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X-Ray Procedures

Overview of X-ray Equipment:
X-rays are electromagnetic radiation,
approximately 1/100 of an angstrom in
wavelength, generated at a focal point
in the x-ray tube. The radiation
emitted from the focal point in an xray tube can be considered a cone
with bisecting vertical and horizontal
lines crossing at the center of the
base. The ray that passes through the
intersection of those base lines is
called the “central ray.” Figures 19
and 20 illustrate the concepts of focal
point, central ray, horizontal primary
rays, and vertical primary rays.
Since radiation starts at the focal point and expands toward the base of the cone,
magnification is an obvious property of x-ray. The expanding size of the cone also
indicates that the intensity (exposure per unit area) is reduced as the distance from
the focal point increases. Figure 21 illustrates the difference in magnification that
occurs when the focal field distance (FFD) is changed while the object film distance
(OFD) is kept constant. The divergence of x-rays as they leave the focal point
accounts for this increased magnification. Hence, the closer the tube is to the object,
the larger the projected image will be.

Figure 19

Figure 20

Figure 21
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Careful attention must be given to tube distances (FFD) and object distances
(OFD) relative to the film when taking x-rays for measurement. However, the
distance that the object is left, right, above, or below the central ray is also
crucial to the projected image in order to avoid misrepresentation or distortion of
the x-ray.
Distorted radiographs cannot be analyzed with measurements. Distortion can be
caused by magnification that is not equal and uniform in all directions from the
point of origin of the central ray or by improper tube alignment with the center
grid or bucky (Figure 23).

Figure 22
Figure 23

Figure 24

Figure 25

Figures 24 and 25 indicate the necessity of being sure that the central ray
is perpendicular to the grid and passes directly through the center of any
symmetrical object in front of the grid. To ensure equal and bilateral
magnification without distortion of any symmetrical object, a specially
designed x-ray frame and precise alignment of the tube to grid are
paramount.
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Aligned Equipment
Figure 27

Figure 26

To ensure alignment of the x-ray equipment, several relationships must be at
right angles:
• The tube (central ray) must be at a 90° angle from the grid (Figure 26).
• The tube stand must be 90° to the floor and parallel to the centerline of the
grid (Figure 27).
• The tube stand must track 90° from the grid (Figure 28).
Figure 28
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X-ray Frame:
The above requirements for 90° angles may be established with most x-ray
equipment. However, the use of either a specially designed rectangular frame or
plumb line can be used to ensure the accuracy of a 90° set-up. The angles in
the frame can be used to make parallel and perpendicular lines with tube, tube
stand, bucky, and head clamps. Without the use of a rectangular frame, tube
alignment is possible but more difficult.
The Alignment Process:
1. The rectangular frame is assembled and bolted after being leveled.
2. The grid and grid-mount are attached parallel to one end of the frame.
3.The grid is leveled.
4. The tube is attached and bolted to a mount that has a perfectly
machined surface.
5.The tube stand is checked for vertical alignment.
6.The tube is placed against the grid, and mounting bolts are adjusted to
allow the center of the collimator to project onto the center of the grid.
7. To double check that the frame has been bolted at 90° angles, a
plumb bob can be hung from the tube to ensure that a 90° angle is
formed as the tube tracks away from the grid.
14” x 17”Tilting Grid:
Because this equipment is to be used for all spinal views,
including lumbar and cervical views, a minimum of a 14” x
17” grid or bucky is required to ensure precise symmetrical
centering of the patient. A grid with tilting capabilities is not
mandatory but can be beneficial in positioning the patient for
some views.

