Learning Objectives

At the conclusion of this chapter, you will be able to:
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Use correct terminology when discussing x-ray equipment and its parts -
Demonstrate the radiation field and define the central ray

Explain the differences between primary radiation, scatter radiation, and
remnant radiation

List two effects of scatter radiation :
List the components of the image receptor system
List the essential features of a typical x-ray room 23 !
Explain the purposes of the control booth and the transformer cabmet ;
Safely change the positions of the radiographic table and the X-ray tube
Demonstrate a detent and explain its function : v
Explain the purpose of a collimator ;

Describe precautions to be taken to ensure personnel safety from radlatlon i
exposure

»
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attenuation plate :
Bucky - primary radiation

cassette . radiation field
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collimator scatter radiation
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CHAPTER 2 e Introduction to Radiographic Equipment

This chapter introduces the useful x-ray beam, discusses
the equipment found in a typical x-ray room, and provides
some fundamentals of radiaton safety. Many of these
topics are covered in greater detail later in the text, but it
will be helpful for you at this point to have an orientation
to the equipment and safety considerations that are central
to your work as a limited x-ray operator.

PRIMARY X-RAY BEAM

The source of x-rays is the x-ray tube. The internal struc-
ture and function of the tube are discussed in Chapter 5.
X-rays are formed within a very small area inside the tube.
From this point, the x-rays diverge into space. The x-ray
tube is surrounded by a lead-lined tube housing. Some of
the scattered x-rays are absorbed by the tube housing.
X-rays that are created exit the housing through an
opening called the tube port. These x-rays form the
triangular-shaped x-ray beam (Fig. 2.1). The radiation
that leaves the tube is called primary radiation. The
squared area of the x-ray beam that strikes the patient and
x-ray table is called the radiation field. An imaginary line
in the center of the x-ray beam and perpendicular to the
long axis of the x-ray tube is called the central ray (CR).
The CR is important in positioning the patient because
this point is used to align the x-ray tube to the body part to
be imaged. Because the CR is important so that the limited
operator knows exactly where to place the beam, a light is
shined on the patient’s body part, as shown in Fig. 13.54.
A black crosshair is part of the light field and identifies the
exact center of the x-ray beam.

During a radiographic exposure, x-rays from the tube
are directed through thg patient to the image receptor
(IR) (Fig. 2.2). As the x-rays pass through the patient,

Tube port ———>

some of them are absorbed by the patient and others'
not. Anatomic structures that have greater tissue density
(mass), such as bone, will absorb more radiation than less
dense tissue, such as muscle. This results in a pattern of
varying intensity in the x-ray beam that exits on the oppo-
site side of the patient. This radiation, called remnant
radiation or exit radiation, then passes through to the IR.
The IR now contains an “unseen” image called a latent
image. This image remains stored in the IR phosphors
until it is processed. Processing will convert the latent
image into a visible image. »

SCATTER RADIATION

When the primary x-ray beam strikes matter, such as the
patient or the IR, a portion of its energy is absorbed within
the matter. Absorption of the x-ray beam is called
attenuation. Attenuated x-rays can be totally absorbed
within the body, reduced in energy, or scattered outside of
the body. The patient is the primary source of scatter. This
scatter radiation generally has less energy than the pri-
mary x-ray beam, but it is not as easily controlled. It travels
out from the absorbing matter in all directions, causing
unwanted exposure to the IR and to anyone who is in
the room. This is an important reason why the study of
radiation safety is so essential to the limited operator.
Radiation safety is discussed briefly at the end of this chap-
ter and more extensively in Chapter 11. The unwanted
image exposure caused by scatter radiation is called scat-
ter radiation fog. The production of scatter radiation
and the control of the fog it produces are addressed in
Chapter 9. :

See Box 2.1 for a summary of primary, remnant, and
scatter radiation.
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Primary radiation

~~ <«——— Scatter radiation

Remnant radiation

Image receptor

(contains the latent image)

Fig. 22 X-ray beam.

