CT PHYSICS FUNDAMENTALS

UNDERSTANDING CT PHYsIcs FUNDAMENTALS: A CoMPREHENSIVE GUIDE

CT PHYSICS FUNDAMENTALS ARE THE BEDROCK UPON WHICH ADVANCED MEDICAL IMAGING TECHNOLOGIES ARE BUILT. COMPUTED
TOMOGRAPHY (CT) HAS REVOLUTIONIZED DIAGNOSTIC CAPABILITIES, OFFERING CROSS-SECTIONAL VIEWS OF THE HUMAN BODY
WITH UNPARALLELED DETAIL. THIS ARTICLE DELVES DEEP INTO THE CORE PRINCIPLES THAT GOVERN CT IMAGING, FROM THE
GENERATION OF X-RAYS TO THE INTRICATE RECONSTRUCTION OF IMAGES. WE WILL EXPLORE THE PHYSICS BEHIND X-RAY
ATTENUATION, THE ROLE OF DETECTORS, AND THE SOPHISTICATED ALGORITHMS THAT TRANSFORM RAW DATA INTO CLINICALLY
USEFUL DIAGNOSTIC TOOLS. [UNDERSTANDING THESE FUNDAMENTAL CONCEPTS IS CRUCIAL FOR APPRECIATING THE POWER AND
LIMITATIONS OF CT TECHNOLOGY AND FOR ITS SAFE AND EFFECTIVE APPLICATION IN HEALTHCARE.
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THE PHYSICS oF X-RAY GENERATION AND INTERACTION

AT ITS HEART, CT IMAGING RELIES ON THE CONTROLLED PRODUCTION AND INTERACTION OF X-RAYS WITH THE HUMAN BODY. X-
RAY TUBES ARE THE \WORKHORSES HERE, EMPLOYING A PROCESS KNOWN AS THERMIONIC EMISSION. A HEATED FILAMENT
(CATHODE) RELEASES ELECTRONS, WHICH ARE THEN ACCELERATED BY A HIGH VOLTAGE TOWARDS AN ANODE TARGET,
TYPICALLY MADE OF TUNGSTEN. W/HEN THESE HIGH-ENERGY ELECTRONS STRIKE THE ANODE, THEY INTERACT WITH THE TARGET
ATOMS, PRODUCING TWO PRIMARY TYPES OF X-RAYS: CHARACTERISTIC RADIATION AND BREMSSTRAHLUNG RADIATION.

CHARACTERISTIC RADIATION IS PRODUCED WHEN AN INCIDENT ELECTRON EJECTS AN INNER-SHELL ELECTRON FROM A TARGET
ATOM. THE ATOM THEN BECOMES UNSTABLE AND FILLS THE VACANCY BY AN ELECTRON FROM AN OUTER SHELL DROPPING TO THE
INNER SHELL. THIS TRANSITION RELEASES ENERGY IN THE FORM OF AN X-RAY PHOTON WITH A SPECIFIC ENERGY CHARACTERISTIC
OF THE TARGET MATERIAL. BREMSSTRAHLUNG, OR “BRAKING RADIATION,” IS GENERATED WHEN A HIGH-SPEED ELECTRON IS
DECELERATED AS IT PASSES CLOSE TO THE NUCLEUS OF A TARGET ATOM. THIS DECELERATION CAUSES THE ELECTRON TO LOSE
KINETIC ENERGY, WHICH IS EMITTED AS AN X-RAY PHOTON. THE ENERGY OF BREMSSTRAHLUNG PHOTONS CAN VARY ACROSS A
CONTINUOUS SPECTRUM, DEPENDING ON THE DEGREE OF DECELERATION. THE COMBINATION OF THESE TWO TYPES OF RADIATION
FORMS THE X-RAY BEAM USED IN CT SCANNERS.

