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MULTIMODAL APPROACH TO THE DIAGNOSIS OF BONE METASTASES USING
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TOMOGRAPHY AND OSTEOSCINTIGRAPHY
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The purpose of the study was to conduct a comparative analysis of the results of computed tomography, positron emission
tomography combined with computed tomography, and osteoscintigraphy in the diagnosis of bone metastases. The diagnostic
value and consistency levels of these methods in oncology patients were investigated. The results showed that positron emission
tomography combined with computed tomography demonstrates higher diagnostic accuracy in detecting bone metastases and has
the ability to provide additional complementary information in cases of discrepancy. Although computed tomography is useful in
morphological assessment, in some cases its sensitivity in detecting metastases may be lower. Osteoscintigraphy, while suitable
for widespread screening, may result in non-specific findings. Based on the obtained results, practical recommendations for
diagnostic conclusions were proposed.

Key words: bone metastasis, positron emission tomography combined with computed tomography, computed tomography,
osteoscintigraphy, diagnostic concordance, radiological examination, SUV max.

CagacBa JLA.

MYJIBTUMOJIAJIBHUMA XTI 10 JNIA'HOCTHUKH KICTKOBUX METACTA3IB
3 BUKOPUCTAHHSM KOMII'IOTEPHOI TOMOI'PA®1], [IO3UTPOHHO-EMICIMHOI
TOMOT PA®II 3 KOMIT'IOTEPHOIO TOMOT'PA®IEIO TA OCTEOCIIUHTHUI PA®DIT

Mertoto 1aHOTO NOCIiKEeHHsT OyB MOPIBHSUIBHUIL aHANI3 pe3ysbTaTiB KOMIT 10TepHOI ToMorpadii, HO3UTpOHHO-eMiCiHHOT
ToMorpadii B O€HAHHI 3 KOMII'IOTEpPHOI0 ToMorpadieio Ta octeocuuHTHrpadii B 1iarHOCTUILI METacTasiB y KicTkax. BuBueHO
JIarHOCTUYHY L[IHHICTh Ta JOCTOBIPHICTh LIMX METO/IB Y OHKOJIOTIYHUX XBOPHX. Pe3ynbraTn mokasai, 1o no3uTpoOHHO-eMiciifHa
ToMorpadisi B MOeJHAHHI 3 KOMI'IOTEPHOIO TOMOTpadi€ro IeMOHCTPYE BUILLY AIarHOCTUYHY TOYHICTh Y BHSIBICHHI METAacTa3iB y
KIiCTKaXx 1 JI03BOJISIE OTPHMATH JOIATKOBY iH(POPMALLIO y pa3i po30KHOCTI pe3ynbrariB. Xo4ya KOMII I0TepHa ToMorpadis KopucHa
UL MOP(OJIOTIYHOT OIIHKH, Y ESKUX BHIMAAKaX il Yy TNIUBICTH Y BUABJICHHI MeTacTa3iB Moxe OyTH HIK40r0. OcTeonuaTUrpadis,
X04a ¥ MiAXOOUTH IJIs ITUPOKOTO CKPUHIHTY, MOXKE JaBaTH HecrnenudiuHi pedynprata. Ha migcraBi oTpuMaHuX pesyibTariB O0yino
3alPOIOHOBAHO NPAKTHYHI PEKOMEH/ALi] 1010 1iarHOCTUYHUX BUCHOBKIB.

Korouosi ciioBa: MeTacTasu B KiCTKax, MO3UTPOHHO-eMiciifHa ToMorpadis y IOe€HAHH] 3 KOMI'IOTEPHOIO TOMOTpadieio,
KOMIT foTepHa ToMorpadisi, octeouuHTHrpadisi, JiarHoCTHYHA KOHKOPAAHTHICTh, peHTreHosoriuHe gociimkents, SUV max.

Funding. This study received no specific grant from any funding agency in the public, commercial, or not-for-profit sectors.
The study was conducted at the author’s primary place of work and was funded from his/her income there.

