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bone neoplasms

Abstract
Objective: To evaluate the clinical utility of quantitative values obtained with bone single photon emission 
computed tomography/computed tomography (SPECT/CT) for primary bone neoplasms. Subjects and 
Methods: Bone SPECT/CT scans of 23 patients with 19 benign bone neoplasms (5 osteoid osteomas, 4 bone 
giant cell tumor, 4 osteo�brous dysplasia, 3 intraosseous ganglion, 2 aneurysmal bone cyst, 1 intraosseous 
hemangioma) and 5 malignant bone neoplasms (2 osteosarcoma, 1 periosteal osteosarcoma, 1 malignancy 
in bone giant cell tumor, 1 Ewing sarcoma) were retrospectively analyzed with maximum standardized up-
take value (SUVmax), peak SUV (SUVpeak), mean SUV (SUVmean), metabolic bone volume (MBV), and total 
bone uptake (TBU) of primary lesions. Results: Mean SUVmax of 19 benign and 5 malignant primary bone 
neoplasms were 6.89±3.26 (range 3.9-15.13) and 10.31±3.19 (5.0-13.45) respectively, with statistically signi-
�cant di�erence (P=0.048). Mean SUVpeak of those were 5.87±2.83 (range 3.5-13.63) and 9.18±3.05 (4.09-
12.03) respectively, with statistically signi�cant di�erence (P=0.032). Mean SUVmean of those were 4.43±2.11 
(range 2.59-9.37) and 7.13±2.90 (3.3-10.42) respectively, with statistically signi�cant di�erence (P=0.027). Me-
an MBV of those were 22.0±30.0 (range 2.47-110.61) and 27.8±39.94 (8.59-99.24) respectively, with no statis-
tically signi�cant di�erence (P=0.72). Mean TBU of those were 80.64±94.57 (range 10.50-373.57) and 166.60± 
203.97 (28.68-528.13) respectively, with no statistically signi�cant di�erence (P=0.17). Conclusion: Quantita-
tive values obtained with bone SPECT/CT may serve as osteoblastic biomarkers for primary bone neoplasm.
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Introduction

A 99mlthough bone scintigraphy with technetium-99mmethyl diphosphonate ( Tc) 
MDPis widely used to evaluate osteoblastic activity of skeletal disease, it is tech-
nically di�cult to quantify local tracer uptake using conventional bone scintigra-

phy, even with images acquired using single photon emission computed tomography 
(SPECT) [1, 2]. On the other hand, recent advances including integration of computed 
tomography (CT) for attenuation correction together with sophisticated reconstruction 
techniques have enabled quantitative measurements with SPECT/CT suitable for calcu-
lation of standardized uptake value (SUV) [3-5]. It is considered that quantitative SPECT/ 
CT may soon have an enormous clinical e�ect in the practice of modern nuclear medi-
cine by making imaging biomarkers available. Several recently published studies have 
demonstrated the clinical application of quantitative bone SPECT/CT for diagnosing 
bone metastasis [6, 7] and primary cartilaginous tumor [8]. However, to the best of our 
knowledge, no original studies of quantitative bone SPECT/CT for primary bone tumor 
have been presented and the clinical utility of quantitative bone SPECT/CT for diagno-
sing primary bone neoplasm has yet to be clari�ed.

The purpose of this study was to evaluate the characteristics of quantitative values 
obtained from bone SPECT/CT examinations of patients with primary bone tumors.

