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purposes, as they can often be understood by less experienced
individuals. They do not, however, contain information be-
yond that available in tomographic images.

The second major use of CT is in evaluation of bone tu-
mors or tumor-like diseases. For this purpose, magnetic reso-
nance (MR) imaging is the principal competing technique. CT
is more sensitive than MRI in demonstrating small amounts of
calcium and can show early periosteal new bone formation or
small amounts of matrix calcification before they may be seen
with conventional radiography. This finding can be helpful in
narrowing the differential diagnosis of a tumor. MRI can easily
obtain images in sagittal and coronal planes, which was once
an advantage this technique had over CT. Multislice CT scan-
ners have negated this advantage (Figure 6-6). Before MRI was
developed, CT was also used widely for determining the extent
of soft-tissue tumors, including osseous tumors that have
spread into the soft tissues. MRI, however, is now more often
used for staging. Its superior contrast resolution greatly eases
the task of determining tumor extent within bone marrow and
muscle or other soft tissues (Figure 6-7).

� Magnetic Resonance Imaging

The exquisite contrast of MRI makes it ideal for evaluation of
soft tissues. Its most frequent use in skeletal imaging, there-
fore, is for diagnosis of injuries to muscles, tendons, or liga-
ments about joints. This superb contrast resolution also
makes it very useful for evaluating disorders of the bone mar-
row including neoplasm, marrow-packing diseases such as

CHAPTER 6

� Figure 6-3. Normal metacarpals. PA radiograph of the
second and third metacarpals of a 36-year-old woman. The
cortex is thick and homogenously white in the mid shaft of
the metacarpal. It becomes progressively thinner as it ap-
proaches the ends of the bones. At the articular surfaces, the
cortex has been reduced to a thin, yet distinct, white line.

BA

� Figure 6-4. (A,B) Nutrient canal. (A) PA radi-
ographs of the small finger. The smooth white cortex
of the radial side of the proximal phalanx of the small
finger is interrupted by a thin, obliquely oriented dark
line (arrow). The soft tissues are swollen, and there is
tenderness in this area. How can you distinguish this
nutrient canal from a fracture? It is in a typical loca-
tion for a nutrient canal. Its borders are smooth and
sclerotic, not jagged. For definitive proof, delve into
the patient’s film folder. (B) The same lucency was
present 21⁄2 years earlier. In this case, the soft-tissue
swelling was due to cellulitis after a cat bite.
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Gaucher’s disease, osteomyelitis, fractures that are occult on
conventional radiographs, and avascular necrosis. Unfortu-
nately, although MRI is very sensitive to these abnormalities,
it is also very nonspecific. Many diseases of marrow cause
similar signal alteration. One must then narrow the differen-
tial diagnosis based on the distribution of the abnormalities

together, the radiographic appearance, and the clinical his-
tory. Diffusion-weighted MR imaging may be used to identify
areas of an organ that have recently been damaged or injured.
Diffusion-weighted MR imaging of the vertebral body may
differentiate benign from malignant fracture, although its
usefulness is still controversial.

PART 3
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� Figure 6-5. Calcaneal fracture. (A) Lateral radiograph of the foot. The calcaneus of this 27-year-old man has a com-
minuted fracture that can easily be diagnosed with this conventional radiograph, but the degree of involvement of the
articular surfaces is difficult to appreciate. (B) Direct coronal CT image through the posterior and middle subtalar joints
demonstrates obliquely oriented fracture lines entering the posterior facet (arrows). There is a gap of approximately 
8 mm between the fracture margins, and the lateral fragment has been rotated outward. (C) Axial CT image demon-
strates a comminuted fracture of the inferior aspect of the calcaneocuboid joint.
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� Nuclear Medicine

Several nuclear medicine studies are used for skeletal dis-
ease. The two most common are the technetium bone scan
and fused positron emission tomography and computed to-
mography (PET-CT). One of several phosphate compounds
of technetium-99m is selected for use in bone scan. Methyl-
ene diphosphonate (MDP) is used most frequently. If there
is a specific anatomic area of interest, images may be ac-
quired over that area at the time the radionuclide is injected,
as well as 3 to 4 hours later. The immediate images reflect the
amount of blood flow to the area; the delayed images reflect
the amount of bone remodeling occurring there.

Bone scintigraphy is a sensitive but not very specific tech-
nique. Most osseous abnormalities of clinical significance will
cause an increase in radionuclide accumulation. Exceptions are
destructive lesions that incite little reparative reaction in the host
bone or that destroy bone so quickly that it cannot remodel.

Because of their sensitivity and because they provide
physiologic rather than anatomic information, bone scans
can be used to find abnormalities before they are detectable

by conventional radiography. In particular, they are often
used for screening for bone metastases in patients with
known malignancy. Both multiple myeloma in adults and
Langerhans cell histiocytosis in children, however, are notori-
ous for causing no increased accumulation on bone scans.
Therefore, in these diseases conventional radiographs or
skeletal surveys are better than bone scans for screening for
osseous involvement. MR imaging is sometimes also used for
screening for myeloma or metastatic disease.

Fused positron emission tomography–computed tomogra-
phy (PET/CT) combines in a single gantry system both PET
scanner and CT scanner, so that images acquired from both
techniques can be taken sequentially in the same session and
combined into a single superimposed image. Thus, functional
imaging obtained by PET, which depicts the spatial distribution
of metabolic or biochemical activity in the body, can be more
precisely aligned or correlated with anatomic imaging obtained
by CT scanning. Other imaging studies may also be fused to
combine metabolic information of a nuclear study with
anatomic information. For example, a SPECT bone scan may be
combined with CT or a PET scan may be combined with MRI.

CHAPTER 6
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� Figure 6-6. (A) Axial coronal CT image of the left proximal tibia and fibula. The axial image demonstrates destruc-
tion of a portion of the medial cortex (arrow), due to an underlying intramedullary lesion of multiple myeloma. 
(B) Coronal CT image was obtained with a multislice scanner using helical technique. Reconstruction in the coronal
plane clearly demonstrates the same area of cortical destruction (arrow). There is also a more distal area of abnormal
cortex (short arrow) adjacent to an intramedullary lesion evident by replacement of the marrow fat by soft-tissue den-
sity similar to that of the muscles. The reconstruction is quite smooth, differing from the axial image primarily in the
presence of tiny stair-step artifacts along curved edges (arrowheads).
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� Biopsy

When tumor or infection is suspected, it is often useful to ob-
tain a tissue sample for cytologic or histologic analysis or for
culture. This may be accomplished by means of an “open”
procedure in the operating room or a percutaneous needle
puncture of the lesion to obtain a cellular aspirate or slender
core of tissue. Needle biopsies of palpable lesions do not nec-
essarily need radiologic intervention. When the lesion is not
palpable, however, biopsy may be accomplished under fluo-
roscopic, CT, ultrasound, or MRI guidance.

When skeletal lesions should be biopsied and by whom are
important questions that can have a tremendous impact on the
patient’s outcome. For example, sarcomas have been reported
to grow along the surgical or needle tracks after diagnostic
biopsies. Therefore, when planning biopsies of suspected mus-
culoskeletal sarcomas, care must be taken to approach the le-
sion through a track that can be resected en bloc with the
tumor at the time of ultimate excision. These biopsies should
always be carried out in close consultation with the surgeon
who will be performing the definitive surgery.

When systemic disease such as metastatic carcinoma is
the primary consideration, percutaneous needle biopsy is the
most efficacious means of making a diagnosis if the lesion is
amenable to this procedure. In this setting, the yield of needle
biopsy is very good (90% or more of such biopsies yield a
positive diagnosis when tumor is truly present) and a nega-
tive result is less likely to lead to open biopsy than it would in
some suspected primary tumors. Nonetheless, biopsy should
still be performed in consultation with the oncologist or
other physician giving overall care.

TECHNIQUE SELECTION
In general, as in most other organ systems, the radiograph
is the initial imaging test after history and physical exami-
nation. The selection of subsequent (often more expen-
sive) imaging tests depends not only on medical need but
also on a variety of other factors, including availability,
expense, and the preferences of the radiologist, clinician,
and patient.

PART 3

BA
� Figure 6-7. (A) Axial CT image of the distal thigh. This 49-year-old woman complained of a palpable mass in her
thigh. It had been present for a year and was painless. The internal architecture of the vastus lateralis muscle (*) is dis-
rupted. The interdigitated fat and muscle tissues evident in the patient’s other muscles have been replaced with a more
homogenous mass of decreased attenuation. There is no apparent associated calcification. The mass closely approxi-
mates the femur but is not causing osseous destruction. (B) T2-weighted (2500/80) MR image of the thigh at approxi-
mately the same level. Although this tumor (*) could be seen on the CT scan, on the MR image it is far more obvious
and more easily distinguished from normal tissue. The superiority of MR imaging in detecting soft-tissue neoplasms
makes it excellent for determining the extent of primary soft-tissue tumors like this myxoid liposarcoma as well as for
evaluating the spread of primary bone tumors into the adjacent soft tissues.
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� Trauma

Rely on conventional radiography. When a strongly sus-
pected fracture is not identified, you may choose among rep-
etition of conventional radiograph in 7 to 10 days, nuclear
medicine bone scanning, and MRI. CT may be substituted
for MRI if the latter is unavailable or there are contraindica-
tions to its use. If a fracture is noticed and more information
is needed concerning the location of fragments, CT is useful.

� Bone or Soft-Tissue Tumors

For local staging of both bone and soft-tissue neoplasms,
MRI is the best technique. When a bone tumor is suspected
but is not discovered with conventional radiographs, MRI is
a useful secondary screening tool.

� Metastatic Tumors

Symptomatic sites suspected of being involved by metastatic
neoplasm are best evaluated initially with radiographs. An

overall survey for osseous metastases may be performed by
nuclear medicine bone scan or by MRI. Conventional radi-
ography is then used to evaluate sites of possible tumor 
involvement. Suspected soft-tissue metastases are best evalu-
ated by MRI. PET/CT scans are also useful in staging of
many tumors.

� Infection

Conventional radiographs should be obtained first for sus-
pected osteomyelitis. If these are normal or inconclusive,
then MRI, nuclear medicine bone scan, or white blood cell
scanning may be helpful. MRI is also useful for detecting the
soft-tissue extent of infection and for finding complications
including abscesses or necrotic tissue.

EXERCISE 6-1. TRAUMA

6-1. You are supposed to look at the radiographs for
Case 6-1 (Figure 6-8) and call your colleagues in the

CHAPTER 6
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� Figure 6-8. Case 6-1. On the first day of your medical school rotation in orthopedic surgery, the resident and attend-
ing physician send you to the emergency department to see a 26-year-old man with a broken leg (AP and lateral
views of the distal tibia and fibula).
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operating room to describe the fracture. Which of the
following statements concerning the fracture would
you wish to make?
A. The distal tibial fragment is displaced 1 cm ante-

riorly.
B. There is no comminution of the tibial fracture.
C. There is slight valgus angulation of the distal tib-

ial fragment.
D. This is an open or compound fracture.

6-2. You interpret the chest radiograph for Case 6-2 
(Figure 6-9) and render the following opinion:
A. Normal chest radiograph
B. Round pneumonia
C. Healing rib fractures
D. Pneumothorax

6-3. You first examine the lateral view of the elbow in Case
6-3 (Figure 6-10). You find
A. a lytic lesion in the distal humerus.
B. displacement of the fat pads of the elbow.
C. a fracture through the proximal ulna.
D. dislocation of the elbow.

6-4. You examine the radiographs for Case 6-4. Only the
AP view is shown here (Figure 6-11). You tell the pa-
tient he has broken his ankle, but you want to get one
more study:
A. Entire tibia and fibula, to exclude more proximal

fractures
B. Ipsilateral foot, to exclude a fracture of the fifth

metatarsal
C. Contralateral ankle, for comparison purposes
D. CT, for precise evaluation of the alignment of the

fracture

PART 3

� Figure 6-9. Case 6-2. Infant with low-grade fever. You
obtain a chest radiograph to evaluate for pneumonia
(frontal view of the chest).

� Figure 6-10. Case 6-3. While moonlighting in the emer-
gency department of a small community hospital, you ex-
amine a 25-year-old man who fell on an outstretched
hand and now complains of elbow pain. You obtain an AP
and lateral view of his elbow (lateral view of the elbow).

� Figure 6-11. Case 6-4. A week later you are once
again moonlighting in the same small emergency de-
partment when a 29-year-old man is carried in com-
plaining of ankle pain after a twisting injury. His ankle is
swollen and ecchymotic, and he is tender to palpation
along the medial malleolus. He has no other complaints.
You order frontal, lateral, and oblique views of the ankle
(AP view of the ankle).
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6-5. What is the abnormality in Case 6-5 (Figure 6-12)?
A. Sprain of the lateral ligaments
B. Fracture of the distal fibula
C. Stress fracture of the talus
D. Triplane fracture of the distal tibia

Radiologic Findings

6-1. Figure 6-8 shows comminuted fractures of the distal
tibia and fibula with intra-articular extension of the
tibial fracture (black arrow). The main distal fracture
fragment is displaced posteriorly. As seen on the
frontal view, the distal fragments are angulated so
they are pointing medially. Gas density (white ar-
rows) indicates that air has penetrated into the soft
tissues through a skin wound, so this is an open
fracture. A fracture line extends to the tibial articu-
lar surface (black arrow) (D is the correct answer to
Question 6-1).

6-2. In Figure 6-9, a row of rounded opacities (arrows) in
the left chest represents posterior healing rib frac-
tures (C is the correct answer to Question 6-2).

6-3. This patient‘s anterior fat pad is pushed away from the
bone, creating a small triangular “sail” (Figure 6-13,
arrowheads). The posterior fat pad (arrow) is visible
as a dark line behind the distal humerus, when it

should not normally be visible at all. There is no visi-
ble fracture or dislocation. (B is the correct answer to
Question 6-3).

6-4. Figure 6-11 indicates a transverse fracture of the
distal medial malleolus with widening of the medial

CHAPTER 6
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� Figure 6-12. Case 6-5. A 15-year-old boy complains of ankle pain after a fall (AP and lateral views of the ankle).

� Figure 6-13. Lateral view of the elbow with anterior
(arrowheads) and posterior (arrow) fat pad signs.
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aspect of the ankle joint. This type of fracture is often
associated with a more proximal fibular fracture (A is
the correct answer to Question 6-4).

6-5. Abnormal lucencies run vertically through the epiph-
ysis on the frontal view (Figure 6-12) and obliquely
through the metaphysis on both the frontal and the
lateral views. The lateral aspect of the distal tibial ph-
ysis or growth plate is widened (D is the correct an-
swer to Question 6-5).

Discussion

Case 6-1: Your mission is to describe accurately and suc-
cinctly the features of this fracture that will affect treatment
and outcome. You should discuss the alignment of the largest
tibial and fibular fragments. Address both displacement and
angulation. Displacement is always described in terms of the
position of the distal fragment relative to that of the proximal
fragment. The lateral view shows that the distal tibial frag-
ment is displaced 1 cm posteriorly.

On the frontal view there is obvious angulation (Figure 
6-8 A). Angulation may be described either in terms of the
direction of shift of the distal fragment or in terms of the di-
rection in which the apex of the angle points. In either case, it
is better to give a measurement than to use subjective modi-
fiers such as “slight” or “moderate.” This angulation may cor-
rectly be described as “30 degrees of varus angulation of the

distal fragment” or “30 degrees lateral apical angulation”
(Figure 6-14).

Case 6-2: Rib fractures in a young child suggest child
abuse. As most rib fractures in infants are caused by nonacci-
dental injury, you should reexamine the child for other stig-
mata of child abuse, such as bruises, welts, burns, or retinal
hemorrhages, notify protective services, and obtain a skeletal
survey. If you are unsure of your diagnosis or desire confir-
mation of the radiographic findings, you should obtain a ra-
diology consult, as discharging the patient could place the
child in serious danger. Figure 6-15 from the skeletal survey
reveals the classic metaphyseal “corner” (large arrows) and
“bucket handle”(small arrows) fractures virtually pathogno-
monic of infant abuse. The astute observer will also note a
healing fracture of the superior pubic ramus. In summary, ra-
diologic findings with moderate to high specificity for infant
abuse include posterior rib fractures, metaphyseal fractures,
multiple fractures, and fractures at different stages of healing.

Case 6-3: When examining a radiograph for a suspected
fracture, it is important to evaluate not only the bones
themselves but also the adjacent soft tissues. In a number of
areas of the body there are normal deposits of fat, termed
fat pads, which may be displaced by accumulation of blood
or fluid in the underlying tissues. The fat pads of the elbow
are particularly helpful. Displacement of the elbow fat pad
is a nonspecific sign that indicates distension of the joint.
Effusions due to rheumatoid arthritis, an infected joint, or

PART 3
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� Figure 6-14. (A,B) Varus and valgus
angulation. In (A) the distal tibial frag-
ment has shifted laterally with respect to
the proximal tibia. This is valgus angula-
tion. In (B) the distal tibial fragment has
shifted medially with respect to the proxi-
mal fragment. This is varus angulation.
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hemorrhage, especially in a patient with bleeding disorder,
could all cause the “fat pad sign” seen in this patient. In an
otherwise healthy person who has suffered trauma, however,
a radial head fracture should be suspected because it is the
most common elbow fracture in an adult. This patient’s
frontal view did actually demonstrate a small lucent frac-
ture line in the radial head. Even without that, however,
the most prudent course is to treat the patient as though
he had a radial head fracture with immobilization and
arrange for follow-up care with a physician accustomed to
caring for fractures.

Case 6-4: Transverse medial malleolar fracture usually ac-
companies eversion of the ankle and is often associated with
a fibular fracture. The fibular injury may occur at any level
from the ankle to the knee. When there is no apparent distal
fibular fracture on ankle views, the remainder of the bone
should be imaged. In this case, there is, indeed, a fracture of

the proximal fibula (Figure 6-16). This fracture is also called
the “Maisonneure” fracture, named for the surgeon Jules
Germain Francois Maisonneure, and indicates rupture of the
interosseous membrane all along its course from the ankle to
the fibular fracture. This is an unstable injury that many
orthopedic surgeons will treat with open reduction and in-
ternal fixation of the malleolar component and of the
syndesmosis. Fractures of the proximal fifth metatarsal may
accompany ankle inversion and may be difficult to distin-
guish clinically from other ankle injuries. Therefore, this part
of the foot should always be included on at least one view of
the ankle. If it is not, then it is prudent when possible to obtain
one more view, but this should not ordinarily be considered a
separate study or incur an additional charge. CT is not neces-
sary in this situation.

Case 6-5: This adolescent patient has suffered a relatively
common growth plate injury with a typical but somewhat
complex fracture pattern. It is called a “triplane” fracture be-
cause it has components that run, more or less, in all three
primary planes of section. It travels in the sagittal plane
through the epiphysis, in the axial plane through the un-
fused portion of the physis or growth plate, and in the
coronal plane through the metaphysis. It is a Salter-Harris
type IV fracture (Figure 6-17). It can be diagnosed on the

CHAPTER 6

� Figure 6-15. AP view of the distal femur and proximal
tibia. There are metaphyseal fractures of both the femur
(arrows) and tibia (small arrows).

� Figure 6-16. AP view of the knee. The proximal fibula
is fractured.
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� Figure 6-17. Salter-Harris classification of physeal injuries. This is a commonly used method of describing frac-
tures through the physis of skeletally immature individuals. Outcome worsens as the number describing the fracture
increases. (A) Salter-Harris I fractures are through the physis or growth plate without involvement of the bone of
the epiphysis or metaphysis. The slipped capital femoral epiphysis shown in Figure 6-1 is a type of Salter-Harris I
fracture. (B) Salter-Harris II fractures involve part of the metaphysis (often only a small flake) and extend to the 
physis. (C) Salter-Harris III fractures involve the epiphysis and extend to the physis. The Salter-Harris III fracture illus-
trated here is similar to the epiphyseal and physeal components of the triplane fracture without extension to the
metaphysis. It also is a fairly common injury pattern. (D) The Salter-Harris IV fracture involves both the metaphysis
and epiphysis. (E) The Salter-Harris V injury involves only the physis and is a compressive injury secondary to axial
loading forces.
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conventional radiographs. Overlapping of several bones in
the ankle region, together with the inferiorly concave shape
of the articular surface of the distal tibia, the tibial plafond,
complicates evaluation of fracture fragment position, and so
a CT scan was obtained (Figure 6-18).

EXERCISE 6-2. LOCAL DISEASE

6-6. Based on the history, physical examination, and radi-
ographs for Case 6-6 (Figure 6-19), which of the fol-
lowing choices is the best working diagnosis?
A. A bone tumor, most likely benign
B. A bone tumor, most likely malignant
C. An infection of the bone
D. A stress fracture of the proximal fibula

6-7. What is the most likely diagnosis for Case 6-7 
(Figure 6-20)?
A. Osteomyelitis
B. A malignant bone tumor
C. A Salter-Harris IV fracture
D. Langerhans cell histiocytosis

6-8. What should you do about the calcified lump in the
patient’s arm in Case 6-8 (Figure 6-21)?
A. Needle biopsy
B. Open excisional biopsy

C. Reassure the patient
D. Bone scan

6-9. What is the lump in Case 6-9 (Figure 6-22)?
A. An osteosarcoma
B. An osteochondroma
C. A normal variant
D. A soft tissue sarcoma

Radiologic Findings

6-6. Focal lytic lesion in the proximal fibular metadia-
physis with an intact shell of new cortex and a well-
defined, short zone of transition between itself and
adjacent normal bone (A is the correct answer to
Question 6-6).

