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Preface

Since the first edition of this text, there have been many new developments in orthopedic radiology.
New imaging techniques have progressed significantly, specifically magnetic resonance imaging.
Other diagnostic and interventional techniques also have expanded over the last few years. The goal of
this edition does not differ significantly from that of the first. Once again, communication between the
imagers or radiologists and orthopedic surgeons is emphasized.

As in the first edition, the initial three chapters of this text discuss basic concepts in diagnostic
imaging techniques, fracture healing, and soft tissue injury. The diagnostic technique section has been
refined to concentrate more fully on those techniques used specifically for evaluation and follow-up of
traumatic injuries. The chapter on diagnostic imaging, Chapter 1, is again intended to combine basic
principles with sufficient detail to afford an understanding of the mechanics of these techniques so that
repetition in later chapters is not necessary. A chapter on soft tissue injuries, Chapter 3, has been added
largely because of the significant impact of MRI in evaluating these types of injuries. It is now impor-
tant for the radiologist to understand the mechanisms of soft tissue injury and healing as well as certain
classifications commonly used by orthopedic surgeons.

The main body of the text (Chapters 4-14) addresses imaging in adult trauma, including evaluation
of post-reduction treatment techniques. The chapters are anatomically oriented with a review of
essential musculoskeletal anatomy in the introductory section of each chapter, followed by a discus-
sion of routine radiographic techniques and special techniques as they relate to the specific anatomic
region. The clinical aspects of specific bone and soft tissue injuries are included in each section. The
illustrations have been carefully selected to demonstrate how certain techniques are more pertinent for
a specific clinical problem. Orthopedic classifications and treatment techniques are discussed as they
apply to each anatomic area.

The final chapters, Chapters 15 and 16, discuss stress fractures and infection related to post-
traumatic injury. Again, the emphasis is placed on imaging of these specific problems.

This text provides a comprehensive, well-referenced resource for radiologists, orthopedic surgeons
and other clinicians, or residents in training who deal with trauma. The contributions of the radiolo-
gists and orthopedic surgeons in preparing each section of this text demonstrates the importance of
communication and dialogue in daily clinical practice. The end result of this improved communica-
tion will be optimal use of the many imaging techniques in providing improved patient care.
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Diagnostic Techniques

Imaging of Onhopedic Trauma,

Second Edition, edited by T.H. Berquist,
Mayo Clinic © 1992. Published

by Raven Press, Ltd., New York.
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There are multiple imaging techniques that are of diag-
nostic importance in evaluating orthopedic problems.
Table 1-1 provides a list of the major techniques used in

C. E. Bender, J. G. Stears, N. T. Winkler, E. M. James, T. J.
Welch, G. S. Forbes: Department of Diagnostic Radiology,
Mayo Medical School, Mayo Clinic, Rochester, Minnesota
5590s.

T. H. Berquist: Department of Diagnostic Radiclogy, Mayo
Medical School, Mayo Clinic Jacksonville, Jacksonville, Flor-
ida 32224.

G. R. May: Department of Radiology, Providence Hospital,
Seattle, Washington 98124,

musculoskeletal evaluation. Proper application of these
techniques Is essential in obtaining optimal diagnostic
information. In this chapter we will provide the back-
ground information and indications for each of the
modalities listed in Table 1-1. This information will be
applied in subsequent chapters in discussing the radio-
graphic evaluation of orthopedic problems.

ROUTINE RADIOGRAPHY

Routine radiography remains the mainstay for diag-
nostic evaluation of orthopedic problems. This section
will discuss equipment, radiation protection, film identi-
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TABLE 1-1. Diagnostic techniques in orthopedic trauma

Routine radiography
Conventional tomography
Linear motion
Complex motion
Magnification radiography
Ultrasonography
Skeletal scintigraphy
Computed tomography
Magnetic resonance
imaging
Angiography
Myelography
Arthrography
Tenography

fication, and other background material necessary for
radiography of consistently high quality. Specific posi-
tioning techniques will be discussed in future chapters as
appropriate.