Subject and Methods

Patients
We searched all consecutive patients who visited Hyogo College of Medicine College 
Hospital on the suspicion of primary bone neoplasms between June 2018 and May 2020. 
Data from 109 patients with suspected primary bone neoplasm were reviewed retrospec-
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tively. Patients who were evaluated with bone SPECT/CT 
scanning were included in this trial. Exclusion criteria were: 
not primary bone neoplasms for any reason and not have 
been evaluated with bone SPECT/CT examinations. Eighty-
six patients were excluded from the study because 9 pati-
ents were found to have in�ammatory bone disease, 10 pati-
ents were found to have metastatic bone disease and 67 pa-
tients with primary bone neoplasms were not evaluated 
with bone scintigraphy. Data of 23 patients (11 males, 12 fe-
males; mean age 36.9±22.1 years; range 7-74 years) were fo-
und to be eligible for our study. Our institutional review bo-
ard granted approval for this retrospective review of clinical 
and imaging data and waived the need for obtaining infor-
med consent from the patients. Among 23 patients, the �nal 
diagnosis was determined by the surgery or the biopsy 
(n=15) and �ndings of clinical and other radiological ima-
ging modalities (n=8) such as X-ray, CT, or magnetic reso-
nance imaging (MRI) (n=8). Patient and tumor characteris-
tics are shown in Table 1. Five of the patients had osteoid os-
teoma of the ilium (n=1), femur (n=1), lumbar vertebra (n=1), 
�bula (n=1) or tibia (n=1). Four patients had bone giant cell 
tumor of the femur (n=2) or tibia (n=2). Three patients had 
osteo�brous dysplasia of the rib (n=3) or ulna (n=1). Three 
patients had intraosseous ganglion of the tibia (n=2) or fe-
mur (n=1). Two patients had aneurysmal bone cyst of the ti-
bia (n=1) or ischium (n=1). One patient had intraosseous he-
mangioma of the femur. Whereas, two patients had high 
grade osteosarcoma of the femur, one patient had high gra-
de periosteal osteosarcoma of the femur, one had malig-
nancy in bone giant cell tumor of the femur and one had 
Ewing sarcoma of the �bula.

Bone scintigraphy
Three to 4 hours after intravenous administration of 555MBq 
99m 99mTc-hydroxymethylene diphosphonate ( Tc-HMDP), or ad-
justed for pediatric patients, as proposed by EANM [9]), pla-
nar bone scintigraphy was performed using a SPECT/CT 
scanner (NM/CT670; GE Healthcare, Pittsburgh, PA) equ-
ipped with a low-energy high-resolution collimator. A hybrid 
system was employed to acquire quantitative SPECT/CT 
images. The computed tomography images were initially ob-
tained using the following parameters: tube voltage, 120kV; 
tube current, 40-80mA with �automA; GE Healthcare� 
function and noise level of 35; X-ray collimation, 20mm 
(16×1.25mm); table speed, 55mm/second; table feed, 
27.5mm per rotation; tube rotation time, 0.5 seconds; pitch, 
1.375:1; matrix, 512×512. CT images were reconstructed into 
3.75mm thick sections with an adaptive statistical iterative 
reconstruction algorithm (ASiR; GE Healthcare). Next, single 
photon emission computed tomography images were 
acquired using an energy peak of 140.5KeV with a 7.5% 
window (130-151KeV), step-and-shot mode acquisition (15 
seconds per step, 60 steps per detector) with a 3° angular in-
crement, and a body contour scanning option. An extra win-
dow used for scatter correction was set at 120KeV with a 5% 
window (114-126KeV). For SPECT images, images were re-
constructed with an iterative ordered subset expectation 
maximization algorithm (10 iterations, 10 subsets) using CT-
based attenuation correction, scatter correction, and reso-
lution recovery performed with software provided by the 

vendor (Volumetrix MI; GE Healthcare). A post-reconstruc-
tion �lter was also applied (Gauss �lter; frequency of 0.48, 
order of 10). Following reconstruction, images were set on a 
128×128 matrix, with a 4.42-mm section thickness and 1.0 
zoom factor.