6-7. There is a well-defined lytic lesion in the proximal
tibia. Its edges are slightly sclerotic. It extends across
the physis to involve portions of both the metaph-
ysis and epiphysis (A is the correct answer to Ques-
tion 6-7).

6-8. A well-defined ossified mass projects in the muscula-
ture of the posterolateral arm. It has a thin but dis-
tinct cortex (arrows) surrounding trabeculae (Figure
6-21) (C is the correct answer to Question 6-8).

6-9. Arising from the medial cortex of the femur is an
ossified mass topped by a cauliflower-like thin shell
of cortex (Figure 6-22). The cortex of the remainder
of the femur is continuous with the cortex of the
tumor (arrowheads), and the trabecular bone of the
femoral metaphysis blends imperceptibly with that
of the mass. The mass has grown away from its
metaphyseal place of origin and points toward the
diaphysis and away from the joint (B is the correct
answer to Question 6-9).

Discussion

Case 6-6: The radiographs demonstrate a focal lytic lesion in
the proximal fibular metadiaphysis. The cortex appears intact
around the lesion, and the bone is widened. Cortex is not pli-
able; it will not stretch to accommodate a growing lesion. In-
stead it will slowly remodel by resorption of endosteal bone
and deposition of periosteal new bone. The process takes
time, so intact but extended cortex implies a slow growth rate
for this lesion. Another indication of a slow growth rate is the
sharp demarcation or short zone of transition between the
lesion and adjacent normal bone.

In general, osteomyelitis will not cause apparent expan-
sion of bone the way this lesion has. Stress fractures are usu-
ally linear lesions and usually are oriented transversely
across the bone, though there are exceptions. Stress fractures
may be lucent, if a gap in cortical bone is their primary man-
ifestation, or sclerotic, either due to compression of trabecu-
lae with resultant overlap or due to healing. The periosteal

� Figure 6-18. Coronal CT scan of the ankle. This image
demonstrates widening of the physis laterally and the
sagittal split through the epiphysis.
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reaction that they engender may cause them to be mistaken
for bone tumors, but they will not look like this particular le-
sion (Figure 6-23).

Of the choices given in the question, the remaining ones
are benign and malignant bone tumor. For the most part,
malignant bone tumors in children have a rapid growth rate.
This will cause them to have poorly defined borders. In addi-
tion, where they destroy cortex, the periosteum will be unable
to contain them with solidly mineralized new bone, as has
occurred here. There may be gaps in the cortex where tumor
has broken through (Figure 6-24). The periosteal new bone
may mineralize at 90-degree angles to the diaphysis or may
be lamellated (like onion skin) or incomplete. The intact
shell of periosteal new bone seen in this patient and the
short zone of transition are more typical of a benign than a
malignant tumor.

A primary bone tumor, no matter how benign its appear-
ance, is most appropriately handled by an orthopedic oncologic
surgeon experienced with tumors. As you have been stipulated
to be a pediatrician, the patient should be sent to an orthopedic
surgeon who specializes in the treatment of tumors.

PART 3

BA
� Figure 6-19. Case 6-6. A 12-year-old girl comes to your pediatrics office complaining of 2 weeks of knee pain. There
is no history of trauma. She is slightly swollen, tender, and erythematous over the proximal fibula. You obtain frontal
and lateral views of the tibia and fibula (AP and lateral views of the proximal tibia and fibula).

� Figure 6-20. Case 6-7. This 5-year-old girl has been
limping off and on for 2 months. Her knee is warm and
swollen (AP view of the knee).
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Performing a percutaneous needle biopsy has the poten-
tial to cause great harm if a poorly chosen route is taken. For
example, if the needle passed close to the common peroneal
nerve and then the lesion proved unexpectedly to be malig-
nant, the nerve might have to be sacrificed in order to obtain
a curative resection.

Obtaining additional imaging studies to evaluate this
lesion further is not a bad idea. It is better, however, to
allow the orthopedic surgeon to whom the patient will be
referred (in consultation with the radiologist) to decide

CHAPTER 6

� Figure 6-21. Case 6-8. A 35-year-old man complains
of a lump in the soft tissues of the right arm. He first no-
ticed the lump 6 months ago after hurting his arm in a
fall from a bicycle (AP view of the arm).

� Figure 6-22. Case 6-9. A 10-year-old girl complains of
a lump on the inside of her thigh near the knee. It has
been there as long as she can remember but has been
annoying her since she recently took up horseback riding
(AP view of the distal femur).

� Figure 6-23. Stress fracture. Oblique view of the third
metatarsal. This typical healing stress fracture demon-
strates both a transverse fracture oriented perpendicular
to the shaft (arrows), and abundant callus formation.
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which imaging tests are most appropriate to evaluate the
lesion more thoroughly rather than ordering additional
tests before referral.

Case 6-7: The edges of malignant tumors are usually not
as well defined as those of this lesion. Malignant tumors may
extent across the growth plate, but it is uncommon for them
to do so while they are still as small as this lesion.

Osteomyelitis, on the other hand, often breaches the
growth plate. The most common organisms to cause os-
teomyelitis are species of Staphylococcus and Streptococcus
(Figure 6-25). The relatively long history of limping, how-
ever, should suggest a more indolent organism. This case
was due to Mycobacterium tuberculosis. Skeletal tuberculo-
sis is uncommon and thus often is overlooked as a diagnos-
tic possibility. Today, it is most commonly seen in the
immunocompromised individual. Because it is curable yet

PART 3
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� Figure 6-25. (A,B) AP view (A) and sagittal tomo-
gram (B) of the ankle. This focus of osteomyelitis 
(arrows), occurring in a 5-year-old boy, also crosses the
growth plate. It is radiographically indistinguishable from
the case of tuberculous osteomyelitis, yet it was due to
Staphylococcus. The distinction between pyogenic and
tuberculous osteomyelitis must be made on clinical
grounds and sometimes must be proven by biopsy.

� Figure 6-24. AP view of the distal femur. Many of the
radiographic features of this osteosarcoma mark it as a
malignant tumor. The abnormal area of mottled lucent
and sclerotic tumor in the metaphysis fades gradually
into the shadows of surrounding normal bone. It is diffi-
cult to see where the tumor begins and ends; there is a
large soft-tissue mass adjacent to the bone (M). The pe-
riosteum has been unable to maintain a shell of mineral-
ized new bone around this mass. The sclerotic areas
within the bone and the mineralized portions of the soft-
tissue mass both have a relatively amorphous, smudged
appearance that is seen with calcified osteoid matrix.
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When further radiologic studies are needed, MR imaging
or ultrasound are probably the most useful modalities. Both
can demonstrate the cartilage cap and any associated soft tis-
sue mass. When the diagnosis is not as obvious as in this case
by conventional radiography, MRI can assist in confirming
the identity of the tumor by demonstrating continuity be-
tween the cortices and medullary spaces of the tumor and the
host bone.

EXERCISE 6-3. SYSTEMIC DISEASE

6-10. For Case 6-10 (Figure 6-28), which of the following
studies would be least useful today?
A. Chest CT
B. Left hip x-ray
C. Bone scan
D. Skeletal survey
E. Mammography

CHAPTER 6

� Figure 6-26. AP view of the proximal humerus. There
is a sessile osteochondroma on the lateral aspect of this
child’s humerus.

responds to very different drugs than would be used for
pyogenic osteomyelitis, it is important to keep it in mind. It
may occur at any site, but it is most common in the spine.
In the extremities, it most often occurs in or near the hip
and knee.

Langerhans cell histiocytosis (eosinophilic granuloma) is
much less common than osteomyelitis and is thus not as
likely a diagnosis. When it does occur, its favorite location is
the skull.

Case 6-8: This ossified mass represents myositis ossificans,
also known as heterotopic new bone formation. Though
often associated with trauma, it may also be seen in patients
without a distinct history of trauma. When it resembles ma-
ture bone as closely as in this patient, it is not a diagnostic
dilemma, and you can reassure the patient that there is a be-
nign cause for his lump.

Occasionally, myositis ossificans warrants excision on
the basis of mechanical interference with the use of a mus-
cle or joint. Recurrence is less likely if excision is per-
formed after the lesion has matured. A bone scan may help
to distinguish between mature and immature lesions. An
immature lesion that is still undergoing ossification will
exhibit marked radionuclide uptake. Once ossification is
complete, radionuclide accumulation will resemble that of
other bones.

Myositis ossificans may be diagnosed more confidently
with radiography than with histology. An immature lesion
will be full of immature, rapidly proliferating cells that may
be mistaken for sarcoma by the pathologist. Radiologically,
however, there is a distinct difference between the two.
Myositis ossificans ossifies from the outside in. Sarcomas os-
sify from the inside out. See Figure 6-24 and notice that the
central portion of the soft-tissue mass is denser (more ossi-
fied) than the outer portion. If it is not entirely clear from
conventional radiographs where and how the ossification is
occurring, a CT scan is the test of choice because of its ability
to demonstrate calcium.

Case 6-9: This mass has the characteristic appearance of
an osteochondroma, the most common of all benign, carti-
laginous neoplasms. Osteochondromas may be very large or
very small, pedunculated or sessile (Figure 6-26). They grow
as the child grows and should cease growth by adulthood.
Often asymptomatic, they may be an incidental finding.
They may, however, cause a wide range of symptoms. The
most common complaint is that they interfere with activities
or with wearing certain clothes, such as tight blue jeans.
They may be painful as a result of irritation of an overlying
bursa (Figure 6-27). And they are subject to fracture. An un-
common (1% or less) but feared complication is malignant
transformation, usually resulting in chondrosarcoma. Signs
of such transformation include enlargement of the osteo-
chondroma in an adult, thickening of the cartilaginous cap
that covers the tumor, development of a soft-tissue mass,
and destruction of bone.
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6-11. For Case 6-11 (Figure 6-29), what is the next study
you should order?
A. Bone scan
B. MRI of the knee
C. Hand films
D. Chest radiograph

6-12. For Case 6-12 (Figure 6-30), there is no evidence of
pneumonia, but there are several abnormalities that
are clues to the nature of this patient’s chronic illness.
Which finding is such a clue?
A. The presence of a central venous line
B. Enlargement of the pulmonary artery segment of

the mediastinum
C. Depression in the endplates of numerous vertebrae
D. Asymmetry of the breast shadows

6-13. For Case 6-13 (Figure 6-31), which of the following
imaging tests is most likely to help determine if this
patient has progressive myeloma?
A. PET-CT
B. Bone Scan
C. Chest x-ray
D. CT of the spine
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BA
� Figure 6-27. (A,B) Proton-density (A) and T2-weighted (B) coronal MR images of the knee. A very tiny osteochon-
droma arises from the lateral metaphysis of the distal femur (arrow). Notice that the signal intensity (shade of gray)
inside this diminutive tumor is the same as that of the adjoining marrow space. The bright area over the osteochon-
droma in Figure 6-27 B represents a small, fluid-filled bursa. This patient complained of a snapping sensation which
most likely was due to movement of the iliotibial band back and forth over the osteochondroma.

Radiologic Findings

6-10. D is the correct answer to Question 6-10.
6-11. A thin rim of calcium added to the bony contour of

both sides of the right femoral metaphysis (Figure 
6-29, arrows) is due to periosteal elevation. Similar
findings were present on the left femur and both tib-
iae (D is the correct answer to Question 6-11).

6-12. Many vertebral bodies, as best appreciated in the lat-
eral view, are shaped like the letter H (arrowheads),
with central depressions in the superior and inferior
end plates. (Figure 6-30) (C is the correct answer to
Question 6-12).

6-13. A is the correct answer to Question 6-13.

Discussion

Case 6-10: Option E, mammography, is a reasonable screen-
ing examination. This would be a good test to order for this
patient even without new symptoms. Indeed, mammogra-
phy should be obtained in any woman of 45 years every year
for screening purposes, irrespective of her history. Bone
scans are also often ordered as screens for metastatic disease
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� Figure 6-28. Case 6-10. As a medical student on the
oncology team, you see in clinic a 45-year-old woman
with a history of breast cancer diagnosed 3 years previ-
ously. She underwent surgery and since that time has
been free of disease. She has come for her routine 
follow-up appointment and complains only of vague,
aching discomfort in her left hip. A chest x-ray shows
no evidence of metastatic disease.

� Figure 6-29. Case 6-11. A 40-year-old man complains
of knee pain and swelling of 3 weeks’ duration. He has
no other known disease. You order conventional radi-
ographs of the knee. You notice some periosteal eleva-
tion on both femurs and tibiae (AP view of the right
distal femur).

B

A

� Figure 6-30. Case 6-12. This chest radiograph was ob-
tained to exclude pneumonia in a chronically ill 26-year-
old woman (PA and lateral views of the chest).

in asymptomatic breast cancer patients, particularly for the
first 2 to 3 years after diagnosis. Because this patient is com-
plaining of skeletal pain, both a bone scan (Figure 6-32 A)
and conventional radiographs of the affected area (Figure
6-32 B) are indicated. A chest CT can be helpful to find
small pulmonary metastases that may not be apparent on a
conventional chest radiograph. Whether to order it for this
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woman may depend in part on the preferences of the attend-
ing oncologist and on risk factors such as the size of the orig-
inal tumor and nodal status at the time of diagnosis. Option
D, a skeletal survey, is inappropriate. Bone surveys are gener-
ally utilized in breast cancer only for follow-up of patients
with widespread osseous metastatic disease.

In this patient’s case, a bone scan revealed multiple areas of
abnormally increased accumulation of radionuclide, includ-
ing the left acetabulum (Figure 6-32 A,B). The multiplicity of
lesions, together with the history of breast cancer (which often
metastasizes to bone and may do so after a disease-free inter-
val of many years), is very suggestive of metastatic disease.
Some oncologists would choose to treat the patient for pre-
sumed metastatic disease on the basis of the bone scan, his-
tory, and current symptoms. Others would prefer a biopsy
before proceeding to further treatment. This patient under-
went a CT-guided needle aspiration of the acetabular lesion,
which revealed metastatic tumor (Figure 6-32 C). To evaluate
for possible impending pathologic fracture (Figure 6-33),
most oncologists would also request conventional radi-
ographs of areas demonstrating increased activity on the bone
scan, particularly those in weight-bearing bones.

Case 6-11: Periosteal elevation is a nonspecific finding
that occurs with local disorders such as fracture, bone tu-
mors, and osteomyelitis and also with systemic or multifocal
disorders such as bone infarction (Figure 6-34), venous sta-
sis, and secondary hypertrophic osteoarthropathy. Because
this finding is bilateral, it is more likely due to a systemic or
multifocal disorder than to a local one.

Of all systemic disorders that may be associated with pe-
riosteal new bone formation, secondary hypertrophic os-
teoarthropathy is the most important to exclude. At one time
it was called hypertrophic pulmonary osteoarthropathy be-
cause it is usually caused by pulmonary disease. The designa-
tion secondary hypertrophic osteoarthropathy reflects
current understanding that this disorder may also be due to
nonpulmonary diseases such as inflammatory bowel disease
or congenital cardiac anomalies. Nonetheless, pulmonary
disease, specifically lung cancer, remains the most common
cause. This patient, in fact, had lung cancer (Figure 6-35).

A bone scan could be useful if you did not notice the pe-
riosteal new bone or were not sure of its presence. Hand films
could demonstrate clubbing, which may be seen with some of
the same disorders that cause hypertrophic osteoarthropathy,
but simple physical inspection of the patient’s hands would
accomplish the same thing. MRI of the knees will not be
helpful in this case.

Case 6-12: This patient (see Figure 6-30) has sickle cell
disease. The peculiar shape of multiple vertebral bodies is
very characteristic of sickle cell anemia, though it may occa-
sionally be seen in other diseases affecting the marrow cavity,
particularly Gaucher’s disease. It may be caused by infarction
of bone beneath the endplates, with remodeling of the cortex
to produce the H-shape.

When red cells sickle, they clump together and may block
blood vessels. In bone this leads to avascular necrosis, which
may be widespread, involving many bones simultaneously.
The mottled appearance of this patient’s humeral heads is
due to avascular necrosis and is a common finding in patients
with sickle cell anemia.

Though they were not included among the possible answers
to the question, there are other findings on this examination
that are clues to the diagnosis. The gas-filled splenic flexure of
the colon occupies too much of the left upper quadrant on the
frontal view. There is no room for a spleen of normal size. In
sickle cell patients, the spleen is often infarcted so that by any
time they reach adulthood, it has shrunk to a small fraction of
normal size. People with sickle cell disease are prone to early de-
velopment of calcium bilirubinate gallstones (cholelithiasis).

Modest enlargement of the pulmonary artery, as seen in
this patient, is so common in young women that it is consid-
ered normal in that population. The central line may be seen
in many patients with a variety of disorders requiring chronic
intravenous therapy.

Case 6-13: Multiple myeloma is a disease that can never
really be considered cured. The goals of therapy are control of
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� Figure 6-31. Case 6-13. A 50-year-old man with multi-
ple myeloma was treated successfully with chemotherapy
and has been in remission for 2 years. Recent immuno-
electrophoreses showed slight elevation of his parapro-
teins, which causes his oncologist to worry about
progression of his myeloma. A bone survey showed
well-defined lytic lesions in the skull, typical of myeloma,
which had been stable since treatment began (arrows on
two of the lesions).
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� Figure 6-32. (A) Anterior view from a 99mTc-MDP whole-body bone scan. In several areas more radionuclide has accu-
mulated than in the remainder of the skeleton, and these areas appear darker: left acetabulum, two upper lumbar verte-
brae, the lateral aspect of the right third rib, and the right side of the skull (arrowheads). Numerous foci of increased
radioactivity, sprinkled somewhat haphazardly about the body but mostly involving the axial skeleton, are very typical of
the appearance of metastatic cancer. (B) Frog-leg lateral view of the left hip. The ilium just above the acetabulum is too
lucent, and a thin, irregular white line (arrowheads) demarcates the edge of the lucency. (C) Axial CT scan, obtained with
the patient prone. The trabecular bone of the left ilium has been replaced by material of approximately the same density
as the muscle. Using a percutaneous approach through the left buttock, a needle has been placed into the center of the
lesion. Aspiration of cells yielded a diagnosis of metastatic breast carcinoma. The needle appears to be wholly embedded
within the patient because it has traveled an oblique course. The rest of it would be apparent on adjacent sections.
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symptoms and, if possible, induction of remission. Remis-
sion may last months or even years, and during remission the
patient is monitored for any signs that the disease has re-
turned and is progressing. In this patient’s case, the oncolo-
gists are looking for any imaging-based evidence of disease
progression to back up a fairly weak clinical indicator.

A challenge is that the patient is already known to have
lytic bone disease. Even though the myeloma has been in re-
mission, the lytic lesions will not have gone away. Therefore,
imaging studies that rely primarily on anatomy will only be
helpful if they unequivocally show evidence of new lytic le-
sions. The bone survey has already been asserted to be un-
changed, so no other conventional radiographs are likely to
be helpful, either. Therefore, a chest x-ray will not be a good
choice. CT scans are also anatomically based tests and can be
expected to show lytic lesions without necessarily helping to
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� Figure 6-33. AP view of the proximal left humerus. An
acute fracture has occurred through an area of bone
destruction caused by metastatic carcinoma. Conventional
radiographs are used to identify bony metastases that
have destroyed enough bone to make a pathologic frac-
ture likely.

� Figure 6-34. AP view of the knee. This is an example
of periosteal new bone formation (arrows) associated
with bone infarction. The infarction is marked by an ir-
regular sclerotic area in the metaphysis (arrowheads), as
well as a small, rounded lucent defect in the articular
surface of the medial femoral condyle (short arrow).

� Figure 6-35. PA view of the chest. A large mass in the
left upper lobe represents primary lung carcinoma.
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� Figure 6-36. A maximum intensity projection (MIP) image from a PET-CT. This is the same patient whose CT is pre-
sented in Figure 6-6. The bright white spots scattered in the bones of the lower extremities bilaterally represent areas
of actively growing myeloma. (B) Coronal section of fused PET-CT at approximately the same level as the Figure 6-6.
The two lesions in the left tibia (arrows) represent the lesions that are causing cortical destruction in Figure 6-6. A
color image of this same section is located on the cover of the book. (C) Axial section of fused PET-CT at the level
of the more distal of the two left tibial lesions confirms the location of the lesion inside the medullary cavity of the
proximal left tibia (arrow).
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determine if the lesions are old and quiescent or if they are
actively growing.

What is needed is a test that will assess the metabolic ac-
tivity of this patient’s multiple myeloma, preferably with
some associated anatomic information. MRI may be helpful
in such situations. It is a good anatomic test, and if contrast is
given, it also demonstrates areas of hyperemia. MRI, how-
ever, was not one of the answer choices. Bone scans are meta-
bolic tests, but myeloma is a notorious source of false
negative bone scans.

PET-CT may be quite useful for differentiating quies-
cent from metabolically active, growing lesions of myeloma
(Figure 6-36).