Thorough radiographic evaluation of any condition
requires high quality films. These cannot be obtained
without properly functioning equipment, proper screen-
film combinations, and technical consistency. Commu-
nication between the examining physician, the radiolo-
gist, and the technologist performing the examination is
essential. The proper views will be obtained only if the
information concerning the patient’s situation is prop-
erly distributed.

Equipment

The following equipment is used in our department
for routine orthopedic radiography: (1) a 3-phase, 12-

pulse X-ray generator, (2) Eimac AZ92 X-ray tubes with
a 0.6-mm focal spot, and (3) 4-way floating tables. Radi-
ography of the axial skeleton is performed at a 48-inch
source-to-film distance (Bucky grid technique, 16:1 ra-
tio), with Kodak X-omatic cassettes, Lanex medium
screens, and Kodak TML film. Extremity radiographs
are obtained with Kodak Lanex fine screens, and Kodak
TML film.

For the acutely traumatized patient we use a dedicated
radiographic room adjacent to the emergency room. The
equipment includes a Kermath Versitome table with a
U-arm system capable of performing all routine radio-
graphs as well as tomography in the lateral, oblique, an-
teroposterior (AP), and transaxial directions (Fig. 1-1).
The room is also equipped with a modern life-support
system. With such a dedicated emergency unit we can
obtain radiographs in all directions without moving the
patient. The same film and screens are used in the
trauma room.

Selection of the proper recording medium (films and
screens) is essential in obtaining radiographs of consis-
tently high quality. The choice of screen-film combina-
tions is complicated by the number of combinations
available. There are approximately 40 different screens
and 80 different films on the market. Various screen-
film combinations can produce radiographs with a
broad spectrum of sensitivity, contrast, and resolution
characteristics. Generally, the optimum combination
will be a compromise between the image quality desired,
available equipment, and patient-exposure factors. The
ideal combination would insure high speed, high detail,
high contrast, and wide latitude. However, these factors
tend to oppose one another. High-speed systems tend to

FIG. 1-1. Radiographic trauma
unit. Versigraph with multiple
angle tomographic capability,
life-support equipment, and am-
ple space for managing critically
injured patients.



have lower resolution characteristics, and high-contrast
systems are low in latitude. Institutions with small gener-
ators may have to sacrifice resolution for a higher-speed
system because of equipment limitations (2).

Screen-Film Combinations

It is common to describe screen-film sensitivity or
speed using a relative speed index (Fig. 1-2). The index is
built around a par-speed calcium tungstate intensifying
screen and par-speed film equaling 100, assuming opti-
mal processing conditions. For comparison, a system is
assigned a number that expresses its speed relative to the
standard. Therefore, systems that are twice as fast as the
standard (requiring half the exposure time) are 200
speed. Systems with one-half the speed (requiring twice
the exposure time) are assigned a speed index of 50. Of
the two components of the screen-film combination, the
intensifying screen exerts the most influence on speed
and resolution characteristics.

Many manufacturing processes are used in tailoring
an intensifying screen for the desired characteristics.
However, the phosphor material used in the screen is the
major variable influencing the speed of the system. The
currently used phosphors vary in their ability to convert
photons to usable light and can be ranged in a scale of
one to nine. In general, the calcium tungstate phosphors
are least efficient and the rare earth phosphors most effi-
cient, with other materials falling in between (6). Figure
1-2 lists some of the commonly used phosphor materials
and the anticipated relative speed of the system.

The color of light emitted by the phosphor is an im-
portant consideration. Most of the phosphors, with the
exception of the rare-earth family, emit light in the blue
or ultraviolet range. Rare-earth phosphors emit light in
the green region of the spectrum. However, activators
used in the phosphors can be altered, resulting in a shift
of the color into the blue portion of the spectrum. Care
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must be taken in selection of film to be certain that the
film is sensitive to the color emitted by the screen.

