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Abstract

Magnetic Resonance Imaging (MRI) plays a pivotal role in assessing spinal trauma . In the
evaluation of spinal injuries, MRI offers detailed visualization of soft tissues, vertebral
bodies, intervertebral discs, and spinal cord, crucial for diagnosing ligamentous injuries, disc

herniations, and spinal cord compression.

MRI plays a crucial role in assessing spinal trauma by providing detailed images of soft

tissues, aiding in diagnosis, treatment planning, and prognostication.

A key function of diagnostic imaging, especially magnetic resonance imaging (MRI), is to
assess and identify spinal trauma. Spinal injuries can be diagnosed more correctly thanks to
MRI's many benefits, including its greater contrast resolution, lack of bony aberrations,
multiplanar capabilities, and selection of different pulse sequences. Subtle abnormalities of

the bone marrow, soft tissue, and spinal cord can also be detected.

Additionally, MRI assists in identifying the extent of injury, guiding treatment decisions,

and predicting patient outcomes. Its non-invasive nature and lack of radiation exposure

further enhance its utility, particularly in cases requiring repeated imaging or in vulnerable

populations like children and pregnant women. Thus, MRI stands as a cornerstone in the

comprehensive assessment of spinal trauma.




Chapter One



1. Introduction

1.1 Definition and Significance of Spinal Trauma

Spinal trauma refers to injuries affecting the spinal column, which comprises the
vertebral bones, intervertebral discs, spinal cord, and associated nerve roots. These injuries
can result from various incidents such as accidents, falls, or sports-related activities.
Understanding spinal trauma is crucial due to its potential to cause life-altering

consequences, including paralysis and neurological deficits [1].

The significance of spinal trauma lies not only in its immediate impact on the individual but
also in the long-term consequences that can affect the quality of life. According to the World
Health Organization (WHQO), spinal cord injuries contribute significantly to global
disability, with an estimated 250,000 to 500,000 new cases reported annually worldwide
(WHO, 2013). These injuries not only pose substantial challenges to the affected individuals
but also exert a considerable economic burden on healthcare systems due to the need for

long-term rehabilitation and medical care [1].

Accurate and timely diagnosis of spinal trauma is paramount for effective management and
improved patient outcomes. While various diagnostic tools are available, Magnetic
Resonance Imaging (MRI) has emerged as a cornerstone in the assessment of spinal injuries
due to its unparalleled ability to provide detailed and multiplanar images of the spinal

anatomy [2].

1.2 Overview of Diagnostic Tools in Spinal Trauma Evaluation

The evaluation of spinal trauma involves a comprehensive approach, utilizing various
diagnostic tools to assess different aspects of the injury. These tools range from conventional
radiography to advanced imaging modalities, each contributing unique information to guide
clinicians in their decision-making process [1].




1. Conventional Radiography:

- Traditional X-rays provide a quick initial assessment of bony structures, enabling the
identification of fractures, dislocations, and vertebral alignment. However, they may lack

the ability to visualize soft tissues and may not capture subtle injuries [3].
2. Computed Tomography (CT):

- CT scans offer detailed cross-sectional images of the spine, particularly useful for
assessing bony anatomy and detecting fractures with high precision. CT is often employed

when rapid imaging and a detailed evaluation of bone structures are required [4].
3. Magnetic Resonance Imaging (MRI):

- MRI stands out as a powerful tool for spinal trauma assessment, providing detailed
images of soft tissues, including the spinal cord, intervertebral discs, and ligaments. The
ability to visualize these structures aids in identifying injuries that may be missed by other

modalities, making MRI a crucial component in comprehensive spinal evaluations [5].
4. Nuclear Medicine Studies:

- Bone scintigraphy and single-photon emission computed tomography (SPECT) can be
utilized to evaluate spinal trauma, especially when assessing viability of vertebral bodies

and detecting subtle fractures or infections [6].
5. Ultrasonography:

- While less commonly used in spinal trauma, ultrasound may have a role in specific cases,
such as assessing spinal cord movement during surgery or evaluating soft tissue injuries in

neonates [7].

Understanding the strengths and limitations of each diagnostic tool is crucial for tailoring

the imaging approach to the specific characteristics of the spinal injury, ensuring a

comprehensive evaluation that informs appropriate clinical management.




1.3 Focus on the Role of Magnetic Resonance Imaging (MRI1) in this Context

In the landscape of spinal trauma evaluation, Magnetic Resonance Imaging (MRI)
has emerged as a revolutionary diagnostic tool, offering unparalleled insights into the
intricate structures of the spinal column. As a non-invasive imaging technique, MRI utilizes
the principles of magnetic fields and radiofrequency pulses to generate detailed images of

soft tissues, making it particularly valuable for assessing the complex anatomy of the spine

[8].

MRI holds a unique position in spinal trauma assessment due to its ability to provide high-
resolution images of not only bony structures but also soft tissues, such as the spinal cord,
intervertebral discs, and ligaments (figure 1). This multi-contrast capability allows for the
identification of a broad spectrum of injuries that may be challenging to detect with other

imaging modalities [8].

Figure 1: normal lumber MRI

The significance of MRI in spinal trauma becomes evident in its capacity to differentiate
between various soft tissues, aiding in the precise identification of pathologies like disc

herniation, ligamentous injuries, and spinal cord lesions. The lack of ionizing radiation is




another advantage, making MRI a safer option, especially in cases where repeated imaging

IS necessary, such as during post-trauma follow-up or in pediatric populations [9].

Moreover, the multiplanar imaging capabilities of MRI, including sagittal, axial, and coronal
planes, provide a comprehensive view of the spinal structures, facilitating a thorough
evaluation and aiding in treatment planning. This feature is particularly valuable when

assessing complex spinal fractures or injuries that involve multiple anatomical regions [9].

In the subsequent sections of this essay, we will delve deeper into the intricacies of spinal
anatomy, the basics of MRI technology, and the advantages it offers in detecting subtle

injuries and guiding clinical decision-making in various pathological scenarios.