- '
Synopsis of Primary, Remnant, and Scatter

Radmt]on

anary Radxatxon ; LR :
o Definition: The x-ray beam that Ieaves the tube a

unattenuated except by air. e
e Its direction and Iocabon are predlctable and controllable

Remnant (Exit) Radiation : A :
o Definition: What remains of the pnmary beam after lt has
been attenuated by matter (the patient). - S
» Tissues of different density, or atomic number in the
body absorb x-rays differently and therefore emit X-rays
differently. The remnant beam contains a vaned patterng
of x-ray energies that reflects me dlfferent absorp’uon
rates. i
* The pattern of the remnant radlatlon crea es th
image. « :

Scatter Radiation i .
* Definition: Radiation from the pnmary beam mat 5
randomly scattered within or outside of the body. =~
e Scatter radiation travels in all directions from the pati
and is very difficult to control.
° In general lt has Iess energy than the primary beam

IMAGE RECEPTOR SYSTEM

The IR system consists of a cassette that contains a phos-
phor imaging plate. In the radiology department

nowadays, the IR is part of the digital imaging system.
One component is a cassette (Fig. 2.3A). The cassette con-
tains a plate with special phosphors that store the x-ray
image undl it is processed. The cassette protects the
plate’s phosphors from damage and dirt. IR plates come in
standard sizes. The most common sizes are listed in
Table 2.1. They are manufactured in both English and
metric sizes, with most sizes stated in English. In the radi-
ology department, the terms cassette and plate are often
used to mean IR.

Most departments in which limited operators work use
the computed radiography (CR), a digital imaging sys-
tem. The x-ray image is produced in digital format using
computer technology. When CR systems are used,
the conventional radiography machine, positioning of the
patient, and setting of technical parameters remain the
same. However, the image is obtained from a phosphor
material inside the CR plate. After the exposure is made,
the CR cassette is inserted into a CR reader (see
Fig. 2.3B) where the phosphor on the plate is scanned by a
laser beam and the final image appears on a computer
monitor. The image can then be adjusted for final density
and contrast and stored in an electronic file or printed out
on laser film (see Fig. 2.3C). The image is read directly
from the monitor by the radlologlst Many departments
now use the latest imaging technology called digital
radlography (DR). CR and DR technology for proces-
sing x-ray images is discussed fully in Chapter 8.

Throughout this text, IR is used to refer to the device
that receives the remnant x- ray beam and stores the image
of the body part until itis processed.
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Fig. 23 (A) Computed radiography cassette containing a phosphor imaging plate. (B) Limited operator inserting a computed
radiographic plate into an image reader device. The unit scans the plate with a laser beam and places the digitized image in a
computer for reading. (C) A computer and monitor are used to view the image and make final adjustments.

TABLE 2.1

[l Most Common Computed Radiography
Cassette Sizes

Inches Centimeters
8 X 10 18 X 24
10 X 12 24 X 30
14 X 14 35 X 35
14 X 17 35 X 43
14 X 36 35 X 91

X-RAY ROOM »

The x-ray room (Fig. 2.4) includes the x-ray equipment
itself, a counter area, and a protective control booth. The
x-ray machine consists of the x-ray tube, the tube support,
the control console (located in the: control booth), and
the transformer cabinet. There is usually also a radio-
graphic table and a wall-mounted cassette holder for
upright studies. In chiropractic offices, there may not be

I

Fig. 24 X-ray room and control booth.

an x-ray table because chiropractic radiography is often
done with the patient upright to provide weight-bearing
information (Fig. 2.5).

Radiography involves positioning the patient, the IR,
and the x-ray tube, and setting the control panel and
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Fig. 26 Upright x-ray machine.

making the exposure. Before you learn the specifics of
radiographic positioning, it is important to understand
how the equipment works so that you can position it safely
and efficiently.

X-ray equipment may vary considerably, depending on
age, manufacturer, and the complexity of procedures for
which it was designed. The equipment descriptions pro-
vided here highlight the important features of most gener-
al purpose x-ray machines and some of the common
variadons. If you are currently associated with a clinical
facility that has x-ray equipment, it will be helpful to con-
sider the information that follows in relation to the equip-
ment you will be using. When you have learned to use
several different x-ray machines, it will be relatively easy
to orient yourself to new equipment.

POSITIONING OF THE X-RAY TUBE

As stated earlier, the x-ray tube is encased in a barrel-
shaped tube housing (Fig. 2.6). This housing is lead-lined
for radiation control. The housing protects and insulates
the tube and provides a mounting for attachments, which
the limited operator uses to position the x-ray tube and to
control the size of the radiation field.

