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Abstract
Background: Prostate cancer  (PCa) ranks as the second most prevalent cancer among men 
globally. The utilization of efficient and cost‑effective diagnostic and therapeutic approaches holds 
paramount importance in the diagnosis and treatment of these patients, significantly impacting 
treatment outcomes. This study focuses on the investigation and comparison of two commonly 
employed scans within the treatment process for these patients. Methods: In this prospective 
study, which spanned over  2  years, 40  patients diagnosed with PCa underwent examination using 
two scans: 99m Technetium‑Prostate‑specific Membrane Antigen (99mTC-PSMA) Scan and between  
Technetium‑Methylene Diphosphate (99mTC-MDP)  Bone Scan. The findings of these scans were then 
compared with each other, as well as with the results obtained from magnetic resonance imaging 
and the prostate‑specific antigen level. The analysis of the results was conducted utilizing SPSS 22 
software, and descriptive statistical methods were employed to present the findings. Results: In this 
prospective study, the sensitivity, specificity, positive predictive value, negative predictive value, 
and accuracy of the 99mTC‑MDP Bone Scan were found to be 88.2%, 83.3%, 96.7%, 55.5%, and 
87.5%, respectively. Similarly, for the 99mTC‑PSMA Scan, the corresponding values were 94.1%, 
83.3%, 96.4%, 83.3%, and 92.5%, respectively. Conclusions: Based on the findings of this study, 
it can be concluded that the diagnostic accuracy of the 99mTC‑PSMA Scan is marginally higher 
compared to the 99mTC‑MDP Bone Scan. Therefore, for patients who are limited to only one scan, 
the 99mTC‑PSMA Scan appears to be the preferable choice.
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Introduction
The prostate gland is a gland derived 
from the early embryonic endoderm.[1] In 
the male embryo, the prostate grows from 
the tail to the bladder neck, achieved 
through epithelial buds that derive 
from the endodermal sinus.[2] The 
dimensions of a normal prostate gland 
are 3  cm  ×  3  cm  ×  5  cm, and its volume 
is 25  mL. The human prostate is divided 
into three zones based on its histological 
features: the peripheral zone  (PZ), the 
transition zone  (TZ), and the central 
zone (CZ).[3] Seventy percent of all prostate 
cancer  (PCa) occur in the PZ, 20% in the 
TZ, and 10% in the CZ.[4] Neurovascular 
bundles are bilaterally stretched along the 
posterolateral axis of the prostate and serve 
as the chosen route for tumors to spread 
to other areas. The prostate is typically the 
size and shape of a walnut or a golf ball. 

When this gland enlarges, it can potentially 
obstruct the flow of urine from the bladder 
through the urethra. Prostate enlargement 
occurs in almost all men with aging.[5]

Among U.S men, PCa is the second leading 
cause of cancer‑related death.[6] Statistics 
published by the International Agency for 
Research on Cancer reveal that PCa is 
the second‑most common cancer in males 
worldwide, with an incidence rate of 
29.3 and a death rate of 7.6 per 100,000 
individuals.[7] Lung and colon cancers rank 
first and third, respectively. Typically, the 
size of the prostate gland increases with 
age, thereby increasing the risk of PCa. 
This type of cancer is uncommon in men 
under the age of 50.[8]

Detecting PCa in its early stages, before it 
spreads to other parts of the body, is one of 
the most significant benefits of screening. 
This facilitates a smoother and shorter 
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treatment process.[9] However, early detection of PCa may 
not necessarily result in improved health or increased life 
expectancy for patients. Some PCas are asymptomatic or 
pose no life‑threatening risks. Nevertheless, if detected 
through screening tests, this may lead to unnecessary 
treatment procedures, and it is still unclear whether treating 
these cancers is effective.[10] The impact on life expectancy 
for these patients remains uncertain. Certain PCa treatments, 
including extensive prostate surgery and radiation therapy, 
can have long‑term side effects in many men. The most 
common side effects are erectile dysfunction and urinary 
incontinence. In addition, these patients face a higher risk 
of mortality from cardiovascular diseases or suicide.[11]

Today, the management of advanced PCa has undergone 
significant changes with the introduction of several new 
and effective treatments. These treatments have resulted 
in improved patient survival. Moreover, the availability of 
more accurate imaging techniques has enabled physicians 
to make better treatment decisions for these patients. This, 
in turn, leads to enhanced patient care. The development 
of modern imaging methods has been driven by multiple 
factors, including more accurate staging and earlier 
detection of metastatic disease, precise identification of 
oligometastatic disease, and optimal assessment of treatment 
response. Advanced imaging modalities such as whole‑body 
magnetic resonance imaging (MRI) and molecular imaging 
using combined positron emission tomography  (PET) and 
computer tomography  (CT)  imaging, as well as combined 
PET and MRI utilizing new radiopharmaceuticals, offer 
novel opportunities for imaging that support and refine 
management approaches in patients with advanced PCa.[12]