Bone metastases are very frequently computed tomography (CT) is highly useful for

encountered in oncology patients and lead to serious evaluating structural changes, it does not fully reflect
clinical complications (pain, pathological fractures, functional alterations. Osteoscintigraphy allows for
etc.) as well as a decrease in the patient’s quality of systemic evaluation of metabolic activity in bone
life. The likelihood of bone metastasis is particularly tissue, but its specificity is relatively low [5, 11].
high in breast, prostate, lung, and kidney cancers, and Positron emission tomography combined with
in such cases early diagnosis has a significant impact computed tomography (PET-CT), especially with
on surgical, radiotherapy, or systemic treatment radiopharmaceuticals such as 18F-NaF, PSMA, or
planning [6, 12]. 18F-FDG, combines both morphological and

Several modern imaging methods are available functional assessment, thereby achieving higher
for the diagnosis of bone metastases. While diagnostic accuracy [10, 15].
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The purpose of the study was to conduct a
comparative evaluation of CT, PET-CT, and
osteoscintigraphy results in patients with breast,
prostate, lung, and kidney cancers, to assess the
diagnostic effectiveness of these methods, to
statistically analyze their levels of concordance, and
to provide practical recommendations.

Materials and methods. This retrospective
diagnostic accuracy study was conducted at the
Oncology Clinic of Azerbaijan Medical University
and included oncology patients examined for
suspected bone involvement between 2013 and 2023.
The study was designed in accordance with the
principles of diagnostic test evaluation and reported
with consideration of STARD recommendations.

A total of 170 patients were included in the
analysis, comprising 57 men and 113 women aged 19
to 87 years. The study population consisted of
patients with histologically or clinically established
primary malignant tumors, including breast, prostate,
lung, bladder, nasopharyngeal, and kidney cancers,
who underwent imaging assessment for possible
bone metastases in routine clinical practice.

Inclusion criteria: age 18 years or older;
confirmed primary oncological disease based on
available clinical and histopathological records;
clinical and/or radiological suspicion of bone
metastasis requiring further imaging evaluation;
availability of at least one of the following imaging
methods performed within the diagnostic work-up
period: CT, PET/CT or osteoscintigraphy; sufficient
clinical documentation and follow-up data allowing
final verification of bone lesion status. Exclusion
criteria: incomplete imaging or medical records
precluding reliable retrospective  assessment;
uncertain final diagnostic classification of bone
lesions; severe technical limitations of image quality
preventing interpretation; insufficient follow-up data
for confirmation or exclusion of metastatic bone
disease. Patients with concomitant metabolic bone
diseases (Paget's disease, severe osteoporosis) and
diabetes mellitus (for the PET group) were excluded
from the study.

Because of the retrospective design and real-
world clinical setting, patients were not excluded
solely on the basis of prior anticancer treatment.
However, the potential influence of systemic therapy,
radiotherapy, or bone-targeted treatment on imaging
appearance was taken into account during final
clinical interpretation and is acknowledged as a study
limitation. Likewise, patients with concomitant bone
conditions were not excluded if diagnostic
verification remained feasible using the full reference
standard.

Among the non-metastatic lesions, traumatic,
benign dysplastic bone changes were encountered.
For all patients, the following characteristics were
recorded, where applicable: type of bone lesion
(osteolytic, osteoblastic, mixed, non-metastatic
lesion, no lesion), number of lesions (single, 2—5
lesions, more than 5 lesions), and anatomical
distribution (skull, thoracic bones, spine, pelvis, and
extremity bones).
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The imaging methods evaluated in the study
were CT, PET/CT, and osteoscintigraphy. CT
examinations were performed using a multidetector
computed tomography scanner (64-slice class)
(Siemens SOMATOM Perspective 64 Siemens
Healthineers, Germany), without intravenous
contrast enhancement, and were used primarily for
the assessment of structural bone changes and lesion
morphology. PET/CT examinations were performed
using an integrated hybrid PET/CT system (Siemens
Biograph, Siemens Healthineers, Germany).
Radiopharmaceuticals were selected according to
clinical indication, including 18F-FDG, 18F-NaF,
and in selected cases 68Ga-PSMA. PET/CT was used
for combined metabolic and anatomical assessment.
For metabolically active lesions, the maximum
standardized uptake value (SUVmax) was recorded
when available. Osteoscintigraphy was performed
using a dual-head gamma camera system (Siemens
Symbia, Siemens Healthineers, Germany) with
99mTc-MDP. Not all patients underwent all three
imaging modalities. Each method was analyzed on
the basis of the number of patients in whom that
specific examination had been performed and for
whom sufficient reference standard data were
available.

