Phosphate (TCP) and Hydroxyapatite (HA): Both TCP and HA are biocompatible ceramics that can be used as
scaffolds for bone growth. They degrade at a controlled rate, supporting bone healing?.

3. Biodegradable Metals:

Magnesium Alloys:

Magnesium alloys have gained significant attention as potential biodegradable implant materials. Magnesium is an essential
mineral in the body and plays a role in bone health. Magnesium alloys can provide mechanical support to fractured bones while
gradually corroding in the body's physiological environment. As the alloy degrades, magnesium ions are released, which can
stimulate bone formation and healing. One challenge with magnesium alloys is controlling the degradation rate to match the bone
healing timeline?.

Zinc Alloys:

Zinc is another biocompatible metal that has been explored for biodegradable implants. Zinc alloys can gradually degrade and
release zinc ions, which have been shown to support bone growth and tissue regeneration. These alloys can provide initial
stability and eventually be absorbed by the body, eliminating the need for implant removal surgeries?°.

Iron Alloys:

Iron-based alloys, such as iron-manganese and iron-polymer composites, have been investigated for their potential as
biodegradable implant materials. Iron is a biocompatible element, and these alloys can corrode in the body's environment,
releasing iron ions. Some iron-based alloys are designed to degrade gradually and provide mechanical support during the critical
healing period®.

Zirconium Alloys:

Zirconium alloys are being explored as potential biodegradable implant materials due to their biocompatibility and corrosion
properties. These alloys can gradually break down and release zirconium ions, which may have a positive impact on bone
regeneration and healing.

Calcium-Based Alloys:

Calcium-based alloys, such as calcium phosphate and calcium magnesium alloys, have been studied for their ability to mimic the
mineral composition of natural bone. These alloys can gradually degrade in the body, releasing calcium and other ions that
support bone healing and tissue regeneration.

Combination Alloys:
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Some research has focused on developing combination alloys that incorporate multiple elements to achieve specific degradation
rates, mechanical properties, and biocompatibility profiles. These alloys are engineered to provide optimal support during the
healing period while gradually degrading and being absorbed.

It's important to note that the selection of a biodegradable metal for bone fracture treatment depends on various factors, including
the desired degradation rate, mechanical properties required for stabilization, and the potential biological effects of the released
ions. Research in this field is ongoing, and scientists continue to explore new alloy compositions and designs to optimize the
performance of biodegradable implants for bone fracture treatment.

4. Natural Biodegradable Materials:

Collagen: Collagen is a natural protein found in bone and other connective tissues. Collagen-based scaffolds can be used to
support bone regeneration and provide a template for new bone growth?’.

Chitosan: Chitosan is derived from chitin, a natural polymer found in crustaceans. It has been studied for its potential to enhance
bone healing and tissue regeneration?,

These materials can be used alone or in combination to create implants or scaffolds that provide mechanical support while
gradually degrading as the bone heals. The choice of material depends on factors such as the desired degradation rate, mechanical
properties, biocompatibility, and the specific needs of the patient and fracture type. Researchers continue to explore and develop
new biodegradable materials and formulations to optimize their use in bone fracture treatment.

How Biodegradable Implants Work:

1. Initial Support: Similar to traditional metal implants, biodegradable metal implants are used to stabilize fractured bones and
maintain proper alignment during the healing process. They provide mechanical support and prevent movement that could hinder
bone healing.

2. Gradual Degradation: What sets biodegradable implants apart is their ability to degrade naturally as the bone heals. These
implants are made from materials that are compatible with the body and can be broken down by the body's natural processes.

3. Stimulation of Healing: As the biodegradable implant degrades, it releases metallic ions or other compounds that can stimulate
bone growth and healing at the fracture site.

4. Elimination of Second Surgery: Since biodegradable implants degrade over time, they eliminate the need for a second surgery
to remove the implant once the bone has healed. This reduces the risks, costs, and inconvenience associated with implant removal
procedures®,

Advantages of Biodegradable Implants:

1. Reduced Risk of Infection: The risk of infection is reduced because there's no need for a second surgery for implant removal,
which can introduce the risk of infection.

2. Natural Healing: Biodegradable implants encourage natural bone healing processes by providing support during critical stages
of bone regeneration.

3. Elimination of Stress Shielding: Traditional permanent metal implants can cause stress shielding, where the implant bears too
much load, potentially leading to bone atrophy around the implant. Biodegradable implants avoid this issue as they degrade,
allowing the bone to gradually bear more load®.

4. Customization: Biodegradable implants can be designed and shaped to fit the unique contours of a patient's bone, enhancing
their effectiveness®,

5. Environmentally Friendly: Biodegradable implants reduce the long-term presence of foreign materials in the body and
minimize the environmental impact associated with permanent implants®2.

Considerations:

While the concept of biodegradable implants is promising, challenges remain, such as finding the right combination of materials
that balance strength, degradation rate, and biocompatibility. Additionally, the effectiveness of these implants in different fracture
types and patient populations needs further research.

Drug loading in biodegradable implants:

It is a sophisticated treatment approach where biodegradable implants are designed to release specific drugs at the site of a bone
fracture. This method combines the benefits of implant stability with controlled drug delivery, aiming to enhance the bone healing
process and improve patient outcomes.

In the context of bone fracture treatment, the biodegradable implant is engineered to carry and release therapeutic drugs directly
to the fracture site. The process of incorporating drugs into the implant is known as "drug loading." The drugs can include growth
factors, pain relievers, anti-inflammatory agents, antimicrobial substances, or any other therapeutic compounds that can aid in the
healing process®.

Controlled Drug Delivery:

The goal of drug loading is to achieve controlled drug delivery, where the implanted device releases the drugs in a controlled and
sustained manner over a specific period. This targeted drug release ensures that the therapeutic agents are delivered directly to the
fracture site, optimizing their effectiveness while minimizing potential side effects on the rest of the body.

Enhanced Bone Healing:

By releasing specific drugs at the fracture site, the biodegradable implant can enhance the bone healing process by usinggrowth
factors or drugs that promote osteogenesis (bone formation) can accelerate the regeneration of bone tissue, helping the fracture to
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heal faster.Anti-inflammatory drugs can help control inflammation at the fracture site, which can aid in reducing pain and
promoting proper healing.

Antimicrobial agents can prevent or treat infections that might occur at the fracture site, minimizing the risk of complications.
Pain-relieving drugs can provide localized pain relief, enhancing patient comfort during the healing process.

Patient-Specific Approach:

The drugs and their release profiles can be tailored to the specific needs of each patient and the type of fracture. This personalized
approach allows healthcare professionals to optimize treatment outcomes based on individual circumstances.

CONCLUSION:

This comprehensive review sheds light on the potential paradigm shift brought about by biodegradable implants loaded with
drugs in bone fracture treatment. In the world of fixing broken bones, combining dissolvable implants with special drugs is like a
new superhero team-up. These implants give temporary support and then vanish, while the drugs they release work directly where
the bone is hurt. This smart teamwork speeds up healing, reduces pain, and makes sure the treatment matches each patient's needs.
Though this idea is super cool, it's not without challenges. Picking the right drugs, figuring out how much to release, and making
sure everything works together isn't easy. But scientists are constantly improving this idea by using better materials and smarter
technology.

In the end, the combination of dissolvable implants and drug delivery is like a new way to heal bones, making recovery quicker
and better. It's a bit like a team of superheroes working together to make sure bones mend well and people feel better faster.
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