Given the widespread prevalence of PCa and the significant 
costs incurred by patients and the healthcare system during 
diagnosis and treatment, the utilization of effective and 
cost‑efficient diagnostic and treatment approaches holds 
great importance. Consequently, current efforts are focused 
on maximizing efficiency in the diagnosis and treatment 
process for these patients through the adoption of new 
technologies and advanced imaging methods. One of the 
most effective approaches in this regard is the utilization 
of traditional whole‑body imaging and prostate‑specific 
membrane antigen (PSMA) scanning.

Whole‑body scintigraphy is a widely utilized imaging 
modality with high sensitivity for assessing bone metastasis 
in PCa. Its availability and low cost have made it a 
longstanding option. However, the accumulation of the 
radiopharmaceutical in degenerative, traumatic, and 
inflammatory lesions limits its comparability. In addition, 
this method is employed for treatment response monitoring 
and prognostic prediction in patients.[13]

The PSMA scan is a novel technique employed in nuclear 
medicine centers for the diagnosis and treatment of PCa. 
This scan encompasses various diagnostic and therapeutic 
approaches that utilize specific radioligands to target 

the PSMA protein found on the cell membrane. Initially 
discovered on prostate tumors, this protein is referred to as 
PSMA or folate hydrolase. The excessive accumulation of 
PSMA protein in cancer cells triggers assimilation, leading 
to tumor growth, proliferation, and metastasis. In addition, 
radioligand therapy, utilizing a chemical substance with a 
urea backbone that binds to cancer cells, can be utilized to 
eliminate other tumors. The intravenous injection method 
in PSMA treatment, which involves targeting radioligands, 
is well‑tolerated by the patient’s body and can be repeated 
multiple times. Statistics demonstrate that the positive 
impact of PSMA treatment is notable, even in advanced 
stages of cancer and in over 80% of affected patients.[14]

The Partin tables are validated predictive tools that 
utilize information from the digital rectal exam, serum 
prostate‑specific antigen  (PSA), and Gleason score to 
estimate the stage of PCa. These tables assess the risk of 
extracapsular extension  (ECE), but they do not provide 
specific details regarding the location or extent of ECE, 
which is crucial for optimizing further treatment decisions. 
Prostate MRI has demonstrated its value in predicting ECE 
across all risk groups, with the most significant additional 
benefit observed in high‑risk patients.[15] Furthermore, 
MRI has been shown to enhance other risk stratification 
tools and nomograms, such as the Kattan nomograms and 
the D’Amico classification, improving their accuracy in 
assessing PCa risk.[16]

Due to the limited availability of diagnostic and treatment 
resources in many developing countries, our study aimed 
to compare two specific scans based on the facilities 
accessible in these regions. For instance, while the 
comparison between 99mTechnetium  (TC)‑PSMA scan and 
99mTC‑methylene diphosphate  (MDP) scan with PSMA 
PET CT scan would provide more valuable insights, 
we refrained from including PSMA PET CT scan in this 
study due to its limited accessibility in many regions of 
these countries. Instead, we made an effort to design the 
study utilizing the simplest and most accessible facilities 
available in these regions.

Methods
The present study is a prospective study conducted from 
March 2021 to January 2023. It included 40  patients with 
previously diagnosed PCa through biopsy and other clinical 
investigations.

To ensure a more precise examination of the patients and 
facilitate result analysis, the entire body was divided into 
11 distinct areas. Each zone was examined as a separate 
area, as outlined below:
•	 Area 1: Skull
•	 Area 2: Clavicle
•	 Area 3: sternum
•	 Area 4: Thorax including the ribs
•	 Area 5: Scapula
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•	 Area 6: forearm, wrist, and fingers of the upper limb
•	 Area 7: Humerus
•	 Area 8: Vertebral column, sacrum and pelvis
•	 Area 9: Femur
•	 Area 10: Knee
•	 Area 11: tibia and fibula and wrist and fingers of the 

lower limb.

Inclusion criteria

•	 Willingness of patients to perform scans and participate 
in the study

•	 Availability of 99mTC‑PSMA bone scan and 99mTC‑MDP 
bone scan and MRI and having at least one of the 
following:
o	 PSA >2 after radiotherapy
o	 PSA >1 after radical prostatectomy
o	 Pain in the bone
o	 Stage T1+ PSA >20
o	 Stage T2+ PSA >10
o	 Gleason score 8–10
o	 Stage T2c
o	 High alkaline phosphatase level.