Acknowledgment Special thanks to Murray K. Dalinka,
MD, for providing Figure 6-20 for use in this chapter.
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7
Imaging of Joints

Paul L. Wasserman, DO
Thomas L. Pope, MD

TECHNIQUES AND NORMAL ANATOMY

� Radiography
Conventional radiography is the most commonly used im-
aging technique to evaluate the joints of the musculoskeletal
system. This technique should always be the first imaging
study performed in a patient suspected of having joint prob-
lems. Radiography has the following important advantages:
It is almost universally available, is relatively inexpensive
compared to other imaging studies and delivers only a small
radiation dose to the patient. When possible, orthogonal
projections should be obtained, meaning two images of the
joint that are perpendicular to each other (usually a frontal
projection in either in the anteroposterior [AP] or pos-
teroanterior [PA] directions and a lateral). In some instances
oblique images may also be obtained, depending on the
preferences of the referring physician or radiologist or the

clinical situation. In certain instances it may also be impor-
tant to obtain images of the joint proximal and distal to the
injury. Examples of this include the forearm and lower leg
(paired bones), as the joints proximal and distal are often in-
jured. Because conventional radiography uses ionizing radi-
ation, it should be used judiciously, especially in pediatric
patients and pregnant women.

Historically, radiographic images were printed on film.
However, with widespread adoption of PACS (picture archiv-
ing and communications system), images can be electroni-
cally processed and viewed on computer work screens. These
images then can be transmitted anywhere electronically via
the Internet.

� Conventional Tomography
Conventional tomography is mentioned mainly for historical
interest. High radiation dose, relatively poor image resolution,
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and imaging that is only possible in one plane were its major
disadvantages. The technique has been almost totally re-
placed by other imaging tests, especially computed tomo-
graphic (CT) and magnetic resonance (MR) imaging.
Orthopantograms are one of the few remaining vestiges of
this imaging technique.

� Arthrography
Arthrography is a technique in which contrast is injected into
the joint using fluoroscopic guidance. The joint is then im-
aged using radiography, CT, or MR imaging or a combina-
tion of these techniques. The injected contrast may be an
iodine-containing water-soluble compound (eg, Conray),
subsequently imaged with radiography or CT (Figure 7-1).
Alternatively, a paramagnetic compound (eg, gadolinium
pentazocine) may be injected and imaged with MRI. MR
arthrographic images of the joint may also be performed
after intravenous injection of the paramagnetic contrast
agent, although this technique does not distend the joint, and
thereby is not used commonly today. MR arthrography is
mainly used to evaluate the labrum of the hip or glenohumeral
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� Figure 7-1. Contrast arthrogram with plain radiograph:
AP wrist arthrogram view obtained after injection of con-
trast material into the radiocarpal joint shows contrast
material passing through the scaphoid (S) and lunate (L)
space from the radiocarpal joint into the mid-carpal joint
(arrowheads). This indicates a tear in the scapholunate
ligament (C, capitate bone).

� Figure 7-2. Axial T1 weighted, fat-saturated MR
arthrogram of the shoulder shows marked joint 
distention with contrast (F) and the normal glenoid
labrum anteriorly (arrowhead) and posteriorly (arrow).
MR arthrography is used mainly to evaluate the 
shoulder for tears of the labrum and symptoms of 
instability.

joint (Figure 7-2) but is also useful in the evaluation of the
structures of the wrist and elbow joints. CT arthrography,
and less commonly conventional arthrography can be useful
in patients who cannot undergo, or have contraindications
to, MR imaging (Figure 7-3).

� Computed Tomography
Computed tomography (CT), a technique that makes indi-
vidual axial (transverse) slices of the patient, uses the same
ionizing radiation as in conventional radiography. CT
technique has been vastly improved in the past decade. The
development of spiral or helical CT has major advantages
over earlier CT technology. With the spiral CT technique,
axial (transverse) images are acquired much more rapidly
with dramatic decreases in radiation dose. For instance, a
CT of the chest, abdomen, and pelvis can be performed in
about 16 seconds. CT data is stored in three-dimensional
packets that can then be reconstructed and displayed in al-
most any other plane. The most common images recon-
structed from the axial plane are the sagittal and coronal
planes (Figure 7-4).
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� Magnetic Resonance Imaging
MR imaging has revolutionized the imaging evaluation of
almost all body areas, but particularly those of the central
nervous system and musculoskeletal system. It has tremen-
dous advantages over other imaging modalities in the eval-
uation of joints because of its excellent soft-tissue contrast,
high resolution, and ability to image in every plane. This
technique may show pathophysiologic events even before
they are seen on conventional radiographs or CT, for exam-
ple, revealing the early changes of avascular necrosis (Figure
7-5). Because of its exquisite soft-tissue contrast, MR imag-
ing allows radiologists to visualize subtle differences in soft
tissues that had never before been seen with other imaging
modalities. For example, the subtle contrast between fat and
muscle seen on a conventional radiographs or CT is dra-
matically highlighted with the use of MR imaging because
of their very different chemical compositions (Figure 7-6).
MR imaging can also depict subtle changes within the bone
marrow cavity, an area difficult to evaluate with conven-
tional radiography or CT. Therefore, MR imaging is a
tremendous aid to preoperative evaluation of any patient
who has unexplained joint pain or who has had joint
trauma. One of the major disadvantages of MR imaging is
that some patients with claustrophobia cannot tolerate the
prolonged imaging time in the small bore of the magnet. In
addition, patients with metallic foreign bodies or non-MR-
compatible medical devices or hardware have contraindi-
cations to MR imaging. Concerns include motion of the
objects, abnormal electrical arcs resulting in burns, and de-
vice malfunction.
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� Figure 7-3. CT arthrography. Coronal reformatted CT
image of the shoulder after fluoroscopically guided, in-
traarticular contrast administration. CT arthrography is often
used when the patient has contraindications to MR imag-
ing. The image reveals a full-thickness rotator cuff tear
with contrast in the subacromial-subdeltoid bursa (arrow)
and contrast interposed between the acromioclavicular
joint, the CT “geyser sign” (arrowhead). H, humeral head;
G, glenoid; C, distal clavicle; F, contrast.

A B C
� Figure 7-4. (A) Axial CT scan showing a comminuted fracture of the proximal tibia. (B) Sagittal reconstruction of the
axial data, again showing the comminuted tibial fracture. (C) Coronal reconstructed CT image showing the markedly
comminuted fracture of the proximal tibia with extension into the joint. Current CT applications can be used to recon-
struct data in multiple planes.
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� Ultrasonography
Ultrasonography, first developed for use in World War II for
detection of submarines, was adopted after the war for use in
medical imaging. High-frequency transmission of sound can
be used to evaluate the soft tissues, tendons, ligaments, and
even the cartilage of the joint. The ultrasound waves cannot
be transmitted through cortical bone, so the intramedullary
cavity cannot be imaged with this technique. Ultrasound is
used more extensively in Europe than in the United States;
however, there is increasing interest in this modality within
the United States. The main drawback of this modality is that
it is highly user-dependent, relying heavily on the skill of the
operator (Figure 7-7).

� Radionuclide Imaging 
(Nuclear Medicine Bone Scans)

Radionuclide imaging uses radioactive materials that are
injected intravenously and then localize in regions of ab-
normally increased blood flow (hyperemia), increased os-
teoblastic activity, or heightened metabolic activity. The
major uses of bone scanning are in patients suspected of
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� Figure 7-5. Coronal, T2 weighted fat-saturated MR
image of avascular necrosis of the humeral head. MR
image of the shoulder reveals an area of bone infarct 
adjacent to the articular surface of the humeral head 
(arrowheads). MR imaging can show this abnormality
much earlier than conventional radiography.

� Figure 7-6. Coronal T1 image of the knee reveals the
significant difference of signal between the subcuta-
neous fat (F) and the iliotibial band (arrow). MR can 
accentuate the small differences in soft-tissue water
content to produce remarkable images.

� Figure 7-7. Ultrasonography of the shoulder. An axial
(transverse) ultrasonographic image of the shoulder
shows an intact supraspinatus tendon (*), seen as a zone
of hypoechogenicity (low-signal echoes) on the scan.
This technique is very operator-dependent.
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having metastatic disease or infection. This modality is
very sensitive, but it has limited specificity, and often the
findings must be correlated with other imaging modalities,
especially radiography. Therefore, this technique is not
usually used as a primary modality for the evaluation of
joint disease.

� Anatomy of the Normal Joint
The typical normal synovial joint consists of at least two ar-
ticulating bones enclosed in a synovium-lined joint capsule.
The apposing bony surfaces are covered by smooth articular
cartilage (hyaline cartilage). On radiographs, the normal
joint has a separation between the adjacent bones represent-
ing the region occupied by the hyaline or articular cartilage,
menisci, and joint fluid (the so-called articular space) de-
pending on which joint is imaged. Because of the limited
soft-tissue contrast of the technique, these structures are not
normally depicted on radiographs unless they are calcified
(Figure 7-8). However, MR imaging exquisitely shows the
components of the normal joint (Figure 7-9).

� Joint Disease
The clinical signs and symptoms of joint disease are mani-
festations of abnormal function such as reduced mobility,
hypermobility, and pain. Altered function may be due to
pain, discomfort, apprehension, or instability. The wide
range of joint abnormalities is summarized below, and
many of these processes are discussed in the exercises. Any
of these signs may occur in isolation or in combination with
any others.

Radiographically, joint disease may be diagnosed by any
of the following:

1. Incongruity of the articulating bone as is seen with dislo-
cations, for example, traumatic dislocation or disloca-
tions caused by arthropathies such as lupus arthritis or
rheumatoid arthritis.

2. Irregularity of articulating bone surfaces and margins, as
in erosions (eg, in psoriasis or gout).

3. Increased density or sclerosis of articulating bone surface
(also called “eburnation”), as in osteoarthritis.

4. Bony outgrowths (proliferation) at bone ends, known as
osteophytes.
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� Figure 7-8. Frontal views of an 82-year-old woman
showing chondrocalcinosis represented by calcification
within the menisci (chondrocalcinosis) (arrow). The
menisci are not normally demonstrated on radiography
unless they are calcified.

� Figure 7-9. Coronal T1 weighted MR image showing
the normal components of the knee joint. Note the
menisci (white arrows), the posterior cruciate ligament
(black arrow), and the medial (tibial) collateral ligament
(arrowhead).
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5. Diffuse decrease of bone density adjacent to articular
surfaces, described as juxtaarticular or periarticular os-
teopenia (eg, rheumatoid arthritis, tuberculous arthritis).

6. Focal, well-defined, spherical lucencies within subchon-
dral bone, known as subchondral cysts or geodes (eg, os-
teoarthritis, rheumatoid arthritis).

7. Loss of articular joint space from articular cartilage de-
struction (eg, septic arthritis, osteoarthritis).

8. Accumulation of excess joint fluid within the joint (joint
effusion). Excess joint fluid is a common manifestation of
joint disorders. The fluid may be synovial fluid, blood, or
even pus, depending on the etiology of the joint disease.

9. Calcification of articular (hyaline) cartilage or fibrocarti-
lage (chondrocalcinosis), or intraarticular soft-tissue cal-
cification such as that seen in scleroderma or polymyositis
or dermatomyositis.

10. Synovial proliferation or abnormal increase in the syn-
ovial lining, such as that seen with pigmented villonodu-
lar synovitis (PVNS).

TECHNIQUE SELECTION
Radiography should always be the initial imaging test to eval-
uate the joints and should be obtained after the patient has
had a thorough history and physical examination and there is
a clear indication to obtain the study. Various projections
may be used depending on the clinical indication or the sit-
uation, but at least two orthogonal projections should be
obtained. Often radiographs alone will confirm or refute
the clinical diagnosis. In many instances, however, it may be
necessary to use more sophisticated imaging techniques to
clarify the radiographic findings or to further evaluate de-
pending on the clinical scenario. The following paragraphs
discuss the selection of the imaging techniques in a few com-
mon clinical scenarios.

� Congenital Diseases
Conventional radiographs should be the initial modality of
choice when confronted with a possible congenital anomaly or
pediatric joint abnormality, or in a child presenting with a limp.

Given that the joint structures are not well mineralized in
children, further evaluation of the joint with ultrasonography
or MR imaging is often required to make a definitive diagno-
sis, as these modalities have superior soft-tissue resolution. If
MR imaging facilities are not available, congenital abnormali-
ties can be investigated with a combination of conventional
radiography, ultrasonography, and CT.

� Acute Trauma
In acute trauma, the conventional radiograph remains the
mainstay of the initial imaging assessment. If fractures are

identified, additional imaging will depend on the needs of
the clinician or sub-specialist physician as dictated by the
clinical situation. Generally, fractures that extend into the
joint surface (intraarticular fractures) are treated with greater
concern because of the importance of reestablishing the in-
tegrity of the joint. Intraarticular fractures are frequently
treated by operative reduction and internal fixation, espe-
cially if the fracture fragments are severely displaced. CT
examination of the injured limb and joints is used preoper-
atively for surgical planning and postoperatively to assess the
results of surgical intervention. The advantages of CT are
that it enables precise assessment of joint reconstitution and
also identifies any intraarticular bone fragments or en-
trapped tendons that could interfere with proper reduction
and healing (see Figure 7-4).

� Subacute and Remote Trauma
Conventional radiographs are used initially to determine the
integrity of the joint. If the joint is normal and there is a per-
sistent clinical suspicion of injury, MR imaging should be
employed because of its superior soft-tissue contrast and res-
olution. It is, therefore, particularly suited for investigation of
the intraarticular and periarticular soft-tissue structures and
cartilage (see Figures 7-5, 7-6).

� Nontraumatic Cases
Likewise, if the initial conventional radiographs are normal,
MR imaging is the next modality of choice in the patient with
a painful joint. MR imaging may detect evidence of a small
joint effusion, inflamed synovium, and subtle erosions that
could suggest the diagnosis of an inflammatory arthropathy
or a septic joint. Percutaneous joint aspiration of synovial
fluid, often fluoroscopically guided, may result in confirma-
tion of infection or yield abnormal crystal deposits within
the joint, such as with gout.

EXERCISE 7-1. CONGENITAL JOINT DISORDERS

7-1. The most likely diagnosis in Case 7-1 (Figure 7-10) is
A. bilateral developmental dysplasia of the hips

(DDH).
B. Legg-Calvé-Perthes disease.
C. proximal focal femoral deficiency syndrome

(PFFDS).
D. neuropathic joint disease.

7-2. In Case 7-2 (Figure 7-11), the next best imaging test
would be
A. tomography of both hips.
B. MR imaging of the hips.
C. radionuclide bone scan of the pelvis.
D. CT of the hips.

PART 3



�IMAGING OF JOINTS 187

7-3. The patient in Case 7-3, whose film is shown in 
Figure 7-12, most likely suffers from what condition?
A. Acute trauma
B. An inflammatory disorder
C. Acute infection
D. Neuropathic joints

Radiologic Findings

7-1. Both hips in the patient in this case (Figure 7-10) are
abnormal. The femoral heads and necks are mal-
formed and dislocated from the acetabula fossae su-
periorly. The acetabulae are also malformed and

CHAPTER 7

� Figure 7-10. Case 7-1. A pelvis radi-
ograph in a 25-year-old woman with
progressively unbearable hip pain. She
always walked abnormally and had
some discomfort for as long as she
could remember.

� Figure 7-11. Case 7-2. A radiograph
of the pelvis in a child who was exam-
ined by a pediatrician because of devel-
opmental delay. He is still crawling at
the age of 2 years and has not at-
tempted to walk.
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oriented more vertically than normal. The patient
had bilateral congenital dislocation of the hips that
had been ignored by her parents (A is the correct an-
swer to Question 7-1). This diagnosis should have
been made at birth or shortly thereafter so that cor-
rective therapy could have been instituted.

7-2. In this case (Figure 7-11), the capital femoral epi-
physis on the right (arrow) is laterally displaced
and smaller than the left epiphysis (arrowhead).
The acetabular fossa on the right side is also mal-
formed and more vertical than the one on the left.
The normal development of the acetabulum is de-
pendent on a normally located femoral head, and
this is the explanation for this abnormality. These
findings are the classical radiographic features of
developmental dysplasia of the hip (DDH). When
this finding is encountered, MR imaging is the next
most appropriate imaging test (B is the correct an-
swer to Question 7-2).

7-3. In this case (Figure 7-12), the calcaneus is de-
formed (white arrow). The talus is poorly visual-
ized because of its complete dislocation from its
normal position below the tibia, and there are sub-
luxations at the tibiotalar, talocalcaneal, and talonav-
icular joints. There is overall frank disorganization
of this ankle joint, and clinically there was diffuse
soft-tissue swelling around the ankle (not appreci-
ated on this lateral film). There is also a metaphy-
seal fracture of the proximal tibia with exuberant
periosteal/callus formation (black arrow). All of
these findings in this patient are caused by chronic
repetitive trauma in a patient with congenital 
insensitivity to pain (D is the correct answer to
Question 7-3).

Discussion

Congenital joint disorders are uncommonly encountered,
but they should be diagnosed as early as possible after birth
because delayed diagnosis complicates management. Some of
the more common congenital joint disorders include:

1. Congenital dislocation of the hips

2. Arthrogryposis multiplex congenita

3. Congenital insensitivity to pain (asymbolia)

Congenital hip dislocation is actually a bone dysplasia
manifesting as a joint disorder. The femoral head is
dysplastic and does not provide adequate stimulation 
for proper development of the acetabulum. Usually, the
femoral head is displaced laterally out of an unusually shal-
low (ie, more vertically oriented) acetabulum (Figure 
7-11). Once the diagnosis of DDH is confirmed, treatment
should begin at birth or in the perinatal period to minimize
complications.

Historically, hip arthrograms were used to define the lo-
cation of the femoral head in the neonate because the struc-
ture is cartilaginous at birth and therefore radiolucent.
Ultrasonography is an excellent test to assist in the diagno-
sis of DDH in utero and in the neonatal period because it re-
quires no ionizing radiation. However, the interpretation of

PART 3

� Figure 7-12. Case 7-3. A film of the tibia and fibula in
this young boy who was examined by a pediatrician
because “he walks funny,” according to his mother. He
denies any pain.
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ultrasound is observer dependent, and the diagnosis and char-
acterization of DDH can be difficult at times. MR imaging
can show the soft-tissue and osseous structures, as well as
the articular cartilage, and is currently the modality of
choice in the evaluation of DDH. If patients are not treated
or are incompletely treated, they will eventually develop
secondary, premature osteoarthritis. MR imaging offers
limited diagnostic value over conventional radiographs in
late-stage disease.

Proximal focal femoral deficiency (PFFD) is a disease of
uncertain etiology that is characterized by congenital absence
of a segment or all of the proximal third of the femur. The in-
cidence is higher in children of diabetic mothers, and there is
also an association with congenital hip dysplasia. MR imag-
ing is also the imaging modality of choice in evaluating chil-
dren with these disorders.

Arthrogryposis multiplex congenita is a noninheritable
congenital disease of uncertain etiology characterized by
multiple joint contractures. It is believed to be due to neuro-
muscular events occurring in utero. The joints of the lower
limb are almost invariably affected. There may be other asso-
ciated extraskeletal congenital anomalies.

A neuropathic joint is caused by chronic repetitive
trauma in the setting of impaired or absent sensation. The
characteristic features of neuropathic joint include soft-
tissue swelling, fragmentation of the bony structures, and
general disorganization of the joint. Joint effusion is often
present. The more common causes of neuropathic joints in
the lower extremities include diabetes mellitus and tabes
dorsalis (neurosyphilis). Asymbolia or congenital insensitiv-
ity to pain, as exhibited in Case 7-3 (Figure 7-12), is a group
of uncommon congenital disorders in which there is a vari-
able degree of loss of pain sensation and is an unusual cause
of neuropathic joints. Patients with asymbolia almost always
acquire deformities of the extremities after repeated trauma.
This diagnosis should be considered in the young patient
with multiple healing fractures with soft-tissue swelling and
joint disorganization in whom nonaccidental trauma has
been excluded.

EXERCISE 7-2. JOINT TRAUMA

7-4. In Case 7-4 (Figure 7-13), the most likely diagnosis
is
A. lunate dislocation.
B. perilunate dislocation.
C. transcaphoid fracture-dislocation.
D. distal radius fracture.

7-5. The basketball player in Case 7-5 (Figure 7-14) shows
which of the following injuries?
A. Fracture
B. Dislocation
C. Osteoarthritis
D. None of the above

7-6. The basketball player in Case 7-6 (Figure 7-15) has
which type of abnormality on the MR image?
A. Tendon injury
B. Muscle injury
C. Ligament injury
D. Cartilage injury

CHAPTER 7
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� Figure 7-13. Case 7-4. AP (A) and lateral (B) radi-
ographs of the wrist in a 25-year-old man who fell on
his outstretched hand.
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7-7. The MR image in Case 7-7 (Figure 7-16) shows which
abnormality?
A. Muscle injury
B. Ligament injury
C. Tendon injury
D. Cartilage injury

Radiologic Findings

7-4. In the frontal projection (Figure 7-13 A), there is dis-
organization of the carpal arcs. The capitate is no
longer articulating with the lunate and partly over-
laps the scaphoid (arrow). The scaphoid is elongated
on this view but not fractured. On the lateral projec-
tion (Figure 7-13 B) the lunate is still in line with the
distal radius, but the capitate has been dislocated
dorsally (open arrows). Therefore, the patient has a
dorsal perilunate dislocation (B is the correct answer
to Question 7-4).

7-5. The AP radiograph of the shoulder of a basketball
player (Figure 7-14 A) shows inferior displacement of
the humeral head out of its normal position within

the glenoid. The scapular-Y view of the shoulder
(Figure 7-14 B) shows that the humeral head (H) is
dislocated anteriorly in relation to the glenoid (G),
thus representing an anterior shoulder dislocation. S,
scapula; C, coracoid. This is the classic appearance of
an anterior dislocation of the shoulder. (B is the cor-
rect answer to Question 7-5.)