In addition to the effects of spectral sensitivity, the
film selected can also alter the speed of the system and
the contrast of the radiographs. Excluding single-emul-
sion films, most manufacturers provide film that ranges
in speed by a factor of two within the spectral-sensitivity
groups. This variation in the speed of the film offers con-
trol over the contrast of the images, which can be ad-
justed through use of different types of film. These films
are designated as latitude, medium-contrast, or high-
contrast. Latitude films are designed to image a broad
range of radiographic densities, such as soft tissue and
bone. High-contrast films are designed to enhance subtle
changes in contrast, and medium-contrast films range
somewhere between latitude and high-contrast films.

In selecting a screen-film combination, the intensify-
ing screen or screens should be chosen according to the
required speed and resolution. Detail or extremity sys-
tems often use one intensifying screen. Desired image
contrast and control of speed are options to be consid-
ered in the selection of radiographic films.

What is considered to be an optimal system should be
determined within each institution. In theory, multiple
screen-film combinations would be needed to obtain op-
timal results for each specific radiographic examination;
however, this approach increases the potential for hu-
man error and inconsistency. Many departments select
one screen-film system for all examinations or purchase
different types of cassettes to assist in identification of
the combinations within the department. In general, we
use a 300-speed system for the axial skeleton and proxi-
mal extremities and an 80-speed system for the distal
extremities. Proper choice of screen-film combinations
will help maintain consistent radiographic quality. How-
ever, consistency in selecting proper exposure factors
may be an even larger problem.

Patient size and the body part being examined specifi-

Calcium Tungstate
Barium Lead Sulfate
Barium Strontium Sulfate
Lanthanum Oxybromide
Barium Fluorochloride

Gadolinium Oxysulfide

Yttrium Oxysulfide

FIG. 1-2. Expected system speed by phosphor ma-
terial for single or pairs of intensifying screens and
single or double emulsion films. Exposure condi-
tions, film processing, and match of spectral sensitiv-

1 1 1 i 1
0 200 400 600

Relative speed

ity are assurred. The standard is the calcium tung-

state screen (par speed) and par-speed film
equalling 100.



4 / CHAPTER ]

KILOVOLTAGE vs MEASURED CENTIMETER THICKNESS

SCALE2 | SCALE1 |CM | 1/2 SCALE | 1/4 SCALE | 1/8 SCALE
47 52 6 58 63 72
48 53 7 59 64 73
49 54 8 60 66 74
50 55 9 61 68 76
SCALE 4 51 56 10 62 70 78
47 52 58 n 63 72 80
48 53 59 12 64 73 82
49 54 60 13 66 74 84
50 55 61 14 68 76 87
SCALE 8 51 56 62 15 70 78 91
47 52 58 63 16 72 80 95
48 53 59 64 17 73 82 98
49 54 60 66 18 74 84 101
50 55 61 68 19 76 87 105
51 56 62 70 20 78 91 110
52 58 63 72 21 80 95 115
53 59 64 73 22 82 98 120
54 60 66 74 23 84 101 125
55 [ 68 76 24 87 105 130
56 62 70 78 25 9 110 135
58 63 72 80 26 95 115 140
59 64 73 82 27 98 120 |
60 66 74 84 28 101 125
61 638 76 87 29 105
62 70 78 91 |30 110 _EXTREMITY CASSETTE
63 72 80 95 31 115 CM kvp
64 73 82 98 32 120 1 45
66 74 84 101 33 125 2 47
68 76 87 105 34 130 3 49
70 78 91 110 35 135 4 52
72 80 95 115 36 140 5 55
73 82 98 120 37 6 58
74 84 101 125 38 7 61
76 87 105 130 39 }_ 8 64
78 91 110 135 40 9 67
80 95 115 140 41 L 10 70
EXTREMITY —NonBucky | TIME | mA | kvp | TED | CASSETTE
REGULAR CASSETTE
Ankle/Elbow 48" 24 x 30 cm
Tibia-Fibula 48" 14x17in
Calcaneous 48" 8x10in
Wrist-Carpal Tunne! 48" 8x10in
Cast - Plaster 48"
Cast - Fiberglass 48"
1
EXTREMITY CASSETTE SM  MED LG
Hand/Wrist PA/OBL 48" 24 x30cm
Hand/Wrist LAT 48" 8x10in
Forearm 48" 7x17in
Toes 48" 24 x 30 cm
A Foot 48" 24 x 30 cm

