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Bone scintigraphy with technetium-99m–labeled diphosphonates is
one of the most frequently performed of all radionuclide procedures.
Radionuclide bone imaging is not specific, but its excellent sensitivity
makes it useful in screening for many pathologic conditions. Moreover,
some conditions that are not clearly depicted on anatomic images can
be diagnosed with bone scintigraphy. Bone metastases usually appear
as multiple foci of increased activity, although they occasionally mani-
fest as areas of decreased uptake. Traumatic processes can often be
detected, even when radiographic findings are negative. Most fractures
are scintigraphically detectable within 24 hours, although in elderly
patients with osteopenia, further imaging at a later time is sometimes
indicated. Athletic individuals are prone to musculoskeletal trauma,
and radionuclide bone imaging is useful for identifying pathologic con-
ditions such as plantar fasciitis, stress fractures, “shin splints,” and
spondylolysis, for which radiographs may be nondiagnostic. A combi-
nation of focal hyperperfusion, focal hyperemia, and focally increased
bone uptake is virtually diagnostic for osteomyelitis in patients with
nonviolated bone. Bone scintigraphy is also useful for evaluating dis-
ease extent in Paget disease and for localizing avascular necrosis in pa-
tients with negative radiographs. Radionuclide bone imaging will likely
remain a popular and important imaging modality for years to come.
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Introduction
Bone scintigraphy is one of the most frequently
performed of all radionuclide procedures. Radio-
nuclide bone imaging is quick, relatively inexpen-
sive, widely available, and exquisitely sensitive
and is invaluable in the diagnostic evaluation of
numerous pathologic conditions. The procedure
is performed with technetium-99m–labeled
diphosphonates. These compounds accumulate
rapidly in bone, and by 2–6 hours after injection,
about 50% of the injected dose is in the skeletal
system. The uptake mechanisms of diphospho-
nates have not been completely elucidated. Pre-
sumably they are adsorbed to the mineral phase

of bone, with relatively little binding to the or-
ganic phase. The degree of radiotracer uptake
depends primarily on two factors: blood flow and,
perhaps more importantly, the rate of new bone
formation (1–3).

Although protocols vary among institutions,
imaging is typically performed 2–6 hours after
intravenous administration of 740–925 MBq
(20–25 mCi) of Tc-99m–labeled diphospho-
nates. The delay between injection and imaging
allows clearance of the radiotracer from the soft
tissues, resulting in a higher target-to-background
ratio and improved visualization of bone. Skeletal
detail can be further enhanced by encouraging
patients to drink copious amounts of fluid after
radiotracer injection. A gamma camera equipped
with a low-energy, high-resolution collimator will

Figure 1. Anterior (left) and posterior (right) whole-
body bone scintigrams obtained in an adult demon-
strate normal anatomy.

Figure 2. Anterior (left) and posterior (right) whole-
body bone scintigrams obtained in a child demonstrate
normal anatomy. Note the increased activity in the
physes of the long bones and in the hematopoietically
active facial bones.
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yield the highest-resolution images. Additional
anterior and posterior whole-body images are of-
ten obtained as needed.

In this article, we discuss and illustrate normal
bone scintigraphic findings as well as findings in
metastatic disease, trauma, infection, and miscel-
laneous conditions (Paget disease, hypertrophic
osteoarthropathy, reflex sympathetic dystrophy,
avascular necrosis, spondylolysis, venous obstruc-
tion, extraosseous activity, artifacts).

Normal Scintigraphic Findings
There is symmetric distribution of activity
throughout the skeletal system in healthy adults.
Urinary bladder activity, faint renal activity, and
minimal soft-tissue activity are also normally
present (Fig 1) (3). In children, intense symmet-
ric uptake in the physes of the long bones, which
represent centers of normal growth and hemato-
poietic production, is typically present. The mar-
row-containing flat facial bones also demonstrate
accumulation of radiotracer in children (Fig 2)
(3).

