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REVIEW OF of X-RAY  TECHNOLOGY
IMAGE FORMATION

The x-ray generated by the mA, time, and kV settings, and produced in the x-ray tube, exits from the tube, which is then aimed toward the part we want to x-ray.  That x-ray must pass through the patient's body and must strike the film that is placed behind the patient.  The x-ray which strikes the film exposes it, just as visible light exposes conventional photographic film.

The exposed areas of the film, after processing, turn out black, and the unexposed areas turn out clear.  Therefore, an x-ray image is either black or lack of black (or various shades of black/grey).  A sheet of film that was totally exposed to radiation (or light) would turn out solid black after it was processed.  A sheet of film that was taken new out of the box inside of the darkroom without every being exposed to light or radiation would be completely clear after processing.

There are no "white" deposits on x-rays.  The areas which look white are, in fact, clear areas on the film (which were not exposed) and which only look white because we view the film on a view box with white light shining through the clear areas of the film.

SELECTIVE ABSORPTION
The difference between dark black, grey, and "lack of black" (clear) areas on the film depends on how much of the x-ray gets through the part (exposes the film = black) and how much of the x-ray is absorbed by the body and never reaches the film (no film exposure = clear).

This is affected by three factors:

1.
amount (mA, time) and force (kV) of the x-ray beam.

2.
density of the body part (bone vs air).

3.
thickness of the body part (centimeters).


Note:
Total body weight alone is not a useful consideration for determining how much x-ray is needed.  A 

person 5 feet tall weighing 200 pounds will undoubtedly be thicker through the lumbar region (and therefore need 

more x-ray) than will a person who is 7 feet tall weighing 225 pounds.

The black areas of an x-ray result because a part of the patient's body was thin or not very dense (such as air in the lungs or gas in the intestines), and the x-ray could easily pass through, exposing the silver crystals on the film.

The "white" (lack of black) areas on an x-ray result because a part of the body was thick and/or sufficiently dense (such as bone) to stop the passage of the x-ray, so the x-ray never made it to the film, and the silver crystals were not exposed.  We say that these thick/dense parts of the body "absorbed" the x-ray.  There is no x-ray left in the body - it just looses its energy - like turning off a light.

THE FOUR "BIGGIES" OF RADIOGRAPHIC QUALITY

1.
DENSITY   (lightness/darkness of film)

This is the extent that silver crystals on the film are exposed and developed.


A problem in radiographic density is when the whole film is either too light or too dark.


Radiographic density is controlled by mAs; however, processing problems can affect the density also.

2.
CONTRAST   (variety of shades of grey)

a.
high contrast, black & white, short scale, narrow scale. (high mAs/low kV)


b.
low contrast, many shades of grey, long scale, wide scale, broad scale. (high kV/low mAs)

3.
DEFINITION   (clarity/detail of image)

A radiograph with good radiographic definition will look clear, finely detailed, sharp.


A radiograph with poor radiographic definition will look fuzzy, similar to the appearance of an out-of-focus photograph.  Radiographic definition is affected by many factors, such as grid, collimation, film, intensifying screens, fogging, etc.

4.
DISTORTION   (Image not accurately reflecting the anatomy)

Patients must be positioned properly in the neutral orientation.  Rotation or lateral flexion can produce so much distortion that there may actually be interpretive errors on the resulting films.  The truest image is at the central ray (CR); and, due to the divergence of the primary beam, the image at the top and bottom and left and right of the field of view is slightly distorted.  Many times, the use of spot films can help by placing the central ray exactly at the area of interest.  Sometimes the anatomy itself may be angled, and a tilt of the x-ray tube or some other accommodation may be necessary to avoid distortion.  Examples include lordosis, kyphosis, and scoliosis.

REVIEW OF RADIATION SAFETY
1.
Tight collimation

2.
Graduated compensation filters 

3.
Lead shielding (gonad, breast for repetitive scoliosis x-rays on adolescent females). Lead apron when appropriate.

4.
High optimum kV
(allows less radiation [low mAs] with more force [high kV], rather than a great amount of radiation [mAs] with little force [low kV]).

5.
Fastest film and screen speed compatible with desired image quality (usually 400).

6.
Avoid x-raying females who are or may be pregnant


(warning signs, signed releases,  "10-day rule" for females with reproductive potential.)

7.
Observe care in choosing exposure technique, patient positioning, and processing so as to reduce  the likelihood of having to produce retakes.

8.
Use of properly constructed operator's booth for technician.

9.
Protective barriers (leaded walls, leaded doors, etc) for protection of others in office.

10.
Avoidance of staff persons holding patients being radiographed, non-essential individuals in the room while x-ray exposures are being made, or exposures to x-ray for experimental or "practice" reasons.

R:
unit of x-ray exposure

rad:
unit of x-ray absorbed by tissue (abbreviated r)  (must state where)     1 r = 1000 mr

rem:
exposure equivalent (other forms of ionizing radiation)

There is a huge difference between:

total body radiation, where 200-300 rads (200,000 – 300,000 mr) will result in fatality

as opposed to 

regional exposure, where the body is routinely able to withstand 6000 rads (6,000,000mr) of exposure for radiation therapy.

Estimates of typical REGIONAL dose in rads for SKIN ENTRANCE EXPOSURE (typical equipment, 400-speed film/screen imaging):


Routine G-I study with fluoroscopy
5-10r (5000-10,000 mr)


Cervical spine study (7v)

½ r (500 mr)


Thoracic spine study (2v)

½ r (500 mr)


Lumbar spine study (5v)

2r (2000 mr)


Chest study (2v)


1/20r (50 mr)

S E A R C H   P A T T E R N

"The lack of a systematic approach (to roentgen analysis) does not entirely preclude an accurate diagnosis but does require greater stores of good fortune or genius than most of us possess."  Forrester

	PRIVATE 

Do Care About Joints and Soft tissues


D E N S I T Y

of osseous structures





osteoporosis, areas of lysis, blastic foci, sclerosis, trabecular architecture

C O N T O U R S
of osseous structures (fast "eye tracing")





fractures, erosion, periosteal response, anomaly


cervical:

4 contour lines          skull base          ADI





estimate of vertebral body-to-canal ratio:  0.8 (cervical)


thoracic:

pedicle-pedicle          ribs "windshield wiper"


lumbar:

pedicle-pedicle          4 contour lines





estimate of vertebral body-to-canal ratio (Eisenstein) (lumbar)




2:1 is best; 3:1 is OK.  4:1 or greater, refer for CT or MRI to evaluate for stenosis 

A L I G N M E N T
scoliosis, lordosis, kyphosis, pelvic tilt, dislocation, anterolisthesis, retrolisthesis, static or kinetic misalignments (subluxations)

J O I N T S


articular/disc spacing, osteophytes, syndesmophytes, subchondral sclerosis, marginal erosion, subchondral cysts, foraminal encroachment, periarticular calcification or effusion

S O F T   T I S S U E S
normal size and location of expected structures, fat planes, abnormal 






masses


cervical:

prevertebral, posterior cervical, tracheal air shadow






post-pharyngeal: 1/3 adjacent vertebral body      post-laryngeal: 3/4


thoracic:

heart, mediastinum, lungs, diaphragm


lumbar:

aorta, kidneys, calcifications
















