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he Role of Single-Photon
mission Computed Tomography/Computed
omography in Benign and Malignant Bone Disease
arius Horger, MD,* and Roland Bares, MD†

Radiological (plain radiographs, computed tomography [CT], magnetic resonance imaging
[MRI]) and nuclear medicine methods (bone scan, leukocyte scan) both provide unique
information about the status of the skeleton. Both have typical strengths and weaknesses,
which often lead to the sequential use of different procedures in daily routine. This use
causes the unnecessary loss of time and sometimes money, if redundant information is
obtained without establishing a final diagnosis. Recently, new devices for hybrid imaging
(single-photon emission computed tomography/computed tomography [SPECT/CT],
positron emission tomography/computed tomography [PET/CT]) were introduced, which
allow for direct fusion of morphological (CT) and functional (SPECT, PET) data sets. With
regard to skeletal abnormalities, this approach appears to be extremely useful because it
combines the advantages of both techniques (high-resolution imaging of bone morphology
and high sensitivity imaging of bone metabolism). By the accurate correlation of both, a
new quality of bone imaging has now become accessible. Although researchers undertak-
ing the initial studies exclusively used low-dose CT equipment, a new generation of
SPECT/CT devices has emerged recently. By integrating high-resolution spiral CT, quality
of bone imaging may improve once more. Ongoing prospective studies will have to show
whether completely new diagnostic algorithms will come up for classification of bone
disease as a consequence of this development. Besides, the role of ultrasonography and
MRI for bone and soft-tissue imaging also will have to be re-evaluated. Looking at the final
aim of all imaging techniques—to achieve correct diagnosis in a fast, noninvasive, com-
prehensive, and inexpensive way—we are now on the edge of a new era of multimodality
imaging that will probably change the paths and structure of medicine in many ways.
Presently, hybrid imaging using SPECT/CT has been proven to increase sensitivity and
specificity of bone scintigraphy. This was mainly achieved by identifying benign bone
conditions with increased bone turnover. Therefore, SPECT/CT should be applied when-
ever equivocal findings of planar bone imaging occur. It also helps to improve accuracy of
leukocyte scanning to detect/exclude osteomyelitis and to define sites of inflammation. We
therefore regard SPECT/CT as a valuable tool to optimize bone imaging, which might
become even more important if new radiopharmaceuticals become available to image
specific cell functions.
Semin Nucl Med 36:286-294 © 2006 Elsevier Inc. All rights reserved.
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or more than 30 years, bone scintigraphy has been known as one of the
most sensitive noninvasive methods to detect focal bone pathology.

owever, new imaging procedures, such as magnetic resonance imaging
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MRI), 18F-fluorodeoxyglucose positron emission tomography (FDG-PET),
r 18F-fluoride PET, have emerged that are now in competition with bone
canning in this diagnostic field. Because of its widespread availability, mod-
rate costs, and extensive clinical experience, bone scintigraphy is still firmly
stablished in the diagnostic algorithms to detect or characterize bone le-
ions of all kinds. It is known that the visualization of exact anatomical
ocalization and morphology of underlying bone pathology may improve the
pecificity of bone scans considerably. In the majority of nuclear medicine
nstitutions, bone scans are currently obtained in whole-body technique
sing double-head gamma camera systems equipped with high- or even
ltra-high resolution collimators allowing for high-image quality. In case of

ocal abnormalities, additional spot views or single-photon emission com-
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SPECT/CT in benign and malignant bone disease 287
uted tomography (SPECT) is performed. This technique enables the accu-
ate localization of tracer accumulations, especially in anatomical regions
hat are otherwise difficult to interpret because of complex architecture of
keletal structures such as the spine, pelvis, or skull. Because tracer uptake
n planar scans may be similar in different malignant as well as benign
onditions, SPECT has the potential to improve diagnostic specificity on the
asis of correct anatomical lesion localization. However, even so, in many

nstances, especially in tumor patients with solitary lesions in the axial skel-
ton or in patients suspected to have a primary bone tumor or infection,
orrelation with high-quality anatomic images is mandatory for final diag-
osis. Therefore, the usual way to establish the correct diagnosis often begins
ith separate anatomical (planar radiograph, CT, MRI), and functional im-

igure 1 (A and B) A 57-year-old man
ith lung carcinoma is shown. Bone
PECT reveals focal uptake at the an-
erior rim of 11th thoracic vertebral
ody (arrow in A) supposed to be
aused by coexisting spondylosis.
owever, bone erosion and accompa-
ying soft-tissue tumor was seen on
PECT/low dose CT, later on high-
nd CT (arrow in B), and finally con-
rmed by biopsy.
ging (planar bone scanning, SPECT) and ends with the combined evalua-
ion of all procedures using various systems for image analysis.

