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Preface

Most veterinarians will need to perform dentistry and oral
surgery procedures on the various patients they see during
their career. Dental radiography has become a mainstay of
general practice and specialty practices throughout the
country. Dental radiography has become a standard of care
and according to the 2013 and 2019 AAHA Dental Care
Guidelines for Dogs and Cats, dental imaging of the oral
cavity in some fashion is the only way in which an accurate
treatment plan can be made for dogs and cats. Imaging of
the oral cavity establishes a baseline for the patient as well
as allows the practitioner to monitor progression of dis-
ease, It is common for general practitioners to use what
they see clinically to evaluate whether they should initiate
treatment for both small animal, equine, and exotic and
zoo patients. Additional information can be gained relating
to the health of the oral cavity by evaluating the structures
below the surface.

Education relating to imaging of the oral cavity in the vet-
erinary curriculum is minimal at best. Many veterinary
schools have little to no education related to the art of

veterinary dentistry and oral surgery and even less related to
diagnostic imaging of the oral cavity. Fortunately for small
animal, equine, and exotic and zoo animals, diagnostic
imaging is becoming more commen, and the utility of its use
is being appreciated by general practitioners and specialisis
alike, Unfortunately, many veterinarians invest in the equip-
ment to procure diagnostic images but are unsure how (o
collect dlagnostic images or interpret them appropriately.

The goal of this textbook is to provide a quick reference
for those individuals looking to understand the different
diagnostic imaging modalities and how to interpret the
images that are collected. [t is focused on the fundamentals
of dental radiographic imaging, interpretation, and its
application to the oral cavity for a multitude of species, The
emphasis is heavily photographic and figure based and
attempts to incorporate the most common dental pathol-
ogy associated with canines, felines, zoo/exotic animal spe-
cies, and equine patients. [t is meant to be an easy read and
4 reference for help in procuring and interpreting diagnos-
tic images within the oral cavity.
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History of Diagnostic Imaging

Discovery of X-rays

8 November 1895 was the extraordinary discovery of
Roenigen rays, otherwise known as X-rays [1, 2]. X-rays
were discovered by a German physicist named Wilhelm
Conrad Roentgen (Figure 1.1). Roentgen published a paper
regarding this unique discovery entitled “On a new kind of
rays" in Sitzungsberichte der Wurzburger Physik. -Medic.
-Gesellschafi. on 28 December 1895 [1, 2]. This date is now
considered the true discovery of X-rays [2]. In Roentgen's
research, his wife Bertha Roentgen assisted in acquiring
the first radiographic image of the human body [3]. She
placed her hand on the photographic plate, and the X-ray
beam was applied to her hand. This experiment yielded the
first X-ray image of the bones and soft tissue of Bertha's
hand and her wedding ring [3] {Figure 1.2). Interestingly,
during the days of research in his laboratory, Roentgen did
not know what kind of radiation he was experimenting
with, so he referred to the waves as X-rays, which is how

they are still known today [2]. Early in the discovery of
radiology, most of the radiographic images produced were
taken and created by photographers, or medical experts
who had interest in photography [4].

Developing of Safety Measures

Following the discovery of X-rays, Nikola Tesla tried to
develop a protection shield from what he perceived the
harm that could come from X-ray exposure [2]. Tesla sug-
gested that by placing an aluminum plate between the
object of interest and the X-rays, there would be a redue-
tion in the amount of X-ray energy received, hence the con-
cept of the inverse square law [2].

Shortening of Exposure Time

Historically, X-ray energy was continuously emitted to the
object of interest anywhere from 15 o 60 minutes at a time.
In 1896, Professor Mihajo Idvorski Pupin from Columbia
University, also known as Michael Pupin, tried to find a

Viterinary Oral Diagnostic fnaging, First Edition. Edited by Brenda L. Mulherin,
& 2024 John Wiley & Sons, Inc. Published 2024 by John Wiley & Sons, Ine.
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Figure 1.1  William Conrad Roentgen, the German physicist
wihio first discovered Xerays, Source: Courtesy of John
Wiley & Sons.

I

Figure 1.2 The first X-ray image of the bones and soft tissue of
the hand of Bertha Roentgen. Source: Courtesy of lohn
Wiley & Sons.

way to shorten the exposure time requined to acquire an
image [2,4]. He placed a photographic plate behind a (luo
rescent screen and then applied the X-ray energy to the
object of interest to create an image on the film [2, 4]. This
wias found to mduce the exposure time (o only a few
seconds [2, 4).

Glass Plates to Film

In 1896, Carl Schleusner manufaein red the st glass plates
to be used for radiographic image creation [4]. At the time,
radicgraphs that were taken on glass plates were thought to
be superior to those taken on film [4]. In 1914, during
World War T, glass plates needed to be replaced with film as
thee glass needed to create the radiographic plates was man-
ufactured in Belgium [4]. Due to the war, the supply of
glass decreased, while the demand for radiographic images
increased. In 1918, the st mdiographic film was produced
with high-spoed emulsion on both sides, reducing radia-
tion exposure and exposure times [4). By the 19405, non-
sereen radiograph film was introduced, and automatie Glm
processors were becoming available [4].

Progression to Digital

Since the 1980s, digital radiography (DR} has slowly been
replacing film in many hospitals and practices [5]. DR was
quickly acceptad into the veterinary profession as the speed
of digital acquisition and ability to réad images at com-
puter terminals throughout the hospital allow for efficient
interpretation and maximization of patient care,

The main difference between using conventional radio-
graphic film and 2 digital system is in the viewing of the
images, Digital radiographic images are electronically cap
tured and viewed at acomputer terminal, whereas conven-
tional radiographic lm is viewed with an illuminated view
box. Transitioning to digital has significant benefits for
diagnostic evaluation compared to comventional radiogra-
phy. Digital systems allow a adiologist, specialist, or prac
titioner to evaluate images remotely. It allows for simpler
stomage, organization, and an easier way o compare
images. Many advanced imaging methods including com-
puted tomography (CT), magnetic resonance imaging
(MEL, ultrasound, and cone beam computed tomography
(CBCT) allow imaging of the body in such detail that 3D
reconstructions of organs can be made. This helps 1o pre-
pare the surgeon in advance for a procedure. Over the
years, the application of radiation for visualization within
a patient’s body without surgical exploration has changed
the field of medicine. These different imaging modalities
have evolutionized the diagnostic field of medicine [2].

