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Abstract 

This book illuminates the complex aspects of spinal cord injuries (SCIs) and their treatment. 

It elaborates on the pathophysiology of SCIs (primary and secondary injuries), diagnostics 

(CT, MRI), and both conservative and surgical approaches. The book analyzes the current 

limitations of neurosurgery, particularly the difficulty of nerve regeneration and the 

obstacles posed by glial scars. Furthermore, innovative treatment methods such as stem cell 

therapy, gene therapy, biomaterials, and neurotechnologies are discussed, emphasizing the 

importance of future research and combined therapies. The work provides comprehensive 

information on the challenges in treating SCIs and the scientific pursuits aimed at achieving 

complete recovery. 
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Introduction 

The spinal cord is one of the most complex and delicate parts of the human body. It acts as a 

central communication pathway, transmitting nerve impulses from the brain to all parts of the body 

and controlling vital functions. Therefore, spinal cord injuries (SCIs) are a serious global 

problem, not only medically but also socially. Every year, millions of people worldwide suffer 

spinal cord injuries due to traffic accidents, falls, sports injuries, or violence. These injuries often 

lead to entirely life-altering consequences, including permanent paralysis and severe disability. 

SCIs don't just limit physical movement; they also affect vital processes like sensation, bladder 

function, bowel activity, body temperature regulation, and reproductive functions. Patients suffer 

not only from physical disability but also from complex problems such as psychological 

depression, social isolation, and a sharp decline in their quality of life. This situation places a heavy 

burden on healthcare systems and has significant economic repercussions for society. 

Neurosurgery plays a primary role in treating spinal cord injuries. In the initial stages, surgical 

intervention aims to relieve compression of the spinal cord, ensure the stability of the spinal 

column, and minimize the secondary effects of the injury [7]. However, the complex structure of 

spinal cord tissue and its limited regenerative capacity currently restrict the capabilities of 

neurosurgery. In this book, we'll comprehensively examine the deep pathophysiology of spinal 

cord injuries, modern diagnostic and treatment methods, as well as the current limitations and 

future prospects of neurosurgery in this field. Our main goal is to understand the challenges in 
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achieving complete recovery from spinal cord injuries and to discuss new scientific discoveries 

and technological advancements in this area. 

 

The Nature and Pathophysiology of Spinal Cord Injuries 

A spinal cord injury isn't simply a physical trauma; it's an event that triggers a cascade of complex 

biological processes. These processes deepen the damage to nerve cells and tissues, leading to an 

intensification of functional loss. In this chapter, we'll analyze the pathophysiology of spinal cord 

injury—how it occurs and what changes it brings about in the body—in two main stages: primary 

and secondary injury. 

 

Primary Injury: The Initial Impact 

Primary injury is the damage that results from the direct mechanical force exerted on the spinal 

cord. This force can manifest in several forms: 

Compression: One of the most common scenarios involves the spinal cord being compressed 

under external pressure. This can occur due to a spinal fracture, a herniated disc protruding into 

the spinal canal, or a hematoma (blood clot) forming at the injury site. Compression directly 

damages nerve fibers, disrupting their function. 

Contusion and Laceration: Severe impact or twisting movements can lead to contusion 

(bruising) or even complete transection (laceration) of spinal cord tissues. In these cases, nerve 

fibers are severed, completely stopping signal transmission. 

Vascular Damage: Damage to the small blood vessels supplying the spinal cord leads to ischemia 

(reduced blood flow) and hypoxia (lack of oxygen). The deprivation of oxygen and nutrients 

causes the death of nerve cells, as they are highly sensitive to oxygen deficiency. 

Primary injury occurs immediately and is often irreversible. Its severity depends on the force of 

the impact and the specific location of the injury. 

Secondary Injury: The Chain Reaction 

Following the primary injury, a series of biochemical and cellular processes begin within minutes, 

hours, or even days. These processes cause even more nerve cell death and greater functional loss 

than the initial injury. This phenomenon is termed secondary injury, and understanding it is 

crucial for developing treatment strategies [1, 2]. 