Exclusion criteria

•	 Lack of satisfaction of patients to scan
•	 Receiving any radiopharmaceuticals within 10  days 

before the study
•	 History of previous sensitivity to radiopharmaceuticals

First, laboratory tests were conducted for the patients, 
including measurement of PSA and alkaline phosphatase 
levels. Subsequently, the patients underwent 99mTC‑MDP 
scan using the following procedure: 4  h after the injection 
of 20 milicurie  (mCi) of TC MDP, whole‑body scintigraphy 
was performed on both anterior and posterior projections, 
followed by single photon emission CT (SPECT) acquisition.

Subsequently, with a 10‑day interval to ensure the 
elimination of the radiopharmaceutical from the 
body, the patients underwent 99mTC‑PSMA scan. The 
procedure involved the intravenous injection of 20 mCi 
TC‑HYNC‑PSMA, followed by whole‑body imaging in 
the anterior and posterior projections at 30 and 240  min 
postinjection. In addition, SPECT images of the pelvic and 
chest regions were obtained 4 h postinjection.

Following the completion of these two scans, conducted 
10  days apart, the patients underwent whole‑body 
diffusion‑weighted imaging MRI. The results of these 
examinations were summarized and interpreted by three 
nuclear medicine specialists and three radiologists. In cases 
where all three experts did not reach a consensus, the 
respective sample was excluded from the study.

Both scans were then compared and analyzed using the 
results from the MRI scans as a reference. To collect 
data for the study, a questionnaire was utilized. The 
questionnaire included information about the Gleason 

score of the disease, the serum alkaline phosphatase levels, 
and the location of detected metastasis in different types 
of scans. The collected data were analyzed using SPSS22 
software that manufactured by International Business 
Machines Corporation that is an American multinational 
technology corporation headquartered in Armonk, New 
York. Analytical information was presented in the form of 
tables, ratios, and percentages. A  2  ×  2 table was created 
in SPSS, and to calculate the sensitivity, specificity, 
positive predictive value  (PPV), negative predictive 
value  (NPV), and accuracy of Bone Scan 99mTC‑PSMA 
and 99mTC‑MDP Bone Scan compared to MRI, manual 
calculations were performed using the standard formulas.

Sensitivity was calculated by dividing the number of true 
positives by the total number of patients diagnosed with 
the scans, while specificity was calculated by dividing the 
number of true negatives by the total number of healthy 
individuals. Diagnostic accuracy was determined by 
dividing the sum of true negative and true positive cases by 
the total number of patients and healthy individuals.

To measure the positive and NPVs, the PPV was calculated 
by dividing the number of true positives by the sum of true 
positives and false positives, while the NPV was calculated 
by dividing the number of true negatives by the sum of 
true negatives and false negatives.

Results
In the statistical analysis conducted on the data obtained 
from this study, MRI was considered as the reference, 
and the results of both scans were compared. In this 
comparison, the sensitivity of 99mTC‑MDP scan was found 
to be 88.2%, while the sensitivity of 99mTC‑PSMA scan was 
94.1%. This difference was determined to be statistically 
significant (P < 0.007).

The specificity of both 99mTC‑MDP scan and 99mTC‑PSMA 
scan was 83.3%, and no significant difference was 
observed (P < 0.013).

Regarding the PPV, both 99mTC‑MDP scan and 99mTC‑PSMA 
scan showed values of 96.7% and 96.9% respectively, 
indicating their similarity.

The NPV of 99mTC‑MDP scan was 55.5%, whereas the 
NPV of 99mTC‑PSMA scan was 83.3%. This difference was 
found to be statistically significant (P < 0.003).

The diagnostic accuracy of 99mTC‑MDP scan was 
determined to be 87.5%, while the accuracy of 99mTC‑PSMA 
scan was 92.5%. This difference was also statistically 
significant [P < 0.01, Table 1].

In the next stage, the patients’ PSA levels were categorized 
into two groups: PSA levels  <10  ng/dL as negative PSA 
and PSA levels  >10  ng/dL as positive PSA. Among the 
patients, 3 individuals  (7.5%) had PSA levels  <10  ng/dL, 
while 37  patients  (92.5%) had PSA levels  >10  ng/dL. 
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Subsequently, the results of both scans were compared in 
relation to the positive or negative PSA groups, and the 
findings were as follows:

The sensitivity of 99mTC‑MDP scan was 91.8%, while 
the sensitivity of 99mTC‑PSMA scan was slightly higher 
at 94.5%. However, this difference was not statistically 
significant (P < 0.006).

The specificity of 99mTC‑MDP scan was 33.3%, whereas the 
specificity of 99mTC‑PSMA scan was 66.6%. This difference 
was found to be statistically significant (P < 0.008).

