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association between the two modalities was statistically significant
(x2 = 19.59, p < 0.001), and McNemar’s test confirmed a
significant difference in detection (p = 0.004). These findings
indicate that bone scintigraphy remains a valuable screening tool,
while the addition of SPECT/CT improves the detection,
localization, and characterization of skeletal lesions and supports
more accurate staging and treatment planning.

INTRODUCTION

Metastasis, the spread of cancer cells from the site of origin to distant tissues, represents the most
advanced and aggressive stage of malignant disease and is responsible for the majority of cancer-related
deaths. Tumor cells invade adjacent tissue, enter the blood or lymphatic circulation, and eventually
colonize distant organs, where they may remain dormant or proliferate into secondary tumors. Because
metastatic deposits often respond differently to systemic therapy than the primary tumor and frequently
acquire treatment resistance, clinically established metastatic disease is, with few exceptions, incurable
(Gerstberger, Jiang, & Ganesh, 2023). Although only a very small fraction of circulating tumor cells
ultimately give rise to clinically significant metastases, metastatic disease accounts for approximately 90%
of cancer deaths (Cook & Goh, 2020).

The skeleton is one of the most common sites of metastatic spread, and skeletal metastases are the most
frequent malignant tumors of bone. Approximately 1.5 million people worldwide live with bone
metastases, which weaken bone and predispose patients to pathological fracture, spinal cord compression,
bone pain, and disability; these complications arise from tumor-induced disruption of normal bone
remodeling, in which osteoclastic resorption and osteoblastic formation are normally balanced (Coleman,
Brown, & Holen, 2020). Breast, prostate, and lung cancers show a particular predilection for bone, and
up to 70% of patients with breast carcinoma may develop skeletal metastases. The spine, particularly the
thoracic segment, is most often involved, followed by the ribs, pelvis, lower limbs, skull, sternum, shoulder
girdle, and upper limbs (Yousef et al., 2024). Patients with bone metastases from common primaries such
as breast and prostate cancer and multiple myeloma have an expected survival of only two to three years
after diagnosis, largely owing to skeletal-related events such as hypercalcemia, pathological fracture, and
nerve compression, which reduce both quality of life and overall survival (Zhang et al., 2021).

The predilection of metastases for the axial skeleton reflects the distribution of red, highly vascular
marrow in the vertebrae, pelvis, ribs, sternum, skull, and proximal long bones, which facilitates
extravasation and engraftment of circulating tumor cells. Approximately 70% of spinal metastases occur
in the thoracic spine, 20% in the lumbosacral region, and 10% in the cervical spine, and proximal
appendicular bones are involved more often than distal ones (Ban, Fock, Aryee, & Kovar, 2021). Bone
metastases develop through a sequence of stages: homing of tumor cells to a pre-metastatic niche in the
marrow, dormancy, reactivation, and finally alteration of osteoclast and osteoblast activity that produces
the metastatic lesion (Ouvrard et al., 2024). On imaging, the resulting lesions are classified as osteolytic,
osteoblastic (sclerotic), or mixed; renal cell, thyroid, and non-small cell lung carcinomas and non-
Hodgkin’s lymphoma most commonly produce osteolytic metastases, whereas prostate cancer
characteristically produces sclerotic lesions (Migliorini et al., 2020).

Imaging is central to the diagnosis of skeletal metastases. Conventional radiography provides only two-
dimensional information, whereas computed tomography (CT) and magnetic resonance imaging (MRI)
offer detailed anatomical assessment, and scintigraphy and hybrid techniques such as positron emission
tomography/computed tomography (PET/CT) and PET/MRI allow whole-body evaluation of both the
morphological and functional properties of bone lesions (Rajakulasingam & Botchu, 2021; Shojaie et al.,
2023) (Zafar et al., 2025) (Kanwal et al., 2026). Nuclear medicine imaging is particularly valuable because
radiotracer uptake reflects cellular and molecular changes, allowing disease to be detected before
structural abnormalities become apparent (Willowson & Bailey, 2026). A range of tracers, including '*F-
fluorodeoxyglucose (*F-FDG), '"Fsodium fluoride ("*ENaF), and radiolabeled prostate-specific
membrane antigen (PSMA) ligands, is now available, but *Tclabeled bisphosphonates have long
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remained the mainstay of skeletal staging, particularly in breast and prostate cancer (Fan, Wang, Zou, &
Liu, 2023; Zhao et al., 2020).

