HOW DOES A MRI WORK

How poes AN MRI woRrk? MAGNETIC RESONANCE IMAGING (MRI) IS A SOPHISTICATED MEDICAL IMAGING TECHNIQUE THAT
ALLOWS HEALTHCARE PROFESSIONALS TO VISUALIZE THE INTERNAL STRUCTURES OF THE BODY IN REMARKABLE DETAIL. UNLIKE
X-RAYS OR CT scaNs, MRI DOES NOT USE IONIZING RADIATION; INSTEAD, IT EMPLOYS POWERFUL MAGNETS AND RADIO WAVES
TO GENERATE IMAGES. THIS ARTICLE WILL DELVE INTO THE PRINCIPLES OF MR| TECHNOLOGY, HOW IT WORKS, AND ITS
APPLICATIONS IN MODERN MEDICINE.

UNDERSTANDING THE BASsICS oF MR

MR RELIES ON THE PRINCIPLES OF NUCLEAR MAGNETIC RESONANCE (NMR)I A PHENOMENON THAT OCCURS WHEN ATOMIC NUCLEI
RESONATE IN THE PRESENCE OF A STRONG MAGNETIC FIELD. THE MOST COMMON ELEMENT USED IN MR 1S HYDROGEN, PRIMARILY
FOUND IN WATER MOLECULES, WHICH ARE ABUNDANT IN THE HUMAN BODY.

THe RoLE oF MAGNETIC FIELDS

AT THE CORE OF MR| TECHNOLOGY IS THE MAGNETIC FIELD. THE MR| MACHINE CONTAINS A LARGE MAGNET THAT CAN PRODUCE
A MAGNETIC FIELD TYPICALLY RANGING FROM 1.5 To 3.0 TESLA. FOR PERSPECTIVE, THE EARTH'S MAGNETIC FIELD IS ABOUT
0.00005 TesLA, MAKING MRI MACHINES EXCEPTIONALLY STRONG.

W/HEN A PATIENT ENTERS THE MR SCANNER, THE MAGNETIC FIELD ALIGNS THE HYDROGEN NUCLEI IN THE BODY. HERE’S HOW IT
W ORKS:

1. ALIGNMENT: IN THE ABSENCE OF A MAGNETIC FIELD, HYDROGEN NUCLEI SPIN IN RANDOM ORIENTATIONS. \W/HEN EXPOSED TO THE
MAGNETIC FIELD, THESE NUCLEI ALIGN WITH THE FIELD.

2. ExciTaTion: ONce ALIGNED, A RADIOFREQUENCY PULSE IS APPLIED, PROVIDING ENERGY TO THE HYDROGEN NUCLEI, FORCING
THEM TO FLIP AWAY FROM THEIR ALIGNED POSITION.

3. RELAXATION: WHEN THE RADIOFREQUENCY PULSE IS TURNED OFF, THE HYDROGEN NUCLEI RETURN TO THEIR ORIGINAL
ALIGNMENT, RELEASING ENERGY IN THE PROCESS. THIS RELEASED ENERGY IS WHAT THE MRI| DETECTS.

SIGNAL DETECTION

THE ENERGY RELEASED DURING THE RELAXATION PHASE GENERATES SIGNALS THAT ARE DETECTED BY THE MR| MACHINE'S COILS.
THESE SIGNALS ARE THEN CONVERTED INTO IMAGES BY A COMPUTER. THE AMOUNT OF ENERGY RELEASED AND THE TIME IT TAKES
FOR THE NUCLEI TO RELAX CAN VARY BASED ON THE TYPE OF TISSUE, WHICH IS WHY MRI| CAN DIFFERENTIATE BETWEEN VARIOUS
TYPES OF TISSUES, SUCH AS FAT, MUSCLE, AND WATER.

TvypPes oF MRl SEQUENCES

MRI SCANS CAN BE ADJUSTED TO PRODUCE DIFFERENT TYPES OF IMAGES BASED ON THE SPECIFIC TISSUES BEING EXAMINED. THERE
ARE SEVERAL COMMON MR SEQUENCES, EACH PROVIDING UNIQUE INFORMATION:

e T 1-WEIGHTED IMAGES: THESE IMAGES PROVIDE HIGH-RESOLUTION IMAGES OF ANATOMY AND ARE PARTICULARLY USEFUL
FOR VISUALIZING FAT AND THE STRUCTURE OF ORGANS.

o T2-WEIGHTED IMAGES: THESE IMAGES ARE SENSITIVE TO FLUID AND ARE OFTEN USED TO DETECT EDEMA, INFLAMMATION,
OR TUMORS.



o FLAIR (FLUID-ATTENUATED INVERSION RECOVERY): THIS SPECIALIZED SEQUENCE SUPPRESSES FLUID SIGNALS, MAKING IT
EASIER TO IDENTIFY LESIONS IN THE BRAIN.

e DWI (DiFFusION WEIGHTED IMAGING): THIS SEQUENCE ASSESSES THE MOVEMENT OF WATER MOLECULES IN TISSUE,
USEFUL FOR DETECTING ISCHEMIC STROKES.