FIG. 1-3. Kilovoltage versus centimeter thickness of the body part being examined. Charts are available
in each filming station. A kVp chart and extremity techniques. B Skull, spine, and abdomen chart. C
Peivis, shoulder, femur, knee, chest, and ribs.
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ROUTINE RADIOGRAPHIC TECHNIQUE

TIME | mA |

kvp | mAs | TFD | CASSETTE

EXAMINATION
SKULL
SKULL, AP, LAT Adult 48" 24 x 30 cm
CERVICAL SPINE
Cervical AP 10°} 48" 8x10in
Lateral (Cross Table) 48" 24 x30cm
OBL (Table Top) 48" 24x30cm
Swimmer’s 48" 24 x 30 cm
Odontoid 30" 8x10in
Piller 30°4 48" | 24x30cm
THORACIC SPINE
Thoracic AP (Filter) 48" 35x43 cm
Thoracic LAT (Filter) | 48" | 35x43cm
THIN AVERAGE PORTLY
mA mA mA
Thoracic Lower LAT (No Filter) 48" 24x30cm
LUMBAR SPINE/ABDOMEN
Lumbar AP 5°t and Abdomen
18 cm 48" 35x43 cm
19-23cm 48" 35x43 cm
24 cm - 48" 35x43 cm
Lumbar OBL 42° 5¢1
- 18 cm 48" 24 x30cm
19-23¢cm 48" 24 x30cm
24cm - 48" 24 x 30 cm
Lumbar LAT Meas L-2 48" 30x35cm
Lumbar Loc LAT Meas L-5 48" 8x10in
Lumbar Graft LAT 48" 24 x 30 cm
Lumbar Flexion & Extension 48" 30x35cm
B

FIG. 1-3. (Continued.)

cally affect exposure factors (kVp and mA-s) required for
optimal radiographs. We prefer to use a system that can
be applied throughout the department and provide uni-
form quality. Measuring the body part to be examined
and referring to standardized charts (Fig. 1-3) available
in each examining station results in more uniform qual-
ity. The charts remove the guesswork in deciding which
exposure factors should be used.

In addition to using the proper exposure factors, cer-
tain basic principles of physics must be applied. The fo-
cal spot should be as small as practical in order to reduce

geometric unsharpness, or blurring. The central portion
of the beam should be as perpendicular to the cassette as
possible in order to minimize distortion of the object
being radiographed. This also assures that adjacent
structures will be recorded in their true spatial relation-
ships (Fig. 1-4). The body part to be examined should be
placed parallel to the film to minimize magnification,
blurring, and distortion. The body part should be placed
as close as possible to the cassette.

Motion of either the equipment or the body part dur-
ing the examination results in blurring of the image.
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Date:
EXAMINATION | ime | ma | kvp | mas | TiD | cassemmE
PELVIC REGION
Pelvis & Hips AP / OBL 5°1 48" 35x43 cm
Hips LAT 48" 24x30cm
Sacrum AP 5ot 48" | 24x30cm
Coccyx AP 10°4 48" | 24x30cm
Sacrum, Coccyx LAT 48" 24 x30cm
S-1 Joints (R & LPO 20°) 48" 24 x 30 cm
SHOULDER
Shoulder AP 48" 24x30cm
Neer View 48" 24x30cm
Transthoracic Lateral 48" 35x43 cm
Axillary (Grid) 48" 24 x30cm
Scapula AP & LAT OBL 48" 24 x30cm
Clavical 48" 24 x30cm
Humerus 48" 35x43 cm
FEMUR, KNEE
Femur 48" 35x43 cm
LAT & OBL for Vessels 48" 35x43 cm
Knee 48" 24 x30cm
Intercondylar Notch 48" Non-Bucky
Patella (Merchants) 48" Non-Bucky
CHEST
AP Supine, All 48" Non-Bucky
Bucky Chest
Lateral Supine (Bucky) 48" 35x43cm
Lateral Decubitus (Grid) 48" 35x43 cm
Lateral Sternum 48" 30x35cm
RIBS
Ribs Above Diaphragm } i l l ‘ 48" I 24 x30cm
THIN AVERAGE PORTLY
mA mA mA
Ribs Below Diaphragm
- 18cm 48" 24 x30cm
19-23cm 48" 24x30cm
24cm - 48 24 x 30 cm
Cc