Philosophy of Diagnostic Imaging

Choosing the Appropriate Modality

It is the responsibility of the clinician tochoose the imaging
modality appropriate o gather the most informmation possi
ble bearing in mind modality availability, ability for swift

https:fit. me/medicina_free



interpretation, patient stability, and any financial consider-
ations an owner may have, Ideally, a clinician will choose
the imaging modality that is the most cost-effective and
readily available yel yielding the necessary information to
make a diagnosis. Radiographic imaging is of no use if the
images created cannot be accurately interpreted by the cli-
nician or at the very least, quickly distributed to an oulside
source that can interpret the images in an expedited manner,

Ability to Interpret Findings

The ability to interpret diagnostic images is based on the
ahility to interpret shadows. A comprehensive grasp of
anatomy and the interaction of radiation with different
structure densities is imperative to be able to evaluate areas
of the body for disease conditions. Unfortunately, not eve-
rything is black and white when attempting to interpret
radiographic images. Varfations In patient confirmation
and ranges of normal within the same species can lead the
interpreter to difficulties of identifying normal from abnor-
mal even within the same patient,

Diagnostic imaging can allow the clinician to survey an
organ system, assess trauma, explore an area for a suspected
neoplastic process, or allow for patient follow-up in monitor-
ing disease progression or therapeutic effectiveness. There
are many different imaging modalities that can be used ©
create a diagnostic picture of a specific area of interest. Each
modality has its own advantages and disadvantages to their
use. [tisup to the clinician to decide which imaging modal-
ity is best sulted to provide the diagnostic picture of what
question theywould like to answer. Regardless of the modal-
ity used to acquire diagnostic images, any findings should be
interpreted based on a thorough examination of the patient
and how those findings relate to an anesthetized oral exami-
nation and the patient’s presenting complaint.

Radiographic Indications

Documentation of Disease

Dental radiographic imaging can document the amount of
disease that is present within the oral cavity. It can be used
Lo estimate the amount of bone loss that has cccurred, eval-
uate for evidence of endodontic disease and any embedded
teeth, or retained tooth roots that may be present, among
other things [6].

Value of Full-Mouth Radiography

Taking full-mouth radiographs of canine and feline
patients is included in the American Animal Hospital
Association Guidelines regarding the dental care for dogs

intraoral Dental Radiographic Equipment

and cats [7]. Full-mouth radiography is defined as a serles
of images taken of the teeth and bone of the jaw, both
dentulous and edentulous portions [6]. The main reason
full-mouth radiographs are taken Is to establish a baseline
to monitor for disease progression as well as determine if
there is any existing disease or abnormalities present
within the mouth prior to treatment.

American Animal Hospital Association
Guidelines Regarding Dental Radiography

According to the most recent American Animal Hospital
Association Guidelines relating to dental radiography, a
person evaluating the oral cavity can underestimate the
presence of disease when only examining a conscious
patient compared lo when intraoral radiographs are
taken [7]. When intraoral radiographs are taken and com-
bined with the oral examination findings, the examiner
can only then assess the full extent of disease or any oral
pathology present within an oral cavity [7]. While the
ability to take intracral radiographs is important, what is
more imperative is that the practitioner has gained the
knowledge and skills to interpret the radiographic find-
ings associated with the radiographs. The American
Animal Hospital Association Guidelines recommend that
all dental patients receive full-mouth intraoral dental
radiographs [7].

Intraoral Dental Radiographic Equipment

Generators

Dental generalors come in a variety of forms. There are
wall-mounted units, handheld units, and rolling units. The
main difference between a dental X-ray unit and a standard
radiographic unit is that the standard radiograph unit, mil-
lamperes, kilovolts, and exposure time can be adjusted in
any combination to create a diagnostic image. In a dental
X-ray unit, the milllamperes and kilovolts are usually pre-
setand are not able to be adjusted. Generally, the kilovolt-
age is fixed at 70-90kVp, and the milliampere is fixed at
10-15mA. The only adjustment available is exposure time.
Exposure fime is usually displayed in impulses or seconds
on the unit. Some units are designed to be preprogrammed
according to the type of teoth to be radiographed or based
on the size of the patient that is being radiographed: small,
medium, or large.

Viewing a radiographic image depends on the size of the
tube head and focal spot of the generator, In essence, the
amount of radiation collimation. The smaller the focal
spot, the better the image detail [8]. The distance the area
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of interest is fromm the focal spot created by the generator is
directly related to the magnification and detail of the
image [8]. The closer the area of interest is to the film, the
more improved image clarity as well @ a lesser amounnt of
digtortion and magnification [8]. The area of interest
should be as close to the film as possible to create the best

image [8].

Wall-Mounted Units

Wall-mounted units are the most frequently used genera-
tors [or procurning dental cadiographs. Units attached to a
stationary surface allow the arm to be positioned and left to
procure the image without the operator being near the
radicgraphic beam. These madiographic lube heads can be
easily positioned. Frequently, they can be purchased sec-
ondhand from homan dental operatories. Wall-moo nbed
units have less drift of the positioning arm allowing for bet-
ter image quality. A unit that & attached 1o the wall does
have the limitation of being stationary and unable o be
transported to a séparate room if needed. For many dental
proceduores, there is a dedicated wet table associated with a
wall-mounted unit to have the patient in proximity of the
radiographic generator {Figure 1.3).

Figure 1.3 Wall-mounted radidgraphic generator,
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Handheld Units

Handheld X-rmy generators are ballery-powered uniis that
produce intraoral radiographs that can be easily trans.
ported between multiple rooms. They are compatible with
digital sensors, standard (lm, and phosphor plates.
Handheld units have an internal shielding from radiation
and a scatter shield to protect the operator from direct and
sealtered radiation. Procuring images fmoan a handhbeld unit
takes practice as the positioning is based on the height,
stiength, and stability of the operator. Many of these units
can weigh 3-10 pounds. This can cause fatigue of the oper-
ator as they are holding the unit for radiographic acquisi-
tion. When images need to be repeated, it may be difficult
to reposition the unil W0 acquire a similar or improved
image (Figure 1.4aand b}

Mobile Units/Castor-Mounted Units

Generators that are moveable can be of great benefit to the
operator. These units can be moved Trom room (o roon.
These units have the structure of a wall-mounted unit,
with the freedom to move the generator to a different room.
Depending on the unil, ssues with stability have occurmed
with the units being disproportionally weighted, leaving
them in danger of toppling over. Difficulty in being able to
position the unit close enough to the patient 1o scquire an
image may be encountersd depending on the arrangement
of the room and tahle. This is becanse the base of the unit
needs 1o be positioned near or under a table o have appro-
priate access and positioning to the patient. This type of
generator can be cumbersome and potentially a safety
threat as the stabilization legs can be a tripping hazard
{Figure 1.5).

Film

A dental generator needs 1o have some form of Glm 1o be
able to release the photons against. There are three main
types of film: standard flm, indirect plates, and divect plates.
Ag shown in Table 1.1, there are vanous Olm sizes thal can
be uged which are adapted from human patients. Each type
of film has specific sizes that are available to use with the
generaton The exibility of standard physical flm and indi-
rect plates allows them to be easily placed within the oral
cavity of the patient to take an image. Direct plates are rigid
and cannot be easily manipuolated. Most commonly, intraoral
radiographs for canine and feline patients use a Size 2 film.
This size appears to be adequate for most small animal vet-
erinary patients. A Size 4 film is helpful in lagger breed dogs
as it allows the operator (o image more than one to two teeth
at a time. It akko allows the operator to procure an image of
the whole tooth in one image rather than in multiple images
for larger teeth, such as the canine tooth.
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(a)

Figure 1.4 (a) Handheld radiographic generator. (b) A handheld radiographic generator has an internal radiation shiedding and a
scatter shield to protect the operator from radiation expasure. Source: Courtesy of Christapher ). Sryder, DVM, DAVDC, Faunding Fellow
AVDC Oral and Maxillafacial Surgery, University of Wisconsin-Madison, School of Yeterinary Medicine.

