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ABSTRACT  

Computed Tomography (CT) and Magnetic Resonance Imaging (MRI) are two primary 

imaging modalities used for the evaluation of brain pathology. CT scans utilize X-ray 

technology and provide rapid imaging, making them particularly beneficial in 

emergency situations for detecting acute hemorrhages, skull fractures, and certain 

types of tumors. The efficiency and speed of CT imaging are crucial when time is of 

the essence, such as in the case of stroke assessment. However, CT is limited by its 

reliance on ionizing radiation and may not provide the same level of tissue contrast 

or detail as MRI, particularly in soft tissue differentiation and in detecting subtle 

abnormalities. On the other hand, MRI employs magnetic fields and radiofrequency 

pulses to generate detailed images of the brain, providing superior soft tissue 

contrast compared to CT. This allows for more precise characterization of brain 

lesions, such as multiple sclerosis plaques, tumors, and other structural anomalies. 

MRI is particularly advantageous for chronic conditions and neurological disorders as 

it avoids ionizing radiation and can produce multiplanar images through various 

sequences. Despite its sensitivity, MRI is limited by longer acquisition times, higher 

costs, and contraindications related to certain implants or devices. Ultimately, the 
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choice between CT and MRI for brain imaging often depends on the clinical context, 

indication for imaging, and the specific characteristics of the lesion in question.   

KEYWORDS: CT, MRI, brain imaging, computed tomography, magnetic resonance 

imaging, soft tissue contrast, emergency situations, acute hemorrhage, neurological 

disorders, imaging modalities, lesion characterization, ionizing radiation.  

  

1. Introduction  

Medical imaging plays an indispensable role in the diagnosis and management of 

neurological conditions. Among the various imaging modalities, Computed 

Tomography (CT) and Magnetic Resonance Imaging (MRI) have emerged as the most 

widely employed techniques for visualizing brain anatomy and pathology [1].   

CT, developed in the early 1970s, utilizes X-rays to create cross-sectional images of 

the brain. This technique has gained popularity due to its rapid acquisition speed, 

availability, and effectiveness at identifying acute conditions such as traumatic brain 

injury, intracranial hemorrhage, and strokes. The physics behind CT imaging involves 

the rotation of an X-ray tube around the patient, capturing multiple projection images 

that are later reconstructed by a computer into a detailed threedimensional 

representation of the brain. Additionally, CT allows for the integration of contrast 

agents, enhancing visualization of vascular structures and lesions. However, its use is 

limited in specific scenarios, particularly concerning the detection of soft tissue, 

tumors, and subtle changes in brain structures [2].  

Conversely, MRI, introduced in the late 1970s, employs strong magnetic fields and 

radio waves to produce high-resolution images of brain tissues. This imaging modality 

does not involve ionizing radiation, making it a safer alternative for many patients, 

particularly in scenarios requiring serial imaging or among populations vulnerable to 

radiation exposure, such as children and pregnant women. MRI excels in evaluating 

soft tissue contrast, enabling accurate differentiation between normal and pathological 

brain structures, which is essential in diagnosing conditions such as tumors, multiple 

sclerosis, and neurodegenerative diseases. The technical basis of MRI involves the 

manipulation of hydrogen nuclei in a magnetic field, which emit radio waves that are 

processed to create detailed cross-sectional images of brain anatomy [3].  

While both CT and MRI are pivotal in neuroimaging, their optimal use often depends 

on the clinical context and the specific information required by healthcare providers. 

For instance, CT is frequently the preferred modality in emergency settings due to its 

speed and accessibility, while MRI is favored for comprehensive assessments of 

chronic neurological conditions requiring detailed anatomic characterization. 

Understanding the nuances of each modality enables clinicians to make informed 

decisions regarding the appropriate imaging technique, enhancing diagnostic accuracy 

and patient care outcomes [4].  

As advancements in imaging technology continue to emerge, there are many 

developments across both CT and MRI that enhance their capabilities. Innovations 
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such as iterative reconstruction algorithms in CT have improved image quality and 

reduced radiation exposure, making it an increasingly safe option for patients. On the 

MRI front, techniques like diffusion tensor imaging (DTI) and functional MRI (fMRI) 

provide insights into brain connectivity and activity, revolutionizing the assessment of 

neurological conditions and informing treatment planning [5].  

Despite the advantages of both modalities, there are critical considerations related to 

their limitations. CT, while excellent for assessing acute conditions, is inherently less 

sensitive to certain pathological changes compared to MRI, leading to missed 

diagnoses in subtle cases. MRI, on the other hand, involves longer acquisition times 

and is less accessible in emergency situations due to its operational complexities and 

equipment availability [6].  

Given the evolving landscape of neuroimaging, there is a pressing need for an updated 

comparative analysis of CT and MRI in brain imaging. This article will synthesize 

current literature to identify the strengths, limitations, and clinical indications of each 

modality, contributing to the ongoing discourse on optimizing brain imaging 

strategies. By providing a comprehensive overview of the existing evidence, this 

review aims to support clinicians in making well-informed choices that improve 

diagnostic accuracy and ultimately enhance patient care in neurological medicine [7].  

Principles of Computed Tomography (CT)  

The development of CT technology was spearheaded by British engineer Godfrey 

Hounsfield and German physicist Allan Cormack, who shared the Nobel Prize in 

Physiology or Medicine in 1979 for their work. The first clinical scanner was installed 

in 1971, and since then, CT has undergone significant advances in speed, resolution, 

and versatility. Today’s CT systems vary from single-slice scanners to multi-slice or 

multi-detector CTs, which can acquire multiple slices in a single rotation [8].  

At its core, CT imaging combines principles of traditional X-ray technology with 

advanced computational techniques. While conventional X-rays provide a 

twodimensional view of the body's anatomy, CT generates three-dimensional images 

by stacking multiple two-dimensional slices obtained from different angles around the 

patient [9].  

