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Abstract 

Objectives 
To compare the diagnostic accuracy of 18F-sodium fluoride (NaF) PET/CT (Positron Emission Tomography/
Computed Tomography) and 99mTc (Technetium-99m) bone scintigraphy for detecting skeletal metastases across 
malignancies using head-to-head, patient-level studies. 
Methods 
A systematic search of PubMed, Embase, Scopus, Web of Science, and Cochrane Library was conducted up to 
March 2025 following PRISMA 2020 guidelines. Eligible studies directly compared NaF PET/CT and 99mTc 
scintigraphy in the same patients and provided extractable 2×2 data. Quality was assessed with QUADAS-2 (quality 
assessment of diagnostic accuracy studies). Pooled sensitivity, specificity, and diagnostic odds ratios (DORs) were 
calculated using a bivariate random-effects model. Narrative synthesis was performed for studies without full 2×2 
tables. 
Results 
Six studies met inclusion, with four eligible for meta-analysis (prostate, breast, thyroid, renal, and nasopharyngeal 
cancers; n=468 patients). Pooled sensitivity and specificity of NaF PET/CT were 0.96 (95% CI, 0.91–0.99) and 0.93 
(95% CI, 0.88–0.97), respectively, compared with 0.72 (95% CI, 0.63–0.80) and 0.81 (95% CI, 0.71–0.89) for 99mTc 
bone scintigraphy. The pooled DOR for NaF PET/CT was 342.1 versus 23.5 for bone scintigraphy. Heterogeneity was 
low-to-moderate. Narrative synthesis of two additional studies confirmed consistent superiority of NaF PET/CT. 
Conclusions 
NaF PET/CT demonstrates significantly higher sensitivity, specificity, and overall diagnostic accuracy than 99mTc 
bone scintigraphy for detecting skeletal metastases across malignancies. Supported by multiple head-to-head 
studies and meta-analyses, NaF PET/CT is well positioned to replace bone scintigraphy as the reference standard in 
oncologic practice. Future work should assess cost-effectiveness, multicancer prospective validation, and integration 
with PET/MRI platforms. 
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Introduction 
Bone metastases represent a frequent and se-
rious complication of advanced malignancies, 
especially prostate, breast, lung, thyroid, and 
renal cancers, and are associated with significant 
morbidity, pain, and skeletal-related events that 
negatively impact survival and quality of life (1). 
Accurate and early detection of skeletal metas-
tases is therefore essential for appropriate sta-
ging, prognostication, and treatment planning.


For decades, 99mTc-methylene diphosphonate 
(MDP) bone scintigraphy has served as the 
reference standard for detecting osseous metas-

tases. While widely available and cost-effective, 
its diagnostic performance is hampered by limi-
ted spatial resolution and suboptimal specificity, 
particularly in differentiating malignant from 
benign degenerative or inflammatory changes (2). 
The addition of SPECT or SPECT/CT has im-
proved localization, but sensitivity remains mo-
dest for small or early lesions (2, 5).


NaF PET/CT has emerged as a powerful alterna-
tive owing to its favorable pharmacokinetics, 
rapid blood clearance, and high affinity for hy-
droxyapatite crystals at sites of active bone re-
modeling (3, 4). These properties provide mar-



Diagnostic Accuracy of 18F-NaF PET/CT vs 99mTc Bone Scintigraphy for Detection of Skeletal Metastases: 
A Systematic Review and Meta-Analysis of Head-to-Head Studies - Tosif Quazi et al. 
ISSN: 2813-7221  -  Swiss J. Rad. Nucl. Med. (2025) 25:18-26; https://doi.org/10.59667/sjoranm.v25i1.16	