Figure 1.5 Castor-mounted radiagraphic genarator.

Source; Courtesy of Christopher ). Smyder, DviM, DAYDC, Founding
Fallaw, AVDC Oral and Maxillofacial Surgery University of
Wisconsin-Madison, School of Yeterinary Medicine,

Standard Film

Standard lm is tightly wrapped to avoid exposing the film
itself to moisture or light The sheat of unexposed film is
wrapped in a black paper envelope. There is a lead foil
sheet that protects the Glm from secondary radiation expo-
sure, It is placed on the side of the film that is positioned
farthest away from the generator {Figure 1.6). Since stand-
ard dental film is too small to be able to mark patient iden
tity and medical record information, there 15 a “dimple” in
the corner of the film to help the interpreter with orienta-
tion once the film has been exposed. The “dimple”™ has a
concave or comex surface, depending on how you are
looking at it A concave shape curves inward, while a con
vex shape curves outward (Figure 1.7a and b). For proper
orientation, the convex surface of the dimple should
always be positioned toward the dental generator during
exposure. Standard intraoral film comes in five sizes: O, 1.
2,3, and 4. Most commaonly in velerinary patients, Sizes 0,
2, and 4 are employed for procuring oral diagnostic
images [9].

Standard radiographic lilm can be developed either man-
ually or with an automatic processor Dental film can be
attached toa larger film and run through an automatic pro-
cessor or can be developed using a chairside developer,
Automatic processors have been created to process dental
film that is fully fived and air-dried. When film is hand-
processed, it is performed in four steps: developing, rins-
ing, fixing, and washing (Figure 1.8a and b). Using rapid
processing solutions will allow the radiographic Glm to be
processed within 0 seconds. Traditional light boxes can be
used 1o view the films after they are processed. Due (o the
decreased size of the film compared o standard
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Table 1.1 Table depicting the differences between the three most common types of radiographic film: standard, com puted

radiography (indirect) and direct digital radiography [direct) plates.

Speed of Cost of Eaze of retake
Type of film Sizes Chemicals  processing Platerigidity  replacement  Iimage acquisition
Standard 0,1.2,3.4 TYes imin Flexdble I Moderate
Computed radiography (indirect plate) 0,1,2,3,4 Mo 1-2min Flexdble i3 Moderate
Direct digital radiography {direct plate) 0,2 Mo i-Szeconds  Rigid i3 Easlest

Figure 1.6
expose the contents. Standard film s wrapped to avoid exposure
to moisture and Llight. The sheet of unexposed film is wrapped in
a black paper envelope There is a lead foil sheet that protects
the film from secondary exposure.

Image of standard radiographic film opened to

radiographs, smaller viewers are ulilized in most practices.
Due to the nuances and limitations of this type of film, its
use in veterinary medicine is obsolete and rarely used.

Digital Image Acquisition

Ther: are two main lypes of digital mdiographic acquisi-
tion systems: computed radiography{CR) and direct digital
radicgraphy (DDR} systems. Comventional radiographic
generalors or specilic dental rudiographic generalors can
be used with either system. The main difference between
the two different acquisition systems lies in the film that is
used. The CR systern uses a physical flexible imaging plate,
and the DDE system uses a rigid sensor or radiographic
recording device. Diigital acquisition systems should pro-
duce an image of diagnostic guality and have similar or less
radiation exposure as to what is needed for standard dental
film [10]. They should also be compatible with most con-
ventional X-my genertors, have their information pro-
cessed like any other formatted digital imaging and
communications in medicine (D 1COM) image, and be able
tobe processed in a timely manner [10].

(a) {b)
ii Concave 0 Convex

Figure 1.7 (@) An indentation, or "dimple" is present on
standard radiographic film to help the reader interpret
orientation of the image. If the "dimple” is positioned so that it
has an inward curve, the reader i looking at the concave
surface. (b) If the "dimple” is positioned so that the surface
curves cutward, the reader is laoking at the convex surface. The
corvesx surface should always be positioned toward the
generatar during exposure, point o paoint,

Computed Radiography (CR) Photostimulable Phospher (PSF)
Piates {Indirect Plates)

This method of obtaining an intracral radiograph involves
taking the image on a phosphor plate and then trmansferring
the image to a computer to be interpreted. Older photo-
stimulable plates must be erased before taking an addi-
tional image, or the opermtor risks superimposition of
multiple images on the same plate. Most photostimulable
phosphor (PSP plate systems now automatically erase the
image from the system after transferring the previous
image lo the compuler The time rom radiation ex posure
to digital image interpretation for the PSP systems can
range from a few seconds to a few minutes depending on
the systemn. There are Ove common phosphor plate sizes
used for dental radicgraphic procurement: 0, 1, 2, 3, and 4,
When cared for properly, most PSP plate systems can be
used hundreds of times before they need to be replaced.
The plates are thin and flexible and act like standard film,
but with the benefit of being able to manipulate and store
images digitally on a computer and reuse them multiple
times {Figure 1.9). The main disadvantage of the CR sys-
tem includes the increased anesthetic time required for
relaking radiographic images due to the need o emove
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Figure 1.8 (&) Image depicts a hand processing unit with the lid closed, protecting the processing fluids. (b) Image depicts the open
hand pracessing unit showing the containers for the different solutions: developer, rinse, fiwer, and rinse solutions. Sounce: Courtesy of
lill Medemwaldr, OVT, ¥T5-D, University of Wisconsin-Madisan, School of Veterinary Madicine.
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Figure 1.9 Computed radiography (CR) Size 4 image sensor:
indirect plate, Source: Courtesy of Chad Lotham er, DVM, DAVDC,
Uriversity of Termesses College of Veterinary Medicine

the plate from the oral cavity o process the image.
Advantages of this system include the cost to replace the
plate if it becomes damaged and the increased selection of
plate sizes compared Lo the DR system.

Digital Radiography (DR) Image Sensors (Direct Plates)

Most direct digital sensors consist of either a charge-
coupled device {CCD} or a complementary metal oxide
semiconductor {CMOS) which is sensitive to light [9].
These sensors also have a scintillator layer which con

verts X-ray energy into light to create an image [9]. The
sensors are directly connected to a computer to process
the information to create an image within a lew seconds
(Figure 1.10a and b). This type of radiographic plate
requires less radiation and is the most efficient of the
intraoral dental radiography imaging modalities (o

acquire the images, Positioning is easier with these units
bec ause the sensor does not need to leave the oral cavity
to acquire and process an image. The main disadvan-
tages of a direct system are the sensor size and its dura-
bility. The largest size currently available for a digital
sensor is a Size 2. Direct plates are rigid and directly
altached o the computer. If they are dropped, bitlen, or
bent, this will adversely affect the sensor and the radio
graphic image, potentially necessitating replacément of
the sensor, which can be costly (Figure 1.11a and b). The
benefits of a direct system are the speed of image acqui
sition and easier ability to retake images if there are
positional alterations that need o be made or artifacts
appearing on the image.

