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What You Will Learn in This Chapter

The imaging targets of bone scintigraphy are all changes of bone metabolism independent
of its underlying pathology. The technical background of this imaging method will be
explained briefly. The use of bone scintigraphy in connection with some selected but fre-
quent clinical questions and entities will be outlined concerning the results of bone scintig-
raphy in each entity. In addition, limitations of bone scintigraphy with technetium-99m
(Tc-99m)-labeled diphosphonates and a comparison to other imaging modalities will be
presented.

5.1 Introduction

The skeleton including bone and its joints can be affected by a broad variety of disorders
ranging from inflammation, benign and malignant bone tumors, bone metastases from
other organs to disorders diffusely affecting bone due to changes of bone metabolism.
Examples of such disorders affecting bone metabolism are osteoporosis, osteomalacia,
renal osteodystrophy, or hyperthyroidism. The diagnostic approach to these bone pathol-
ogies starts with the medical history and physical examination, as in general by other
organ systems, as well. However, a closer insight by physical examination into bone
pathology cannot be done easily. Bone biopsy may be necessary in some circumstances to
obtain information whether, e.g., an unclear pathological bone lesion is of benign or
malignant origin, an information essential ahead in case of possible surgery. However,
biopsies of bone are an invasive and time-consuming procedure, not to mention possible
complications such as pain, bleeding, or infection. Thus, in most cases imaging results will
be the easiest way to access an insight view of bone and in order to set up a diagnosis, as
the different disorders reveal typical pathological changes by imaging. Various imaging
modalities of bone are available in daily routine (conventional X-ray, computed tomogra-
phy, magnetic resonance imaging, osteodensitometry, bone scintigraphy). Whereas con-
ventional X-ray, computed tomography, and magnetic resonance imaging reveal
information about the morphological aspects of bone and bony disorders, bone scintigra-
phy gives an insight into the metabolic changes associated with the different disorders. In
this respect bone scintigraphy has a particular position in imaging, which stands not in
competition to the other morphologically orientated bone imaging modalities; it can
rather be seen as a method adding additional information.

The article will give a short introduction into the concepts of bone imaging by bone
scintigraphy. Detailed information on bone scintigraphy including further indications,
scintigraphic results, and diagnostic limitations can be found in specific literature [1-10].

5.2 Bone Scintigraphy: General Information

Radioisotopic bone scanning using technetium-99m-labeled phosphate and diphos-
phonate compounds, commonly called bone scintigraphy or bone scan, is a method
of imaging metabolic changes of the skeleton. The nuclear medicine technique is
sensitive to areas of unusual bone rebuilding activity, since the radiopharmaceutical
is taken up by osteoblast cells which build bone. For a bone scan, the patient is
injected with a small amount of a diphosphonate (most commonly methylene
diphosphonate (MDP) is used), which is labeled with technetium-99m (Tc-99m) as a
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gamma-emitting radioactive material for tracer detection by a gamma camera
(8 Table 5.1). Diphosphonates can exchange places with bone phosphate in regions
of active bone growth or bone metabolism, thus anchoring the radioisotope to that
specific region. The patient can be scanned at different times, e.g., rapid imaging
sequences just after injection of the radiopharmaceutical resembling the arterial per-
fusion phase, after a few minutes to visualize the extent of soft tissue perfusion, and
after 2-4 h to image the bone phase (8 Figs. 5.1 and 5.2). To view small lesions (less

B Table 5.1 Tc-99m-labeled diphosphonates

y-Emitting tracer: technetium-99m (Tc-99m)
Bone-seeking component
HMDP: hydroxymethylene diphosphonate
HEDP: hydroxyethylidene diphosphonate
HDP: hydroxymethane diphosphonate
MDP: methylene diphosphonate
Accumulation: in bone after 2-4 h 40%
Excretion: renal excretion after 2-4 h by 50% of injected activity

=> Radiation burden of the bladder: advice to drink much to keep radiation burden as low as
possible by increased diuresis

555-740 MBq Tc-99m-Diphosphonat i.v.