Bone scintigraphy with *"Tc-methylene diphosphonate ("TcMDP) or *"Tchydroxymethylene
diphosphonate (*"Tc-HDP) images sites of active osteoblastic bone formation. *"Tc has favorable
properties for diagnostic imaging, including a physical half-life of 6.04 hours, monoenergetic 140 keV
gamma emission, and rapid clearance, and approximately 50-60% of the injected diphosphonate is
adsorbed to bone within 3-4 hours (Osman, Eltahry, Fawzy, & El-Sayed, 2022). The usual adult activity
is 300-740 MBq, corresponding to an effective dose of approximately 2.9-4.2 mSv (Marshall, Prom-On,
Sangkue, & Thiangsook, 2023). The technique is inexpensive, widely available, and safe, and it surveys
the entire skeleton in a single examination (Huang et al., 2020). Its principal limitation is low specificity:
fractures, osteoarthritis, degenerative joint and disc disease, and infection also increase osteoblastic
activity and tracer uptake, while predominantly osteolytic or marrow-based lesions may be missed. In
prostate cancer, the reported sensitivity and specificity of planar imaging are approximately 91% and
65%, respectively (Rohani et al., 2021).

Single photon emission computed tomography (SPECT) provides three-dimensional localization of
radiotracer distribution, and since the introduction of hybrid scanners in 1999, SPECT/CT has
combined functional SPECT data with the anatomical detail of co-registered CT (Bouchareb et al., 2024;
Ritt, 2022) (Zafar, Fatima, et al., 2025) (Akbar et al., 2026). The CT component enables precise
anatomical localization, attenuation correction, and differentiation of benign from malignant causes of
tracer uptake on the basis of morphological features, and quantitative SPECT/CT now permits
calculation of standardized uptake values (SUVs) as an imaging biomarker (Ikeda et al., 2022; Zamani-
Siahkali et al., 2024) (Farooq et al., 2025). Compared with SPECT alone, SPECT/CT has been reported
to increase diagnostic specificity from 78% to 89% without loss of sensitivity (Algahtani, 2023), and
whole-body SPECT/CT has demonstrated pooled sensitivity and specificity above 90%, with fewer
equivocal findings than planar scintigraphy (Alqahtani, Fulton, Constable, Willowson, & Kench, 2020).
Bone metastases may mimic common orthopedic conditions, leading to delayed diagnosis, whereas early
detection is essential for timely treatment and preservation of quality of life. Local data describing the
pattern of skeletal metastases across different primary cancers and the incremental value of SPECT/CT
over planar scintigraphy remain limited. It is anticipated that this study will clarify the distribution of
skeletal involvement across primary malignancies and the added diagnostic value of hybrid imaging,
supporting earlier diagnosis and better treatment planning. The objective of this study was to evaluate
skeletal metastases related to primary cancers using bone scintigraphy and SPECT/CT.

Methodology

This cross-sectional, prospective observational study was carried out over a period of two months at the
Combined Military Hospital (CMH), Lahore. A total of 59 patients with known primary malignancies
who underwent whole-body bone scintigraphy with additional SPECT/CT imaging for suspected skeletal
metastases were enrolled using a convenience sampling technique based on availability and eligibility.
Adults older than 20 years with a diagnosis of cancer who were referred for bone scintigraphy, who were
able to give informed consent, and who had complete clinical records and previous imaging data were
included. Patients with primary bone tumors, those unable to give consent, and those with severe renal
impairment or recent trauma, fracture, or orthopedic surgery were excluded, as were pregnant or lactating
women.