Similorities of Indirect and Direct Plates

Both direct and indireet digital plate images can be altered
on the computer for underexposure of OVerexposure,
Images from both systems can be manipulated to magnify
an area of intercst. The images are also easily transferred
digitally to another clinician for inlerpretation or o the
clients through a computer.

Radiographic Imaging

Basic Unit of an X-ray

The basic component of an X-my is composed of photon
energy [11]. This is expressed as a unit of energy called the
electron volt (V) Xorays are a form of radiant energy that
has a shor wavelength and is capable of penetrating hard
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(b)

Figure 1.10 (a) Image depicts the DR system (direct radiography) plate which is attached directly to the computer. (b) A Size 2 sensor
wrapped in its storage container, This sensor is in a sleeve which is changed out bebtween uses to keep the sensor clean and o avoid

cross-contamination of saliva and other fluids between patients.

Figure 1.11
damage to the direct plate. (b) Foreshartensd image of the right mandible of the same patient. The radiographic image also depicts
not including at least 2mm of the apex of the root, for a diagnostic image. The white spiderweb appearance depicts damage to the
zensor, making it difficult to interpret the radicgraphic findings.

and soft tissues alike [$]. Photons are either absorbed through
tigsues or pass through the tissues with minimal interference
Lo expose an X-ray [lm An X-ray & produced when electrons
moving at a high rate of speed interact with a suitable mate-
rial. During the interaction, = the electrons hit the material,
they are either slowed down, change their direction, or are
completely absorbed by the material. The energy is comveried
into heat and X-rays to produce an image. The radiographic
tuber head, or generator, & desizned o direct these interac

tions and control this process.

{b)

(3) Foreshortened image of the right mandible of a canine patient. The white spiderwab appearance on the sensor is

Milliamperes (mA), Kiloveltage Peak (kVp),
and Exposure Time

When looking al a standard X-my genemtor, thepe are
usually three controls that can be adjusted: maA, kKVp, and
exposure time (Figure 1.12).

mA control stands for milliamperss of energy meleassd.
This controls the number of electrons that are foeed from
the filament and ultimately the number of X-rays that are
produced and measured per second. The number of X-rays
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Figure 1.12  Image of a standard radiographic generator. There
ara three controls that can be adjusted: milliampearas (mA),
kilovoltage peak (kVp) and exposure time,

produced is directly proportional 1o the number of elec-
trons released. Therefore, the higher the mA, the larger the
number of electrons released, Milliamperage-second con-
trols the quantity of X-rays that are emitted.

EVp or kilovoltage peak is the amount of voltage that is
applied across the radicgraphic tube head. Ttis referred to
as the speed at which the electrons travel o the target. The
higher the kKVp, the more rapid the travel of the electrons
and the more Kinetic energy or heat is created. KVp con-
trols the quality of the X-my beam (wavelength).

Exposure time controls the duration of time at which
radiation iz being emitted. The duration of exposure is
directly corpelated with the number of X-mays produced.

Figure 1.153  lllustration of radiographic
densities. Gas allows the majority of
radiographic electrons to pass freely to
the film, followad by fat and then muscle,
Bone and mineral will absorb more
electrons creating a radiopaque shadow
on the film.

Ther is alko a direct correlation between the ma and
seconds in that the result of the mA and the exposure time
is equivalent to the numbér of X-rayvs that are produced:

ma [#f sa:uuds}u Lima:{se-::und::}
- m..ﬁ.s(total number of]{*[a*,'s}

Radiographic Densities

When describing radiographic density, the interpreter
needs to be able to describe the degree of opacity of the tis-
sues. There are five different radiographic opacities that
can be observed based on the density of the material [8].
The materiaks that produce different opacities are gas, fat,
muscle, bone, and mineal [3] {Figum 1.13). The density of
air allows maost of the radiographic electrons to pass freely
to the film causing an increased exposure, therefore
increasing the blackness of a film [8]. Alternatively, the
density of bone and mineral will absorb more electrons cre-
ating a further radiopaque shadow on the film [8]. Overall,
thicker tissucs will reduce the number of X-rays that ulti-
mately reach the film compared to thinner tissues.

Radiopaque

Radiopague is used to describe the degree of whiteness on
a radiographic image. The degree of whiteness depends on
the density of the area of interest. The denser the area, the
maore the X-ray beams are absorbed. The terms increased or
decreased opacily can ako be used to describe the degree of
opaqueness of the material, The degree of opacity should
b wsed to describe the organ or structure in relation to
whal the structure should look like under nommal cipcum
stances { Figure 1.14).

1 1+ 1 3 4

I
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Figure 1.14 Radiograph of a normal right mandible of &
feline patient. Radiopague 15 used to describe the degree of
whiteness of an image, and radiolucent is used o describe
the degree of blackness of an image. The denzer the area,
the more radiopaque or white the structure is on the
radiograph, the less dense the area, the more radislucent or
black the structure is.

Radiolucent

Radiolucent is used to describe the degree of blackness
on a radiographic image. The degree of blackness
depends on the lack of density of the area. Radiolucent
objects do not absorb a significant amount of radio
graphic energy, rather the beams of radiation pass
through the object unrestricted. Again, a change in the
radiolucency of an object should be interpreted in rela-
tion to what the organ or structure should look like under
normal circumstances.

Tissues that have a greater thickness will absorb more
phatons than thinner tissues. The greater the tissue absorp-
tion, the fewer the number of photons that expose the Olm
and hence the more radiopaque the image is created on the
filrn {see Figure 1.13).

Digital Image Creation

Creation of a Digital Image

The creation of a digital radiographic images involves three
steps: a measurement of the transmission of the pattern of
radiation emitted to the patient, converling the measure

ment into a digital format, and viewing the processed digi-
tal information with a computer [10].

Digital Imaging and Communications
in Medicine Fermat (DICOM)

Acdigital file used in medical imaging is a DICOM file, This
stands for Digital Imaging and Communications in
Medicine format. Most DICOM files are in a standard for
mat to allow different computer hardware and programs to
be able to create and produce an image [10]. DICOM
images can be transferred outside of the generating clinic
for interpretation by sending through a web-based pro-
eram [190], The interpreter vsually downloads the program
along with the digital image information to allow the
viewer to see and interpret the images [10]. DICOM files
can be stored within an electronic repository o help man

age all radiographic imaging modalities, When digital stor-
age systems are utilized with a picture archiving system
(PACS), tmnsferrning information belwesn practiioners
can be seamless.

