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Abstract: Spinal injury can be devastating for the patient and their family. It can be a big economic burden for
families and society. Most spinal injury patients are young and injuries are usually caused by road traffic accidents,
falls from heights, or by acts of violence. Injury can occur in any part of the spine. Spinal injury can be with or
without neuro-deficit and with or without instability; for this reason, in these patients, clinical and radiological
evaluations are very important. Management ranges from simple immobilization to complex decompression
and stabilization. The early part of this chapter will discuss the history and epidemiology of spinal injury, the
three-column theory of spinal stability, the clinical and radiological evaluation of spinal injury patients, and the
classification of spinal injury. The later part of this chapter will briefly demonstrate the principles of management
of specific types of spinal injury, as well as their complications and outcome prediction.

Abbreviations

AD autonomic dysreflexia AlS ASIA Impairment Scale
CNS central nervous system CVv Cardiovascular

(GAVA craniovertebral junction dislocation DBH dopamine-S-hydroxylase
DVT deep vein thrombosis GW Gardner-Wells

ICU intensive care unit MAO monamine oxidase

MRI magnetic resonance imaging NLI neurological level of injury
PE pulmonary embolism SCI spinal cord injury

1. Introduction

Spinal injury can cause an overwhelming debilitation in the patient’s life. Adjusting to the new condition is
a test for all who are included, as it is particularly costly from the monetary perspective, both for the patient and
their family and for healthcare administrations, as improving the patient’s quality of life requires a wide range
of assorted costs. Furthermore, most patients who experience the ill effects of spinal injury are of working age;
therefore, they lose their source of revenue and become absolutely contingent upon their family, both monetarily
and in terms of their basic needs, for example, eating, getting dressed, bathing, and so on, requiring in-home,
personalized medical care. As indicated by different epidemiological examinations, spinal cord injury affects
somewhere in the range of 236-1298 people per million worldwide (Guttman 1973). Spinal cord injury (SCI) can
result from acute trauma, compression, and from hemisection. These three causes are reflected in the clinical scores
for the study of SCI. Each of the three results in various levels of essential tissue damage. Despite noteworthy
advancements in the recovery of SCI patients, the following areas have not been satisfactorily researched: (1)
the overall fundamental pathophysiologic issues that happen in severely affected subjects, such as osteoporosis,
periarticular bone alterations, hypertensive emergencies, etc.; (2) moderation of serious injury: anti-inflammatories
or careful intervention to protect as much sensory and motor function as possible; and (3) the potential recovery
of lost motor function. Acute injury to the spinal cord results in an immediate loss of motor function. The capacity
to walk requires the support of a number of long tracts of the spinal cord. Moreover, pathophysiologic changes
happen following SCI. If we are mindful of the specific pathophysiologic condition of the patient, it is conceivable
to diminish the pace of progressive loss of function after acute spinal cord injury and to preserve some level of
motor and sensory function by proper intervention. The morphologic changes that result from fall-related spinal
cord injuries in exploratory animal models are like those that happen in most human spinal cord injuries. The
cell layers of neurons, glia, and veins go through irreversible pathologic changes that lead to the degeneration
of the spinal cord and incorporate mechanical and vascular disruption and the influx of free radicals. In spinal
cord injury models, blood flow to the affected fragment is especially diminished, indicating that ischaemia might
be a significant pathogenic component (DeVivo 2002). The reduced blood flow might lead to vasospasm or
microvascular dysfunction, or both. The spinal cord and the remainder of the central nervous system (CNS) have
high requirements to function correctly, more so than other vital organs. The blood—CNS barrier maintains a
special climate for the CNS by barring certain substances and improving the transport of others, for example,
ascorbic acid. Accordingly, lipid and protein membranes must be physicochemically flawless to maintain the
functioning of the sensitive films engaged in their transport. Minor disruptions in the arrangement of key atoms
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in the membranes of the lipids that help keep up the dynamic state of key catalysts, for example, Na+, K+-ATPase,
adenylate cyclase, and prostaglandin synthetase, can have adverse outcomes. Modifying lipid transmission will
influence synaptosome arrangement and the coupling of transmitter receptors. Biogenic amines delivered inside
the spinal cord after injury have been studied.

