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Introduction to Medical ImagingIntroduction to Medical Imaging
Radiation is energy that travels through space or matterRadiation is energy that travels through space or matter
Two types of radiation used in Dx Imaging: electromagnetic (EM) Two types of radiation used in Dx Imaging: electromagnetic (EM) and and 
particulateparticulate
ĒĒM M radiation radiation -- combination of an electric (combination of an electric (ĒĒ) and magnetic (M) field, ) and magnetic (M) field, 
both of which vary sinusoidally as a function of space and timeboth of which vary sinusoidally as a function of space and time
Wave characteristics Wave characteristics –– cc [m/sec] = [m/sec] = λλ [m] [m] ·· νν [1/sec][1/sec]

As c is essentially constant, then As c is essentially constant, then νν ←← 1/1/λλ (inversely proportional)(inversely proportional)
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Introduction to Medical ImagingIntroduction to Medical Imaging

Physical manifestations are classified in the Physical manifestations are classified in the ĒĒMM spectrum based on spectrum based on 
energy (E) and wavelength (energy (E) and wavelength (λλ) and comprise the following general ) and comprise the following general 
categories:categories:

NonNon--ionizing radiation ionizing radiation 
(MRI, Ultrasound)(MRI, Ultrasound)

Ionizing radiation (UV, xIonizing radiation (UV, x--
rays, gamma rays)rays, gamma rays)
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Introduction to Medical ImagingIntroduction to Medical Imaging

Except for nuclear medicine, the EM radiation required also inteExcept for nuclear medicine, the EM radiation required also interacts racts 
(via absorption, scatter) with tissues it penetrates(via absorption, scatter) with tissues it penetrates

In NM, radioactive agents are injected or ingested, and the metaIn NM, radioactive agents are injected or ingested, and the metabolic bolic 
or physiologic interactions of the agent give rise to the informor physiologic interactions of the agent give rise to the information in ation in 
the imagesthe images
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Particulate RadiationParticulate Radiation

When interacting with matter, When interacting with matter, 
EM radiation can exhibit EM radiation can exhibit 
particleparticle--like behavior with like behavior with 
bundles of energy known as bundles of energy known as 
photons, photons, E=hE=hν = ν = hchc/ λ/ λ

E = 1.24/E = 1.24/ λλ

The most significant particulate The most significant particulate 
radiations of interest are:radiations of interest are:
Alpha particles, Electron, Positron, Alpha particles, Electron, Positron, 
Negatrons, Protons, NeutronsNegatrons, Protons, Neutrons
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The ModalitiesThe Modalities
Different types of medical Different types of medical 
images can be made by varying images can be made by varying 
the types of energies used and the types of energies used and 
the acquisition technologythe acquisition technology
The different modes of making The different modes of making 
images are referred to as images are referred to as 
modalitiesmodalities
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Image PropertiesImage Properties

EM radiation must interact with the bodyEM radiation must interact with the body’’s tissues in some s tissues in some 
differential manner to provide differential manner to provide contrastcontrast
The diagnostic utility of a medical image relates to both techniThe diagnostic utility of a medical image relates to both technical cal 
image qualityimage quality and acquisition conditionsand acquisition conditions
Image qualityImage quality requires many traderequires many trade--offsoffs

Patient safetyPatient safety –– levels of radiation utilized or DOSE (levels of radiation utilized or DOSE (ALARAALARA))
Spatial resolutionSpatial resolution
Contrast resolutionContrast resolution
Detail (Blur)Detail (Blur)
Noise propertiesNoise properties
ArtifactsArtifacts
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Image PropertiesImage Properties

c.f. c.f. http://www.sprawls.org/resources/IMGCHAR/module/#1http://www.sprawls.org/resources/IMGCHAR/module/#1 ©© UW and Kalpana M. Kanal, Ph.D., DABRUW and Kalpana M. Kanal, Ph.D., DABR 1010

Patient Safety Patient Safety -- ALARA PrincipleALARA Principle

AAs s LLow ow AAs s RReasonably easonably AAchievablechievable
Dose should be kept ALARADose should be kept ALARA
The ALARA doctrine is the driving force for many of the policiesThe ALARA doctrine is the driving force for many of the policies, , 
procedures and practicesprocedures and practices