«  Perfusion phase/arterial phase
directly after tracer application
1 Frame/sec for 120 sec

« Bloodpool phase/soft tissue phase
after 3-5 min
static images

» Delayed phase/bone phase
after3-4 h
static images

Image interpretation
Visually
ROI technique: calculation of ratios between lesions and normal bone

@ Fig. 5.1 Bone scintigraphy - phases of investigation
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1 min.p.i 10 min.p.i 2hpi

B Fig. 5.2 Perfusion phase/blood pool phase/delayed phase

than 1 cm) - especially in the spine - the SPECT imaging technique may be required.
The method has assumed major clinical importance to some bone pathologies, which
will be outlined in the following section concerning the scintigraphic results. Other
information in connection with these pathologies, such as epidemiology, pathology,
radiological results, and course of disease, will be outlined only briefly in this chap-
ter, if necessary for the understanding of the scintigraphic results. For further and
broader information on these disorders, additional literature will have to be con-
sulted.

5.3 Bone Disorders with Pathological Bone Scintigraphies

5.3.1 Primary Bone Tumors

Some but not all primary bone tumors, whether benign or malignant, show a patho-
logical accumulation in bone scintigraphy. Bone scintigraphy can thus give informa-
tion concerning the metabolic activity of the tumor and about whether or not additional
pathological lesions are present in the skeleton. However, bone scintigraphy cannot
give a conclusive information about the dignity of the tumor, as both benign and malig-
nant bone tumors can show pathologically increased tracer accumulation (8 Figs. 5.3
and 5.4). A list of tumors which reveals increased tracer accumulation is listed in
O Table 5.2.
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O Fig. 5.3 Example of a benign
bone tumor - osteoid osteoma

O Fig.5.4 Example of a
malignant bone tumor -
osteosarcoma
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O Table 5.2 Benign and malignant bone tumors with
scintigraphic abnormalities

Primary bone tumors

Osteogenic tumors

Osteoid osteoma

Osteoblastoma

Osteosarcoma

Chondrogenic tumors

Chondroma, enchondroma, periosteal chondroma
Osteochondroma

Chondrosarcoma

Primary chondrosarcoma

Secondary chondrosarcoma

Collagenic tumors

Fibrosarcoma

Myelogenic tumors

Ewing sarcoma

Bone metastases

Osteoblastic metastases

Osteolytic metastases

5.3.2 Bone Metastases

Different tumors such as breast cancer, prostate cancer, or lung cancer frequently develop
bone metastases. Bone metastases with osteoblastic activity in bone scintigraphy show an
increased tracer accumulation (B Fig. 5.5), whereas osteoclastic bone metastases in gen-
eral reveal no scintigraphic abnormalities, as the tracer accumulation is mediated via the
osteoblasts but not the osteoclasts. The exception will be large osteoclastic metastases
which impose as «cold lesions» (B Fig. 5.6). In cases of diffusely spread bone metastases,
the skeleton imposes with an increased tracer accumulation. As the complete tracer is
bound and trapped in bone, the kidneys by which bone scintigraphic tracers are normally
excreted within hours show no tracer accumulation. This scintigraphic appearance is
called hyperscan (8 Fig. 5.7). Although frequently seen in metastatic bone disease, the
image of a hyperscan is not specific for metastatic bone disease, as it can also appear in
cases of hypermetabolic bone disorders such as hyperthyroidism or hyperparathyroidism
(see below).
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@ Fig.5.5 Multiple bone

metastases in prostate cancer -y
¢
-
-
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AP PA

B Fig. 5.6 Osteolytic bone
metastasis in lung cancer




74

P. Mikosch

O Fig. 5.7 «Hyperscan» - diffuse bone
metastases from gastric cancer

5.4 Metabolic Bone Disorders

5.4.1 Osteoporosis

The decrease of bone mass and the reduction of bone strength, as by which osteoporosis is
defined, cannot be visualized by bone scintigraphy. The reduction of bone mass can be
measured by dual X-ray absorptiometry (DXA), and the morphological changes of bone
including fractures can be imaged by different radiological methods (e.g., X-ray, com-
puted tomography, high-resolution computed tomography). However, bone scintigraphy
can be of clinical use in osteoporosis, as not all fractures can be visualized by radiology
(occult fractures). After falls non-dislocated fractures are often overseen with conven-
tional radiological methods such as X-rays, although the patients report on persistent pain
or difficulties to walk. With bone scintigraphy increased tracer accumulation occurs due
to bone hypermetabolism in the area of the fracture. The typical scintigraphic pattern seen
in association with fractures is a linear hypermetabolic lesion (8 Fig. 5.8).
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Female, 82a
hip-TEP right side 1992 &
hip-Fx left side 1995, DHS left hip <
fall 3 weeks ago, since that time £ e
pain within the lumbar spine and
chest

-

Dept. Traumatology: no new Fx

99MMDP bone scintigraphy: e
multiple Fx of several ribs,

ramus sup. ossis pubis sin.