ONCE GENERATED, THESE X-RAY PHOTONS TRAVEL IN A BEAM TOWARDS THE PATIENT. AS THEY PENETRATE THE BODY, THEY
UNDERGO VARIOUS INTERACTIONS WITH THE ATOMS OF TISSUES AND ORGANS. THE MOST SIGNIFICANT INTERACTIONS FOR CT
IMAGING ARE PHOTOELECTRIC ABSORPTION AND COMPTON SCATTERING. PHOTOELECTRIC ABSORPTION OCCURS WHEN AN
INCIDENT X-RAY PHOTON IS COMPLETELY ABSORBED BY AN ATOM, EJECTING AN INNER-SHELL ELECTRON. THIS PROCESS IS MORE
LIKELY TO OCCUR WITH LOWER-ENERGY PHOTONS AND IN TISSUES WITH HIGH ATOMIC NUMBERS, LIKE BONE. CoMPTON



SCATTERING, ON THE OTHER HAND, INVOLVES THE SCATTERING OF AN X-RAY PHOTON BY AN OUTER-SHELL ELECTRON,
RESULTING IN A SCATTERED PHOTON WITH LOWER ENERGY AND A CHANGE IN DIRECTION. THIS SCATTERING CONTRIBUTES TO
IMAGE NOISE AND DOSE TO SURROUNDING TISSUES BUT IS LESS DEPENDENT ON ATOMIC NUMBER THAN PHOTOELECTRIC
ABSORPTION.

X-RAY ATTENUATION AND DIFFERENTIAL ABSORPTION

THE CRUCIAL PRINCIPLE THAT ALLOWS CT TO CREATE DETAILED IMAGES IS X-RAY ATTENUATION. AS THE X-RAY BEAM
PASSES THROUGH THE PATIENT, ITS INTENSITY IS REDUCED DUE TO ABSORPTION AND SCATTERING. THIS REDUCTION IN INTENSITY
IS CALLED ATTENUATION. DIFFERENT TISSUES AND MATERIALS WITHIN THE BODY ATTENUATE X-RAYS TO VARYING DEGREES.
THIS DIFFERENTIAL ABSORPTION IS THE KEY TO DISTINGUISHING BETWEEN VARIOUS STRUCTURES. FOR INSTANCE, BONE, WITH ITS
HIGH CALCIUM CONTENT AND THEREFORE HIGHER EFFECTIVE ATOMIC NUMBER, ABSORBS X-RAYS MUCH MORE EFFECTIVELY THAN
SOFT TISSUES LIKE MUSCLE OR FAT. AIR, HAVING VERY LOW DENSITY, ATTENUATES X-RAYS MINIMALLY.

THE EXTENT OF ATTENUATION IS GOVERNED BY SEVERAL FACTORS. THE ENERGY OF THE X-RAY PHOTONS (K\/P)/ THE
THICKNESS OF THE MATERIAL, AND THE ATOMIC COMPOSITION OF THE MATERIAL ALL PLAY SIGNIFICANT ROLES. HIGHER ENERGY
PHOTONS PENETRATE MORE DEEPLY, WHILE THICKER OR DENSER MATERIALS ABSORB MORE. MATERIALS WITH HIGHER ATOMIC
NUMBERS (Z) WILL EXHIBIT GREATER PHOTOELECTRIC ABSORPTION, LEADING TO MORE SIGNIFICANT ATTENUATION. THis
DIFFERENTIAL ABSORPTION CREATES A PATTERN OF X-RAY INTENSITIES THAT EXIT THE PATIENT, A PATTERN THAT IS UNIQUE TO
THE INTERNAL STRUCTURES BEING SCANNED.

IMAGINE SHINING A FLASHLIGHT THROUGH DIFFERENT OBJECTS. A PIECE OF PAPER WILL LET SOME LIGHT THROUGH, A PIECE OF
CARDBOARD WILL LET LESS THROUGH, AND A METAL PLATE WILL BLOCK ALMOST ALL OF IT. X-RAYS WORK SIMILARLY, BUT
WITH MUCH FINER DISTINCTIONS BETWEEN MATERIALS. CT SCANNERS LEVERAGE THESE SUBTLE DIFFERENCES IN HOW MUCH THE X-
RAY BEAM IS "DIMMED” BY EACH PART OF THE BODY TO BUILD A PICTURE OF WHAT'S INSIDE. THIS IS THE ESSENCE OF How CT
IMAGING DIFFERENTIATES BETWEEN STRUCTURES LIKE BONE, BLOOD, AND ORGANS.