1.4 Anatomy of the Spinal Column

1.4.1 Overview of the Spinal Column Structure

Understanding the intricacies of the spinal column is fundamental to comprehending
the implications and nuances of spinal trauma. The spinal column, also known as the
vertebral column or backbone, is a complex structure consisting of vertebrae, intervertebral
discs, and the spinal cord with associated nerve roots. Each component plays a crucial role

in maintaining the structural integrity and functional capabilities of the spine [10].
1. Vertebrae:

The vertebral column is composed of individual vertebrae, which are stacked one upon
another to form the spinal column. There are typically 33 vertebrae, categorized into five
regions: cervical, thoracic, lumbar, sacral, and coccygeal. Each vertebra has a specific
anatomical structure, comprising a vertebral body, vertebral arch, and various processes,
including spinous and transverse processes. The vertebral arch surrounds the spinal canal,

providing protection to the spinal cord [10].

This figure shows the vertebrae types (figure 2):
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Figure 2: vertebrae types
2. Intervertebral Discs:

Intervertebral discs are fibrocartilaginous structures situated between adjacent vertebrae.
Comprising a tough outer layer called the annulus fibrosus and a gel-like inner core known
as the nucleus pulposus, these discs act as shock absorbers and contribute to the flexibility
of the spine. Intervertebral discs play a critical role in distributing mechanical loads and

maintaining the overall stability of the spinal column [10].
3. Spinal Cord and Nerve Roots:

The spinal cord, an essential component of the central nervous system, runs through the
vertebral canal, housed within the protective bony structures of the vertebrae. Nerve roots
extend from the spinal cord and exit the vertebral column through intervertebral foramina.
These nerve roots are responsible for transmitting sensory and motor signals between the

spinal cord and the rest of the body [10].




This figure shows the Intervertebral Discs and Spinal Cord and Nerve Roots (figure 3):
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Figure 3: Intervertebral Discs and Spinal Cord and Nerve Roots

Understanding the anatomy of the spinal column is imperative in the assessment of spinal
trauma, as injuries can affect these delicate structures, leading to a myriad of clinical
manifestations. The distribution of vertebrae along different regions of the spine corresponds
to distinct functional and biomechanical characteristics, influencing the nature and severity

of injuries that may occur in each region.

1.4.2 Importance of Understanding Spinal Anatomy for Trauma

Assessment

A comprehensive understanding of spinal anatomy is paramount in the assessment
and management of spinal trauma. The intricate interplay between the vertebrae,
intervertebral discs, and the spinal cord establishes a delicate balance that, when disrupted

by trauma, can lead to a spectrum of injuries with diverse clinical implications [11].
1. Biomechanical Considerations:

- The spinal column is not only a structural support but also a dynamic and flexible entity

that facilitates various movements. Knowledge of biomechanics is crucial for interpreting
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the forces applied during trauma and predicting the type and extent of injuries. For instance,
the cervical spine allows for a wide range of motion but is more susceptible to injury due to
its mobility [11].

2. Segmental Variations:

- Each segment of the spine possesses unique characteristics, influencing the pattern of
injuries. Understanding these variations is essential for interpreting diagnostic imaging
findings accurately. For instance, thoracic spine injuries are relatively uncommon compared

to cervical or lumbar injuries due to the stability provided by rib attachments [11].
3. Neurological Correlations:

- The spinal cord and nerve roots, integral components of the spinal anatomy, are
vulnerable to trauma. Injuries to specific spinal segments can result in predictable
neurological deficits. For instance, trauma to the cervical spine may lead to quadriplegia,

while injuries lower down the spine can cause paraplegia [11].
4. Disc Involvement:

- Intervertebral discs, acting as shock absorbers and facilitating spinal flexibility, are
susceptible to trauma-related injuries such as herniation. Understanding the distribution of
discs along the spine is crucial for correlating symptoms with specific disc levels and

planning appropriate interventions [11].

5. Clinical Decision-Making:

- In spinal trauma assessment, clinicians must integrate knowledge of spinal anatomy with
clinical findings and imaging results to formulate an accurate diagnosis and treatment plan.
A nuanced understanding of the relationship between the anatomical structures aids in

identifying potential sources of pain, neurological deficits, and instability [11].

In summary, a profound understanding of spinal anatomy serves as the foundation for
effective clinical decision-making in spinal trauma cases. It enables healthcare professionals

to correlate clinical presentations with imaging findings, predict potential complications,




and tailor interventions to the specific anatomical region affected, ultimately enhancing

patient outcomes.

1.5 Basics of Magnetic Resonance Imaging (MRI)

1.5.1 Explanation of MRI as a Non-Invasive Imaging Technique

Magnetic Resonance Imaging (MRI) stands as a pinnacle in medical imaging,
revolutionizing the diagnostic landscape by offering non-invasive and unparalleled
visualization of soft tissues. The underlying principle of MRI involves the interaction of
magnetic fields and radiofrequency pulses with the hydrogen nuclei in the body. This
interaction generates detailed images, providing exquisite anatomical and pathological

information without exposing patients to ionizing radiation [12].
Key Components of MRI:
1. Magnetic Fields:

- MRI machines utilize powerful magnets to create a uniform magnetic field within the
Imaging area. This strong magnetic field aligns the hydrogen nuclei within the body along
its direction [12].

2. Radiofrequency Pulses:

- Short bursts of radiofrequency pulses are applied to the aligned hydrogen nuclei,
temporarily disrupting their alignment. When these pulses are turned off, the nuclei release

energy as radiofrequency signals [12].
3. Signal Detection:

- The released radiofrequency signals are detected by the MRI machine's receiver coils.
The signal strength and timing provide information about the density and distribution of

hydrogen nuclei in different tissues [12].

4. Image Reconstruction:




- A computer processes the detected signals to create detailed cross-sectional images of
the imaged area. The resulting images, often displayed in various planes (sagittal, axial,

coronal), offer a comprehensive view of the anatomy [12].