Data were collected using a structured proforma covering demographic details (age, gender, and body
weight), type of primary cancer, time since cancer diagnosis, and clinical features, including the presence,
location, duration, and severity of bone pain. Imaging data were obtained from the hospital’s nuclear
medicine database, electronic medical records, and Picture Archiving and Communication System
(PACS). All whole-body bone scintigraphy and SPECT/CT examinations were performed on a dual-head
gamma camera equipped with an integrated low-dose CT system according to the department’s standard
imaging protocol. For each modality, the presence or absence of skeletal abnormality and the anatomical
distribution of lesions were recorded, together with the number of suspicious lesions on bone scintigraphy
(single, 2-5, more than 5, or diffuse involvement), according to the final report issued by nuclear medicine
specialists. Additional clinical information was obtained from the medical records where available to
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corroborate the imaging results, and no further imaging or intervention was performed for the purpose
of the study.

Data were entered into Microsoft Excel and analyzed using the Statistical Package for the Social Sciences
(SPSS) version 26.0. Continuous variables were summarized as mean # standard deviation and assessed
for normality using the Kolmogorov-Smirnov and Shapiro-Wilk tests, and categorical variables were
presented as frequencies and percentages. The association between abnormalities detected on bone
scintigraphy and SPECT/CT was examined using the chi-square test and Fisher’s exact test, and
McNemar’s test was used to compare the paired detection results of the two modalities; a p-value below
0.05 was considered statistically significant. The study was approved by the Institutional Review Board,
written informed consent was obtained from every participant, and confidentiality of patient information
was maintained throughout.

Results

This section reports the demographic and clinical characteristics of the 59 patients, followed by the
findings of planar bone scintigraphy and SPECT/CT and the comparison between the two modalities.
Descriptive distributions are presented in Tables 1-10, and normality testing and the association between
the two modalities in Tables 11-13.

Demographic And Clinical Characteristics
Table 1. Descriptive statistics of patient age and welght

Age (years) 60.37 15.36
Weight (kg) 59 50 85 69.80 1.72

The mean age of the study population was 60.37 + 15.36 years, ranging from 23 to 92 years, and the mean
body weight was 69.80 £ 7.72 kg, ranging from 50 to 85 kg.

Table 2. Frequency and percentage of age group.

21-30 years 8 13.6
31-40 years 2 34
41-50 years 7 11.9
51-60 years 13 22.0
61-70 years 10 16.9
71-80 years 14 23.7
81-90 years 4 6.8
91-100 years 1 1.7
Total 59 100.0
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Figure 1. Frequency and percentage of age group.

The largest proportion of patients belonged to the 71-80-year age group (14, 23.7%), followed by the 51-
60-year (13, 22.0%) and 61-70-year (10, 16.9%) groups. Patients aged 21-30 years accounted for 13.6%
and those aged 41-50 years for 11.9%, while the 81-90-year (6.8%), 31-40-year (3.4%), and 91-100-year

(1.7%) groups were least represented. The majority of patients were therefore older than 50 years.

Table 3. Frequency and percentage of gender.

Female 31 52.5
Male 28 47.5
Total 59 100.0

Gender distribution

Male (28)
Female (31)

Figure 2. Frequency and percentage of gender.

Of the 59 patients, 31 (52.5%) were female and 28 (47.5%) were male, indicating a nearly equal
representation of both genders with a slight female predominance.
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Table 4. Distribution of patients according to type of primary cancer.

Primary cancer Frequency Percent

Breast 18 30.5
Prostate 17 28.8
Colon 8 13.6
Lung 7 11.9
Other 9 15.3
Total 59 100.0
Type of primary cancer
20 H 18
(30.5%) 17

(28.8%)

15 4

9

10 -+ (15.3%)

Frequency

8
(13.6%) 7
(11.9%)

Breast Prostate Colon Lung Other

Figure 3. Distribution of patients according to type of primary cancer.

Breast cancer was the most common primary malignancy (18, 30.5%), followed closely by prostate cancer
(17, 28.8%); together these two cancers accounted for 59.3% of the study population. Colon cancer was
observed in 8 patients (13.6%), lung cancer in 7 (11.9%), and other malignancies in 9 (15.3%).

Table 5. Distribution of patients according to time since cancer diagnosis.

Time since diagnosis Frequency Percent
< 6 months 3 5.1
6-12 months 42 71.2
1-1.5 years 11 18.6
1.5-2 years 3 5.1
Total 59 100.0
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Time since cancer diagnosis

Frequency

< 6 months 6-12 months 1-1.5 years 1.5-2 years

Figure 4. Distribution of patients according to time since cancer diagnosis.