In some situations, even this difficult and time-consuming process will
rove unsatisfactory, in particular if patients present with coexisting
athology (eg, degenerative bone disease, inflammation, metabolic dis-
ase). Therefore, several attempts have been made to fuse images using
ither external or internal landmarks, or a combination of both.1 Obtain-
ng functional and anatomical data on different devices, however, neces-
arily leads to errors in realignment because of motion, respiration, or
ther effects. Furthermore, until now, it was time consuming, thus pre-
enting its routine application.2-4 As a possible solution of this dilemma,
n imaging device combining a dual-head gamma camera with a low-

Figure 2 A 56-year-old man with
newly diagnosed lung carcinoma is
shown. Bone scintigraphy shows a
suspicious lesion in the 10th right rib.
On SPECT/low-dose CT no anatomi-
cal abnormality can be identified, es-
pecially no fracture, indicating pres-
ence of a medullary metastasis.



d
l
i
(

i
h
c
a

F
s
n
t
r
t
c
d
t
d
h

288 M. Horger and R. Bares
ose radiograph tube has been recently introduced for combined SPECT/
ow-dose CT. This radiograph tube-based CT system, however, has lim-
ted diagnostic performance because of low-resolution anatomic images
approximately 4 mm), which are sometimes not sufficient for image

igure 4 A 71-year-old man with
quamous cell head and neck carci-
oma is shown. On planar bone scin-
igraphy and SPECT, a cold lesion (ar-
ow) is visible covering the entire 5th
horacic vertebral body being suspi-
ious for a metastasis. SPECT/CT
emonstrates typical coarsening of
rabecular bone with lowered central
ensity due to fat by vertebral
emangioma.
nterpretation. Currently, hybrid SPECT/CT installations consisting of a
igh-end multislice CT scanner allowing for isotropic images by thin-
ollimation (0.5 mm) and a dual-head gamma camera have become avail-
ble, enabling high diagnostic accuracy.

Figure 3 A 73-year-old woman with
breast carcinoma is shown. On pla-
nar scintigraphy and SPECT, an in-
tense focal accumulation is found
along the inner edge of temporal
bone left sides, suggesting a bone
metastasis. SPECT/CT shows a
densely calcified intracranial, extra-
axial mass (arrow) with dural tail
suggestive for meningioma.
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SPECT/CT in benign and malignant bone disease 289
The radiopharmaceutical most often used in bone scintigraphy is
9mTc-methylene diphosphonate. This compound binds to bone by
hemiadsorption to the hydroxiapatite crystal. Two to six hours after
ntravenous injection, approximately 50% of the injected dose is accu-

ulated in the skeletal system. Enhanced uptake (focally or diffusely)
eflects increased bone turnover caused by changes of bone vasculariza-
ion and/or osteoblastic activity. In some instances, bone scintigraphy
ill reveal an abnormality long before a morphological alteration is vis-

ble or may indicate which skeletal area should undergo further radio-
ogical examinations.

Bone scanning with 99mTc-methylene diphosphonate detects abnor-
alities of bone metabolism as early as 24 to 48 hours after the onset of
athology and is nearly always positive by 8 days. Thus, fractures and
ther manifestations of bone stress can be diagnosed very sensitively by
one scintigraphy. On the other hand, bone scintigraphy can be used
uccessfully in ruling out bone infection. If triple-phase bone scintigra-

igure 5 A 67-year-old man with pain
n his left hip, supposedly caused by
ecent minor trauma, is shown. Planar
one scintigraphy and SPECT reveal

ntense tracer uptake in the acetabular
egion, which can be identified as
ixed lytic-sclerotic metastasis by

PECT/CT (primary tumor: lung car-
inoma, diagnosed later).
hy is negative and vascular problems can be excluded, osteomyelitis is
ighly unlikely. By applying quantitative analysis of bone uptake, the
ensitivity for the detection of osteomyelitis can be further increased.5

onetheless, leukocyte scanning using 111In- or 99mTc-labeled leukocytes
r granulocytes is still the gold standard to diagnose bone infection. It is
nown to be highly sensitive as well as specific,6,7 although scan analysis

s often difficult. Although the presence of inflammation can be substan-
iated or ruled out by analysis of sequential images, exact anatomical
efinition of infectious foci is very demanding, in particular if they are

ocated in distant parts of the extremities. The combined use of SPECT
nd image fusion might solve this problem.