1. X-ray Attenuation: CT relies on the differential attenuation of X-rays as they 

pass through various tissues in the body. Tissues vary in their density and composition; 

for instance, bone is denser than muscle or fat, absorbing more X-rays. This 

differential attenuation is quantified using the Hounsfield unit (HU), where air is 

assigned a value of -1000, water is 0, and dense bone can exceed +1000 [10].  

2. Data Acquisition: The data acquisition process involves a rotating X-ray tube 

and a detector system positioned opposite it. As the X-ray tube rotates around the 

patient, it emits a beam of X-rays that passes through the body and strikes the 

detectors. These detectors convert the incoming X-ray photons into electrical signals, 
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which are then collected for processing. This entire rotation typically takes only a few 

seconds, allowing for quick image acquisition [11].  

3. Reconstruction Algorithms: The raw data collected from detector signals 

undergoes complex mathematical processing to produce images. The two main 

algorithms used are filtered back projection and iterative reconstruction. Filtered back 

projection is a straightforward method that takes the raw data and applies filters to 

enhance image quality, while iterative reconstruction involves modeling and refining 

the image data iteratively, often yielding better results with lower doses of radiation 

[12].  

A CT scanner consists of several essential components, each playing a critical role in 

image formation:  

1. X-ray Tube: This component generates the X-ray beams. Contemporary 

scanners utilize high-efficiency tubes that can modulate their output to reduce patient 

radiation doses.  

2. Detectors: Modern CT scanners are equipped with either scintillation 

detectors or gas ionization detectors. Scintillation detectors convert X-ray photons into 

visible light, which is then detected by photomultiplier tubes and converted into an 

electrical signal. High-quality detectors improve image resolution and minimize 

scatter radiation [13].  

3. Gantry: The gantry houses the X-ray tube and detectors and is designed to 

rotate around the patient. It is vital in achieving the axial images that form the basis of 

CT imaging [5].  

4. Computer System: A powerful computer system is integral to CT technology, 

processing the signals from the detectors and executing the reconstruction algorithms. 

It allows for the manipulation of images for various diagnostic purposes, including 3D 

reconstruction and volumetric imaging [14].  

5. Patient Table: The patient table moves smoothly through the gantry, allowing 

for continuous slicing along the length of the body. The design of the table can 

accommodate various patients, including those with large body sizes [8]. CT imaging 

has a wide range of clinical applications across various fields, including:  

1. Oncology: CT scans are critical in cancer diagnosis, staging, and treatment 

planning. The ability to visualize tumors, assess their size, and check for metastasis 

has enhanced oncological care significantly [4].  

2. Trauma: In emergency medicine, CT scans play a pivotal role in evaluating 

traumatic injuries. They enable rapid assessment of internal bleeding, organ damage, 

and skeletal injuries, guiding treatment decisions under time constraints [15].  

3. Cardiovascular Imaging: CT angiography provides excellent visualization of 

blood vessels, assisting in the diagnosis of coronary artery disease, aneurysms, and 

vascular malformations [4].  
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4. Guided Procedures: CT allows for guidance in minimally invasive 

procedures, such as biopsies or drain placements. The real-time imaging capability 

helps ensure accurate needle placement with minimal risk [15].  

The advantages of CT imaging are numerous. The primary strengths include:  

• Speed: Rapid image acquisition is crucial in emergencies, where every 

second counts.  

• High Resolution: CT provides excellent anatomical detail, allowing for the 

evaluation of complex structures.  

• Versatility: CT is applicable in various clinical scenarios, from routine 

diagnostics to complex surgical planning [16]. However, several limitations and 

concerns exist:  

• Radiation Exposure: While advancements in technology have reduced the 

dose of radiation patients receive, the cumulative exposure remains a concern, 

particularly in repeated scans.  

• Cost: CT scans are generally more expensive than traditional X-rays or 

ultrasound, limiting access in some healthcare settings [17].  

  

Principles of Magnetic Resonance Imaging (MRI) in Brain Imaging  

Magnetic Resonance Imaging (MRI) has become an essential tool in the field of 

medical diagnostics, particularly in brain imaging. Its ability to provide detailed 

images of the brain's soft tissues has revolutionized our understanding of neurological 

conditions and has facilitated timely interventions in diverse clinical settings [18].   

To understand how MRI works, it is essential to grasp its foundational principles, 

particularly those involving nuclear magnetic resonance (NMR). The human body is 

predominantly composed of water, which contains hydrogen atoms. When subjected 

to a strong magnetic field, these hydrogen nuclei, or protons, tend to align with the 

field. MRI utilizes this property, manipulating the behavior of protons through the 

application of radiofrequency (RF) pulses [19].  

1. Magnetic Fields: The core component of an MRI machine is its 

superconducting magnet. The strength of the magnetic field is measured in teslas (T), 

with clinical MRI usually operating between 1.5T and 3T. Higher field strengths yield 

improved signal-to-noise ratios, leading to better resolution images. When a patient is 

placed within this magnetic field, the protons align parallel or anti-parallel to the 

magnetic direction, with the majority aligning in the lower-energy, parallel orientation 

[20].  
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2. Radiofrequency Pulses: After alignment, short RF pulses are applied to the 

region being imaged. These pulses excite the protons, causing them to move into a 

higher energy state. When the RF pulse is turned off, the protons begin to relax back 

to their original state, releasing energy in the form of radio waves. This is known as 

the magnetic relaxation process and occurs through two primary mechanisms: T1 

(spin-lattice) and T2 (spin-spin) relaxation [21].  

o T1 Relaxation: Represents the time it takes for protons to return to their 

equilibrium state along the z-axis of the magnetic field. It is influenced by the tissue's 

properties and is crucial for generating T1-weighted images, which are useful for 

distinguishing between different types of brain tissues [22].  

o T2 Relaxation: Involves the loss of coherence among proton spins in the 

transverse plane. T2-weighted images provide contrasts that are particularly effective 

in highlighting lesions, edema, and other pathological conditions characterized by 

changes in water content [23].  