PREPARING FOR AN MRI| ScAN

PREPARATION FOR AN MRI SCAN IS CRUCIAL TO ENSURE THE SAFETY AND EFFECTIVENESS OF THE PROCEDURE. HERE ARE SOME
STEPS PATIENTS SHOULD TAKE:

1. INFORM THE TECHNICIAN: PATIENTS SHOULD INFORM THE TECHNICIAN ABOUT ANY MEDICAL CONDITIONS, ALLERGIES, OR IF
THEY ARE PREGNANT.

2. REMOVE METAL OBJECTS: PATIENTS MUST REMOVE ALL METAL ITEMS, INCLUDING JEWELRY, WATCHES, AND GLASSES, AS
THEY CAN INTERFERE WITH THE MAGNETIC FIELD.

3. WEAR COMFORTABLE CLOTHING: |T°S ADVISABLE TO WEAR CLOTHING WITHOUT METAL FASTENERS. MANY FACILITIES
PROVIDE GOWNS FOR THIS PURPOSE.

4. DISCUSS CLAUSTROPHOBIA: PATIENTS WHO EXPERIENCE ANXIETY IN CONFINED SPACES SHOULD DISCUSS THIS WITH THEIR
DOCTOR, AS SEDATION MAY BE AVAILABLE.

THE MRI PRoCEDURE

THE ACTUAL MRI PROCEDURE IS NON-INVASIVE AND TYPICALLY TAKES 30 To 90 MINUTES, DEPENDING ON THE AREA BEING
SCANNED. HERE’S WHAT A PATIENT CAN EXPECT:

1. POSITIONING: THE PATIENT LIES ON A CUSHIONED TABLE THAT SLIDES INTO THE MRI| MACHINE. DEPENDING ON THE SCAN, THEY
MAY BE ASKED TO STAY STILL OR HOLD THEIR BREATH TEMPORARILY.

2. SCANNING: AS THE SCAN PROGRESSES, THE MACHINE WILL MAKE LOUD NOISES, WHICH ARE NORMAL SOUNDS PRODUCED BY THE
MACHINE’S MAGNETS AND COILS. EARPLUGS OR HEADPHONES MAY BE PROVIDED TO MITIGATE THE NOISE.

3. CONTRAST AGENTS: IN SOME CASES, A CONTRAST AGENT MAY BE INJECTED TO ENHANCE THE IMAGES. THIS IS PARTICULARLY
USEFUL FOR VISUALIZING BLOOD VESSELS OR CERTAIN TYPES OF TUMORS.

AFTER THE MR| ScAN

ONCE THE MRl IS COMPLETED, PATIENTS CAN TYPICALLY RESUME THEIR NORMAL ACTIVITIES IMMEDIATELY. IF A CONTRAST
AGENT WAS USED, PATIENTS MAY BE MONITORED FOR A SHORT TIME TO ENSURE THERE ARE NO ADVERSE REACTIONS. THE IMAGES
GENERATED FROM THE SCAN ARE THEN ANALYZED BY A RADIOLOGIST, WHO WILL PREPARE A REPORT FOR THE REFERRING
PHYSICIAN.

INTERPRETING MRI| RESULTS

INTERPRETING MRI| RESULTS REQUIRES SPECIALIZED TRAINING. RADIOLOGISTS LOOK FOR ABNORMALITIES OR CHANGES IN TISSUE



STRUCTURE, WHICH CAN HELP DIAGNOSE A RANGE OF CONDITIONS, INCLUDING:

- TUMORS: MRI IS HIGHLY EFFECTIVE IN DETECTING AND CHARACTERIZING TUMORS IN THE BRAIN, SPINE, AND OTHER ORGANS.

- INJURIES: IT CAN REVEAL SOFT TISSUE INJURIES, SUCH AS LIGAMENT TEARS, MUSCLE STRAINS, AND CARTILAGE DAMAGE.

- NeEUrRoOLOGICAL DisorDERS: MRI IS CRUCIAL FOR DIAGNOSING CONDITIONS LIKE MULTIPLE SCLEROSIS, STROKE, AND
NEURODEGENERATIVE DISEASES.

'_JOINT AND SPINE ISSUES: IT IS COMMONLY USED TO EVALUATE HERNIATED DISCS, ARTHRITIS, AND OTHER SPINAL DISORDERS.

ADVANTAGES AND LIMITATIONS oF MR

MRI| HAS SEVERAL ADVANTAGES OVER OTHER IMAGING TECHNIQUES, BUT IT ALSO HAS SOME LIMITATIONS.