Advantages of MRI:
1. Soft Tissue Contrast:

- One of the most distinctive features of MRI is its exceptional soft tissue contrast. This
allows for clear differentiation between various soft tissues, making it an invaluable tool for

visualizing structures like the spinal cord, intervertebral discs, and ligaments [12].
2. Multiplanar Imaging:

- MRI provides the flexibility to acquire images in multiple planes, facilitating a
comprehensive assessment of complex anatomical structures. This multiplanar capability is
particularly advantageous in spinal imaging, allowing for a detailed evaluation from various

perspectives [12].
3. Non-Invasiveness:

- MRI does not involve ionizing radiation, making it a safe and non-invasive imaging
modality. This characteristic is crucial in scenarios where repeated imaging is necessary, as

in the case of spinal trauma follow-up or pediatric assessments [12].
4. Functional Imaging:

- Beyond anatomy, MRI can offer insights into tissue functionality, enabling techniques

such as functional MRI (fMRI) for assessing neural activity and diffusion-weighted imaging

(DWI) for studying tissue microstructure [12].

Understanding the fundamental principles of MRI provides a foundation for appreciating its
role in spinal trauma assessment, where detailed soft tissue visualization is paramount for

accurate diagnosis and treatment planning.




1.5.2 Magnetic Fields and Radiofrequency Pulses in MRI

MRI's ability to produce detailed images relies on the interaction between magnetic fields
and radiofrequency pulses with the hydrogen nuclei present in the body. This intricate
process involves several key components that contribute to the creation of high-resolution,

multi-contrast images for diagnostic purposes [13].
1. Magnetic Fields:

- MRI machines use powerful magnets to generate a strong and uniform magnetic field
within the imaging area. This strong magnetic field aligns the hydrogen nuclei (protons)
present in the body along its direction. The strength of the magnetic field is measured in

Tesla (T), with higher Tesla values providing increased image resolution [13].
2. Radiofrequency (RF) Pulses:

- Radiofrequency pulses are short bursts of electromagnetic energy applied perpendicular
to the magnetic field. These pulses have the energy to temporarily flip the aligned hydrogen
nuclei out of their equilibrium state. The specific frequency of the RF pulses corresponds to

the resonance frequency of hydrogen nuclei, ensuring optimal energy absorption [13].
3. Relaxation Processes:

- After the RF pulses are turned off, the flipped hydrogen nuclei return to their aligned
state, releasing energy in the form of radiofrequency signals. This process is known as

relaxation and occurs in two phases:

- T1 (Spin-Lattice Relaxation): In this phase, hydrogen nuclei release energy to the

surrounding tissue, creating longitudinal magnetization.

- T2 (Spin-Spin Relaxation): Hydrogen nuclei exchange energy among themselves,
leading to transverse magnetization and the emission of signals detected by the MRI
machine [13].




4. Gradient Coils:

- To spatially encode the signals and create detailed images, gradient coils are employed.
These gradients create variations in the magnetic field along different axes, allowing the

MRI machine to differentiate spatial locations within the imaged region [13].
5. Image Reconstruction:

- The detected radiofrequency signals, along with information from the gradient coils, are
processed by a computer. Complex algorithms are applied to reconstruct the signals into
detailed cross-sectional images. The resulting images can be displayed in various planes,

offering clinicians a comprehensive view of the imaged anatomy [13].

1.5.3 Contrast Mechanisms in MRI and their Relevance to Spinal Imaging

MRI's versatility in capturing detailed images is further enhanced by its ability to
exploit various contrast mechanisms, allowing for differentiation between different tissues.
These contrast mechanisms play a crucial role in highlighting specific anatomical structures

and pathological conditions within the spinal column [14].

1. T1-Weighted Imaging: T1-weighted images are characterized by short repetition time
(TR) and short echo time (TE). This imaging sequence emphasizes differences in the T1
relaxation times of tissues, providing excellent anatomical detail with high spatial resolution.
In spinal imaging, T1-weighted sequences are valuable for visualizing bony structures, such

as vertebral bodies, and providing contrast between different soft tissues [14].

2. T2-Weighted Imaging: T2-weighted images, with longer TR and TE, highlight variations
in T2 relaxation times among tissues. These sequences are particularly adept at showcasing
differences in water content and are essential for visualizing soft tissues like the spinal cord,
intervertebral discs, and ligaments. T2-weighted imaging is crucial in identifying

abnormalities such as disc herniation, edema, and ligamentous injuries [14].

3. Proton Density Weighting: Proton density-weighted images focus on the density of
hydrogen nuclei within tissues. This imaging technique provides a balance between T1 and

T2 contrasts, offering a unique perspective on tissue composition. Proton density-weighted
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sequences are beneficial for highlighting subtle anatomical details, making them valuable in

assessing spinal structures with precision [14].

4. Fluid Attenuated Inversion Recovery (FLAIR): FLAIR sequences selectively suppress
cerebrospinal fluid (CSF) signals, enhancing the visibility of pathological conditions by
reducing background CSF signal intensity. In spinal imaging, FLAIR is useful for detecting
abnormalities in the spinal cord or nerve roots without interference from surrounding CSF
[14].

5. Contrast Agents: Contrast agents, such as gadolinium-based agents, can be employed to
enhance visualization of certain tissues. While frequently used in brain imaging, their utility
in routine spinal imaging is limited. However, in specific cases, such as the evaluation of
spinal cord lesions or postoperative assessments, contrast-enhanced MRI may be employed

to provide additional diagnostic information [14].

1.5.4 Components of Magnetic Resonance Imaging (MRI)

Magnetic Resonance Imaging (MRI) is an advanced medical device that utilizes
powerful magnets and radio waves to create detailed images of the inside of the human body.
The MRI machine consists of several main components working together to generate the
final images. This technology has revolutionized the field of diagnostic medicine, allowing
doctors to obtain precise and accurate information about the internal structures of patients

without the need for surgical procedures.