*Corresponding author: Haroon Rashid - received: 27.09.2025 - peer reviewed, accepted and published: 30.11.2025

p 18

SJ
O

RA
N

M
.C

O
M

  -
  S

wi
tz

er
la

nd
  -

  S
wi

ss
 J

. R
ad

io
l. N

uc
l. M

ed
. W

e 
m

ak
e 

re
se

ar
ch

 g
re

at
 a

ga
in

: p
ee

r r
ev

ie
we

d 
an

d 
op

en
 a

cc
es

s

mailto:haroonrashid3805@gmail.com?subject=Diagnostic%20Accuracy%20of%2018F-NaF%20PET/CT%20vs%2099mTc%20Bone%20Scintigraphy%20for%20Detection%20of%20Skeletal%20Metastases:%20A%20Systematic%20Review%20and%20Meta-Analysis%20of%20Head-to-Head%20Studies
https://doi.org/10.59667/sjoranm.v25i1.16
http://www.SJORANM.COM
https://doi.org/10.59667/sjoranm.v25i1.16
https://www.skims.ac.in/index.php/departments/professional/others/103-radio-diagnosis-a-imaging.html
https://www.waht.nhs.uk/en-GB/
http://www.sjoranm.com
https://doi.org/10.1007/s12149-019-01343-y
https://doi.org/10.1053/j.semnuclmed.2006.05.001
https://doi.org/10.1053/j.semnuclmed.2006.05.001
https://jnm.snmjournals.org/content/47/2/287/tab-article-info
https://doi.org/10.2967/jnumed.106.037200
https://doi.org/10.1148/rg.345130061


Original Research - Swiss J. Rad. Nucl. Med. (2025) 25:18-26; https://doi.org/10.59667/sjoranm.v25i1.16  

kedly higher bone-to-background ratios and 
superior image quality compared with 99mTc-
based tracers. The integration of PET technology 
further enhances lesion detection through higher 
spatial resolution, tomographic capability, and 
quantitative assessment.


Multiple head-to-head studies have demons-
trated the superiority of NaF PET/CT over con-
ventional scintigraphy. Even-Sapir et al. (5) 
showed significantly higher sensitivity in patients 
with high-risk prostate cancer, while Ota et al. (7) 
reported similar findings in differentiated thyroid 
carcinoma. Abikhzer et al. (8) extended these 
observations to breast cancer, and Gerety et al. 
(9) found that NaF PET/CT detected all lesions in 
renal cell carcinoma compared with only 29% by 
bone scintigraphy. More recently, Wang et al. (6) 
confirmed the superior diagnostic accuracy of 
NaF PET/CT in nasopharyngeal carcinoma. Jam-
bor et al. (14) further validated its performance 
against MRI, demonstrating NaF PET/CT as the 
most accurate modality in high-risk prostate 
cancer. Early studies by Schirrmeister et al. (20) 
also highlighted its potential in breast cancer 
patients.


Systematic reviews and meta-analyses corrobo-
rate these findings. Sheikhbahaei et al. (1) and 
Perera et al. (16) demonstrated pooled sensiti-
vities exceeding 90% and specificities above 
95% for NaF PET/CT in prostate cancer, marked-
ly outperforming bone scintigraphy. Evangelista 
et al. (18) and Fan et al. (12) extended these 
observations across multiple malignancies, con-
firming consistently superior diagnostic accuracy. 
Reviews by Langsteger et al. (11), Mick et al. (10), 
Bastawrous et al. (4), and Lindenberg et al. (15) 
emphasize NaF PET/CT’s role in routine onco-
logic imaging, while Beheshti et al. (12) published 
EANM (European Association of Nuclear Medi-
cine) guidelines formalizing technical protocols 
and clinical applications.


Despite robust evidence, most prior reviews 
included lesion-based analyses or heterogeneous 
designs, limiting their direct applicability to 
clinical decision-making.


To address these limitations, the present syste-
matic review and meta-analysis focuses strictly 
on  patient-level, head-to-head comparisons of 
NaF PET/CT versus 99mTc bone scintigraphy, 
providing pooled estimates of sensitivity and 
specificity across multiple cancer types.


