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ABSTRACT: Magnetic Resonance Imaging (MRI) 

is a crucial tool in medical diagnostics, especially 

for brain imaging, providing detailed anatomical 

information vital for clinical decision-making. This 

study investigates the impact of varying MRI matrix 

sizes on the diagnostic quality of brain images in a 

sample population. A prospective analysis of 

existing medical records and imaging data from 

MRI brain scans was conducted, including a cohort 

of 60 patients who underwent MRI brain scans 

using matrix sizes of 256 x 256, 512 x 512, and 

1024 x 1024 on a 1.5 Tesla MRI scanner. Image 

quality metrics such as spatial resolution, signal-to-

noise ratio (SNR), and scan time were quantitatively 

assessed and compared across different matrix sizes. 

Subjective evaluations by expert radiotechnologist 

were also conducted to evaluate diagnostic image 

quality. Results indicated significant variations in 

image quality metrics across different matrix sizes. 

Larger matrix sizes generally yielded improved 

spatial resolution but required longer scan times and 

exhibited potential SNR degradation. The optimal 

matrix size for brain imaging depends on specific 

clinical scenarios and imaging objectives. This study 

emphasizes the importance of balancing spatial 

resolution with other factors such as scan time and 

SNR to optimize MRI brain imaging protocols. 

Further research is recommended to establish 

standardized guidelines for matrix size selection in 

MRI brain imaging. 

KEYWORDS: MRI, matrix size, brain imaging, 

spatial resolution, signal-to-noise ratio, diagnostic 

quality. 

 

I. INTRODUCTION 
Background: Magnetic Resonance Imaging 

(MRI) is a cornerstone of modern medical 

diagnostics, providing detailed anatomical 

information crucial for clinical decision-making. 

The matrix size, a fundamental parameter in MRI 

image acquisition, influences spatial resolution and 

other key imaging characteristics. Despite its 

importance, the optimal matrix size for brain 

imaging remains uncertain. 

History: Magnetic Resonance Imaging 

(MRI) originated from the discovery of nuclear 

magnetic resonance (NMR) by Felix Bloch and 

Edward Purcell in 1946, for which they won the 

Nobel Prize in Physics in 1952. Initially applied in 

chemistry, the medical potential of NMR was 

realized by Raymond Damadian, who proposed 

using it to detect cancerous tissues in 1971. In 1973, 

Paul Lauterbur introduced spatial encoding for 

NMR, making it possible to create 2D images, and 

Peter Mansfield later developed fast imaging 

techniques. The first human MRI scan was 

performed in 1977, and MRI quickly became a 

staple in medical diagnostics throughout the 1980s 

and beyond, offering detailed images without 

ionizing radiation. Lauterbur and Mansfield were 

awarded the Nobel Prize in Physiology or Medicine 

in 2003 for their contributions to MRI's 

development.  

Basics of MRI: Magnetic Resonance 

Imaging (MRI) is a powerful and versatile medical 

imaging technique that leverages magnetic fields 

and radiofrequency waves to generate detailed 

images of the body's internal structures. It is a key 

tool in clinical diagnostics due to its ability to 

provide high-resolution images without using 

ionizing radiation. 

MRI Image Acquisition: In MRI, the image 

is constructed from signals emitted by hydrogen 

nuclei (protons) in the body when they are excited 

by radiofrequency pulses in a strong magnetic field. 

The emitted signals are processed to create images, 

which are then visualized as cross-sectional views of 

the body. 

Matrix Size: The matrix size in MRI refers 

to the number of pixels (2D) or voxels (3D) in the 

image grid. Common matrix sizes for MRI scans 

can range from small sizes like 128 x 128 to larger 

sizes such as 512 x 512 or even higher. 

Effect on Spatial Resolution: A larger 

matrix size results in more pixels or voxels being 

used to represent the image, which typically leads to 

higher spatial resolution. This allows for more 

detailed images where small structures can be 

visualized more clearly. 
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Pixel/Voxel Size: The matrix size, in 

conjunction with the field of view (FOV), 

determines the size of each pixel or voxel. A larger 

matrix size with a constant FOV results in smaller 

pixel/voxel sizes, providing more detail. 

Importance and Uncertainty: Optimal 

Matrix Size: The optimal matrix size for a specific 

MRI scan depends on the clinical scenario and the 

region of interest. A larger matrix size can improve 

spatial resolution, but may also lead to longer scan 

times and potentially lower signal-to-noise ratio 

(SNR). 

