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Abstract
Background: In patients with advanced breast cancer (BC), distant metastases happen mainly in the skeleton. This study 

aimed to investigate the role of 99mTc-MDP SPECT/CT in the differential diagnosis of malignant bone lesions from degenerative 
benign bone diseases in female BC patients.

Methods and Results: The study included 39 female BC patients who underwent a baseline 99mTc-MDP SPECT/CT 
bone scans. After lesion detection, a quantitative radiotracer uptake analysis was conducted, and the standardized uptake value 
(SUVmax) was identified in each patient, and the data were then statistically analyzed. SUVmax values were significantly higher 
in BC patients with malignant metastasis than in patients with degenerative changes (33.04±15.3 vs. 13.25±5.46 g/mL, P<0.05). 
The SUVmax cut-off value of 22.75 g/mL (25th percentile) obtained through box plot analysis can help to discriminate metastatic 
from degenerative lesions. The logistic regression analysis indicated that the SUVmax was a significant predictor of metastatic 
BL (P<0.001, OR = 159.90, B=5.07).

Conclusion: Our results suggested that quantitative analysis of the 99mTc-MDP SPECT-CT data can improve diagnostic 
accuracy in differentiating malignant metastatic bone lesions from degenerative bone lesions in high-risk BC patients.(International 
Journal of Biomedicine. 2024;14(2):286-290.)
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Introduction
Worldwide, BC is the most frequent tumor and occupies 

the first position in terms of incidence among women and 
the fifth position in terms of mortality.(1,2) For females, BC, 
colorectal cancer, and lung cancer account for 51% of all new 
diagnoses, with BC alone accounting for 32% of patients.(3) 
In Saudi Arabia, epidemiological studies reported that BC 
incidence was 19.8% of all tumor patients.(4,5)

In patients with advanced BC, distant metastases happen 
mainly in the skeleton. It was reported that 30%-85% of BC 

cases will develop bone metastases.(6,7) The thoracic spine, 
pelvis, and sternum are the most susceptible sites to metastases. 
However, some other bones are also involved in metastases, 
such as the femur, skull, and pelvis.(8-10) Bone metastases 
usually cause skeleton-related events such as hypercalcemia, 
pain, bone fractures, and spinal cord compression; thus, bone 
metastases in BC patients heavily affect patients’ prognosis, 
life quality, and therapy procedure.(11) Consequently, skeletal 
metastasis response assessment and early diagnosis are even 
more important.(12,13) Moreover, sometimes, it is very difficult to 
make a differential diagnosis between degenerative benign and 
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malignant bone disease.(14) Despite planar bone scanning’s, 
well-known limitations, such as poor specificity in response 
assessment and staging, it remains the main technique for 
detecting and staging skeleton lesions in cases of bone 
metastases risk.(7,15) Bone scanning accuracy is significantly 
improvable with the addition of single photon emission 
computed tomography combined with computed tomography 
(SPECT/CT).(16,17)

For visualizing skeletal lesions, bone scintigraphy using 

99mTc-labelled methylene diphosphonate (99mTc-MDP) is the 
most frequent examination, including primarily either cancers 
or metastatic sites in other tumors, like BC.(7,13) To evaluate 
bone metastasis, whole-body bone scans using 99mTc-MDP are 
the most routine test.(18) The 99mTc-MDP biological distribution 
reveals high uptake in the urinary system and skeletal structure.(7) 

This study aimed to investigate the role of 99mTc-MDP 
SPECT/CT in the differential diagnosis of malignant BL from 
degenerative benign bone diseases in female BC patients 
using an SUV (standardized uptake value) cut-off value.

Materials and Methods
Study design and patients’ coherent and imaging 

protocol 
Data were collected retrospectively, from January 

2016 to March 2023. The information was gathered from 
two distinct database sources. The study included 39 female 
patients with BC. All patients underwent a baseline 99mTc-
MDP SPECT/CT bone scan before their treatment, for staging 
purposes. However, any patients who had received therapy 
were excluded from the study. 