The PPV of 99mTC‑MDP scan was 94.4%, and the NPV 
of 99mTC‑PSMA scan was 97.2%. The difference between 
these values was not statistically significant (P < 0.0017).

The NPV of 99mTC‑MDP scan was 25%, while the NPV 
of 99mTC‑PSMA scan was 50%. This difference was 
statistically significant (P < 0.009).

The diagnostic accuracy of 99mTC‑MDP scan was 
87.5%, and the diagnostic accuracy of 99mTC‑PSMA 
scan was 92.5%. This difference was also statistically 
significant (P < 0.05).

In the next step, the data obtained from this study were 
further examined and evaluated in detail. Each of the 11 

areas of the body underwent individual 99mTC‑MDP scan, 
99mTC‑PSMA scan, and MRI, resulting in a total of 440 
areas being assessed.

The patients were then divided into two age groups: those 
who were  <60  years old and those who were more than 
60  years old. Among the patients, 9 individuals  (22.5%) 
were  <60  years old, while 31  patients  (77.5%) were more 
than 60 years old. The results of both scans were compared 
based on age, and in the group of patients <60 years old, a 
total of 3 areas  (3%) showed false results in 99mTC‑PSMA 
scan, and 5 areas  (5%) showed false results in 99mTC‑MDP 
scan. However, the difference between these results was 
not statistically significant [P < 0.01, Table 2].

In the age group of more than 60  years, a total of 6 
areas  (1.8%) showed false results in 99mTC‑PSMA scan, 
while a total of 12 areas  (3.6%) showed false results 
in 99mTC‑MDP scan. This difference was found to be 
statistically significant [P < 0.01, Table 3].

In the subsequent stage, the patients were categorized 
into five groups based on their Gleason score. Among 
the patients, 3 individuals  (7.5%) had a Gleason score 
of 6 or less, 15  patients  (37.5%) had a Gleason score of 
7  (3+4 or 4+3), 7  patients  (17.5%) had a Gleason score 

Table 3: Comparison of the diagnostic value of 99mTC‑PSMA scan and 99mTC‑MDP scan according to age in patients 
over 60 years old with prostate cancer with bone metastases

Scan type The results of the scans The results of the scans separately (%)
99mTC‑PSMA scan
The number of 31 patients 
and a total of 341 areas

53 positive areas 49 true‑positive areas (14.4)
4 false‑positive areas (1.2)

288 negative areas 286 true‑negative areas (83.8)
2 false‑negative areas (0.6)

99mTC‑MDP scan 
The number of 31 patients 
and a total of 341 areas

53 positive areas 46 true‑positive areas (13.6)
7 false‑positive areas (2)

288 negative areas 283 true‑negative areas (82.8)
5 false‑negative areas (1.6)

Table 1: Comparison of the diagnostic value of 99mTC‑PSMA scan and 99mTC‑MDP scan
Scan type Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
99mTC‑PSMA scan 94.1 83.3 96.9 83.3 92.5
99mTC‑MDP scan 88.2 83.3 96.7 55.5 87.5
PPV: Positive predictive value, NPV: Negative predictive value

Table 2: Comparison of the diagnostic value of 99mTC‑PSMA scan and 99mTC‑MDP scan according to age in patients 
<60 years old with prostate cancer with bone metastases

Scan type The results of the scans The results of the scans separately (%)
99mTC‑PSMA scan
Number of 9 patients and a total of 99 areas

27 positive areas 25 true‑positive areas (25.3)
2 false‑positive areas (2)

72 negative areas 71 true‑negative areas (71.7)
1 false‑negative areas (1)

99mTC‑MDP scan
Number of 9 patients and a total of 99 areas

25 positive areas 23 true‑positive areas (23.3)
2 false‑positive areas (2)

74 negative areas 71 true‑negative areas (71.7)
3 false‑negative areas (3)
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of 8, 11  patients  (27.5%) had a Gleason score of 9, and 
4 patients (10%) had a Gleason score of 10. The results of 
the scans were then compared separately for each group.

In the first group, no false results were observed for both 
99mTC‑PSMA scan and 99mTC‑MDP scan (0%) [Table 4].

In the second Group, 2 areas  (1.2%) showed false results 
in 99mTC‑PSMA scan, while 6 areas  (3.6%) showed false 
results in 99mTC‑MDP scan [Table 5].

In the third group, 3 areas  (3.9%) yielded false results 
in 99mTC‑PSMA scan, while 1 area  (1.3%) showed false 
results in 99mTC‑MDP scan [Table 6].

In the fourth group, 4 areas  (3.3%) showed false results in 
both 99mTC‑PSMA scan and 99mTC‑MDP scan [Table 7].

In the fifth group, 2 areas  (4.4%) showed false results in 
both 99mTC‑PSMA scan and 99mTC‑MDP scan, and these 
differences were not statistically significant [Table 8].