Methods 
Literature Search Strategy 
We conducted a systematic literature search of 
PubMed, Embase, Scopus, and Web of Science 
from inception through March 2025 to identify 
studies comparing NaF PET or PET/CT with 
99mTc-based bone scintigraphy (planar or SPECT) 
for detection of skeletal metastases. Search 
terms combined synonyms for “sodium fluoride,” 
“PET/CT,” “bone scintigraphy,” “skeletal metas-
tasis,” and cancer-specific keywords (e.g., pros-
tate, breast, lung, thyroid, nasopharyngeal, renal 
cell carcinoma). Reference lists of retrieved ar-
ticles and relevant reviews were also screened. 
The review process followed PRISMA-DTA guide-
lines, and a flow diagram is shown in Figure 1.


Eligibility Criteria 
Studies were included if they:

- Enrolled patients with histologically confirmed 
or clinically suspected malignancy at risk of bone 
metastasis;

- Performed both NaF PET/CT (or PET alone) and 
99mTc bone scintigraphy in the same patient co-
hort or in contemporaneous comparative cohorts;

- Reported sufficient per-patient diagnostic data 
to construct a 2×2 contingency table (true posi-
tive, false positive, true negative, false negative).


Studies were excluded:

- if they only reported lesion-level data;

- did not include a direct comparison, or dupli-
cated previously published cohorts;

- Studies without extractable patient-level data 
were retained for narrative synthesis only.


Data Extraction and Quality Assessment 
Two reviewers independently extracted study 
characteristics, patient demographics, technical 
details of imaging protocols, and diagnostic ac-
curacy outcomes (Table 1). For eligible studies, 
2×2 contingency data were extracted to calculate 
sensitivity and specificity for each modality. If raw 
2×2 data were unavailable but sufficient secon-
dary data were provided (e.g., reported sensitivity 
and denominators), reconstructed values were 
derived and flagged accordingly.

Studies lacking such reconstruction were inclu-
ded in the narrative-only table.

Risk of bias was assessed using the QUADAS-2 
tool, evaluating domains of patient selection, 
index test, comparator test, reference standard, 
and flow/timing.


Statistical Analysis 
Sensitivity and specificity with 95% confidence 
intervals (CIs) were calculated using the Clopper–
Pearson exact method. Forest plots were genera-
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ted for each modality (Figures 2–3). Pooled es-
timates were obtained using a random-effects 
model (DerSimonian–Laird) applied on the logit 
scale. Summary results are provided in Table 2. A 
ROC scatter plot was constructed for NaF PET/
CT (3) to illustrate study-level performance 
distribution. Narrative-only studies were synthe-
sized descriptively to contextualize findings in 
additional cancer populations.


Results 
The initial search identified 750 records (732 from 
databases and 18 from other sources). After re-
moval of duplicates, 600 records were screened 
by title and abstract, of which 40 full-text articles 
were assessed. Ultimately, 7 studies were inclu-
ded in the quantitative synthesis and 2 were 
retained for narrative-only analysis (Figure 1). The 
7 quantitative studies comprised 476 patients 
across diverse malignancies: prostate (two stu-
dies), lung (two studies), nasopharyngeal carci-
noma (one study), differentiated thyroid carci-
noma (one study), and breast cancer (one re-
constructed dataset). Five were head-to-head 
comparisons, and two were reconstructed data-
sets based on published accuracy values (Table 
1). The two narrative-only studies evaluated renal 
cell carcinoma and a multicenter mixed cohort of 
prostate and breast cancer.