The first database source was from Riyadh City 
Hospitals (Saudi Arabia). Patients had a baseline SPECT/CT. 
The dose was calculated using the patient’s body weight, and 
an intravenous injection of 555-851 MBq equivalent to 15-23 
mCi of 99mTc-MDP was administered. Images were taken 3 
hours following the injection. A hybrid, SPECT/CT, dual-head 
gamma camera (GE Discovery D670) was used. Emission 
data were acquired using a parallel-hole, low-energy, high-
resolution collimator with the patient in the supine position. 
The acquisition orbits were body contour orbits over 360° 
arcs, with 60 stops, each 6°. For 60 stops, emission data were 
acquired for 30 seconds per stop. The image acquisition matrix 
was 128×128, and the pixel size was 4.8 mm. Images were 
acquired on the 140 keV photo-peak with a 20% symmetrical 
window. SPECT was followed by CT examination with 
acquisition parameters of 130 kV, 100 mAs, Pitch-1, and 
512×512 matrix using standard filters.

Additional secondary data were collected from an 
open-source platform, the Cancer Imaging Archive (TCIA), 
to improve the research analysis. TCIA is a service that 
provides a massive, publicly accessible archive of cancer-
related medical images; it is financed by the Cancer Imaging 
Program. SPECT/CT data from University of Illinois Hospital 
was gathered from the second source. The patients had a bone 
scan for staging before they received their treatments, based 
on their body weight; (444–703 MBq), equivalent to 12–19 
mCi of 99mTc-MDP intravenous injection, was administered, 

and a Siemens SPECT-CT camera was utilized to obtain the 
images after 3 hours of injection.

Image interpretation and quantitative assessment 
The first database source images, from Riyadh City 

Hospital, were displayed on a workstation (GE Xeleris 4.0) for 
diagnosis by two experienced physicians, the initial qualitative 
examination was performed. As the physicians indicated, 
many regions with increased radiotracer activity were seen; 
out of the total number of patients, five were confirmed to 
have BC with bone metastases, with a mean age of 61±5 years. 
In contrast, four patients had confirmed BC but without bone 
metastases, with a mean age of 63±7 years. Next, Volumetrix 
GE Healthcare’s Xeleris software was used to perform the 
quantitative SUV analysis using the following formula:(20)

where C (T) reflects the radioactive concentration at a 
point in time.

The different SUVmax based on lean body mass 
for each patient was obtained. According to the vendor’s 
recommendation, a volume of interest (VOI) was drawn using a 
multimodality computer platform, and then the SUVmax results 
were measured.

Regarding the second database, TCIA images revealed 
13 patients with confirmed BC and bone metastasis with 
a mean age of 65±8 years, and 17 patients with confirmed 
BC and without bone metastasis with a mean age of 67±10 
years. To obtain the quantitative analysis, we transferred the 
TCIA images to the 3D-slicer platform (version 4.10).(21) The 
SUVmax values were calculated from each segment using 
PET DICOM Extension installed on a 3D slicer.

Statistical analysis was performed using the statistical 
software package SPSS version 20.0 (SPSS Inc, Armonk, NY: 
IBM Corp). The normality of the distribution of continuous 
variables was tested by a one-sample Kolmogorov-Smirnov 
test. For comparisons between 2 independent groups, Student’s 
t-test was applied. The boxplot was performed to define the 
cut-off value.(22) A logistic regression analysis was conducted 
to determine whether the SUV could predict the presence of 
degenerative or metastatic bone lesions. A probability value of 
P<0.05 was considered statistically significant.