THe RoLE oF DeTecTORrS IN CT IMAGING

ONCE THE X-RAY BEAM HAS PASSED THROUGH THE PATIENT AND BEEN DIFFERENTIALLY ATTENUATED, IT STRIKES AN ARRAY OF
DETECTORS. THESE DETECTORS ARE RESPONSIBLE FOR MEASURING THE INTENSITY OF THE X-RAY BEAM THAT HAS MADE IT
THROUGH THE BODY. THE DESIGN AND EFFICIENCY OF THESE DETECTORS ARE PARAMOUNT TO THE QUALITY OF THE CT IMAGE.
EARLY CT SCANNERS USED GAS IONIZATION DETECTORS, BUT MODERN SCANNERS OVERWHELMINGLY EMPLOY SOLID-STATE
DETECTORS, PRIMARILY SCINTILLATION DETECTORS.

SCINTILLATION DETECTORS WORK BY CONVERTING THE ENERGY OF INCIDENT X-RAY PHOTONS INTO VISIBLE LIGHT PHOTONS.
THESE LIGHT PHOTONS ARE THEN DETECTED BY PHOTODIODES, WHICH CONVERT THE LIGHT INTO AN ELECTRICAL SIGNAL. THE
STRENGTH OF THIS ELECTRICAL SIGNAL IS DIRECTLY PROPORTIONAL TO THE INTENSITY OF THE X-RAY BEAM THAT REACHED THE
DETECTOR. DIFFERENT MATERIALS ARE USED FOR SCINTILLATION, SUCH AS CADMIUM TUNGSTATE (CD\X/OA-) OR RARE-EARTH
SCINTILLATORS LIKE GADOLINIUM OXYSULFIDE (GDQOQS) THE CHOICE OF SCINTILLATOR MATERIAL IMPACTS THE SPEED OF
LIGHT EMISSION, ENERGY RESOLUTION, AND OVERALL EFFICIENCY OF THE DETECTOR.

A crUCIAL ASPECT oF CT DETECTOR TECHNOLOGY IS THEIR ARRANGEMENT. THEY ARE TYPICALLY ARRANGED IN A FAN OR CONE
SHAPE, DIRECTLY OPPOSITE THE X-RAY SOURCE. AS THE X-RAY TUBE ROTATES AROUND THE PATIENT, THESE DETECTORS
CONTINUOUSLY MEASURE THE ATTENUATED X-RAY BEAMS FROM MULTIPLE ANGLES. THIS COLLECTION OF MEASUREMENTS,
KNOWN AS PROJECTION DATA, FORMS THE RAW INPUT FOR THE IMAGE RECONSTRUCTION PROCESS. THE SENSITIVITY AND
ACCURACY OF THESE DETECTORS DIRECTLY INFLUENCE THE SIGNAL-TO-NOISE RATIO AND SPATIAL RESOLUTION OF THE FINAL
CT IMAGE.



IMAGE RECONSTRUCTION; FROM PROJECTIONS TO CROSS-SECTIONS

THE DATA COLLECTED BY THE DETECTORS ARE NOT IMAGES IN THEMSELVES. THEY ARE ESSENTIALLY PROFILES OF X-RAY
ATTENUATION FROM HUNDREDS OR THOUSANDS OF DIFFERENT ANGLES AROUND THE PATIENT. THE PROCESS OF TRANSFORMING
THIS PROJECTION DATA INTO A CROSS-SECTIONAL IMAGE IS CALLED IMAGE RECONSTRUCTION. THIS IS A SOPHISTICATED
COMPUTATIONAL TASK THAT RELIES ON MATHEMATICAL ALGORITHMS.

