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ABSTRACT 

This is a case report of a 65-year-ola' female with lumbar vertebral lesions secona'ary to an unknown 

primary malignancy. 
99

''Tc-methylene diphasphonate bone -scintigraphy -showed multiple bone 

meta.stases as well as focal extraosseous uptake in the area above the right supraclavicular area. 

Further imaging with SPECT/CT localized the calcified extraasseoas uptake to the right thyroid bed 

Thesefindings narrowed down the primary malignancy to a thyroidal origin, which was eventually 

proven as such through immunohistologic studies of the lumbar lesions. Different pathophysiologic 

mechanisms of extraossesous uptake in bone scintigraphy and how SPECT/CT can increase the 

diagnostic value of a standard nuclear medicine procedure are highlighted in this paper. 
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INTRODUCTION 

Clinicians have commonly and extensively used bone 

scintigraphy to stage and monitor different 

malignancies by assessing the extent of bone 

metastasis. Its utility in diagnosing primary soft tissue 

malignancies, however, is limited as boneseeking 

tracers, such as technetium-99m methylene 

diphosphonate (99mTc-MDP) and its analogs, often 

only highlight bone pathologies secondary to 

metastatic osseous infiltration and primary bone 

tumors. Extraosseous uptake that is non-urologic, if 

any, is non- specific and often can range from the 

trivial or artifactual to the serious or definitive finding 

of a malignancy. Generally, however, extraosseous 

findings are more often attributed to inadequate 

radiopharmaceutical preparation, dystrophic calci-

fication, metastatic calcification Or heterotopic bone 

formation [1]. Knowledge of these, in the presence of 

an extraosseous finding in a bone scan, however, can 

serve as an aid for the nuclear medicine physician in 

formulating an accurate and clinically relevant report, 

and even guide the referring physician to a probable 

diagnosis. The use of hybrid imaging modalities, such 

as single-photon emission computed tomography 

combined with low-dose non-contrast-enhanced 

CT-scan (SPECT/CT) may also further improve the 

accuracy and anatomic localization of the bone 

scan in identifying extraosseous uptake [2]. 

As such, the role of SPECT/CT in identifying 

extraosseous lesions, as well as the pathophysiologic 

mechanisms behind these lesions, will be discussed 

and reviewed in this case report of a woman with an 

unknown primary malignancy, presenting with an 

extraosseous lesion on bone scan with SPECT/CT. 

Lastly, the features of the primary malignancy of this 

patient will also be discussed in relation to the 

findings in the bone scan. 

CASE REPORT 

A 65-year-old female presenting with lower back pain 

despite no known primary malignancy, was referred 

for a bone scan. The patient noted persistent back pain 

that gradually worsened overtime, eventually limiting 

her ambulation. Patient sought consult andwas worked 

up for spinal metastasis secondary to a malignancy. 
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A contrast-enhanced whole abdominal computed 

tomography scan (CT-scan) was initially requested, 

subsequently demonstrating an intraluminal mass in 

the fundus and proximal body of the stomach. Lytic 

lesions with soft tissue components were also seen 

in the Li vertebral body (Fig. 1) and the right pubic 

bone. At that time, the working impression of the 

attending physician was bone metastases secondary 

to a gastric malignancy. Bone scan was requested to 

assess the extent of metastasis as well as an 

endoscopy to work up the gastric mass. 

 

Figure 1 Soft tissue mass in the Li vertebral body (arrow) 
as seen in the sagittal (A), coronal (B) and transaxial 

views (C) of the contrast- enhanced abdominal CT scan. 
Bone window in the transaxial view (D) shows the lytic 

nature of the lesion. 

Radionuclide whole body bone scan was done 

using 1060 MBq of 99mTc-MDP. Anterior and 

posterior projections, as well as bilateral views of 

the head, thorax and pelvis were acquired three 

hours after intravenous administration of 99mTc-

MDP. Images were acquired using a dual-head 

gamma camera (GE Infinia Hawkeye) with a low-

energy, high resolution, parallel hole collimator. 