Results
SUVmax values differentiated malignant lesions from 

degenerative bone changes 
99mTc-MDP SPECT/CT (Figure 1) was performed for all 

patients, and the VOI was manually delineated for each image. We 
Collected the calculated SUVmax values for 39 patients with 
metastasis or degenerative changes (DC). In the normality test, 
SUVmax values of both metastasis (Figure 2A) and degenerative 
alterations (Figure 2B) were normally distributed. Quantitatively, 
SUVmax values were significantly higher in BC patients with 
malignant metastasis than in patients with DC (33.04±15.3 vs. 
13.25±5.46 g/mL; P<0.05; Table 1). In the box plot, the cut-off 
was determined (25th percentile - 22.75 g/mL). The lower and 
upper quartiles and the median for metastasis (22.75, 45.11, and 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =
𝐶𝐶𝐶𝐶(𝑇𝑇𝑇𝑇)

[𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖 (𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀)/𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑤𝑤𝑤𝑤𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑤𝑤𝑤𝑤ℎ𝑖𝑖𝑖𝑖(𝑘𝑘𝑘𝑘𝑤𝑤𝑤𝑤)] 
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30.27 g/mL, respectively) were higher than DC (9.50, 16.48, and 
12.31 g/mL, respectively). 

The logistic regression analysis indicated that the 
SUVmax was a significant predictor of metastatic BL 
(P<0.001, OR = 159.90, B=5.07; Table 2).

Discussion
BC represents one of the most frequently diagnosed 

tumors in female patients, with up to 75% of the patients 
with advanced stages of BC developing malignant metastatic 
BL.(23) In cancer patients, a planar whole-body bone scan is a 
sensitive and robust imaging technique to evaluate the presence 
of skeletal involvement. Unfortunately, this method suffers 
from low specificity and cannot differentiate benign skeletal 
lesions from malignant ones.(7,17) Thus, early detection of 
bone metastasis and differentiation from degenerative benign 
BL using molecular imaging modalities, such as SPECT-CT, 
is important for patient follow-up and therapeutic purposes.(24) 

This study aimed to investigate the role of 99mTc-
MDP SPECT/CT in the differential diagnosis of malignant 
BL from degenerative benign bone diseases in female 
BC patients using an SUVmax cut-off value. SUVmax 
values calculated from 99mTc-MDP SPECT/CT bone 
scan were normally distributed in both metastasis and 
degenerative alterations. SUVmax values were significantly 
(P<0.05) higher in BC patients with malignant metastasis 
(33.04±15.3 g/mL) than in patients with degenerative changes 
(13.25±5.46 g/mL). The box plot revealed a cut-off equal to 
22.75 g/mL, and the logistic regression analysis indicated 
that SUVmax was a significant predictor of metastatic BL 
(P<0.001, OR= 159.90, B=5.07).

Skeletal structure uptake of radioactivity usually overlaps 
with radiopharmaceutical accumulation in several other benign 
disorders and situations, such as degenerative changes, trauma, 
and infection.(7,25) To a certain degree, SPECT-CT imaging 
resolves overlying activity superimposition, which causes a 
more accurate anatomical localization of skeletal lesions and 
helps differentiate malignant and benign lesions.(7,25) 

Like our findings, other authors have reported that 
quantitative analysis of SPECT-CT data can enhance diagnostic 
accuracy in differentiating degenerative benign lesions from 
metastatic BL, leading to better follow-up and appropriate 
therapy in metastatic BC patients.(24) Arvola et al.(26) compared 
SUVmax between 18F-NaF PET/CT and 99mTc-HDP SPECT/CT 
in bone metastases of BC and prostate cancer. They found that 
the measured SUVs very strongly correlated between PET and 
SPECT (R2≥0.80, P<0.001), and this demonstrates that SPECT is 
an applicable tool for clinical quantification of bone metabolism 
in bone metastases in prostate cancer and BC patients. In 
metastatic BL, Gherghe et al.(24) reported that the SUVmax 
value of SPECT-CT was significantly greater than degenerative 
lesions. At a comparable cut-off value (16.6 g/mL) with our 
results, they found that SPECT-CT revealed a specificity of 
93.3% and a sensitivity of 91.5%.(24) In prostate cancer patients, 
Rohani et al. evaluated bone scans with 99mTc-MDP SPECT/CT 
in differentiating patients with bone metastases from those with 
degenerative joint disease.(27) SUVmax was significantly greater 
in bone metastases than in normal vertebrae. SUVmax cut-off 
value ≥20 gave a specificity of 85.4% and a sensitivity of 73.8% 