ADVANTAGES

- No loNizING RADIATION: UNLIKE X-RAYS OR CT SCANS, MR| DOES NOT EXPOSE PATIENTS TO HARMFUL RADIATION.

- HigH-ResoLuTION IMAGES: MRI PROVIDES EXCELLENT CONTRAST BETWEEN DIFFERENT SOFT TISSUES, MAKING IT INVALUABLE
FOR DIAGNOSING VARIOUS CONDITIONS.

- MULTIPLE IMAGING SEQUENCES: THE ABILITY TO MANIPULATE IMAGING SEQUENCES ALLOWS FOR DETAILED EVALUATIONS OF
SPECIFIC CONDITIONS.

LIMITATIONS

- CosT: MRI MACHINES ARE EXPENSIVE, AND THE PROCEDURE CAN BE COSTLY, OFTEN REQUIRING PRIOR AUTHORIZATION FROM
INSURANCE COMPANIES.

- TiMe-ConNSUMING: COMPARED TO OTHER IMAGING TECHNIQUES, MRI TAKES LONGER TO PERFORM.

- CLAUSTROPHOBIA: SOME PATIENTS MAY EXPERIENCE ANXIETY WHILE INSIDE THE MR MACHINE, WHICH CAN AFFECT THE
QUALITY OF THE SCAN.

CoNCLUSION

IN SUMMARY, UNDERSTANDING HOW DOES AN MRI WORK INVOLVES GRASPING THE PRINCIPLES OF MAGNETIC FIELDS, RADIO
WAVES, AND THE BEHAVIOR OF HYDROGEN NUCLEI IN THE HUMAN BODY. THIS NON-INVASIVE IMAGING TECHNIQUE PROVIDES
DETAILED IMAGES THAT ARE CRUCIAL FOR DIAGNOSING A WIDE RANGE OF MEDICAL CONDITIONS. WHILE MRI HAS ITS
ADVANTAGES AND LIMITATIONS, IT REMAINS AN INDISPENSABLE TOOL IN MODERN MEDICINE, OFFERING INVALUABLE INSIGHTS INTO
THE HUMAN BODY AND AIDING IN EFFECTIVE PATIENT CARE. AS TECHNOLOGY CONTINUES TO ADVANCE, THE FUTURE OF MRI
HOLDS PROMISING POTENTIAL FOR EVEN GREATER DIAGNOSTIC CAPABILITIES.

FREQUENTLY AsSkeD QUESTIONS

WHAT DOES MRI| STAND FOR AND WHAT IS ITS PRIMARY PURPOSE?

MRI| sTANDS FOR MAGNETIC RESONANCE IMAGING. |TS PRIMARY PURPOSE IS TO CREATE DETAILED IMAGES OF THE ORGANS AND
TISSUES INSIDE THE BODY, HELPING IN DIAGNOSING AND MONITORING VARIOUS MEDICAL CONDITIONS.

How poes AN MRI MACHINE CREATE IMAGES OF THE BODY?

AN MRI MACHINE USES STRONG MAGNETIC FIELDS AND RADIO WAVES TO GENERATE IMAGES. THE MAGNETIC FIELD ALIGNS



HYDROGEN ATOMS IN THE BODY, AND WHEN RADIO WAVES ARE APPLIED, THESE ATOMS EMIT SIGNALS THAT ARE CAPTURED TO
FORM DETAILED IMAGES.

ARE THERE ANY RISKS ASSOCIATED WITH UNDERGOING AN MR| scAN?

MR| SCANS ARE GENERALLY SAFE AND NON-INVASIVE, BUT THEY ARE NOT RECOMMENDED FOR INDIVIDUALS WITH CERTAIN
IMPLANTS, SUCH AS PACEMAKERS OR METAL CLIPS. PATIENTS SHOULD ALWAYS INFORM THEIR HEALTHCARE PROVIDER ABOUT
ANY MEDICAL DEVICES BEFORE THE PROCEDURE.

How LONG DOES AN MRI SCAN TYPICALLY TAKE?P

AN MRI SCAN USUALLY TAKES BETWEEN 15 To 90 MINUTES, DEPENDING ON THE AREA BEING EXAMINED AND THE TYPE OF MR
BEING PERFORMED. PATIENTS ARE OFTEN REQUIRED TO REMAIN STILL DURING THE SCAN TO ENSURE CLEAR IMAGES.

\WHAT PREPARATIONS ARE NEEDED BEFORE AN MR| sCAN?

Berore AN MRI SCAN, PATIENTS MAY NEED TO REMOVE METAL OBJECTS, SUCH AS JEWELRY AND WATCHES. THEY SHOULD
INFORM THE TECHNICIAN ABOUT ANY MEDICAL CONDITIONS, ALLERGIES, OR MEDICATIONS THEY ARE TAKING. IN SOME CASES,
FASTING MAY BE REQUIRED.
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