 

Trade-offs: Adjusting the matrix size involves 

balancing multiple factors: 

1. Scan Time: Larger matrix sizes can increase 

scan time, which may be uncomfortable for 

patients and affect image quality due to motion 

artifacts. 

2. SNR: As matrix size increases, the SNR can 

decrease since the signal is distributed over 

more pixels or voxels. This can result in noisier 

images. 

3. Image Storage and Processing: Larger images 

require more storage space and more powerful 

computing resources for processing and 

analysis. 

4. Clinical and Research Implications: 

 

The choice of matrix size can significantly 

affect the quality of the resulting images and, 

consequently, the ability of clinicians to accurately 

diagnose conditions. 

Different clinical scenarios and research 

studies may require different matrix sizes to balance 

image quality with other factors like scan time and 

SNR. 

Further research is needed to establish 

standardized guidelines for matrix size selection in 

MRI to optimize diagnostic accuracy and efficiency. 

A larger matrix size can provide better 

image detail, it also introduces challenges such as 

increased scan time and potential SNR loss. The 

selection of an optimal matrix size for MRI brain 

imaging is a nuanced decision that must consider the 

specific diagnostic needs and constraints of the 

imaging protocol. 

 

Fig 1.1 

Matrix Size 256x256           Matrix Size 512x512     Matrix Size 1024x1024 

Low Spatial Resolution           Good Spatial Resolution              High Spatial Resolution 

High SNR                  Good SNR      Low SNR 

 

II. AIM: 
The aim of exploring the impact of MRI 

matrix size on brain image quality is to understand 

how different matrix sizes in MRI scans affect the 

quality and detail of brain images. This can help in 

optimizing MRI scanning protocols for better 

image quality and diagnostic accuracy.  

 

III. OBJECTIVES: 
1. To compare the spatial resolution and 

detail of brain images obtained using different 

matrix sizes (e.g., 256 x 256, 512 x 512, and 1024 

x 1024). 

2. To assess the impact of different matrix 

sizes on the signal-to-noise ratio (SNR) in brain 

MRI images. 
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IV. METHODS AND MATERIALS: 
1. Study Design: Prospective hospital based 

study. 

2. Study Area: Department of Radiology, 

Shrimann Superspeciality Hospital, Jalandhar, 

Punjab. The study period was between October 

2023 to March 2024. 

3. Sample Source: Present study was conducted 

in the Department of Radiology, Shrimann 

Superspeciality Hospital, Jalandhar, Punjab. 

The Study population includes all the patients 

of MRI brain examination. 

4. Sampling Methods: A simple random 

sampling procedure was used. Patients were 

selected from the attendance list for each 

particular day. Patients were given 

appointment dates depending on their 

convenience. 

5. Sample Size: 60 patients. 

Inclusion Criteria:  

The study includes, all MRI brain patient. Cases of 

all age groups irrespective of sex.  

Exclusion Criteria:  
All patients with metallic implants, pacemakers and 

claustrophobic patients are excluded. 

Pregnant patients. 

6. Instrumentation: Using head coil during the 

examination. 

7. Data Collection: A cohort of 60 patients 

underwent MRI brain scans using multiple 

matrix sizes (e.g., 256x256, 512x512, and 

1024x1024) on a 1.5 Tesla MRI scanner. 

Image quality metrics, including spatial 

resolution, SNR, and scan time, were 

quantitatively assessed and compared across 

different matrix sizes. Additionally, subjective 

evaluations by expert radiotechnologist were 

conducted to evaluate diagnostic image 

quality. 

 

V. RESULTS: 
Preliminary analysis revealed significant 

variations in image quality metrics across different 

matrix sizes. In Fig. 1.1, When increase the image 

matrix size (1024x1024) therefore increase the 

image quality as comparison to the image matrix 

size of 256x256 and 512x512. Higher matrix sizes 

generally yielded improved spatial resolution but at 

the cost of increased scan time and potential SNR 

degradation. However, the relationship between 

matrix size and diagnostic image quality was 

complex, with optimal matrix size depending on 

specific imaging objectives and clinical 

considerations. 

VI. CONCLUSION: 
This study underscores the critical 

influence of MRI matrix size on brain image 

quality and diagnostic utility. While higher matrix 

sizes offer enhanced spatial resolution, trade-offs in 

scan time and SNR must be carefully considered. 

Further research is warranted to elucidate the 

optimal matrix size for different clinical scenarios 

and to develop tailored imaging protocols that 

maximize diagnostic accuracy while minimizing 

patient burden. 
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