Images acquired showed increased radiotracer 

uptake in the left glenohumeral area, ribs, 

T6 vertebra, sacroiliac joints, and right acetabulum. 

An osteoblastic lesion mixed with an osteolytic 

component in the L 1 /L2 vertebra was also noted 

(Fig. 2, thick arrow). These were signed out as being 

consistent with multiple osseous metastases. 
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Figure 2 
99mTc-MDP bone scan of the patient showing 

multiple bone metastases involving the Li/L2 vertebral 

spine (thick arrow), the left glenohumeral area, ribs, T6 
vertebra, sacroiliac joints, and right acetabulum. Right (A) 

and left anterior oblique (B) views of the lower neck and 

thorax show a non-osseous focus of increased tracer 

uptake in the right supraclavicular area (thin arrows). 

An additional finding in the planar images of the 

bone scan was a non-osseous focus of increased 

tracer uptake in the right supraclavicular area, more 

evident on oblique views of the chest (Fig. 2A and 

Fig. 2B, thin arrows). To investigate this non-

osseous uptake further, single-photon emission 

computed tomography combined with low-dose 

non-contrast-enhanced low-dose CT-scan (SPECT/ 

CT) of the head and the neck was also performed. 

Emission SPECT images were taken over 3600 with 

a 20% photopeak window centered at 140 keV. 

A128 x 128 matrixwas utilize dwith a 60 angular 

step. The following CT parameters were used: 2.5 

m 2.6 RPM, 10 mm slices, and a beam coverage of 

2 cm per gantry rotation, reconstructed to a 256 x 

256 matrix. 
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On SPECT/CT images, this lesion was further 

localized to the soft tissue region of the right lower 

anterior neck or the right thyroidal bed (Fig. 3). This 

was signed out as either thyroid or lymph node in 

origin, and further evaluation was recommended. 

 
3 3 1 3  

(Fig. 4). With two possible primary malignancies, 

the attending physician requested for a CTguided 

biopsy of the L I /L2 vertebral lesion. Fine needle 

aspiration biopsy (FNAB) results showed 

cytomorphologic findings consistent with adeno 

carcinoma. Immunohisto chemical staining of the 

specimen was also done and immunohistochemical 

stain results, in correlation with the 

histomorphology, were consistent with metastatic 

thyroid follicular carcinoma. The patient 

subsequently underwent total thyroidectomy and the 

final surgical histopathology showed multifocal 

papillary thyroid carcinoma in the right thyroid lobe 

of the encapsulated follicular (5.3 cm and 3.4 cm) 

and conventional (0.5 cm) variants. 

3 3 

Figure 3 Orthogonal CT, SPECT and fused SPECT/CT 

images of the lower neck and thorax, using 99mTc-MDP, 

localizing the extraosseous uptake (crosshair), in the soft 

tissues of the right lower anterior neck or the right 

thyroidal bed. 

Endoscopy of the patient showed only a gastric mass 

in the antrum, which, on endoscopic ultrasound, was 

not visualized. A CT-scan of the neck and chest was 

subsequently done, showing an enlarged thyroid with 

multiple heterogeneous and calcified nodules, more 

prominent on the right. Intrathoracic extension was 

also noted as well as tracheal stenosis 

 

Figure 4 Contrast-enhanced CT scan of the neck 

showing an enlarged thyroid with multiple hetero-
geneous and calcified nodules, more prominent on 
the right (arrow) in the sagittal (A), coronal (B) 

and transaxial (C) views. 
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DISCUSSION 

Several studies have reported incidental findings of 

extraosseous, non-urologic 99mTc-MDP uptake on 

bone scan [3,4,5]. Some of the commonly cited 

pathophysiologic mechanisms for extraosseous 

visualization include inadequate radiopharmaceutical 

preparation, dystrophic calcification, metastatic 

calcification or heterotopic bone formation [1]. 

In cases where there is inadequate 

radiopharmaceutical preparation, structures that are 

not usually seen in bone scintigraphy, such as the 

stomach, salivary glands or the thyroid, are seen due 

to physiologic free pertechnetate activity [6]. 