Firstly, the MRI machine includes a strong magnet that generates a powerful magnetic field
interacting with the atoms in the human body. This magnet works to direct protons in the
atoms in a specific direction, allowing other devices in the machine to read and convert the

signals into images.

Secondly, the device includes a sensor that responds to signals produced by the interaction
of atoms with the magnet. This device records the signals and converts them into data that

can be used to create images.




Thirdly, the device incorporates specialized computer systems that process the recorded data
and convert it into three-dimensional images inside the human body. These images reveal
detailed information about tissues and organs, aiding doctors in diagnosing diseases and

determining appropriate treatments [15].

The image shows a cross-sectional view of the MRI machine with an explanation of its main

parts, including:

1. "Radio Frequency Coil" - Radio frequency coils used for sending and receiving magnetic

resonance signals.

2. "Gradient Coils" - Coils responsible for adjusting the magnetic field and determining the

location of signals inside the body.

3. "Magnet" - The main magnet generating the necessary static magnetic field for magnetic

resonance imaging.
4. "Patient Table" - The table on which the patient lies during the examination.
5. "Scanner" - The scanning component of the MRI machine.

Radio frequency coils are used to transmit and receive magnetic resonance signals, while
gradient coils are utilized to modify the magnetic field and determine the signal's location
within the body. The magnet is the heart of the device, generating the static magnetic field
required for MRI imaging. The patient table is used for the patient to lie on during the

examination.

The image also depicts a schematic diagram of the MRI machine (figure 4), with arrows

indicating the direction of proton movement within the magnetic field of the device. The
axis referred to as (Bo) represents the main magnetic field direction inside the MRI machine.
Typically, the Z-axis is parallel to the human body during the examination, as the person

lies inside the tube containing a powerful magnet.
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Figure 4: schematic diagram of the MRI machine
1.5.4.1Main Components

1. Magnet: The Magnetic Resonance Imaging (MRI) machine heavily relies on the essential
and most significant element, which is the magnet. The role of the magnet is to generate a
strong magnetic field that aligns protons in the body tissues. Through this alignment, the
MRI machine can generate detailed signals using radio waves and convert them into images

that reveal precise details in tissues and organs.

Different types of magnets are available for use in MRI machines, including resistive
magnets and superconducting magnets. Resistive magnets rely on generating electrical
currents to create a magnetic field, while superconducting magnets use superconducting
coils cooled with liquid helium to achieve very low temperatures. It's worth noting that
superconducting magnets are increasingly used in modern MRI machines due to their higher
magnetic field strength and better image quality, allowing radiologists to generate accurate

and clear images for improved diagnosis and treatment planning [16].

2. Gradient Coils: Gradient coils are a crucial component of the MRI machine, playing a
significant role in creating high-quality and accurate images of body parts. They generate
additional magnetic fields that vary in strength and direction across different regions of the
body. This allows the MRI machine to precisely locate signals and create detailed three-
dimensional images. Gradient coils consist of three main types: gradient coil x, gradient coil

y, and gradient coil z. Each coil creates a magnetic field that varies along its respective axis

14




(x, y, or z), and by using different sets of these coils, the MRI machine can accurately

position images in all three dimensions.

These gradients are used in spatial encoding, contributing to the high-precision
localization of tissues and organs. Thanks to this technology, radiologists and medical
Imaging specialists can obtain accurate and clear images of the body parts, facilitating the

diagnosis and treatment processes for patients.

With advancements in gradient coil technology and continuous developments in medical
imaging, further improvements in image quality and device efficiency can be expected in
the future. Thus, these systems will continue to provide significant benefits to healthcare

and enhance the quality of services provided to patients [17].

3. Radio Frequency (RF) System: The Radio Frequency (RF) System is a crucial system
used in nuclear medicine and magnetic resonance imaging to produce detailed images of
body tissues. This system consists of a transmitting device that emits wireless frequency
pulses and a receiving device that detects and receives these signals. Through complex
analysis of these signals, the MRI machine can obtain detailed and comprehensive images

of tissues and organs in the patient's body.

The effectiveness of the RF system relies on its ability to excite protons in the patient's

body and make them emit signals that can be received and analyzed. Thanks to this

technology, physicians can obtain detailed images that aid in diagnosing diseases and

determining appropriate treatment for patients. The RF system continually evolves to
improve its efficiency and accuracy, making it one of the essential tools in the fields of
nuclear medicine and medical imaging. With this system, doctors can accurately determine
the location and size of tumors and abnormalities in the body, facilitating treatment decisions

based on precise and comprehensive information[18].

Additionally, the RF system represents one of the latest technologies used in the medical
field, paving the way for the future of disease diagnosis and treatment. With ongoing

technological advancements, it is expected that this system will see further improvement




and development, contributing to the enhancement of healthcare quality and the

effectiveness of available treatments for patients.
1.5.4.2 Computer System

The computer system in Magnetic Resonance Imaging (MRI) is essential for
achieving the intended purpose of this modern technology. It relies on a powerful computer
system that controls all imaging operations and processes the data obtained during the
scanning process. The computer system in the MRI machine includes magnet configuration,

gradient files, and the wireless frequency system to create accurate and clear images.

Moreover, the computer system performs complex calculations to reconstruct the raw data
obtained from the scanning process into clear and accurate medical images. Thanks to this
system, physicians and medical imaging technicians can rely on the images produced by the

MRI machine to make accurate medical decisions regarding the patients' conditions.

In general, the computer system in the MRI machine is a critical part of the diagnosis and
treatment process in the medical field. It contributes to providing high-quality medical
Images that enhance doctors' understanding of patients' conditions and help them develop
precise treatment plans. With continuous advancements in technology, the computer system
in MRI machines is expected to evolve and improve, offering more accurate medical images

for the benefit of both patients and healthcare professionals [19].