Finally, combined SPECT/CT imaging might also be useful when using
ther radiopharmaceuticals that specifically localize bone metastases of
ertain tumors (eg, 131I in skeletal metastases of thyroid carcinoma, 123I-
IBG/111In-octreotide in skeletal metastases of neuroendocrine tumors

r neuroblastoma).

Figure 6 A 59-year-old man with
known chronic tibial osteomyelitis
and a history of several surgical inter-
vention who presented with signs of
reactivation is shown. Leukocyte scan
after injection of 99mTc-labeled anti-
granulocyte antibodies demonstrates
focal uptake (arrow), which was con-
sidered to correspond to a supposed
sequester shown on plain radio-
graphs. SPECT/CT demonstrates the
real location of infection inside the
tibial bony canal, distal from the in-
tramedullar bone remodelling, thus,
directly influencing planning for
surgery.
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290 M. Horger and R. Bares
ndications
or Bone Scintigraphy,
PECT and SPECT/CT
hysiological Tracer Uptake

n general, whole-body scans are used for bone scintigraphy, which permit
he assessment of the overall distribution of the radiopharmaceutical. Both
nterior and posterior studies are reviewed in parallel comparing any alter-
tion, and noting eventual asymmetries on both sides of the midline. The
valuation of symmetry is of great importance implying optimal positioning
f the patient before starting the study. Some sources of error do exist that
ave to be considered, such as increased uptake due to normal muscle stress,
r intense uptake of the metaphyseal–epiphyseal area in children. Normal
racer distribution makes the use of SPECT/CT unnecessary.

rimary and Secondary
alignant Bone Diseases

n oncology, whole-body bone scintigraphy is the standard procedure in the
ollowing clinical situations: the pretherapeutic staging of disease (detection
f metastases or local invasion), the prediction of pathologic fractures, the
heck-up of laboratory findings indicating bone involvement, the differen-
ial diagnosis of new musculoskeletal symptoms, and the evaluation of treat-
ent response.8 Additional spot views are obtained if a specific clinical

roblem that needs to be further clarified is detected on whole-body imag-
ng. In case of a negative scan, no further imaging is needed. Under certain
onditions, however (eg, local symptoms suggestive for metastases, high
retest likelihood for metastases), additional SPECT scans of the body area in
uestion should be considered to increase diagnostic sensitivity. Because the

igure 8 A 53-year-old man with knee
oint empyema is shown. Leukocyte
can using antigranulocyte antibodies
as interpreted as suggestive for os-

eomyelitis. SPECT/CT correctly di-
gnosed infection of the joint space.
ote optimal matching between ana-

omic and physiological data.
iagnosis of bone metastases indicates short or limited survival and the need
or additional or intensified treatment, the accurate differentiation between
enign and malignant lesions is of paramount importance.9-12

Careful analysis of uptake pattern and intensity as well as the use of
PECT allow for a correct diagnosis in many cases. However, in some
nstances SPECT/CT is necessary to make the correct diagnosis. As indi-
ated earlier, in patients with a high risk of bone metastases, additional
natomical information is often necessary. Particularly, bone lesions lo-
ated in the spine and thoracic cage cannot be sufficiently assessed by
onventional radiograph examinations and instead require the additional
se of CT or MRI. Multiplanar SPECT/low-dose CT imaging is superior to
lain radiograph techniques and has proven to be extremely useful in iden-

ifying benign skeletal abnormalities, such as osteochondrosis, spondylopa-
hy, or degenerative spondylarthrosis, as the reason for abnormal tracer
ptake (Fig. 1). As a consequence, further imaging procedures will not be
ecessary. Sometimes, however, malignant bone lesions do not reveal any
orphological abnormality and can therefore not be confirmed by low-dose
T. Nonetheless, exclusion of evident benign causes for focal tracer uptake
akes metastatic involvement more likely (Fig. 2). Conversely, incidental

enign lesions in patients with known malignancy can pose serious differ-
ntial diagnostic problems in case of focal tracer accumulation, especially
hen there is only a solitary lesion (Fig. 3).
As with myeloma-induced lytic bone lesions, metastases become first

isible on radiographs or even CT scans, once the have destroyed 50% to
5% of trabecular bone. Thus, the lack of anatomical findings to explain

ncreased tracer uptake suggests medullary metastases, if bone trauma or
nfection can be ruled out clinically. In these cases, SPECT/low-dose CT
sually provides a correct diagnosis, illustrating the benefit of combined
PECT/CT imaging fusion in tumor patients as a one-step procedure.
Besides the typical appearance of bone metastases as “hot spots” from

