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Description
Acute Spinal Cord Injury (SCI) is a injurious condition that leads to 

permanent neurological deficits and significant physical disability. 
While the initial trauma to the spinal cord results in primary damage, a 
complex series of secondary injury mechanisms amplify the extent of 
tissue damage and functional loss [1]. These secondary mechanisms, 
which occur in the hours to days following the injury, are critical to 
understand as they offer a window of opportunity for therapeutic 
interventions aimed at minimizing further damage and improving 
outcomes. Secondary damage in SCI involves a rapids of biochemical, 
cellular and molecular events. These include ischemia, inflammation, 
excitotoxicity, oxidative stress and apoptosis, all of which contribute 
to the progressive degeneration of neural tissue [2]. Ischemia or the 
lack of sufficient blood flow to the injured area is one of the earliest 
events following SCI. The initial mechanical injury damages blood 
vessels within the spinal cord, leading to impaired perfusion, oxygen 
deprivation and energy failure in the affected area. This lack of oxygen 
and nutrients triggers a series of cellular responses that further 
compromise the survival of neurons and glial cells [3,4].

Inflammation is another type of secondary injury. Within hours after 
the trauma, inflammatory cells such as neutrophils, macrophages and 
microglia are recruited to the site of injury. While inflammation 
plays a role in clearing cellular debris, it can also become detrimental 
by promoting further damage [5]. The release of pro-inflammatory 
cytokines and chemokines amplifies the inflammatory response, 
leading to the breakdown of the blood-spinal cord barrier, swelling 
and further ischemia. Additionally, activated immune cells release 
Reactive Oxygen Species (ROS) and nitric oxide, contributing to 
oxidative stress and further neuronal injury. Excitotoxicity is a process 
by which excessive release of excitatory neurotransmitters, 
particularly glutamate, leads to neuronal death. Following SCI, 
damaged neurons release large amounts of glutamate, which 
overstimulates receptors on neighboring neurons [6]. This 
overstimulation allows a massive influx of calcium ions into the cells, 
triggering enzymatic pathways that lead to cell death through 
mechanisms such as mitochondrial dysfunction and the activation of 
proteases [7]. Excitotoxicity not only causes immediate damage to

neurons but also disrupts synaptic function, impairing communication 
between surviving neurons [8].

Oxidative stress, driven by the overproduction of ROS and other 
free radicals, further compounds the damage in SCI. Normally, cells 
have antioxidant defense systems that neutralize these harmful 
molecules. However, after spinal cord injury, the balance between 
ROS production and antioxidant defenses is disrupted, leading to the 
accumulation of oxidative damage to lipids, proteins and DNA. This 
oxidative damage contributes to the degeneration of both neurons and 
the supporting glial cells, such as oligodendrocytes, which are 
responsible for maintaining the myelin sheath around axons [9]. 
Apoptosis or programmed cell death is another major component of 
secondary damage. While necrosis, a form of uncontrolled cell death, 
occurs primarily in the immediate aftermath of the injury, apoptosis 
continues to cause cell loss over a prolonged period. Neurons, 
oligodendrocytes and astrocytes all undergo apoptosis in the days and 
weeks following SCI. This cell death contributes to the formation of 
cystic cavities and glial scars within the spinal cord, further hindering 
the potential for regeneration and recovery of function [10].

Conclusion
Understanding the mechanisms of secondary damage in acute 

spinal cord injury is crucial for developing effective treatments. While 
primary injury is unavoidable, interventions that target secondary 
damage can potentially limit the progression of injury and improve 
long-term outcomes for individuals with SCI. The ongoing research 
into neuroprotective, anti-inflammatory and regenerative therapies 
offers hope for future advancements in the management of this 
debilitating condition.
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