In the subsequent stage, the patients were categorized into 
three groups based on their serum PSA levels. Among 
the patients, 3 individuals  (7.5%) had PSA levels  <10, 
3  patients  (7.5%) had PSA levels between 10 and 20, and 
36 patients (85%) had PSA levels >20.

In the first group, no false results were observed in 
99mTC‑PSMA scan  (0%), while 1 area  (3.1%) showed false 
results in 99mTC‑MDP scan [Table 9].

In the second group, no false‑positive results were 
observed for both 99mTC‑PSMA scan and 99mTC‑MDP 
scan [Table 10].

In the third group, 9 areas  (2.2%) showed false results in 
99mTC‑PSMA scan, while 16 areas  (4.2%) showed false 
results in 99mTC‑MDP scan [Table 11].

In the subsequent stage, the patients were divided into two 
groups based on their serum alkaline phosphatase levels. 

Table 4: Comparison of diagnostic value of 99mTC‑PSMA scan and 99mTC‑MDP scan according to Gleason score in 
patients with Gleason score 6 or less with prostate cancer with bone metastases

Scan type The results of the scans The results of the scans separately (%)
99mTC‑PSMA scan
The number of 3 patients 
and a total of 33 areas

0 positive areas 0 true‑positive areas (0)
0 false‑positive areas (0)

33 negative areas 33 true‑negative areas (100)
0 false‑negative areas (0)

99mTC‑MDP scan 
The number of 3 patients 
and a total of 33 areas

0 positive areas 0 true‑positive areas (0)
0 false‑negative areas (0)

33 negative areas 33 true‑negative areas (100)
0 false‑positive areas (0)

Table 5: Comparison of diagnostic value of 99mTC‑PSMA scan and 99mTC‑MDP scan according to Gleason score in 
patients with Gleason score 7 with prostate cancer with bone metastases

Scan type The results of the scans The results of the scans separately (%)
99mTC‑PSMA scan
The number of 15 patients 
and a total of 165 areas

18 positive areas 18 true‑positive areas (10.9)
0 false‑positive areas (0)

147 negative areas 145 true‑negative areas (87.9)
2 false‑negative areas (1.2)

99mTC‑MDP scan 
The number of 15 patients 
and a total of 165 areas

22 positive areas 18 true‑positive areas (10.9)
4 false‑positive areas (2.4)

143 negative areas 141 true‑negative areas (85.5)
2 false‑negative areas (1.2)

Table 6: Comparison of diagnostic value of 99mTC‑PSMA scan and 99mTC‑MDP scan according to Gleason score in 
patients with Gleason score 8 with prostate cancer with bone metastases

Scan type The results of the scans The results of the scans separately (%)
99mTC‑PSMA scan
The number of 7 patients 
and a total of 77 areas

12 positive areas 10 true‑positive areas (12.9)
2 false‑positive areas (2.6)

65 negative areas 64 true‑negative areas (83.2)
1 false‑negative areas (1.3)

99mTC‑MDP scan 
The number of 7 patients 
and a total of 77 areas

9 positive areas 9 true‑positive areas (11.7)
0 false‑positive areas (0)

68 negative areas 67 true‑negative areas (87)
1 false‑negative areas (1.3)
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Among the patients, 12 individuals  (30%) had normal 
alkaline phosphatase levels, while 28  patients  (70%) had 
elevated alkaline phosphatase levels.

In the first group, false results were observed in 2 
areas  (1.6%) for 99mTC‑PSMA scan and 4 areas  (3.2%) for 
99mTC‑MDP scan [Table 12].

Table 8: Comparison of diagnostic value of 99mTC‑PSMA scan and 99mTC‑MDP scan according to Gleason score in 
patients with Gleason score 10 with prostate cancer with bone metastases

Scan type The results of the scans The results of the scans separately (%)
99mTC‑PSMA scan
The number of 4 patients 
and a total of 44 areas

13 positive areas 11 true‑positive areas (25)
2 false‑positive areas (4.4)

31 negative areas 31 true‑negative areas (70.6)
0 false‑negative areas (0)

99mTC‑MDP scan 
The number of 4 patients 
and a total of 44 areas

11 positive areas 10 true‑positive areas (22.8)
1 false‑positive areas (2.2)

33 negative areas 32 true‑negative areas (72.8)
1 false‑negative areas (2.2)

Table 10: Comparison of diagnostic value of 99mTC‑PSMA scan and 99mTC‑MDP scan according to serum 
prostate‑specific antigen level in patients with serum prostate‑specific antigen level 10–20 with prostate cancer with 

bone metastases
Scan type The results of the scans The results of the scans separately (%)
99mTC‑PSMA scan
The number of 3 patients 
and a total of 33 areas