Figure 7 A 54-year-old man with
chronic osteomyelitis after open frac-
ture of the heel is shown. Leukocyte
scan after injection of 99mTc-labeled
antigranulocyte antibodies shows in-
creased uptake in this area (arrow).
Because of destroyed bone architec-
ture, infected sequester was difficult
to depict on plane radiographs and
even on low-dose CT, alone. The use
of SPECT/CT, however, enabled the
correct identification of the infectious
focus after burst fracture.
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SPECT/CT in benign and malignant bone disease 291
ncreased bone turnover in the neighborhood of tumor, bone metastases
ay sometimes appear as “cold” or photopenic areas as a consequence of

ery rapid tumor growth. Because benign conditions such as hemangioma or
thers may also present as photopenic spots, the accurate differentiation
rom malignant disease is extremely important.13 It often can be achieved by
nalyzing anatomical details provided by low-dose CT (Fig. 4). Minor
rauma in patients with undiagnosed malignant tumors can also be a source
f confusion, sometimes delaying the correct diagnosis of tumor (Fig. 5). An-
ther benefit of SPECT/CT is the definition of suspicious bone lesions to guide
ubsequent biopsy.

one Infection
steomyelitis is not a single disease entity but instead encompasses a spec-

rum of conditions that can be defined according to the immunologic status

igure 9 A 55-year-old man with a his-
ory of prosthetic knee surgery is
hown. Leukocyte scanning (planar
nd SPECT) was not able to differen-
iate between septic prosthetic loos-
ning and joint empyema (arrow) re-
iably. SPECT/CT clearly shows that
ptake was restricted to the joint
pace, thus excluding infection of the
rosthesis.
f the host, preexisting bone disease, or the nature of the infecting organism.
nteractions between these factors determine the site of involvement and
ictate the results of any diagnostic imaging. There are chronic infectious as
ell as noninfectious diseases that show features that allow clear and rapid
iagnosis—or may lead to diagnostic confusion. Because clinical and bio-
hemical parameters often are too unspecific to establish a correct diagnosis,
odern imaging modalities are of great importance in the assessment of

isease activity and extent.14 Rapid technical changes have dramatically
nfluenced current algorithms to image bone pathology. Radiolabeled autol-
gous white cells are still considered as gold standard for any scintigraphic
rocedure to localize infection. As this technique requires time-consuming
x vivo separation of blood cells with special equipment and trained person-
el, an alternative approach using 99mTc-labeled monoclonal antigranulo-
yte antibodies directed against surface antigens of human granulocytes has

Figure 10 A 65-year-old man with
known osteoarthrosis of the spine
now suffering from increasing pain in
the lower back is shown. Because con-
ventional x-ray could not confirm
spondylodiscitis, leukocyte scanning
was performed. Cold lesions in the
lumbar spine (arrow), especially on
the left, were interpreted as highly
suspicious for infection, which was
confirmed by biopsy.
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292 M. Horger and R. Bares
een developed, which has been shown to be highly sensitive as well as
pecific to detect infectious foci in the appendicular skeleton.15-19 An even
igher specificity for infection has been reported for 99mTc-labeled cipro-
oxacin, which accumulates in high concentrations in living bacteria. How-
ver, the sensitivity of this technique is limited because of microorganisms,
ith a cell membrane that is impermeable for ciprofloxacin.
Another diagnostic option that is commonly available is 3-phase bone

canning using 99mTc-labeled diphosphonates.20 It is known to have a high
ensitivity, whereas specificity is limited as the result of many other possible
easons for increased bone turnover, such as fracture, pseudarthrosis, or
ncreased bone mass (remodeling). Positive findings during the early phases
arterial blood flow and blood pool) reflect increased regional vasculariza-
ion and alterations in the bone extracellular fluid resulting from changes in
apillary permeability encountered not only with infectious but also in dif-
erent inflammatory or neoplastic diseases.21 Therefore, only the combina-
ion of local hyperperfusion, increased bone turnover, and a matching clin-
cal and biochemical context should lead to the diagnosis of infection.
nterpretation of 3-phase bone scans therefore requires not only images of
igh quality with appropriate supplementary views, but also additional clin-