THE MOST COMMON METHOD USED FOR CT IMAGE RECONSTRUCTION IS FILTERED BACK-PROJECTION (FBP). IN THIS PROCESS,
EACH PROJECTION IS “BACK-PROJECTED” OVER THE ENTIRE IMAGE MATRIX. THIS MEANS THAT THE ATTENUATION VALUES FROM
EACH DETECTOR BIN ARE SMEARED ALONG THE PATH THE X-RAY BEAM TOOK. |F THIS WERE DONE WITHOUT ANY MODIFICATION,
THE RESULTING IMAGE WOULD BE VERY BLURRY, WITH HIGH DENSITIES BLURRING OUTWARDS. TO COUNTERACT THIS, A
MATHEMATICAL FILTER IS APPLIED TO EACH PROJECTION BEFORE BACK-PROJECTION. THIS FILTER SHARPENS THE EDGES OF
STRUCTURES AND SUPPRESSES THE BLURRING EFFECT.

MORE ADVANCED ITERATIVE RECONSTRUCTION ALGORITHMS ARE ALSO GAINING TRACTION. THESE METHODS WORK BY CREATING
AN INITIAL GUESS OF THE IMAGE AND THEN REPEATEDLY COMPARING IT TO THE ACQUIRED PROJECTION DATA. THE ALGORITHM
THEN MODIFIES THE IMAGE ITERATIVELY UNTIL IT CLOSELY MATCHES THE MEASURED DATA. W/HILE COMPUTATIONALLY MORE
INTENSIVE, ITERATIVE RECONSTRUCTION TECHNIQUES CAN OFTEN PRODUCE IMAGES WITH REDUCED NOISE AND LOWER RADIATION
DOSE COMPARED TO FBP, A SIGNIFICANT BENEFIT FOR PATIENT SAFETY.

THINK OF IT LIKE TRYING TO FIGURE OUT THE SHAPE OF AN OBJECT BY LOOKING AT ITS SHADOW FROM MANY DIFFERENT ANGLES.
YOU WOULDN'T GET A CLEAR PICTURE FROM JUST ONE SHADOW. BUT BY COMBINING INFORMATION FROM SHADOWS CAST FROM
ALL AROUND, A COMPUTER CAN PIECE TOGETHER A 3D UNDERSTANDING OF THE OBJECT,S FORM. CT RECONSTRUCTION IS THE
DIGITAL EQUIVALENT OF THIS, USING X-RAY SHADOWS TO BUILD A DETAILED INTERNAL VIEW.

CT Numeer (HouUNSFIELD UNIT) ScALE

ONCE THE IMAGE IS RECONSTRUCTED, EACH PIXEL IN THE CROSS-SECTIONAL IMAGE IS ASSIGNED A NUMERICAL VALUE THAT
REPRESENTS THE AVERAGE X-RAY ATTENUATION WITHIN THAT PIXEL. THIS VALUE IS EXPRESSED ON THE CT NUMBER SCALE,
ALSO KNOWN AS HoUNsFIELD UNITS (HU), NAMED AFTER SIR GODFREY HOUNSFIELD, ONE OF THE INVENTORS OF CT. THIS
SCALE PROVIDES A STANDARDIZED WAY TO QUANTIFY THE DENSITY OF DIFFERENT TISSUES.

ON THE HOUNSFIELD UNIT SCALE, AIR IS ASSIGNED A VALUE OF - 1000 HU, REPRESENTING VERY LOW ATTENUATION. W ATER
IS DEFINED AS O HU. BONE TYPICALLY FALLS IN THE RANGE OF +400 To + 1000 HU Or EVEN HIGHER, INDICATING SIGNIFICANT
ATTENUATION. SOFT TISSUES LIKE MUSCLE, FAT, AND ORGANS HAVE VALUES IN BETWEEN WATER AND BONE, WITH SLIGHT
VARIATIONS. FOR EXAMPLE, FAT MIGHT BE AROUND -50 To - 100 HU, WHILE MUSCLE IS cLosEr To +40 To +60 HU.