Fig. 1. 99mTc-MDP SPECT/CT bone scan of a 57-year-
old female with a history of breast cancer who suffers 
from degenerative hip joints.

Fig. 2. (A) SUVmax values for metastatic lesions and (B) 
degenerative alterations.

Lesion type Number Minimum Maximum Mean SD t-testP-value
Metastatic 18 7.44 65.8 33.04 15.3

5.21 <0.05Degenerative 21 3.74 25.2 13.25 5.46

Table 1. 
Comparison of SUVmax values between BC patients with malignant 
bone metastasis and patients with benign degenerative changes. 

Model Summary
-2 Log likelihood Cox & Snell R Square Nagelkerke R Square
26.76 .50 .67

Classification Table
Observed Predicted

Step 1 Patient Metastasis
DC

Metastasis DC Percentage
Correct

15
3

3
18

83.33
85.71

Overall percentage 84.62

Variables in the Equation

B S.E. Wald df Sig. Exp(B) 95% CI for Exp(B)
Lower       Upper

Step 1 SUVmax
Constant

-.24
5.07

.08
1.55

10.33
10.74

1
1

.001

.001
.78

159.90 .68 .91

Table 2.
Results of the logistic regression analysis.
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in differentiating bone metastases from degenerative joint 
disease.(27) Also, in patients with prostate cancer, Kuji et al.(28) 
evaluated the role of the skeletal SUVs by 99mTc-MDP SPECT/
CT for differentiating active bone metastases from degenerative 
changes. They found that skeletal SUVmax may be helpful 
indices for bone metastatic prognostication, enhancing the 
discrimination of active bone osteoblastic metastases from 
frequently coexisting degenerative changes in patients with 
prostate cancer. Some studies revealed that SPECT/CT using 
different radiotracers significantly reduced equivocal findings in 
diagnosing bone metastases, which implies improved diagnostic 
confidence.(29-31)

In conclusion, our results suggested that quantitative 
analysis of the 99mTc-MDP SPECT-CT data can improve 
diagnostic accuracy in differentiating malignant metastatic 
BL from degenerative BL in high-risk BC patients. In BC 
patients, the SUVmax cut-off value of 22.75 g/mL obtained 
through box plot analysis can help to discriminate metastatic 
from degenerative lesions. Interpatient comparison, patient 
follow-up, and evaluation of treatment effectiveness may 
represent further benefits in performing 99mTc-MDP SPECT-
CT SUVmax calculation. To use these findings in clinical 
practice, further extensive studies are required.

Ethical Considerations
The study protocol was reviewed and approved by 

the Ethics Committee at Princess Nourah bint Abdulrahman 
University.

Competing Interests
The authors declare that they have no competing 

interests.