Most patients (42, 71.2%) had been diagnosed with cancer 6-12 months before undergoing bone
scintigraphy and SPECT/CT, and 11 (18.6%) had been diagnosed 1-1.5 years earlier. Only 3 patients
(5.1%) had been diagnosed within the preceding six months, and another 3 (5.1%) had a cancer history
of 1.5-2 years.

Table 6. Presence, duration, and severity of bone pain.

Bone pain Present 69.5
Absent 18 30.5

Duration of pain <1 month 3 5.1
1-6 months 18 30.5
> 6 months 20 33.9
None 18 30.5

Severity of pain Mild 9 15.3
Moderate 26 44.1
Severe 6 10.2
None 18 30.5
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Duration of bone pain Severity of bone pain

Frequency

<1month  1-6 months > 6 months None Mild Moderate Severe None
Figure 5. Duration and severity of bone pain.
Bone pain was the most commonly reported clinical feature, present in 41 patients (69.5%). Among these
patients, pain had most often persisted for more than six months (20, 33.9%) or for 1-6 months (18,

30.5%), and only 3 patients (5.1%) reported pain of less than one month. Moderate pain predominated
(26, 44.1%), while mild and severe pain were reported by 9 (15.3%) and 6 (10.2%) patients, respectively.

Table 7. Distribution of patients according to location of bone pain.

Spine 5 8.5
Pelvis 1 1.7
Arms 1 1.7
Legs 3 5.1
Spine + pelvis 2 34
Spine + arms + legs 9 15.3
Arms + legs 4 6.8
Spine + pelvis + legs 2 3.4
Legs + pelvis 5 8.5
Ribs + arms + legs 9 15.3
None 18 30.5
Total 59 100.0
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Figure 6. Distribution of patients according to location of bone pain.

Pain most frequently involved multiple regions: spine with arms and legs, and ribs with arms and legs,
were each reported by 9 patients (15.3%). Isolated spinal pain and combined leg and pelvic pain were
each reported by 5 patients (8.5%), and arm and leg pain by 4 (6.8%), whereas isolated leg, pelvic, and
arm pain were uncommon.

Bone Scintigraphy and SPECT/CT Findings
Table 8. Abnormal findings detected on bone scintigraphy and SPECT/CT.

(%)

Abnormal 44 (74.6) 53(89.8)
Normal 15(25.4) 6(10.2)
Total 59 (100.0) 59 (100.0)

Abnormal findings: bone scintigraphy vs SPECT/CT

[N Bone scintigraphy
60 1 . B SPECT/CT

Frequency

Abnormal Normal

Figure 7. Abnormal findings detected on bone scintigraphy and SPECT/CT.
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Planar bone scintigraphy demonstrated abnormal findings in 44 patients (74.6%), whereas SPECT/CT
demonstrated abnormalities in 53 (89.8%). On SPECT/CT interpretation, all 53 abnormal studies
showed metastatic lesions accompanied by coexisting degenerative changes, while the remaining 6
patients (10.2%) had no abnormal findings, reflecting the ability of the hybrid technique to separate
malignant skeletal involvement from benign degenerative uptake.

Table 9. Number of suspicious lesions detected on bone scintigraphy.

Number of lesions Frequency

Single lesion 3 5.1
2-5 lesions 25 42.4
> 5 lesions 12 20.3
Diffuse skeletal involvement 4 6.8
None 15 254
Total 59 100.0

Suspicious lesions on bone scintigraphy

Frequency

10 A

(5.1%)

Single lesion 2-5 lesions > 5 lesions Diffuse None
Figure 8. Number of suspicious lesions detected on bone scintigraphy.

Most patients with abnormal scans had multiple lesions: 25 (42.4%) had 2-5 suspicious lesions and 12
(20.3%) had more than five, while 4 (6.8%) showed diffuse skeletal involvement consistent with extensive
metastatic disease. A solitary lesion was seen in only 3 patients (5.1%).

Table 10. Skeletal sites involved on bone scintigraphy and SPECT/CT.