The final diagnosis used as the reference
standard was based on a comprehensive
multidisciplinary assessment, including imaging
findings, clinical data, disease course, and follow-up
information. When available, histopathological
verification was also considered. In cases where a
biopsy was not clinically indicated or technically
feasible, lesion status was verified by dynamic
clinical and imaging follow-up. The follow-up period
was no less than 6 months and, where available,
extended up to 12 months, allowing differentiation
between metastatic progression, stable non-
metastatic lesions, and absence of bone involvement.
Thus, the reference standard was not based on a
single test result, but on the integrated final clinical
diagnosis derived from all available data. Because of
the retrospective nature of the study, image
interpretations were based on archived clinical
imaging reports and documented radiological
conclusions generated during routine patient care.
The study, therefore, assessed the agreement of each
imaging modality with the final reference diagnosis
rather than interobserver agreement between
independent blinded readers. The primary outcome
measure was the diagnostic performance of CT,
PET/CT, and osteoscintigraphy in the detection of
bone metastases. Secondary outcome measures
included the imaging methods' ability to characterize
lesion morphology and their diagnostic agreement
with the final reference diagnosis across anatomical
regions.

Statistical analysis was performed using
standard biomedical methods. Categorical data were
summarized as absolute numbers and percentages.
Statistical analysis was focused primarily on
diagnostic accuracy measures, including sensitivity,
specificity, positive predictive value, negative
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predictive value, and overall accuracy. Cohen’s
kappa coefficient was additionally applied to
estimate  agreement between  imaging-based
categorical classification and the final reference
diagnosis. This analysis was intended to reflect
diagnostic concordance rather than interobserver
reproducibility. The Pearson chi-square test was used
to assess associations between imaging findings and
metastasis-related variables. Mann—Whitney U test
and Spearman correlation analysis were used as
supplementary statistical tools for group comparisons
and assessment of monotonic relationships, where
appropriate. A p-value of less than 0.05 was
considered statistically significant.

The study was retrospective and based on
analysis of existing clinical and imaging records
obtained during routine diagnostic care. No
additional interventions or changes in patient
management were performed for research purposes.
All data were processed in an anonymized form, and
confidentiality of patient information was maintained
throughout the study. The study was conducted in
accordance with the ethical principles of the
Declaration of Helsinki (2013) and the principles of
Good Clinical Practice applicable to retrospective
observational research. Because this was a
retrospective non-interventional study based on
previously acquired routine clinical data, individual
written informed consent for participation in the
analysis was not additionally obtained. No separate
cognitive screening protocol was incorporated into
the study design, which should be considered when
interpreting data from the oldest age subgroup, and is
acknowledged as a limitation.

Results of the study and their discussion. A
total of 170 patients were included in the study.
Among them, 85 (50 %) underwent
osteoscintigraphy, 157  (92.4 %)  underwent
computed tomography, and 69 (40.6 %) underwent
PET-CT (positron emission tomography). According
to the type of metastasis, non-metastatic lesions were
found in 32 (18.8 %) patients, while among 138
(81.2 %) patients, 44 (25.9 %) had osteoblastic, 45
(26.5 %) had osteolytic, and 49 (28.8 %) had mixed-
type lesions. Regarding the number of metastases, 23
(16.7 %) patients had 1 lesion, 50 (36.2 %) had 2-5
metastatic lesions, and 65 (47.1 %) had more than 5
metastatic sites. In approximately half of the patients,
more than 5 metastatic lesions were recorded. During
the study, metastatic lesions were detected in the skull
bones in 18 (10.6 %) patients, in the thoracic bones
in 92 (54.1 %) patients, in the spine in 80 (47.1 %)
patients, in the pelvis in 74 (43.5 %) patients, and in
the extremities in 25 (14.7 %) patients.