References
1. Abdelrazek MA, Nageb A, Barakat LA, Abouzid A, Elbaz 
R. BC-DETECT: combined detection of serum HE4 and TFF3 
improves breast cancer diagnostic efficacy. Breast Cancer. 
2022 May;29(3):507-515. doi: 10.1007/s12282-021-01328-8. 
Epub 2022 Jan 7. PMID: 34994942.
2. Shrestha R, Paudel B, Panthi B, Gyawali B, Pandey A, 
Khanal S, Gyawali S. Breast Cancer among Cancer Patients 
Visiting the Department of Internal Medicine of a Tertiary 
Centre. JNMA J Nepal Med Assoc. 2024 Feb 24;62(270):64-
67. doi: 10.31729/jnma.8466. PMID: 38409971; PMCID: 
PMC10924505.
3. Siegel RL, Giaquinto AN, Jemal A. Cancer statistics, 2024. 
CA Cancer J Clin. 2024 Jan-Feb;74(1):12-49. doi: 10.3322/
caac.21820. Epub 2024 Jan 17. Erratum in: CA Cancer J Clin. 
2024 Mar-Apr;74(2):203. PMID: 38230766.
4. Ravichandran K, Hamdan NA, Dyab AR. Population 
based survival of female breast cancer cases in Riyadh 
Region, Saudi Arabia. Asian Pac J Cancer Prev. 2005 Jan-
Mar;6(1):72-6. PMID: 15780037.
5. AlRajhi B, Aljadani FF, Almarwan SR, Alzahrani AA, 
Sindi MHM, Kano A, Alzahrani RS, Baaqeel R. Breast 
Cancer Awareness Among Women in Saudi Arabia: A 

Systematic Review. Breast Cancer (Dove Med Press). 2023 
Dec 14;15:913-924. doi: 10.2147/BCTT.S426079. PMID: 
38111500; PMCID: PMC10726713.
6. Hansen JA, Naghavi-Behzad M, Gerke O, Baun C, Falch 
K, Duvnjak S, Alavi A, Høilund-Carlsen PF, Hildebrandt 
MG. Diagnosis of bone metastases in breast cancer: Lesion-
based sensitivity of dual-time-point FDG-PET/CT compared 
to low-dose CT and bone scintigraphy. PLoS One. 2021 Nov 
18;16(11):e0260066. doi: 10.1371/journal.pone.0260066. 
PMID: 34793550; PMCID: PMC8601566.
7. Abedi SM, Mardanshahi A, Zeanali R. Added diagnostic 
value of SPECT to evaluate bone metastases in breast cancer 
patients with normal whole body bone scan. Caspian J Intern 
Med. 2021 Apr;12(3):290-293. doi: 10.22088/cjim.12.3.290. 
PMID: 34221278; PMCID: PMC8223046.
8. Gilkes DM. Implications of Hypoxia in Breast Cancer 
Metastasis to Bone. Int J Mol Sci. 2016 Sep 30;17(10):1669. 
doi: 10.3390/ijms17101669. PMID: 27706047; PMCID: 
PMC5085702.
9. Fornetti J, Welm AL, Stewart SA. Understanding the 
Bone in Cancer Metastasis. J Bone Miner Res. 2018 
Dec;33(12):2099-2113. doi: 10.1002/jbmr.3618. Epub 2018 
Nov 26. PMID: 30476357.
10. Brook N, Brook E, Dharmarajan A, Dass CR, Chan A. 
Breast cancer bone metastases: pathogenesis and therapeutic 
targets. Int J Biochem Cell Biol. 2018 Mar;96:63-78. doi: 
10.1016/j.biocel.2018.01.003. Epub 2018 Jan 5. PMID: 
29309917.
11. Even-Sapir E. Imaging of malignant bone involvement 
by morphologic, scintigraphic, and hybrid modalities. J Nucl 
Med. 2005 Aug;46(8):1356-67. PMID: 16085595.
12. Bombardieri E, Gianni L. The choice of the correct imaging 
modality in breast cancer management. Eur J Nucl Med Mol 
Imaging. 2004 Jun;31 Suppl 1:S179-86. doi: 10.1007/s00259-
004-1541-x. Epub 2004 May 4. PMID: 15127242.
13. Ben-Haim S, Israel O. Breast cancer: role of SPECT and 
PET in imaging bone metastases. Semin Nucl Med. 2009 
Nov;39(6):408-15. doi: 10.1053/j.semnuclmed.2009.05.002. 
PMID: 19801220.
14. Sharma R, Mondal A, Bhatnagar A, Chakravarty KL, 
Mishra P, Chopra MK, Rawat HS, Kashyap R. Differentiation 
of malignant and degenerative benign bone disease using Tc-
99m MDP and Tc-99m citrate scintigraphy. Clin Nucl Med. 
1998 Nov;23(11):758-63. doi: 10.1097/00003072-199811000-
00008. PMID: 9814564.
15. Cook GJ, Azad GK, Goh V. Imaging Bone Metastases 
in Breast Cancer: Staging and Response Assessment. J 
Nucl Med. 2016 Feb;57 Suppl 1:27S-33S. doi: 10.2967/
jnumed.115.157867. PMID: 26834098.
16. Agrawal K, Marafi F, Gnanasegaran G, Van der Wall 
H, Fogelman I. Pitfalls and Limitations of Radionuclide 
Planar and Hybrid Bone Imaging. Semin Nucl Med. 2015 
Sep;45(5):347-72. doi: 10.1053/j.semnuclmed.2015.02.002. 
PMID: 26278850.
17. Rager O, Nkoulou R, Exquis N, Garibotto V, Tabouret-
Viaud C, Zaidi H, Amzalag G, Lee-Felker SA, Zilli T, Ratib 
O. Whole-Body SPECT/CT versus Planar Bone Scan with 
Targeted SPECT/CT for Metastatic Workup. Biomed Res Int. 
2017;2017:7039406. doi: 10.1155/2017/7039406. Epub 2017 
Jul 24. PMID: 28812019; PMCID: PMC5546128.
18. Kannivelu A, Loke KS, Kok TY, Osmany SY, Ali SZ, 