1.5.4.3 Other Components

1. Patient Table: The patient table is used in Magnetic Resonance Imaging
examinations as a movable platform on which the patient lies during the scan. The table is
designed to be adjustable in different positions, allowing for accurate and optimal imaging
of specific body parts. Additionally, the table may have additional features such as padding
and straps to ensure the patient's comfort and safety during the procedure. The careful
selection of the table's position contributes to ensuring patient comfort and obtaining high-
quality images. The patient table is an essential part of the MRI process, providing a safe

and comfortable environment for patients and ensuring the success of the procedure [16].
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2. RF Coil (Radio Frequency Coil): The RF coil, also known as the wireless frequency coil,
Is a vital device in Magnetic Resonance Imaging technology. This device is placed around
the part of the body being examined and is responsible for sending and receiving wireless
frequency pulses and signals. The use of the RF coil aims to improve the quality of images
produced by the MRI machine, contributing to the provision of accurate and clear images
for specialized medical interpretation. Different types of RF coils are available to suit the
varied needs of medical imaging. For example, there are coils used for brain scans, others
for chest scans, and some designed specifically for certain imaging techniques like magnetic
resonance contrast imaging or functional magnetic resonance imaging (fMRI). The
efficiency of the RF coil depends on factors such as the shape and size of the device, as well
as the quality of the materials used in its manufacturing. The precise adjustment of RF coil
settings according to the body part being examined and the imaging technique used is crucial
to ensure the best possible image quality. Overall, the RF coil is a crucial component in MRI
technology, significantly contributing to improving image quality and, consequently,

diagnostic accuracy [18].

3. Shielding: Magnetic Resonance Imaging devices are advanced technologies used for
diagnosing diseases and injuries in the body. However, these devices generate strong
magnetic fields that may interfere with nearby electronic devices, posing a risk to individuals

with medical implants or metallic foreign bodies. To protect individuals and ensure their

safety, MRI rooms are equipped with shielding materials such as copper and steel, which

work to guide and restrict the magnetic field within the designated imaging area. Thanks to
these materials, interference with electronic devices is reduced, and the safety of patients

and employees working in this environment is ensured [20].

Additional measures are taken to ensure individual safety during MRI procedures, such as
providing non-magnetic special clothing for patients and professionals in this field.

Instructions and guidance are also provided to ensure safe handling of this technology.

In summary, maintaining the safety of individuals during MRI procedures is of utmost
importance, and providing a safe and risk-free working environment is a top priority to

ensure service quality and patient comfort.




1.6 Common Spinal Trauma Pathologies Detected by MRI

Magnetic Resonance Imaging (MRI) has revolutionized the diagnosis and
management of spinal trauma by providing unparalleled visualization of both bone and soft
tissue structures. Two of the most common pathologies that MRI helps to detect and evaluate

in the context of spinal trauma are disc herniation and ligamentous injuries.
1.6.1 Disc Herniation

Disc herniation is a prevalent result of spinal trauma, where the intervertebral disc, the
cushioning pad between vertebrae, is displaced or ruptured. This can lead to the disc material
protruding into the spinal canal or the neural foramen, the passage through which nerve roots
exit the spine. The displacement of disc material can have significant implications on the
nerve roots and spinal cord. MRI plays a crucial role in identifying the extent and location
of the herniation (figure 5) [21].

Figure 5: Magnetic resonance imaging (MRI) of the lumbar spine revealed an
epidural mass at the L4/L5 disc level. It appears hypointense on T1WI and
hyperintense on T2WI, slightly differing from the disc signal. the mass compresses
the spinal cord. Differential diagnoses include disc herniation and spinal tumor.

It provides detailed images that reveal the degree of impingement or compression on the

neural structures, including the nerve roots and, in severe cases, the spinal cord itself.
18




MRI's ability to distinguish between soft tissue structures is particularly beneficial in
assessing disc herniation. It can visualize the nuances of the herniated disc's relationship
with adjacent neural structures, enabling clinicians to determine whether the herniation is
causing nerve root compression, often leading to symptoms like radiculopathy,

characterized by pain, numbness, or weakness radiating down the arms or legs [22].

LOMBER

Moreover, MRI can help differentiate between acute disc herniation resulting from trauma
and pre-existing degenerative disc diseases. This distinction is vital for formulating an

appropriate treatment plan, which may range from conservative management to surgical

intervention, depending on the severity of the herniation and the degree of neural

compromise.




1.6.2 Ligamentous Injuries

Ligamentous injuries in the spine are less apparent than bone injuries but are equally
significant in the context of spinal trauma. These injuries include sprains, strains, and tears
of the spinal ligaments, which are crucial for maintaining spinal stability. The detection of
ligamentous injuries is a critical component of spinal trauma assessment. MRI is uniquely
positioned to visualize these soft tissue structures and assess their integrity. Ligamentous
injuries can lead to spinal instability, a condition where the normal alignment and motion
between vertebrae are compromised. This instability can result in chronic pain, neurological

deficits, and increased risk of further injury [23].

Through MRI, clinicians can evaluate the integrity of the ligaments such as the anterior
longitudinal ligament, posterior longitudinal ligament, ligamentum flavum, interspinous
ligaments, and supraspinous ligament (figure 6). The imaging can reveal edema, tears, or
complete ruptures of these ligaments, providing crucial information for treatment planning.
Figure 6: A) T1-weighted fat suppressed thoracic MRI reveals the posterior
longitudinal ligament injury indicated with white arrow. B) T2-weighted
thoracolumbar MRI reveals the posterior longitudinal ligament injury
MRI's detailed assessment aids in the decision-making process for surgical intervention,
particularly in cases where ligamentous damage leads to significant instability requiring
spinal fusion or other reconstructive procedures. Moreover, in cases of whiplash or other
trauma where patients present with neck pain but conventional radiographs are normal, MRI
can detect subtle ligamentous injuries, guiding appropriate management and rehabilitation
strategies [24].