4 positive areas 4 true‑positive areas (12.1)
0 false‑positive areas (0)

29 negative areas 29 true‑negative areas (87.9)
0 false‑negative areas (0)

99mTC‑MDP scan 
The number of 3 patients 
and a total of 33 areas

4 positive areas 4 true‑positive areas (12.1)
0 false‑positive areas (0)

29 negative areas 29 true‑negative areas (87.9)
0 false‑negative areas (0)

Table 9: Comparison of diagnostic value of 99mTC‑PSMA scan and 99mTC‑MDP scan according to serum 
prostate‑specific antigen in patients with serum prostate‑specific antigen level <10 and prostate cancer with bone 

metastases
Scan type The results of the scans The results of the scans separately (%)
99mTC‑PSMA scan
The number of 3 patients 
and a total of 33 areas

1 positive areas 1 true‑positive areas (3.1)
0 false‑positive areas (0)

32 negative areas 32 true‑negative areas (96.9)
0 false‑negative areas (0)

99mTC‑MDP scan 
The number of 3 patients 
and a total of 33 areas

2 positive areas 1 true‑positive areas (3.1)
1 false‑positive areas (3.1)

31 negative areas 31 true‑negative areas (93.8)
0 false‑negative areas (0)

Table 7: Comparison of diagnostic value of 99mTC‑PSMA scan and 99mTC‑MDP scan according to Gleason score in 
patients with Gleason score 9 with prostate cancer with bone metastases

Scan type The results of the scans The results of the scans separately (%)
99mTC‑PSMA scan
The number of 11 patients 
and a total of 121 areas

21 positive areas 17 true‑positive areas (14)
4 false‑positive areas (3.3)

100 negative areas 100 true‑negative areas (82.7)
0 false‑negative areas (0)

99mTC‑MDP scan 
The number of 11 patients 
and a total of 121 areas

19 positive areas 16 true‑positive areas (13.2)
3 false‑positive areas (2.4)

102 negative areas 101 true‑negative areas (83.4)
1 false‑negative areas (1.2)
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In the second group, false results were observed in 7 
areas  (2.2%) for 99mTC‑PSMA scan and in 13 areas  (4.2%) 
for 99mTC‑MDP scan [Table 13].

Discussion
A bone scan, which is the most commonly used imaging 
technique for assessing bone metastasis, is known for its high 
sensitivity. However, it is also characterized by low specificity. 
MDP bone scan reveals reactive bone deposition rather than 
directly detecting the presence of cancer cells. This means 
that benign conditions can sometimes resemble tumors, 
and early‑stage therapeutic changes may not be discernible. 
Moreover, the scan cannot differentiate between regression 
and progression. As a result, the practical application of MDP 
is somewhat restricted in today’s clinical practice.[17]

In the study conducted by Fallah et  al., which aimed to 
review and compare scans using 68Ga‑PSMA PET/CT and 

99mTc‑PSMA SPECT/CT, it was observed that the diagnostic 
accuracy for detecting prostate bed lesions was slightly 
higher in 68Ga‑PSMA PET/CT compared to 99mTc‑PSMA 
SPECT/CT. However, when it came to lesions outside 
the prostate, both scans showed comparable diagnostic 
accuracy. Therefore, it appears that 99mTc‑PSMA SPECT/
CT could serve as a suitable alternative to 68Ga‑PSMA 
PET/CT.[18]

The study conducted by Singh et  al. concluded that the 
combination of whole‑body 99mTc‑PSMA with regional 
SPECT/CT shows promise as a potential alternative to 
68Ga‑PSMA PET in detecting advanced‑stage metastatic 
PCa and evaluating the response to PSMA‑based targeted 
therapies.[19]

Currently, numerous studies are being conducted to 
overcome obstacles, enhance diagnostic accuracy, and 
evaluate the strengths and limitations of the aforementioned 

Table 12: Comparison of the diagnostic value of 99mTC‑PSMA scan and 99mTC‑MDP scan according to the level of 
serum alkaline phosphatase in patients with alkaline phosphatase <160 with prostate cancer with bone metastases

Scan type The results of the scans The results of the scans separately (%)
99mTC‑PSMA scan
The number of 12 patients 
and a total of 132 areas

13 positive areas 11 true‑positive areas (8.3)
2 false‑positive areas (1.6)

119 negative areas 119 true‑negative areas (90.1)
0 false‑negative areas (0)

99mTC‑MDP scan 
The number of 12 patients 
and a total of 132 areas

13 positive areas 10 true‑positive areas (7.5)
3 false‑positive areas (2.4)

119 negative areas 118 true‑negative areas (89.3)
1 false‑negative areas (0.8)