CT examination results: CT examination of the
skull region was performed in only 2 patients.
Metastatic lesions were detected in the images
(100 %). However, due to the very small sample size
(n=2), the kappa statistics could not be calculated. CT
examination for the evaluation of metastatic changes
in the thoracic bones was performed in 111 patients.
During CT examination, a correct metastatic diagnosis
was made in 82 out of 85 patients with metastases
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(96.5 %). In all 14 patients with non-metastatic lesions
(100 %), this result was confirmed, while among 12
patients without pathological changes, the same result
was obtained in only 7 (58.3 %). In 3 patients (25 %),
CT showed non-metastatic changes, and in 2 patients
(16.7 %), metastatic changes were observed. The
kappa value was calculated as 0.816+0.060 (p<<0.001).
CT examination of the spinal column was performed
in 90 patients, and based on the final results,
metastases were observed in 61 (93.8 %) of 65 patients
with metastases, non-metastatic changes were
identified in all 14 (100 %) patients with non-
metastatic lesions, and in 4 (36.4 %) of 11 patients
without lesions no lesions were observed. The
concordance of visual analyses was evaluated with
kappa statistics, and kappa=0.729+0.070, p<0.001 was
determined. This is considered statistically significant.
In CT examination of the pelvic bones performed in
70 patients, metastases were observed in 52 (91.2 %)
of 57 patients with metastases, in 5 (8.8 %) no
pathology was present, and in all 7 (100 %) patients
with non-metastatic lesions, non-metastatic lesions
were detected. Among 6 patients without pathological
lesions, 3 (50 %) had the same result, while in 3 (50%)
metastases were found. For the diagnosis of bone
metastases in the extremities, CT was performed in 12
patients. Based on the results, metastases were
observed in 11 patients (91.7 %), and in 1 patient
(100 %) non-metastatic changes were observed.
According to the final results, metastases and non-
metastatic changes were identified correctly
(metastases in 11 of 11 patients with metastases, and
non-metastatic lesions in 1 of 1 patient with non-
metastatic lesion). As a result, complete concordance
was recorded (kappa=1.000, p=0.001).

With CT examination, the type of metastatic
lesion in the bone was also determined. Among 43
patients with osteoblastic metastases, 37 (86 %) were
correctly diagnosed as osteoblastic and 6 (15 %) as
mixed; among 40 patients with osteolytic type, 37
(92.5 %) were osteolytic, 1 (2.5 %) mixed, and 2
(5 %) osteoblastic; among 45 patients with mixed
type, 34 (75.6 %) were mixed, 3 (6.7 %) lytic, and 8
(17.8 %) osteoblastic. For NML (non-metastatic
lesion), in 28 patients with non-metastatic lesions, all
28 (100 %) were correctly diagnosed.

Evaluation was carried out, and the
concordance between results was assessed using
kappa statistics. Based on the obtained result, the
kappa coefficient was 0.827+0.036 (p<0.001), which
is statistically highly significant.

Osteoscintigraphy examination results: In the
evaluation of skull bones with osteoscintigraphy,
metastases were detected in 5 (83.3 %) of 6 patients
with metastases, while in 1 (16.7 %) no lesion was
found. Among 2 patients with non-metastatic lesions,
1 (50 %) showed non-metastatic changes, and 1
(50 %) showed metastasis. Among 32 patients
without lesions, 30 (92.8 %) had no lesion, while in
2 (6.3 %) metastasis was reported. The concordance
was kappa=0.713+£0.127 (p<0.001). This is
considered statistically reliable and significant. Out
of 45 patients with thoracic bone metastases, 41
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(91.1 %) had metastatic lesions, 4 (8.9 %) had no
lesions. Among 8 patients with non-metastatic
lesions, 7 (87.5 %) showed non-metastatic changes,
1 (12.5 %) showed metastasis. Of 18 patients without
pathology, 15 (83.3 %) had no pathological changes,
2 (11.1 %) had non-metastatic lesions, and 1 (5.6 %)
had metastasis. For this region, kappa=0.789+0.069
(p<0.001). According to osteoscintigraphy results in
the pelvic bones, among 36 patients with metastases,
30 (83.3 %) showed metastatic lesions, 6 (16.7 %)
had no lesions; in all 5 (100 %) patients with non-
metastatic lesions, non-metastatic changes were
observed. Among 15 patients without lesions, 1
(6.7 %) had metastasis, while 14 (93.3 %) had no
lesions recorded. The result of this evaluation was
kappa=0.769+0.082, p<0.001, and considered
reliable. For the spinal column, among 66 patients,
42 had metastases, of which 38 (90.5 %) showed
metastases, 4 (9.5 %) had no lesions. Among 8§
patients with non-metastatic lesions, all 8 (100 %)
showed non-metastatic changes. Among 16 patients
without lesions, 12 (75 %) had no lesions, 2 (12.5 %)
had non-metastatic areas, and 2 (12.5%) had
metastases. The  concordance of  various
morphological appearances was evaluated as
kappa=0.774 £0.074, p<0.001, and this indicator was
considered statistically significant. In
osteoscintigraphy of extremity bones, out of 11
patients with metastases, 10 (90.9 %) showed
metastases, 1 (9.1 %) had no lesions. The 1 patient
with a non-metastatic lesion showed non-metastatic
lesion (100 %). Among 26 patients without lesions, 3
(11.5 %) had metastases, while 23 (88.5 %) showed
no lesions. The evaluative concordance among the
results was kappa=0.708+0.118, p<0.001. The
evaluation of osteoscintigraphy for detecting
metastases was conducted in 83 patients, and the
results were assessed with kappa statistics. Based on
the results, kappa=0.501+0.067, p<0.001.