Pixels

A digital image is composed of pixels. Radiographic imag-
ing is an exercise in interpreting shades of gray. Each pixel
is attached to aspecific shade of gray. The greater the num-
ber of pixels, the larger the file size. The size of the pixel
elates to the spatial resolution of an image [10]. This
relates to the clarity and detail of an image. The compuler
program and hardware system determine the size of pixels
a8 it arranges and assigns them to the digital radiographic
image [10]. As a general staternent, the more pixels an
image has, the better the image quality, but at some point,
the quality cannot be improved by increasing the number
of pixels.

Advanced Imaging Modalities

Computed Tomography

The imaging modality of CT (Figure 1.15) is commonly
used for the evaluation of the brain, sinug and nasal cav-
ties, orbit, mediastinum, lung, liver, adrenal glands, elbow
joint, and spine [12]. This imaging modality creates a cross-
sectional reonstruction of the area of interest through ion-
izing radiation from an X-ray tube. A fan-shaped collimated
beam of radiation is genermtad on one side of a patient, and
multiple detectors on the opposite side of the patient meas-
ure the amount of radiation transmission through the tis-
sue glice from the patient [12]. The density of the tissue
depicts how much radiation is passed through the tissue
compared to how much the radiation is absorbed. For
example, gas allows rdiation o pass through unob
structed. The amount of radiation passing through gas at
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Figure 1.15 Computed tomography unit

Figure 1.16  Iustration of the information
gather ing capacity of a multislice com puted
tomography unit. Increasing the number of
slices a computed tamography unit can
collect will increase the amount of
information gathersd to create & more
detained reconstruction.

AAAA

the beginning is similar to the amount of radiation at the
end of the emission. In contrast, if the same beam of radia-
tion passes through mineral or bone, the density of these
materials is far greater than gas. Therefore, more radiation
is absoried by thes: stmctures, and the amount of radia-
tion present at the end of the emission is far less than when
radiation was first emitted.

Increasing the number of slices a CT unit can collect
will increase the amount of information gathered about an
area of interest. The more information gathered can help
creats more detail of the meonstructed area (Figure 1,16}
Itis thought that with an increased slice thickness, therais
4 reduced diagnostic gquality of the images created and
there is an increased amount of image noise which can
lead to distortion of the image [13]. The more the slices
collected, hence the smaller the slice thickness, the better
the detail of the area of interest as more information can
be gathered with multiple slices. Currently, tissue thick-
ness can be from 0.5 to 10mm and uswally takes only a few
seconds to acquire an image. Currently, a 3-mm slice

thickness is thought to produce the best diagnostic quality
and as well as the least amount of image distortion |13].
Ag the unil rotates around the patient, multiple measure
ments are taken from various directions to create a recon-
sirocted image of the area of interest. The massive amonnt
of data collected from the multiple images recreates the
desired area of interest. The smaller the slice thickness,
the larger the volume of data collected. There m signifi-
cantly superior differentiation of soft and hard tissues
within the images, and the ability to produce images with-
oulsuperimposition of the overlying structures makes this
avery good imaging modality

Commonly, intmvenous contrast agents are injectad o
help differentiate between lesions and the normal paren-
chyma of a tissue [12]. Contrast media can also aid in the
vascu lar anatomy and patency of vessels within the area of
interest [12]. Using a contrast agent can assist in visualiz-
ing defects in an area including hemorrhage and infection,
as well as accumulation of the agent in abnormal fssues,
potentially indicating neoplasia.
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Spatial resolution i the ability of an imaging modality
to differentiate between adjacent objects of structures.
Spatial resolution fora CT image 5 dependent on the num-
ber of projections and the number of detectors [14]. The
resolution of areas with low contrast is highly determined
by the filtering ability of the X-ray beam [14]. When the
Xeray beam i less [iltered, the beam releases more radia-
tion due to the tissues absorbing more radiation, producing
a higher contrast image [14]. When the beam is more fil-
teped, it reduces the radiation exposume but also resulls in
images that are lower in contrast [14].

Cone Beam Computed Tomography (CBCT)

Advancement of dental radiographic imaging modalities
has progressed to the use of CBCT (Figure 1.17a and b).
The ability to generate a three-dimensional image to create
a complete diagnostic pictuee s vital to a chnician's ability
to treat a patient. Using a CBCT unit has shown superior
image quality while still allowing for three-dimensional
reconstruction of thestruc tures within the orofacial region
A CBCT unit employs a radiographic source, image defoc-
tor, computer, and 3 monitor o display the images created.
It differs from a comrentional CT unit by using cone beam
geometry rather than a collimated beam. The detectors
within the standard CT unit are arcanged in rows while in
CEBCT flat panels or image intensifiers are used. The CECT

{b)

Figure 1.17
Fansas City (b) Cone beam womography unit with a canidae species in the scanner. ource: Courtesy of Scott MacGes, DYVM, DAYDC,
Companion Animal Dentistry of Kansas City

rotates around the patient only onee, collecting its volume
of information on the flat panel detsctors. The madiation
source of the CBCT unit rotates synchronously to acquire a
3607 depiction of the area of interest [15]. The standard CT
unit rotates around the area of interest multiple times and
collects information with multiple scans, while a CBCT
rotates once, thus reducing the radiation exposure o the
patient. The volume of raw data acquired by the CRCT unit
is processed and reconstructed by computer software to be
viewed on a display unit, similar to a comventional CT unil
Compared to a comventional multidetector unit, cone beam
images have superior diagnostic quality in assessing ana-
tomical structures [13], CBCT technology allows for better
spatial resclution allowing the interpreter to better differ
entiate subtle differences between objects that are next to
each other, such as teeth and bone. Electrical requirements
for these units are standard, and the investment costs for 3
CRBCT unil are less than a conventional CT unit CBCT
technology offers three-dimensional imaging and superior
image crealion of the dentoalveolar structures at a lower
cost than a conventional CT unit [15]. It also uses a similar
radiation exposure to intracral radiography, making it a
very viable aption for the clinician o use for diagnostic
imaging of the oral cavity, CBCT 12 an excellent imaging
maodality for evaluating bone and teeth, but not soft tissues
or petential neoplastic conditions. The contrast resolu tion
of this modality makes it difficult to differentiate between

{a) Cone beam computed tomography unit. Fhoto courtesy of Soott MacGee, DVM, DAVDC, Com panion Animal Dentistry of
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glight changes in sofl tissoe structures, therefore making it
a less desirable modality for evaluating neoplastic condi-
tions. CBCT is an excellent imaging modality for evaluat-
ing perindonial disease, endodontic disease, and for tooth
resorption in both canine and feline patients. It is also a
good modality to evaluate maxillofacial trauvma. CBCT has
been shown to have superior diagnostic quality incompari-
son with dental radiographs for the evaluation of periodon-
tal disease in brachyce phalic breed dogs [16]. Using CBCT
has also been shown 0 be very ellective in evaluating
patients for furcation exposure and intrabony defects [17].
Compared to intraoral radicgraphs, CBCT has been shown
Lo be effective in the detection of apical lueencies as well,
making it an excellent imaging modality for cases with sus-
pected endodontic disease [13].