The accumulation of radiotracer in bone gen-
erally decreases with age (3). However, there are
sites of persistently increased symmetric uptake,
such as the acromial and coracoid processes of
the scapulae, the medial ends of the clavicles, the
junction of the body and manubrium of the ster-
num (angle of Louis), and the sacral alae. In-
creased radiotracer accumulation in the jaw may
be due to dental disease or to malocclusion of

dentures. Symmetric areas of increased calvarial
activity occurs in hyperostosis frontalis. In the
neck, activity in calcified thyroid cartilage and in
the apophyseal joints of the cervical vertebrae in
patients with asymptomatic degenerative changes
can also be seen (Fig 3) (3).

Metastatic Disease
Many if not most bone scans are performed in
patients with a diagnosis of malignancy, especially
carcinoma of the breast, prostate gland, and lung.
Radionuclide bone imaging plays an integral part
in tumor staging and management. This modality
is extremely sensitive for detecting skeletal abnor-
malities, and numerous studies have confirmed
that it is considerably more sensitive than conven-
tional radiography for this purpose (4–7). About
75% of patients with malignancy and pain have
abnormal bone scintigraphic findings. Perhaps
even more importantly, 25%–45% of asymptom-
atic patients with malignancy have scintigraphic
evidence of bone metastases. The usual pattern
consists of increased radiotracer deposition in
areas of osteoblastic reparative activity in re-
sponse to tumor osteolysis (7–9). The presence of
multiple, randomly distributed areas of increased
uptake of varying size, shape, and intensity is
highly suggestive of bone metastases (Fig 4). Al-
though multiple foci of increased activity may be

Figure 3. (a) Anterior bone
scintigram shows discrete fo-
cal activity in the left maxilla
(arrowhead) due to a dental
process and heart-shaped ac-
tivity in the anterior neck (ar-
row) representing the thyroid
cartilage, both of which are
normal variants. (b) Posterior
bone scintigram shows focal
activity in the right side of the
neck (arrow) caused by a cer-
vical osteophyte.
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encountered in other pathologic conditions, it is
often possible to distinguish metastatic disease
from other entities by analyzing the pattern of
distribution of the abnormalities. Traumatic in-
jury, in contrast to metastatic disease, generally
manifests as discrete focal abnormalities of similar
intensity. Multifocal rib trauma has a characteris-
tic linear distribution. In patients with osteoporo-
sis, kyphosis and an H-shaped sacral fracture sug-
gest the correct diagnosis (Fig 5). In older pa-
tients, osteoarthritis and degenerative changes
may manifest as areas of intense activity on radio-
nuclide bone images. These changes can be dis-
tinguished from metastatic disease by virtue of
their characteristic location (eg, knees, hands,
wrists). Involvement of both sides of the joint is
common in arthritis but unusual in malignant
conditions (10).

When the metastatic process is diffuse, virtu-
ally all of the radiotracer is concentrated in the
skeleton, with little or no activity in the soft tis-
sues or urinary tract. The resulting pattern, which
is characterized by excellent bone detail, is fre-
quently referred to as a superscan (Fig 6) (9–11).
A superscan may also be associated with meta-
bolic bone disease. Unlike in metastatic disease,
however, the uptake in metabolic bone disease is
more uniform in appearance and extends into the
distal appendicular skeleton. Intense calvarial up-
take that is disproportionate to that in the remain-
der of the skeleton is another feature of a meta-
bolic superscan (Fig 7) (12).

Metastatic disease occasionally manifests as a
solitary abnormality, usually in the spine. Degen-
erative changes may also manifest as an isolated
abnormality. Single photon emission computed
tomography (SPECT) is useful for differentiating
between these two pathologic conditions (13,14).
SPECT “removes” unwanted activity around the
region of interest, thereby improving image con-
trast and allowing more precise lesion localiza-
tion. This technique is particularly useful in the
evaluation of anatomically complex structures
such as the spine. With SPECT, sections of the

vertebra can be examined on transaxial, coronal,
sagittal, and three-dimensional images, which
facilitates both localization and characterization
of an abnormality (15).