3. Image Formation: MRI systems utilize gradient coils to vary the magnetic field 

strength in specific areas of the scanner, enabling spatial localization of the emitted 

signals. A return to equilibrium after the RF pulse, along with careful selection of 

imaging parameters (echo time [TE] and repetition time [TR]), allows the conversion 

of the emitted signals into images. Complex mathematical algorithms, especially 

Fourier transformations, are employed to reconstruct the data into the final visual 

format [24].  

In recent years, significant technological advancements have propelled MRI into a 

more sophisticated realm of brain imaging. Some notable developments include:  

1. Functional MRI (fMRI): One of the most groundbreaking advancements is 

fMRI, which captures brain activity in real time by measuring changes in blood 

oxygen levels. This technique provides insight into brain functionality and has paved 

the way for applications in neurology, psychology, and behavioral studies [25].  

2. Diffusion Tensor Imaging (DTI): DTI is a specialized form of MRI that 

investigates the directional movement of water molecules in brain tissues. This method 

is invaluable for studying white matter integrity, as it can identify abnormalities in 

connectivity associated with various neurological disorders, including multiple 

sclerosis and traumatic brain injury [26].  

3. High-Field MRI: Advances in superconducting magnets have enabled the 

development of high-field MRI, operating at 7T or higher, which offers improved 

resolution and enhanced signal sensitivity. Such systems can delineate intricate 

structures in the brain, facilitating better pre-surgical planning for epilepsy or tumor 

resections [27].  

4. MR Spectroscopy (MRS): This technique allows for the non-invasive 

assessment of neurochemical changes within the brain. MRS provides crucial 

information regarding the biochemical environment, helping in the diagnosis of 
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metabolic disorders and assessing the response to therapies in neoplastic conditions 

[28].  

MRI has vastly improved the diagnostic capabilities for various neurological 

conditions. Clinicians leverage this imaging modality for a diverse array of 

applications, including but not limited to:  

1. Tumor Detection and Characterization: MRI is invaluable in identifying and 

characterizing brain tumors. T1 and T2-weighted images help differentiate between 

tumor types and their cellularity, aiding in treatment planning [29].  

2. Stroke Evaluation: MRI is pivotal in identifying ischemic strokes, visualizing 

the extent of brain infarction, and determining the age of a stroke. Advanced 

techniques such as diffusion-weighted imaging (DWI) are particularly effective in 

detecting acute ischemic changes [30].  

3. Neurodegenerative Disorders: The assessment of structural changes 

associated with Alzheimer’s disease, multiple sclerosis, and other neurodegenerative 

conditions relies heavily on MRI. It provides insights into atrophy and demyelination 

patterns, allowing for earlier diagnosis and intervention [31].  

4. Traumatic Brain Injury (TBI): MRI serves as a gold standard in evaluating 

TBI, providing detailed images that reveal both acute injuries and chronic changes 

within the brain.  

5. Pre-surgical Planning: For patients requiring brain surgery, MRI is critical in 

mapping brain anatomy and function, minimizing risks by identifying critical 

structures that must be preserved during procedures [29].  

  

Comparison of Image Quality and Resolution:   

The fundamental differences between CT and MRI stem from their underlying 

physical principles. CT scans utilize ionizing radiation to obtain cross-sectional images 

of the body. The process begins with an X-ray beam that rotates around the patient, 

capturing multiple projections from various angles. These projections are then 

processed by a computer to create detailed axial images of the brain. CT imaging is 

particularly adept at highlighting bone structures and identifying acute hemorrhagic 

events due to its sensitivity to high-density materials [31].  

Conversely, MRI relies on strong magnetic fields and radiofrequency pulses to 

generate images. When a patient's body is placed in a magnetic field, hydrogen atoms, 

abundant in water and fat, align with the magnetic field. Radiofrequency pulses perturb 

this alignment, causing the hydrogen atoms to emit signals that MRI machines 

translate into images. MRI is particularly superior in revealing soft tissue structures, 

making it invaluable for assessing brain anatomy and pathology [32].  
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The term "image quality" encompasses several factors, including contrast resolution, 

spatial resolution, and noise levels. When assessing image quality, it is essential to 

understand these interrelated aspects [5].  

Contrast resolution refers to the ability of an imaging modality to distinguish between 

different tissues based on their contrast in density or signal intensity. MRI excels in 

contrast resolution, particularly for brain imaging, due to the variety of MRI sequences 

that can be utilized to enhance specific tissue contrasts. For example, T1-weighted 

imaging is effective in delineating gray and white matter, while T2weighted imaging 

is sensitive to fluid changes, making it advantageous for detecting edema or tumors 

[33].  

On the other hand, CT scans traditionally suffer from a lower contrast resolution in 

soft tissues compared to MRI. However, advancements such as high-definition CT and 

the use of contrast agents have improved the ability of CTs to differentiate between 

tissues, especially in detecting acute intracranial events, such as hemorrhage [34].  

Spatial resolution refers to the smallest discernible detail in an image. CT typically 

provides higher spatial resolution than MRI, especially in the anatomic detail of the 

skull and bony structures. This capability is crucial in identifying fractures or other 

anomalies of the skull that may accompany brain injuries. Moreover, CT’s rapid 

acquisition times make it an exceptional choice in emergency settings, where speed is 

essential [30].  

MRI, while inferior in spatial resolution compared to high-definition CT, compensates 

for this with high-resolution soft tissue imaging. The ability to manipulate various MRI 

parameters allows for optimized imaging of complex brain structures, such as the 

brainstem and cranial nerves, where high anatomical precision is paramount [9].  