T11,T12,L1,L2, L4

B Fig. 5.8 Multiple osteoporotic fractures after fall

5.4.2 Osteomalacia

Although bone scintigraphy is not the method of choice to diagnose osteomalacia,
the disease reveals some signs in bone scintigraphy. In severe disease bones show
deformities such as bending of long bones, and an accentuation of tracer accumula-
tion in the cortical region of long bones can frequently be visualized (B Fig. 5.9).

5.4.3 Primary Hyperparathyroidism

Bone turnover is accelerated in hyperparathyroidism which can be seen in bone scintigra-
phy as an increased tracer accumulation in particular in the skull and the central skeleton
accompanied with a decreased or missing visualization of the kidneys (hyperscan)
(@ Fig. 5.10).

In severe disease brown tumors can occur which usually show an increased tracer
accumulation with bone scintigraphy. This can potentially be misled as bone tumors or
bone metastases.
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Female, 86yrs
Resident of nursing home
25-OH Vit D3 15nmol/I

O Fig.5.9 Osteomalacia

Female, 73yrs, @

papillary thyroid carcinoma
(surgery + iodine TE 1971) g T
Tg < 0.5ng/ml R101% - remission

| >
X-ray: osteoporosis ’ k i . .
Bone scintigraphy & ?
diffusely increased tracer upake r :
=> metabolic osteopathy
Laboratory parameters: 1
fT4 22.49 Ca 246
TT3 1.76 Ca++ 1.23
TSH <0.03 PTH 96.4 pg/ml
osteocalcin 64.8 ng/ml
serum-Crosslaps 750.4 pmol/I
25-OH Vit. D 17.9 ng/ml

AP PA

O Fig.5.10 Hypermetabolic bone disease
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5.4.4 Renal Osteodystrophy

Tracer accumulation can be increased or decreased, and no typical scintigraphic features
are associated with renal osteodystrophy. Usually also scintigraphic features as seen with
osteomalacia, osteoporosis, or primary hyperparathyroidism can be found in patients
with renal osteodystrophy. In general scintigraphy provides no relevant additional infor-
mation in this metabolic bone disease.

5.4.5 Hyperthyroidism

In patients with clinical hyperthyroidism, bone turnover is extensively increased with an
acceleration of bone formation and bone resorption. This increased bone turnover can be
visualized by bone scintigraphy revealing a diffusely increased tracer accumulation in the
whole skeleton, thus producing the image of a hyperscan (increased tracer accumulation
in the whole skeleton but no visualization of the kidneys as no tracer is excreted)
(B Fig. 5.10). This scintigraphic pattern can be also seen in patients with diffuse bone
metastases (B Fig. 5.7).

5.4.6 Paget’s Disease of Bone

Paget’s disease of bone is a chronic disorder that can result in enlarged and misshapen
bones caused by the excessive breakdown and formation of bone, followed by disor-
ganized bone remodeling. This results in weak and misshapen bone prone to fracture,
pain, and arthritis. Rarely, it can develop into a primary bone cancer known as Paget’s
sarcoma. Often Paget’s disease is localized to one or only a few bones in the body. The
skull, pelvis, femur, and lower lumbar vertebrae are the most commonly affected
bones.

Paget’s disease can occur as monostotic or polyostotic and usually reveals an increased
tracer accumulation within the affected bone (8 Fig. 5.11).

Bone scintigraphy wherein the whole skeleton is scanned with one investigation
is most useful in determining the extent and activity of the condition. If a bone scan
suggests Paget’s disease, the affected bone(s) should be X-rayed to confirm the diag-
nosis.