Table 13: Comparison of the diagnostic value of 99mTC‑PSMA scan and 99mTC‑MDP scan according to the level of 
serum alkaline phosphatase in patients with alkaline phosphatase >160 with prostate cancer with bone metastases

Scan type The results of the scans The results of the scans separately (%)
99mTC‑PSMA scan
The number of 28 patients 
and a total of 308 areas

50 positive areas 47 true‑positive areas (15.3)
3 false‑positive areas (0.9)

258 negative areas 254 true‑negative areas (82.5)
4 false‑negative areas (1.3)

99mTC‑MDP scan 
The number of 28 patients 
and a total of 308 areas

50 positive areas 44 true‑positive areas (14.3)
6 false‑positive areas (1.9)

258 negative areas 251 true‑negative areas (81.5)
7 false‑negative areas (2.3)

Table 11: Comparison of diagnostic value of 99mTC‑PSMA scan and 99mTC‑MDP scan according to serum prostate‑specific 
antigen in patients with serum prostate‑specific antigen level >20 in patients with prostate cancer with bone metastases

Scan type The results of the scans The results of the scans separately (%)
99mTC‑PSMA scan
The number of 34 patients 
and a total of 374 areas

56 positive areas 52 true‑positive areas (14)
4 false‑positive areas (1)

318 negative areas 313 true‑negative areas (83.8)
5 false‑negative areas (1.2)

99mTC‑MDP scan 
The number of 34 patients 
and a total of 374 areas

57 positive areas 49 true‑positive areas (13.2)
8 false‑positive areas (2.1)

317 negative areas 309 true‑negative areas (82.6)
8 false‑negative areas (2.1)
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scans. These studies aim to combine the findings of these 
scans with other imaging modalities such as MRI and 
CT scan. The outcomes of these studies have revealed a 
diverse range of advantages and disadvantages, along with 
improvements in sensitivity, specificity, and positive and 
NPVs associated with these scans.

The investigation of SPECT tracers in the management of 
PCa is gaining momentum. This is primarily due to the 
limitations on accessing PET and the comparatively higher 
costs associated with instrumentation and radionuclides 
used in PET, which are prevalent in many countries.[20‑23]

While the utilization of imaging modalities such as SPECT/
CT can be highly beneficial for detecting suspicious lesions 
in 99mTC‑MDP scan and 99mTC‑PSMA scan, the limitations 
in terms of facilities and access to these modalities have 
resulted in their restricted use in developing countries. In 
such cases, alternative methods that are more accessible, 
such as MRI or a combination of clinical symptoms, should 
be considered.

In the present study, the sensitivity of 99mTC‑MDP scan 
was 88.2%, while the sensitivity of 99mTC‑PSMA scan was 
94.1%. These values were relatively higher compared to 
those reported in other studies.[24]

Regarding specificity, 99mTC‑MDP scan exhibited a 
specificity of 83.3%, while 99mTC‑PSMA scan showed the 
same specificity value. However, these values were slightly 
lower compared to the reported values of 94% and 92%, 
respectively, in other studies.[25]

The PPV of 99mTC‑MDP scan was 96.7%, while the PPV 
of 99mTC‑PSMA scan was 96.9%. These values were 
slightly lower than the range of 88%–94% reported in other 
studies.[26]

For the NPV, 99mTC‑MDP scan had a value of 55.5%, and 
99mTC‑PSMA scan had a value of 83.3%. These values 
were somewhat lower compared to the reported range of 
80%–89% for both scans in other studies.[27]

In terms of accuracy, 99mTC‑MDP scan had an accuracy of 
87.5%, while 99mTC‑PSMA scan had an accuracy of 92.5%. 
These values were slightly higher compared to the reported 
values of approximately 72% for 99mTC‑PSMA scan and 
83% for 99mTC‑MDP scan in other studies.[28,29]

A study conducted by Zhao and Ji revealed that on 
an individual patient basis, 68Ga‑PSMA‑11 PET/CT 
demonstrates superior diagnostic performance compared to 
99mTc‑MDP BS for the detection of bone metastases in PCa. 
The findings suggest that the use of 68Ga‑PSMA‑11 PET/
CT is more effective in identifying bone metastases in PCa 
patients.