Noise in imaging refers to the random variations in signal that can obscure the visibility 

of structures. CT tends to have relatively low noise levels due to its rapid acquisition 

speed and the increased radiation dose that can improve the signal-tonoise ratio (SNR). 

However, this comes at the cost of exposure to ionizing radiation, which is a crucial 

consideration, particularly in pediatric patients or when repeated imaging is necessary 

[35].  

In contrast, MRI can exhibit higher levels of noise, though newer technology, such as 

parallel imaging and advanced reconstruction algorithms, has improved SNR. 

Importantly, these advances allow for higher-quality imaging with reduced scan times, 

minimizing patient discomfort [36].  

The choice between CT and MRI for brain imaging often hinges on clinical indications 

and practical considerations. CT is predominantly utilized in emergency settings due 

to its speed, availability, and efficacy in identifying acute hemorrhage, skull fractures, 

and other urgent conditions. It remains the imaging modality of choice in assessing 

head trauma and detecting stroke within the critical early hours when intervention can 

significantly change outcomes [37].  
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Conversely, MRI has become the gold standard for evaluating a broad range of 

neurological disorders, including tumors, multiple sclerosis, neurodegenerative 

diseases, and infections. Its superior soft tissue contrast allows for detailed 

characterization of lesions and subtle anatomical variations that might be missed on 

CT. Furthermore, advanced MRI techniques, such as diffusion-weighted imaging 

(DWI) and functional MRI (fMRI), provide additional insights into brain function and 

pathology, making MRI an indispensable tool in both research and clinical settings 

[12].  

Indications for CT vs. MRI for Brain Imaging in Clinical Practice  

Computed Tomography utilizes X-rays to produce cross-sectional images of the brain. 

The process involves a circular array of detectors that capture X-ray images from 

multiple angles, which are subsequently processed to create detailed images of brain 

structures. CT is particularly advantageous for its rapid acquisition time and wide 

availability, making it the cornerstone for initial assessments in emergency settings, 

especially when time is of the essence [38].  

Magnetic Resonance Imaging, on the other hand, employs strong magnets and radio 

waves to create detailed images of soft tissue, brain anatomy, and various pathological 

states. MRI does not involve ionizing radiation, making it a safer option for repeated 

imaging sessions, particularly in pediatric populations or for long-term monitoring of 

chronic conditions. This technique excels in providing contrast between different soft 

tissues, making it ideal for detecting abnormalities such as tumors, demyelinating 

diseases, and vascular malformations [39].  

CT imaging is typically the first-line imaging modality in several clinical scenarios 

due to its rapidity and effectiveness.  

1. Acute Head Trauma: One of the most critical applications of CT in brain 

imaging is in the evaluation of patients with acute head trauma. The speed of CT scans 

allows for prompt diagnosis of hemorrhagic complications (e.g., subdural and epidural 

hematomas) as well as skull fractures. In emergency situations where time is critical, 

CT is invaluable for ruling out life-threatening conditions and making immediate 

decisions regarding surgical intervention [40].  

2. Acute Stroke: In cases of suspected acute ischemic stroke, a non-contrast CT 

scan is commonly performed initially to differentiate between ischemic and 

hemorrhagic strokes. The identification of hemorrhagic strokes is crucial since the 

treatment approaches for these two conditions are vastly different. CT can also be used 

to assess the extent of an infarct and visualize any potential complications [41].  

3. Suspected Intracranial Hemorrhage: Besides trauma, CT is also used to 

evaluate patients with sudden-onset severe headaches or neurological deficits to rule 

out non-traumatic intracerebral hemorrhage, subarachnoid hemorrhage, or other 

vascular catastrophes [42].  
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4. Guidance for Interventions: CT imaging can provide guidance during certain 

interventional procedures. For instance, CT fluoroscopy can assist in guiding needle 

biopsies or in performing lumbar punctures, thanks to its ability to provide real-time 

imaging  [8].  

5. Emergency Evaluation: In various emergency contexts, including transient 

ischemic attacks (TIAs) or seizures, CT is often employed for its expediency, aiding 

in swift clinical decision-making [33].  

While CT has its specific advantages in emergency settings, MRI is preferred in 

various clinical contexts due to its superior soft-tissue resolution.  

1. Tumor Evaluation: MRI is the gold standard for assessing brain tumors, 

providing excellent visualization of the tumor's characteristics, surrounding structures, 

and potential involvement of adjacent brain tissue. The use of contrast agents can 

further enhance the differentiation between tumor types and help in the assessment of 

treatment response [42].  

2. Demyelinating Diseases: Conditions such as Multiple Sclerosis (MS) are best 

visualized through MRI, where it can reveal characteristic white matter lesions. MRI 

is vital for both initial diagnosis and monitoring disease progression or response to 

therapy [43].  

3. Chronic Neurological Symptoms: For patients presenting with chronic 

headaches, seizures, or cognitive decline, MRI is often the preferred imaging modality. 

It offers better insight into chronic conditions such as brain atrophy, vascular 

malformations, and degenerative diseases [44].  

4. Intracranial Infection: MRI is highly sensitive for detecting abscesses, 

encephalitis, and other infectious processes affecting the brain. Fat suppression 

techniques can help delineate infectious processes more clearly [45].  

5. Vascular Assessment: Advanced MRI techniques like Magnetic Resonance 

Angiography (MRA) allow for non-invasive evaluation of cerebral blood vessels, 

providing critical information about vascular anomalies such as aneurysms or 

arteriovenous malformations [46].  

6. Post-Surgical Evaluation: MRI is often employed post-operatively to 

evaluate for residual tumor, assess healing, or identify post-surgical complications like 

infection or hemorrhage [46].  