Excitotoxicity: After the injury, neurotransmitters like glutamate are released in excessive 

amounts. These substances overstimulate nerve cells, initiating a process called excitotoxicity that 

leads to their demise. 

Inflammatory Response: Immune cells (e.g., macrophages) arrive at the injury site via the 

bloodstream and release inflammatory mediators (cytokines, chemokines). While this 

inflammation initially serves a protective function, if it continues uncontrolled, it can harm healthy 

tissues as well [2]. 

Free Radical Formation: Excessive amounts of free radicals (oxidizing agents) are produced in 

damaged cells and surrounding tissues. These free radicals damage cell membranes, proteins, and 

DNA, accelerating cell death. 

Myelin Loss: The myelin sheath surrounding nerve fibers ensures fast and efficient transmission 

of nerve impulses. Damage or loss of myelin due to injury significantly impairs nerve impulse 

conduction. 
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Formation of Glial Scar Tissue: In response to injury, glial cells called astrocytes become 

activated and proliferate at the damaged site. Along with collagen and other substances, they form 

scar tissue—known as glial scars. These scars act as both mechanical and biochemical barriers 

to the growth of axons (nerve fibers), preventing them from passing through the damaged area and 

re-establishing connections [3]. Glial scars also release molecules that inhibit axonal growth. 

A deep understanding of these complex processes serves as the foundation for developing new and 

effective therapeutic strategies for treating spinal cord injuries. Controlling and minimizing 

secondary injury, and preventing neuronal death, are crucial for improving the chances of 

functional recovery after spinal cord injury. 

Second Chapter: Diagnosis and Initial Medical Aid 

When a spinal cord injury is suspected, rapid and accurate assessment of the patient's condition, 

along with proper first aid, is vital for saving lives and preventing further complications. The 

diagnostic process involves evaluating the patient's clinical status and utilizing modern imaging 

techniques. 

Clinical Assessment: Every Minute Counts 

In emergencies involving spinal cord injuries, speed is paramount. Physicians first assess the 

patient's general condition, level of consciousness, and respiratory function. Then, a neurological 

examination is performed. 

History Taking: As much information as possible is gathered about how the injury occurred, its 

mechanism, the characteristics of pain that appeared after the injury, and any sensory or motor 

disturbances. For example, the degree of paralysis or the loss or weakening of sensation can 

indicate the location and severity of the injury. 

Neurological Examination: This examination carefully assesses the patient's sensation 

(superficial and deep), motor functions (muscle strength), reflexes, and sphincter control (bladder 

and bowel function). The ASIA (American Spinal Injury Association) Impairment Scale, a 

specialized scale, is widely used to accurately assess the level of spinal cord injury and functional 

status [4]. This scale helps determine if the injury is complete or incomplete and aids in predicting 

recovery. For instance, if a patient retains sensation but has lost the ability to move, this might 

suggest an incomplete injury. 

Imaging Techniques: Seeing the Inner World 

While clinical examinations provide an initial understanding, imaging techniques are crucial for 

identifying precise damage to the spinal cord and spine. 

Radiography (X-ray): This is an initial imaging technique used to visualize the bone structures 

of the spinal column. It provides quick information for detecting spinal fractures or dislocations. 

However, it cannot clearly visualize soft tissues like the spinal cord or nerves. 

Computed Tomography (CT): CT has very high accuracy in detecting damage to bone 

structures, such as small fractures, bone fragments entering the spinal canal, or hematomas [5]. CT 

images provide a three-dimensional view, assisting surgeons in planning operations. 

Magnetic Resonance Imaging (MRI): MRI is the most sensitive and informative method for 

diagnosing spinal cord injuries. It allows visualization of the spinal cord tissue itself, ligaments, 

discs, and even internal bleeding within the injury [5]. Important information about the severity of 

the injury, the degree of pressure on the spinal cord, and the prognosis for recovery is obtained 
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using MRI. MRI can also detect swelling around the spinal cord, damage to the myelin sheath, and 

other subtle changes. 