Abnormalities that extend beyond the vertebral
body are invariably due to osteophytes, whereas
abnormalities that are confined to the articular
facets are nearly always benign in origin. Radio-
tracer accumulation in both the vertebral body
and pedicles usually indicates metastatic disease,
whereas abnormalities that involve the vertebral
body and facets but spare the pedicles are usually
benign (Figs 8, 9). Activity that is confined to the
vertebral body can be due to tumor, trauma, or
infection (13–15).

Figure 4. Extensive osseous metastases from lung
carcinoma. Anterior (left) and posterior (right) whole-
body bone scintigrams show multiple, randomly dis-
tributed foci of abnormal radiotracer uptake. The foci
vary in size and intensity.
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Figure 5. Anterior (left) and posterior (right) whole-
body scintigrams obtained in a patient who fell demon-
strate multiple foci of increased radiotracer uptake.
The linearly distributed rib foci and H-shaped sacral
activity indicate trauma as the cause of these foci. The
increased activity in the right proximal humerus is due
to a fracture.

Figure 6. Bone metastases from gastric carcinoma.
Anterior (left) and posterior (right) whole-body scin-
tigrams show diffuse, irregularly increased activity
throughout the appendicular and axial skeleton. There
is minimal soft-tissue activity and virtually no renal or
bladder activity. This pattern is indicative of diffuse
bone metastases and is often referred to as a superscan.

Figure 7. Renal osteodystrophy and secondary hy-
perparathyroidism. Anterior (left) and posterior (right)
whole-body scintigrams demonstrate uniformly in-
creased activity throughout the skeleton that is espe-
cially intense in the calvaria. These images show the
superscan pattern associated with metabolic bone dis-
ease (cf Fig 6).
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Figure 8. (a) Posterior pla-
nar scintigram demonstrates
a focus of increased radiotrac-
er uptake in the right side of
a lower thoracic vertebra.
(b–d) Transaxial (b), coronal
(c), and sagittal (d) tomo-
grams demonstrate that this
eccentric activity extends from
the body of the vertebra into
the pedicle, a pattern that is
consistent with metastatic dis-
ease.

Figure 9. (a) Posterior pla-
nar scintigram shows bilater-
al foci of increased activity
in a lower lumbar vertebra.
(b–d) Transaxial (b), coronal
(c), and sagittal (d) tomo-
grams help confirm that this
increased activity is confined
to the posterior elements,
sparing the pedicles, and
therefore does not represent
metastatic disease.

Figure 10. Scintigram shows a bone metas-
tasis in a lower lumbar vertebra (arrow) as an
area of decreased rather than increased activ-
ity.
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SPECT acquisition parameters vary depending
on whether a single-, dual-, or triple-head device
is used. At our institution, 128 angular samplings
(20 sec/sample) are acquired on a 128 � 128 �
16 matrix when a dual-head system is used. When
a single-head system is used, 64 angular sam-
plings (20 sec/sample) are acquired on a 128 �
128 � 16 matrix. Optimal reconstruction algo-
rithms vary among manufacturers.

Although metastatic disease generally mani-
fests as areas of increased activity, it can occasion-
ally manifest as areas of decreased activity (Fig
10) (3). Other conditions that may manifest as
focally decreased activity include acute-phase
avascular necrosis and even osteomyelitis (16).

To accurately interpret radionuclide bone im-
ages obtained in patients with tumor, one must be
cognizant of the effects that treatment can have
on the study.

Many tumors are treated with radiation
therapy. In the acute (early) phase of radiation
osteitis, radiotracer uptake actually increases in
the irradiated field as a result of inflammatory
hyperemia (17). This increment, which peaks
about 2–3 months after treatment, is only about

10%–20% above baseline and may not be appre-
ciated at visual inspection of the images. The late
phase of radiation osteitis is characterized by uni-
formly decreased uptake within the radiation port
(Fig 11). This pattern, which can be identified by
6 months after treatment, is usually permanent,
although on occasion, osseous uptake may return
to pretreatment levels (3). The effects of radiation
osteitis are usually seen only when doses of at
least 17.5 Gy (1,750 rads) are administered (18).