Cost-Effectiveness and Accessibility of Imaging Modalities:   

Computed Tomography (CT) uses X-rays and computer algorithms to create detailed 

cross-sectional images of the brain. The rapid acquisition of images allows for realtime 

monitoring of conditions such as hemorrhage, tumors, or traumatic brain injuries. CT 

scans are particularly useful in emergency room settings where time is critical, 

providing quick diagnostic information [47].  
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Magnetic Resonance Imaging (MRI), on the other hand, employs strong magnetic 

fields and radio waves to generate high-resolution images of the brain and surrounding 

structures. MRI is adept at differentiating between various types of soft tissue and is 

often the modality of choice for conditions involving subtle changes in brain tissue, 

such as demyelinating diseases, tumors, and abnormalities like multiple sclerosis [48].  

When evaluating cost-effectiveness, several factors must be considered, including the 

direct cost of the imaging process, the time taken for the procedure, potential follow-

up tests, and the overall impact of the imaging modality on patient outcomes [49].  

1. Direct Costs: Generally, CT scans are less expensive than MRIs. The average 

cost of a CT scan in the United States ranges from 300to300to3,000, depending on 

various factors, such as the facility and geographic location. In contrast, MRI scans 

typically cost between 1,000and1,000and4,000, reflecting the higher operational costs 

associated with MRI technology, including equipment maintenance and specialized 

personnel [50].  

2. Operational Efficiency: CT machines are usually faster in acquiring images 

compared to MRI machines. A typical CT scan may take just a few minutes, while an 

MRI can take 30 minutes to over an hour to complete. This difference can affect 

workflow efficiency in healthcare settings, allowing more patients to be scanned in a 

shorter period, ultimately enhancing the throughput of CT facilities [51].  

3. Follow-up Testing: CT's speed often lends itself to more immediate 

diagnoses, especially in emergencies. In contrast, while MRI may offer greater detail 

about certain brain structures and pathologies, it might require follow-up imaging with 

different modalities based on initial findings. Therefore, when considering the 

potential need for follow-up studies, the initial cost variance between CT and MRI 

may not fully encapsulate the total expense incurred through a patient's diagnostic 

journey [52].  

4. Health Outcomes: Although CT may be less expensive upfront, its limitations 

in soft tissue contrast can lead to misdiagnosis or the oversight of critical conditions, 

which in turn may lead to additional costs for follow-up procedures or treatment 

related to an undetected issue. Conversely, while MRI’s higher cost may be justified 

by its superior ability to diagnose and manage intricate neurological cases, the overall 

expense must reflect the improved patient outcomes derived from accurate imaging 

[53].  

Accessibility comprises not only the potential for a patient to undergo an imaging 

modality but also accounts for the wait times involved, geographic distribution of 

technology, and the availability of trained personnel [54].  

1. Geographic Distribution: CT machines are often found in numerous 

healthcare facilities, including emergency departments and rural hospitals, owing to 

their low operational costs and rapid turnaround. In many cases, patients can access 
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CT imaging quickly, which is crucial in time-sensitive situations like traumatic injuries 

or strokes. In contrast, MRI machines have higher installation and maintenance costs, 

which often leads to their concentration in larger hospitals or specialized imaging 

centers, potentially limiting patient access in rural settings [55].  

2. Wait Times: Given the increased demand for MRI imaging and the longer 

duration of each scan, patients may experience longer wait times for MRI 

appointments compared to CT. In emergency medical situations, where swift diagnosis 

can be life-saving, this disparity can have significant implications for patient care [56].  

3. Training and Expertise: The interpretation of CT and MRI results requires 

different skill sets. Generally, radiologists are trained to interpret both types of scans; 

however, proficiency levels may vary. MRI, with its complex imaging protocols, often 

necessitates specialized training, which can limit the availability of interpreting 

professionals in certain areas. This requirement may compound access challenges, 

particularly in underserved regions [57].  

  

2. Conclusion:  

In the realm of brain imaging, both Computed Tomography (CT) and Magnetic 

Resonance Imaging (MRI) play crucial yet distinct roles in the diagnosis and 

management of neurological conditions. CT is the preferred choice in emergency 

settings due to its rapid acquisition time and effectiveness in detecting acute 

intracranial hemorrhages and life-threatening conditions. However, its limitations in 

soft tissue contrast and exposure to ionizing radiation make it less suitable for ongoing 

evaluation and chronic conditions. Conversely, MRI offers superior soft tissue 

characterization, allowing for the detailed assessment of a wide range of brain 

pathologies, including tumors, demyelinating diseases, and structural abnormalities, 

while avoiding radiation exposure.  

Selecting the appropriate imaging modality depends on the clinical context, the 

urgency of the situation, and the specific pathology being evaluated. Integrating both 

imaging techniques, with CT often being used for initial assessments and MRI utilized 

for detailed follow-up examinations, can provide a comprehensive understanding of 

brain health. As technology advances, the potential for hybrid imaging techniques and 

improved MRI protocols may further enhance diagnostic accuracy and patient 

outcomes, paving the way for more tailored approaches in neuroimaging. Ultimately, 

a nuanced understanding of the strengths and limitations of each modality is essential 

for healthcare professionals to make informed decisions and provide optimal patient 

care.  

References  

Price JC, Klunk WE, Lopresti BJ, Lu X, Hoge JA, Ziolko SK, et al. Kinetic modeling of amyloid 

binding in humans using PET imaging and Pittsburgh Compound-B. J. Cereb.  
Blood Flow Metab. 2005;25:1528–1547. doi: 10.1038/sj.jcbfm.9600146.  