2. Epidemiology and History

SCI was first mentioned as “an illness not to be cured” by a mysterious physician from Egypt in the supposed
Edwin Smith Papyrus over 5000 years ago (Guttman 1973). The prognosis for people with SCI has only recently
improved. Before World War 11, an individual with SCI had a future that was rarely longer than two years; the
majority succumbed to renal failure, septic infections, and pressure ulcers. With the appearance of anti-microbials
and improved restorative strategies, noteworthy advancement has been made toward viably alleviating and
dealing with the various unexpected problems stemming from SCI. People with SCI have improved their capability
for self-care and mobility, which typically enables them to reintegrate into their social networks. This has been
made possible by improved intensive care strategies as well as early and comprehensive rehabilitation. The
prevalence of SCI has slowly increased, and the relevance of this problem as a medical issue for society has
increased, despite the fact that the annual frequency of SCI in the USA has remained stable and that the chances
of death every year after injury have decreased. Even though the general incidence has stayed consistent in recent
decades, the most prevalent causes of SCI have changed. Car accidents are the main cause of SCI, followed by
falls and violence-related reasons (National Spinal Cord Injury Statistical Center 2005). Over time, the severity of
injuries associated with sports has decreased while the severity of injuries from falls has increased. Before 1980,
13% of SCI cases were attributed to acts of violence. This percentage peaked at 25% between 1990 and 1999, then
started to decline to 14% starting in 2000. Despite the fact that most injuries happen in people between the ages
of 16 and 30, the mean age at acute SCI has increased to 37.6 years.The percentage of affected people over 60
years old increased from 5% prior t01980 to 11% after 2000. The origin of the injury differs between age groups,
with sports-related and violence-related injuries commoner in the younger population and falling-related injuries
commoner in the elderly population. There is a more prominent occurrence of SCI in the hotter months and on
weekends. There has been an ongoing pattern toward a higher number of incomplete injuries, perhaps because of
differing aetiology (e.g., falls cause an incomplete injury and violent trauma a complete injury), improved therapy
at the site of injury by emergency services, and the availability of immediate medical attention. At the time of
injury, over half of the individuals with SCI are secondary school graduates and of working age. Less than 33% of
people are married at the time of spinal cord injury, with the majority (30%) being single (Go et al. 1995). Cervical
injuries make up about 13% of all acute SCIs, whereas thoracic injuries make up the remaining 33%. The most
common level of injury resulting in paraplegia is T12, and the most common injury resulting in neurological
sequelae is C5, followed by C4 and C6, in the cervical region.

3. Three-Column Concept of the Spine

Francis Denis, in 1983, published a novel classification of spinal fractures as well as their management among
stakeholder medical professionals (Zhang and Chauvin 2021; Denis 1983). In place of Sir Frank Holdsworth’s
earlier two-column theory, he devised a three-column theory (Holdsworth 1970). This newly developed
three-column hypothesis later served as the cornerstone of a system for categorizing spinal injuries.

In the Denis classification system, the spinal architecture is divided into three columns including the
following components (Figure 1) (Zhang and Chauvin 2021; Denis 1983; Holdsworth 1970):

Anterior column:

ALL (anterior longitudinal ligament);
Anterior two-thirds of the vertebral body and the annulus.

Middle column:

Posterior one-third of the vertebral body and the annulus;
Posterior vertebral wall;
PLL (posterior longitudinal ligament).
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Posterior column:

Everything that is behind the PLL plus the posterior ligamentous complex as well as the posterior bony
arch (supraspinous ligament, capsule of facet joint, interspinous ligament, and ligamentum flavum).
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Figure 1. Three-column model of the spine. Source: Figure by authors.

To explain the innate instability of the middle column, the third column was created (Denis 1983; Denis
1984). When the posterior longitudinal ligament is injured in conjunction to the posterior annulus fibrosis, middle
column fractures are deemed unstable, but an isolated total breakdown of the posterior ligamentous complex is
not enough to cause complete instability (Zhang and Chauvin 2021).

4. Clinical Evaluation of SCI

The International Standards for Neurological Classification of Spinal Cord Injury, more commonly referred
to as the American Spinal Injury Association (ASIA) guidelines, are the most precise method for evaluating SCI
(Figure 2) (Sapru 2002; American Spinal Injury Association and International Spinal Cord Society 2006). This
enables the clinician to determine the motor, physical, and neurological consequences of the injury, the level of
the injury, and the ASIA Impairment Scale (AIS) score. The sensory and motor components, along with certain
mandatory and optional components, make up the two main segments of the neurologic evaluation of a person
with SCI. The necessary components include the assessment of neurological, motor, and sensory function levels,
motor and sensory scores, and an assessment of the injury level. An anal examination that checks for voluntary
anal contraction and deep anal pressure sensation is also necessary. A standardized neurological scale should be
used to capture this information so that it may be retained in clinical records. The optional components are those
portions of the neurological evaluation that do not contribute to the mathematical scoring but may reflect a more
accurate scenario of the patient’s clinical status. These include tests of additional muscles, proprioception, as well
as reflexes. An instruction handbook and videotapes on the international regulations in this regard are available
via the ASIA office in Atlanta, Georgia. These recommendations provide the definitions for the most often used
terminology that doctors use to assess neurological function and evaluate SCI. The Model System Spinal Cord
Injury information network uses the international recommendations since they are the most comprehensive and
reliable system for evaluating SCI. This information network, which is maintained by designated SCI Model
System centres in the USA, keeps track of information about spinal cord injury, provides rehabilitation services,
and conduct research on SCI from the onset of injury to its progression over the long term.

