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A
FIG. 1.1 (A) Schematic view of the Bohr model of the oxygen atom showing a
nucleus with electrons that travel around the nucleus in circular orbits. (B)
Schematic view of the quantum mechanical model of the oxygen atom. The
central nucleus is surrounded by an electron cloud that represents probability
plots of the location of the electron in a complex 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.
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Particle Symbol Elementary Charge” Rest Mass (amu)
Al ha a +2 4.00154
Beta' (positron) B! +1 0.000549
Beta (electron) B =l 0.000549
Electron e =il 0.000549
Neutron nd 0 1.008665
Proton P +1 1.007276

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

)
amu, Atomic mass units, where 1 amu = o the mass of a neutral carbon-12 atom.
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FIG. 1.3 Electric and magnetic fields associated with electromagnetic
radiation.
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Relationship Between Energy (E) and Wavelength
(A) of Electromagnetic Radiation

c E is energy (kiloelectron volts, keV)
k= hXI I the Planck constant (6.626 x 10 joule-seconds or 4.13 x 107° ¢V-s)
simplified as cis the velocity of light =3  10° m/s
p] 2 Ais wavelength (nanometers, nm)
f=
A
1
fw—
A

Key point: Inverse relationship between energy and wavelength of an
electromagnetic radiation
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FIG. 1.5 Tube head showing a recessed x-ray tube, components of the power
supply, and oil that conducts heat away from the x-ray tube. Path of useful x-ray
beam (blue) from the anode, through the glass wall of the x-ray tube, oil, and
finally an aluminum filter. The beam size is restricted by the metal tube housing
and collimator. Low-energy photons are preferentially removed by the
aluminum filter.
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FIG. 1.6 X-ray tube with the major components labeled. The path of the
electron beam is shown in yellow. X-rays produced at the target travel in all
directions. The useful x-ray beam is shown in blue.
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is shown in yellow, and the useful x-ray beam is shown in blue.
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FIG. 1.10 Schematic of dental x-ray machine circuitry and x-ray tube
with the major components labeled. The operator selects the desired
kVp from the autotransformer. The voltage is greatly increased by the
high-voltage step-up transformer and applied to the x-ray tube. The kVp
dial measures the voltage on the low-voltage side of the transformer but
is scaled to display the corresponding voltage in the tube circuit. The
timer closes the tube circuit for the desired exposure time interval. The
mA dial measures the current flowing through the tube circuit. The
filament circuit heats the cathode filament and is regulated by the mA
selector. AC, Alternate current.
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FIG. 1.11 (A) Incoming alternate current line voltage (110 V, 60 cycles per
second in this case). (B) Voltage at the anode varies from zero up to the kVp
setting (70 kVp in this case). (C) The intensity of radiation produced at the
anode (blue) is strongly dependent on the anode voltage and is highest when
the tube voltage is at its peak. (D) Incoming constant potential (110 V in this
case) that is maintained through the operation cycle. (E) Voltage at the anode
varies from zero up to the kVp setting (70 kVp in this case). Note that the
increase and decrease of the potential difference at the start and end of the
cycle is rapid. The intensity of radiation produced at the anode (blue) is higher
with considerably less heterogeneity of photon energy. (Modified from Johns HE,
Cunningham JR. The Physics of Radiology. 3rd ed. Springfield, IL: Charles C Thomas;

1974.)
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FIG. 1.12 Bremsstrahlung radiation is produced most often by the passage of
an electron near a nucleus, which results in electrons being deflected and
decelerated (A) or, less frequently, by the direct hit of an electron on a nucleus
in the target (B). For the sake of clarity, this diagram and other similar figures in
this chapter show only the 1s, 2s, or 3s orbitals.
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FIG. 1.15 Spectrum of photon energies generated in an x-ray machine
showing that as exposure time increases (kVp and mA settings held constant),
so does the total number of photons. The mean energies (dotted line,
approximately 29 keV in this example) and maximal energies (70 keV in this
example) of the beams are unchanged.
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FIG. 1.16  Spectrum of photon energies generated in an x-ray machine
showing that as the mA setting increases (kVp and exposure time held
constant), so does the total number of photons. The mean energies and
maximal energies of the beams are unchanged. Note similarity to the effect of
exposure time; see Fig. 1.15.
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FIG.1.14 Production of characteristic radiation. An incident electron (A) ejects
an electron from an inner orbital creating an electron vacancy (B). (C) An
electron from an outer orbital fills this vacancy, and a photon is emitted with
energy equal to the difference in energy levels between the two orbitals. (D)
Electrons from various orbitals may be involved, giving rise to other
characteristic photons. The energies of the photons released are characteristic
of the energy transitions for the target atom.
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FIG. 1.18 Spectrum of filtered x-ray beam generated in an x-ray machine
showing that an aluminum filter preferentially removes low-energy photons,