Magnetic Resonance Imaging

MRI is a disgnostic modality that uses magnetic fields and
radio waves to create an image [12] (Figure 1.18). An MRI
utilizes a high and low magnetic field and a coil to detect
the frequency and signal created by changes in the cellular
compaosition within an organ to produce an image which is
viewed on acomputer. Tissues within the body absorb and
release energy in different ways and levels [12]. Water pro-
duces a high MR signal, while bone and collagenous tis-
sues produce a low MR signal [12]. An MREI produces
exceptional contrast and differentiation of the soft tissues
of the body. This type of imaging modality does not use
ionizing radiation.

Figure 1.18 Magnetic resonance imaging unit.

When using this imaging modality, care needs o be
taken to identify patients or operators who have ferro.
magnetic implants, foréign bodices, or other metallic
devices or obhjects on or within their bodies. Examples of
such items include bullets, vascular staples, shrapnel. or
other objects containing metal. These items may travel
through soll and hard tssues leading to additional injury,
Items may also become potential projectiles within the
MRT unit or the room due to the intense magnetic field
that is created during the use of this imaging modality
( Figure 1.19). More information regarding the use of MRI
can be found in Chapter 10.

Definitions Relating to Imaging Modalities

Sagittal Plane

Sagittal plane divides the area of interest in a vertical plane,
A sagittal plane divides the area into left and right halves.
For veterinary patients, this is in a lengthwise plane from
the tip of the nose to the tp of the il from the night side (o
the left side { Figure 1.20). This plane is also called vertical
plane parallel to the median plane.

Transverse Plane

Transverse plane divides the area of interest ina horizontal
plane. A transverse plane divides the area into a wop and
bottom half for human patients, For veterinary patients,
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S i sl ®  Figure 1.19  Image depicts warnings
frequently found outside of a magnetic
resonance imaging unit. Metallic objects
can become projectiles within the unit
dus to the magnetic field created by this
imaging modal ity

STRONG MAGHCTIC Fallor

@ =

SRR

Figure 1.20 Photograph depicts a saqgittal plane A sagittal
plane divides the area of interast into right and left halves.

thisis in a plane from the tip of the nosa to the tp of the il
from the front to the back, like slicing a loaf of bread
lengthwise (Figure 1.21). This plane i also called the
axial plane.

Dorsal Plane

Dorsal plane divides the area of interest parallel o the
spine. A dorsal plane divides the area parallel with the long
axis of the body. This divides the body from the top of the
skull lengthwise to the bottom of the toes, from Lop to bot
tom (see Figure 1.21). This plane is perpendicular to the
gagittal and the tramsverse planes.

- ‘.'-.‘la"

Figure 1.21 Photograph depicts the transverse and dorsal
planes, A ransverse plane divides the area of interest into a wp
and bottom half. A dorsal plane divides the area of interest
parallel to the spine.

Computed Tomography Window Width
and Window Level

CT images can be viewed by standard settings set by the
computer program, How a study is viewed is dependent on
the information colkected from the CT unit and how it is
windowed, Windowing is the process by which the differ
ent shades of gray are contrast-enhanced to produce an
image. The dilferent windows change the appearance of an
image to highlight specific areas within the chosen loca-
tion to feature particular structures. Proper windowing of a
CT study can significantly impact the ability of a clinician
to interpret the normal anatomy as well as any pathology
that may be present. Therefore, prior to interpretation, the
most approprate window for the ama of intersst should
be chosen.
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Window Width

Window width measures the range of CT numbers. A CT
number is directly related 1o the intensity of an X-ray beam
as it travels through hard and soft tissues and its grayscale
value. A grayscale value is assigned based on its brightness
of a three-dimensional element or wvoxel, relative to
water [19]. The range of CT numbers is displayed on the
image as it is being interpreted. CT numbers are measured
in Hounsfield units (HU). Images can be displayed with
HU on a scale from —1000 to +3000 HU, for over 4000 dif-
ferent shades of gray [20] (Table 1.2). The HU value is
based on the density of a tissue to absorb radiation from the
X-ray beam. The scale is arbitrarily based on the premise
that water is defined as being zero HU and air is defined as
— 1000 HU [21]. The higher the HU value, the denser the
area. A HU that falls below the lowest value of the window
width will show as black, and any value of window width
above the highest HU walue on the image will show
white [19]. The human eye can only discern about 40 dif-
ferentshades of gray [21]; thus, using the most appropriate
window for viewing the images is of utmost importance.
The wider the window width, the more CT numbers will
be displayed causing the transition from dark to light to

Table 1.2 lllustration of the grayscale value assigned

to commeon gas and material densities related to their
Hounsfield units assigned based on the gas or tissues ability
to absorb radiation,

Tissue type Hounsfield unit
Bone +400 to + 1000 or higher
Soft tissue +40 [0 480
Water L1
Fat =60 [0 =100
Lung —<400 by — G000
Air =100}
Figure 1.22 [lustration of window

width and window level The window
width determines the shades of gray or
Hounsfield units of an image. The
window level is related to the midpoint
of the shades of gray. Window level refers
to the brightness and darkness of

an image.

Computed Tomography Windew Width and Window Level

occur over a larger transitional field. As the window width
increases, a larger change In the density of the tissues will
be needed to alter the change in HU or shade of gray. This
will decrease the contrast of an image, and strucures will
be more likely to be viewed similarly, despite having dif-
ferent densities. Therefore, a larger window width will
cause the interpreter to have difficulty discerning the dif-
ferent attenuations between similar density tissues, such as
soft tissue.

Awide window width, e.g. >+ 1500, is better for evalu-
atling areas with significantly different attenuating val-
ues, such as the lungs where air-filled structures are
closely associated with fluid or blood-filled structures. A
wide window width is also an excellent choice for evalu-
ating bone.

A narrow window width, eg. <+B800HU, is excellent
when evaluating areas of similar attenuation, such as soft
tissues. Decreasing the window width will create a greater
increase in the contrast of an area. As the window width
decreases, a significantly smaller change in a tissue's den-
sity will result in a change in the grayscale color on the
image. This narrowing of the window width will allow
similarly dense structures to have more obvious shades of
white to gray to black assigned to allow the interpreter to
visualize subtle differences in similarly dense tissues.

Window Level

The window level is often referred to as the window center.
The window level is related to the midpoint of the CT num-
bers displayed on the image. It refers to the brighiness and
darkness of an image. Decreasing a window level will
cause the image to be brighter and increasing the window
level will cause the image to be darker (Figure 1.22). As the
window level is increased, a higher HU value will be
needed for a tissue density to be brighter or white, whereas
decreasing the window level will require less HU for a
tissue density to be displayed as bright or white.
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Other Common Viewing Windows

Bone Window

A bone window is best used o view bone in detail and when
tryving to differentiate from the cortex and the medulla. It is
usually set at a window width of 2000-3000 HLU and a win-
dow level of around 1000 HUL A bone window helps to visu-
alize subtle details within the bone [22]. Soft tissue structure
detail is much less obvious due to the lack of density in these
tissues [22]; therefore, the other modality windows should
be considered when evaloating sofl tissue  structures
Evaluation of fine details such as mineralized areas or bony
structures is better visualized with a bone window [22).