Dystrophic calcification, on the other hand, involves 

increased exposure of denatured proteins in dead 

tissues to normal levels of calcium in the blood, 

subsequently forming calcium deposits Examples 

would include infarcted myocardial muscles, necrotic 

tumors, and amyloid tissue. This is in contrast to 

metastatic calcification, which refers to viable, non-

damaged tissues that are calcified as a result of 

hypercalcemia secondary to metabolic abnormalities. 

This type of calcification is usually seen in 

hyperparathyroidism, hypervitaminosis, or renal 

failure. The presence of bone in soft tissues, as in the 

case of heterotopic bone formation, is another 

mechanism by which visualization of extraosseous 

structures is made possible. Heterotopic bone 

formation is often acquired in cases of trauma, burns, 

multiple sclerosis, etc., and is thought to be a result of 

pluripotent mesenchymal cells transforming into the 

osteogenic cell line [1]. 

While the mechanism of extraosseous, non-urologic 

uptake may be multifactorial, the most likely 

explanation for the uptake in the right thyroid area of the 

patient in this case is the interaction of formed calcium 

phosphate salts with 99mTc-MDP, particularly seen and 

demonstrated in the area of the right thyroid bed on 

SPECT/CT and CT scan. This formation of calcium 

salts is likely the result of extracellular leakage of 

calcium and phosphate from dead 

or necrotic tissue in the right thyroid mass [7], as 

what happens in dystrophic calcification. These 

calcium phosphate salts bind MDP, hence the 

visualization of extraosseous structures on 99mTc-

MDP bone scintigraphy. Faulty radiolabelling, 

leading to artifactual thyroid uptake, can be ruled 

out in this case since other organs such as the 

stomach and salivary glands were not demonstrated 

in the patient's bone scan. Metastatic calcification 

as the cause for the patient's thyroid uptake is also 

less likely as the patient had normal calcium levels 

at the time of the examination and had no known 

metabolic disorders. Lastly, with no history of 

trauma or burns and with a focal extraosseous 

uptake, heterotopic bone formation as the cause of 

thyroid uptake is even less likely. 

Extraosseous findings in the anterior neck area are also 

mostly non-specific. The exact localization of these 

findings can, however, serve as a clue to its etiology. 

SPECT/CT is an invaluable tool in the accurate 

localization of lesions in the neck area as there are 

several structures in the area that may cause uptake, 

such as calcified cartilages [6], calcified cervical lymph 

nodes [8], and the thyroid itself. Uptake in the thyroid, 

however, can also be due to several processes such as 

faulty radiolabelling, post-biopsy trauma [9], 

polynodular goiter [10] or a primary malignancy, as 

demonstrated in this case. Characterization of lesions 

in the thyroid, with the aid of SPECT-CT, can 

differentiate these processes and increase the 

specificity of the study [2]. Furthermore, SPECT-CT 

can also differentiate and exclude physiologic uptake 

in the area, possibly caused by inflammatory or 

degenerative changes in the sternoclavicular joints 

[2,11]. The exact localization of the extraosseous 

uptake for this particular case may have been misread 

as physiologic uptake or an artifact without the aid of 

SPECT-CT, lessening its diagnostic utility to the 

clinician. However, because of the additional 

information provided by SPECT-CT, eventual 

identification of the thyroid as the probable primary 

was made possible. 
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CONCLUSION 

In this day and age, when other diagnostic modalities 

such as CT scan or positron emission tomography are 

more commonly used in diagnosing malignancies, 

traditional nuclear medicine imaging such as bone 

scans with SPECT/CT, may still play an important 

role in the diagnostic field and may be useful in 

providing and narrowing down differential 

diagnoses. Incidental or extraosseous findings in 

bone scans with SPECT/CT, as in this case report, 

may be able to reveal unknown diseases. The correct 

interpretation of these findings, however, is 

dependent on having a good understanding of the 

pathophysiologic mechanisms of 99mTc-MDP soft 

tissue uptake. The localization and characterization 

of the lesion by SPECT/CT further improved 

interpretation as well as the specificity of the bone 

scan as a diagnostic test. 
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