cal information, and in particular visualization of underlying anatomy.
Typical findings such as cortical bone erosion, periosteal elevation, oste-

lysis, as well as sequestration or formation of involucra are, together with
ncreased tracer uptake, highly suggestive for bone infection. Particularly in
hronic active osteomyelitis, the accurate differentiation between increased
ptake caused by relapsing infection or remodeling is essential for patient
anagement (Fig. 6). Untreated bone infection leads to destruction and
ecrosis and is frequently the reason for recurrent bone or soft tissue fistu-

ae.22,23 Furthermore, it reduces life quality and may cause disability.
Adding SPECT/CT to the procedures mentioned previously has the po-

ential to further improve diagnostic sensitivity and specificity for inflamma-
ion. CT is able to detect small areas of cortical destruction, foci of gas,
oreign bodies, sequestration, involucra, or cloacae.24 Furthermore, CT can
dentify surrounding soft-tissue abscesses, the replacement of the normal
one marrow by pus, or joint empyema (Fig. 7). By means of image fusion,

igure 12 Example of bone scintigra-
hy in patients with known malig-
ant disease and focal lesions caused
y osteoarthrosis. Shown is increased
cromioclavicular uptake caused by
rthritis (arrow).
orphological CT data can be correlated to the accumulation of granulo-
ytes, or increased bone turnover, thus confirming or excluding infection in
r around altered bone structures. Fused images may guide the surgeon to
he most suitable place for windowing the diaphyseal cortex and avoiding
ital structures. Furthermore, they may help to adapt the width of the win-
ow and the extent of debridement of the inner bone surface, which in turn
ay reduce postoperative instability (Fig. 8). Recognition of sequestra or

nvolucra in patients with posttraumatic osteomyelitis often is difficult, lead-
ng to unnecessary operations such as opening the intramedullary canal in
atients with soft-tissue infection without bone involvement.25

It is obvious that combined anatomical and functional information makes
nterpretation of SPECT as well as CT images easier and more reliable. The
eason for the poor specificity of SPECT alone is the fact that many patients
ith suspected osteomyelitis have a history of fracture and one or more

pisodes of bone surgery, leading to long-lasting increases in bone turnover
nd making differentiation from low-grade infection difficult. Additional
nformation from CT concerning bone infection is highly dependent on the
nderlying structural changes, being different from case to case.
Although infectious foci in the appendicular skeleton can be diagnosed

eliably by bone scintigraphy with SPECT/CT, lesions located in the axial
keleton are sometimes more difficult to identify. After the insertion of
rthopedic devices sensitivity and specificity of bone scintigraphy is as low
s 67% or 50%, respectively. Differentiation between septic prosthetic loos-
ning and joint empyema can be difficult on planar scintigraphy or SPECT as
ell because tracer uptake follows the bony contours, which means that it is

ocalized either between bone and the prosthetic device, or around the
rosthesis. Therefore, anatomical details are of utmost importance for cor-
ect image interpretation (Fig. 9).

When using labeled white cells for the diagnosis of spine infection, atten-
ion must be paid to photopenic areas that may arise at the site of infection as
he result of bone marrow edema with subsequent low tracer uptake (Fig.
0). In such cases, combined SPECT/CT imaging can ease diagnosis by
isualizing bone changes suggestive for spondylodiscitis correlated with cold
reas along the involved parts of the spinal column.

Figure 11 A 79-year-old woman with
gastric carcinoma and lumbar pain is
shown. Bone scintigraphy, including
SPECT, reveals a solitary hot spot at
the right apophyseal joint of the 4th
lumbar vertebra (arrow) and inter-
preted compatible with spondylar-
throsis. This was confirmed by low-
dose CT of SPECT/CT demonstrating
the typical changes associated with
joint degeneration.
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egenerative Bone Changes
steoarthrosis of spine or peripheral joints is the most frequent articular

ffliction. It is caused by a variety of different processes and predominantly
ffects elderly people. In the vertebral column, the major types of degener-
tive disease include the cartilaginous joints (eg, intervertebral osteochon-
rosis and spondylosis deformans), the uncovertebral joints, synovial joints
apophyseal joint osteoarthritis and costovertebral osteoarthritis; Fig. 11),
nd the fibrous joints and entheses (diffuse idiopathic skeletal hyperostosis,
ssification of the posterior longitudinal ligament, degenerative changes of
he supraspinous and interspinous ligaments). Each of these is characterized
y morphological abnormalities that allow for their differentiation from
ther types of disease (eg, tumor, inflammation, etc). Disc space narrowing,
acuum phenomena, well-defined sclerotic vertebral margins, osteophyto-
is, eburneation, and perivertebral calcifications all represent radiographic
igns of spine degeneration.