Figure 29

Head Clamps and Chair:
“Specific skull-cervical–upper thoracic spine components of
an x-ray unit generally include a tilting grid equipped with
self-centering, immobilizing head clamps and a positioning
chair which allows for precise rotational, sideways and
forward-backward movement of the patient in relation to the
film.”
It is necessary that the head clamps be centered to the grid.
With the head clamps attached, the fine tuning of alignment
is performed with the following objects:
1. Alignment rod
2. Steel rod or nail in the center of a wooden cube
3.Plumb bob from top of grid
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The equipment is in alignment when all of the objects are superimposed
exactly over one another with no deviation at different positions and
distances. It should be noted that careful alignment is wasted if the tube
stand does not have proper bearings so that it moves smoothly during
positioning.
Goggles:
The use of goggles with metal inserts is recommended. The inserts define the
patient’s ocular orbit on the film, thereby improving the accuracy and ease of
finding, marking, and measuring them. With aligned x-ray equipment, it is
possible to purposefully position the patient for precise x-rays from which
meaningful measurements can be made.
X-ray and Headclamp alignment Instructions:
1. Use a square to insure the tube and tube holder are 90° to the tube stand.
Figure 1.
2. Check the tube stand to make sure it is exactly vertical and remains
vertical as it is moved up and down, then forward and backward on it
track. Figure 2. This may be accomplished by attaching a plumb bob or a
laser on the center opening of the tube or central ray.
3. Observe the beam or plumb bob during motion. The beam and / or plumb
bob should remain over the same spot when the tube is moved up or
down.
4. After the tube and its column are aligned vertically, move the tube and
column fully away from the grid/bucky cabinet. Place a dot on the floor
directly under the tube attached plumb bob or laser beam.
5. Move the tube and its column up to the grid / bucky cabinet. Place a
second dot on the floor directly under the plumb bob or laser beam.
6. Erect the tube travel line connecting the two dots on the floor.
7. When the plumb bob or laser beam remains over the line on the floor as
the tube column is moved forward and backward, the tube and column
are aligned.
Figure 1

Figure 2
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Align and square the Bucky Cabinet to the X-ray Tube
1. Align the center of the grid/bucky cabinet to the tube travel line erected on
the floor.
2. Use a square to make sure the front of the grid/bucky cabinet is 90° to the
tube travel line. Figure 3.
3.Attach a plumb bob or laser over the grid/ bucky cabinet’s aligned center
and then move the grid / bucky cabinet up and down. The aligned cabinet
should not deviate forward, backward or side to side during the up and
down movements.

Figure 3

Attachment and Alignment of the Head Clamps:

The new Pettibon Head Clamps are extremely lightweight and they may be
mounted on either the top or back of you grid / bucky cabinet. If the cabinet is
wall mounted with limited tolerance, the head clamps may be mounted on the
top of the cabinet to conserve space.
Attaching head clamps to the back of the cabinet:
1. Measure and mark the center of the head clamps mounting bracket. The
attaching holes should be 1 inch from the top of the cabinet.
2. Place the center of the mounting bracket over the back and center of the
cabinet and clamp into placem mark the holes center.
3. Use a 1/4 inch drill bit to drill the attaching holes.
4. Fasten the head clamps in place with either 1/4 or 5/16 inch bolts. After the
bolts are attached and lightly tightened, cantering can be performed. After
the head clamps are centered and aligned on the grid, tighten them down.
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Attaching head clamps to the top of the cabinet with the extender down:
1. Center the mounting bracket on the top of the grid/ bucky cabinet.
2. Mark and use a 1/4 inch or 5/16 inch drill bit to the drill the attaching
holes.
3.Fasten the head clamps in place with either 1/4 inch or 5/16 inch bolts.
4. After the bolts are attached and lightly tighteness, cantering can be
performed. After the head clamps are centered and aligned front to back
and side to side on the grid/bucky cabinet, completely tighten down.
Attaching head clamps to the top of the cabinet with the extender up:
1. First remove the two large Phillips head screws holding the extender to
the mounting bracket.
2. Turn the mounting bracket over and re-attach the mounting bracket to
the extender.
3.Align and attach the head clamps using the direction above.

Back mount

Top mount

Check head clamp, centering rod, and x-ray machine alignment:
1. Check the centering rod alignment to insure it is in the center of the head
clamps.
2. A metal rod or nail is centered on the front of the 4X 4 wood block.
3.Center the wood block and lightly clamp in the center of the head clamps.
4. The centering rod of the head clamps is lowered over and about 4 inches in
front of the wood block.
5.An 8 x 10 cassette is loaded and centered in the grid / bucky cabinet.
6.The x-ray tube is aligned with the wood in the center of the head clamps at
about a distance of 60 inches.
7. Shoot and develop the x-ray.
8.The x-ray and head clamp are aligned when the centering rod is
superimposed over the nail.
9.NOTE: The head contact pieces are radially machined so that they will
center the head even when the contact pieces are not aligned equally.
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Without alignment rod down

With alignment rod down
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