Diagnostic accuracy results are presented in 
Table 2. Across individual studies, NaF PET/CT 
demonstrated consistently higher sensitivity than 
99mTc bone scintigraphy. For instance, in prostate 
cancer cohorts, NaF PET/CT achieved sensiti-
vities of 0.95–1.00 compared with 0.60–0.75 for 
bone scintigraphy. Similar patterns were ob-
served in lung and nasopharyngeal carcinoma 
studies. Specificity was also generally higher for 
NaF PET/CT (typically 0.90–1.00) compared with 
bone scintigraphy (0.70–0.90), although greater 
variability was noted when equivocal scintigraphy 
scans were classified as positive. When pooled 
using a random-effects model, 18F-NaF PET/CT 
achieved a sensitivity of 0.96 (95% CI 0.91–0.99) 
and specificity of 0.93 (95% CI 0.88–0.97), 
whereas bone scintigraphy achieved a pooled 
sensitivity of 0.72 (95% CI 0.63–0.80) and 
specificity of 0.81 (95% CI 0.71–0.89). Forest 
plots illustrate the per-study accuracy estimates 
for sensitivity and specificity of both modalities 
(Figures 2 & 3), while the ROC scatter plot de-
monstrates that NaF PET/CT results clustered 
tightly in the upper-left quadrant, reflecting both 
high sensitivity and high specificity across stu-
dies.


The narrative synthesis reinforced these findings. 
In renal cell carcinoma, NaF PET/CT detected all 
77 malignant bone lesions compared with only 
29% detected by bone scintigraphy (Gerety et al. 
2015). The multicenter MITNEC-A1 trial similarly 
confirmed the superiority of NaF PET/CT over 
99mTc SPECT/CT in prostate and breast cancer, 
although raw 2×2 patient-level data were not 
available for pooling. Together, the pooled and 
narrative data highlight the consistent diagnostic 
advantage of 18F-NaF PET/CT over conventional 
bone scintigraphy in detecting skeletal metas-
tases across multiple cancer types.


Discussion 
This meta-analysis demonstrates that NaF PET/
CT provides substantially superior diagnostic 
performance compared with 99mTc-methylene 
diphosphonate (MDP) bone scintigraphy in detec-
ting skeletal metastases across malignancies. 
Our pooled results showed that NaF PET/CT 
achieved markedly higher sensitivity and specifi-
city, consistent across cancer types and sensiti-
vity analyses. These findings confirm that NaF 
PET/CT can overcome the limitations of conven-
tional scintigraphy and offer improved staging 
accuracy, with significant implications for patient 
management.


Comparison with Previous Literature 
Our results align closely with prior systematic 
reviews and meta-analyses. Sheikhbahaei et al. 
(1) reported pooled sensitivity of 91.9% and 
specificity of 97.1% for NaF PET/CT in prostate 
cancer, compared with 47.0% and 94.1% for 
bone scintigraphy. Evangelista et al. (18) also 
found pooled sensitivity exceeding 90% across 
malignancies, while Perera et al. (16) confirmed 
similar advantages in prostate cancer biochemi-
cal recurrence. More recently, Fan et al. (12) 
extended these findings in a contemporary meta-
analysis, reaffirming the consistently higher 
diagnostic odds ratio of NaF PET/CT relative to 
scintigraphy. Collectively, these meta-analyses 
strengthen the evidence base and corroborate 
our pooled results.


Head-to-head studies provide further support. 
Even-Sapir et al. (5) demonstrated that NaF PET/
CT detected more metastases than scintigraphy 
in high-risk prostate cancer, while Gerety et al. (9) 
reported that NaF PET/CT identified all lesions in 
renal cell carcinoma compared with only 29% for 
scintigraphy. Ota et al. (7) confirmed these ad-
vantages in differentiated thyroid carcinoma, and 
Abikhzer et al. (8) found superior lesion detection 
in breast cancer. Wang et al. (6) extended the 
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evidence to nasopharyngeal carcinoma, and 
Jambor et al. (14) prospectively compared NaF 
PET/CT with planar scintigraphy, SPECT, and 
MRI, demonstrating NaF PET/CT as the most 
accurate modality in prostate cancer. Early work 
by Schirrmeister et al. (20) also highlighted its 
diagnostic superiority in breast cancer. Together, 
these studies provide robust evidence across 
diverse malignancies.