The tube housing may be attached to a ceiling mount
or to a tube stand. Both types of mountings provide sup-
port and mobility for the tube. These tube supports allow
the operator to move the tube, to align it to the patient
and the IR, and to adjust its height. A ceiling-mounted
tube support (Fig. 2.7), sometimes called a cesling crane or
tube hanger, suspends the x-ray tube from a system of
tracks, allowing it to be moved to locations throughout the
room. A tube stand (Fig. 2.8) is a vertical support with a
horizontal arm that suspends the tube over the radio-
graphic table. The tube stand rolls along a track that is

Flg. 26 X-ray tube housing and attachments.

Fig. 27 Ceiling-mounted tube support.

secured to the floor (and sometimes also to the ceiling or
wall), parallel to the x-ray table. This enables the tube to
move longitudinally along the length of the table.
Typical tube motions (Fig. 2.9) include the following:
* Longitudinal—along the long axis of the table
* Transverse—across the table, at right angles to
longitudinal
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Fig. 2.8 Tube stand.

* Vertical—up and down, increasing or decreasing the
distance between the tube and the table

* Rotational—allows the entire tube stand to turn on its
axis, changing the angle at which the tube arm is
extended

* Angular (tlt, roll)—permits angulaton of the tube
along the longitudinal axis of the table and allows the
tube to be aimed at the wall, rather than at the table

A system of electric and/or mechanical locks holds the
tube in position. The control system for all, or most, of
these locks is usually an attachment on the front of the
tube housing (see Fig. 2.6). To move the tube in any direc-
tion, a locking device must be released. It is sometimes
possible to force tube movement without first releasing
the lock, but this practice will damage the lock, making it
impossible to secure the tube in position. Do not attempt to
move the tube without first releasing the appropriate lock.

The tube stand and/or the movable portion of ‘the
upright cassette holder may move unexpectedly when
the electric supply to electric locks is turned off, To avoid
damaging the equipment, you must be certain that these
units are safely positioned before turning off the power to
the locks. One way to accomplish this is to position the

x-ray tube immediately above a pillow on the tabletop before
shutting down the power supply to the tube support locks.

A detent is a special mechanism that tends to stop a
moving part in a specific location. Detents are built into
tube supports to provide ease in attaining placement at
standard locations. For example, a vertical detent may
indicate when the distance from tube to film is 40 inches, a
common standard distance. Other detents provide “stops”
when the transverse tube position is centered in relation to
the table and when the tube tilt position is such that the
CRis perpendicular to the table or to the wall.

COLLIMATOR

The collimator is a boxlike device attached under the
tube housing (see Fig. 2.6). It allows the limited operator
to vary the size of the radiadon field. The collimator
includes a light that indicates the beam size and location
and the center of the field. There is usually a centering
light that aids in aligning the CR to the Bucky tray
(Fig. 2.10). Controls on the front of the collimator allow
adjustment of the size of each dimension of the radiation
field. These dimensions are indicated on a scale on the
front of the collimator. A timer controls the collimator
light, turning it off after a certain length of time, usually
30 seconds. This helps to avoid accidental overheating of
the unit by prolonged use of its high-intensity light.

RADIOGRAPHIC TABLE

The radiographic table is a special unit that is more than
just a support for the patient. Although the table is usually
secured to the floor, it may be capable of three types of
motion: vertical, tilt, and “floating tabletop.”

For vertical table motion, a hydraulic motor, activated
by a hand, foot, or knee switch, raises or lowers the height
of the table. The table may be lowered so that the patient
can sit on it easily and then elevated to a
comfortable working height for the limited operator.
There will be a detent that stops the table in the standard
position for routine radiography. This standard
table height corresponds to indicated distances from the
x-ray tube. It is important that standard tube-to-film dis-
tances be used, so it is necessary to return the table to the
detent position after lowering it for patient access. Notall
tables are capable of vertical motion.