7-6. The sagittal MR image shows the advantage of MR
imaging in this clinical setting. Figure 7-15 shows a
tear of the anterior cruciate ligament (ACL) (arrow)
(C is the correct answer to Question 7-6).

7-7. Figure 7-16 shows the ends of a torn supraspinatus
tendon (arrows) in the squash player (C is the correct
answer to Question 7-7).

Discussion

Dislocation or subluxation: The terms subluxation and dis-
location are often used interchangeably. However, subluxa-
tion refers to partial loss of congruity between the
articulating ends of bones, whereas dislocation denotes com-
plete loss of congruity. Disruption or loss of the integrity of

PART 3

� Figure 7-14. Case 7-5. AP (A) and scapular-Y views of radiograph (B) of the shoulder in a 30-year-old basketball
player who fell in practice. H, humeral head; G, glenoid; C, coracoid; S, scapula.

A B
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the restraining ligaments around the joint leads to insta-
bility and thus permits dislocation to occur. Severe hyper-
flexion or hyperextension forces often cause traumatic
dislocations. Fractures are frequently associated with
traumatic dislocations.

Carpal Dislocation
The normal arrangement of the carpal bones of the wrist is
seen on the AP view of the wrist (Figure 7-17 A). Note the
three smooth, parallel arcs in the proximal and mid-carpal
rows (arcs of Gilula). The lateral view of the wrist (Figure
7-17 B) shows that the radius, lunate, and capitate are in an
almost straight line. There are two major types of wrist
carpal dislocation: perilunate and lunate dislocations. In a
perilunate dislocation, the lateral film shows that the lu-
nate maintains its normal articulation with the radius and
the capitate is displaced dorsally. In a lunate dislocation,
the lunate has a triangular shape on the frontal projection
(Figure 7-18 A) and is displaced from its normal articula-
tion and the radius and capitate maintain a linear relation-
ship (Figure 7-18 B). Carpal dislocations are usually
produced by a fall on the outstretched hand (foot) and are
more common in young adults. The diagnosis is usually

made by radiographic examination, although CT may be
used after reduction to evaluate the wrist for joint con-
gruity and for the presence of intraarticular fracture frag-
ments (“loose bodies”).

Shoulder Dislocation
The two main directions in which the proximal and humerus
dislocates are anterior and posterior. Anterior dislocation,
usually caused by falls, is most common and is seen in about
95% of cases. In an anterior dislocation, the humeral head is
displaced anteriorly and inferiorly to the scapular glenoid
fossa. There are various subtypes of anterior dislocation: sub-
glenoid, subcoracoid, and medial. These subtypes are based
on the location of the humeral head relative to the glenoid
fossa and coracoid process.

Posterior dislocation is relatively uncommon. It is most
commonly associated with severe contraction of the muscles
of the shoulder girdle, which may occur in electric shock or
convulsions. A diagnosis of posterior dislocation in one
shoulder should prompt investigation of the other shoulder,
because this injury is often bilateral.

If the postreduction radiographs are normal after a single
instance of dislocation, there is usually no need for another

CHAPTER 7

� Figure 7-15. Case 7-6. A sagittal T2-weighted, fat-
saturated MR image of the knee in a 34-year-old athlete
who was injured in a basketball game.

� Figure 7-16. Case 7-7. A T2-weighted, fat-saturated
MR image of the shoulder in a 40-year-old squash player
who was having shoulder pain and was referred for an
MR scan.
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� Figure 7-17. (A) AP view of the normal wrist showing
the three parallel arcs of the radiocarpal joint (I) and 
the midcarpal joint (II and III) (From Poeling G et al:
Arthroscopy of the wrist and elbow. New York, Raven
Press, 1994; used with permission.) (B) Lateral view of
the normal wrist showing the almost linear arrangement
(straight lines) of the distal radius (R), lunate (L), and
capitate (C).

B

A

� Figure 7-18. (A) Frontal radiograph of a person 
who fell on an outstretched hand shows the triangular
shape of the lunate (arrow) seen with lunate disloca-
tion. (B) Lateral radiograph shows the displacement of
the lunate volarly (arrow) with maintenance of the
normal linear relationship between the distal radius
and capitate.
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imaging study in the acute setting. However, if there is a re-
currence of dislocation or if the patient remains chronically
symptomatic, MR imaging or CT arthrography of the shoul-
der should be obtained to search for the cause of the disloca-
tions and any associated shoulder abnormalities resulting
from the dislocation.

CT arthrography and MR imaging are used to investigate
the shoulder for cartilage and soft-tissue injuries resulting
from shoulder dislocation. After an anterior dislocation,
there is frequently associated injury of the anterior glenoid
labrum. This is produced by impaction of the posterior and
lateral aspect of the humeral head against the anterior and in-
ferior portion of the glenoid. There may also be an accompa-
nying compression fracture of the humeral head, referred to
as a Hill-Sachs deformity.

Hip Dislocation
The hip is a relatively stable joint because of the surrounding
strong muscles and joint capsule, and significant trauma is
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� Figure 7-19. Radiograph of the right hip in a person
who had been involved in an automobile accident. The
femoral head displaced superiorly and posterior relative
to the acetabulum, representing a posterior hip disloca-
tion. The arrowheads show a fragment of bone (poste-
rior acetabulum wall) that was fractured during the
posterior dislocation.

� Figure 7-20. Sagittal T2-weighted fat-saturated MR
image of the knee showing a normal ACL (arrow). Notice
the fascicular arrangement.

required for dislocations to occur. One of the most common
mechanisms of injury causing hip dislocation is the “dash-
board injury.” This is caused by deceleration when the knee is
impacted on the dashboard, driving the femoral head poste-
riorly in relation to the acetabulum. As the femoral head is
driven posteriorly, it comes to be superior and lateral to the
acetabulum. There is almost always an associated fracture of
the posterior aspect of the acetabular rim or the femoral head
with posterior dislocation (Figure 7-19). Anterior hip dislo-
cation is uncommon and is produced by a blow to the hip
when the femur is internally rotated and abducted. Central
dislocation of the hip usually occurs with direct lateral forces,
and there is an associated fracture of the quadrilateral plate
(medial aspect) of the acetabulum.

Knee Ligament Tears
Tears of the ligaments of the knee are commonly seen in ath-
letic individuals. The function of the anterior cruciate liga-
ment (ACL) is to limit the anterior translation of the tibia in
relation to the femur. Any sport that requires pivoting and
planting of the feet places an enormous stress on the ACL and
may cause injury to it. The normal ACL originates on the
inner aspect of the lateral femoral condyle and extends ante-
riorly and slightly obliquely to insert adjacent to the anterior
tibial spine. It has a fascicular arrangement with individual
bands that can easily be seen by MR (Figure 7-20). The most
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common mechanism of injury to the ACL is the “clipping”
injury with valgus stress and internal rotation of the knee. On
MR, the injured ACL is diagnosed by high signal intensity
within the substance of the ligament (the so-called pseudo-
mass). There may also be other associated abnormalities such
as bone contusions (usually on the posterolateral aspect of
the tibia and the anterolateral aspect of the femur that result
from the transient dislocation that occurs at the time of in-
jury, the so-called kissing contusions) and medial collateral
ligament injury from the valgus stress (Figure 7-21). There
may also be associated meniscal tears, usually vertical tears in
the acute setting (Figure 7-22).

The posterior cruciate ligament (PCL) serves to limit the
posterior translation of the tibia in relation to the femur. The
PCL is commonly injured in kicking sports such as soccer
and is also injured in automobile accidents if the tibia im-
pacts on the dashboard and is translated posteriorly in rela-
tion to the femur in a flexed knee.

The normal PCL on MR is a homogeneous structure that
originates from the inner aspect of the medial femoral
condyle and extends far posteriorly to insert onto the poste-
rior aspect of the tibia (Figure 7-23). The PCL should easily be
seen on all knee MR studies. Tears of the PCL are diagnosed
using MR imaging. Partial tears are identified by increased T2

signal and swelling within the ligament. Complete tears of
the ligament are diagnosed by discontinuity of the ligament
fibers at some point along its course (Figure 7-24). MR imag-
ing is extremely important in the evaluation of the knee of
the injured athlete and is used frequently in this setting.
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� Figure 7-21. Sagittal T2-weighted fat-saturated MR
image of the knee in a patient with an ACL tear shows
the classic contusion pattern of the lateral femoral
condyle and the lateral tibial plateau (arrows). These
contusions are caused by the transient dislocation of the
knee that occurs during this injury. Typically, this pattern
is associated with an ACL tear.

� Figure 7-22. Sagittal MR image in a patient with an
ACL tear showing a vertical tear of the posterior horn of
the medial meniscus (arrow). These vertical tears are
often seen in the acute setting.

� Figure 7-23. Sagittal T2-weighted fat-saturated MR
image of the knee showing the normal homogeneously
low-signal-intensity PCL (arrow).
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Supraspinatus Tendon Tears
The supraspinatus, infraspinatus, teres minor, and subscapu-
laris muscles (SITS muscles) comprise the rotator cuff. De-
spite being the most unstable joint in the body, the rotator
cuff muscles help to stabilize the joint. The most commonly
torn tendon in the shoulder is the supraspinatus, and it usu-
ally tears approximately 1 centimeter proximal to its inser-
tion onto the anterior aspect of the greater tuberosity of the
humeral head. The supraspinatus tendon is easily seen on
MR imaging as a low-signal-intensity structure, and tears of
the supraspinatus tendon are well demonstrated on MR. The
most common causes of supraspinatus tendon tears are aging
and impingement. Acute rotator cuff tears are unusual. MR
imaging is vital in the preoperative evaluation of the patient
suspected of having a rotator cuff tear. The morphology of
the tendons, the size of the tear, and other associated abnor-
malities of the joint, including pathology of the glenoid
labrum, can be diagnosed with this technique. Importantly,
the degree of muscle atrophy associated with chronic tears
can be assessed, thereby suggesting the probability of a suc-
cessful postoperative recovery and rehabilitation.

Achilles Tendon Rupture
The injury of Achilles tendon rupture occurs most frequently
in patients in the fourth and fifth decades of life. Although

the injury may occur in any person, individuals who do not
exercise regularly (“weekend warriors”) are more susceptible
to this tear.

The clinical history and physical findings are often
enough to make a diagnosis of Achilles tendon rupture. Ra-
diographic stress views should not be performed in the set-
ting of a suspected Achilles tendon rupture because the
stress may actually make the tear worse. Any question of
whether the tear is partial or complete should be resolved,
as the treatment for each of these is different. Moreover, the
clinician needs to know the level of injury and how far the
tendon fragments are separated. MR imaging is currently
the imaging technique of choice to evaluate the Achilles
tendon, although ultrasound is an excellent alternative and
is used more commonly in Europe for this injury. The
whole length of the tendon, including its insertion on the
calcaneus, and any associated injuries can be shown in de-
tail. In cases of acute complete rupture of the tendon, the
MR images show discontinuity of the normally low-signal-
intensity fibers of the Achilles tendon, which are replaced 
by edema and hemorrhage. MRI helps to quantitate the
amount of distraction between the ends of the torn tendon.
The Achilles tendon may also avulse a small portion of bone
from its calcaneous attachment (Figure 7-25). In partial
tears, areas of intermediate to high signal, representing re-
gions of partial disruption, are seen within the normally
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� Figure 7-24. Tear of posterior cruciate ligament (PCL).
Sagittal T2-weighted fat-saturated MR imaging of the
knee shows a typical example of a tear of the posterior
cruciate ligament (arrow).

� Figure 7-25. Sagittal T1-weighted MR image of the
hindfoot reveals an avulsion of the Achilles tendon with
retraction (arrow points to retracted bony fragment from
the calcaneous attachment of the Achilles tendon).
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low-signal-intensity tendon, and some of the fibers of the
tendon remain intact. Ultrasound may also be used to eval-
uate the Achilles tendon, and color Doppler examination
may be used to follow the process of revascularization and
healing of a partially torn tendon.

EXERCISE 7-3. JOINT INSTABILITY

7-8. The most likely diagnosis for Case 7-8 (Figure 7-26) is
A. dislocation of the shoulder.
B. myositis ossificans.
C. tear of the anterior glenoid labrum.
D. rotator cuff tear.

7-9. Regarding Case 7-9 (Figure 7-27), the arrowheads in-
dicate a
A. fracture of the patella.
B. lipohemarthrosis.
C. tear of the anterior cruciate ligament.
D. foreign body.
E. ligament injury.

7-10. The axial MR image for Case 7-10 (Figure 7-28), of a
little girl who was injured by tripping on an electrical
cord, shows a
A. meniscal tear.
B. tendon injury.
C. medial retinacular injury.
D. ligament strain.

7-11. The medial pain in the football player in Case 7-11
was most likely caused by (arrow in Figure 7-29)
A. a medial collateral ligament tear.
B. a lateral collateral ligament tear.

C. an anterior cruciate ligament tear.
D. a meniscal tear.

Radiologic Findings

7-8. Figure 7-26 is an axial image. There is a high-signal-
intensity line through the triangular anterior glenoid
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� Figure 7-26. Case 7-8. A selected axial MR image
from his study in a 45-year-old former baseball pitcher
who had recurrent dislocations of the shoulder, pain,
and inability to reach around to his back pocket. He also
feels a click and catching sensation when he moves his
arm. Radiographs of his shoulder are normal.

� Figure 7-27. Case 7-9. A radiograph
of the knee in a 20-year-old football
player who was examined in the emer-
gency department after being tackled
particularly hard.
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7-11. Figure 7-29, a coronal image of the football player in-
jured during a game, shows a complete tear of the
medial collateral ligament (arrow) (A is the correct
answer to Question 7-11). Injuries to the medial side
of the knee occur from lateral trauma (valgus stress).
The clinician in this instance noticed the medial joint
laxity and suspected an MCL tear.

Discussion

Instability Disorders
These are functional joint disorders generally manifested by
pain or a sensation of the joint giving way and abnormal mo-
tion around the joint. There may be no radiographic evi-
dence of joint abnormality as often only soft-tissue injuries,
such as ligamentous or fibrocartilaginous tears, are present.
These abnormalities can often only be demonstrated by con-
ventional stress views or MR examinations of the joint 
in question.

Shoulder Instability
The glenohumeral joint is the most inherently unstable ball-
in-socket joint in the body. The major stability of the shoulder
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� Figure 7-28. Case 7-10. A selected axial image from a
T2-weighted fat-saturated MR study in a little girl who
was running through her house and tripped on an elec-
trical cord. Intense knee pain ensued, and she was re-
ferred for an MR examination.

� Figure 7-29. Case 7-11. A coronal, T2-weighted fat-
saturated MR image in a college football player who was
injured and was thought to have transiently subluxed his
knee when he was hit on the lateral side of the leg. His
orthopedic sports medicine physician noted medial laxity
and referred him for an MR scan.

labrum representing an anterior glenoid labral tear
(C). (C is the correct answer to Question 7-8.) In
Figure 7-26, A is the posterior labrum, B is the 
biceps tendon, and D is the belly of the subscapu-
laris muscle.

7-9. Figure 7-27 is a lateral radiograph of the knee ob-
tained with a horizontal x-ray beam. There is a
joint effusion with a fat-fluid level (arrowheads).
This fat-fluid level is called a lipohemarthrosis. It is
important to perform horizontal cross-table lateral
films in the acute trauma setting in order to
demonstrate this. Frequently, there is a fracture to
account for the presence of fat within the joint, as
the fat has entered the joint space from the 
bone marrow cavity (B is the correct answer to
Question 7-9).

7-10. Figure 7-28, the axial image on the little girl injured
by tripping over the electric cord, shows a large joint
effusion and high-signal-intensity areas on the me-
dial aspect of the patella and the lateral aspect of the
lateral femoral condyle (arrows). These are corre-
sponding contusions. In this instance, the contusions
result from impingement of the medial aspect of the
patella onto the lateral femoral condyle as the patella
dislocates laterally. For this to happen, there has to be
a stretch or tear of the medial retinaculum (arrow-
head) (B is the correct answer to Question 7-10).
This constellation of findings is diagnostic of patellar
dislocation-relocation.
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joint is provided by the joint capsule, the rotator cuff mus-
cles, and the ligaments and tendons that surround it. The gle-
noid labrum, a fibrocartilaginous structure, contributes to
shoulder joint stability by deepening the socket (glenoid
labral complex) for this ball (humeral head).

A variety of soft-tissue injuries are associated with 
anterior instability syndrome. The most common injuries 
resulting from anterior glenohumeral dislocation are an-
teroinferior glenoid labral tears (the Bankart lesion), capsu-
lar stripping, Hill-Sachs deformity (compression fracture of
the posterolateral aspect of the humeral head), and glenoid
labral tears associated with osseous fractures (Figures 7-30,
7-31). Tears of the posterior aspect of the glenoid labrum
are seen following posterior dislocation (Figure 7-32). As
we discussed in the last section, ruptures or tears of the ro-
tator cuff tendons (supraspinatus, subscapularis, infra-
spinatus, and teres minor [SITS] muscles) are common
causes of shoulder joint dysfunction and instability. The
supraspinatus is the most commonly torn tendon in the
shoulder. When the subscapularis tendon tears, there is
often an associated dislocation of the biceps tendon. This
results from a tear of the transverse ligament, a fascial ex-
tension across the intertubercular sulcus that holds the bi-
ceps in place (Figure 7-33).

The shoulder joint is best evaluated with MR imaging if
there is a suspicion of a tendon abnormality. Shoulder
arthrography and CT arthrography may also be requested by
the orthopedic surgeon as an alternative to MR in those pa-
tients who have undergone rotator cuff repairs or who have
had surgery to vital structures utilizing ferromagnetic metallic
clips, precluding MR imaging. Patients who have aneurysm
clips or who have embedded foreign metallic bodies are some
examples. This is particularly important for metallic foreign
bodies located within or in close proximity to the eyes.

Knee Joint Instability
Stability of the knee, which is a hinge joint, is provided by
the muscles and the ligamentous complexes. The most im-
portant of these are the anterior and posterior cruciate liga-
ments and the lateral and medial collateral ligament
complexes. The major knee structures that cross the joint
anteriorly are part of the extensor mechanism, made up of
the quadriceps insertion and the patella ligament. Laterally,
the biceps femoris tendon, tensor fascia lata, and popliteus
muscles cross the joint. Medially, the pes anserinus tendons,
which comprise the sartorius, gracilis, and semitendinosus
muscles-(the way to remember this is the phrase, “say grace
before tea”). The gastrocnemius and plantaris muscles are
posterior to the joint. Rupture of any of the tendons, liga-
ments, or muscles compromises stability of the knee joint.
All of these structures can be exquisitely demonstrated with
MR imaging, which is the best imaging test to evaluate insta-
bility in this joint.
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A

B
� Figure 7-30. (A) Frontal postreduction radiograph of a
patient who had an anterior dislocation shows the com-
pression fracture of the posterolateral aspect of the
humeral head (arrow). This abnormality is called the Hill-
Sachs lesion. (B) Axial T2-weighed fat-saturated MR
image of the same patient also shows the Hill-Sachs 
deformity within the posterior/superior humeral head
(arrow) and a tear of the anterior glenoid labrum 
(arrowhead).
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B

� Figure 7-31. (A) Axial, T1 fat-saturated MR image with intraar-
ticular contrast of a patient who had an anterior dislocation show-
ing a fracture of the anterior and inferior aspect of the glenoid
(arrow). This is also called the “bony” Bankart lesion. (B) Sagittal
oblique T1 fat-saturated MR image with intraarticular contrast re-
veals a large bony defect (arrowheads) within the anterior glenoid
representing a bony Bankart lesion secondary to a previous ante-
rior dislocation. (C) 3D reformatted CT of a similar case with an an-
terior bony Bankart lesion. Note the large bony fragment originating
from the anterior glenoid (arrow). A, acromion; C, coracoid; G, gle-
noid; S, scapula.
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EXERCISE 7-4. ARTHRITIDES

7-12. The frontal pelvis view for Case 7-12 (Figure 7-34)
shows all of the following features except
A. loss of articular space.
B. geode formation.
C. juxtaarticular osteopenia.
D. bony sclerosis.

7-13. The hands of the 45-year-old woman in Case 7-13
(Figure 7-35) show soft-tissue calcifications that are
most consistent with a diagnosis of
A. osteoarthritis.
B. scleroderma.
C. systemic lupus erythematosus (SLE).
D. psoriasis.

7-14. The radiograph of the right hip in Case 7-14 (Figure
7-36) is most compatible with
A. osteoarthritis.
B. gout.
C. septic arthritis.
D. scleroderma.

7-15. The imaging findings for Case 7-15, at the first
metatarsal phalangeal joint (Figure 7-37), are most
likely due to
A. scleroderma.
B. ankylosing spondylitis.
C. gout.
D. osteoarthritis.

7-16. The linear ossification connecting the cervical verte-
bral bodies in Case 7-16 (Figure 7-38) are called
A. osteophytes.
B. erosions.
C. soft-tissue swelling.
D. syndesmophytes.

7-17. The “pencil-in-cup” deformity of the interphalangeal
joint of the thumb in Case 7-17 (Figure 7-39) is most
compatible with a diagnosis of
A. psoriasis.
B. gout.
C. ankylosing spondylitis.
D. SLE.