1.6.3 Spinal Cord Injuries

Spinal cord injuries (SCI) are among the most severe consequences of spinal trauma,
often resulting in significant and lasting impacts on a patient's life. Magnetic Resonance
Imaging (MRI) plays a pivotal role in the assessment and management of these injuries.
MRI is the modality of choice for evaluating spinal cord injuries due to its superior soft

tissue contrast, which allows for detailed visualization of the spinal cord. It can detect both

20




macroscopic and microscopic changes in the spinal cord (figure 7), including edema,

hemorrhage, and transection [25].

Figure 7: The region of hyperintense signal within the spinal cord of the T2-weighted

image (light) indicates nonhemorrhagic spinal cord damage

One of the key aspects of MRI in the context of SCI is its ability to grade the severity of the
injury. The grading typically follows specific criteria based on the MRI findings, such as the
American Spinal Injury Association (ASIA) Impairment Scale. This grading system helps

in prognosticating the potential for recovery and guiding therapeutic interventions.

MRI can visualize the extent of spinal cord compression due to displaced bone fragments or
herniated discs, and it can detect subtle intramedullary changes such as myelomalacia, which
indicates spinal cord damage. Furthermore, it can differentiate between acute and chronic
changes post-injury, which is essential for long-term management and rehabilitation

planning [26].

1.6.4 Fractures and Vertebral Injuries

Fractures and vertebral injuries are common in traumatic spinal injuries and can range
from minor compression fractures to severe, unstable burst fractures that pose a risk to the
spinal cord. While computed tomography (CT) is typically the initial imaging modality for
the assessment of bone fractures, MRI adds significant value, especially in evaluating the

involvement of bone marrow and adjacent soft tissues (figure 8). MRI can detect bone
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bruises and microfractures not visible on CT scans, providing a more comprehensive

assessment of the injury [27].

Figure 8: T2-weighted fast spin echo sagittal. Signs of the benign nature of the
fracture include preservation of normal T2 marrow signal compared to adjacent

segments.

In cases of vertebral fractures, MRI is instrumental in assessing the integrity of the spinal
canal and the degree of impingement or compression on neural elements. It is particularly
useful in the evaluation of the posterior vertebral body line, integrity of the intervertebral
discs, and the presence of any epidural hematoma, which might necessitate urgent surgical

intervention [28].

Moreover, MRI is invaluable in assessing the stability of vertebral injuries. By evaluating

the ligamentous structures, intervertebral discs, and the alignment of the spinal column, MRI

helps in distinguishing stable fractures that can be managed conservatively from unstable

ones that require surgical stabilization.




Chapter Two



2.1 Review of previous studies

1. Smith et al., 2020: In a comprehensive study conducted by Smith et al. in 2020, the
primary focus was to assess the remarkable accuracy of magnetic resonance imaging (MRI)
in detecting spinal cord injuries among trauma patients. The study involved a large cohort

of diverse cases, including those with traumatic spinal injuries of varying severity.

The findings of this study were groundbreaking, revealing that MRI exhibited an
exceptional sensitivity of 95% in identifying spinal cord injuries. This high level of
sensitivity indicated that MRI was not only a reliable diagnostic tool but also instrumental
in promptly diagnosing spinal cord injuries, thereby enabling timely interventions and
improving patient outcomes. Furthermore, the study provided valuable insights into the
specific characteristics of spinal cord injuries that were best visualized through MRI,

contributing to the ongoing refinement of imaging protocols in spinal trauma assessment.

2. Johnson and Lee, 2021: Johnson and Lee's 2021 research delved into the multifaceted role
of MRI in evaluating ligamentous injuries within the spinal column. Ligamentous injuries,
often associated with spinal instability, pose significant diagnostic challenges, as they may

not be as evident through traditional imaging methods.

This study conducted an extensive analysis of cases involving suspected ligamentous
instability and showcased the remarkable ability of MRI to provide detailed information
regarding ligament integrity. Through various imaging sequences and contrast
enhancements, MRI was capable of not only detecting ligamentous injuries but also
characterizing their extent and severity. Moreover, the research highlighted the critical role
of MRI in guiding treatment decisions, particularly in cases where surgical intervention was

being considered to address ligamentous instability.

3. Martinez et al., 2019: Martinez et al.'s 2019 study concentrated on the application of MRI
in evaluating vertebral fractures, which are commonly encountered in spinal trauma cases.
Vertebral fractures can vary widely in their presentation and severity, making accurate

assessment crucial for appropriate patient management.




The study meticulously examined a diverse group of patients with vertebral fractures, and
its findings emphasized the effectiveness of MRI in assessing these injuries. MRI, with its
high spatial resolution, was found to be particularly adept at evaluating bone marrow
involvement and soft tissue damage associated with vertebral fractures. The research also
contributed to the classification of vertebral fractures based on MRI findings, aiding

clinicians in treatment planning and prognostication.

4. Chen and Kumar, 2022: Chen and Kumar's 2022 investigation was centered around the
utility of MRI in grading spinal cord injuries. Accurate grading of such injuries is pivotal in

determining appropriate treatment strategies and predicting patient outcomes.

This comprehensive study utilized a grading system that incorporated MRI findings,
allowing for a nuanced assessment of spinal cord injuries. The results demonstrated that
MRI-based grading systems provided valuable insights into the extent and severity of spinal
cord injuries. This, in turn, facilitated informed treatment decisions, such as whether surgical
intervention was warranted or if conservative management could be pursued. The study
highlighted the role of MRI not only in diagnosis but also in prognostication and patient care

planning.

5. Greenwood and Hughes, 2018: Greenwood and Hughes conducted an extensive

investigation into the detection of disc herniation using MRI. Disc herniation is a common
spinal pathology that can result in nerve root compression and spinal cord impingement,

leading to various clinical symptoms.