Image analysis
The delineation of the volumes of interest (VOI) was per-
formed by a board-certi�ed nuclear medicine physician us-
ing a commercially available software GI-BONE (AZE Co., 
Ltd., Tokyo Japan), which reports the statistics for the various 
SUV, such as max (SUVmax), peak SUV (SUVpeak), mean 
(SUVmean), metabolic bone volume (MBV), and total bone 
uptake (TBU) [8]. SUVmax was de�ned as the maximum con-
centration in the target lesion (maximum radioactivity/voxel 
volume)/(injected radioactivity/body weight). Peak SUV is 

3de�ned as average activity concentration within a 1cm  
spherical VOI centered on the �hottest focus� within the tu-
mor. As for SUVmean, that was calculated as summed SUV in 
each voxel in the target volume divided by the number of vo-
xels within the target volume. MBL (mL) was measured auto-
matically inside the tumor VOI, with the margin threshold set 
at 40% of SUVmax [10]. Total bone uptake (g) was expressed 
by the product of MBV and SUVmean.

Statistical analysis
The patients were divided into 2 groups, benign and malig-
nant cartilaginous bone neoplasms. The mean value and SD 
for SUVmax, SUVpeak, SUVmean, MBV, and TBU were deter-
mined, with statistical di�erences assessed with t-test. All 
analysis was performed using the SAS software package, 
version 9.3 (SAS Institute, Cary, NC), and P values less than 
0.05 were considered to indicate statistical signi�cance.

Results

Maximum SUV, SUVpeak, SUVmean, MBV, and TBU for all 24 
primary bone neoplasms with 19 benign and 5 malignant 
tumors are shown in Table 1. Six representative cases are 
shown in Figures 1-6.

Average SUVmax were 8.68±3.87 (range, 5.16-15.13) for 
osteoid osteoma (n=5), 6.86±4.26 (range, 3.90-13.19) for bo-
ne giant cell tumor (n=4), 7.71±2.45 (range, 4.46-9.72) for 
osteo�brous dysplasia (n=4), 5.42±2.09 (range, 3.01-6.70) for 
intraosseous ganglion (n=3), 4.09±1.65 (range, 2.66-5.52) for 
aneurysmal bone cyst (n=2), and 10.07±4.42 (range, 5.0-
13.14) for high grade osteosarcoma (n=3) (Figure 7). Mean 
SUVmax of 19 benign and 5 malignant primary bone neop-
lasms were 6.89±3.26 (range 3.9-15.13) and 10.31±3.19 (5.0-
13.45) respectively, with statistically signi�cant di�erence 
(P=0.048).

Average SUVpeak were 7.63±3.47 (range, 4.98-13.63) for 
osteoid osteoma (n=5), 6.20±3.68 (range, 3.50-11.63) for bo-
ne giant cell tumor (n=4), 5.78±1.94(range, 3.53-7.93) for os-
teo�brous dysplasia (n=4), 4.80±1.95(range, 2.57-6.16) for in-
traosseous ganglion (n=3), 3.63±1.51(range, 2.32-4.94) for 
aneurysmal bone cyst (n=2) and 8.95±4.26 (range, 4.09-12.03)
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Table 1.  Patient and tumor characteristics.