5.4.7 Fibrous Dysplasia

Similar to Paget’s disease, also lesions of fibrous dysplasia can show an increased
tracer accumulation. Although lesions of Paget’s disease usually show a more intense
tracer accumulation in bone scintigraphy than fibrous dysplasia lesions, a clear dif-
ferentiation between fibrous dysplasia and Paget’s disease by scintigraphic appearance
is not possible. The differentiation can rather be made by means of localization and by
other radiological methods such as X-ray or computed tomography. The major indi-
cation and value of bone scintigraphy is therefore similar to Paget’s disease, the scan-
ning of the whole skeleton within one investigation for lesions of this hypermetabolic
bone disorder.



78 P. Mikosch

1

&

P it
{

T

e o
SRR

i

iM_ﬁf/: h .

O Fig.5.11 Monostotic Paget’s disease

5.5 Inflammation

5.5.1 Joint Inflammation

For the purpose of imaging joint inflammation, bone scintigraphy is usually performed in a
three-phase technique with a rapid perfusion/arterial phase, delayed perfusion phase
resembling soft tissue perfusion, and a late bone phase (see above). Tracer accumulation is
usually not only described by optical appearance but also by a region of interest technique
(ROI) with comparison of the affected joint (joint region with the similar contralateral
region. In acute joint inflammation, all three phases reveal an increased tracer accumula-
tion. In chronic joint inflammation, the arterial phase is usually normal, but the soft tissue
and bone phase show pathological tracer accumulation around the affected joint
(8 Fig. 5.12).

5.5.2 Chronic Osteomyelitis

After complex fractures or orthopedic interventions, chronic osteomyelitis may develop.
Bone scintigraphy can show the extent of inflammation within the bone cavity, the inten-
sity of inflammation (B Fig. 5.13), or after antibiotic therapy the disappearance of inflam-
matory activity.
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Arterial phase Soft tissue phase
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@ Fig.5.12 Acute joint inflammation - acute arthritis
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@ Fig. 5.13 Chronic osteomyelitis

5.5.3 Degenerative Bone and Joint Changes

In particular within the spine or the large joints, an increased tracer accumulation
can frequently be seen due to morphological changes of the joints (arthrosis) or
pathological mechanical alterations of skeletal regions (e.g., scoliosis of the spine)
(B Fig. 5.14). In general the increase of tracer accumulation in association with
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1 {B0%,T100%) 2 HU(B-400.7:1000)

B Fig.5.14 Degenerative bone changes - osteochondrosis

degenerative bone disease is mild to moderate, so scintigraphically in a differentia-
tion to other focal bone pathologies such as inflammation or bone tumors, bone
metastasis is possible.

5.5.4 Algodystrophy

Persistent pain or atrophy may occur after fracture within the fractured region or
after surgery. Bone scintigraphy performed as three-phase scintigraphy reveals patho-
logic patterns in algodystrophy within the whole affected extremity, which permits
the establishment of the diagnosis and extent of disturbance (8 Fig. 5.15). The differ-
ent patterns dependent on the time since the onset of symptoms are listed in
O Table 5.3.
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B Fig.5.15 Reflex sympathetic dystrophy (RSD)

B Table 5.3 Algodystrophy, reflex sympathetic dystrophy (RSD)

Perfusion Blood pool Late bone scan
Early phase ) 1 P
Later phase o o 0

Chronic phase l l 4
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5.6 Conclusion

Bone scintigraphy is a method which can easily be performed allowing to scan the whole
skeleton on a metabolic level or to visualize pathological changes of defined regions
including its perfusion and soft tissue accumulation. Various bone pathologies as outlined
above show pathological changes. The strength of bone scintigraphy is a high sensitivity to
detect pathological changes in bone metabolism; however, specificity is low. The differen-
tiation between different pathologies can be established through different anatomical pat-
terns of the pathological lesions seen, in combination with arterial perfusion and soft
tissue accumulation adjacent to bone pathologies and to some extent by the intensity of
tracer accumulation. Furthermore, scintigraphic results have to be matched with other
radiological results and the clinical history of the patient. Putting all these information
together, a diagnosis can frequently be established, by which bone scintigraphy can add
important information of the metabolic level of the investigated pathologies.

—— Take-Home Message

Bone scintigraphy with technetium-99m (Tc-99m)-labeled diphosphonates is a sensitive
method to image metabolic changes in bone; however, pathological tracer accumulation
lacks specificity. In comparison to other imaging modalities of bone such as computed
tomography and magnetic resonance imaging, bone scintigraphy is thus rather
complementary to these morphologically orientated methods.
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