For sensory functioning in incomplete spinal cord injury, a mathematical scale is utilized, which is as follows:

0—1Iack of sensation;

1—weakened sensation, characterized as fractional or modified sensation, encompassing hyperaesthesia;
2—typical sensation, with the face being the ordinary reference point.
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Central Cord Syndrome Anterior Cord Syndrome Brown-Sequard Cord Syndrome

Figure 2. lllustrations of different types of incomplete spinal cord injury. Source: Figure by authors.

The patient must be capable of differentiating between a safety pin’s sharp and dull edges in a pinprick test.
The failure to distinguish between the two results in a score of 0. When a patient can differentiate between the
sharp and dull end but the pin is not felt as sharply as it would be on the face, the patient receives a score of 1 for
a weaker response to the pinprick test. If the pain the same as on the face, a score of 2 (normal) is assigned. A
cotton swab is utilized to assess light touch, with a normal score of 2 representing a touch sensation equivalent
to that on the face and a weakened score of 1 representing less sensation than on the face. The tactile level is
described as having a characteristic sensation for both the pinprick and light touch on both sides of the body.
This is also assessed on the caudal dermatome. For each dermatome, the scores for pinprick and light touch
are added separately to produce a possible absolute score of 112 for tactile record scoring (56 on each side). A
digital examination is conducted to evaluate deep anal sensation. The clinician approaches the patient and firmly
presses a digit on the inside of the anus to feel for any tactile awareness, whether related to touch or pressure.
One or the other must be present in order for deep anal sensation to be recorded. Proprioception, which refers
to the ability to sense joint position and movement, temperature, and force, is an optional component of the
sensory function assessment. In the unlikely event that precise tactile examination of any dermatome cannot
be carried out, “not tried” should be noted, or another site within the dermatome can be examined, with proof
that a different site was used. Ten important muscles on each side of the body—five in the upper appendages
and five in the lower appendages—are tested as part of the motor assessment. Beginning with the elbow flexors
(i.e., C5 innervated muscles) and ending with the plantar flexors, muscles should be tested in a cranial-to-caudal
pattern. Although the majority of muscles are supplied by more than one nerve root, these muscles have been
chosen for examination as they are consistently essentially innervated by the relevant segment and because they
are straightforward to test while lying in a reclined position. A muscle is regarded to have complete innervation
by at least one of its innervating segments in SCI if it receives a rating of 3/5. A muscle is regarded as important
for useful activities if it has a grading of over 3 and if it can generate resistance against gravity (Welch et al. 1986).
Different major muscles (such as the deltoids, abdominal muscles, and hip adductors) may be used; however,
they are not utilized to detect the connection of specific regions of the spinal cord or to determine a motor level.
In addition to the major muscles, the external anal sphincter should be tested by digital examination to identify
voluntary contraction. To avoid confusing reflex contraction of the anal sphincter with voluntary contraction, care
must be exercised. The most caudal key muscle group that is rated three or higher on the ASIA scale, with the
portions cephalad to it retaining normal function, is known as the motor level (American Spinal Injury Association
and International Spinal Cord Society 2006). The motor level is calculated when the motor scores for each muscle
are recorded during a standard examination. The highest absolute motor score is 100, or 50 on each side. In many
cases, the patient’s clinical state may prevent the completion of an accurate assessment, like when a patient is
unconscious owing to traumatic brain injury, has a lumbosacral or brachial plexus injury, or has an immobilized
limb due to a broken bone. The clinician should enter NT, for “not tried”, rather than a numerical score, when the
patient is not entirely tested in any way at all. The NLI (neurological level of injury) is the most caudal level above
which the body’s motor and sensory modalities on the two sides are both normal. For instance, the NLI is C7 if
the motor level is C7 and the sensory level is C8. It is advised to note each side separately, as this may provide
a clearer picture of the individual’s status because the motor or sensory level may differ from side to side (i.e.,
right C6 motor, C7 sensory, left C7 motor, C6 sensory). Compared to the overall NLI, the motor level in the upper
extremities is a good reflection of the level of function and of the severity of injury and disability after tetraplegia
(total loss of motor function) (Marino et al. 1995).
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5. Neurological Evaluation