Radiologic Findings

7-12. The frontal radiograph of both hips in this case (Fig-
ure 7-34) shows articular space narrowing, sclerosis,
and subchondral cyst formation (also called geodes)
bilaterally. There is no significant juxtaarticular os-
teopenia (C is the correct answer to Question 7-12).
The findings are most compatible with bilateral os-
teoarthritis (OA) of the hips.

7-13. In this case (Figure 7-35), the most prominent fea-
ture of this lady’s hand is soft-tissue calcification and

PART 3

� Figure 7-32. Axial T1-weighted fat-saturated MR
image of the shoulder in a patient with a previous pos-
terior dislocation revealing detachment of the posterior
labrum (arrow).

� Figure 7-33. Axial T2-weighted fat-saturated MR
image of a subscapularis tear (arrow) with dislocation of
the long head of the biceps tendon (arrowhead) from
the intertubercular groove (*).
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acroosteolysis of the distal tuft. The features are most
compatible with a diagnosis of scleroderma (B is the
correct answer to Question 7-13).

7-14. In this case (Figure 7-36), the radiograph of the right
hip shows articular space narrowing, bony erosion in
the acetabulum and femoral head (arrowheads), and
irregular bony sclerosis. The findings are most com-
patible with septic arthritis (C is the correct answer
for Question 7-14).

7-15. Figure 7-37 shows marked soft-tissue swelling and
erosion of the distal aspect of the first metatarsal as
well as erosions involving the proximal aspect of the
proximal phalanx. These erosions have “overhanging
margins.” This radiographic appearance and the loca-
tion of these changes at the first metatarsal phalangeal
joint are characteristic of “podagra” associated with
the initial attack of gout (C is the correct answer to
Question 7-15).

CHAPTER 7

� Figure 7-34. Case 7-12. A frontal
view of the pelvis in a 75-year-old man
who presented with bilateral hip pain
of several years’ duration.

� Figure 7-35. Case 7-13. A frontal
view of both hands in a 45-year-old
woman with generalized body “aches
and pains” presented to her rheumatol-
ogist. Her erythrocyte sedimentation
rate (ESR) was elevated at 70 mm.
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7-16. The lateral view of the cervical spine in Figure 7-38
shows prominent thin vertically oriented connec-
tions between the anterior aspects of the vertebral
bodies and fusion of the posterior elements of the
spine. The thin vertically oriented ossifications are lo-
cated anatomically in the outer layers of the annulus
fibrosis and represent syndesmophytes that are asso-
ciated with ankylosing spondylitis (D is the correct
answer to Question 7-16).

7-17. Figure 7-39 shows a distinct “pencil-in-cup” erosion
of the interphalangeal joint of the thumb and severe
joint space loss of the distal interphalangeal (DIP)
joints with bony ankylosis of the second, third, and
fifth DIP joints. Fine periostitis is evident around
some of the erosions. Theses findings are most com-
patible with a diagnosis of psoriasis (A is the correct
answer to Question 7-17).

Discussion

Osteoarthrosis (Osteoarthritis)
The frontal view of the pelvis of Case 7-12 (Figure 7-34) shows
the classic findings of osteoarthritis. These include joint space
narrowing resulting in cartilage loss, subchondral cysts, and os-
teophyte formation. The findings of osteoarthritis are similar in

PART 3

� Figure 7-36. Case 7-14. Frontal view of the right hip in a
59-year-old woman with renal failure and a long history of
hemodialysis who was seen in the emergency department
having experienced 2 days of intense right hip pain and
fever. She had a fall 8 days ago. She has substantial limita-
tion of motion in the right hip on physical examination.

� Figure 7-37. Case 7-15. An oblique view of right foot in
a 60-year-old man who presented to the emergency de-
partment with intense foot pain. He was a known alcoholic.

� Figure 7-38. Case 7-16. A lateral view of cervical spine
in a 39-year-old man with a long history of back pain
who presented with limitation of movement in his neck.
His HLA-B27 antigen was elevated.
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� Figure 7-39. Case 7-17. A frontal view (A) of his hand and a coned-down view of the distal phalanges (B) of a differ-
ent patient with the same diagnosis. A 58-year-old man with a “rash” on his elbows presented to his rheumatologist
with hand pain.

all joints. In the knee, the articular space narrowing typically in-
volves the medial compartment initially (Figure 7-40) but may
progress to involve the lateral and patellofemoral compart-
ments. In the hands, the articular space narrowing typically in-
volves the distal interphalangeal joints. Another classic “target
area” of osteoarthritis in the hand is the first CMC (car-
pometacarpal joint) and the STT (scaphotrapezo-trapezoidal)
joint. There is a variant of osteoarthritis called erosive os-
teoarthritis. Erosive osteoarthritis usually affects post-
menopausal women and can be confused with rheumatoid
arthritis. However, erosive arthritis usually affects the distal in-
terphalangeal joints and exhibits predominately subchondral or
central erosions as opposed to the marginal erosions seen in
rheumatoid arthritis. These central or subchondral erosions
have the classic “gull wing” appearance as shown at the proxi-
mal interphalangeal joint of the third digit (Figure 7-41).

Connective Tissue Diseases and 
Seronegative Spondyloarthropathies
Generally, in the clinical setting of polyarticular stiffness and
pain, conventional radiographs are used as the initial survey
of the affected joints. These images target the most common
regions of involvement and usually include films of the hands,
wrists, pelvis, knee, feet, and ankles. The findings on these
studies, coupled with the ESR value and other laboratory
tests, should indicate whether a connective-tissue disorder is

� Figure 7-40. Frontal view of a 65-year-old man shows
the classic features of osteoarthritis of the knee with me-
dial articular space narrowing, subchondral cyst forma-
tion, sclerosis, and osteophyte formation. Osteoarthritis of
the knee initially involves the medial compartment but
may, over time, progress to involve the lateral and
patellofemoral compartments.
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the cause of the arthropathy. Often patients will be tested for
rheumatoid factor (discussed in the next paragraph). If this
test is negative and the patient has symptoms involving the
peripheral joints and spine, then a “seronegative spondy-
loarthropathy” is considered.

Perhaps the most common and characteristic connective
tissue disease producing arthritis is rheumatoid arthritis (RA).
Females (especially middle-aged women) are more commonly
affected by this disease than men. RA is thought to be a mal-
function of the immune system, and patients with this disorder
usually produce a measurable immune complex called rheuma-
toid factor (RF). They also characteristically have an elevated
ESR. The disease often progresses in a symmetrical fashion. The
major initial pathologic process in RA is a synovitis that pro-
duces periarticular osteopenia because of the associated hyper-
emia. Later in the disease, synovial proliferation with pannus
formation may then cause erosions in the juxtaarticular regions
(the so-called bare areas). These erosions occur at the margins
of the joint where the bony cortex and synovium contact each
other without interposition of articular cartilage. The articular
cartilage provides some protection from erosion in the early
stages of the disease. Subsequently, the disease may progress to
secondary degenerative changes and eventually to fibrous or
bony ankylosis of the joint. In the wrist, the carpal bones will
show osteopenia, carpal crowding, or subluxations. In fact, the
ulnar styloid is often one of the first sites of erosions and “pen-
ciling.” Juxtaarticular osteopenia is seen in the bones of the
hands and wrists. Symmetric swelling at the proximal interpha-
langeal joints of the hand is present, and the articular surfaces
show erosions, especially at the metacarpophalangeal and prox-
imal interphalangeal joints (Figure 7-42).

PART 3

� Figure 7-41. Radiograph of the hand in a post-
menopausal woman exhibits the classic changes 
of erosive osteoarthritis. Note the “gull-wing” appear-
ance (arrow) of the third proximal interphalangeal
(PIP) joint.

� Figure 7-42. Frontal view of both
hands in a patient with long-standing
rheumatoid arthritis showing marked
carpal destruction and radiocarpal joint
narrowing with substantial erosive
change as well as the characteristic
“bare area” erosions best exhibited at
the second metacarpal phalangeal joint
(arrowheads). Also note the soft-tissue
swelling at multiple joints.
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Systemic lupus erythematosus (SLE) is a connective-tis-
sue disorder that can be seen in conjunction with other con-
nective tissue diseases (the “overlap syndrome”). Patients
with SLE may show profound osteopenia, including resorp-
tion of the tufts, but it does not characteristically result in
erosions. The typical appearance is of joint instability with
multiple subluxations at the wrists and metacarpophalangeal
joints. In fact, SLE is the most common cause of a nonerosive
subluxing arthropathy (Figure 7-43). Subluxations also occur
in RA, but the distinguishing factor is that the subluxations in
RA are associated with the “bare area” erosions.

Scleroderma (also called progressive systemic sclerosis or
PSS) is a disorder characterized by fibrosis and skin thicken-
ing. Soft-tissue calcification is a prominent feature of this
disorder. The major effects of this disease are not on the
joints per se, but are secondary to the diffuse sclerosis with
resultant joint stiffness for which the patient may seek treat-
ment initially. About 10% of patients with PSS have synovi-
tis that is indistinguishable from RA at presentation, and
many of these patients eventually develop Raynaud’s phe-
nomenon. The typical imaging findings are periarticular cal-
cification and resorption of the terminal phalangeal tufts
(acroosteolysis). Scleroderma may also be associated with
other connective disorders such as rheumatoid arthritis and
SLE in the same individual.

Psoriasis, Reiter’s disease, ankylosing spondylitis, and in-
flammatory bowel disease comprise the major seronegative
spondyloarthropathies. Psoriasis is a connective tissue disor-
der that primarily affects the skin. However, about 15% of pa-
tients with psoriasis develop bone and joint changes, and
these findings may be the initial manifestations of the disease.
Radiographic findings of psoriasis include periosteal reaction

(periostitis) and/or focal cortical thickening in the digits.
The earliest manifestation of the disease is juxtaarticular
osteopenia that is less profound than in RA. The disease
may then progress to show erosions at the articular sur-
faces. The distribution of these findings in psoriasis is
mainly the distal interphalangeal joints, unlike the findings
in patients with RA, which are predominately in the proxi-
mal interphalangeal joints, metacarpophalangeal joints,
and carpus. The “pencil-in-cup” erosion seen in Figure 
7-39 is typical of psoriasis. Patients with psoriasis and
other seronegative spondyloarthropathies also develop ab-
normalities of the spine and sacroiliac joints (hence, the
term spondyloarthropathy).

Reiter’s disease is a postinfective disorder of the immune
system that is characterized by the triad of non-gonococcal
urethritis, conjunctivitis/iritis, and arthritis. Seen most fre-
quently in male patients, Reiter’s disease was originally
thought to be caused by Chlamydia, but other organisms, in-
cluding Escherichia coli and Salmonella organisms, have also
been implicated. The imaging findings of Reiter’s disease are
often indistinguishable from those of psoriatic arthritis ex-
cept that Reiter’s disease most commonly affects the feet and
psoriasis most commonly affects the hands. Both diseases
show periostitis, erosions, and enthesopathic changes. An en-
thesis is an area of attachment of a ligament or tendon to
bone by the perforating fibers of Sharpey. An enthesopathy is,
therefore, an abnormality at this site and is seen on the radi-
ograph as bony excrescences in these areas. A typical example
of enthesopathy in Reiter’s disease is the bony excrescence on
the inferior aspect of the calcaneus, which develops at the site
of attachment of the plantar fascia and the short flexors in the
foot (Figure 7-44).

CHAPTER 7

� Figure 7-43. Frontal view of both
hands in a patient with long-standing
systemic lupus erythematosus (SLE)
shows marked ulna deviation at the
metacarpal phalangeal joint as well as
subluxation of the thumb. Note the ab-
sence of erosions. These findings are
classic for this disease.
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Ankylosing spondylitis (AS) is a rheumatic disease causing
arthritis of the spine and sacroiliac joints and can cause in-
flammation of the eyes, lungs, and heart valve. The typical clin-
ical scenario is intermittent back pain that occurs throughout
life. The pain may progress to severe chronic disease attacking
the spine, peripheral joints, and other organs resulting in
marked loss of motion and deformity over time. The cause of
AS is not known, but most of the spondyloarthritides share a
common genetic marker called the HLA-B27 antigen. The dis-
ease usually presents in the adolescent and young adults and is
most common in Native Americans.

Figure 7-38 shows the typical features of AS in the cervi-
cal spine. The thin vertically oriented ossifications connect-
ing the vertebral bodies, syndesmophytes, are anatomically
located in the outer layers of the annulus fibrosis. Also typical
in this case is the fusion of the posterior elements. In fact, the
classic appearance of AS is the “bamboo spine” (Figure 7-45).
This appearance is caused by fusion of all the synovial joints
of the spine and predisposes the patient to the development
of fractures (insufficiency type fractures). This insufficiency
fracture (which may lead to a “pseudoarthrosis”) is a well-
documented complication of ankylosing spondylitis.

The mainstay of treatment for AS is nonsteroidal anti-
inflammatory medication to control pain. However, some
patients with severe disease may be given methotrexate.

Septic Arthritis
Septic arthritis is usually blood-borne (hematogenous) and
is most commonly monoarticular (that is, involving only one
joint at any time). A common cause of septic arthritis in the
adult is Staphylococcus aureus, although other infective agents
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� Figure 7-44. Lateral foot radiographic
in a patient with long-standing Reiter’s
disease shows marked narrowing of 
the hindfoot and midfoot, proliferative
changes, and sclerosis. Note the promi-
nent calcaneal spur representing enthe-
sopathic change (arrow). Reiter’s and
psoriasis look identical except that
Reiter’s more commonly affects the feet.

� Figure 7-45. Frontal view of the thoracolumbar 
spine showing the classic “bamboo” appearance of the
spine in ankylosing spondylitis. This appearance results
from fusion of the vertebral bodies and posterior 
elements.
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including Streptococcus, Gonococcus, and other gram-negative
organisms may also be encountered. Streptococcus and gram-
negative organisms are particularly important in the pediatric
age group. Also, tuberculosis has been recently encoun-
tered with greater frequency, especially in patients who are
immunocompromised.

The radiographic examination of the patient in Case 7-14
(Figure 7-36) provides general anatomic information, helps
to determine whether further imaging is necessary, and aids
in deciding whether further intervention is appropriate. Her
physicians were very worried about septic arthritis in this
clinical setting of previous renal transplant (ie, relatively im-
munocompromised), and a hip aspiration was requested.
Twenty milliliters of bloodstained turbid fluid was aspirated
and was sent to the microbiology laboratory for Gram’s stain,
culture, and sensitivity studies. The cultures grew Staphylo-
coccus aureus, a common pathogen in septic arthritis.

Figure 7-36 shows the classic radiographic findings of sep-
tic arthritis and osteomyelitis. These include articular space
narrowing, erosion of bone on both sides of the joint, and
sclerosis. An effusion is typically present and can be identified
by ultrasound or MR imaging. In addition, MR imaging can
be useful if abscesses are suspected in the adjacent soft tissues.
Septic joints will exhibit increased uptake on bone scan be-
cause of the marked hyperemia and bony proliferation.

Crystal Deposition Diseases
Gout, a disorder more common in middle-aged men, is an
inflammatory arthritis caused by abnormal deposition of
urates (called tophi) in the soft tissues and cartilage. These
deposits cause episodic joint inflammation and are associ-
ated with pain and disability. In the earlier stages of the dis-
ease, radiographs of the bone and joints may be normal
except for soft-tissue swelling and in some instances soft-
tissue calcification. The initial classic clinical presentation of
gout is podagra, an acute inflammation of a joint, often the
first metatarsal phalangeal joint (Figure 7-37). At presenta-
tion, the patient will have severe joint pain, and the overlying
soft tissues will be swollen and red. With repeated attacks
over years, bony erosions with “overhanging edges” (or over-
hanging margins) may develop adjacent to the joint but not
within the joint. When the patient is severely incapacitated by
pain and not moving the joint, “disuse” osteopenia can be
seen at radiography. The typical areas to screen for gout are
the first metatarsophalangeal joint, the heel, the back of the
elbow joint (olecranon fossa), and the hands and wrists.
Screening for elevated serum levels of uric acid and joint as-
piration are the best ways to confirm the clinical suspicion of
gout after obtaining conventional radiographs. The joint as-
pirate will show birefringent uric acid crystals in the synovial
fluid on polarized light microscopy.

Calcium pyrophosphate dehydrate crystal deposition
(CPPD) disease is another common crystal deposition
joint disorders. In CPPD disease, there is calcification in the

fibrocartilage and hyaline articular cartilage (so-called chon-
drocalcinosis). The most common association with chondro-
calcinosis is aging, although it may also be seen in pseudogout
(CPPD disease), gout, ochronosis, hemochromatosis, and hy-
perparathyroidism. This finding is most commonly seen in the
wrist, symphysis pubis, or knee. So, if one suspects a patient of
having CPPD, radiographs of the pelvis, wrist, and knees
would be a good start at screening for it. The presence of calci-
fication alone is not diagnostic of CPPD, however. The clinical
syndrome of pain from the presence of abnormal cartilage cal-
cification is referred to as the CPPD syndrome, and symptoms
may be provoked by various stresses (eg, surgical procedures).
Confirmation of the diagnosis may be obtained by identifica-
tion of calcium pyrophosphate crystals from synovial fluid ob-
tained via percutaneous aspiration of the affected joint.

EXERCISE 7-5. MISCELLANEOUS 
JOINT DISORDERS

7-18. The most likely diagnosis for Case 7-18 (Figure 7-46) is
A. synovial osteochondromatosis.
B. pigmented villonodular synovitis.
C. avascular necrosis of the femoral condyle.
D. osteochondritis dissecans (OCD) of the femoral

condyle.

CHAPTER 7

� Figure 7-46. Case 7-18. A knee x-ray in a 24-year-old
male medical student, an avid tennis player, who had in-
termittent joint swelling and minimal knee pain. Lately,
the pain had worsened and was interfering with his ten-
nis game. Nonsteroidal anti-inflammatory agents were
not working well.
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7-19. The most likely diagnosis for Case 7-19 (Figure 7-47) is
A. hemochromatosis.
B. synovial osteochondromatosis.
C. pigmented villonodular synovitis.
D. calcified Heberden’s nodes.

7-20. The most likely diagnosis for Case 7-20 (Figure 
7-48) is
A. chronic changes of transient synovitis of the right

hip.
B. chronic changes of slipped capital femoral epiph-

ysis (epiphysiolysis).
C. chronic changes of Legg-Calvé-Perthes disease of

the right hip.
D. neurofibromatosis.

7-21. Concerning Case 7-21 (Figure 7-49), the observa-
tions include all of the following except
A. osteophyte in both femoral heads.
B. irregularity and loss of spherocity of the right

femoral head.
C. depression/subchondral fracture of right femoral

head.
D. bilateral acetabular sclerosis.

Radiologic Findings

7-18. The AP view of the right knee (Figure 7-46) shows an
ovoid bony fragment on the inner aspect of the me-
dial femoral condyle (arrow) separated from the
femur by a lucency (arrowheads). This appearance is
diagnostic of osteochondritis dissecans (OCD) of the
knee (D is the correct answer to Question 7-18).

7-19. The radiograph of the right shoulder in Figure 7-47
shows multiple rounded calcific bodies overlying
the proximal humerus and glenoid process of the
scapula. The distribution of these is within the joint
and axillary recess (arrows). This appearance is

PART 3

� Figure 7-47. Case 7-19. A radiograph of the right
shoulder in a 20-year-old man who complained of a
feeling of fullness and gritty sensations in his right
shoulder. He has never had a shoulder dislocation, al-
though on several occasions he has been unable to raise
the shoulder and has felt a painful “catch” at times.

� Figure 7-48. Case 7-20. A frontal ra-
diograph of the pelvis in a 10-year-old
boy who was referred to an orthopedic
surgeon for investigation of a limp.
There was no reliable history of trauma.
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classic for synovial osteochondromatosis (SOC) (B is
the correct answer to Question 7-19).

7-20. The radiograph of the pelvis in Figure 7-48 shows
collapse of the right capital femoral epiphysis, which
is broad and short and forms an acute angle with the
shaft of the femur. The femoral head is displaced lat-
erally and is not completely covered by the mildly re-
modeled acetabulum. The left hip is normal. The
findings are characteristic of the late changes in Legg-
Calvé-Perthes disease (C is the correct answer to
Question 7-20).

7-21. The radiograph of both hips in Figure 7-49 demon-
strates that the right femoral head is no longer smooth
and spherical (loss of spherocity), and this is due to the
presence of subchondral collapse in the superiolateral
aspect (arrow). The left femoral head is still spherical
but shows sclerosis. Also note the marginal osteo-
phytes arising from the inferior and medial aspect of
the left femoral head (arrowhead). The acetabuli are
normal, and these radiographic features are typical of
avascular necrosis (osteonecrosis) of the femoral head
(D is the correct answer to Question 7-21).

Discussion

Osteochondritis dissecans is a bone disorder that produces
joint symptoms because of the intraarticular location of the
abnormality. OCD, as classically demonstrated in Figure 
7-46, is seen on the radiograph as a semicircular focus of bone
and overlying cartilage separated from the convex articular sur-
face of the native bone by a lucency. The etiology is uncertain,
but current opinion favors repetitive microtrauma and vascu-
lar insult to the subchondral bone. Almost any joint may be af-
fected, but the knee (distal femur), ankle (dome of the talus),
and elbow (capitellum) joints are the most commonly involved

sites. The disease is slightly more common in active young men
but is increasingly being encountered in young women because
they are more actively involved in athletics today. In the knee,
OCD most commonly involves the non-weight-bearing aspect
of the medial femoral condyle (ie, the inner aspect and area
shown in Figure 7-46) and the lateral femoral condyle. MR im-
aging is the most appropriate modality to stage the lesion, as-
sess the stability of the fragment, and plan definitive treatment.
CT or CT arthrography is an alternate modality to use in pa-
tients who cannot undergo MR imaging.