An optimized clinical protocol for a specific modality produces An optimized clinical protocol for a specific modality produces a a 
balance among the image characteristics (for example, blurring abalance among the image characteristics (for example, blurring and nd 
noise) and uses the radiation dose that is necessary to produce noise) and uses the radiation dose that is necessary to produce the the 
required image quality required image quality 
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Spatial ResolutionSpatial Resolution

Spatial resolution is a property that describes the ability of aSpatial resolution is a property that describes the ability of an n 
imaging system to accurately depict objects in the two spatial imaging system to accurately depict objects in the two spatial 
dimensions of the image (x,y)dimensions of the image (x,y)

Classic notion:  ability of an imaging system to distinctly depiClassic notion:  ability of an imaging system to distinctly depict ct 
objects as they become smaller and closer together (resolve fineobjects as they become smaller and closer together (resolve fine
detail)detail)

Each modality has different abilities to resolve fine detail in Each modality has different abilities to resolve fine detail in the the 
patientpatient
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Spatial Resolution Spatial Resolution –– What are the limits?What are the limits?

c.f. Bushberg, et al. The Essential Physics c.f. Bushberg, et al. The Essential Physics 
of Medical Imaging, 2of Medical Imaging, 2ndnd ed., p. 15.ed., p. 15.
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ContrastContrast

Radiation must interact with the bodyRadiation must interact with the body’’s tissues in some s tissues in some differentialdifferential
manner to provide manner to provide contrastcontrast
Contrast in an image is the difference in the gray scale of the Contrast in an image is the difference in the gray scale of the imageimage

c.f. c.f. http://www.sprawls.org/resources/IMGCHAR/classroom.htmhttp://www.sprawls.org/resources/IMGCHAR/classroom.htm
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Contrast Contrast –– What does it depend on?What does it depend on?

XX--ray/CT: differences in eray/CT: differences in e-- density (edensity (e--/cm/cm33 = = ρ ρ ·· ee--/gr)/gr)
Ultrasound: differences in acoustic impedance (Z = Ultrasound: differences in acoustic impedance (Z = ρρ··c)c)
MRI: proton density and relaxation phenomenaMRI: proton density and relaxation phenomena
NM: tissueNM: tissue’’s ability to concentrate the radioactive materialss ability to concentrate the radioactive materials
Contrast agents exaggerate natural contrast levelsContrast agents exaggerate natural contrast levels

Iodinated (xIodinated (x--ray/CT)ray/CT)
Paramagnetic (MRI)Paramagnetic (MRI)
Microspheres (US)Microspheres (US)
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Contrast ResolutionContrast Resolution

The ability to visualize lowThe ability to visualize low--contrast objects in the image is the contrast objects in the image is the 
essence of contrast resolutionessence of contrast resolution
Better contrast resolution implies that more subtle objects can Better contrast resolution implies that more subtle objects can be be 
routinely seen on the imageroutinely seen on the image
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Detail (blur)Detail (blur)

Different mechanisms in radiologic Different mechanisms in radiologic 
imaging cause blurring (different imaging cause blurring (different 
principles and methods of image principles and methods of image 
formation and the design formation and the design 
characteristics of the equipment, characteristics of the equipment, 
patient motion etc.)patient motion etc.)
Blurring reduces the visibility of Blurring reduces the visibility of 
small objects and detailsmall objects and detail

c.f. c.f. http://www.sprawls.org/resources/IMGCHAR/module/#20http://www.sprawls.org/resources/IMGCHAR/module/#20
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Image NoiseImage Noise

Noise (electronic noise, quantum Noise (electronic noise, quantum 
noise etc.) is an undesirable image noise etc.) is an undesirable image 
characteristic that reduces the characteristic that reduces the 
visibility of certain objects and visibility of certain objects and 
structuresstructures

c.f. c.f. http://www.sprawls.org/resources/IMGCHAR/module/#20http://www.sprawls.org/resources/IMGCHAR/module/#20 ©© UW and Kalpana M. Kanal, Ph.D., DABRUW and Kalpana M. Kanal, Ph.D., DABR 1818

Image Noise Image Noise –– Quantum NoiseQuantum Noise

Noise as perceived by a human observer in an image is the relatiNoise as perceived by a human observer in an image is the relative ve 
noisenoise
As number of photons or xAs number of photons or x--rays increase, relative noise decreases, rays increase, relative noise decreases, 
signal to noise ratio (SNR) increases improving image qualitysignal to noise ratio (SNR) increases improving image quality

c.f. c.f. Bushberg, et al. The Essential Physics Bushberg, et al. The Essential Physics 
of Medical Imaging, 2of Medical Imaging, 2ndnd ed., p. 278.ed., p. 278.