290                                       N. Almuqbel et al. / International Journal of Biomedicine 14(2) (2024) 286-290

Suat-Jin L, Ng DC. The role of PET/CT in the evaluation 
of skeletal metastases. Semin Musculoskelet Radiol. 2014 
Apr;18(2):149-65. doi: 10.1055/s-0034-1371017. Epub 2014 
Apr 8. PMID: 24715447.
19. NIH. CIP Cancer Imaging Program. About the cancer 
imaging archive (TCIA) [Internet]. 2022 [cited 2023 May 
18]. Available from: https://www.cancerimagingarchive.net/
about-the-cancer-imaging-archive-tcia/.
20. Kinahan PE, Fletcher JW. Positron emission tomography-
computed tomography standardized uptake values in 
clinical practice and assessing response to therapy. Semin 
Ultrasound CT MR. 2010 Dec;31(6):496-505. doi: 10.1053/j.
sult.2010.10.001. PMID: 21147377; PMCID: PMC3026294.
21. 3D Slicer image computing platform. 2023; Available 
from: https://www.slicer.org/ 
22. Krzywinski M, Altman N. Visualizing samples with box 
plots. Nat Methods. 2014 Feb;11(2):119-20. doi: 10.1038/
nmeth.2813. PMID: 24645192.
23. Wang Z, Cheng Y, Chen S, Shao H, Chen X, Wang Z, Wang 
Y, Zhou H, Chen T, Lin N, Ye Z. Novel prognostic nomograms 
for female patients with breast cancer and bone metastasis 
at presentation. Ann Transl Med. 2020 Mar;8(5):197. doi: 
10.21037/atm.2020.01.37. PMID: 32309344; PMCID: 
PMC7154431.
24. Gherghe M, Mutuleanu MD, Stanciu AE, Irimescu I, Lazar 
A, Bacinschi X, Anghel RM. Quantitative Analysis of SPECT-
CT Data in Metastatic Breast Cancer Patients-The Clinical 
Significance. Cancers (Basel). 2022 Jan 6;14(2):273. doi: 
10.3390/cancers14020273. PMID: 35053436; PMCID: 
PMC8773966.
25. Koppula BR, Morton KA, Al-Dulaimi R, Fine GC, 
Damme NM, Brown RKJ. SPECT/CT in the Evaluation 
of Suspected Skeletal Pathology. Tomography. 2021 Oct 
11;7(4):581-605. doi: 10.3390/tomography7040050. PMID: 
34698290; PMCID: PMC8544734.
26. Arvola S, Jambor I, Kuisma A, Kemppainen J, Kajander 
S, Seppänen M, Noponen T. Comparison of standardized 
uptake values between 99mTc-HDP SPECT/CT and 18F-NaF 
PET/CT in bone metastases of breast and prostate cancer. 
EJNMMI Res. 2019 Jan 24;9(1):6. doi: 10.1186/s13550-019-
0475-z. PMID: 30680469; PMCID: PMC6346696.
27. Mohd Rohani MF, Mat Nawi N, Shamim SE, Wan Sohaimi 
WF, Wan Zainon WMN, Musarudin M, Said MA, Hashim H. 