Synovial osteochondromatosis is a joint abnormality char-
acterized by the presence of cartilaginous and osseous loose
bodies within the synovial cavity in the joint. The exact cause
is not known, but “primary” SOC is thought to be caused by
synovial metaplasia. “Secondary” OCD is assumed to be due
to fractures of osteophytes or articular cartilage that shed into
the joint cavity. If calcified, these intraarticular fragments can
be visualized on conventional radiographs (Figure 7-47, ar-
rows). MR imaging is the best modality to use to show both
ossified and nonossified intraarticular fragments and to eval-
uate the other soft-tissue structures around the joint.

Pigmented villonodular synovitis (PVNS) is a condition of
unknown etiology characterized by hyperplasia or excessive
villous proliferation of the synovium. This condition may
occur in a single joint (localized form) or involve multiple
joints (diffuse form). Thought to be caused by hemorrhage,
PVNS shows hemosiderin-laden macrophages within the syn-
ovium best appreciated by gross examination. Radiographs
often show a joint effusion with preservation of the articular
space and normal bone mineral density. The later stages of
the disease result in erosions on both sides of the joint. Joint
aspiration yields dark brown fluid (“chocolate” effusion) due
to the presence of the hemosiderin-laden macrophages. MR
imaging is an excellent preoperative test to evaluate PVNS
because the pigmented material (hemosiderin) shows low

CHAPTER 7

� Figure 7-49. Case 7-21. A frontal ra-
diograph of both hips in a 35-year-old
man with episodic right hip pain that
began 4 to 6 months ago who pre-
sented with a dull aching pain now in
both hips.
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signal intensity on both the short TE (T1-weighted) and the
long TE (T2-weighted) MR sequences. The gradient echo se-
quence is particularly sensitive for the detection of hemo-
siderin. In fact, this finding is a very specific appearance for
this disease.

Heberden’s node is a disfigurement of the interphalangeal
joints as a result of severe osteoarthritis. Initially, it is due to
soft-tissue inflammatory changes and is subsequently due to
bony changes at the distal interphalangeal joints. It is more
commonly seen in female patients.

Osteonecrosis can occur in any bone and is associated
with a variety of disorders, including sickle cell hemoglo-
binopathy, Gaucher’s disease, SLE, pancreatitis, alcoholism,
steroid treatment, and barotrauma. When the process occurs
at an articular surface, it is known as avascular necrosis or os-
teonecrosis; when it occurs in the metaphysis of the bone, it is
commonly referred to as a bone infarct. Eponyms have been
used to designate osteonecrosis in certain sites. For example,
Perthes’ disease (Legg-Calvé-Perthes disease) is the eponym
used to refer to idiopathic osteonecrosis of the femoral head
occurring in a child as shown in Case 7-20 (Figure 7-48).

Other common eponyms include Freiberg’s infarction, (avas-
cular necrosis of the head of the second or third metatarsal),
Kohler’s disease (tarsal navicular), Panner’s disease (capitel-
lum of the humerus), and Kienbock’s disease (carpal lunate).
The exact mechanism of the development of osteonecrosis is
unknown, although bone-marrow edema after thrombosis
and occlusion of the osseous capillaries and end arterioles are
believed to be primarily responsible.

Conventional radiographs are much less sensitive compared
to MR regarding the detection of early osteonecrosis. Increased
areas of serpiginous sclerosis and osteolysis can be noted on
conventional radiographs; however, these abnormalities found
relatively late compared to MR imaging, and therefore treat-
ment outcome of the disease may be delayed or adversely af-
fected (Figure 7-49). Importantly, if the disease is not diagnosed
and treated early, the affected bone may go through a phase of
subchondral collapse and become deformed. Subsequently,
complications of secondary osteoarthrosis will develop in the
affected joint. Traditionally, nuclear medicine bone scanning
has been used in this setting, but today MR imaging is the most
sensitive available modality for the early diagnosis of this dis-
ease (Figure 7-50).

Hemochromatosis is a rare disorder of iron metabolism, in
which iron is deposited in the skin, parenchymal organs, and
articular cartilage. This predisposes the joint to degenerative
disease. Arthritis due to hemochromatosis is characterized by
loss of joint space and formation of peculiar hooked osteo-
phytes, especially at metacarpal heads.
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PART 3

� Figure 7-50. Coronal T1-weighted MR image of the
pelvis in a patient with bilateral hip avascular necrosis.
Note the serpiginous low signal abnormality in the sub-
chondral regions of the femoral heads (arrowheads).
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8
Plain Film of the 

Abdomen

Michael Y. M. Chen, MD

In recent years, new techniques such as ultrasonography,
computerized tomography (CT), and magnetic resonance
(MR) imaging have been used widely and have altered the use
of plain films of the abdomen in the evaluation of abdominal
diseases. Plain films of the abdomen are still used primarily
to assess intestinal perforation (intraperitoneal air) or bowel
obstruction or assessment for catheter placement. The plain
radiograph is commonly used as a preliminary radiograph
before other studies such as CT and barium enema. The yield
of plain radiographs is higher in patients with moderate or
severe abdominal symptoms and signs than in those with
minor symptoms.

TECHNIQUE AND NORMAL IMAGING

� Technique

The most common plain radiograph of the abdomen is an an-
teroposterior (AP) view with the patient in supine position.
The AP view of the abdomen is also called by the acronym
KUB film because it includes the kidneys, ureters, and bladder.
When acute abdominal disease is suspected clinically, an erect
film of the abdomen and a posteroanterior (PA) view of the

chest are also required. Digital imaging is becoming more
common, and abdominal images may be viewed on a com-
puter monitor rather than on films.

� Normal Imaging
Soft Tissue

The abdomen is composed primarily of soft tissue. The density
of soft tissue is similar to the density of water, and the difference
in density between solid and liquid is not distinguishable on
a plain radiograph. The liver is a homogeneous structure
located in the right upper quadrant; the hepatic angle de-
lineates the lower margin of the posterior portion of the
liver (Figure 8-1). In the left upper quadrant, a similar an-
gular structure, the splenic angle, can be identified by the
fat shadow around the spleen (see Figure 8-1).

Organ enlargement can be recognized by the effect of dis-
placement on nearby bowel loops or by obliteration of the
adjacent normal fat or gas pattern. Hepatomegaly may com-
press the proximal transverse colon below the right kidney.
Splenomegaly may push the splenic flexure of the colon
downward. A large fused renal shadow across the psoas mus-
cle and lumbar spine suggests a horseshoe kidney.

Part 4. Abdomen

Technique and Normal Imaging
Technique
Normal Imaging

Technique Selection

Exercises
8-1 Upper Abdominal Calcifications
8-2 Pelvic Calcifications

8-3 Increased Abdominal Density or Masses
8-4 Intestinal Distention
8-5 Increased or Decreased Density in 

the Abdomen
8-6 Extraluminal Gas Pattern
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Fat Shadow

Fat density, which is between that of soft tissue and that of
gas, outlines the contour of solid organs or muscles. In obese
patients, fat may not be distinguishable from ascitic fluid on
plain abdominal film. The flank stripe, also called the
properitoneal fat stripe, is a line of fat next to the muscle of
the lateral abdominal wall (see Figure 8-1). The flank stripes
are symmetrically concave or slightly convex in obese people
and are located along the side of the abdominal wall.
The normal properitoneal fat stripe is in close proximity to
the gas pattern seen in the ascending or descending colon.
Widening of the distance between the properitoneal fat stripe
and the ascending or descending colon suggests fluid, such as
abscess, ascitic fluid, or blood within the paracolic gutter.

Fat is present in the retroperitoneal space adjacent to the
psoas muscle (see Figure 8-1). The psoas muscle shadow may
be absent unilaterally or bilaterally as a normal variant or as a
result of inflammation, hemorrhage, or neoplasms of the
retroperitoneum. Unilateral convexity of the psoas muscle
contour suggests an intramuscular mass or abscess. The
quadratus lumborum muscles may be delineated by fat located

lateral to the psoas shadow (see Figure 8-1). In the pelvis, the
fatty envelope of the obturator internus muscle is seen on the
inner aspect of the pelvic inlet (see Figure 8-1). The dome of
the urinary bladder may be delineated by fat.

Gas Pattern

Gas has the lowest density (radiolucency) in the abdomen. It is
seen in the stomach and colon, but it is rarely seen in the nor-
mal small bowel because the air rapidly traverses the organ.
Presence of more than a minimal amount of gas in the small
bowel should be considered abnormal and is indicative of a
functional ileus or mechanical obstruction. Identification of
the differences between the gas shadows of the jejunum,
ileum, or colon helps to assess the location of bowel obstruc-
tion (Figure 8-2). A gas pattern in distended intestinal loops
is usually limited above the point of mechanical obstruction,
but functional ileus has a more diffuse distribution in both
the small intestine and the colon. If the gas shadow in the in-
testine is displaced to an unusual location, a soft-tissue mass,
either inflammatory or neoplastic, may be suspected. The
presence of air-fluid levels in a distended small intestine on

PART 4

A B

Gas in colon

Hepatic angle

Kidney

Properitoneal fat

Sacrum

Bladder

Psoas m.

Kidney
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Gastric air
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lumborum m.

Obturator
internus m.

� Figure 8-1. (A) Normal plain film of the abdomen. The lower margins of the posterior portion of the liver, the hepatic
angle (H), and the lower part of the spleen (S) are delineated by a fat shadow. Both kidneys (K) and the psoas muscle
shadows (arrowheads) are outlined by a fat shadow. The properitoneal fat stripe is also shown bilaterally (arrows).
(B) Diagram of normal abdominal plain film.
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upright films suggests either functional ileus or mechanical
obstruction. Fluid levels within the stomach or colon are or-
dinarily of no pathologic importance, because fluid may be
introduced by oral agents or by cleansing enemas. The pres-
ence of solid material with a mottled appearance and small
bubbles of gas surrounded by the colonic contour suggests
feces in the colon.

A large amount of gas seen in the peritoneal cavity indi-
cates postoperative status or bowel perforation. Air bubbles
in the peritoneal cavity indicate a perforated viscus, abscess,
or necrotic tumor. In the right upper quadrant, air that is
seen in the biliary tree or around the gallbladder suggests

cholecystoenteric fistula or emphysematous cholecystitis. A
finely arborizing gas pattern over the right upper quadrant
that extends peripherally to the edge of the liver is character-
istic of hepatic portal vein gas. In the bowel wall, multiple air
bubbles may indicate pneumatosis cystoides intestinalis. Ex-
traluminal gas also may appear within the retroperitoneal
structures, including the lesser omental bursa, a subhepatic
site, the paraduodenal fossa, and the pericecal or periappen-
diceal areas. A gas pattern seen below the bony pelvis indicates
an inguinal or femoral hernia.

Bony Structure or Calcification

Bony structures or calcifications have the highest density (ra-
diopacity) that is seen on the plain film. Bony structures
comprise the ribs superiorly, the lumbar spine, and the pelvis.
Calcifications in the abdomen include calcified arteries, calculi
in the urinary or biliary tract, prostatic calculi, pancreatic
calcifications (which are usually indicative of chronic pancre-
atitis, with or without carcinoma), appendicolith, or ectopic
gallstone in the small bowel associated with mechanical ob-
struction from gallstone ileus. Some foreign bodies, including
ingested foreign bodies, bullets, or surgical clips, may be seen
in the abdomen. Other rare structures, such as parasitic,
metastatic, or heterotopic bone formations, also may be seen
in the abdomen.

Suspicion of urinary calculi is a indication for abdominal
radiography. About one-half of calculi in the urinary tract
that are shown on unenhanced helical CT can be detected on
plain abdominal films. On the other hand, about 15% of
gallstones are radiopaque and are seen on abdominal plain
radiograph. Ultrasonography is the better choice in evaluat-
ing gallstones.

TECHNIQUE SELECTION
The routine abdominal films consist of supine and upright
views. If the patient cannot stand for an erect abdominal film
and a PA view of the chest, the cross-table lateral projection
with the right side elevated may be used to assess pneu-
moperitoneum and air-fluid levels. As little as 1 to 2 mL of
free air in the peritoneal space may be identified if the films
are appropriately obtained. The PA view of the chest is usu-
ally obtained as part of an acute abdominal series because an
abnormality in the chest may have symptoms referred to the
abdomen. Oblique views of the abdomen may be obtained,
if needed.

Plain abdominal radiography is less sensitive in evaluat-
ing solid organs or metastases. In recent years, increased use
of cross-sectional techniques, such as ultrasonography and
CT, has shown them to be more sensitive in assessing disor-
ders of the abdominal solid organs and metastatic diseases.
Acute cholecystitis is better assessed by ultrasonography or
nuclear medicine studies.

CHAPTER 8

Jejunum

Ileum

Colon

� Figure 8-2. Schematic illustration of portions of bowel.
The jejunum shows numerous mucosal folds, and the
ileum has fewer folds. Both serosa of the jejunum and
the ileum are smooth. The colon has serosa indented by
haustra, and mucosal folds do not cross the lumen.
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EXERCISE 8-1. UPPER ABDOMINAL
CALCIFICATIONS

8-1. What is the most likely diagnosis in Case 8-1 (Figure
8-3)?
A. Adrenal calcification
B. Calcified gallstones
C. Kidney stones
D. Milk-of-calcium bile in the gallbladder

8-2. What is the most likely diagnosis in Case 8-2 (Figure
8-4)?
A. Adrenal calcification
B. Calcified gallstones
C. Kidney stones
D. Medullary nephrocalcinosis

8-3. What is the most likely diagnosis in Case 8-3 (Figure
8-5)?
A. Adrenal calcification.
B. Calcified hepatic metastases.
C. Pancreatic calcification.
D. Primary calcified mucoproducing adenocarci-

noma in the colon.

8-4. What is the most likely diagnosis in Case 8-4 (Figure
8-6)?
A. Adrenal calcification
B. Calcified hepatic metastases
C. Pancreatic calcification
D. Primary calcified mucoproducing adenocarci-

noma in the colon

Radiologic Findings

8-1. This case demonstrates multiple faceted calcifications
in the right upper quadrant that are characteristic for
gallstones (B is the correct answer to Question 8-1).

8-2. This case shows three separate deposits of calcified
density confined to the right renal shadow. The
largest one measures 2 cm in greatest diameter (C is
the correct answer to Question 8-2).

PART 4

� Figure 8-3. Case 8-1. A 44-year-old woman presents
with right upper quadrant pain.

� Figure 8-4. Case 8-2. A 36-year-old woman presents
with flank pain.

� Figure 8-5. Case 8-3. A 48-year-old alcoholic man
presents with epigastric pain.
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8-3. This case shows multiple stippled calcifications in the
upper abdomen adjacent to the lumbar spine. In a pa-
tient with a history of alcoholism, pancreatic calcifica-
tion from chronic pancreatitis would be the most likely
diagnosis (C is the correct answer to Question 8-3).

8-4. This case shows stippled and discrete calcifications
overlying the right twelfth rib, just above the renal
outline. When calcification in the lung base, skin,
retroperitoneum, pancreas, kidney, and adrenal
glands is excluded, hepatic calcification should be
considered in a patient with a history of colon cancer
(B is the correct answer to Question 8-4).

Discussion

About 15% to 20% of gallstones are calcified sufficiently to be
seen on plain abdominal film. Most gallstones comprise
mixed components, including cholesterol, bile salts, and bil-
iary pigments. Pure cholesterol and pure pigment stones are
uncommon. Calcified gallstones vary in size and shape. Most
gallstones have thin, marginal calcification with central lu-
cency and are laminated, faceted, or irregular in shape. Some
gallstones contain gas in their fissures, whether calcified or
noncalcified. Milk-of-calcium or “limy” bile occurs in pa-
tients with long-standing cystic duct obstruction. The bile
contains a high concentration of calcium carbonate and is
densely radiopaque on plain radiograph (Figure 8-7). Calcifi-
cation of the gallbladder wall (porcelain gallbladder) devel-
ops in patients with chronic cholecystitis, cholelithiasis, and
cystic duct obstruction. Porcelain gallbladder is characterized

by curvilinear calcification in the muscular layer of the gall-
bladder mimicking a calcified cyst (Figure 8-8). In general,
ultrasonography is the primary modality now used to evalu-
ate the gallbladder (Figure 8-9).

Nephrolithiasis is the most common cause of calcification
within the kidneys. Most renal calculi (85%) contain calcium
complexed with oxalate and phosphate salts. Any process that
creates urinary tract stasis may cause the development of uri-
nary calculi. Renal calculi are usually small and lie within the
pelvicalyceal system or in a calyceal diverticulum. They may
remain and increase in size, or they may pass distally. When
calcifications are seen projecting over the renal shadows on
routine films of the abdomen, an oblique view may be obtained
to localize the densities in relation to the kidneys. A staghorn
calculus contains calcium mixed with magnesium, ammo-
nium, and phosphate and forms in the environment of recur-
rent urinary tract infection with alkaline urine. CT is more
sensitive than plain radiography in evaluating urinary calculi.

The adrenal gland is located at the superomedial part of
the adjacent kidney. The right gland is lower than the left.

CHAPTER 8

� Figure 8-6. Case 8-4. A 59-year-old woman is seen
who underwent colectomy surgery for colon cancer 
10 years ago.

� Figure 8-7. Milk-of-calcium bile. Plain radiograph shows
homogenous density of the gallbladder. A small gallstone
is also seen within the gallbladder (arrow) (From Chen
MY et al: Abnormal calcification on plain radiographs of
the abdomen, The Radiologist 1999;7:65-83, used with
permission). 
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Normally the adrenal gland measures less than 2.5 � 3 cm.
Stippled, mottled, discrete, or homogeneous calcifications
may appear as a portion of the adrenal gland or may occupy
the entire organ, forming a triangular clump in the adrenal
glands (Figure 8-10). Most adrenal calcifications are inciden-
tal findings in normal-sized glands. They are caused by
neonatal adrenal hemorrhage, prolonged hypoxia, severe

PART 4

� Figure 8-8. Porcelain gallbladder. Plain radiograph
shows curvilinear discontinuous calcification in the gall-
bladder wall (arrow). (From Chen MY et al: Abnormal
calcification on plain radiographs of the abdomen, The
Radiologist 1999;7:65-83, used with permission).

� Figure 8-9. Gallstones. Sonography shows two
echogenic foci (arrows) located dependently in the gall-
bladder with posterior acoustic shadowing (arrowheads).

� Figure 8-10. Solid adrenal calcifications.
Bilateral discrete, stippled adrenal calcifications
(arrows) in the normal-sized glands in an asymp-
tomatic patient with a history of complicated
childbirth (From Chen MY et al: Abnormal calcifica-
tion on plain radiographs of the abdomen, The
Radiologist 1999;7:65-83, used with permission).
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neonatal infection, or birth trauma. Less than one-fourth of
patients with Addison’s disease have adrenal calcifications.

In the United States, 85% to 90% of patients with pancreatic
lithiasis are alcoholics. Conversely, less than half of patients with
chronic pancreatitis ever develop pancreatic calcifications visi-
ble on plain radiograph. Although gallstones passing through
the biliary tract can cause acute pancreatitis, chronic pancreati-
tis or pancreatic calcification is rarely caused by cholelithiasis.

Hepatic calcifications are caused primarily by neoplasms,
infections, or parasitic infestations. Primary hepatic tumors,
both benign and malignant, may have calcifications. Colonic
carcinoma and papillary serous cystadenocarcinoma of the
ovary are the most frequent primary tumors causing calcified
metastases in the liver. Other primary neoplasms in the thyroid
gland, lung, pancreas, adrenal gland, stomach, kidney, and
breast may cause calcified hepatic metastases. Inflammatory
calcified granulomas related to tuberculosis or histoplasmosis
are common in miliary calcifications. Calcified cystic lesions,
such as Echinococcus disease in the liver, are commonly seen in
areas of the world where the causative organism is endemic.

EXERCISES 8-2. PELVIC CALCIFICATIONS

8-5. What is the most likely diagnosis in Case 8-5 (Figure
8-11)?
A. Appendicolith
B. Ectopic gallstone
C. Pelvic phlebolith
D. Right ureteral calculus

8-6. What is the most likely diagnosis in Case 8-6 (Figure
8-12)?
A. Calcified ovarian tumor
B. Multiple phleboliths
C. Multiple ureteral calculi
D. Uterine fibroid calcification

8-7. What is the most likely diagnosis in Case 8-7 (Figure
8-13)?
A. Bladder calculus
B. Chondrosarcoma of the sacrum
C. Cystadenoma of the ovary
D. Uterine fibroid calcifications

8-8. What is the most likely diagnosis in Case 8-8 (Figure
8-14)?
A. Bladder calculi
B. Calcified vas deferens
C. Ovarian dermoid cyst
D. Uterine fibroid calcification

CHAPTER 8

� Figure 8-11. Case 8-5. A 15-year-old boy presents
with right lower quadrant pain and fever.

� Figure 8-12. Case 8-6. A 64-year-old man presents
with hematuria.