A tilting table (Fig. 2.11) also uses a hydraulic motor to
change position. In this case, the table turns on a central
axis to attain a vertical position. This allows the patient to
be placed in a horizontal position, in a vertical position, or
at any angle in between. The table may also dlt in the
opposite direction, allowing the head end to be lowered at
least 15 degrees into the Trendelenburg position
(Fig. 2.12). A detent stops the table in the horizontal
(level) position.
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Fig. 210 Collimator light shown on patient’s abdomen. Fig. 2.11 Tilting table.
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Special attachments for the tilting table include foot-
boards and shoulder guards for patient safety when the
table is tlted (Fig. 2.13). You should pay particular atten-
tion to the locking mechanisms on these attachments so
that you will be able to apply them correctly when needed.
Always test the footboard and shoulder guards to be certain
that they are securely attached before tilting the table with a
patient on it.

The motor that tlts the table is quite powerful and can
overcome the resistance of obstacles placed in the way.

Fig. 212 Trendelenburg position.

Step stools and other movable equipment have been
crushed because they were under the end of the table and
out of view when the table motor was activated. Such a
collision can also damage the table. Be certain that the spaces
under the table are clear before tilting the table.

The majority of adverse incidents that occur in the
radiology department will happen at the x-ray table and
upright Bucky (described next). The most frequent adverse
incident is a patient falling. Never leave a patient alone on
the x-ray table. When making the exposure from behind
the control console, always have the patient in eyesight
Box 2.2 lists important safety precautions when moving
X-ray equipment.

A floating tabletop allows the top of the table to move
independently of the remainder of the table, which makes

m
Safety Precautions When Moving X-Ray

Equlpment

Fig. 213 Shoulder guards (A) and footboards (B) should be attached securely for patient safety.
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it easy to align the patient to the x-ray beam. This is a com-
mon feature of modern tables. This motion may involve a
mechanical release that allows the tabletop to be shifted
manually, or the movement may be power-driven, acti-
vated by a small control pad with directional switches.
Mounted under the tabletop surface is a grid device
that absorbs most of the scatter radiation coming off the
patient and tabletop and prevents it from reaching the IR.
Most of these devices include a small motor that moves
the grid during the exposure. The device also includes a
pull-out tray to hold the IR plate and center it to the CR.
The grid and tray device is called a Bucky (Fig. 2.14),
named after its inventor, American radiologist Gustav
Bucky. Some tables may have a stationary grid that does
not move during the exposure. The entire. Bucky unit can
be moved along the length of the table and locked into
position where desired. The Bucky and grid are generally
used only for radiography of body parts that measure 10 to

Grid (under table)

Fig. 2.14 The Bucky, with its cassette tray, is mounted under
the tabletop for scatter radiation control.

Fig. 2.15 (Aj Patient having a hand x-ray with cassette placed on the tableto

placed in the Bucky tray to use the grid.

12 cm or more in thickness (about the size of the average
adult neck or knee) or when the kilovoltage (kVp) is great-
er than 60. When the grid is not needed, the IR is placed
on the tabletop or in an upright cassette holder that does
not incorporate a grid. Fig. 2.15 shows a patient having an
x-ray taken on the tabletop without the Bucky and a
patient having an x-ray that uses the Bucky. Grids arc dis-

cussed in Chapter 9.

UPRIGHT CASSETTE HOLDER ‘-:

The upright cassette holder, as its name implies, is a device
that holds the IR in the upright position for radiography
(Fig. 2.16). All x-ray rooms contain an upright holder
because many x-rays are done with the patient standing or
sitting upright. The holder is usually mounted on a wall
and is adjustable in height. It will usually incorporate a
Bucky. This unit is typically referred to as the upright
Bucky. When the patient is to be sitting or standing at the
upright cassette holder for radiography, the tube is angled
to face the wall and cassette holder. The distance may be
adjusted to 40 inches or to 72 inches, depending on the
requirements of the procedure (Fig. 2.17). Similarly to the
x-ray table, patient falls can occur at the upright Bucky.
Ensure that the patient is able to stand and remain stand-
ing for the x-ray exposure, or seat the patient. Often some-

. one may have to hold the patient.