Out of 22 patients with osteoblastic metastases, 21
(95.5 %) were correctly identified with
osteoscintigraphy, while 1 (4.5 %) was incorrectly
assessed as osteolytic metastasis. Among 24 patients
with mixed metastases, 19 (79.2 %) were correctly
identified with osteoscintigraphy, 2 (8.3%) were
assessed as osteolytic, and 3 (12.5 %) as mixed. Out of
19 patients with osteolytic metastases, only 10 (52.6 %)
were correctly identified by osteoscintigraphy, while 8
(42.1 %) were assessed as mixed, and 1 (5.3 %) as
osteoblastic. In patients with non-metastatic lesions, 18
(100 %) showed correct results.

PET-CT examination results: In the evaluation
of the skull bones with PET-CT, kappa=0.947+0.53
was obtained. This indicator reflects very high
evaluative concordance. During the examination, 14
out of 15 patients with metastatic changes were
correctly identified in the same category. Among 27
patients without lesions, 1 (3.7 %) showed
metastasis, while 26 (96.3 %) had no lesions. In the
thoracic bones, all 47 patients with metastases were
identified as having metastases. Among 15 patients
without lesions, 1 (6.7 %) showed metastasis, while
14 (93.3 %) had no lesions. Kappa=0.958+0.042.
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In the pelvic region, PET-CT evaluation of 53
patients resulted in kappa=0.956+0.043. Among 38
patients with metastases, 37 (97.4 %) were recorded
with full concordance, while 1 patient (2.6 %) had no
lesion. The same result was obtained in 13 patients
without lesions and 2 patients with non-metastatic
lesions. The highest evaluative concordance for PET-
CT was recorded in the spinal column
kappa=0.962+0.038. Among 37 patients with spinal
metastases, 36 (97.3 %) had the same result. In 20
patients without lesions, the same result — no lesion —
was obtained. In the evaluation of extremity bones
with PET-CT, the result was kappa=0.912+0.061 in
46 patients. Among 15 patients with metastases, 14
(93.3 %) were detected with metastases, while
among 29 patients without lesions, 28 (96.6 %)
showed no lesions. In 2 patients with non-metastatic
lesions, the same result — no lesion — was obtained.
Sensitivity was 93.3 % and specificity was 96.8 %.
The evaluation results demonstrated that PET-CT is
superior to other methods in detecting metastases
with high metabolic activity even in extremities. The
effectiveness of PET-CT not only in detecting
metastatic lesions but also in determining their
morphological character — i.e., the type of metastasis
— was analyzed. In our study, PET-CT images of 68
patients and their concordance with the actual
metastasis type were evaluated and analyzed using
kappa statistics. According to the results,
kappa=0.913+0.042, p<0.001. As a result, all 19
patients (100 %) with osteolytic metastases were
correctly identified as osteolytic; among 17 patients
with osteoblastic metastases, 15 (88.2 %) were
osteoblastic, 2 (11.8 %) mixed; among 27 patients
with mixed metastatic type, 25 (93.1 %) were mixed,
2 (6.9 %) osteoblastic; and all 3 patients (100%) with
non-metastatic lesions were correctly diagnosed. The
sensitivity of PET-CT was 88.2 % for detecting
osteoblastic metastases, 100 % for osteolytic, and
93.1 % for mixed. The highest accuracy was
observed in osteolytic and non-metastatic lesion
categories (100 %). This is based on the ability of
PET-CT to detect even early-stage osteolytic lesions
due to their high metabolic activity. Mixed and
osteoblastic metastases were also differentiated with
very high accuracy, further confirming the
effectiveness of PET-CT as a hybrid method
combining structural and functional components in
clinical practice. To evaluate the statistical
differences in the results of different imaging
methods in patients with and without metastases, the
Mann-Whitney U test was applied. The analysis
showed that PET-CT examinations demonstrated a
statistically highly significant difference between
groups with and without metastases (Z=-3.979,
p<0.001). This indicated that PET-CT has a very high
ability to differentiate metastatic changes in bones,
and as a method combining structural and functional
imaging, it stands out with high diagnostic value.