� Figure 8-13. Case 8-7. A 48-year-old woman presents
with lower abdominal fullness.
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Radiologic Findings

8-5. This case is that of a boy with acute appendicitis (A is
the correct answer to Question 8-5). An oval calcifi-
cation measuring 0.8 cm in diameter projects over
the iliac bone and laterally to the right sacroiliac joint
with a distended appendiceal lumen filled with gas.
At surgery, gangrenous appendicitis with perforation
and an obstructing appendicolith were found.

8-6. This case demonstrates 5 � 5 mm and 4 � 4 mm cal-
cified densities (arrows) along the expected course of
the right distal ureter. These densities were formerly
identified in the right kidney and have migrated infe-
riorly to the current position, indicating right
ureteral calculi. With the history of hematuria, the
most likely choice would be right ureteral calculi (C is
the correct answer to Question 8-6).

8-7. This case shows large, 2-cm-diameter mottled and
curvilinear calcifications in the midpelvis. These cal-
cifications overlie the sacrum and are consistent with
calcification in uterine fibroids (D is the correct an-
swer to Question 8-7).

8-8. This case shows several “teeth-like” calcifications in
the right side of the pelvis. With a palpable pelvic
mass, the most likely diagnosis is ovarian dermoid
cyst. (C is the correct answer to Question 8-8.)

Discussion

Calcified appendiceal stones are present in only about 10%
of patients with appendicitis; however, in a symptomatic
child, an appendicolith indicates at least a 90% chance of

acute appendicitis. Prophylactic appendectomy has been
recommended in the child with an incidentally discovered
appendicolith because of a high incidence of gangrene and
perforation. CT or ultrasound are better choices in evaluat-
ing appendicitis.

Ureteral calculi are always a consideration in patients with
hematuria. About 50% of urinary calculi are radiographically
opaque and shown on the plain abdominal radiograph. Close
scrutiny of the abdominal film is crucial because ureteral cal-
culi may be elusive when they project over the lumbar trans-
verse processes or the sacroiliac region. To confirm a ureteral
calculus, CT is often needed to localize the density to the
ureter. CT is more sensitive in evaluating ureteral calculi.
Phleboliths are thrombi within the pelvic veins, and this loca-
tion accounts for their circular shape. Calcification within
these thrombi starts peripherally with a typical radiolucent
center that is seen radiographically. Phleboliths have little
clinical significance except that they can be confused with
other pelvic densities, particularly distal ureteral calculi. In
general, ureteral stones lie above and medially to the ischial
spines, and they lack a radiolucent center.

Most uterine leiomyoma calcifications appear as multiple
mottled or speckled calcifications or as dense, smooth, curvi-
linear calcifications around the mass. The real soft-tissue mass
is often larger than the area of calcification. Other calcifications
in the pelvis include calcified ovarian tumors (Figure 8-15),
foreign material, lymph nodes, or prostate.

Ovarian dermoid cyst accounts for about 10% of ovar-
ian neoplasms. Ovarian dermoid cyst range from 6 to 15 cm
in diameter and contain teeth, abortive bone, and curvilin-
ear capsular calcification, which may be seen on plain radi-
ograph. Dermoid cyst may contain sebaceous material

PART 4

� Figure 8-14. Case 8-8. A 14-year-old girl presents
with lower abdominal pain and a palpable mass in
the pelvis.

� Figure 8-15. Calcifications in ovarian tumor. Multiple
sporadic calcifications (arrow) in the central pelvis from
an ovarian cystadenocarcinoma (From Chen MY et al:
Abnormal calcification on plain radiographs of the 
abdomen, The Radiologist 1999;7:65-83, used 
with permission).
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simulating low-density fat compared to surrounding soft
tissue.

Bladder stone is often seen in association with bladder
outlet obstruction. Bladder calculi are composed of mixed
calcium oxalate and phosphate salts that are radiopaque.
Other calcifications in the bladder include foreign body, transi-
tional cell carcinoma, urachal carcinoma, Schistosoma infesta-
tion, tuberculosis, or alkaline encrusting cystitis. Calcifications
in the same area include prostatic calculi (Figure 8-16) and
calcified vas deferens (Figure 8-17). The prostate gland may
be calcified. If enlarged, it may protrude into the bladder.

EXERCISE 8-3. INCREASED ABDOMINAL
DENSITY OR MASSES

8-9. What is the most likely diagnosis of this soft-tissue
mass (arrows) in Case 8-9 (Figure 8-18)?
A. Ascites
B. Cirrhosis
C. Hepatomegaly
D. Nephromegaly

8-10. What is the most likely diagnosis of this soft-tissue
mass (arrows) in Case 8-10 (Figure 8-19)?
A. Adrenal carcinoma
B. Gastric outlet obstruction
C. Renal cell carcinoma
D. Splenomegaly

8-11. What is the most likely diagnosis of this soft-tissue
mass (arrows) in Case 8-11 (Figure 8-20)?
A. A pseudotumor sign of small bowel obstruction
B. Gastric outlet obstruction
C. Hepatomegaly
D. Horseshoe kidney

8-12. What is the most likely diagnosis in Case 8-12 (Figure
8-21)?
A. Ovarian cyst
B. Pelvic abscess
C. Pelvic hematoma
D. Pelvic kidney

Radiologic Findings

8-9. In this case, the right side of the abdomen shows
increased density and is relatively free of gas.

CHAPTER 8

� Figure 8-16. Prostate calculi. Diffuse and symmetric
coarse calcifications (arrow) in an enlarged prostate (From
Chen MY et al: Abnormal calcification on plain radiographs
of the abdomen, The Radiologist 1999;7:65-83, used
with permission).

� Figure 8-17. Calcifications of vas deferens. Calcifications
(arrows) in the tortuous ampullary segment of the vas
deferens (From Chen MY et al: Abnormal calcification on
plain radiographs of the abdomen, The Radiologist 1999;
7:65-83, used with permission).

� Figure 8-18. Case 8-9. A 57-year-old man presents with
history of hepatitis.
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Displacement of the gas pattern in the duodenum and
jejunum to the left side is indicative of hepatomegaly
(C is the correct answer to Question 8-9). Hepatic
metastases from lung cancer were later confirmed.

8-10. In this case, a soft-tissue mass in the left upper quad-
rant displaces the gas in the splenic flexure of the
colon downward. Left adrenal or renal cell carcinoma
rarely presents as a large mass to the left of the mid-
line. The most likely diagnosis is splenomegaly (D is
the correct answer to Question 8-10).

8-11. In this case, a mass in the midabdomen delineates the
lower poles of both kidneys, which are fused at
the midline, consistent with horseshoe kidney (D is
the correct answer to Question 8-11). Small renal cal-
culi (arrowheads) are present bilaterally.

8-12. This case shows a soft-tissue mass in the pelvis. In a
middle-aged woman, an ovarian or uterine mass
would be the most likely considerations. Ultrasonog-
raphy of the pelvis showed a large, fluid-filled mass,
confirmed surgically as an ovarian cyst (A is the cor-
rect answer to Question 8-12).

Discussion

Although abdominal plain radiographs are useful in detecting
hepatomegaly or splenomegaly, they are of little use in diag-
nosing hepatic disease, particularly if hepatomegaly is not
present. Other imaging modalities, such as ultrasonography,
CT (Figures 8-22, 8-23), MR imaging, and radionuclide liver
scans, are more sensitive and accurate for evaluating hepatic
primary diseases or metastases. In addition, barium studies of
the gastrointestinal tract and CT may be helpful in excluding
gastric outlet obstruction, carcinoma, or renal cell carcinoma.

PART 4

� Figure 8-19. Case 8-10. A 35-year-old woman presents
with fever and anemia.

� Figure 8-20. Case 8-11. A 40-year-old man presents
with back pain.

� Figure 8-21. Case 8-12. A 45-year-old woman presents
with lower abdominal fullness.
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and its position to be lower than normal. Horseshoe kidney
may be associated with other congenital anomalies, as well as
a high incidence of urinary tract obstruction, infection, or
stone formation. A horseshoe kidney may also deviate the
upper ureters laterally.

When the plain film suggests the presence of a pelvic
mass, a specific diagnosis is often not possible. Pelvic ultra-
sonography, CT (Figure 8-24), or MR imaging better demon-
strates the pelvic organs and their interrelationship and will
differentiate between solid and fluid content in the mass.

EXERCISE 8-4. INTESTINAL DISTENTION

8-13. What is the most likely diagnosis in Case 8-13 (Figure
8-25)?
A. Functional ileus of the bowel
B. Mechanical obstruction of the colon
C. Mechanical obstruction of the small bowel
D. Pneumoperitoneum

8-14. What is the most likely diagnosis in Case 8-14 (Figure
8-26)?
A. Functional ileus of the bowel
B. Gastric outlet obstruction
C. Mechanical obstruction of the small intestine
D. Pneumoperitoneum

CHAPTER 8

A B

� Figure 8-22. Hepatomegaly. Axial (A) and coronal (B) CT scans shows a large oval well-circumscribed hypoattenuat-
ing mass (arrow) in the liver secondary to a cavernous hemangioma.

� Figure 8-23. Splenomegaly. CT shows a massively
enlarged spleen (arrow) that displaces the stomach (S)
medially in a patient with chronic myelogenous leukemia.

Fusion of the kidneys may occur in the embryologic stage
during the second month of gestation. Most (95%) of these
fusions occur at the lower poles of the kidneys. CT shows the
kidney to be vertical or even in the reverse oblique direction
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8-15. What is the most likely cause of the distended bowel
loop (arrowheads) in Case 8-15 (Figure 8-27)?
A. Cecal volvulus
B. Functional ileus of the bowel
C. Pneumoperitoneum
D. Sigmoid volvulus

8-16. What is the most likely diagnosis in Case 8-16 (Figure
8-28)?
A. Ascites
B. Functional ileus of the bowel
C. Mechanical obstruction at the colon
D. Mechanical obstruction at the small bowel

PART 4

� Figure 8-24. Pelvic mass. CT shows a large intraperi-
toneal mass (arrow) that arose from a clear cell carci-
noma of the right ovary.

� Figure 8-25. Case 8-13. A 66-year-old man presents
with fever, chills, and abdominal pain.

� Figure 8-26. Case 8-14. A 65-year-old woman presents
with abdominal distention and a history of abdominal
surgery.

� Figure 8-27. Case 8-15. A 70-year-old man presents
with abdominal distention.
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Radiologic Findings

8-13. In this case, a diffuse abnormal gas pattern with dis-
tention of the small bowel, colon, and rectum sug-
gests functional ileus. Two days later the patient
underwent laparotomy, and small-bowel ischemia
was found (Figure 8-29) (A is the correct answer to
Question 8-13). Separation of bowel loops may indi-
cate bowel wall thickening but is a nonspecific sign.

8-14. This case shows gaseous distention of the stomach,
duodenum, and jejunum on the supine film, but no
gas is seen in the colon, suggesting mechanical
small-bowel obstruction. Gastric outlet or duode-
nal obstruction is unlikely because many jejunal
loops are dilated. At surgery, an obstructing jejunal
adhesion was found (C is the correct answer to
Question 8-14).

8-15. This patient has a huge distended and folded
colonic loop in the midabdomen and pelvis (the
“coffee bean” sign). The most likely consideration is
a sigmoid volvulus (D is the correct answer to
Question 8-15).

8-16. This case shows distended transverse colon and de-
scending colon and no gas in the sigmoid colon and
rectum. The small bowel is not distended. Mechani-
cal obstruction of the colon distal to the level of de-
scending colon is likely (C is the correct answer to
Question 8-16). Barium enema (Figure 8-30) shows

an irregular narrowing at the rectosigmoid region,
indicative of sigmoid carcinoma.

Discussion

Generalized or diffuse distribution of gas, both in the small
bowel and in the colon, is more indicative of a functional

CHAPTER 8

� Figure 8-28. Case 8-16. A 66-year-old woman pres-
ents with abdominal distention and constipation for 
3 days.

� Figure 8-29. Two days later, a follow-up abdominal
plain film in the same patient as in Figure 8-25 shows a
gas pattern in several separated loops of the jejunum (J)
at midabdomen indicative of bowel wall thickening, which
is confirmed as enteric ischemia.

� Figure 8-30. Barium enema in the same patient as in
Figure 8-28 shows a narrowing (arrow) with an irregular
contour at the rectosigmoid region, suggesting sigmoid
carcinoma as the cause of colonic obstruction.
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ileus. The most common causes of functional ileus are post-
operative status, neuromuscular diseases, ischemia, and in-
trinsic or extrinsic inflammations. Air-fluid levels may be
seen in patients with functional ileus when plain films are ob-
tained with the patient in upright or decubitus position.

Limited distribution of abnormal gas in the intestine fa-
vors a mechanical obstruction. Air-fluid levels may also be
seen in patients with mechanical obstruction when an up-
right abdominal radiograph is obtained. The most com-
mon causes of mechanical obstruction in the small bowel
are adhesions, internal or external hernias, neoplasms, or
intussusceptions. Ileocolic intussusception is common in
children.

When the small bowel is filled with a large amount of
fluid, a row of small gas bubbles may be trapped between the
valvulae conniventes. The row of gas bubbles is called the
“string of beads” or “string of pearls” sign and is seen on the
decubitus or upright view of the abdomen (Figure 8-31). A
fluid-filled, closed-loop small bowel obstruction may appear
as an oval mass in the abdomen and is known as the “pseudo-
tumor sign” (Figure 8-32). These signs suggest a mechanical
obstruction and possible strangulation.

Sigmoid volvulus may twist along the mesenteric axis
and the long axis of the bowel. The twisted and overdis-
tended sigmoid colon may appear as an inverted U shape or
a coffee bean shape, without haustra or septa, at the upper

pelvis and abdomen crossing the transverse colon. The colon
above the sigmoid may be distended; however, the small
bowel is rarely distended in a patient with sigmoid volvulus.
Barium enema may show a beaking sign adjacent to the
twisted point. Vascular insufficiency may occur if volvulus
cannot be corrected.

A small-bowel volvulus may be caused by internal hernia
or adhesion similar to that of sigmoid volvulus. Small-bowel
volvulus may be located outside the pelvis with no proximal
colonic dilatation. Cecal volvulus is the cause of 1% to 2% of
intestinal obstructions. Most often a cecal volvulus is twisted
and relocated in the midabdomen or left upper quadrant
(Figure 8-33).

Mechanical obstruction of the colon is commonly caused
by colonic neoplasm, volvulus, or inflammatory mass caused
by diverticulitis of the left colon. All colonic segments proxi-
mal to the mechanical obstruction are distended with gas or
a combination of gas and feces. When intestinal secretions
and fecal matter fill the distended bowel loop, solid and
liquid contents produce a mottled appearance. Whether
the small bowel becomes distended from a colonic obstruc-
tion depends on its duration and severity, and also on the

PART 4

� Figure 8-31. Small-bowel obstruction. Two rows of air
bubbles (arrowheads) with fluid levels in the left midab-
domen are indicative of mechanical obstruction in the
small intestine.

� Figure 8-32. Small-bowel obstruction shows a huge
mass (arrowheads, pseudotumor sign) in the midab-
domen with several adjacent fluid levels. (From Chen
MYM, Zagoria RJ, Ott DJ, Gelfand DW. Radiology of the
Small Bowel, New York, Igaku-Shoin, 1992, used
with permission)
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EXERCISE 8-5. INCREASED OR DECREASED
DENSITY IN THE ABDOMEN

8-17. What is the most likely diagnosis in Case 8-17 (Figure
8-35)?
A. Bullous emphysema
B. Colon interposition
C. Pneumoperitoneum
D. Tension pneumothorax

8-18. What is the most likely diagnosis in Case 8-18 (Figure
8-36)?
A. Functional ileus of the bowel
B. Mechanical obstruction of the colon
C. Mechanical obstruction of the small bowel
D. Pneumoperitoneum

8-19. What is the most likely diagnosis in Case 8-19 (Figure
8-37)?
A. Ascites
B. Functional ileus
C. Gallstone ileus
D. Mechanical obstruction in the small bowel

8-20. What is the most likely diagnosis in Case 8-20 (Figure
8-38)?
A. Ascites
B. Hemoperitoneum
C. Pelvic teratoma
D. Uterine fibroma

Radiologic Findings

8-17. This case shows crescent-shaped lucencies beneath
both hemidiaphragms outline the liver on the right

CHAPTER 8

� Figure 8-33. A distended cecum and right colon 
(arrowheads) are seen at midabdomen. The terminal
ileum (curved arrow) is located laterally to the cecal
volvulus. Barium enema may delineate the twisted point
in the ascending colon.

� Figure 8-35. Case 8-7. A 35-year-old man is seen who
underwent laparotomy 2 days earlier.

� Figure 8-34. Colonic mechanical obstruction. CT shows
a large intraluminal mass (arrow) in a dilated transverse
colon due to adenocarcinoma of the splenic flexure.

competency of the ileocecal valve. Abdominal radiographs
are often of limited value in differentiating the cause of bowel
distention, and CT is more useful for locating a mechanical
obstruction (Figure 8-34).
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double-wall sign is seen on the supine film of the ab-
domen because there is air within the intestinal
lumen and in the peritoneal cavity, caused by rupture
of a viscus (D is the correct answer to Question 8-18).

8-19. In this case, the hepatic angle (arrowheads) and the
descending colon (D) are displaced medially, the
small bowel (S) is located centrally in the abdomen,
and there is increased density in the pelvis, suggesting
ascites (Figure 8-40) (A is the correct answer to Ques-
tion 8-19).

PART 4

� Figure 8-36. Case 8-18. A 49-year-old woman presents
with acute abdominal pain.

� Figure 8-37. Case 8-19. A 40-year-old woman presents
with abdominal distention.

� Figure 8-38. Case 8-20. A 45-year-old woman is seen
who had a motor vehicle accident.

� Figure 8-39. In a patient with pneumoperitoneum
(same patient as in Figure 8-36), the double-wall sign
shows inner and outer walls of the transverse colon 
(arrows) delineated by air in the colon and in the 
peritoneal cavity.

and the spleen on the left in the PA chest film,
suggesting pneumoperitoneum (C is the correct
answer to Question 8-17).

8-18. This case shows both the inner and outer walls of
the transverse colon (arrows) (Figure 8-39). This
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Discussion

In adults, the most common causes of pneumoperitoneum
are postoperative status, ruptured abdominal viscus, and
peritoneal dialysis. Residual air in the abdomen after surgery
may persist for 1 to 2 weeks. Serial abdominal films, however,
should show a gradual reduction in the amount of free peri-
toneal air. A persistent or increasing amount of air on post-
operative serial films suggests a perforated viscus or ruptured
surgical anastomosis. Spontaneous pneumoperitoneum is
commonly caused by the perforation of a duodenal ulcer.
Less common causes include pneumomediastinum, pul-
monary emphysema, pneumatosis intestinalis, and entrance
of air per vagina.

Pneumoperitoneum is most readily detected on the up-
right film of the chest, even if only a small amount of air is
present. The left lateral decubitus view is useful and may
show small amount of free air accumulating between the
right lateral margin of the liver and the peritoneal surface.
Normally, the interface between the air and inner intestinal
wall is visible, but the serosal surface is not appreciated be-
cause its density is similar to that of the adjacent peritoneal
contents. When gas is present in the peritoneal cavity, how-
ever, both inner and outer walls will be delineated; this is
called the “double-wall sign” or “Rigler’s sign”. A visible
serosal margin of bowel can also be simulated by normal
adjacent omental fat or adjacent contiguous loops of small
or large bowel (Figure 8-42). If in doubt, the upright or left
lateral decubitus film may confirm pneumoperitoneum. CT
is more sensitive than plain radiograph in assessing pneu-
moperitoneum (Figure 8-43). Colon interposition occurs
on the right between the liver and hemidiaphragm, and
haustrations are usually recognized that aid differentiation
from pneumoperitoneum.

CHAPTER 8

� Figure 8-40. Ascites shows hepatic angle (arrow-
heads, Hellmer’s sign) and descending colon (D) displac-
ing medially, small bowel loops (S) located centrally, and
increased density in the pelvis.

� Figure 8-41. CT shows a large soft-
tissue mass (M) shadow with different
attenuation in the pelvis, pushing the
bladder (B) anteriorly. Hemoperitoneum
was the diagnosis in this patient with a
history of trauma.

8-20. In this case, the soft-tissue density with no gas pat-
tern in the pelvis is consistent with hemoperitoneum
in this motor vehicle accident victim. CT better eval-
uates hemoperitoneum (Figure 8-41) (B is the cor-
rect answer to Question 8-20).
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Although plain film of the abdomen is not sensitive in
assessing small amounts of intraperitoneal fluid, the plain
film can demonstrate moderate and large amounts of fluid
collection. In ascites, the hepatic angle may be obscured or

displaced medially (Hellmer’s sign). The ascending or de-
scending colon may be displaced medially by fluid in the
paracolic gutter. A large amount of fluid may accumulate in
the pelvis, causing increased density and symmetrical
bulges. Other signs, such as separation of the small bowel
loops and overall higher density in the abdomen, are also
seen, but not often. CT (Figure 8-44) and ultrasonography
(Figure 8-45) more accurately assess intraperitoneal fluid
and coexistent masses.

Blood and pus have a similar density to that of ascitic fluid
in the peritoneal cavity; therefore, hemoperitoneum may

PART 4

� Figure 8-42. False double-wall sign. Both inner and
outer walls of the ascending colon (arrowheads) are out-
lined by air inside the colon and fat shadow outside.

� Figure 8-43. Pneumoperitoneum. CT confirms free air
(arrows) in the peritoneal cavity showing falciform liga-
ment (arrowhead).