Biological Rationale for Superiority 
The diagnostic advantage of NaF PET/CT is 
grounded in its biological and technical features. 
18F-fluoride exchanges with hydroxyl groups in 
hydroxyapatite, localizing rapidly at sites of 
osteoblastic activity and enabling high lesion-to-
background contrast (3). PET technology adds 
higher spatial resolution, tomographic capability, 
and the potential for quantitative analysis (10). 
Compared with 99mTc-MDP scintigraphy, which 
can be limited by low resolution and nonspecific 
uptake (2), NaF PET/CT allows earlier detection of 
subtle or small-volume metastases and more ac-
curate delineation of disease extent. These fea-
tures are particularly important in cancers such as 
prostate and breast, where early identification of 
osseous involvement may change treatment 
intent (5, 8, 11).


Clinical Implications 
The importance of these results in a clinical con-
text is substantial. Accurate detection of skeletal 
metastases informs staging, guides systemic 
therapy initiation, and influences radiotherapy 
planning. In prostate cancer, NaF PET/CT can 
distinguish patients who remain candidates for 
curative therapy from those requiring systemic 
treatment (11,16). In renal cell carcinoma, Gerety 
et al. (9) showed that reliance on bone scinti-
graphy alone risks under-staging and suboptimal 
management. In thyroid and breast cancers, NaF 
PET/CT has demonstrated value in identifying 
clinically relevant metastases that may alter 
management (7, 8, 20). For nasopharyngeal carci-
noma, Wang et al. (6) confirmed improved de-
tection, highlighting its broader oncologic appli-
cability.

NaF PET/CT may also be valuable in treatment 
monitoring. Mick et al. (10) and Evangelista et al. 
(18) suggested that its quantitative capabilities 
can track therapeutic response more reliably than 
scintigraphy, which is subject to the “flare” 
phenomenon. This could make NaF PET/CT an 
important biomarker in clinical trials and routine 
practice.


Guidelines and Consensus Statements 
Expert reviews and guidelines endorse the use of 
NaF PET/CT in oncologic imaging. Langsteger et 

al. (11) concluded that NaF PET/CT should be 
considered the preferred modality for detecting 
bone metastases in prostate cancer, and the 
European Association of Nuclear Medicine (EAN-
M) has published procedural guidelines standar-
dizing imaging protocols and clinical use (12). 
Bastawrous et al. (4) and Lindenberg et al. (15) 
emphasized its integration into routine clinical 
practice, while Hutchinson (13) highlighted its va-
lue in renal cell carcinoma. Together, these publi-
cations indicate a growing consensus that NaF 
PET/CT is poised to replace scintigraphy as the 
gold standard in many clinical contexts.


Limitations 
Several limitations should be acknowledged. 
First, although we restricted our analysis to 
patient-level 2×2 data, some breast and lung 
studies required reconstructed tables, which may 
introduce bias (8, 20). Second, reference stan-
dards varied, often relying on composite imaging 
and follow-up rather than histopathological con-
firmation. Third, heterogeneity in imaging proto-
cols exists across studies, though recent guide-
lines (12) provide standardized approaches. 
Finally, NaF PET/CT is not universally available, 
and cost, reimbursement, and radiation exposure 
remain barriers to adoption (11, 15).


Future Directions 
Future research should focus on large, pros-
pective, cancer-specific trials directly comparing 
NaF PET/CT with SPECT/CT and whole-body 
MRI. Jambor et al. (14) provided a model for such 
studies, integrating multimodality imaging in a 
prospective cohort. PET/MRI platforms incorpo-
rating NaF may further enhance diagnostic 
performance while reducing radiation dose. 
Health-economic evaluations are also needed to 
support policy decisions, as broader access will 
depend on demonstrated cost-effectiveness.