Affected site(s) Bone scintigraphy, n | SPECT/CT, n (%)
(%)
Spine 5(8.5) 6 (10.2)
Ribs 3(5.1) 3(5.1)
Pelvis 2(3.4) 2(3.4)
Spine + ribs + pelvis 5(8.5) 6 (10.2)
LE + UE + head and neck 1(1.7) 1(1.7)
LE + UE + spine + pelvis 2(3.4) 2(3.4)
LE + UE + spine 5(8.5) 5(8.5)
Ribs + pelvis 6(10.2) 11 (18.6)
UE + spine 3(5.1) 3(5.1)
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Affected site(s) SPECT/CT, n (%)
(%)

LE + UE 2(3.4) 2(3.4)

LE + ribs + spine 5(8.5) 7(11.9)
Spine + ribs 5(8.5) 5(8.5)
None 15(25.4) 6 (10.2)
Total 59 (100.0) 59 (100.0)

LE = lower extremities; UE = upper extremities.

Skeletal sites involved on each modality

. N Bone scintigraphy
Spine BN SPECT/CT

Ribs

Pelvis

Spine + ribs + pelvis
LE + UE + head & neck
LE + UE + spine + pelvis
LE + UE + spine

Ribs + pelvis

UE + spine

LE + UE

LE + ribs + spine

Spine + ribs

None 15

Frequency

Figure 9. Skeletal sites involved on bone scintigraphy and SPECT/CT.

On bone scintigraphy, combined rib and pelvic involvement was the most frequent pattern (6, 10.2%),
followed by isolated spinal involvement and several combinations involving the spine, ribs, and pelvis (5
each, 8.5%). SPECT/CT showed the same predominance of axial involvement with a higher number of
positive findings: combined rib and pelvic involvement increased to 11 patients (18.6%), lower extremity,
rib, and spinal involvement to 7 (11.9%), and isolated spinal and combined spine, rib, and pelvic
involvement to 6 each (10.2%). The number of patients without skeletal involvement fell from 15 (25.4%)
on bone scintigraphy to 6 (10.2%) on SPECT/CT.

Normality Testing and Association Between Modalities
Table 11. Tests of normality for continuous variables.

Weight 0.083 0.200 0.981 0.494
Age 0.085 0.200 0.977 0.327

K-S = Kolmogorov-Smirnov; S-W = Shapiro-Wilk; df = 59 for all tests.
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Both patient weight (Kolmogorov-Smirnov p = 0.200; Shapiro-Wilk p = 0.494) and age (Kolmogorov-
Smirnov p = 0.200; Shapiro-Wilk p = 0.327) had p-values greater than 0.05, confirming that the
continuous variables were normally distributed.

Table 12. Cross-tabulation of abnormalities detected on bone scintigraphy and SPECT/CT.

Bone scintigraphy SPECT/CT SPECT/CT normal | Total
abnormal

Abnormal 44 0 44
Normal 9 6 15
Total 53 6 59
Cross-tabulation of bone scintigraphy and SPECT/CT
50 7 BB SPECT/CT abnormal
I SPECT/CT normal
40 -
%)
=
Y
= 20 A
10 A 9
ﬁ
04 0

Scintigraphy abnormal (n = 44) Scintigraphy normal (n = 15)

Figure 10. Cross-tabulation of abnormalities detected on bone scintigraphy and SPECT/CT.

All 44 patients (100%) with abnormalities on bone scintigraphy also demonstrated abnormal findings on
SPECT/CT. Among the 15 patients with normal planar scans, 9 (60.0%) had abnormalities on
SPECT/CT, and only 6 (40.0%) were negative on both modalities. No patient was positive on bone
scintigraphy and negative on SPECT/CT.

Table 13. Chi-square and related tests for the association between bone scintigraphy and SPECT/CT
findings.