Soft Tissue Window

A sofl tissue window i used o evaluate most organs, ILis
usually=et at a window width of around 200-400 HLU and a
window lewvel of 20-60 HUL. However, it is not a good win-
dow for evaluating lung parenchyma, due o the density of
this tissue baing air-filled.

Radiation Safety

Radiation Safety Apparel

It has been found through the advancement of diagnostic
imaging modalities that there is indeed some nsk associ-
ated with exposing patients to ionizing radiation and intra
venous contrast agents [23]. The development of madiation
safety procedurnes began in the 19305 with the invention of
lead aprons (Figune 1.23) and lead gloves [23] (Figu e 1. 24).
In the years and decades that followsd, advancement and
production of thyroid shields (Figure 1.25) and leaded pro-
tective eyewear { Figure 1.26) have attem ptad to make using
these adiation imaging modalities safer to the adiology
technician [23].

Collimation

Uilizing columniation imstruments (o narrow the Xoray
beams to reduce scatter radiation and increasing the speed
of exposure were found to reduce exosssive radiation expo-
sure [23). An X-ray beam is restricted by the arnount of col-
limation that the radiographic tube head creates, Mot
focusing the collimation beam on the area of interest only
will allow for more radiation (o be relessed and expose the
patient to unnecessary radiation. Most dental units have a
very narmow beam of madiation released and do not have the
ability to be collimated as the beam is already as narrow as
posgible tocreate a diagnostic image relating to the film size.

Figure 1.25 Lead aprons can be used to prevent scattered
radiation exposure.

Figure 1.24 Lead gloves can bewann B prévent scattenad
radiation exposure to the extremities,

—

Figure 1.25 Thyroid shiglds can be worn to prevent scatteraed
radiation exposure,
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Figure 1.26 Lead glasses can be worn as part of the persanal
protective equipment to protect the radiology technician's &yes

As Low As Reasonably Achievable (ALARA)

Expersure (o ionizing rdiation inany amountcould induce
side effects of radiation exposure. Minimizing the amount
of radiation that a patient or operator is exposed 1o is
imperative toavoid polentially Fatal side effects{ Figure 1.27).
The guiding principle of radiation safety is to act in accord
ance with the principle of as low as reasonably achievable
(ALABRAY [24]. This prineiple is to creale an environment

Figure 1,27
radiology technician. Minimizing the amount of radiation
exposure to the patient and the operator is important to avoid
potentially fatal side effects

Image depicts podr radiation safety of the

in which the radiation exposure is ALARA [24]. Tt is
axtremely important to increase the aducation and aware
ness of the effects of ionizing radiation to the patient and
choose 3 diagnostic imaging modality that minimizes the
amount of radiation exposure to all involved [24].

Time, Distance, and Shielding

There are three basic measures that you can apply to
achieve the lowest amount of madiaton deliversd to the
user as well as the patient. These measures include time,
distance, and shielding [25].

Time

Minimizing the amount of time that is spent near a radia-
tionsource is imperative (o help reduce radiation exposure,
Time and exposo e can be reduced with the use of sedation
or anesthesia for betler precision n positionng, as well as
improved positioning for uncooperative patients. This
mduces the need for retakes based on poor positioning.
Fortunately, this is not usually an issue in dental radio
graphic procurement in veterinary patients as sedation or
general anesthesia is required to generate the images.

Distance

Maximizing the amount of dstance from the madiation
source will thereby reduce the dose of radiation received.
Distance and dose are inversely elated, therefore increas-
ing the distance from the madiation source will reduce the
dosage of radiation received, The operator should try to
stand at least 6t away from the radiographic tube head and
ata 90-135° angle from the primary beam [7, 9].

Shielding

Flacing something between the radiation source and the
abject being irradiated will reduce the mdiation received
b the object. Effectiveshielding is dependent on the source
of radiation. Lead doors. shields, and tabletop barriers ane
available to help shield the operator from radiation expo-

sure {Figure 1.28a and b).

Radiation Safety Equipment Inspection

Protective Apparel

The reduction in radiation exposure begins with the radiol
ogy technician wearing radiation protective equipment.
Personal protective equipment such as lead aproms, kead
shields, thyroid shields, radiation dosimeter, and lead
gloves can be utilized to avoid scattered radiation
exposure [7] { Figure 1.249),
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Figure 1.29 Maodel demonstrating appropriate personal
pratective eguipment weéaring & lead apran, thyroid shield, Lead
glasses, and lead gloves,

The operator needs to be protected from three sources of
radiation: the primary beam, secondary radiation emitted
from the patient, and Onally leakage of mdiation from the
machine housing unit or radiographic tube head [7].

Figure 1.28 (3} Lead doors can be used
as protection aganst radiation exposure,
Placing a shield between the radiation
source and the radiol ogy technician will
help to reduce scatter radiation. This can
be used in addition to perional
protective equipment. (b) Lead shields
can also be used for radiation protection

Contrary to popular belief, the use of kead shields and
aprons is not to protect the patient or the operator from the
primary beam of radiation. Their purpose is o prevent
geattered radiation exposure, Personal protective equip
ment used for shielding against radiation exposure should
be evaluated at keast annually for signs of visible cracks,
tears, and areas of wear [11, 26]. Radiation protective
equipment can be damaged when stored inappropriately:
All protective equipment should be stored properly to pre
vent cracks in the lead shielding, therefore decreasing its
protectiveness | 26]{ Figure 1300 Improperly stoved equip-
ment can lead o delerioration of the lead-impregnated
vinyl [27). Inspections of the mdiation protective equip-
ment are necessary for the health and safety of the radiol-
oy technicians as well s the patients, depending on what
type of protection is being used [27]. The protective appare]
should ako be radiographed in any area thal appears o
have physical damage to reduce unexpected radiation
exposure and verify the lead within the apparel is not dam-
aged [26] (Figure 1.31). Monitoring parameters are also
available to observe the levels of radiation in aspecific area
over Lime oraspecilic person over me{ Figure 1.323 and b

Care of Radiation Safety Equipment

Radiation protection equipment should be ingpected before
each use for signs of defects, tears, or creases in the lead.
Lead aprons should be propedy hung by the shoulders on a
rack when not in use and not folded or crumpled on the
floor [27]. All equipment should be kept clean and dry,
attempting o keep it free of blood and other body Qoids as
well as away from sources of heat [27]. If the protective
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equipment becomes soiled, refmin from cleaning with
chemicals or putting the equipment in the laondny: It
should only be spot-cleaned or hand-washed with mild
soap and left o hang dry IF any equipment & found (o be
defective, it should be removed from service until it can be
inspected for safety for continued use.

Figure 1.30
shields to prevent damage to the lead lining.