On the other hand, with CT and
osteoscintigraphy ~ methods, no  statistically
significant difference was observed between patients
with and without metastases (p>0.001) (Table 1).
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Table 1
Mann-Whitney U test results for different imaging methods
Method Mann-Whitney U Wilcoxon W Z p
Osteoscintigraphy 2038 11629 —0.783 0.433916
CT 2076 2604 —1.143 0.252968
PET-CT 1359 1887 -3.979 0.000069

Note: Z-value is a standardized measure of statistical difference. Wilcoxon W is an additional statistic related to the Mann-Whitney

test.

As a continuation of these analyses, the ability of
imaging methods to differentiate bone metastases and
their statistical association with metastasis were
evaluated using the Pearson Chi-square test.

According to the results, a statistically highly

significant association was identified only between
PET-CT examination and metastasis status (y>=15.927,
df=1, p<0.001). For the other examinations
(osteoscintigraphy, CT), the Chi-square values were not
statistically significant (p>0.01) (Table 2).

Table 2
Sensitivity, specificity, and predictive values of imaging methods used for bone metastasis detection
Statistical indicies PET-CT CT Osteoscintigraphy
True Positive (n) 121.0 133.0 93.0
False Positive (n) 4.0 69.0 16.0
True Negative (n) 125.0 73.0 92.0
False Negative (n) 5.0 8.0 13.0
Sensitivity (%) 96.0 94.3 87.7
Specificity (%) 96.9 514 85.2
Positive Predictive Value (%) 96.8 65.8 85.3
Negative Predictive Value (%) 96.2 90.1 87.6
Overall Accuracy (%) 96.5 72.8 86.4

The results of computed tomography showed that
the detection of metastatic lesions in the thoracic and
spinal regions with 93-96 % sensitivity confirms the
effectiveness of CT in terms of structural visualization.
The fact that non-metastatic lesions were also correctly
identified with CT in 100 % of cases demonstrates the
high specificity of this method. However, in some cases,
particularly in patients without pathological changes,
false-positive results were observed, which can be
explained by the limited ability of CT to determine
metabolic activity [2]. The ability of CT to differentiate
the morphological type of metastasis (lytic, osteoblastic,
mixed) was also high, with correct diagnostic results
obtained in 92.5 % of osteolytic lesions and 86 % of
osteoblastic lesions. The fact that all non-metastatic
lesions (100 %) were correctly identified once again
emphasizes the discriminative power of this method.
Our results show that CT is an effective and reliable
method for the initial detection and morphological
analysis of bone metastases, but it is unreliable in
evaluating metabolic activity. Similar results have been
obtained in other studies [1].

According to the results of the study,
osteoscintigraphy demonstrated high sensitivity in
detecting bone metastases in certain anatomical
regions; however, in terms of overall specificity and
morphological differentiation, it produced weaker
results compared to PET-CT and CT. In particular, the
fact that only 52.6 % of osteolytic metastases were
correctly identified shows the limitations of this
method in detecting lytic lesions. In contrast, the
correct identification of 95.5% of osteoblastic
changes and 79.2 % of mixed-type metastases
indicates that this method is effective mainly in areas
with high metabolic activity.

Regional analysis showed that
osteoscintigraphy was able to detect metastases in the
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skull, thoracic, and pelvic bones with an accuracy of
83-91 %. The kappa coefficients for the spine and
extremity bones were 0.774 and 0.708, respectively,
which indicates statistical reliability. However, when
evaluating overall concordance, the obtained
kappa=0.501 (p<0.001) confirmed that the diagnostic
stability of osteoscintigraphy is lower than that of
PET-CT and CT.