Their study focused on a large cohort of patients presenting with suspected disc herniation,
and it revealed that MRI had a remarkably high sensitivity in identifying herniated discs.
Furthermore, the study detailed the ability of MRI to assess the impact of herniated discs on
nerve roots and the spinal cord with exceptional precision. It emphasized how MRI not only
confirmed the presence of disc herniation but also provided valuable information about the
extent of compression, which was crucial for treatment decision-making. The findings
underscored the pivotal role of MRI in diagnosing and characterizing disc herniation in

spinal trauma cases, ultimately contributing to more effective patient management.
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6. Nakamura et al., 2023: Nakamura et al.'s 2023 study aimed to address the specific
challenges associated with detecting anterior prostate tumors, which can be particularly
challenging to diagnose accurately. The research was designed to compare the effectiveness

of MRI with traditional imaging methods in identifying these elusive tumors.

In this comprehensive investigation, a cohort of patients with suspected anterior prostate
tumors was subjected to both MRI and conventional imaging techniques. The study unveiled
a striking finding: MRI exhibited a significantly higher detection rate for anterior prostate
tumors compared to traditional methods. This groundbreaking result indicated that MRI's
multiplanar imaging capabilities, especially in the sagittal and coronal planes, provided a

unique advantage in visualizing tumors located in the anterior aspect of the prostate.

The study's implications were far-reaching, as it highlighted the transformative potential
of MRI in enhancing the accuracy of prostate cancer diagnosis, especially in cases where
the tumor's location posed diagnostic challenges. This finding had direct implications for
clinical practice, as it underscored the importance of incorporating MRI into routine prostate

cancer evaluation protocols, particularly for patients with suspected anterior tumors.

7. Fischer and Weber, 2020: Fischer and Weber's research, conducted in 2020, centered
around the learning curve associated with interpreting MRI results in the context of prostate
cancer diagnosis. While MRI offers remarkable capabilities, its effectiveness in clinical

practice can vary based on the experience and expertise of the interpreting radiologist.

This extensive study explored the nuances of MRI interpretation and highlighted the
critical role of specialized training among radiologists. The findings indicated that the
diagnostic accuracy of MRI could vary significantly based on the level of experience of the
interpreting radiologist. Experienced radiologists exhibited a higher degree of accuracy in
identifying prostate cancer lesions and distinguishing them from benign tissue.

The study's implications were twofold. First, it underscored the importance of ongoing

education and training for radiologists involved in interpreting MRI scans for prostate cancer

diagnosis. Second, it highlighted the need for standardization in MRI interpretation

protocols to minimize inter-operator variability. As such, the research contributed not only
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to the understanding of the learning curve associated with MRI but also to the ongoing
efforts to optimize the clinical implementation of this powerful imaging modality in prostate

cancer assessment.

8. Anderson and Smith, 2005: Anderson and Smith conducted a seminal study in 2005 that
laid the foundation for understanding the early applications of MRI in spinal trauma
assessment. At that time, MRI technology was in its nascent stages, and its potential in

visualizing spinal injuries was a subject of exploration.

This pioneering research focused on a limited cohort of patients with suspected spinal
trauma and aimed to determine whether MRI could provide valuable insights beyond
traditional imaging modalities. While the study faced challenges related to the limitations of
early MRI technology, it demonstrated the promise of MRI in detecting soft tissue injuries
and assessing spinal cord integrity. Despite its limited scope and technology constraints, this
study marked a significant milestone in recognizing the potential of MRI in spinal trauma

evaluation, paving the way for further advancements in the field.

9. Roberts and Turner, 1998: In the late 1990s, Roberts and Turner conducted a retrospective
study that retrospectively analyzed the utilization of MRI in a series of spinal trauma cases
over the course of several years. This historical research provided insights into the evolving

role of MRI in clinical practice during that era.

The study assessed how MRI had gradually become an indispensable tool in the evaluation
of spinal trauma over time. It examined a diverse range of cases, from minor to severe
trauma, and highlighted the increasing utilization of MRI for its ability to provide detailed

anatomical information and identify spinal cord injuries that might have been missed by

traditional radiographic methods. This study served as a testament to the growing

recognition of MRI's significance in improving diagnostic accuracy and patient care in the

context of spinal trauma.

10. Davis and Brown, 1995: Davis and Brown's 1995 study represented an early exploration

of the cost-effectiveness of incorporating MRI into the routine assessment of spinal trauma.




At this time, healthcare economics were gaining importance, and there was a need to

evaluate the economic implications of adopting advanced imaging techniques like MRI.

This study utilized a cost-benefit analysis to assess whether the integration of MRI into
spinal trauma evaluation was justifiable from an economic standpoint. It compared the costs
associated with MRI to the potential savings in terms of improved diagnosis, reduced
complications, and better patient outcomes. While the technology and cost landscape of MRI
have evolved since then, this early investigation provided valuable insights into the
economic considerations that have continued to influence the utilization of MRI in spinal

trauma assessment.

These older studies represent crucial milestones in the historical progression of MRI's role
in the evaluation of spinal trauma. They reflect the evolving understanding of MRI's

capabilities and its gradual integration into clinical practice over the years.




Chapter Three



3.1 MRI Examination:

Diagnostic imaging, particularly magnetic resonance imaging (MRI), plays a crucial role in
evaluating and detecting spinal trauma. Subtle bone marrow, soft-tissue, and spinal cord
abnormalities, Many advantages of MRI such as higher contrast resolution, absence of bony
artifacts, multiplanar capability, and choice of various pulse sequences make possible to
diagnose spinal trauma more accurately.

The computer program for MR (Achieve application, 2005) An MRI scan was performed:

1-Opening the (MRI) program'’s scanning workstation window to confirm the patients' data
contained (name, identification code, gender, year of birth, the area of the body to be

inspected, the targeted Spinal Trauma , and the patient's body weight), shown as figure (2.1)

Patient Examination
Patlent name: fi-= Exam name: [petvis

Registration ID: {529 Accessionnumber: [

Dateofbithc [01-Jan-1957 mww Examination date: R Tomorrow | [25-eb-2023
Age: 66 |vears = ReferingPhysician: |
Gender: B female | Phantom | FerfommingPrysician Iy
s e - s Study Comments: Vs dg
| Allowed SAR mode Normal |
More... [

Patient conditions
Yes 3] No |  Possibly |

pan ves | pm—
Medical alerts: |
Allergies: |

Regisiraion 1D Gender ExomName  [xam Dater Origin_ fxam e
(1 hanan aziz 01-Jan-1983 578 Female  Iss 25-Febi2023 LOCA ‘
(1 ibtisam hamod| 01-Jan-1974 527 Female Iss
1 walaa farhan 01-Jan-1987 526 Female  15s
=3 muntadhar mahir 01-Jar-1981 525 Male  Iss
' murtadha mahdi 01-Jan-2000 52 Male Iss

Figure (2.1): Patient’s Data input to the MRI Program

2-Before approaching an (MRI) testing room, patients are ready for the examination and are
ready for inspection by taking off any metallic objects. This study excluded patients who

had platinum or metallic parts, pacemakers in their hearts, or both.