Image depicting appropriate storage of thyroid

&) {b)

Figure 1,32

roiation Sefety Equipment nspection

Radiation Safety Inspection Protocal

A radiation safety inspection protocol should be made for
clinics utilizing any form of radiation. An individual or
group of individuals should be identified (o be responzible
for the regular visual and radicgraphic inspection of all
protective equipment. Protocols for conducting safety
equipment imentory and inspection of the egquipment
should be done on a regular basis. Criteria for the replace

ment of any damaged equipment should beclear. Radiation
protection equipment should be supplied for all stafll mem

bers in appropriate numbers and sizes to fit the needs of all
individuals at the clinic with potential exposure to radia-
ton [27]. Individuals wtilizing the protective squipment
should have acontact person tonotify them if there appears
to be an issue with the fit or integrity of the equipment [27].
Radiation protective equipment should be marked with a
unigue identification system o refer 10 when evalualing

E——

Figure 1.51 Lead aprons should be radiographed to evaluate

for any cracks in the lead shielding and to verify there is no
unexpected radiation expasure.

(a) Dosimetérs are used o assess the amount of radiation for & given area or a specific person. This image depicts a

single dosimeter for @ given area, (b) Wall of dosimeters of individuals who may be exposed to radiation within a clinic setting.
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thee integrity of the equipment [27] (Figure 1.33a and b
Different criteria can be used to identify whether the pro-
tective equipment may be defective or have decreased
integrity. Some clinics may choose to examine their equip-
ment with mdiography or Quoroscopy, whilke others may
only perform the initial visual inspection of the equipment
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Benefits to Proper Positioning

The ability to properly interpret dental radiographs is based
on the interpreter’s personal knowledge of normal and
abnormal anatomy and the diagnostic quality of the image.
An Image of high quality will enable the viewer to maxi-
mally assess the area being viewed by providing as close of
a representation of the actual anatomy as possible. Proper
positioning will ereate an image with minimal distortion of
the anatomical targets. An understanding of proper radio-
graphic image positioning technigques and the ability to cor-
rectly implement the techniques into practice will maximize
the information gathered on the images produced. This will
limit the number of radiographs required to assess an area,
resulling in less time under anesthesia for the patient and
less radlation exposure to the patient and the positioner. As
with any skill, time and practice are required to become
adept at radiographic positioning of the oral cavity.

Practicing Techniques

Dental radiographs are acquired using similar equipment
as other diagnostic imaging modalities. Practicing the
acquisition of diagnostic intraoral radiographs should be
performed on cadaveric specimens or skulls [1]. This will
help to minimize the stress on the radiographer and the

patient [1]. An anesthetized patient adds a level of stress as
the patient needs o be monitored while the radiographer is
learning a new technique [1]. Practicing techniques on a
model or skull will reduce the anxiety of learning some-
thing new. The radiographer will feel more comfortable
once they learn the technique on a model and then transfer
those skills to a live patient. When learning radiographic
techniques, the ability to learn how to change an image
after an error has been made can help the radiographer
understand how to avoid the error on future images. Taking
the time to understand positioning techniques on a model
will help the technician acquire diagnostic images on the
live patient more effectively and efficiently.

Use of Position Indicating Device (PID)

X-rays are produced by a generator. The X-rays are directed
at a specific area of anatomy with the use of a collimator
or posltion indicating device (PID) [2]. On the other side
of an anatomic target is either a film, sensor, or phosphor
plate that is exposed to the X-rays after it has passed
through the target area [2]. The tissues of the anatomic
target will block some of the X-rays from being transmit-
ted to the sensor creating different levels of exposure due
to the different densities of an object. This in effect creates
a shadow of the anatomic target. With standard
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radiographs, the area of interest & placed parallel o the
gensor, The X-ray generator and PID are positioned so that
the X-rays will hit the target and the sénsor in a pérpeén-
dicular orientation. This positioning creates an image with
minimal distortion from the actual size and shape of the
target anatomy. Dental radiography places the sensor so
that each quadrant of the oral cavity and each individwal
tooth can be viewed radiographically without superimpo.-
sition from the contralateral quadrant or tooth. The anat.
omy of the mouth makes acquisition of mages more
difficult than standard radiographs as positioning of the
sensor parallel to the anatomic target is not always possi-
ble. Multiple views may be necessary (o acquire the diag

nostic information to assess if disease 5 present within
the mouth, If there is an area that appears to have dio

graphic evidence of disease, multiple views of that area
may need o be mken. Therefor, a comprehension of the
different positioning technigques that can be employed (o
accurately image the teeth is necessary. For the average
canine patient, 12-18 images may be needed o acgquine a
full-mouth radiographic series [3]. The variation in num

ber is dependent on the size of the patient and the size of
the sensor. A Size 2 mnsor will not accommsdate as many
teath as a Size 4 sengor For a full mouth radiographic
series for a feline patient, 8-10 images may be needed 3]
Several techniques have been developed for diferent areas
of the mouth to ensure a high-quality image can be
obtained despite the limitations of sensor placement due
to anatomical structues. These techniques include parl

lel techniques, bisecting angle techniques, and extraoral
techniques |2, 4, 5].

Positioning Techniques

Patient Positioning

Ibeally each patient should be posiioned the same way
when a diagnostic image is to be obtained. This will help
build the muscle memory of the operator. Ttwill also allow
the radiographer to use an aleeady calculated bisecting
angle and apply it to the different-gized patients on the
table. Before the FLD orsensor is placed near the ol cavity
to obtain an image, the patient needs to be positioned
appropriafely o feilitate aceess (o the desired anatomical
targets, The most [fequent options are to position the
patient in sternal, dorsal, or left and right lateral recum-
bencies (Figure 2.1a-c). Factors such & personal prefer-
ence and final position for cleaning and treatment will play
a mle in the way the person obtaining the radiographs
chooses (o position the patient. Regardless of preference,
the target area to be radiographed neads to be accessible to
place the sensor in the mouth on the palatal/lingual side of
the tooth for intraoral madiographs with the PID on the
facial side of the tooth, outside of the oral cavity, Therefore,
the target area needs to be assessable to the radiographic
generalon For example, madiographic imaging of the max-
illa is easiest when the patient is insternal or lateral recum-
bency. If a maxillary tooth needs to be madiographed while
the patient is in dorsal recumbency, the head will need to
be tilted and potentially elevated from the table so that the
table does not prevent appropriate positioning of the PID
{Figure 2.2). For mandibular radicgraphs. the patient can
be in dorsal or lateral reenmbency { Figure 2.3).

Figure 2.1
|:.|Jgsitim|:-.*{| for the bisecting angle technigue to acquire diagnostic images of the right maxillary testh. (b) Canine patient in DORSAL
recumbency with a radiographic platefsensor placed intradrally and the PID {generatar) positioned for the bisecting angle technique
to acquire diagnostic images of the left mandibular premolar teeth. () Canine patient in LATE RAL recum bency with a radiographic
platefsensor placed intraorally and the PID (generator) positioned for the bisecting angle technique to acquire diagnostic images of
the right maxillary arcade,

(a) Camine patient in STERMAL recumbency with a radiographic plate/fsensor placed intraorally and the PID (generator)
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