T —— L ——

Pearson chi-square 19.592 <0.001
Continuity correction 15.458 1 <0.001
Likelihood ratio 18.607 1 <0.001
Fisher’s exact test - - <0.001
Linear-by-linear association 19.260 1 <0.001
McNemar test — - 0.004
N of valid cases 59

The Pearson chi-square test demonstrated a statistically significant association between the findings of the
two modalities (x2 = 19.592, df = 1, p < 0.001), which was supported by the likelihood ratio (x2 = 18.607,
p <0.001) and Fisher’s exact test (p < 0.001). McNemar’s test showed a statistically significant difference
between the paired results (p = 0.004), indicating that SPECT/CT identified abnormalities that were not
detected on planar bone scintigraphy.
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Discussion

This study was conducted to evaluate skeletal metastases related to different primary cancers and to
compare the findings of planar bone scintigraphy with those of hybrid SPECT/CT in the same patients.
SPECT/CT identified skeletal abnormalities in 89.8% of patients compared with 74.6% on planar
scintigraphy, detected every lesion-positive case seen on the planar images, and revealed additional
involvement in patients whose planar scans were normal. Because both modalities were evaluated in the
same individuals, these results directly demonstrate the added value of SPECT/CT for lesion detection,
localization, and characterization in the assessment of skeletal metastases.

The patients in this study had a mean age of 60.37 years, and most were older than 50, with the 71-80-
year and 51-60-year groups most represented. This is consistent with Yousef et al., who reported that the
majority of 200 cancer patients referred for bone scintigraphy were older than 50 years and that older age
is associated with a higher prevalence of cancer and bone metastases. The gender distribution in the
present study was nearly equal (52.5% female, 47.5% male), whereas Yousef et al. reported a greater
female proportion (60% female, 40% male); the more balanced distribution here probably reflects the
similar numbers of breast and prostate cancer patients in the cohort. Both studies emphasize the
importance of routine skeletal evaluation in elderly patients with cancer (Yousef et al., 2024).

Breast (30.5%) and prostate (28.8%) cancers were the most common primary malignancies, while colon
(13.6%) and lung (11.9%) cancers were less frequent. This pattern agrees with the established
epidemiology of bone metastasis, in which breast and prostate cancers have the strongest predilection for
the skeleton; Yousef et al. likewise found breast and prostate cancer to be the leading primaries, with lung
and colon cancer each accounting for 11% of cases. In both studies, the spine, ribs, and pelvis were the
most frequently involved sites, and Zhou et al. similarly observed that abnormal radiotracer uptake in
patients with pulmonary cancer was concentrated in the spine, pelvis, and bilateral ribs (Yousef et al.,
2024; Zhou et al., 2024). This distribution reflects the abundant red marrow and rich vascular supply of
the axial skeleton, which favor the seeding and growth of circulating tumor cells (Ban et al., 2021). The
high proportion of patients with multiple lesions and the four patients with diffuse skeletal involvement
further indicate that many patients presented with established, widespread metastatic disease; diffuse,
intense skeletal uptake of this kind is recognized as a superscan pattern, most often associated with
prostate cancer (Kovacsne, Kozon, Bentestuen, & Zacho, 2023).

The superior detection rate of SPECT/CT in the present study is consistent with the meta-analysis by
Algahtani et al., in which whole-body SPECT/CT achieved a patientlevel sensitivity and specificity of
92-94% with an area under the curve of 0.99 and yielded fewer equivocal results than planar bone
scintigraphy in eight of the included studies (Algahtani et al., 2020). Arvola et al. similarly found
reprojected bone SPECT/CT to be more sensitive than conventional planar scintigraphy for detecting
metastases in breast and prostate cancer, albeit with somewhat lower specificity (Arvola et al., 2022). In a
Pakistani prostate cancer patient, Parveen et al. showed that SPECT/CT clearly delineated extensive
osteoblastic metastases in the lumbar spine, sacrum, pelvis, and proximal femora that could not be
distinguished on planar images, enabling more accurate staging (Parveen, Fatima, Qureshy, & Shahid,
2023). In the present study, the 9 patients with normal planar scans but abnormal SPECT/CT findings
represent 15.3% of the cohort who would otherwise have been under-staged.