In particular, the correct identification of 100 %
of non-metastatic lesions demonstrates the ability of
this method to differentiate changes present in bone
that are not evaluated as metastatic processes.

Nevertheless, the likelihood of misdiagnosis
was higher in differentiating morphologically mixed
and lytic lesions. Overall, studies have also shown
that osteoscintigraphy can be recommended as a
useful and rapid method for large-scale metastatic
screening [9, 14], but for morphological accuracy and
functional assessment, it is advisable to complement
it with PET-CT.

PET-CT examination demonstrated superiority
in detecting bone metastases with high diagnostic
accuracy in terms of both morphological type and
anatomical localization. In evaluations of the skull,
thoracic cage, pelvis, spine, and extremity bones,
kappa values ranged between 0.912 and 0.962,
indicating a very high level of concordance. Similar
results have been reported in previous studies [13].

The fact that PET-CT identified lytic lesions
with 100 % sensitivity highlights its superiority in
detecting metabolic activity [7]. Sensitivity values of
88.2% and 93.1% were also achieved for
osteoblastic and mixed metastases, respectively.

The highest concordance was observed in the
spinal region (kappa=0.962), while the greatest
specificity was noted in lytic and non-metastatic
lesions (with 100 % accuracy). According to the
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results of the Mann-Whitney U-test, a statistically diagnostic value of the methods, the use of ROC

significant difference was found only between PET- analysis and AUC calculation is promising, which is
CT and the groups with and without metastases (Z— reflected as an area for further research.

3.979, p<0.001). In the Chi-square test as well, a Limitations. The study is limited by the
statistically significant association was identified only retrospective design and the heterogeneity of the control

between PET-CT and metastasis status (3*=15.927, group, including patients with non-metastatic malignant
p<0.001). The results showed that PET-CT is the most bone lesions, which may have influenced specificity

superior imaging method for early detection of bone estimates. In addition, the absence of uniform
metastases, determination of their morphological type, histological verification in all cases and reliance on
and minimization of false results. In experiments follow-up data may affect the robustness of the
conducted by Fan Z, et al (2023), Madsen C, et al reference standard. Finally, the absence of a separate
(2024) it was also concluded that the sensitivity and cognitive screening protocol for the oldest age
specificity of 18F-NaF PET-CT were higher than subgroup, the potential influence of systemic therapy,
those of 9mTc-MDP SPECT-CT [3, 8]. radiotherapy, or bone-targeted treatment on imaging

For a more complete assessment of the appearance, is also acknowledged as a study limitation.

Conclusions

1. PET-CT imaging has the highest diagnostic sensitivity (96.0 %), specificity (96.9 %) and accuracy
(96.5 %), and concordance levels in the diagnosis of bone metastases. PET-CT, particularly in detecting lytic
and mixed morphological types of metastases and in excluding non-metastatic cases, demonstrated more precise
and reliable results compared to other methods.

2. While CT is useful in showing structural details, its ability to assess metabolic activity is limited.

3. Osteoscintigraphy, on the other hand, has limited diagnostic value, especially in osteolytic metastases.

It is recommended that for early and accurate detection of bone metastases, structural imaging be used in
the first stage, while PET-CT should be applied in a multimodal approach for the assessment of metabolic
activity and morphological differentiation. This will not only increase diagnostic accuracy but also allow
treatment strategies to be planned more effectively.

References

1. Chang Y, Gu Y, Ruan S, Zhang L, Jin Z, Jiang Y, et al. ["*F] FDG PET/CT performs better than CT in determining the bone
biopsy site: a randomized controlled clinical trial. Cancer Imaging. 2024;24(1):160. doi:10.1186/s40644-024-00778-6.

2. Chavoshi M, Mirshahvalad SA, Zamani S, Radmard AR, Fallahi B, Mousavi SA. Whole body low dose CT can be of value in prostate
cancer decision making: a retrospective study on 601 patients. Insights Imaging. 2023;14:124. doi:10.1186/s13244-023-01475-w.

