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A CHAPTER 1
FIG. 1.1 (A) Schematic view of the Bohr model of the oxygen atom Physics
showing a nucleus with electrons that travel around the nucleus in circular v WHITE &
orbits. (B) Schematic view of the quantum mechanical model of the oxygen
atom. The central nucleus is surrounded by an electron cloud that L. PHAROAHS
represents probability plots of the location of the electron in a complex N8 Pokd SO 2019
arrangement.
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FIG. 1.2 Electromagnetic spectrum showing the relationship between photon wavelength
and energy and the physical properties of various portions of the spectrum. Photons
with shorter wavelengths have higher energy. Photons used in dental radiography
(blue) have energies of 10 to 120 keV. Magnetic resonance (MR) imaging uses radio
waves (orange). IR, Infrared radiation; UV, ultraviolet radiation.

- B3 . o & PR e m
L sloygigd ez gi) o yioS 4 (2 i 31 (6380 i

Too Job 9 85Nl o0 6 yiaw 55590 Slylo yolisS oo Job
< S0 19 < (UV) Giaiia slylo < X anil < LolF.u s (e s
(MRD) 239291 Z190) - 939950 = (IR) 30,8 (490l b Lo )5

il oo 25 sy SUISLS VY- B - 5l (Shaso 31,550 slaessisd 551V
5l o plowl 2520l, lsal LMRI (g0 o5 V0
pslsS (6y55 L prbling S axtl sloShy 5l anY
(wave theory) 290 6,555 IS 4y ;508 o5 2 5 (quantum theory )
gl go 0818 gl
g lyS 5595
A 59 (@551 S5 lizme sladtas lgie ) (casbliieg sSIT 206 @
A.:WL;A OMLJ ’09"93' FLY a).fsn
S (o0 S5 590 ey Llagygigh ©
D9 o0 ool ULM.:

(Vo3 5,8 9 Culg) ©j90 5 o9 (> (5jlod) p Rolz (590
g ljig

Ar ol e glaggisy olass b ol S slapys Sl olass o8 oy v/
RYYCS VRS VRETERPL U VI IRCIV B ST WU N | I =1 U | o
o9t S 351 55,350 5 85 oSS st 0 S ¢ S s
B9 o0 Lge (Ao

Rt Gl G 2l il b @l S 58S ops pslate 4V
39 (ol aend 31 g SN (3Ll g Sy S glng s

axil YU g5 6l))s @lyd i ionizing radiations ) e gleasisl v
15 e85, sl B 659l s 4 (UV) i sl asisl 5 s
i Lol 8,5 a5 5 095 Lz 51 Lo, =S

(o ye glassl (nonionizing radiations) yliis: s gladedl v
05 Iz sl (BB 551 (20l Elael 9 sas0ke 5 j0,8 (ygole
9l ]y Jli gl 4 e (glagyg x5!

ol s lo
1083 e &y JSb 90 du g el 00le g Lind o 55,50 jae (gline du axis v/

:(electromagnetic ) _owulolisog 551 .

(particulate) glo,3 .Y

TABLE 1.1
Particulate Radiation

Particle

Symbol Elementary Charge? Rest Mass (amu)
Alpha a +2 4.00154
Beta+ (positron) B+ +1 0.000549
Beta- (electron) B- -1 0.000549
Electron e =1 0.000549
Neutron no 0 1.008665
Proton p +1 1.007276

8Elementary charge of 1 equals that the charge of a proton or the opposite of an electron.

. Y )!
amu, Atomic mass units, where 1 amu = Yo the mass of a neutral carbon-12 atom.
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Relationship Between Energy (E) and
Wavelength (1) of Electromagnetic Radiation

o [ E is energy (kiloelectron volts, keV) I is the Planck constant (6.626 x 1073* joule-seconds or
A 413 % 1075 eVs) ¢ is the velocity of light = 3 % 108 s ) is wavelength (nanometers, nm)
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Key point: Inverse relationship between energy and wavelength of an
electromagnetic radiation
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FIG. 1.3 Electric and magnetic fields associated with electromagnetic
radiation.
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FIG. 3.1 Natural Background Radiation Contributes 3.1 mSv on Average Per Year. Most
exposure comes from radon, but there are significant contributions from space, ingested
radionuclides, and terrestrial sources, including external radionuclides in the soil and
building materials. (Data from National Council on Radiation Protection and Measurements.
lonizing Radiation Exposure of the Population of the United States. Bethesda, MD: National
Council on Radiation Protection and Measurements; 2009. NCRP Report 160,)
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TABLE 3.1
Average Annual Effective Dose of lonizing Radiation