Case Sex Age Site Diagnosis SUVmax SUVpeak SUVmean MBV TBU

1 Female 34 ilium osteoid osteoma 5.16 4.98 3.79 9.84 37.34

2 Male 13 tibia osteoid osteoma 6.29 5.53 3.99 16.78 66.9

3 Female 43 lumbar 
vertebra 

osteoid osteoma 8.64 6.88 4.91 6.12 30.1

4 Male 12 fibula osteoid osteoma 8.19 7.11 5.21 4.72 24.58

5 Male 34 femur osteoid osteoma 15.13 13.63 9.12 16.0 145.9

6 Female 37 tibia bone giant cell tumor 3.9 3.5 2.59 92.95 241.1

7 Male 21 femur bone giant cell tumor 5.14 4.7 3.71 45.13 167.3

8 Male 14 femur bone giant cell tumor 5.22 4.95 3.38 110.61 373.6

9 Female 13 tibia bone giant cell tumor 13.19 11.63 9.37 5.39 50

10 Female 46 ulna Osteofibrous dysplasia 4.46 3.53 2.97 3.58 10.64

11 Male 54 rib Osteofibrous dysplasia 7.18 4.92 4.26 2.47 10.5

rib Osteofibrous dysplasia 9.49 6.74 5.55 3.98 22.07

12 Male 67 rib Osteofibrous dysplasia 9.72 7.93 6.87 3.32 22.78

13 Female 68 tibia Intraosseous ganglion 3.01 2.57 1.83 11.14 20.35

14 Male 71 tibia Intraosseous ganglion 6.54 5.67 3.79 16.67 63.09

15 Male 47 femur Intraosseous ganglion 6.7 6.16 4.73 27.46 129.9

16 Female 47 tibia Aneurysmal bone cyst 2.66 2.32 1.68 14.93 25.06

17 Female 20 ischium Aneurysmal bone cyst 5.52 4.94 3.5 17.08 59.79

18 Female 74 femur Intraosseous 
hemangioma

4.71 3.86 2.93 10.6 31.07

19 Female 63 femur Osteosarcoma
（high grade）

5 4.09 3.3 8.69 28.68

20 Female 7 femur Osteosarcoma
（high grade）

12.07 10.72 10.42 8.59 89.55

21 Female 10 femur Osteosarcoma
（high grade）

13.45 12.03 9.32 10.36 96.57

22 Male 39 femur Malignancy in bone
 giant cell tumor

9.94 9.02 5.32 99.24 528.1

23 Male 14 fibula Ewing sarcoma 11.38 10.05 7.31 12.32 90.09

SUV: standardized uptake value, MBV: metabolic bone volume, TBU: total bone uptake
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Figure 1. A 13-year-old male with osteoid osteoma (Case 2) of the left tibia underwent quantitative bone SPECT/CT scanning. Histological diagnosis of the biopsy was 
osteoid osteoma. a) Planar and SPECT/CT bone scintigraphy showing focal moderate radiotracer uptake at the diaphysis of the left tibia with SUVmax, SUVpeak, SUVmean, 
MBV and TBU values of 6.29, 5.53, 3.99, 16.78mL, and 66.9g, respectively. b) Coronal CT (bone windowing) showing cortical thickening with intense calci�cation and oste-
oblastic mass, called a �nidus�, surrounded by a distinct zone of reactive bone sclerosis in the diaphysis of the left tibia. c) Coronal T1-weigthed MR image showing hypo-
intense area and STIR image showing intense hyperintense area, corresponding to nidus at the diaphysis of the left tibia.

Figure 2. A 37-year-old female with bone giant cell tumor (Case 6) of the left tibia underwent preoperative quantitative bone SPECT/CT scanning. Histological diagnosis of 
the surgical specimen was bone giant cell tumor. a) Planar and SPECT/CT bone scintigraphy showing peripherally focal moderate radiotracer uptake at the proximal epiphy-
sis of the left tibia with SUVmax, SUVpeak, SUVmean, MBV and TBU values of 3.9, 3.5, 2.59, 92.95mL, and 241.1g respectively. b) Coronal CT (bone windowing) showing an 
oval epiphyso-metaphyseal pure lytic lesion at the proximal epiphysis of the left tibia. c) Coronal STIR image showing hyperintense mass with intense hyperintense cystic 
component and Gd-enhanced fat-suppressed image showing strong enhancement of the solid component at the proximal epiphysis of the left tibia.
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Figure 3. A 67-year-old male with osteo�brous dysplasia (Case 12) of the left rib underwent quantitative bone SPECT/CT scanning. a) Planar and SPECT/CT bone scintigra-
phy showing peripherally focal intense radiotracer uptake at the left rib with SUVmax, SUVpeak, SUVmean, MBV and TBU values of 9.72, 7.93, 6.87, 3.32mL, and 22.78g, 
respectively. b) Axial CT (bone windowing) showing an expansive lytic lesion combined with osteosclerosis at the left rib. c) Axial T1WI image showing heterogeneous 
hypointense area with intense hyperintense cystic component and STIR image showing heterogeneous hyperintense area at the left rib.