FIG. 1-3. (Continued.)
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FIG. 1-4. The size and shape of an object are dependent
upon its location within the x-ray beam (10).

Thus short exposure times are necessary, especially in
severely injured or uncooperative patients. This will as-
sist in reducing the lack of clarity in the image due to
motion. Proper positioning as well as reduced motion
can also be aided by using positioning wedges and props.
This not only assists the patient in maintaining the
proper position but also assures consistency in position-
ing. Consistency in positioning is especially desirable in
orthopedic radiology, as multiple follow-up studies are
often performed. Slight changes in position may make
observation of fracture healing and other orthopedic
problems more difhicult.

Radiation Protection

Proper radiation protection must be given to the pa-
tient, the radiology department staff, and any assistants
who may be required to aid in patient positioning. When
it is necessary to hold or position patients (as in acute
trauma or when children are involved), it is often best to
enlist the aid of persons not normally engaged in radio-
graphic work. For instance, parents may be best able to
calm and reassure children. Assistants should wear lead
gloves and aprons during the procedure (1,2).

Multiple factors must be considered in discussing pa-
tient exposure. Proper positioning and exposure factors
will prevent unnecessary retakes. Proper collimation not
only decreases patient exposure but also increases image
quality. Gonadal shielding should be undertaken when it
will not obscure needed information. The Bureau of Ra-
diological Health recommends shielding when the gon-
ads lie within 5 cm of the primary beam in patients of
reproductive age, assuming the objective of the examina-
tion will not be compromised (4).

Filtration with a minimum of 2.5 mm of aluminum
equivalent is required with fluoroscopic and radio-
graphic units capable of generating over 70 kVp. This
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reduces the soft radiation that increases patient exposure
but is of no diagnostic usefulness (4). Proper choice of
screen-film combination may reduce patient exposure
by as much as 400%. Technical factors such as high kVp
also reduce patient exposure. Therefore, the highest
practical kVp (the kVp that produces the needed subject
contrast) should be used.

Film Labeling

Radiographic films must be properly labeled with the
patient’s name, registration number, and the date. [f mul-
tiple films are to be taken on the same date they should
be properly numbered chronologically or have the time
imprinted on them. In larger departments it is also help-
ful to include the technologist’s initials on the film. The
films should be labeled as to right or left, and if specific
positions were used they should be indicated (1,4).

TOMOGRAPHY

Tomography, or body-section radiography, provides a
method of blurring out unwanted information in order
to better visualize the desired structures. Laminography,
planography, and stratigraphy are terms that have been
applied to this technique. The technique was developed
by two Dutch investigators Ziedes des Plantes and Barte-
link, in 1931 (8). During the exposure the X-ray tube and
film move in two parallel planes but in opposite direc-
tions. Speeds are maintained at a constant relationship.