Stabilizing spine protections, such as immobilization, should be continued until thorough clinical and
radiological evaluations are completed. The underlying examination should include an itemized neurological
examination that is completed as early as is practical and includes a time and date stamp. It is crucial that all
motor and sensory function be assessed in an awake patient. The American Spine Injury Association (ASIA)
framework should be used to assess muscle strength and pinprick and light touch sensation. In unconscious
patients, muscular tone, deep tendon reflexes, long tract signs, and priapism in the male patient should all be
noted at first. The evaluation should include an anal examination to check sphincter tone, types of contraction,
the absence or presence of the bulbocavernosus response, the anal wink, and perineal sensation. The use of a
feeding tube and of a Foley urinary catheter can occur as treatment progresses. This is because it is normal for
these patients to develop paralytic ileus, which puts them at risk of malnutrition. Not only is the Foley urinary
catheter useful for recording urinary production, but it can also prevent bladder overdistention, which frequently
accompanies the urinary retention experienced by these individuals.

6. Radiographic Evaluation

A lateral cervical spine series is the first thing that the radiographs of patients with spinal injury are evaluated
for. About 70-83% of the time, this view accurately detects significant deviations from the norm. This view has to
be examined for arrangement, abnormalities in the bone and intervertebral disc spaces, and soft-tissue injuries. At
the C3 level, prevertebral tissues often measure close to 4 mm in thickness. Prevertebral soft-tissue swelling should
be taken into account just as much as vertebral facture. In 30-40% of patients, prevertebral soft-tissue swelling
could be the primary radiological evidence of traumatic spinal cord injury (Harris 1986). Imaging should include
each of the seven cervical vertebrae and the C7-D1 junction (Nichols et al. 1987). Consider using a “swimmer’s
perspective”, offsetting the humeral heads, to visualize the cervical spine. Atlantoaxial, atlanto-occipital, or other
instabilities identified in the initial examination are contraindications to using this view. An AP view, together
with an odontoid view (also called open mouth), is typically all that is required to sufficiently view the cervical
spine. Limitations of plain X-rays include the difficulty in identifying tendon injuries, over- and underexposure,
and decreased perception of the cervicothoracic, occipitocervical, and thoracolumbar areas. CT scanning should
also be used to investigate any areas or junctions that ordinary views are unable to adequately visualize. Bone
dislocation is also better viewed with CT, and CT filters are more sensitive to vertebral fractures (Blackmore et al.
1999). The limitations of this method encompass missing fractures that correlate falsely to the imaging plane.
This is no longer a major worry thanks to the use of transforms. However, CT is the imaging modality of choice
for viewing neurological components because X-ray has limited sensitivity in diagnosing fractures. CT can be
used in patients who have unexplained neurological damage, an additional neurological conditions, or who have
inconsistent assessment results between the skeletal and neurological systems. This occurs in cases of traumatic
spinal fracture. Spinal cord compression, intramedullary oedema and discharge, plate disruption, ligament injury,
and vascular obstruction can all be identified with an X-ray. MRI also provides a better image of recurring injuries
such myelomalacia and syrinx arrangement. The great majority of these cases can be assessed using sagittal
T2W images. Cases with altered mental states and fractures that involve decussation always be suspected of this
(Golueke et al. 1987). When MRI cannot be performed or when there is an MRI contraindication, like a pacemaker,
emergency myelography is performed.

7. Types of Spinal Cord Injury
7.1. General Types of Spinal Cord Injury

To link the various types of SCI with their sequelae, clinicians have attempted to classify them depending
on clinical symptoms. The Frankel classification is broadly considered to be useful and objective. Cases are
evaluated as (A) complete neurological injury; (B) preserved sensation only; (C) preserved motor, nonfunctional;
(D) preserved motor, functional; and (E) normal motor function. According to this classification, complete
neurological injury has no preservation of motor or sensory function in at least three segments underneath the
level of injury. As indicated by the guidelines published by the American Spinal Injury Association in 1992, for a
spinal cord injury to be classified as incomplete, motor or sensory function or both should be preserved in the
S4-S5 sacral segments (American Spinal Injury Association 1992). Otherwise, the patient is regarded to have a
complete spinal injury. These definitions are significant in that, as far as prognosis goes, patients with incomplete
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