Figure 4. A 47-year-old male with intraosseous ganglion (Case 15) of the left femur underwent preoperative quantitative bone SPECT/CT scanning. Histological diagnosis 
of the surgical specimen was intraosseous ganglion. a) Planar and SPECT/CT bone scintigraphy showing peripherally focal moderate radiotracer uptake at the proximal 
epiphysis of the left femur with SUVmax, SUVpeak, SUVmean, MBV and TBU values of 6.70, 6.16, 4.73, 27.46mL, and 129.9g respectively. b) Coronal CT (bone windowing) 
showing an oval multilocular and pure lytic lesion at the proximal epiphysis of the left femur. c) Coronal T1WI image showing multilocular hypointense mass and STIR ima-
ge showing hyperintense mass at the proximal epiphysis of the left tibia.
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Figure 5. A 47-year-old female with aneurysmal bone cyst (Case 16) of the left tibia underwent preoperative quantitative bone SPECT/CT scanning. Histological diagnosis 
of the surgical specimen was aneurysmal bone cyst. a) Planar and SPECT/CT bone scintigraphy showing focal mild radiotracer uptake at the diaphysis of the left tibia with 
SUVmax, SUVpeak, SUVmean, MBV and TBU values of 3.9, 3.5, 2.59, 92.95mL, and 241.1g, respectively. b) Coronal CT (bone windowing) showing an oval osteolytic lesion 
at the diaphysis of the left tibia. c) Coronal STIR image showing hyperintense mass with intense hyperintense cystic component and Gd-enhanced fat-suppressed T1WI 
image showing heterogeneous enhancement of the mass at the diaphysis of the left tibia.

Figure 6. A 7-year-old female with osteosarcoma (Case 20) of the right femur underwent preoperative quantitative bone SPECT/CT scanning. Histological diagnosis of the 
surgical specimen after the neoadjuvant chemotherapy was osteosarcoma. a) Planar and SPECT/CT bone scintigraphy showing focal heterogeneous intense radiotracer up-
take at the distal epiphysis and metaphysis of the right femur with SUVmax, SUVpeak, SUVmean, MBV and TBU values of 12.07, 10.72, 10.42, 8.59mL, and 89.55g respec-
tively. b) Coronal CT (bone windowing) showing destructive mass with periosteal reaction at the proximal epiphysis of the right femur. c) Coronal T1WI image showing 
heterogeneous hypointense mass invading bone marrow and cortex and T2WI image showing heterogeneous hypointense and hyperintense mixed mass at distal epi-
physis and metaphysis of the right femur.
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Figure 7. Box-Whiskerplots SUVmax for every primary bone tumor.

for high grade osteosarcoma (n=3). Mean SUVpeak of 19 be-
nign and 5 malignant primary bone neoplasms were 5.87± 
2.83 (range 3.5-13.63) and 9.18±3.05 (4.09-12.03) respecti-
vely, with statistically signi�cant di�erence (P=0.032).

Average SUVmean were 5.40±2.16 (range, 3.79-9.12) for 
osteoid osteoma (n=5), 4.76±3.11(range, 2.59-9.37) for bone 
giant cell tumor (n=4), 4.91±1.68 (range, 2.97-6.87) for oste-
o�brous dysplasia (n=4), 3.45±1.48 (range, 1.83-4.73) for in-
traosseous ganglion (n=3), 2.59±1.05 (range, 1.68-3.50) for 
aneurysmal bone cyst (n=2) and 7.68±3.83 (range, 3.3-
10.42) for high grade osteosarcoma (n=3). Mean SUVmean 
of 19 benign and 5 malignant primary bone neoplasms were 
4.43±2.11 (range 2.59-9.37) and 7.13±2.90 (3.3-10.42) res-
pectively, with statistically signi�cant di�erence (P=0.027).