Hassan Mana Hassan Al Murdef, Ali Saleh Hussain Al Jumhur, Ateeq Mubarak Hussein Bani Hamim,  
Mohammed Abdullah Saleh Al Rashah, Mohammed Manea Hamad Alzanati, Nasser Mahdi Almuhameth,  
Fatimah Mohammed Alshahrani, Sultan Khaled Ali Alshahrani, Hamad Ali Mohammed Althaiban, Abdullah  
Nasser Abdullah Al Qaflah  

159  

  

  

Ashburner J, Friston KJ. Voxel-based morphometry-the methods. Neuroimage. 2000;11:805– 

821. doi: 10.1006/nimg.2000.0582.  
Klunk WE, Engler H, Nordberg A, Wang Y, Blomqvist G, Holt DP, et al. Imaging brain amyloid 

in Alzheimer's disease with Pittsburgh Compound-B. Ann. Neurol. 2004;55:306– 319. doi: 

10.1002/ana.20009.  
Hirata Y, Matsuda H, Nemoto K, Ohnishi T, Hirao K, Yamashita F, et al. Voxel-based 

morphometry to discriminate early Alzheimer's disease from controls. Neurosci. Lett. 

2005;382:269–274. doi: 10.1016/j.neulet.2005.03.038.  
Arnold JB, Liow JS, Schaper KA, Stern JJ, Sled JG, Shattuck DW, et al. Qualitative and 

quantitative evaluation of six algorithms for correcting intensity nonuniformity effects. 

Neuroimage. 2001;13:931–943. doi: 10.1006/nimg.2001.0756.  
Madsen SK, Ho AJ, Hua X, Saharan PS, Toga AW, Jack CR, Jr, et al. 3D maps localize caudate 

nucleus atrophy in 400 Alzheimer's disease, mild cognitive impairment, and healthy elderly 

subjects. Neurobiol. Aging. 2010;31:1312–1325. doi:  
10.1016/j.neurobiolaging.2010.05.002.  

Killiany RJ, Gomez-Isla T, Moss M, Kikinis R, Sandor T, Jolesz F, et al. Use of structural 

magnetic resonance imaging to predict who will get Alzheimer's disease. Ann. Neurol. 

2000;47:430–439.  
Guo X, Wang Z, Li K, Li Z, Qi Z, Jin Z, et al. Voxel-based assessment of gray and white matter 

volumes in Alzheimer's disease. Neurosci. Lett. 2010;468:146–150. doi: 

10.1016/j.neulet.2009.10.086.  
Dubois B, Feldman HH, Jacova C, Dekosky ST, Barberger-Gateau P, Cummings J, et al.  

Revising the definition of Alzheimer's disease: a new lexicon. Lancet Neurol. 2010;9:1118–

1127. doi: 10.1016/S1474-4422(10)70223-4.  
Talairach J, Tournoux P. Co-planar stereotactic atlas of the human brain. Stuttgart, Germany: 

Thieme Verlag; 1988.  
Smith SM. Fast robust automated brain extraction. Hum. Brain Mapp. 2000;17:143–155. doi:  

10.1002/hbm.10062.  
Shi F, Liu B, Zhou Y, Yu C, Jiang T. Hippocampal volume and asymmetry in mild cognitive 

impairment and Alzheimer's disease: meta-analyses of MRI studies. Hippocampus. 

2009;19:1055–1064. doi: 10.1002/hipo.20573.  
Sled JG, Zijdenbos AP, Evans AC. A nonparametric method for automatic correction of intensity 

nonuniformity in MRI data. IEEE Trans. Med. Imaging. 1998;17:87–97. doi:  
10.1109/42.668698.  

Ohnishi T, Matsuda H, Tabira T, Asada T, Uno M. Changes in brain morphology in Alzheimer 

disease and normal aging: is Alzheimer disease an exaggerated aging process? Am. J. 

Neuroradiol. 2001;22:1680–1685.  
Chumbley JR, Friston KJ. False discovery rate revisited: FDR and topological inference using  
 Gaussian  random  fields.  Neuroimage.  2009;44:62–70.  doi:  

10.1016/j.neuroimage.2008.05.021.  
Braak H, Braak E. Neuropathological stageing of Alzheimer-related changes. Acta Neuropathol. 

1991;82:239–259. doi: 10.1007/BF00308809.  
Karas GB, Burton EJ, Rombouts SA, O'Brien RA, van Schijndel JT, Scheltens P, et al. A 

comprehensive study of gray matter loss in patients with Alzheimer's disease using 

optimized voxel-based morphometry. Neuroimage. 2003;18:895–907. doi:  
10.1016/s1053-8119(03)00041-7.  



Comparison of CT and MRI for Brain Imaging: Review Article   

160  

  

  

Du AT, Schuff N, Amend D, Laakso MP, Hsu YY, Jagust WJ, et al. Magnetic resonance imaging 

of the entorhinal cortex and hippocampus in mild cognitive impairment and Alzheimer's 

disease. J. Neurol. Neurosurg. Psychiatry. 2001;71:441–447. doi:  
10.1136/jnnp.71.4.441.  

Copen WA, Schaefer PW, Wu O. MR perfusion imaging in acute ischemic stroke. Neuroimaging 

Clin N Am. 2011;21(2):259–283. doi: 10.1016/j.nic.2011.02.007.  
Aboa-Eboulé C, Béjot Y, Osseby G-V, Rouaud O, Binquet C, Marie C, Cottin Y, Giroud M, 

Bonithon-Kopp C. Influence of prior transient ischaemic attack on stroke prognosis. J 

Neurol Neurosurg Psychiatr. 2011;82(9):993–1000. doi: 10.1136/jnnp.2010.209171.  
Heiss WD. The ischemic penumbra: correlates in imaging and implications for treatment of 

ischemic stroke. The Johann Jacob Wepfer award 2011. Cerebrovasc Dis. 2011;32(4):307–

320. doi: 10.1159/000330462.  
Dohmen C, Sakowitz OW, Fabricius M, Bosche B, Reithmeier T, Ernestus R-I, Brinker G, 

Dreier JP, Woitzik J, et al. Spreading depolarizations occur in human ischemic stroke with 

high incidence. Ann Neurol. 2008;63(6):720–728. doi: 10.1002/ana.21390.  
Strong AJ, Anderson PJ, Watts HR, Virley DJ, Lloyd A, Irving EA, Nagafuji T, Ninomiya M, 

Nakamura H, et al. Peri-infarct depolarizations lead to loss of perfusion in ischaemic 

gyrencephalic cerebral cortex. Brain. 2007;130(Pt 4):995–1008. doi:  
10.1093/brain/awl392.  