Maximum standardized uptake value from quantitative bone 
single-photon emission computed tomography/computed 
tomography in differentiating metastatic and degenerative 
joint disease of the spine in prostate cancer patients. Ann Nucl 
Med. 2020 Jan;34(1):39-48. doi: 10.1007/s12149-019-01410-
4. Epub 2019 Oct 14. PMID: 31612417.
28. Kuji I, Yamane T, Seto A, Yasumizu Y, Shirotake S, 
Oyama M. Skeletal standardized uptake values obtained by 
quantitative SPECT/CT as an osteoblastic biomarker for the 
discrimination of active bone metastasis in prostate cancer. 
Eur J Hybrid Imaging. 2017;1(1):2. doi: 10.1186/s41824-
017-0006-y. Epub 2017 Oct 12. PMID: 29782587; PMCID: 
PMC5954671.
29. Löfgren J, Mortensen J, Rasmussen SH, Madsen 
C, Loft A, Hansen AE, Oturai P, Jensen KE, Mørk ML, 
Reichkendler M, Højgaard L, Fischer BM. A Prospective 
Study Comparing 99mTc-Hydroxyethylene-Diphosphonate 
Planar Bone Scintigraphy and Whole-Body SPECT/
CT with 18F-Fluoride PET/CT and 18F-Fluoride PET/
MRI for Diagnosing Bone Metastases. J Nucl Med. 2017 
Nov;58(11):1778-1785. doi: 10.2967/jnumed.116.189183. 
Epub 2017 Aug 10. PMID: 28798033.
30. Jambor I, Kuisma A, Ramadan S, Huovinen R, Sandell 
M, Kajander S, Kemppainen J, Kauppila E, Auren J, Merisaari 
H, Saunavaara J, Noponen T, Minn H, Aronen HJ, Seppänen 
M. Prospective evaluation of planar bone scintigraphy, 
SPECT, SPECT/CT, 18F-NaF PET/CT and whole body 
1.5T MRI, including DWI, for the detection of bone 
metastases in high risk breast and prostate cancer patients: 
SKELETA clinical trial. Acta Oncol. 2016;55(1):59-67. doi: 
10.3109/0284186X.2015.1027411. Epub 2015 Apr 2. PMID: 
25833330.
31. Helyar V, Mohan HK, Barwick T, Livieratos L, 
Gnanasegaran G, Clarke SE, Fogelman I. The added value 
of multislice SPECT/CT in patients with equivocal bony 
metastasis from carcinoma of the prostate. Eur J Nucl Med 
Mol Imaging. 2010 Apr;37(4):706-13. doi: 10.1007/s00259-
009-1334-3. Epub 2009 Dec 17. PMID: 20016889.

*Corresponding author: Sahar Mansour, Radiological Sciences 
Department, College of Health and Rehabilitation Sciences, Princess 
Nourah bint Abdulrahman University, Riyadh, Saudi Arabia. E-mail: 
smabdelaty@pnu.edu.sa