Hormonal therapy and chemotherapy may also
affect bone scan findings (17). An increase in in-
tensity or the appearance of new abnormalities
from one bone scan to the next does not necessar-
ily indicate progression of disease. This pattern,
seen in patients who are responding to treatment,
reflects healing of the bone lesions and has been
described as the “flare” phenomenon. This phe-
nomenon is usually observed within 3 months
after initiation of treatment and is often associ-
ated radiographically with the sclerotic changes
that indicate healing. Continued increase in the
number and intensity of lesions beyond 6 months
is usually indicative of disease progression (19,
20). Serial studies over time are useful for differen-
tiating healing from disease progression (Fig 12).

Figure 11. Posterior
whole-body scintigram ob-
tained about 1 year after
mediastinal radiation
therapy shows a sharply
demarcated area of uni-
formly decreased radio-
tracer accumulation in the
upper thoracic spine, a
finding that represents the
radiation port.

Figure 12. Bone metastasis from breast carcinoma. Scintigram from the initial
bone study (left) demonstrates numerous foci of increased activity. On a scintigram
obtained 3 months later (center), the abnormalities are more intense, and new ab-
normalities have become evident. On a third scintigram obtained yet 3 months later
(right), many lesions have resolved, and those that remain have decreased in inten-
sity. No new abnormalities have appeared. The changes present on the second
study (center) reflect a response to treatment and the flare phenomenon, not dis-
ease progression.
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Trauma
Although most fractures are detected radiographi-
cally, bone scintigraphy is useful for detecting
fractures in patients with a history of trauma and
equivocal or frankly negative radiographs (Fig
13). Most fractures are scintigraphically detect-
able within 24 hours of their occurrence; how-
ever, in elderly patients with osteopenia and unre-
markable findings at initial bone scintigraphy
performed within 24 hours of injury, repeat scin-
tigraphy may be performed at 72 hours to maxi-
mize sensitivity. The minimum time for normal-
ization of activity is 6 months after the fracture,
and nearly all fractures will show normalization of
activity by 2 years. Because remodeling is an on-
going process in nonaligned fractures, these frac-
tures may never attain a normal scintigraphic ap-
pearance (21).

In athletic individuals, the lower extremity is
often the site of musculoskeletal trauma. Com-
monly seen conditions include enthesopathies,
stress fractures, and “shin splints” (22). Plantar
fasciitis, a form of localized reactive periostitis,
develops in individuals engaged in activities that
involve extensive foot dorsiflexion, such as run-
ning and aerobics. Pain and tenderness are con-
centrated at the site of the insertion of the long
plantar tendon into the inferior aspect of the cal-

caneus. The typical appearance of this entity on
radionuclide bone images is that of focally in-
creased activity, which may be intense, at the site
of the tendon insertion (Fig 14) (22–24).

Radionuclide bone imaging is often used to
differentiate tibial stress fractures from shin
splints (Fig 15). Hyperperfusion and hyperemia
are typically present in acute stress fracture. De-
layed images demonstrate focal fusiform uptake
in the lesion; this uptake often occurs at the junc-
tion of the middle and distal thirds of the tibia
(25). Shin splints are due to excessive exertion of
the tibialis and soleus muscles of the legs, which
gives rise to periostitis at the tibial insertions of
these muscles. Unlike in stress fractures, angio-
grams and blood pool images are usually normal
in shin splints. Delayed bone images reveal longi-
tudinally oriented linear areas of increased uptake
of varying intensity that involve one-third or more
of the posterior tibial cortex (26). The differentia-
tion of stress fracture from shin splints is impor-
tant because their treatments are very different.