World Health Organization (2008) The 10 leading causes of death by broad income group 

(2008). World Health Organization, Geneva.  
Heiss WD, Rosner G. Functional recovery of cortical neurons as related to degree and duration 

of ischemia. Ann Neurol. 1983;14(3):294–301. doi: 10.1002/ana.410140307.  
Jones TH, Morawetz RB, Crowell RM, Marcoux FW, FitzGibbon SJ, DeGirolami U, Ojemann 

RG. Thresholds of focal cerebral ischemia in awake monkeys. J Neurosurg. 

1981;54(6):773–782. doi: 10.3171/jns.1981.54.6.0773.  
Hossmann KA. Periinfarct depolarizations. Cerebrovasc Brain Metab Rev. 1996;8(3):195– 208.  
Schellinger PD, Warach S. Therapeutic time window of thrombolytic therapy following stroke. 

Curr Atheroscler Rep. 2004;6(4):288–294. doi: 10.1007/s11883-004-0060-3.  
Lloyd-Jones D, Adams R, Carnethon M, De Simone G, Ferguson TB, Flegal K, Ford E, Furie 

K, Go A, et al. Heart disease and stroke statistics-2009 update. Circulation. 

2009;119(3):e21–e181. doi: 10.1161/CIRCULATIONAHA.108.191261.  
Wegener S, Gottschalk B, Jovanovic V, Knab R, Fiebach JB, Schellinger PD, Kucinski T, 

Jungehülsing GJ, Brunecker P, et al. Transient ischemic attacks before ischemic stroke: 

preconditioning the human brain? A multicenter magnetic resonance imaging study. Stroke. 

2004;35(3):616–621. doi: 10.1161/01.STR.0000115767.17923.6A.  
Astrup J, Siesjö BK, Symon L. Thresholds in cerebral ischemia - the ischemic penumbra. 

Stroke. 1981;12(6):723–725. doi: 10.1161/01.STR.12.6.723.  
Rosamond WD, Folsom AR, Chambless LE, Wang CH, McGovern PG, Howard G, Copper LS, 

Shahar E. Stroke incidence and survival among middle-aged adults: 9-year follow-up of the 

Atherosclerosis Risk in Communities (ARIC) cohort. Stroke. 1999;30(4):736–743. doi: 

10.1161/01.STR.30.4.736.  
Rost NS, Smith EE, Chang Y, Snider RW, Chanderraj R, Schwab K, FitzMaurice E, Wendell L, 

Goldstein JN, et al. Prediction of functional outcome in patients with primary intracerebral 

hemorrhage. Stroke. 2008;39(8):2304–2309. doi:  
10.1161/STROKEAHA.107.512202.  

Albers GW, Thijs VN, Wechsler L, Kemp S, Schlaug G, Skalabrin E, Bammer R, Kakuda W, 

Lansberg MG, Shuaib A, Coplin W, Hamilton S, Moseley M, Marks MP. Magnetic 

resonance imaging profiles predict clinical response to early reperfusion: the diffusion and 



Hassan Mana Hassan Al Murdef, Ali Saleh Hussain Al Jumhur, Ateeq Mubarak Hussein Bani Hamim,  
Mohammed Abdullah Saleh Al Rashah, Mohammed Manea Hamad Alzanati, Nasser Mahdi Almuhameth,  
Fatimah Mohammed Alshahrani, Sultan Khaled Ali Alshahrani, Hamad Ali Mohammed Althaiban, Abdullah  
Nasser Abdullah Al Qaflah  

161  

  

  

perfusion imaging evaluation for understanding stroke evolution (DEFUSE) study. Ann 

Neurol. 2006;60(5):508–517. doi: 10.1002/ana.20976.  
Hacke W, Albers G, Al-Rawi Y, Bogousslavsky J, Davalos A, Eliasziw M, Fischer M, Furlan  

A, Kaste M, Lees KR, Soehngen M, Warach S. The desmoteplase in acute ischemic stroke 
trial (DIAS): a phase II MRI-based 9-hour window acute stroke thrombolysis trial with 

intravenous desmoteplase. Stroke. 2005;36(1):66–73. doi:  
10.1161/01.STR.0000149938.08731.2c.  

Wintermark M, Flanders AE, Velthuis B, Meuli R, Van Leeuwen M, Goldsher D, Pineda C, 

Serena J, Schaaf IVD, Waaijer A, Anderson J, Nesbit G, Gabriely I, Medina V, Quiles A, 

Pohlman S, Quist M, Schnyder P, Bogousslavsky J, Dillon WP, Pedraza S. Perfusion-CT 

assessment of infarct core and penumbra receiver operating characteristic curve analysis in 

130 patients suspected of acute hemispheric stroke. Stroke. 2006;37(4):979–985. doi: 

10.1161/01.STR.0000209238.61459.39.  
Furlan AJ, Eyding D, Albers GW, Al-Rawi Y, Lees KR, Rowley HA, Sachara C, Soehngen M, 

Warach S, Hacke W. Dose escalation of desmoteplase for acute ischemic stroke (DEDAS): 

evidence of safety and efficacy 3 to 9 hours after stroke onset. Stroke. 2006;37(5):1227–

1231. doi: 10.1161/01.STR.0000217403.66996.6d.  
Goldstein LB, Simel DL. Is this patient having a stroke? JAMA: J Am Med Assoc. 