In addition, the study highlights that when 68Ga‑PSMA‑11 
PET/CT yields negative results, the utilization of 
99mTc‑MDP BS offers limited additional information. This 

suggests that in cases where 68Ga‑PSMA‑11 PET/CT 
provides negative findings, the use of 99mTc‑MDP BS may 
not significantly contribute to further diagnostic insights in 
relation to bone metastases detection.[30]

In this study, 97% of the results obtained from the 
examination of organs using 99mTC‑PSMA scan were 
reported as true, while 3% were reported as false. Similarly, 
for the examination conducted using 99mTC‑MDP scan, 
95% of the results were true, and 5% were false. In the age 
group over 60 years, 98.2% of the examinations performed 
with 99mTC‑PSMA scan were reported as true, with 1.8% 
being false. In the same age range, 96.5% were true for 
99mTC‑MDP scan, and 3.5% were false. These findings 
indicate the higher accuracy of 99mTC‑PSMA scan in both 
age groups examined. It is worth noting that a similar 
investigation focusing on age has not been conducted in 
similar studies to date.

In the present study, when examining patients based on their 
Gleason score, it was observed that there was no significant 
difference in the diagnostic value between 99mTC‑PSMA 
scan and 99mTC‑MDP scan. However, in cases with lower 
Gleason scores, the scan appeared to have a slightly higher 
diagnostic value compared to those with higher Gleason 
scores. This observation may be attributed to the smaller 
sample size in the lower Gleason score group, although it 
was not statistically significant.

In the investigations conducted on the samples based on the 
serum PSA level in these patients, it was observed that the 
diagnostic value of 99mTC‑PSMA scan was slightly higher 
compared to 99mTC‑MDP scan across three ranges of PSA 
levels: <10, 10–20, and more than 20. Among these ranges, 
in the group with PSA values  >  20, which represented the 
majority of the samples, 99mTC‑PSMA scan yielded 97.8% 
true results and 2.3% false results, while 99mTC‑MDP scan 
showed 95.8% true results and 4.2% false results. These 
findings were consistent with similar studies conducted 
elsewhere.[31]

Furthermore, based on the serum alkaline phosphatase 
level, the patients were divided into two categories: 
those with alkaline phosphatase levels  <160 and those 
with levels higher than 160. In the study focusing on 
this factor, the diagnostic value of 99mTC‑PSMA scan 
was slightly higher compared to 99mTC‑MDP scan. 
Specifically, in the group with alkaline phosphatase 
levels <160, 98.5% of the results from 99mTC‑PSMA scan 
were true, with 1.5% being false. For 99mTC‑MDP scan, 
the values were 96.9% true and 3.1% false. In the group 
with alkaline phosphatase levels above 160, 99mTC‑PSMA 
scan yielded 97.8% true results and 2.2% false results, 
while 99mTC‑MDP scan showed 95.8% true results and 
4.2% false results. Although these values did not reach 
statistical significance, they indicate that the detection 
value of 99mTC‑PSMA scan was higher compared to 
99mTC‑MDP scan.
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This study was conducted in a developing country with 
limited treatment facilities. Due to the lack of access to 
numerous diagnostic and treatment resources in these 
countries, the objective of this study was to compare the 
diagnostic accuracy of these scans based on the available 
facilities. Although a more precise imaging method such 
as PSMA PET CT scan should ideally be used for the 
comparison between 99mTC‑PSMA scan and 99mTC‑MDP 
scan, the unavailability of this scan in many regions of 
these countries made it necessary to compare the scans 
based on the accessible facilities.

In addition, considering the limited treatment budget and 
restricted access to these two scans in these countries, 
this study aimed to assess the comparative advantages 
of each scan, allowing doctors to make more confident 
choices.

The results obtained from this study demonstrate the 
significant ability of both scans to detect PCa metastases. 
However, 99mTC‑PSMA scan holds the advantage 
of detecting metastases in both soft tissue and bone 
tissue. When it comes to detecting bone metastases, 
99mTC‑PSMA scan showed comparable performance 
to 99mTC‑MDP scan. In a resource‑limited setting like 
ours, 99mTC‑PSMA scan may serve as a preferable 
alternative to 99mTC‑MDP scan for staging and evaluating 
patients with biochemical progression after treatment. 
Additionally, it can assist in identifying patients eligible 
for radiolabeled ligand therapy, particularly those utilizing 
PSMA.

In general, based on the results obtained from this study 
and similar studies, it appears that for patients who can 
only undergo one scan, the utilization of PSMA scan is 
recommended due to its treatment role and usability. It 
serves as a superior choice, especially in ligand therapy 
such as 177 LU PSMA.

It is hopeful that conducting and publishing studies of this 
nature will contribute to the enhancement of healthcare in 
these underserved countries.

Conclusions
Nowadays, due to the numerous limitations present in 
developing countries and the escalating prevalence of 
PCa within these regions, the utilization of affordable 
and accessible diagnostic and treatment methods holds 
significant importance. In this context, the selection of 
the most suitable scan type for these patients carries 
great value, considering these constraints. Therefore, we 
anticipate that by conducting studies akin to this research, a 
pivotal stride can be taken toward enhancing the healthcare 
of patients in these countries.
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