Figure 13. Fracture of the femur in an 83-year-old patient
who complained of left hip pain after a fall. (a) Radiograph
demonstrates normal findings. (b) Anterior (left) and poste-
rior (right) radionuclide bone scans demonstrate foci of in-
creased activity in the left femoral neck, a finding that is con-
sistent with trauma. (c) Computed tomographic (CT) scan
helps confirm the presence of a left femoral neck fracture (ar-
row).
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Figure 14. Plantar
fasciitis. Radionu-
clide scans demon-
strate foci of in-
creased activity on
the plantar surface of
the right calcaneus
(arrow), where the
plantar fascia at-
taches to the calca-
neal tuberosity.

Figure 15. (a) Anterior (left) and
posterior (right) scintigrams ob-
tained in a young woman with stress
fractures of the right tibia show fo-
cal, intense activity in the proximal
portion of the bone. (Case courtesy
of Lawrence Davis, MD, Depart-
ment of Radiology, Long Island Jew-
ish Hospital, New Hyde Park, NY.)
(b) On anterior (left) and posterior
(right) scintigrams obtained in a pa-
tient with bilateral shin splints, the
tibial activity is linear, longitudinally
oriented, and mild in intensity.
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Infection
Three-phase bone scanning has an accuracy of
over 90% and is the radionuclide procedure of
choice for diagnosing osteomyelitis in bone not
affected by underlying conditions (27).

The first (dynamic) phase reflects the relative
amount of blood flow to the area of interest,
whereas the second (blood pool) phase reflects
the amount of activity that has extravasated into
the tissues around the area of interest. The third
(delayed [bone]) phase reflects the rate of bone
turnover. The classic appearance of osteomyelitis
on three-phase bone scans consists of focal hyper-
perfusion, focal hyperemia, and focally increased
bone uptake (Fig 16). Abnormalities at radionu-
clide bone imaging reflect increased bone mineral
turnover in general, not infection specifically.
Therefore, conditions associated with increased
bone mineral turnover (eg, tumors, fractures,
joint neuropathy) may mimic osteomyelitis at
three-phase bone scintigraphy. Under these cir-
cumstances, three-phase bone imaging is less use-
ful, primarily because of diminished specificity.
To improve specificity, complementary imaging
with gallium-67 citrate (for spinal infection) or
indium-111–labeled autologous leukocytes (for
the appendicular skeleton) is often performed
(27).

Bone scintigraphy is often used to evaluate
painful joint replacement. A negative study is
strong evidence that the prosthesis is not the
source of the patient’s discomfort. However, the
significance of increased periprosthetic uptake is
less certain. Factors that must be taken into ac-
count include the type and location of the pros-
thesis and the amount of time elapsed between
implantation and imaging (28).

Miscellaneous Conditions

Paget Disease
Paget disease, a focal disorder of skeletal metabo-
lism of unknown cause, is characterized by in-
creased resorption, disordered remodeling, and
nonuniform mineralization of bone (29). Affected
bones become enlarged, irregular, and deformed.
At scintigraphy, these changes manifest as in-
tensely increased activity throughout the involved
bones (Fig 17) (30). The one exception to this
pattern is osteoporosis circumscripta, in which
intense activity is confined to the margins of the
lesion (31).

Hypertrophic Osteoarthropathy
Hypertrophic osteoarthropathy is secondary to
cortical periostitis that arises in connection with
various intrathoracic tumors, pulmonary diseases,
cardiac conditions, and intraabdominal diseases
(17). It is believed that an as yet unidentified cy-
tokine exerts an osteogenic effect (32). The most
common scintigraphic pattern is nonuniform,
irregular cortical uptake involving the long bones
and giving rise to the “tramline sign” (Fig 18)
(33).

Reflex Sympathetic Dystrophy
Reflex sympathetic dystrophy, a syndrome that
causes significant discomfort, is thought to be due
to “sympathetic overflow,” which may explain the
pain, warmth, and swelling of the involved ex-
tremity (34). At bone scintigraphy, reflex sympa-
thetic dystrophy usually manifests as diffuse, uni-
formly increased uptake throughout the affected
region (Fig 19). Occasionally, reflex sympathetic
dystrophy may manifest as a focal abnormality
limited to, for example, the hand or knee. De-
creased radiotracer accumulation has also been
described, especially in children (34–37).