Beyond detection, SPECT/CT improved lesion characterization. All 53 abnormal SPECT/CT studies
contained both metastatic lesions and coexisting degenerative changes, a combination that commonly
produces indeterminate uptake on planar imaging because degenerative disease also increases osteoblastic
activity. The co-registered CT allows these benign changes to be distinguished from metastatic deposits
on the basis of morphology, and Bouchareb et al. highlighted the advantages of SPECT/CT in lesion
localization, attenuation correction, diagnostic confidence, and patient management (Bouchareb et al.,
2024). Kapsoritakis et al. reported that targeted SPECT/CT reduced equivocal planar findings by 83.1%,
thereby limiting the need for additional imaging and shortening the time to diagnosis (Kapsoritakis et al.,
2021). Quantitative SPECT/CT offers further refinement: metastatic lesions show significantly higher
SUVmax than degenerative lesions and normal bone (Ikeda et al., 2022; Kuiji et al., 2017; Lin et al.,
2023), and quantitative analysis has achieved sensitivities of 74-92% and specificities of 81-93% in
differentiating benign from malignant bone lesions (Mutuleanu et al., 2023).
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The statistically significant McNemar result (p = 0.004) confirms that the discordance between the two
modalities was systematic rather than random, since every discordant case was positive on SPECT/CT
and negative on planar imaging. These findings support the view of Suppiah et al. that SPECT/CT
acquisition should, wherever feasible, become the standard approach to bone scintigraphy because it
improves image quality, diagnostic confidence, and clinical usefulness (Suppiah et al., 2023).
Nevertheless, SPECT/CT is not free of limitations. Zhang et al. reported a specificity of only 41.7% for
combined whole-body scintigraphy and SPECT/CT against a pathological reference standard (Zhang et
al., 2020), Li et al. concluded that SPECT/CT alone may be insufficient for complete evaluation of bone
metastases in breast cancer and advocated SPECT/CT-guided biopsy (Li, An, & Zhang, 2022), and
Kosmin et al. found whole-body MRI to be more sensitive than CT and bone scintigraphy for detecting
early progression in bone-only metastatic breast cancer (Kosmin et al., 2020). The present study did not
include a histopathological or follow-up reference standard, so the additional abnormalities detected on
SPECT/CT should be interpreted as improved detection rather than confirmed diagnostic accuracy.

In summary, planar bone scintigraphy remains a sensitive and practical whole-body screening tool, but a
meaningful proportion of skeletal involvement is detected or clarified only when SPECT/CT is added.
The combination of functional and anatomical information provided by hybrid imaging supports more
confident differentiation of metastatic from degenerative disease, more accurate staging, and more
appropriate treatment planning in patients with known primary malignancies.

Conclusion

This study evaluated skeletal metastases in patients with various primary malignancies using planar bone
scintigraphy and SPECT/CT. Breast and prostate cancers were the most common primary cancers
associated with suspected bone metastases, and the spine, ribs, and pelvis were the most frequent sites of
involvement. Planar bone scintigraphy proved useful for detecting metastatic lesions, but SPECT/CT
increased the detection rate of abnormal findings from 74.6% to 89.8%, identified involvement in
patients with normal planar scans, and helped distinguish metastatic lesions from coexisting degenerative
changes. The addition of SPECT/CT to conventional bone scintigraphy can therefore facilitate timely
clinical decisions, accurate staging, and optimized treatment planning in patients with suspected skeletal
metastases.

Limitations of the Study

The study was conducted at a single tertiary care facility with a relatively small sample of 59 patients,
which may limit statistical power and the generalizability of the findings to other settings. The
heterogeneity of primary malignancies restricted analysis of cancerspecific subgroups. No
histopathological or follow-up reference standard was available, so diagnostic accuracy measures such as
sensitivity and specificity could not be calculated, and no long-term follow-up was performed to assess
disease progression, treatment response, or survival. In addition, bone scintigraphy and SPECT/CT were

not compared with other advanced modalities such as PET/CT or whole-body MRI.

Recommendations

Larger prospective multicenter studies with histopathological or clinical follow-up as a reference standard
are recommended to validate these findings, to assess cancer-specific patterns of skeletal involvement, and
to determine the diagnostic accuracy of each technique. Comparative studies including '*F-NaF PET/CT,
which may detect small bone metastases earlier than ™" Tc-MDP imaging (Dadgar et al., 2022), and whole-
body MRI are also needed to establish the most efficient imaging pathway. In clinical practice,
SPECT/CT should be routinely performed in patients whose planar bone scintigraphy is equivocal or
difficult to interpret, in order to improve lesion localization, diagnostic certainty, and clinical decision-
making.
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