
principles of magnetic resonance
imaging

Principles of magnetic resonance imaging (MRI) represent a cornerstone of
modern medical diagnostics, providing clinicians with detailed insights into
the inner workings of the human body without the need for invasive
procedures. MRI uses powerful magnets, radio waves, and computers to create
detailed images of organs and tissues, allowing for the assessment of various
medical conditions. Understanding the principles behind MRI not only enhances
the comprehension of its capabilities but also underscores its significance
in the medical field.

What is Magnetic Resonance Imaging?

Magnetic Resonance Imaging is a non-invasive imaging technology that produces
high-resolution images of organs and tissues. Introduced in the late 1970s
and gaining widespread use in the 1980s, MRI quickly became a vital tool in
diagnostics due to its ability to differentiate between various types of
tissues and provide detailed images of soft tissues, which traditional X-rays
and CT scans may not adequately capture.

The Fundamental Principles of MRI

To grasp the principles of magnetic resonance imaging, it is crucial to
understand the underlying physics involved. MRI exploits the magnetic
properties of certain atomic nuclei, particularly hydrogen, which is abundant
in the human body due to its high water content.

1. Magnetic Field and Hydrogen Atoms

The foundation of MRI lies in its use of a strong magnetic field. Here’s how
this works:

- Alignment of Nuclei: When a patient is placed in the MRI machine, the
hydrogen nuclei (protons) align with the magnetic field. In the absence of an
external magnetic field, these protons are oriented randomly.

- Strength of the Magnetic Field: The strength of the magnetic field is
measured in Tesla (T), with most clinical MRI machines operating at 1.5 to
3.0 T. Higher field strengths provide better image quality and resolution.

2. Radiofrequency Pulses

Once the protons are aligned, the MRI machine emits radiofrequency (RF)
pulses that temporarily disturb this alignment:

- Excitation: The RF pulses provide energy to the protons, causing them to
move out of alignment with the magnetic field.



- Relaxation and Signal Capture: When the RF pulse is turned off, the protons
gradually return to their original alignment state, releasing energy in the
process. This energy is what the MRI machine detects and uses to create
images.

3. Relaxation Times

The relaxation process is characterized by two primary time constants:

- T1 Relaxation (Spin-Lattice Relaxation): This is the time it takes for
protons to return to their equilibrium state after the RF pulse is removed.
T1 is influenced by the surrounding tissue type and is crucial for creating
images with high contrast.

- T2 Relaxation (Spin-Spin Relaxation): This refers to the time it takes for
protons to lose coherence among themselves after the RF pulse. T2 is also
critical for image contrast and can vary significantly depending on the
tissue type.

Image Formation in MRI

The process of creating images in MRI is complex and involves several key
steps:

1. Fourier Transform

The signals detected from the relaxing protons are complex and need to be
processed to form images. This is where the Fourier Transform comes into
play:

- Transformation of Signals: The raw data collected from the MRI scan is
transformed through mathematical algorithms (Fourier Transform), converting
it from the time domain to the frequency domain.

- Image Reconstruction: This transformation allows for the reconstruction of
two-dimensional (2D) or three-dimensional (3D) images of the scanned area.

2. Contrast Agents

In some cases, to enhance the visibility of certain tissues or blood vessels,
contrast agents are used:

- Gadolinium-Based Agents: These are commonly used in MRI to improve the
contrast of images. They alter the magnetic properties of nearby protons,
enhancing the difference in signal between tissues.

- Safety Considerations: While generally considered safe, contrast agents do
have risks, particularly for patients with kidney issues.



Types of MRI Techniques

There are various MRI techniques, each tailored for specific diagnostic
needs:

Functional MRI (fMRI)