2005;293(19):2391–2402. doi: 10.1001/jama.293.19.2391.  
Nor AM, Davis J, Sen B, Shipsey D, Louw SJ, Dyker AG, Davis M, Ford GA. The Recognition 

of Stroke in the Emergency Room (ROSIER) scale: development and validation of a stroke 

recognition instrument. Lancet Neurol. 2005;4(11):727–734. doi:  
10.1016/S1474-4422(05)70201-5.  

Meyer B, Schaller C, Frenkel C, Ebeling B, Schramm J. Distributions of local oxygen saturation 

and its response to changes of mean arterial blood pressure in the cerebral cortex adjacent 

to arteriovenous malformations. Stroke. 1999;30(12):2623–2630. doi:  
10.1161/01.STR.30.12.2623.  

Davis SM, Donnan GA, Parsons MW, Levi C, Butcher KS, Peeters A, Barber PA, Bladin C, De 

Silva DA, Byrnes G, Chalk JB, Fink JN, Kimber TE, Schultz D, Hand PJ, Frayne J, Hankey 

G, Muir K, Gerraty R, Tress BM, Desmond PM. Effects of alteplase beyond 3 h after stroke 

in the Echoplanar Imaging Thrombolytic Evaluation Trial (EPITHET): a placebo-controlled 

randomised trial. Lancet Neurol. 2008;7(4):299–309. doi: 10.1016/S1474-4422(08)70044-

9.  
Liebeskind  DS.  Collateral  circulation.  Stroke.  2003;34(9):2279–2284.  doi:  

10.1161/01.STR.0000086465.41263.06.  
Kidwell CS, Starkman S, Eckstein M, Weems K, Saver JL. Identifying stroke in the field:  

prospective validation of the Los Angeles prehospital stroke screen (LAPSS). Stroke. 

2000;31(1):71–76. doi: 10.1161/01.STR.31.1.71.  
Wildermuth S, Knauth M, Brandt T, Winter R, Sartor K, Hacke W. Role of CT angiography in 

patient selection for thrombolytic therapy in acute hemispheric stroke. Stroke. 

1998;29(5):935–938. doi: 10.1161/01.STR.29.5.935.  
Wintermark M, Fischbein NJ, Smith WS, Ko NU, Quist M, Dillon WP. Accuracy of dynamic 

perfusion CT with deconvolution in detecting acute hemispheric stroke. Am J Neuroradiol. 

2005;26(1):104–112.  
Schramm P, Schellinger PD, Fiebach JB, Heiland S, Jansen O, Knauth M, Hacke W, Sartor K. 

Comparison of CT and CT angiography source images with diffusion-weighted imaging in 



Comparison of CT and MRI for Brain Imaging: Review Article   

162  

  

  

patients with acute stroke within 6 hours after onset. Stroke. 2002;33(10):2426–2432. doi: 

10.1161/01.STR.0000032244.03134.37.  
Yu SCH, Leung TWH, Lee KT, Hui JWY, Wong LKS. Angioplasty and stenting of 

atherosclerotic middle cerebral arteries with wingspan: evaluation of clinical outcome, 

restenosis, and procedure outcome. AJNR Am J Neuroradiol. 2011;32(4):753–758. doi:  
10.3174/ajnr.A2363.  

Winkler DT, Fluri F, Fuhr P, Wetzel SG, Lyrer PA, Ruegg S, Engelter ST. Thrombolysis in stroke 

mimics: frequency, clinical characteristics, and outcome. Stroke. 2009;40(4):1522– 1525. 

doi: 10.1161/STROKEAHA.108.530352.  
Leiva-Salinas C, Provenzale JM, Wintermark M. Responses to the 10 most frequently asked 

questions about perfusion CT. AJR Am J Roentgenol. 2011;196(1):53–60. doi:  
10.2214/AJR.10.5705.  

Straka M, Lee J, Lansberg MG, Mlynash M, Albers GW, Bammer R. Is Reduced CBV a Reliable 

Surrogate Marker for Infarct Core and Can It Be Used to Identify Lesion Mismatch? In 

Proceedings of the 18th Annual Meeting of ISMRM, Stockholm, Sweden.  
Brenner DJ, Hall EJ. Computed tomography–an increasing source of radiation exposure. N Engl 

J Med. 2007;357(22):2277–2284. doi: 10.1056/NEJMra072149.  
Furtado AD, Lau BC, Vittinghoff E, Dillon WP, Smith WS, Rigby T, Boussel L, Wintermark M. 

Optimal brain perfusion CT coverage in patients with acute middle cerebral artery stroke. 

AJNR Am J Neuroradiol. 2010;31(4):691–695. doi: 10.3174/ajnr.A1880.  
Konstas AA, Goldmakher GV, Lee T-Y, Lev MH. Theoretic basis and technical implementations 

of CT perfusion in acute ischemic stroke, part 1: theoretic basis. AJNR Am J Neuroradiol. 

2009;30(4):662–668. doi: 10.3174/ajnr.A1487.  
Allmendinger AM, Tang ER, Lui YW, Spektor V. Imaging of stroke: part 1, perfusion CT– 

overview of imaging technique, interpretation pearls, and common pitfalls. AJR Am J 

Roentgenol. 2012;198(1):52–62. doi: 10.2214/AJR.10.7255.  
Herholz K, Perani D, Morris C. The dementias: early diagnosis and evaluation. New York: 

Taylor & Francis; 2006.  
Mittal S, Wu Z, Neelavalli J, Haacke EM. Susceptibility-weighted imaging: technical aspects 

and clinical applications, part 2. AJNR Am J Neuroradiol. 2009;30(2):232–252. doi:  
10.3174/ajnr.A1461.  

Wong EC, Buxton RB, Frank LR. Implementation of quantitative perfusion imaging techniques 

for functional brain mapping using pulsed arterial spin labeling. NMR  
 Biomed.  1997;10(4–5):237–249.  doi:  10.1002/(SICI)1099- 

1492(199706/08)10:4/5<237::AID-NBM475>3.0.CO;2-X.  