reducing the beam intensity, while increasing the mean energy of the residual

beam. Compare with Figs. 1.15-1.17.
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FIG.1.17 Spectrum of photon energies generated in an x-ray machine
showing that as the kVp is increased (mA and s held constant), there is
a corresponding increase in the mean energy of the beam, the total
number of photons emitted, and the maximal energy of the photons.
Compare with Figs. 1.15 and 1.16.
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FIG.1.19 Collimation of an x-ray beam (blue) is achieved by restricting its
useful size. (A) Circular collimator. (B) Rectangular collimator restricts area of
exposure to just larger than the detector size and thereby reduces unnecessary
patient exposure.
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FIG. 1.22 Photoelectric absorption. (A) Photoelectric absorption occurs when
an incident photon gives up all of its energy to an inner electron, which is
ejected from the atom (a photoelectron). The incident electron ceases to exist
at this point. (B) The ionized atom now has an electron vacancy in the inner
orbital. (C) An electron from a higher energy level fills the vacancy and emits
characteristic radiation. (D) All orbitals are subsequently filled, completing the
energy exchange.
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FIG.1.21 Photons in an x-ray beam interact with the object primarily by
Compton scattering (57% of primary interactions), in which case the scattered

photon may strike the film and degrade the radiographic image by causing fog.

The next most frequent interaction is photoelectric absorption (27%), in which
the photons cease to exist. A radiographic image is produced by photons
passing through low atomic number structures (soft tissue) and preferentially
undergoing photoelectric absorption by high atomic number structures (bone,
teeth, and metallic restorations). Relatively few photons undergo coherent
scattering (7%) within the object or pass through the object without interaction
(9%) and expose the image receptor.
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FIG. 1.23 Compton scattering occurs when an incident photon interacts with
an outer electron, producing a scattered photon of lower energy than the
incident photon and a recoil electron ejected from the target atom. The new
scattered photon travels in a different direction from the incident photon.
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FIG. 1.24 Coherent scattering results from the interaction of a low-energy
incident photon with a whole atom, causing it to be momentarily excited. After
this interaction, the atom quickly returns to the ground state and emits a
scattered photon of the same energy but at a different angle from the path of
the incident photon.
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FIG. 1.25 Intensity of an energetically homogeneous x-ray beam declines
exponentially as it travels through an absorber. In this instance, the half-value
layer of the beam is 1.5 cm of absorber (i.e., every 1.5 cm of the absorber
reduces the intensity of the beam by half). The curve for a heterogeneous x-ray
beam (e.g., a dental x-ray beam) does not drop quite as precipitously because
of the preferential removal of low-energy photons by the absorber and the
increased mean energy of the resulting beam.
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FIG. 2.5 Chromosome and chromatid aberrations. (A) Ring formation plus
acentric fragment. (B) Dicentric formation. (C) Anaphase bridge formation. (D)
Translocation and (E) deletion. The occurrence of the breakage and fusion
events relative to the cell cycle phase is denoted by the bar on the top.
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FIG. 2.7 Mucositis of hard and soft palate. This patient is at the end of a
course of radiotherapy and demonstrates an inflammatory response in the oral
mucosa and areas of white pseudomembrane, areas where the oral epithelium

separated from the underlying connective tissue.
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FIG. 2.6 Oral complications. Typical time course of complications seen during
and after a course of radiation therapy to the head and neck. Shaded area in
first 6 weeks represents accumulated dose. Shading within bars indicates
severity of complication. Note recovery of taste and healing of mucositis.
Changes persisting after 2 years pose lifelong risks. (Adapted from Kielbassa AM,
Hinkelbein W, Hellwig E, Meyer-Luckel H. Radiation-related damage to dentition.
Lancet Oncol. 2006;7:326-335.)
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FIG.2.8 Radiation caries. Note the extensive loss of structure on the occlusal

surface of the mandibular teeth resulting from radiation-induced xerostomia.

b ylass
Syl (St sy al e o lass o oygumbly 155V
(S50 il 38 51— ity gl Al oy gl Y
< b ASba sl g sk sl s — axdly JolSG aos s ¥
olwss S ad,
g sy oS JSb 55 L 3B sl Sl (S0 Y505 el V
oyl 50 — ol pgliin Liwess amil 4 s (530 gy pwnsilSo ¥V

Sl s anbioe Gilog) Yoore aly juss adn; LSS b oags andl
bl ddyy yeay

Gl Sae Wlos)S Cdlyo (uSE 4l jo olsgel, a5 SlSseS Vv
1ale wus uLma «5‘“5‘& QSLQQ'AJQ ) ‘) ‘S:ngs)l:u.ml.:

GrFbaly) JelS5 )

(dwarf teeth) oligS" slaylass .Y

b

oliB92 @53 Sjglen OISl Y Jad

sosl e & @l by GRelS 10— lgl, ol aia 0
Sl sla ol

Wb ge rals JUaSs Jsbo 50 71+ 51 S & 5 4 3l ooy e ¥
o..\ﬁalg5")dﬂ9e-)édm<—omo‘5§.&>'(—

3Sdes (b3l = gpe Bl g j9,d Jolis 00 ;5 ()0 Ol psis V/
i o8 50 cos ) Bl ons

51 xeS by 4o 1 Jlke) abl oo 30 4 dsmlgeoné odilo (Bb cudled V7
@, 1y codlad ols caws 3l geils jobo ay ol ilew 51 70 Ls (FOGY
?’GydLm)‘so)o OQ;SAW‘S")JBJQ‘))‘MJL»QAScMGA
b oo il 70+ a4 y318) s 5l ol YL