The spectrum of extraspinal degenerative diseases is even more wide-
pread, including synovial and cartilaginous joints, as well as syndesmoses
nd entheses, usually involving more than one joint. Because patients pre-
enting with degenerative diseases (in addition to oncological patients and
hose suspected of having bone infection) are very frequent, reliable differ-
ntiation of these entities is of great importance.

In bone scintigraphy, areas of abnormal uptake indicate sites of increased
one turnover. Such findings are typical for intervertebral osteochondrosis
nd osteoarthritis but are found less often in spondylosis deformans. Occa-
ionally, extreme spinal osteophytosis may be found on radiographs whereas
he bone scan is completely normal. It is well known that abnormal radio-
uclide uptake in the spine is most often related to degenerative disease;
owever, it is difficult to differentiate from other skeletal abnormalities, in

igure 13 Examples of bone scintigra-
hy in patients with known malig-
ant disease and focal lesions caused
y osteoarthrosis. Shown is reactive
steitis along the bicipital groove
aused by active tendosynovitis
arrow).
articular metastases. Therefore, additional morphological information is
eeded that can conveniently be obtained by SPECT/CT. In this situation,

mage fusion has a dramatic impact and should be used routinely. In con-
rast, periarticular uptake in extraspinal locations is highly predictive for
egenerative diseases and correlates well with radiographic signs (eg, osteo-
hytosis, bone sclerosis) posing no serious problems for differential diagno-
is (Figs. 12 and 13).

rauma and Postsurgery Status
ncreased bone turnover induced by fractures can be visualized within 1 to

days after trauma depending on the injured site. Diagnosis of traumatic
racture is usually made by means of x-ray. However, stress fracture, insuf-
ciency fractures, as well as pathological fractures can sometimes be missed
y plain radiographs. Therefore, evidence of increased bone turnover dem-
nstrated by bone scan and correlation of physiological and anatomical data
y SPECT/CT can be helpful in case of equivocal radiological findings,
articularly in tumor patients who often suffer from bone pain (Fig. 14).
ometimes, pain can be a confusing symptom, if different causes for pain are
ossible (eg, after trauma or surgery). Especially in such patients, combined

maging methods can be very beneficial (Fig. 15).

ncidental Findings
here are a lot of unexpected findings in patients with cancer who are
ndergoing bone scintigraphy for staging. Besides the already-mentioned
egenerative, traumatic, or inflammatory disorders that are responsible for

ncreased focal, there are far more differential diagnoses, such as benign
one tumors, that cannot be correctly diagnosed without corresponding

Figure 14 A 66-year-old woman with
metastatic breast carcinoma and long-
lasting bone pain is shown. Bone scin-
tigraphy (planar and SPECT) showed
many skeletal foci interpreted as me-
tastases. SPECT/CT additionally dem-
onstrated a pathologic fracture (ar-
row) as reason for increasing back
pain.
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294 M. Horger and R. Bares
natomical images. Extraosseous uptake associated with calcification might
lso be found in some instances. Considering patients with soft-tissue infec-
ion accompanying chronic osteomyelitis, this information might even gain
herapeutic relevance in selected situations. Extraosseous uptake has also
een described in amyloidosis, rhabdomyolysis, infarction of heart, spleen,
nd also in long-standing congestive heart failure.26 To differentiate this
reat variety of possible causes, again, morphological information is needed,
hich can easily be obtained by SPECT/CT.
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Figure 15 A 40-year-old man with a
history of subcapital humeral fracture
is shown. After removal of osteosyn-
thesis material, pain in the left shoul-
der did not improve. Bone scan re-
vealed increased bone turnover;
however, it was SPECT/CT that dem-
onstrated a permeative bone lesion
with destruction of the trabecular
structure of the humeral head (arrow)
suggestive for osteomyelitis, con-
firmed later by surgery.
illustrative review. Radiographics 23:341-358, 2003
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