Increasing 
dose
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Effect of Noise and BlurEffect of Noise and Blur
Noise reduces visibility of lowNoise reduces visibility of low--contrast objectscontrast objects
Blur reduces visibility of small objectsBlur reduces visibility of small objects
Typically, most small anatomic objects also have low contrast anTypically, most small anatomic objects also have low contrast and d 
their visibility is reduced by both blur and noisetheir visibility is reduced by both blur and noise

c.f. c.f. http://www.sprawls.org/resources/IMGCHAR/module/#20http://www.sprawls.org/resources/IMGCHAR/module/#20 ©© UW and Kalpana M. Kanal, Ph.D., DABRUW and Kalpana M. Kanal, Ph.D., DABR 2020

ArtifactsArtifacts

ArtifactsArtifacts are misrepresentations of tissue structures seen in are misrepresentations of tissue structures seen in 
medical images medical images 
These artifacts are caused by a variety of mechanisms, such as:These artifacts are caused by a variety of mechanisms, such as:

The underlying physics of the energyThe underlying physics of the energy--tissue interaction (i.e.: tissue interaction (i.e.: 
UltrasoundUltrasound--air) air) 
Data acquisition errors (mostly from patient motion) Data acquisition errors (mostly from patient motion) 
A reconstruction A reconstruction algorithm'salgorithm's inability to represent the anatomyinability to represent the anatomy

Physicians learn to recognize these artifacts to avoid confusingPhysicians learn to recognize these artifacts to avoid confusing them them 
with real with real pathologypathology
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ArtifactsArtifacts

CT images of a patient with metal spine implants, reconstructed without any 
correction (a) and with metal artifact reduction (b)

(a) (b)

RadioGraphics 2004;24:1679-1691 ©© UW and Kalpana M. Kanal, Ph.D., DABRUW and Kalpana M. Kanal, Ph.D., DABR 2222

Radiation UnitsRadiation Units

Radiation DoseRadiation Dose
____

______

______

__ ____

c.f. Bushberg, et al. The Essential Physics c.f. Bushberg, et al. The Essential Physics 
of Medical Imaging, 2of Medical Imaging, 2ndnd ed., p. 59.ed., p. 59.
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Sources of Exposure to Ionizing RadiationSources of Exposure to Ionizing Radiation

Annual average total effective dose from exposure to ionizing raAnnual average total effective dose from exposure to ionizing radiation diation 
in USA is approximately in USA is approximately 3.6 mSv3.6 mSv (National Council on Radiation (National Council on Radiation 
Protection and Measurement Protection and Measurement -- NCRP)NCRP)

c.f. Bushberg, et al. The Essential Physics c.f. Bushberg, et al. The Essential Physics 
of Medical Imaging, 2of Medical Imaging, 2ndnd ed., p748.ed., p748. ©© UW and Kalpana M. Kanal, Ph.D., DABRUW and Kalpana M. Kanal, Ph.D., DABR 2424

Radiation Protection and Exposure ControlRadiation Protection and Exposure Control

There are three principal methods by which radiation exposures tThere are three principal methods by which radiation exposures to o 
persons can be minimized: time, distance, shielding persons can be minimized: time, distance, shielding 
TimeTime

reducing time spend near a radiation sourcereducing time spend near a radiation source
DistanceDistance

inverse square lawinverse square law
For diagnostic xFor diagnostic x--rays, a good rule of thumb is that at 1 m from rays, a good rule of thumb is that at 1 m from 
a patient at 90 degrees to the incident beam, the radiation a patient at 90 degrees to the incident beam, the radiation 
intensity is 0.1% of the intensity of the beam incident upon theintensity is 0.1% of the intensity of the beam incident upon the
patient patient 