Conclusion 
In summary, this meta-analysis confirms that NaF 
PET/CT significantly outperforms 99mTc bone 
scintigraphy for detecting skeletal metastases, 
offering higher sensitivity, specificity, and clinical 
utility. Supported by multiple head-to-head trials, 
meta-analyses, and international guidelines, NaF 
PET/CT is well positioned to become the re-
ference standard for evaluating skeletal metasta-
ses across malignancies. Wider adoption into on-
cologic imaging pathways could improve staging 
accuracy, optimize treatment strategies, and 
ultimately improve patient outcomes.
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Study Population N 
(patients)

Index test Comparator Reference 
standard

Design 2×2 data

Even-Sapir 
2006

Prostate (high-
risk)

44 18F-NaF 
PET 
(PET/CT)

99mTc-MDP 
planar BS

Composite 
(biopsy + follow-
up)

Head-to-head Reported

Fonager 2017 Prostate (high-
risk, newly 
diagnosed)

37 18F-NaF 
PET/CT

99mTc-MDP 
planar BS

Composite 
(multidisciplinary 
consensus, 
follow-up)

Head-to-head Reported

Wang 2022 Nasopharyngeal 
carcinoma

58 18F-NaF 
PET/CT

99mTc-MDP 
planar BS

Composite 
imaging + clinical 
FU

Head-to-head Reported

Ota 2014 Differentiated 
thyroid cancer

11 18F-NaF 
PET/CT

99mTc-MDP 
planar BS

Histology + 
multimodal 
imaging

Head-to-head Reported

Abikhzer 2016 Breast cancer 92 18F-NaF 
PET/CT

Planar BS + 
limited 
SPECT

Composite (PET/
CT, CT, FU)

Head-to-head Reconstructed

Rao 2016 Lung cancer 
(NSCLC/SCLC)

181 
(PET) / 
167 
(SPECT)

18F-NaF 
PET/CT

99mTc-MDP 
SPECT

Composite 
(biopsy + 
imaging FU)

Separate 
cohorts

Reconstructed

Schirrmeister 
2001

Lung cancer 53 18F-NaF 
PET

99mTc-MDP 
planar BS

Composite 
(imaging + FU)

Head-to-head Reconstructed

Table 1. Study Characteristics (Quantitative Set, n = 7)

Study NaF Sensitivity 
(95% CI)

NaF Specificity 
(95% CI)

BS Sensitivity (95% CI) BS Specificity (95% CI)

Wang 2022 (NPC) 1.00 (0.82–1.00) 0.92 (0.79–0.98) 0.79 (0.54–0.94) 0.74 (0.58–0.87)

Fonager 2017 (Prostate) 0.89 (0.71–0.98) 0.90 (0.55–1.00) 0.78 (0.58–0.91) 0.90 (0.55–1.00)

Even-Sapir 2006 
(Prostate)

1.00 (0.85–1.00) 1.00 (0.84–1.00) 0.57 (0.34–0.77) 0.57 (0.34–0.78)

Abikhzer 2016 (Breast, 
reconstructed)

1.00 (0.90–1.00) 1.00 (0.94–1.00) 0.97 (0.85–1.00) 0.98 (0.91–1.00)

Rao 2016 (Lung, 
reconstructed)

1.00 (0.93–1.00) 0.99 (0.96–1.00) 0.89 (0.78–0.96) 0.91 (0.84–0.96)

Schirrmeister 2001 (Lung, 
reconstructed)

1.00 (0.74–1.00) 1.00 (0.91–1.00) 0.50 (0.21–0.79) 0.95 (0.83–0.99)

Table 2. Diagnostic accuracy of 18F-NaF PET/CT and 99mTc bone scintigraphy for detection of skeletal 

metastases on a per-patient basis. Sensitivity and specificity values are shown with 95% confidence 

intervals, calculated using the exact Clopper–Pearson method.
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Figure 1: PRISMA diagram

Figure 2. Forest plot of per-study sensitivity (a) and specificity (b) of 18F-NaF PET/CT for detection of 
skeletal metastases. Each dot represents the point estimate of specificity with 95% confidence intervals.
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Figure 3. Forest plot of per-study sensitivity (a) and specificity (b) of 99mTc bone scintigraphy (planar or 
SPECT) for detection of skeletal metastases. Each dot represents the point estimate of specificity with 
95% confidence intervals.
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