3. Fan Z, Wang T, Zou L, Liu D. Comparison of the diagnostic value of 18F-NaF PET/CT and 99mTc-MDP SPECT for bone
metastases: a systematic review and meta-analysis. Transl Cancer Res. 2023 Nov 30;12(11):3166-3178. doi: 10.21037/tcr-23-817.
4. Gerke O, Naghavi-Behzad M, Nygaard ST, Sigaroudi VR, Vogsen M, Vach W, et al. Diagnosing bone metastases in breast cancer:
a systematic review and network meta-analysis on diagnostic test accuracy studies of 2-[18F]FDG PET/CT, 18F NaF PET/CT, MRI,
contrast-enhanced CT, and bone scintigraphy. Semin Nucl Med. 2025;55(1):137-51. doi:10.1053/j.semnuclmed.2024.10.008.

5. Ibrahim A, Vaidyanathan A, Primakov S, Belmans F, Bottari F, Refaee T, et al. Deep learning based identification of bone
scintigraphies containing metastatic bone disease foci. Cancer Imaging. 2023;23:12. doi:10.1186/s40644-023-00556-w.

6. Jin H, Veeramachaneni N. Bone Metastasis. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2024 Jan.
Available from: https://www.ncbi.nlm.nih.gov/books/NBK567769/

7. Li R, Ravizzini GC, Gorin MA, Maurer T, Eiber M, Cooperberg MR, et al. The use of PET/CT in prostate cancer. Prostate
Cancer Prostatic Dis. 2018;21(1):4-21. doi:10.1038/s41391-017-0007-8.

8. Madsen C, Fugle D, Pedersen M, Broholm R, Ostergren PB, Bisbjerg R, et al. Prospective Head-to-Head Comparison of 18F-
PSMA PET/CT and 18F-NaF PET/CT for Assessing Bone Metastases in 160 Patients with Newly Diagnosed High-Risk Prostate
Cancer. J Nucl Med. 2025 Feb 3;66(2):223-229. doi: 10.2967/jnumed.124.268275.

9. Omnia M, Abd Elaziz M, Dahou A, Ewees AA, Elgarayhi A, Sallah M, et al. Bone scintigraphy based on deep learning model
and modified growth optimizer. Sci Rep. 2024;14:25627. doi:10.1038/s41598-024-57013-z.

10. Orcajo-Rincon J, Muiioz-Langa J, Sepulveda-Sanchez JM, Ferndndez-Pérez GC, Martinez M, Noriega-Alvarez E, etal. Review
of imaging techniques for evaluating morphological and functional responses to the treatment of bone metastases in prostate and
breast cancer. Clin Transl Oncol. 2022;24(7):1290-310. doi:10.1007/s12094-022-02784-0.

11. Papandrianos N, Papageorgiou EI, Anagnostis A, Papageorgiou K. Efficient bone metastasis diagnosis in bone scintigraphy using
a fast convolutional neural network architecture. Curr Med Imaging. 2020;16(8):914-21. doi:10.2174/1573405616666200228113304.
12. Pu F, Hu Z, Yang Y, Xia P, Xia Z. Editorial: diagnosis and treatment of bone metastases. Front Oncol. 2023;13:1247231.
doi:10.3389/fonc.2023.1247231.

13. Santos JC, Abreu MH, Santos MS, Duarte H, Alpoim T, Prospero I, et al. Bone metastases detection in patients with breast
cancer: does bone scintigraphy add information to PET/CT? Oncologist. 2023;28(5):0yad087. doi:10.1093/oncolo/oyad087.

14. Schwarz L, Miiller A, Becker J, et al. Generative Al enhanced synthesis of bone scintigraphy images to improve deep learning
detection of bone metastases. Eur J Nucl Med Mol Imaging. 2025;52(6):1203—-15. doi:10.1007/s00259-025-07091-8.

15. Zhao G, Ji B. Head-To-Head Comparison of 68Ga-PSMA-11 PET/CT and 99mTc-MDP Bone Scintigraphy for the Detection
of Bone Metastases in Patients With Prostate Cancer: A Meta-Analysis. AJR Am J Roentgenol. 2022 Sep;219(3):386-395.
doi: 10.2214/AJR.21.27323.

Conflict of interest. The authors have no conflicts of interest to declare.

ORCID: Salayeva S.R. https://orcid.org/0009-0003-8906-6865.
Article received: 16.02.2025.

134