Figure 16. Osteomyelitis. Dynamic (left), blood pool (center), and bone (right) images from a
three-phase bone scan demonstrate focal hyperperfusion, focal hyperemia, and foci of increased
bone uptake, respectively, in the right great toe.
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Figure 17. Paget disease.
Whole-body scintigram
demonstrates increased
radiotracer accumulation in
the proximal right femur
and in the deformed and
enlarged tibias.

Figure 18. Lung carcinoma with hypertrophic osteoar-
thropathy. Anterior (left) and posterior (right) whole-body
scintigrams demonstrate pericortical stripes of activity
(tramline sign) in the lower extremities. Hypertrophic os-
teoarthropathy is also present in the bones of the forearms.

Figure 19. Reflex sympathetic dystrophy.
Scintigram shows diffusely increased uptake
in the distal right upper extremity.
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Avascular Necrosis
Disruption of arterial supply to or obstruction of
venous outflow from an enclosed joint such as the
hip results in oxygen deprivation, which leads to
the death of osteocytes. Vascular insufficiency for

as little as 12 hours can cause osteonecrosis. In
the acute phase of vascular compromise, no ra-
diotracer is delivered to the bone tissue. At scin-
tigraphy, the affected part of the bone appears as
a photopenic defect. After revascularization, exu-
berant osteoblastic repair manifests as intense
radiotracer uptake. Subsequently, when repair is
complete, radiotracer uptake may return to base-
line levels (Fig 20) (37). Spontaneous osteone-
crosis may occur in elderly individuals, especially
women, and is characterized by a sudden onset of

Figure 20. Avascular necrosis in a patient with sickle cell disease who complained of left hip pain. Radiograph from
an initial study (top left) shows normal findings. The corresponding scintigram (bottom left) demonstrates an abnor-
mality with a photopenic defect in the left femoral head. Radiograph obtained 1 year later (top center) shows defor-
mity of the left femoral head. The corresponding scintigram (bottom center) reveals increased radiotracer uptake, a
finding that represents the reparative phase of avascular necrosis. Radiograph obtained 2 years after the initial study
(top right) shows evidence of progressive destruction and deformity of the left femoral head. The corresponding scin-
tigram (bottom right) depicts a small, deformed left femoral head.

Figure 21. Spon-
taneous osteonecro-
sis. Dynamic (left),
blood pool (center),
and bone (right) im-
ages show focal hy-
perperfusion, hyper-
emia, and bone ac-
tivity, respectively, in
the intercondylar
region of the tibia
and medial femoral
condyle.

352 March-April 2003 RG f Volume 23 ● Number 2

R
a
d
io

G
ra

p
h
ic

s



knee pain with normal radiographic findings. At
scintigraphy, spontaneous osteonecrosis is char-
acterized by focally increased radiotracer accumu-
lation, usually in the medial femoral condyle, al-
though the lateral femoral condyle and tibia may
also be involved (Fig 21) (38). Radionuclide im-
aging is superior to conventional radiography in
the detection of avascular necrosis but is less sen-
sitive than magnetic resonance imaging, which is
currently the preferred imaging technique in this
setting (39).

Spondylolysis
Spondylolysis, a condition caused by a defect in
the pars interarticularis of a vertebra, is an impor-
tant cause of pain in active young adults. When

initial radiographs are negative, bone scintigraphy
may serve to initiate more specialized anatomic
imaging for diagnosis. In addition to planar imag-
ing, SPECT of the thoracolumbar spine is man-
datory to ensure adequate examination (Fig 22)
(36).

Venous Obstruction
Patients with venous obstruction often present
with swelling and edema of the affected area. On
dynamic-phase images from a three-phase bone
study, collateral vessels may be identified (Fig 23).