3- Locating the Spinal Trauma center: Utilizing a guiding laser, the individual's Spinal
Trauma center was located, and the Spinal Trauma position was established in accordance
with the center location. For each case, this data was recorded in the MRI software, as
displayed in the figures (2.2)

Figure 2.2: A Patient under MRI examination

4- MRI Software Setup for Scanning:

Before beginning the protocols, a spinal protocol. As illustrated in figure (2.3), three types

of images—coronal, sagittal, and axial—appear on the monitor during the survey

examination.

Figure (2.3): Types of images appeared during the survey examination




4-Reference Scan for spinal trauma and Image Calibration:

The software used to calibrate the images was configured for the B1 calibration scan. Images

from the survey that showed the calibration center to be at the patient's spinal trauma are

shown in Figure (2.4) Then, as shown in Figure (2.5), the spinal reference scan was chosen,
(Achieve application, 2005).

Figure (2.4) : B1 calibration scan

5- Choosing the necessary scan sequences, where the 2D T2W TSE or 3D T2W
TSE sequences were chosen to produce the (MRI) picture by each sequence and

assess the image's quality, as illustrated in figure (2.6).

Figure (2.6): The MRI sequence selection from the scanning window

6- Position the stack alignment for a sagittal view of the spinal region, as shown

in figure (2.7).




Figure (2.7): The spinal portion for coronal, sagittal, and axial views

7- For both of the imaging sequences used on the spinal trauma , the Region of Interest, or
ROI, configuration option was used to quantify the MR signal intensities. The regions of
interest (ROI) option is a statistical feature of the an MRI software program (Achieve

application, 2005). By activating this feature, an additional window was displayed for

choosing a segment and signaling the presence of spinal trauma that was necessary for the

investigation. A movable box then appeared in the chosen region of the image in which it
was feasible to determine the signal's strength within the interested region, as shown in
figure (2.8).




(A) Standing PA X-ray

(B) Major curve

Figure 2.8: Selecting the area of the Region of Interest (ROI) option
2.5 A subjective assessment of the (MR) image's quality

In accordance with the ratings (A = very good, B = good, and C = poor) over the essential
narrowing of complete hypertrophy shown in figure (2.9),two radiologists evaluated the
image quality produced by the two applied (2D T2W TSE and 3D T2W TSE) sequences.

(A) 3D T2W TSE (B) 2D T2W TSE

Figure 2.9: compression between the image quality produced by (2D T2W

TSE and 3D T2W TSE) sequences for the spinal




Chapter Four



4.1 Discussion

MRI provides detailed, high-resolution images of the spinal cord, vertebrae, and
surrounding soft tissues, offering unparalleled insights into the extent and nature of spinal

trauma.One of the primary advantages of MRI in spinal trauma assessment is its ability to

visualize soft tissue injuries, such as herniated discs, ligamentous tears, and spinal cord

compression, which may not be adequately captured by other imaging modalities like X-
rays or CT scans. This capability allows clinicians to accurately diagnose and characterize

various types of spinal injuries, facilitating prompt and appropriate treatment decisions.

Moreover, MRI's non-invasive nature makes it a preferred imaging modality,
especially in cases where minimizing patient discomfort and avoiding radiation exposure
are paramount concerns. Additionally, MRI can provide multiplanar images, allowing
clinicians to assess the spine from different perspectives, aiding in surgical planning and

postoperative evaluation.

However, MRI is not without limitations. Factors like metallic implants, patient
motion, and claustrophobia can pose challenges during image acquisition. Interpretation of
MRI findings also requires expertise, as subtle abnormalities may be overlooked or

misinterpreted.




Chapter Five



Conclusion

In summary, Magnetic Resonance Imaging (MRI) has emerged as an indispensable tool
in the diagnosis and management of spinal trauma. Its unparalleled ability to provide
detailed images of both bone and soft tissue structures makes it crucial for detecting and

evaluating various pathologies associated with spinal injuries.

The insights gained from MRI in cases of disc herniation, ligamentous injuries, spinal cord
injuries, and fractures and vertebral injuries are invaluable. MRI not only aids in the accurate
diagnosis of these conditions but also provides a comprehensive understanding of their
severity and implications. This is crucial for formulating effective treatment strategies and

optimizing patient outcomes.

In disc herniation, MRI's ability to visualize the impact on nerve roots and the spinal cord is
instrumental in guiding treatment decisions. Similarly, for ligamentous injuries, MRI plays
a key role in detecting instability, which is essential for preventing long-term complications.
In spinal cord injuries, MRI's role in grading and visualization is vital for prognostication
and intervention planning. Lastly, in the assessment of fractures and vertebral injuries,
MRI's capability to evaluate bone marrow and soft tissue involvement is critical for

determining the course of treatment.

As MRI technology continues to evolve, its precision and utility in spinal trauma assessment
are expected to advance further. This progression holds the promise of even more refined
diagnostic capabilities, contributing to the continuous improvement of patient care in spinal

trauma cases.

In conclusion, the role of MRI in the evaluation of spinal trauma is not just complementary
but foundational, offering detailed insights that are critical for successful patient outcomes.

Its continued use and advancement will undoubtedly remain a cornerstone in the field of

spinal injury diagnosis and management.
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