Initial Medical Aid: Saving Lives and Preventing Complications 

In cases where a spinal cord injury is suspected, initial medical aid aims to stabilize the patient's 

condition and prevent additional injury. It's absolutely necessary to immobilize the patient's neck 

and spinal column (keep them in a fixed position). This prevents further spinal cord damage during 

transport or subsequent manipulations. 

Upon arrival at the hospital, measures such as addressing shock, controlling blood pressure, and 

supporting breathing are taken. In high spinal cord injuries, breathing may be impaired due to 

diaphragm paralysis, requiring connection to a mechanical ventilator. Furthermore, management 

of bladder and bowel function begins early, as these functions can also be impaired after injury. 

Proper and rapid diagnosis, along with qualified initial medical aid, play a crucial role in saving 

the patient's life and increasing their chances of recovery after a spinal cord injury. 

Treatment Strategies: Conservative and Surgical Approaches 

Treating spinal cord injuries is a complex and multifaceted process aimed at stabilizing the 

patient's condition, reducing the secondary effects of the injury, and maximizing functional 

recovery. Treatment approaches include conservative and surgical methods, the choice of which 

depends on the severity, location of the injury, and the patient's overall condition. 

Conservative Treatment: Non-Surgical Approaches 

In some cases, especially when the injury is relatively mild or when there are contraindications to 

surgical intervention, conservative treatment is chosen. 

Immobilization: To stabilize the patient's condition and prevent additional spinal cord injury, 

devices such as neck braces, corsets, rigid beds for supine positioning, or other fixation devices 

are used. This helps keep the spine in a fixed position. 

Drug Therapy:  

Corticosteroids: In the initial stages, high doses of corticosteroids (e.g., methylprednisolone) 

may be used to reduce inflammation. However, their benefit is debatable, and they can have 

significant side effects (e.g., risk of infection, bleeding), so their use is individually evaluated in 

each case [6]. 

Neuroprotective Agents: Drugs aimed at reducing nerve cell death (e.g., gangliosides, glutamate 

receptor antagonists) are currently in the research phase, and their clinical efficacy has not yet been 

fully proven. 

Pain Relievers: Various pain medications are used to control the patient's pain and improve their 

condition. 

Other Medications: Medications may be prescribed to reduce muscle spasms and manage bowel 

and bladder function. 

Respiratory Management: If respiratory muscles are paralyzed as a result of high spinal cord 

injuries, the patient may require mechanical ventilation (artificial respiration) to support 

breathing. 

Bladder and Bowel Management: SCIs often lead to impaired bladder and bowel function. 

Regular catheterization and bowel management programs are necessary to prevent infections and 

ensure patient comfort. 
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Surgical Treatment: A Key Step on the Path to Recovery 

The primary goals of surgery are to relieve pressure on the spinal cord (decompression), stabilize 

the spinal column, and prevent future damage. The type and extent of surgery are determined by 

the neurosurgeon based on the severity, location of the injury, and the patient's overall condition 

[7]. 

Decompression: This operation involves removing bone fragments, disc fragments, or hematomas 

that are putting pressure on the spinal cord. Relieving pressure can reduce damage to nerve tissue 

and increase the potential for recovery. For example, laminectomy (removal of the back part of 

the vertebra) is widely used to relieve spinal cord compression. 

Stabilization: If the spinal column has lost its stability, surgeons perform an operation to fix it 

using special equipment, such as screws, plates, or rods. This prevents further movement of the 

spinal cord and creates conditions for recovery. Stabilization is particularly important in cases of 

spinal fracture or dislocation. Sometimes bone grafting (using autograft or allograft) is also 

employed. 

Spinal Cord Transection: If the spinal cord is partially or completely severed, surgical correction 

is attempted. However, these operations are very complex and often do not lead to complete 

functional recovery, as the regeneration of nerve fibers in the central nervous system is extremely 

difficult. 

After surgery, the patient's recovery takes a long time and involves intensive rehabilitation. While 

surgery is vitally important in the acute phase of spinal cord injuries, its capabilities are currently 

limited in achieving full functional recovery. Therefore, researchers and physicians continue to 

search for more effective approaches to treating spinal cord injuries. 