Figure 22. Bilateral spondylolysis. (a) Posterior whole-body scintigram shows minimally increased
activity in the lower lumbar spine. (b) Coronal (top) and transverse (bottom) SPECT images clearly
show bilateral foci of intense activity in the posterior elements of L4 (arrows). (c) CT scan helps confirm
the presence of bilateral spondylolysis (arrows).
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Figure 23. Lung
carcinoma with su-
perior vena caval ob-
struction. Dynamic-
phase radionuclide
images obtained 3
(left), 6 (center), and
9 (right) seconds af-
ter injection show
dilated major vessels
and collateral ves-
sels.

Figure 24. Myocardial uptake in a
patient with long-standing conges-
tive heart failure. Whole-body scinti-
gram shows myocardial uptake and
abdominal ascites.

Figure 25. Hepatic metastasis from co-
lon carcinoma. Scintigram shows areas of
increased radiotracer uptake (arrows),
findings that represent metastases to the
liver.

Figure 26. Rhabdomyolysis. Scintigram
shows intense skeletal muscle uptake in the
anterior portion of the left upper thorax.
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Extraosseous Activity
Soft-tissue uptake of diphosphonates can be seen
in many pathologic conditions. Although the
causes of such uptake are multifactorial, one im-
portant factor is the formation of calcium phos-
phate salts from calcium and phosphate that leak

into the extracellular fluid from hypoxic or dead
cells. These salts bind to the diphosphonates
(40). Recognition of extraosseous uptake of
diphosphonates has practical diagnostic implica-
tions and may at times point to a systemic dis-
ease.

Myocardial uptake has been described in long-
standing congestive heart failure, myocardial in-
farction, pericarditis, amyloidosis, unstable an-
gina, and postresuscitation or cardioversion (Fig
24) (41). Metastases to various anatomic struc-
tures such as the liver and lymph nodes demon-
strate accumulation of radiotracer from bone (Fig
25). Sarcolemmal disruption in calcium-rich skel-
etal muscle likely explains the accumulation of
diphosphonates in rhabdomyolysis (Fig 26)
(41,42). Heterotopic ossification, which is due to
the presence of extraskeletal osteoblastic cells,
occurs in patients with fractures, joint replace-
ments, paraplegia, and poststroke hemiplegia (Fig
27) (43). An autoinfarcted spleen, which is com-
mon in patients with sickle cell disease, appears as
a focus of activity superolateral to the left kidney
(Fig 28) (44).

Extraosseous uptake may also result from the
introduction of air into the vial or syringe contain-
ing Tc-99m–labeled diphosphonates. The air

Figure 27. Hetero-
topic ossification in a
patient with a history
of fracture of the left
hip. (a) Scintigram
shows intense radio-
tracer activity around
the left hip. (b) Ra-
diograph helps con-
firm the presence of
heterotopic ossifica-
tion.

Figure 28. Autoinfarcted spleen in a pa-
tient with sickle cell disease. Posterior scin-
tigram shows left suprarenal activity in the
spleen (arrow).
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causes oxidation and breakdown of the radiola-
beled compound with release of free pertechne-
tate. The findings of oral, thyroid, and gastric ac-
tivity on a radionuclide bone image are confir-
matory (Fig 29) (10). Sometimes extraosseous
activity represents residual activity from a previ-
ous radionuclide procedure; thus, the importance
of obtaining a thorough history cannot be over-
emphasized (Fig 30).

Artifacts
Spurious abnormalities may be produced by jew-
elry, articles of clothing, and even medical devices
(Fig 31) (3).

Conclusions
Bone scintigraphy is a popular and important im-
aging modality and will likely remain so for the
foreseeable future. Although bone scintigraphy is
not specific, its exquisite sensitivity makes it a
useful screening procedure for many pathologic
conditions. Moreover, some conditions that are
not evident on anatomic images can be diagnosed
with radionuclide bone imaging.
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