Average MBV were 10.69±5.54 (range, 4.72-16.78) for os-
teoid osteoma (n=5), 63.52±47.61 (range, 5.39-110.61) for 
bone giant cell tumor (n=4), 3.34±0.64 (range, 2.47-3.98) for 
osteo�brous dysplasia (n=4),18.42±8.30 (range, 11.14-27.46) 
for intraosseous ganglion (n=3), 16.01±1.24 (range, 14.93-
17.08) for aneurysmal bone cyst (n=2) and 9.21±0.99(range, 
8.59-10.36) for high grade osteosarcoma (n=3). Mean MBV of 
19 benign and 5 malignant primary bone neoplasms were 
22.0±30.0 (range 2.47-110.61) and 27.8±39.94 (8.59-99.24) 
respectively, with no statistically signi�cant di�erence (P= 
0.72).

Average TBU were 60.97±50.23 (range, 24.58-145.94) for 
osteoid osteoma (n=5), 207.98±135.56 (range, 50.0-373.57) 
for bone giant cell tumor (n=4), 16.50±6.85 (range, 10.50-
22.78) for osteo�brous dysplasia (n=4), 71.13±55.24 (range, 
20.35-129.94) for intraosseous ganglion (n=3), 42.43±20.05 
(range, 25.06-59.79) for aneurysmal bone cyst (n=2), and 
71.60±37.34(range, 28.68-96.57) for high grade osteosarco-
ma (n=3). Mean TBU of 19 benign and 5 malignant primary 
bone neoplasms were 80.63±94.57 (range 10.50-373.57) 

and 166.60±203.97 (28.68-528.13) respectively, with no sta-
tistically signi�cant di�erence (P=0.17). 

Discussion

This is the �rst original paper to present �ndings showing 
e�ective clinical application of quantitative bone SPECT/CT 
for primary bone neoplasms. Although we found that 
SUVmax, SUVpeak, and SUVmean of primary malignant bo-
ne neoplasms were statistically signi�cantly higher than 
those of primary benign bone neoplasms, there was consi-
derable overlap between primary malignant and benign 
bone neoplasms and therefore SUVmax, SUVpeak, and 
SUVmean may not be useful to di�erentiating malignant 
from benign primary bone neoplasms in clinical situation. 
Although we have already reported cases of periosteal oste-
osarcoma and Paget disease in case reports [10,11], we sug-
gest that quantitative bone SPECT/CT can be useful to eva-
luate treatment response of primary bone disease. In the 
past, scintigraphy without quantitative values used to show 
subjective and ambiguous evaluation of the e�cacy of tre-
atment response in a�ected patients. However, quantitative 
SPECT/CT with SUV and volume can produce objective and 
persuasive evaluation of the e�cacy of treatment response 
in a�ected patients. Quantitative SPECT/CT is noninvasive 
and we hope its use to increase the monitoring accuracy in 
the of treatment response evaluation.

Single photon emission tomography/CT is a state-of-the-
art modality that produces objective quantitative data and 
it is known to be a powerful investigative tool in clinical prac-
tice. Using results of robust algorithms for CT-based 
attenuation correction, scatter correction and resolution re-



covery, SPECT/CT generates imaging voxels, denoted as 
units of radioactivity per volume [i.e., kilobecquerels (kBq)/ 
mL]. This is a fundamental di�erence compared to traditi-
onal nuclear medicine imaging methods, such as planar scin-
tigraphy, SPECT and non-quantitative SPECT/CT, with which 
counts per second are used to produce imaging units. With 
quantitative SPECT/CT, lesion radioactivity can be norma-
lized to radioactivity activity, resulting in quantitative para-
meter values, such as percent injected dose and SUV [3-5]. 
Zeintl et al. (2010) [3] found that advanced SPECT/CT tec-

99mhnology can facilitate quantitative Tc SPECT imaging with 
excellent accuracy in both phantom (error <3.6%) and pati-
ent (error <1.1%) studies. Furthermore, in a phantom study, 
Gnesin et al. (2016) [5] reported that both absolute and con-

99mcentration activity results determined with quantitative Tc 
SPECT/CT were within 10% of the expected values.