THE HU SCALE IS INVALUABLE FOR DIAGNOSIS BECAUSE IT ALLOWS RADIOLOGISTS TO OBJECTIVELY DIFFERENTIATE BETWEEN
TISSUES. FOR INSTANCE, A RADIOLOGIST CAN USE WINDOWING TECHNIQUES TO ADJUST THE HU RANGE DISPLAYED ON THE
MONITOR, EFFECTIVELY “HIGHLIGHTING” SPECIFIC TISSUE DENSITIES. THIS ALLOWS FOR THE VISUALIZATION OF SUBTLE
DIFFERENCES THAT MIGHT OTHERWISE BE MISSED. THE PRECISE HU VALUES RECORDED ARE A DIRECT REFLECTION OF THE PHYSICS
OF X-RAY ATTENUATION AND ABSORPTION, PROVIDING A QUANTITATIVE MEASURE OF THE MATERIAL'S INTERACTION WITH THE
X-RAY BEAM.

FACTORS AFFECTING CT IMAGE QUALITY

SEVERAL FACTORS CONTRIBUTE TO THE OVERALL QUALITY oF A CT IMAGE, INFLUENCING ITS DIAGNOSTIC UTILITY.
(UNDERSTANDING THESE FACTORS IS CRUCIAL FOR BOTH ACQUIRING OPTIMAL IMAGES AND INTERPRETING THEM CORRECTLY. THE
PRIMARY DETERMINANTS OF IMAGE QUALITY IN CT CAN BE BROADLY CATEGORIZED INTO SPATIAL RESOLUTION, CONTRAST
RESOLUTION, NOISE, AND ARTIFACTS.



SPATIAL RESOLUTION REFERS TO THE ABILITY OF THE CT SYSTEM TO DISTINGUISH BETWEEN TWO SMALL, HIGH-CONTRAST
OBJECTS THAT ARE CLOSE TOGETHER. |T IS ESSENTIALLY A MEASURE OF HOW FINE THE DETAILS ARE THAT THE SCANNER CAN
RESOLVE. SEVERAL ELEMENTS INFLUENCE SPATIAL RESOLUTION, INCLUDING THE SIZE OF THE FOCAL SPOT IN THE X-RAY TUBE,
THE DETECTOR ELEMENT SIZE, THE RECONSTRUCTION ALGORITHM USED, AND THE SAMPLING RATE OF THE PROJECTION DATA. A
SMALLER FOCAL SPOT AND DETECTOR ELEMENT, ALONG WITH HIGHER SAMPLING, GENERALLY LEAD TO BETTER SPATIAL
RESOLUTION.

CONTRAST RESOLUTION, ON THE OTHER HAND, IS THE ABILITY TO DISTINGUISH BETWEEN TISSUES WITH SIMILAR DENSITIES. IT1s
THE SYSTEM'S ABILITY TO DIFFERENTIATE SUBTLE DIFFERENCES IN ATTENUATION. FACTORS THAT AFFECT CONTRAST
RESOLUTION INCLUDE DETECTOR EFFICIENCY, RECONSTRUCTION ALGORITHMS, AND SCATTER RADIATION. WHILE CT GENERALLY
HAS GOOD CONTRAST RESOLUTION, IT CAN BE IMPROVED BY USING LOWER kVP SETTINGS (THOUGH THIS INCREASES DOSE AND
CAN IMPACT SPATIAL RESOLUTION) OR BY EMPLOYING CONTRAST AGENTS THAT SIGNIFICANTLY ALTER THE ATTENUATION OF
SPECIFIC TISSUES.