CONTROL CONSOLE

The control console is located in the control booth.
This area is separated from the x-ray room by a lead

p. (B) Patient having an x-ray of the chest. Note cassette is
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Fig. 217 Patient having a lateral trachea x-ray using the upright
Bucky. Note cassette in the tray and x-ray tube angled 90
degrees to the unit.

barrier to protect the limited operator from -scatter
radiation during exposures. There is usually a lead glass
window so that the limited operator can observe the
patlent from the control booth. The control console, or
“control panel,” is the access point at which the hmlted
operator sets the exposure factors and initiates the
exposure (Fig. 2.18). A typlcal radlographlc control

N S B B e e

Fig. 218 Control console.

console has ‘buttons or switches for controlling the
exposure and dials or digital readouts that indicate the

settings. Details of the control panel are discussed in
Chapter 6.
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The transformer is an essential part of the x-ray machine.
Its function is to produce the high voltage required for
x-ray production and the low milliamperage (nA) needed
in the x-ray tube. These are discussed in Chapter 5. The
limited operator’s work does not involve contact with the
transformer. It is a large square unit standing in a corner
of the x-ray room, connected by cables to both the control
console and the x-ray tube (Fig. 2.19).

Podiatric radiology is defined as radiography of the ankle and
foot. Podiatrists typically have their own private offices and
need to have x-ray equipment available to image the foot
and ankle. Podiatric x-ray machines have all the components
of conventional x-ray machines but are specially designed for
imaging these parts of the body (Fig. 2.20). The kVp on a
podiatric machine is typically the same as on a conventional
machine; however, the mA is considerably lower.

FUNDAMENTAL RADIATION SAFETY

Radiation exposure may pose a health hazard to radiogra-
phers if proper safety precautions are not observed. This

Fig. 2.19 X-ray transformer unit. From this unit, the kilovoltage
and milliamperage are sent to the x-ray tube.

subject is treated in greater depth in Chapter 11. The poten.
tal hazard is greater for the limited operator than for the
patient because the limited operator is in frequent daily con.
tact with the possibility of exposure. At this point, you need to
feel confident that you are not endangering yourself or otherg
as you become acquainted with the radiography department,

As stated earlier in this chapter, scatter radiation is pre.
sent throughout the x-ray room during an exposurc. Be
aware that x-rays travel at the speed of light, do not linger i
the room after the exposure, and are not capable of miking
the objects in the room radioactive. The only time that 4
radiation hazard exists is during the x-ray exposure itself.

The sources of radiation are the x-ray tube and any
matter that is in the path of the primary x-ray beam. The
principal source of scatter radiation is the patient. When 3
safety barrier such as a lead wall is placed between the
sources of radiation and the limited operator, the limited
operator is safe from exposure. X-rays travel in straight
lines and do not turn corners. Scatter radiation is not
powerful enough to generate additional radiation of con-
cern when it interacts with matter, so it is not necessary
for the control booth to be sealed.

Limited operators should always be completely behind
the lead barrier of the control booth during exposures,
They should not be involved in holding patients who are
unable to cooperate during the exposure. Immobilization
devices should be used or, if necessary, assistance should
be obtained from the patient’s family. Before making an
exposure, the limited operator should perform a safety

Fig. 220 Podiatric x-ray unit designed specifically to image the
foot and ankle. This is a self-contained x-ray machine. Note
the control console behind the patient and the x-ray tube and
collimator above the foot.
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Box 2.3
Preexposure Safety Check

; Before making an exposure be cerialn that
| o The x-ray room door is closed. '
i o No nonessential persons are in the X-ray room.
e All persons in the control booth are completely behind the
lead barrier. _
o No image receptors are rn the room except the one in
use. s eRi ;

check (Box 2.3) to ensure that only the required persons
are in the x-ray room (usually this means only the patient),
that everyone in the control booth is safely behind the
lead barrier, and that the x-ray room door is closed. It is
also wise to make sure that no IRs have been left lying
about. Only the IR that is in immediate use should be in

the x-ray room because scatter radiation fog will nega-
tively affect the image.

SUMMARY L

The primary x-ray beam originates at a tiny point within
the x-ray tube. It exits in one general direction through
the tube port and diverges into space. Objects in its path
attenuate the beam, forming scatter radiation. This scatter
radiation is present throughout the x-ray room during the
exposure, creating a potential radiation hazard that
requires proper precautions for safety.

The x-ray table, tube support, and cassette holder are
capable of many possible motions, allowing alignment of
the tube and IR for radiography of all body parts in many
positions. Special care is needed to move equipment cor-
rectly so that patients will not be injured and the equip-
ment will not be damaged.