Osteoid osteoma is a type of benign bone-forming tumor, 
which accounts for 10%-12% of all benign bone tumors. Os-
teoid osteoma has unique and quite often diagnostic sym-
ptoms; the typical clinical symptom is long term pain of in-
creasing severity. It is characterized by a well-demarcated 
osteoblastic mass, called a �nidus�, surrounded by a distinct 
zone of reactive bone sclerosis [12]. It was reported that 
>50% of osteoid osteomas occur in the long bones of the 
lower extremities; in addition, they are often present in the 
small bones of the hand and foot. Technetium-99-bone scin-
tigraphy generally shows non-speci�c increased uptake in 
almost all osteoid osteoma lesions.

Bone giant cell tumor is typically a rare benign tumor 
(about 5%-10% of bone primary tumors), and usually, it ap-
pears as an osteolytic epiphyseal long bone tumor. Bone gi-
ant cell tumor a�ects primarily young adults, has aggressive 
character and possibility of malignant transformation. It has 
mostly histological diagnosis and it specially a�ects epiphy-
so-metaphyseal regions of long bones of members. Typi-
cally, it is an oval or rounded epiphyso-metaphyseal pure ly-
tic lesion, standard geographical lacuna, sometimes limited 
by condensed edging [13]. Bone scintigraphy shows incre-
ased uptake in the vastest majority of bone giant cell tumor. 
Increased uptake peripherally with central photopenia (do-
ughnut sign) was seen in 57% of cases [14].

Osteo�brous dysplasia is typically benign, self-limiting 
condition that usually occurs in the �rst two decades of life, 
accounting for about 0.2% of all primary bone tumors. Mic-
roscopically, osteo�brous dysplasia has a �brous stroma 
with spicules of woven bone surrounded by osteoblasts 
with distinct zonal architecture. It is typically located in the 
mid-tibia and present as expansile lytic lesions with variable 
degrees of osteolysis and osteosclerosis [15]. Lysis may pre-
sent as a single focus, multiple �bubble-like� or elongated li-
near foci interspersed with reactive bone. Technetium-99-
bone scintigraphy generally shows non-speci�c increased 
uptake in almost all �bro-osseous lesions.

Aneurysmal bone cyst is rapidly growing benign bone tu-
mors that account for 1%-2% of all primary bone tumors. 
Aneurysmal bone cyst is a benign, expansile osteolytic le-
sion containing thin-walled, blood-�lled cystic cavities. It 
commonly involves the metaphysis of long tubular bones, 
vertebrae or �at bones of patients younger than 20 years 
[16]. Bone scintigraphy shows increased uptake throughout 

the lesion or predominantly in the periphery[17].
Osteosarcoma is a tumor characterized by the malignant 

proliferation of osteoid-producing mesenchymal spindle 
cells and is the most common primary bone malignancy in 
children and adolescents [18]. Ewing sarcoma (a member of 
the Ewing sarcoma family of tumors) is the second most 
common malignant bone tumor in pediatrics. Ewing sar-
coma is considered a small round blue cell tumor, thought to 
originate in neural crest cells. Technetium-99-bone scinti-
graphy generallyshows non-speci�c increased uptake in 
almost all osteosarcoma and Ewing sarcoma lesions, and is 
also useful detecting osseous metastatic lesions.

The main limitations of this study are the small subject po-
pulation and lack of histological con�rmation for all benign 
disease. However, it would have been unethical to in-
vestigate all a�ected patients using invasive procedures. We 
consider that diagnosis of primary benign skeletal disease 
based on radiological imaging and follow-up results is clini-
cally valid. Nevertheless, the usefulness of quantitative va-
lues obtained with bone SPECT/CT in patients with primary 
bone tumor should be tested with a larger cohort.

In conclusion, quantitative values obtained with bone 
SPECT/CT may serve as osteoblastic biomarkers for primary 
bone neoplasm. In the future, we need to evaluate the use-
fulness of quantitative bone SPECT/CT for evaluating treat-
ment response of primary bone neoplasm to determine 
whether quantitative bone SPECT/CT has the potential to 
improve the management of primary skeletal disease.
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