 

Neuroregeneration and Innovative Therapies: Hope for the Future 

While traditional neurosurgical methods have limited capabilities in achieving complete recovery 

from spinal cord injuries, recent advancements in neurobiology and biotechnology are opening 

new doors of hope. Researchers are actively investigating innovative therapies aimed at 

stimulating the regeneration of nerve tissue, replacing damaged cells, and restoring nerve 

conduction. 

 

Neuroregeneration Strategies: Regrowing Nerve Fibers 

Neuroregeneration is the process of stimulating the regrowth of damaged nerve fibers (axons) 

and forming new connections between them. This process is very difficult in the central nervous 

system, but scientists are exploring various ways to achieve it. 

Axonal Growth Promoting Factors: Proteins that support the growth of nerve cells and guide 

their development—neurotrophic factors (e.g., nerve growth factor - NGF, brain-derived 

neurotrophic factor - BDNF) are being introduced to the injury site in attempts to stimulate 

axonal growth [8]. 

Blocking Inhibitory Factors: Myelin-associated inhibitors (e.g., Nogo-A, MAG, OMgp) that 

form at the spinal cord injury site hinder the growth of nerve fibers. Developing substances that 

block them could improve axonal regrowth [9]. Monoclonal antibodies and other molecular 

approaches are being tested in this area. 
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Enzymatic Approaches: Enzymes that break down chondroitin sulfate proteoglycans 

(CSPGs), components of glial scars (e.g., chondroitinase ABC), can reduce scar tissue at the 

injury site, creating a more favorable environment for axonal growth [3]. This method may help 

nerve fibers bypass the scar barrier. 

Stem Cell Therapy: Restoring Lost Cells 

Stem cell therapy is one of the most promising directions in treating spinal cord injuries. These 

cells have the ability to differentiate into other cell types and hold potential for repairing damaged 

tissues [10]. 

Mesenchymal Stem Cells (MSCs): Obtained from bone marrow, adipose tissue, and other 

sources, these cells are generally not rejected by the immune system and exhibit neuroprotective 

effects. They produce neurotrophic factors and reduce inflammation. Significant improvements 

have been observed with MSCs in clinical trials. 

Neural Stem Cells (NSCs): These cells, which can differentiate into neurons and glial cells, are 

transplanted to the injury site and can replace lost nerve cells or form new neural connections. 

However, there are issues related to their source and immunological compatibility. 

Induced Pluripotent Stem Cells (iPSCs): These cells are generated by reprogramming adult 

somatic cells and possess properties similar to embryonic stem cells. Since they are derived from 

the patient's own cells, they reduce the risk of immune rejection and have the potential to 

differentiate into various cell types. 

Gene Therapy: Modifying the Genetic Program of Tissues 

Gene therapy aims to stimulate the production of proteins with neuroprotective or 

neuroregenerative effects by introducing genes into the spinal cord [11]. For example, genes that 

promote axonal growth or block inhibitory factors can be introduced. This method helps enhance 

the self-repairing ability of damaged tissues. 

Bioengineering and Biomaterials: Paving the Way for Nerves 

Bioengineering offers innovative solutions for treating spinal cord injuries. 

Nerve Guidance Conduits: These are artificial tubes placed in the damaged spinal cord cavity 

that provide a directed pathway for axonal growth [12]. These conduits can be filled with nerve 

growth factors, stem cells, or other biochemical substances, making the regeneration process even 

more effective. 

 

Conclusion 

Spinal cord injuries (SCIs) remain one of humanity's most serious and complex medical 

challenges. The role of neurosurgery in stabilizing the spinal cord and relieving compression in 

the acute phase of injury is highly significant and vital [7]. However, the limited regenerative 

capacity of nerve tissue, the complexity of secondary injury mechanisms, and the formation of 

glial scars define the current limitations of neurosurgery [1, 2, 3]. These limitations are the primary 

obstacles to achieving complete functional recovery. Therefore, ongoing research into 

neuroregeneration and innovative therapies offers significant hope for developing more 

effective treatments for patients with SCIs in the future. 
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