Introduction to Medical Imaging - Medical Student Clerkship Lecture

Kalpana Kanal, Ph.D., DABR Page 7 of 8

©© UW and Kalpana M. Kanal, Ph.D., DABRUW and Kalpana M. Kanal, Ph.D., DABR 2525

Shielding is used to reduce exposure to patients, staff and the Shielding is used to reduce exposure to patients, staff and the publicpublic
Shielding against primary (focal spot), scattered (patient) and Shielding against primary (focal spot), scattered (patient) and 
leakage radiationleakage radiation

Radiation Protection and Exposure ControlRadiation Protection and Exposure Control
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Radiation Protection and Exposure ControlRadiation Protection and Exposure Control

There are three principal There are three principal 
methods by which radiation methods by which radiation 
exposures to persons can exposures to persons can 
be minimized: time, be minimized: time, 
distance, shieldingdistance, shielding

x-rayx-rayx-ray
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Dose LimitsDose Limits

c.f. Bushberg, et al. The Essential Physics of Medical c.f. Bushberg, et al. The Essential Physics of Medical 
Imaging, 2Imaging, 2ndnd ed., p. 791.ed., p. 791. ©© UW and Kalpana M. Kanal, Ph.D., DABRUW and Kalpana M. Kanal, Ph.D., DABR 2828

Typical Patient Absorbed and Effective dosesTypical Patient Absorbed and Effective doses

c.f. Bushberg, et al. The Essential Physics c.f. Bushberg, et al. The Essential Physics 
of Medical Imaging, 2of Medical Imaging, 2ndnd ed., p. 798.ed., p. 798.
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Effective Dose Comparison with Chest PA ExamEffective Dose Comparison with Chest PA Exam

4.5 years4.5 years5005001010--2020CT Abdomen or CT Abdomen or 
PelvisPelvis

3.6 years3.6 years40040088CT ChestCT Chest

5050

3535

11

Equivalent no. Equivalent no. 
of chest xof chest x--raysrays

6 months6 months1.01.0AbdomenAbdomen

4 months4 months0.70.7PelvisPelvis

3 days3 days0.020.02Chest PAChest PA

Approx. period Approx. period 
of background of background 

radiationradiation
Eff. Dose [mSv]Eff. Dose [mSv]ProceduresProcedures

Typical Background Radiation Typical Background Radiation -- 3 mSv per year3 mSv per year
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Organ Doses in CTOrgan Doses in CT

Head CTHead CT
Thyroid Thyroid -- 1.9 mGy1.9 mGy
Eye lens Eye lens -- 40 mGy40 mGy

Chest CTChest CT
Breast Breast -- 21 mGy21 mGy

Abdomen CTAbdomen CT
Uterus Uterus –– 8 mGy8 mGy
Gonads Gonads -- 8 mGy8 mGy

Pelvis CTPelvis CT
Uterus Uterus –– 26 mGy26 mGy
Gonads Gonads -- 23 mGy23 mGy

Patient skin doses are typically Patient skin doses are typically 
between 20 (body) and 40 between 20 (body) and 40 
mGy (head) or 2 to 4 radmGy (head) or 2 to 4 rad
Induction of erythema is Induction of erythema is 
typically 2 Gytypically 2 Gy
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SummarySummary

In diagnostic radiology, the electromagnetic spectrum outside thIn diagnostic radiology, the electromagnetic spectrum outside the e 
visible light region is used for almost all xvisible light region is used for almost all x--ray imaging except ray imaging except 
ultrasound  where sound waves are used and MRI where radio ultrasound  where sound waves are used and MRI where radio 
waves are usedwaves are used
Image quality requires many tradeImage quality requires many trade--offsoffs

Spatial resolution ,Contrast resolution, Detail (Blur), Noise Spatial resolution ,Contrast resolution, Detail (Blur), Noise 
properties, Artifactsproperties, Artifacts

Radiation Protection and ALARA very importantRadiation Protection and ALARA very important
Radiation Dose for different modalitiesRadiation Dose for different modalities
CT and fluoroscopy are high dose modalitiesCT and fluoroscopy are high dose modalities