DOSE (mSv)
Source
Us? Global®
Natural background
Radon 23 13
Space 0.3 04
Internal radionuclides 0.3 0.3
Terrestrial 0.2 0.5
Subtotal background 3.1 24
Medical
Computed tomography 15 0.57
Interventional fluoroscopy 04
Conventional radiography and fluoroscopy 0.3
Dental 0.007 0.002
Nuclear medicine 0.8 0.03
Subtotal medical 3.0 0.6
Consumer products and other 0.1 0.01
Grand total 6.2 3.0
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FIG. 3.3 Modeling Low-Dose Cancer Risk. Doses of radiation higher than approximately 100
mSv (green dots) result in a dose-dependent increase in the cancer rate. The linear no-threshold
model (LNT) posits that at doses less than 100 mSv, there is a linear relationship between dose
and risk (orange dashed line) and that there is no threshold dose below which there is no
additional risk. Alternate models propose that risk may be higher or lower than those predicted
by the LNT model and that low doses may have a pr ive effect with a tt hold dose. The

LNT model is currently accepted as the approach to develop pr
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FIG.3.2 Sources of Radiation in the United States From Medical and C
Products. The average person in the United States receives approxi y as much

from medical and products sources (3.1 mSvlyear) as from natural background
. Most medical x-ray come from d tomography (CT), nuclear
medicine (primarily cardiac imaging), fluoroscopy, and conventional radiography. Exposures
from dental inati and from ional, fallout, and nuclear power sources are small.

Although individuals with exposures from natural background are fairly evenly distributed in the

p most medically exp arer ively old and sick.
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FIG.3.4 Radiation Doses From Common Dental and Medical Radiographic Examinations. The
central axis (log scale) shows the ive dose and the equi period of background
iati (] The radiatit y lj to the dose identify the relative radiation
level categories (see Table 3.3). CBCT, Cone beam computed tomography; FOV, field of view;
MDCT, multi d t ited t h

TABLE 3.2
Typical Effective Dose From Radiographic Examinations

Examination Median Effective Dose Equivalent Background Exposure®
Intraoral®

Rectangular collimation

Posterior bite-wings: PSP or F-speed film 5 uSv 0.6 day
Full-mouth: PSP or F-speed film 40 pSv 5 days
Full-mouth: CCD sensor (estimated) 20 uSv 2.5 days
Round collimation

Full-mouth: D-speed film 400 pSv 48 days
Full-mouth: PSP or F-speed film 200 uSv 24 days
Full-mouth: CCD sensor (estimated) 100 pSv 12 days
Extraoral

Panoramic® 20 uSv 2.5 days
Cephalometric® 5 uSv 0.6 day
Cheste 100 pSv 12 days
Cone beam CT?

Small field of view (<6 cm) 50 uSv 6 days
Medium field of view (dentoalveolar, full arch) | 100 uSv 12 days
Large field of view (craniofacial) 120 puSv 15 days
Multidetector CT

Maxillofacial® 650 uSv 2 months
Head® 2mSv 8 months
Chestc 7 mSv 2 years
Abdomen and pelvis, with and without contrast| 20 mSv 7 years
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FIG. 41 Adigital image is made up of a large number of discrete picture

elements (pixels). The pixels are so small that the image appears smooth at

normal magnification. The location of each pixel is uniquely identified by row
and column coordinates within the image matrix. The value assigned to a pixel

represents the intensity (gray level) of the image at that location.
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FIG. 4.3 Exploded View of Complementary Metal Oxide Semiconductor (CMOS) Sensor. The
front and back housings form a watertight and light-tight barrier to protect the sensor
components. The scintillator screen fluoresces when exposed to x-rays and forms a visible light
radiographic image. The fiberoptic faceplate couples the scintillator screen to the CMOS chip to
reduce image noise. The CMOS imaging chip captures the light from the scintillator and creates
a charge in each pixel proportional to the exposure. The sensor electronics read the charge in
each pixel and transmit it to a computer. (Courtesy XDR Radiology, Los Angeles, CA,
https://www.xdrradiology.com.)
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FIG. 4.2 (A) lllustration of an analog voltage signal generated by a detector.
(B) Sampling of the analog signal discards part of the signal. (C) Sampling at a
higher frequency preserves more of the original signal.
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FIG. 4.4 (A) Basic structure of a charge-coupled device. The electrodes are
insulated from an n-p silicon sandwich. The surface of the silicon typically
incorporates a scintillating material to improve x-ray capture efficiency and

fiberoptics to improve resolution. One pixel uses three electrodes. (B) Excess

electrons from the n-type layer diffuse into the p-type layer, whereas excess
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FIG. 4.5 X-ray or light photons impart energy to electrons in the valence band,
releasing them into the conduction band. This generates an “electron hole”

charge pair.
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FIG. 4.6 (A) Before exposure, the central electrode of each pixel is turned on,
creating an area of maximal potential or a potential well. (B) X-ray photons are
absorbed in the scintillating material and converted to light photons. Light
photons are absorbed in the silicon through photoelectric absorption. (C)
Electrons released from the valence band collect selectively near the n-p layer
interface in the area of maximum potential to form a charge packet. During
charge-coupled device readout, the electrical potential of the pixel electrodes is
sequentially modulated to shift the charge packet from pixel to pixel.