Cowsd 3l g QS oSS bilio Caomws  Bl3p 00 Lai> 4 IMRTo )18V
by oo JBlos sy Bl 00 o Slas 38,

roniledls 3l v/

i o3 510y Al 3.8/ Sl ko 49 2o PH.
Jbe 5 glive gl SoinndSo £ 8

©Abeudb rals .Y

aS el ‘SJ‘JGO ‘;My owjjw 'aJB cdzs| )| wa GLQG?M?\/
i sl wsle andl 5l Lab las Sis oS Sl jo Conl (S

108 oo oloul 8l g Bl ous 1o Ol st ases o v

Sz ol phals )

PH zals .Y

40 j9Smng (il ¥

Bl Jlop Hold ol s 0

SeSts il il (las S 18 clas ol sgly cov a5 Sl )lew V'

Ca ¥+l cdale glls ylas  Sis 4 Mo ol 3l o ol BL 315 v/
Ozl il ey GRals g (Slasos jlisle iy ad Jo <= ooy

o b g 3 e a3 3l s3LaSTy o Sl 355 L 2lS Juds Y/
il o

29189 813 ¢ Bl 002 30 ks 5| (LBL) tanl 5l AL (Ssmgy glgsl V

(Jllassl b JhelST e eI b JWL; JBL) picto b Gf..\.uuy A
(o yli)

@ e oS e O jgod pytiow g zle (62550 1 JSog e Sy, Y
094 g0 l38 g 58053

LQ)B)-’LM—AJ‘ 6L¢:=LJ o ,S.o.n Jcb J“""‘J“"" ).) s_i’) o).u u}mLuLo.iu/ Y
e I

D9 o0 lylews 3 5 el Sae (£5 1) lalis ol 5l S5V

)JLA.AA |) d\.!.wl)| tSM)L’ ‘SLD‘;My cooj.’imfé\lvség)w 092 cu&e ‘/
&S,



Jwog » slaglorn @
Olws (iS5l (S0 sleg 5 @
o gl b sla,zuo @

andl Jado 4o calis 4l Josio glaglass 4o pdl glad golis v/
il asllas Sl Sl (g0l o lgsiwl 457 Sygue 5 Lol Sl oug

Byl ols oy 4 5LS

L55

225 o ol 1) ORN Sy (ol pgol, 5l Jub Slass glacadle v/
oSS el w3 (30l 5l Gl b edwmg slaglass
T Cel Sn s JLiog py colem L L 00,2 sla Sy L
3 8 ool 00liS lass 4l pue 5 g oy aaa YL Y «— wigds
UV I PE I JS TUR\ )

PRy (st sl 5 e slonse Lo 8 Tasl; 5 Sliplae v/
B paaboly 99 wlaos See | JBS) 2 Sl g (S
gy (b o o5 Slie 4 S (pasis glo)jenST ool
gl gl o5 Sloj g wbl e Loyedar B wogd e il
g Sl wili 18 (gamlSous!

logs Jlas b aub oous axdl lgsuiwl 4l o olass owas v

09 ploxl (>
5 b oy s B il azils pabass 4 3o ol (Ko Lz ¥
Sy JBlas 4y 2o

Y 30 2l pgeoly pll g oo 00> oud s alilw b e ¥ il
a8 plaS o lice s |l dr dz g5 b Sl 00900 dx| o aildS JLw

O F e 539,9) Fogub o0 (A (cruub (S 590 ) 50
S oamline (!
oligS ala) b Jais sl Jge (&
Patchy cowglgsol, o>l (z
Jodie glaglass jopdl goleS (o

(Po)1 9,8 9 Culg) ©)90 5 SBg > (5j9903]) p Rz (5 90 ((

b FIG. 2.9 Dental abnormalities afk; radiotherapy in two patients. The first
patient, a 9-year-old girl who received 35 Gy at age 4 years because of
Hodgkin disease, had severe stunting of the incisor roots with premature
closure of the apices at 8 years (A) and retarded development of the
mandibular second premolar crowns with stunting of the mandibular incisor,
canine, and premolar roots at 9 years (B). The second patient (C), a 10-year-
old boy who received 41 Gy to the jaws at age 4 years, had severely stunted
root development of all permanent teeth with a normal primary molar. ([A] and
[B], Courtesy Mr. P. N. Hirschmann, Leeds, UK. [C], Courtesy Dr. James Eischen, San
Diego, California.)
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FIG. 210 Osteoradionecrosis presenting as an area of exposédone in the
irradiation field. Note the loss of oral mucosa (arrows).

FIG. 2.11 (A) Panoramic radiograph taken to evaluate the teeth and jaws in a
postradiation therapy patient shows presence of mild periodontal bone loss. (B)
Panoramic radiograph of same patient taken 3 years later shows extensive

bone destruction in the left posterior mandible body-angle region, extending to
the inferior mandibular cortex.
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