NOISE IS THE RANDOM FLUCTUATION IN PIXEL VALUES WITHIN THE IMAGE, WHICH CAN OBSCURE IMPORTANT DETAILS. THE
PRIMARY SOURCE OF NOISE IN CT IS QUANTUM MOTTLE, WHICH ARISES FROM THE STATISTICAL FLUCTUATIONS IN THE NUMBER
OF X-RAY PHOTONS DETECTED. HIGHER X-RAY DOSES LEAD TO LESS QUANTUM NOISE, BUT ALSO INCREASED PATIENT
RADIATION EXPOSURE. OTHER SOURCES OF NOISE INCLUDE ELECTRONIC NOISE FROM THE DETECTORS AND RECONSTRUCTION
ARTIFACTS. IMAGE QUALITY CAN BE IMPROVED BY AVERAGING MULTIPLE PIXELS OR USING ADVANCED NOISE REDUCTION
ALGORITHMS, BUT THIS CAN SOMETIMES COME AT THE COST OF REDUCED SPATIAL RESOLUTION.

ARTIFACTS ARE UNWANTED PATTERNS OR FEATURES IN THE CT IMAGE THAT DO NOT CORRESPOND TO ACTUAL ANATOMY.
THEY CAN BE CAUSED BY A VARIETY OF FACTORS, INCLUDING PATIENT MOTION, METAL IMPLANTS (\X/HICH CAUSE BEAM
HARDENING AND STREAK ARTIFACTS), INCOMPLETE DATA ACQUISITION, OR INHERENT LIMITATIONS OF THE RECONSTRUCTION
ALGORITHMS. RECOGNIZING AND UNDERSTANDING THE CAUSES OF ARTIFACTS IS ESSENTIAL FOR ACCURATE IMAGE
INTERPRETATION, AS THEY CAN MIMIC OR MASK PATHOLOGICAL CONDITIONS.

CoNCLUSION

THE INTRICATE INTERPLAY OF X-RAY PHYSICS, DETECTOR TECHNOLOGY, AND SOPHISTICATED RECONSTRUCTION ALGORITHMS
FORMS THE FOUNDATION OF CT IMAGING. FROM THE GENERATION OF X-RAYS AND THEIR DIFFERENTIAL ATTENUATION THROUGH
TISSUES TO THE PRECISE MEASUREMENT BY DETECTORS AND THE SUBSEQUENT MATHEMATICAL RECONSTRUCTION, EACH STEP IS
CRITICAL TO PRODUCING THE DETAILED CROSS-SECTIONAL IMAGES THAT ARE INDISPENSABLE IN MODERN MEDICINE. A THOROUGH
UNDERSTANDING OF CT PHYSICS FUNDAMENTALS NOT ONLY DEMYSTIFIES THIS POWERFUL IMAGING MODALITY BUT ALSO
UNDERPINS ITS SAFE, EFFECTIVE, AND EVOLVING APPLICATION IN DIAGNOSING AND MONITORING A VAST ARRAY OF MEDICAL
CONDITIONS.

FREQUENTLY AskeD QUESTIONS ABOUT CT PHYSICS FUNDAMENTALS

Q: WHAT IS THE PRIMARY PRINCIPLE BEHIND HOW CT SCANS CREATE IMAGES?

A: THE PRIMARY PRINCIPLE IS DIFFERENTIAL X-RAY ATTENUATION. DIFFERENT TISSUES AND MATERIALS WITHIN THE BODY ABSORR
OR SCATTER X-RAY BEAMS TO VARYING DEGREES. CT SCANNERS MEASURE THESE DIFFERENCES FROM MULTIPLE ANGLES AND USE
COMPLEX ALGORITHMS TO RECONSTRUCT A CROSS-SECTIONAL IMAGE THAT REPRESENTS THESE VARIATIONS IN DENSITY.

Q: How IS X-RAY RADIATION GENERATED FOR CT SCANS?