� Figure 8-44. Ascites. CT shows the presence of 
perihepatic ascites (arrows) in a patient with heart 
failure.

� Figure 8-45. Ascites. Ultrasonography shows anechoic
fluid (arrows) and floating bowel loops (arrowheads).
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produce signs similar to those found in ascites. High density
in the pelvis is a sign of hemoperitoneum in patients with a
history of trauma. CT better evaluates hemoperitoneum.

EXERCISE 8-6. EXTRALUMINAL GAS PATTERN

8-21. What is the most likely diagnosis in Case 8-21 (Figure
8-46)?
A. Colonic diverticulitis
B. Mechanical obstruction of the colon
C. Pneumatosis cystoides intestinalis
D. Pneumoperitoneum

8-22. What is the most likely diagnosis in Case 8-22 (Figure
8-47)?
A. Abscess
B. Functional ileus
C. Gallstone ileus with gas in the biliary tree
D. Hepatic portal vein gas

8-23. What is the most likely diagnosis in Case 8-23 (Figure
8-48)?
A. Gallstone ileus with gas in the biliary tree
B. Hepatic portal venous gas
C. Pneumoperitoneum
D. Right subdiaphragmatic abscess

CHAPTER 8

� Figure 8-46. Case 8-21. A 42-year-old man presents
with mild abdominal pain.

� Figure 8-47. Case 8-22. A 66-year-old woman is
admitted with vague abdominal pain and vomiting.

� Figure 8-48. Case 8-23. A 77-year-old woman
presents with fever and a 1-week history of
abdominal pain.
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8-24. What is the most likely diagnosis in Case 8-24 (Figure
8-49)?
A. Gallstone ileus with gas in the biliary tree
B. Hepatic portal venous gas
C. Pneumoperitoneum
D. Subdiaphragmatic abscess

Radiologic Findings

8-21. This case shows linear air streaks along the descend-
ing and sigmoid colon in a patient with mild ab-
dominal pain. These streaks indicate pneumatosis
cystoides intestinalis (C is the correct answer to
Question 8-21).

8-22. This case shows a distended proximal jejunum and a
few air bubbles in the right upper quadrant, indicat-
ing gallstone ileus with mechanical obstruction and
air in the biliary tree (Figure 8-50 A). An upper gas-
trointestinal study demonstrates a distended proximal
small bowel, a fistula (Figure 8-50B) between the bil-
iary tree and the duodenum, and three gallstones in
the small bowel (Figure 8-50 C). CT shows air in the
biliary tree (Figure 8-50 D) (C is the correct answer to
Question 8-22).

8-23. In this case, multiple air bubbles in the right upper
quadrant in a patient with fever are consistent with
a subdiaphragmatic abscess (Figure 8-51). Bilateral
linear rib calcifications and right hip replacement
are also seen (D is the correct answer to Question
8-23).

8-24. This case shows a fine arborizing linear gas pattern in
the right upper quadrant extends to the periphery of
the liver, indicating portal venous gas (B is correct
answer to Question 8-24).

A B

� Figure 8-49. Case 8-24. A 64-year-old man presents
with fever, abdominal pain, and distention.

� Figure 8-50. (A) Gallstone ileus, in the same patient as in Figure 8-47, is seen as distended small-bowel loops and
air bubbles at the right upper quadrant (arrows). (B) Upper gastrointestinal series shows reflux of barium suspension
into the biliary tree through a cholecystoduodenal fistula (arrows). 
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intestinalis is an incidental finding in most patients, usually
with a self-limited benign course; simple bowel obstruction,
volvulus, and air from the mediastinum or retroperitoneum
are commonly associated. Pneumatosis intestinalis may be
caused by ischemic and necrotizing enterocolitis in patients
with leukemia or non-Hodgkin lymphoma and in those who
have had bone marrow transplantation.

Gallstone ileus, the mechanical obstruction of the small
bowel by an impacted gallstone, is commonly seen in elderly
women. Clinical presentation in gallstone ileus is nonspecific,

� Figure 8-50. (Continued) (C) Small-bowel examination shows three gallstones in the small bowel (arrows), with the dis-
tal stone (straight arrows) causing obstruction. (D) CT study demonstrates air (arrow) in the biliary tree in the same patient.
(A-D from Chen MYM, Dyer RD, Zagoria RJ, et al: CT of gallstone ileus. Appl Radiol 1991;20:37-38, used with permission).

C D

� Figure 8-51. Multiple air bubbles (arrows) (same pa-
tient as in Figure 8-48) in the right upper quadrant indi-
cate a subdiaphragmatic abscess.

Discussion

Pneumatosis cystoides intestinalis appears as linear streaks
of gas or intramural cystic collections of gas in the small
bowel or colon. The cysts range in size from 0.5 to 3 cm and
may extend into the adjacent mesentery. Pneumatosis

� Figure 8-52. Pyogenic liver abscess in a 55-year-old
man with 3 days of fever, chill, and productive cough
after right lobectomy. CT shows mottled gas collection
(arrow) in the right lobe indicating liver abscess.
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and the mortality rate is high (15%). A gallstone enters the
intestinal lumen via a cholecystoenteric fistula. Major radi-
ographic signs include small-bowel obstruction, air in the
biliary tree, and an ectopic gallstone seen on plain abdominal
film, upper gastrointestinal series, or CT study.

Abscess in the subphrenic and subhepatic spaces is a se-
rious problem, with a mortality rate of 30%. Subphrenic
abscess may arise spontaneously or as a complication of ab-
dominal surgery, pancreatitis, diverticulitis, or appendicitis. A
cluster of gas may be seen on plain film in 70% of abscesses.
Left-sided abscess is difficult to discern because gas in the
splenic flexure, stomach, or jejunum may mimic gas within

the abscess. Other radiographic findings include elevation of
the adjacent hemidiaphragm, pleural effusion, and basilar at-
electasis. CT is more accurate in assessing hepatic and extra-
hepatic abscess (Figure 8-52).

In the right upper quadrant, when multiple tubular lu-
cencies are seen reaching the lateral hepatic margins, portal
venous gas is a likely consideration (Figure 8-53). Biliary tree
gas is located in the central hepatic zone near the porta he-
patis. Benign portal venous gas has been noted in sigmoid
diverticulosis, nonobstructed splenic flexure carcinoma, ul-
cerative colitis, and bronchopneumonia. Mesenteric vascular
insufficiency and necrotizing intestinal infection are
common causes of hepatic portal venous gas. In children,
necrotizing enterocolitis produces intramural gas within
mesenteric veins to the liver; the mortality rate in patients
with the sign of hepatic portal venous gas is higher than in
those without portal venous gas.
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Five years is a long time in radiology, and the pace of change
in imaging has even quickened since the prior edition of this
text. The increasing availability and technical capability of
cross-sectional modalities such computed tomography (CT),
magnetic resonance imaging (MRI), and ultrasound (US)
now dominate imaging of the urinary system with multide-
tector (spiral) CT having the greatest impact. In our depart-
ment, CT is called the “temple of truth” for good reason.
These cross-sectional modalities have essentially eliminated
the intravenous pyelogram (IVP), which after 70 years of
being the backbone of urinary tract imaging, has had its epi-
taph written, and has little if any role in modern-day urinary
imaging. The result of these progressive advances in imaging
continues to be improved, earlier, and more accurate diagno-
sis of genitourinary tract disease.

This chapter introduces the basic concepts in imaging of
the urinary tract. First, the imaging modalities currently in
clinical practice and principles of their interpretation are dis-
cussed, especially regarding normal anatomy and its variants.
The importance of choosing the most appropriate study for a
given clinical scenario cannot be overemphasized, and the
next section of the chapter reviews technique selection. A se-
ries of clinical exercises and case examples follow, demon-

strating important imaging concepts and diseases of the uri-
nary tract. Finally, suggested readings is provided at the end
of the chapter.

TECHNIQUES AND NORMAL ANATOMY
This section introduces the common radiologic techniques
used in evaluation of the urinary tract, with emphasis on an
overview of each technique as it applies to the urinary tract.
A discussion of normal anatomy and some important funda-
mental concepts of interpretation are included. A basic
knowledge of the gross anatomy is assumed, with emphasis
placed on the radiographic anatomic correlations.

� Abdominal Radiography
Conventional radiographs, or “plain films,” are an inexpen-
sive, quick overview of the abdomen and can occasionally
provide useful diagnostic information for selected urinary
tract indications. A radiograph of the abdomen when used to
evaluate the urinary tract is often referred to as a KUB (kidney,
ureter, and bladder). “Gas, mass, bones, stones” can be used
as a reminder of main areas to examine on the abdominal

Techniques and Normal Anatomy
Abdominal Radiography
Computed Tomography
Ultrasonography
Magnetic Resonance Imaging
Nuclear Medicine
Retrograde Pyelography/Cystography/Urethrography
Angiography
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radiograph. On the normal abdominal radiograph, the renal
outline may be visible adjacent to the upper lumbar spine and
should be bilaterally symmetric and measure between 3 and
4 lumbar vertebrae in length. The ureters are not discernable,
although knowledge of their normal course, between the tips
of lumbar transverse process tips and pedicles, along the mid
sacral ala, and finally gently coursing laterally below the
sacrum to enter the bladder, allows for potential stone identi-
fication. The distended bladder may also be visible, if out-
lined by fat, on the KUB. The most common genitourinary
findings seen on abdominal radiography will be in the form
of urinary tract calcifications (Figure 9-1). Unfortunately, the
KUB suffers from poor sensitivity and specificity regarding
urinary tract calcifications. In the past, it was reported that
80% of calculi were radiopaque and could be identified on
conventional radiographs. However, recent studies suggest
that no more than 40% to 60% of urinary tract stones are de-
tected and accurately diagnosed on plain radiographs. The
sensitivity for detection of stones is limited when the calculi
are small, of lower density composition, or when there is
overlapping stool, bony structures, or air obscuring the stones.
Additionally, the specificity of conventional radiography is
somewhat limited because a multitude of other calcifications

occur in the abdomen, including arterial vascular calcifica-
tions, pancreatic calcifications, gallstones, leiomyomas, and
many more (more than 200 causes of calcification in the ab-
domen have been described). Phleboliths, which are calcified
venous thromboses, are especially problematic because they
frequently overlap the urinary tract and are difficult to differ-
entiate from distal ureteral stones. Lucent centers are a hall-
mark of phleboliths, whereas renal calculi are often most
dense centrally. Rarely, the conventional radiograph may sug-
gest a soft-tissue mass or abnormal air (gas) within the urinary
tract. Emphysematous pyelonephritis, a urologic emergency
with high mortality, is the result of a renal infection by gas-
producing organisms and may be diagnosed on plain films
by mottled or linear collections of air within the renal
parenchyma. Bony lesions, such as sclerotic bony changes,
can suggest metastatic prostate cancer, and lytic bony lesions
can be seen with disseminated renal cell carcinoma. Addi-
tionally, the bony changes of renal osteodystrophy (diffuse
bony sclerosis) may be identified on plain radiographs. Verte-
bral anomalies are associated with congenital malformations
of the urinary tract. Thus, although the KUB is limited by low
sensitivity and specificity, close examination of the “gas,
mass, bones, stones” may yield important, sometimes critical,
diagnostic information.

� Computed Tomography

Multidetector (spiral) CT is now the dominant radiologic
imaging modality for evaluation of the urinary tract and ad-
renal glands. Several factors make CT quite effective. The
high contrast and spatial resolution afforded by CT allow de-
tection and evaluation of subtle differences in very small
structures. Mathematical calculations of the attenuation of
the CT x-ray beam allow quantitative evaluation of the rela-
tive density of structures (ie, their Hounsfield units) and by
using these “CT numbers,” much unique diagnostic informa-
tion on the urinary tract is gained. Examinations can be per-
formed quickly and reproducibly with thin CT slices of the
entire urinary tract now obtainable in just a few seconds.
With these advances, CT can now be used to evaluate much
of the urinary tract, including vascular, parenchymal, and
urothelial components as well as adjacent structures including
the adrenal glands.

Careful techniques and protocols are critical to CT accu-
racy. CT scans of the urinary tract may be performed with
and/or without intravenous iodinated contrast material de-
pending on the indications. CT performed without contrast
is typically used for the detection of renal or ureteral calculi,
for which it is exquisitely sensitive. Additionally, noncontrast
views of the kidneys serve as a baseline to evaluate for lesion
enhancement after contrast administration, a critical factor
in mass evaluation. Intravenously administered iodinated
contrast is excreted by the kidney primarily by glomerular fil-
tration, opacifying the urinary tract progressively from the

PART 4

� Figure 9-1. Normal KUB. Note that portions of the
normal renal contours (arrows) are visible and should be
evaluated. There are no abnormal calcifications, soft-tissue
densities, or bony lesions evident.
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kidney through the ureter and to the bladder. Contrast
“opacification”during CT is most accurate, exquisitely demon-
strating and evaluating the urinary tract. One of the major
advances in the past 5 to 10 years has been advent of CT
urography (CTU), a superior replacement of the IVP. CTU is
most often indicated for evaluation of hematuria and typi-
cally consists of three scanning phases—noncontrast,
nephrographic (90 seconds), and delayed (8 to 10 minutes)
excretory phase. The noncontrast phase allows for stone de-
tection and serves as a baseline to assess possible mass en-
hancement. The nephrographic phase is predominately used
to evaluate the kidneys for mass lesions. Finally, the excretory

phase allows assessment of the collecting system, particularly
for the detection of urothelial carcinoma (Figure 9-2). Fre-
quently, the axial CT images are augmented with multiplanar
and three-dimensional reconstructions (Figure 9-3).

The kidneys, which enclose the renal sinus and are sur-
rounded by retroperitoneal fat, are well delineated on CT.
The renal parenchyma is composed of outer cortex, contain-
ing much of the nephron, as well as the pyramid-shaped col-
lecting duct containing inner medulla. On noncontrast
examinations, the kidneys are homogeneous and have a den-
sity similar to most soft tissue (Figure 9-4 A). With rapid
scanning after contrast administration, several sequential

A B

C D

� Figure 9-2. Normal CT urogram. Note the homogeneous renal density on the noncontrast images (A), with bright
enhancement of the renal parenchyma during the nephrographic phase (B), followed by intense opacification of the
collecting system during the excretory phase (C). Multiplanar reformats are often very helpful (D).
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phases of opacification within the kidney can be delineated
by CT including the corticomedullary, nephrographic, and
excretory phases. The corticomedullary phase can be seen if
scanning is performed during the first 20 to 70 seconds after
contrast administration and represents the early preferential
blood flow to the renal cortex (Figure 9-4 B). Subsequently,
contrast begins to pass into the distal collecting tubules
within the renal medulla, resulting in a more homogeneous
opacification of the renal parenchyma termed the CT
nephrographic phase (Figure 9-4 C). This generally occurs
around 90 to 120 seconds after contrast medium injection.
Finally, the excretory phase is seen when contrast opacifies
the collecting system. Each different phase of opacification
may better demonstrate different disease processes, and thus
various scanning protocols are used to evaluate the kidneys
depending on the clinical indication.

On CT, the kidneys should be evaluated for size, location,
orientation, and contour (Figure 9-5). The kidneys are typi-
cally located at the level of the upper lumbar spine with the
right kidney slightly lower than the left. They generally
lie with their axes along the psoas muscles with the upper
pole slightly more medial than the lower pole. Alterations in
position and orientation of the kidneys may be related to
congenital anomalies such as pelvic kidneys or may be sec-
ondary to mass effect from an adjacent lesion. The size of the
kidneys is somewhat variable depending on the age, sex, and
size of the patient, but generally range from 11 to 14 cm. Al-
though the right is often slightly smaller than the left, the kid-
neys should be relatively symmetric in size, with a discrepancy
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� Figure 9-3. 3-D reconstruction. Three-dimensional
postprocessed volume-rendered image of the urinary
tract beautifully demonstrate the kidneys, ureters, 
and bladder.

A B

� Figure 9-4. Normal CT renal phases. Note the homogeneous density of the noncontrast portion (A), the distinction
of cortex and medulla of the corticomedullary phase (B), and the once again homogeneous enhancement during the
nephrographic phase (C).
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greater than 2 cm suggesting pathology. There are a number
of causes of abnormal renal size, ranging from incidental
anomalies such as congenital renal hypoplasia to clinically
significant conditions such as renal artery stenosis (small kid-
ney) or infiltrating renal neoplasm (large kidney). The kid-
neys should have a reniform shape and a smooth contour.
Clefts suggest scarring, which most often results from chronic
vesicoureteral reflux/chronic bacterial pyelonephritis or from

renal infarcts. Additionally, the kidneys should be evaluated
for calcifications, hydronephrosis, and inflammation. A criti-
cal role for CT is mass/cyst detection and characterization.
CT is very specific in identifying a lesion as a simple cyst
when the lesion is homogenous and of water density, typi-
cally �10 HU. Lesions of higher density may represent hy-
perdense (complex) cysts or solid masses, and further
evaluation with contrast CT to detect enhancement may be
needed to differentiate these causes. Fat within a solid mass
generally allows a confident diagnosis of angiomyolipoma. A
solid, non-fat-containing mass in the adult should be consid-
ered a renal cell carcinoma until proven otherwise. CT is also
useful in staging renal neoplasms. Non-neoplastic renal dis-
ease, such as trauma and complicated infections, is accurately
demonstrated on CT, providing specific information regard-
ing the extent and severity of the process. The remainder of
the retroperitoneum, containing fat, the normal occupants of
the retroperitoneum (kidneys, adrenal glands, pancreas, duo-
denum, and parts of the colon), and vascular structures, is
well seen by CT, and diseases such as inflammation, infection,
and neoplasms are readily demonstrated. Additionally, the
thin section and rapid imaging of modern CT also allows
noninvasive evaluation of the vascular system, including the
major renal arterial and venous structures (Figure 9-6).

As previously mentioned, the unenhanced CT of the uri-
nary system, commonly referred to as the urinary tract CT or
“stone study,” is the procedure of choice for the detection of
urolithiasis and associated obstruction, with unmatched
specificity and sensitivity. There are many other advantages

CHAPTER 9

� Figure 9-4. (Continued)

C

� Figure 9-5. Normal size, location, orientation, and
contour of the kidneys.

� Figure 9-6. Normal CT angiogram of the renal arteries,
3-D reconstruction. Note that this image clearly demon-
strates that there are two right renal arteries. This is a
normal variant. In this case, the renal arteries are patent
without evidence of significant stenosis.
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to using CT to evaluate suspected ureteral stones, including
speed of the examination, identification of alternative expla-
nations for the pain (appendicitis, diverticulitis, aneurysm,
etc), and elimination of intravenous contrast complications.
Scans no thicker than 5 mm are performed from the top of
the kidneys to the symphysis pubis. The ureter can be visual-
ized and followed from the renal pelvis to the bladder in most
cases and appears as a tubular 2- to 3-mm fluid structure sur-
rounded by retroperitoneal fat. Stones can be diagnosed by
their high density and location within the ureter. Secondary
signs of obstruction have been described, including dilation
of the proximal ureter. As on the KUB, phleboliths can prove
troubling because of their frequent close approximation with
the distal ureter; however, their central lucency, lack of sur-
rounding inflamed ureteral wall, and lack of secondary signs
of obstruction usually allow their distinction.

Although visible without contrast material, the intrarenal
collecting system, ureters, and bladder are conspicuous and
nicely demonstrated when contrast material has been admin-
istered and delayed images obtained. Collecting system
anatomy is now visible in fine detail with the use of modern
high-resolution (�1 mm) spiral CT and multiplanar (coro-
nal, sagittal) and three-dimensional reformat methods. The
intrarenal collecting system consists of calyces, infundibula,
and the renal pelvis. Normally, each kidney consists of 7 to 14
evenly distributed calyces (Figure 9-7). The individual renal
calyx, from the Latin for “chalice,” is a delicate-appearing
cup-shaped structure. Not uncommonly, partial fusion of the
calyces occurs, especially in the renal poles, creating the com-
pound calyx. Other calyceal variants occur, including vari-
ants of number (polycalycosis, unicalyx kidney) and size
(megacalycosis, microcalyx) and must be differentiated from
true pathology. The normal delicate, cuplike appearance can
be distorted or irregular in conditions such as papillary

necrosis, tuberculosis, or urothelial (transitional cell) carci-
noma. Diverticula may arise from the calyces creating a haven
for stone formation, recurrent infection, or even transitional-
cell malignancy. The renal pelvis is also quite variable in ap-
pearance. A common variation is the so-called extrarenal
pelvis, where the pelvis lies outside the renal sinus. In this set-
ting, the pelvis tends to be more prominent and rounded,
mimicking hydronephrosis. This can be differentiated from
true obstruction by normal-appearing calyces. The ureters
appear as contrast-containing, rounded structures in the
retroperitoneum (Figure 9-8). Because of peristalsis, portions
of the ureters may be collapsed. On CT, the bladder appears
as a rounded water or contrast density structure in the pelvis.

PART 4

� Figure 9-7. Normal intrarenal col-
lecting system. Coronal reformat and
volume-rendered CT images demon-
strate the normal intrarenal collecting
system anatomy.

� Figure 9-8. Normal CT showing the distal ureters and
urinary bladder opacified with intravenous (IV) contrast.
After a 5-minute delay, the distal ureters (arrowheads)
and bladder are easily identified. Delayed images may
be necessary to evaluate the ureter or bladder in
certain circumstances.
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