Most skeletal structures can be readily evaluated with
routine radiographs or films obtained with fluoroscopic
monitoring (15). Tomography is a useful addition to con-
ventional films when more detailed information is re-
quired (7,9,13,14). Conventional tomography provides
an image of any selected plane in the body while blurring
structures above and below that plane (11,12). Basic
equipment includes (1) X-ray tube, (2) a connecting rod
that moves about a fixed fulcrum, and (3) a cassette and
film (Fig. 1-5). As the film moves in one direction, the
tube moves in the oppositc direction. The plane of inter-
est within the patient (shaded area in Fig. 1-5) is most
commonly selected by adjusting the fulcrum level. Less
commonly, the apparatus includes an elevating table top
to position the plane of interest at a fixed level. Only the
plane of interest remains in sharp focus on the tomo-
gram. Planes above and below (Fig. 1-5) will be blurred.
Commonly used tomographic motions include simple
(linear) and complex (circular, hypocycloidal, elliptical,
and trispiral) (Fig. 1-6).

Blurring and Section Thickness

A better understanding of tomography requires a basic
understanding of blurring and section thickness. Blur-
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ring refers to the effect of the tomographic system on
objects outside the focal plane (10). It depends upon (1)
the amplitude of tube travel, (2) its orientation (Fig. 1-7),
and (3) the distance of the tube from the focal plane.
Section thickness refers to the plane that is in sharp focus
on the film (10). It is inversely dependent (but not pro-
portional) to the amplitude of tube travel. Therefore,
the greater the tomographic angle, the thinner the sec-
tion (10).

For evaluating skeletal structures (which have high in-
herent contrast), wide-angle tomography using an arc of
30°-50° is usually preferred. With the wide angle, maxi-
mum blurring of objects outside the focal plane occurs,
and therefore phantom images (unwanted images) are
less likely to be produced. For standard skeletal tomogra-
phy we use a CGR Stratomatic, which is capable of per-
forming linear (longitudinal, transverse, and diagonal),
circular, and trispiral motions. Linear and circular tube
travel may be 20°, 30°, or 45°. In trispiral studies the
angle is always 45°. 3M XUD film with Lanex regular
screens (200 speed system) in special carbon-fiber front
cassettes are used at a 48-inch source-to-film distance. A
Bucky grid with a 12:1 ratio is used. Exposure factors will

vary with the body part being studied.
Elliptical

Linear

9. 0O

Hypocycloidal  Trispiral

FIG. 1-6. llustration of commonly used tomographic mo-
tions (12).

Circular

FIG. 1-5. Linear tomography. The fulcrum (focal
plane), tomographic angle, and motion of the tube and
film are demonstrated (12).

Tube Motion in Orthopedic Tomography

In orthopedic practice tomography is frequently used
to evaluate subtle fractures (Fig. 1-8) (7,14). Fracture
healing and other clinical problems are also effectively
studied with tomography (Table 1-2). In most orthope-
dic tomography the detail is improved with trispiral or
other complex motion. Occasionally, especially in pa-
tients with metal internal or external fixation devices,
linear motion may be more useful (Fig. 1-9). Trispiral
motion (Fig. [-9A) can cause significant loss of bone
detail adjacent to the metal. Linear motion parallel to
the metal (Fig. 1-9C) and linear motion perpendicular to
the metal (Fig. 1-9B) demonstrate that the metal artifact
is reduced when the motion of the tube is parallel to the
metal. Note that the adjacent bone and bone graft (Fig.
1-9C) are better defined with linear motion parallel to
the metal. In certain cases the configuration of the fixa-
tion device is such that examination choices are more
difficult. Tomography 1is still useful in providing in-
creased detail in these situations.

In the immobilized patient with acute trauma we use
the Kermath Versitome system (Fig. 1-1). It provides
multiple-projection radiography (AP, lateral, oblique) in
the supine patient; and, in addition, through the use of
an angulated cassette holder, it allows tomograms to be
obtained in the exact plane of interest. Linear (longitu-
dinal AP, transverse AP, transverse oblique, and trans-
verse lateral) and transverse axial tomography are avail-
able (Fig. 1-10). This versatility is useful in the acutely

TABLE 1-2. Tomography: orthopedic indications

Trispiral or complex motion
Subtle fractures
Stress fractures
Fracture healing
Metabolic bone disease
Neoplasms
Arthritis

Linear motion
Acute trauma (Versitome)

Metal fixation devices