A: X-RAYS ARE GENERATED IN AN X-RAY TUBE. A HEATED FILAMENT (CATHODE) RELEASES ELECTRONS, WHICH ARE THEN
ACCELERATED BY A HIGH VOLTAGE TOWARDS A METAL TARGET (ANODE). \W/HEN THE ELECTRONS STRIKE THE ANODE, THEY
PRODUCE X-RAYS THROUGH PROCESSES CALLED CHARACTERISTIC RADIATION AND BREMSSTRAHLUNG RADIATION.



Q: WHAT 1s THE HounsFieLb UNIT (HU) scALE used For IN CT IMAGING?

A: THe HounsFiELD UNIT (HU) SCALE IS A STANDARDIZED SYSTEM USED TO QUANTIFY THE X-RAY ATTENUATION OF DIFFERENT
TISSUES AND MATERIALS IN A CT IMAGE. AIR IS ASSIGNED - 1000 HU, wATER IS O HU, AND BONE IS TYPICALLY MUCH HIGHER
(e.c., +400 1o +1000 HU). THIS SCALE ALLOWS FOR OBJECTIVE DIFFERENTIATION BETWEEN VARIOUS STRUCTURES.

Q: WHAT ARE THE MAIN TYPES OF X-RAY INTERACTIONS WITH THE BODY THAT ARE
IMPORTANT FOR CT?

A: THE TWO MOST SIGNIFICANT X-RAY INTERACTIONS FOR CT IMAGING ARE PHOTOELECTRIC ABSORPTION AND COMPTON
SCATTERING. PHOTOELECTRIC ABSORPTION IS MORE DEPENDENT ON ATOMIC NUMBER AND CONTRIBUTES MORE TO THE CONTRAST
SEEN BETWEEN DIFFERENT TISSUES, ESPECIALLY BONE. COMPTON SCATTERING IS LESS DEPENDENT ON ATOMIC NUMBER AND CAN
CONTRIBUTE TO IMAGE NOISE AND SCATTER.

QZ How poes THE CT SCANNER DIFFERENTIATE BETWEEN BONE AND SOFT TISSUE?

A: BONE HAS A HIGHER EFFECTIVE ATOMIC NUMBER AND DENSITY COMPARED TO SOFT TISSUES. THIS MEANS BONE ATTENUATES
X-RAYS MUCH MORE STRONGLY, ABSORBING MORE PHOTONS. THe CT DETECTORS MEASURE THIS HIGHER ATTENUATION FROM

BONE, WHICH TRANSLATES TO A HIGHER HOUNSFIELD UNIT VALUE IN THE RECONSTRUCTED IMAGE, MAKING IT APPEAR BRIGHTER
THAN SOFT TISSUES.

QI WHAT IS IMAGE RECONSTRUCTION IN CT , AND WHY IS IT NECESSARY?

A: IMAGE RECONSTRUCTION IS THE MATHEMATICAL PROCESS OF CONVERTING THE RAW PROJECTION DATA (MEASUREMENTS OF
ATTENUATED X-RAY BEAMS FROM MULTIPLE ANGLES) INTO A CROSS-SECTIONAL IMAGE. |T IS NECESSARY BECAUSE THE
DETECTORS DO NOT DIRECTLY “SEE” THE INTERNAL STRUCTURES; THEY ONLY MEASURE HOW MUCH X-RAY RADIATION PASSES
THROUGH. ALGORITHMS LIKE FILTERED BACK-PROJECTION OR ITERATIVE RECONSTRUCTION ARE USED TO CREATE THE FINAL IMAGE.

Q: CAN PATIENT MOTION AFFECT CT IMAGE QUALITY?

A: YES, PATIENT MOTION IS A SIGNIFICANT CAUSE OF ARTIFACTS IN CT IMAGES. IF THE PATIENT MOVES DURING THE SCAN, THE
X-RAY BEAM WILL BE ATTENUATED DIFFERENTLY THAN IT WOULD BE FOR A STATIONARY OBJECT. THIS LEADS TO BLURRING,
STREAKING, AND GHOSTING ARTIFACTS, WHICH CAN OBSCURE ANATOMICAL DETAILS AND REDUCE IMAGE QUALITY.
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