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Abstract

Purpose Vertebral fractures (VFs) are the most common osteoporotic fractures and a hallmark of bone fragility, yet most
morphometric VFs remain undiagnosed in routine imaging not focused on the spine. This pilot study evaluated the diagnos-
tic performance of an artificial intelligence (AI) system for opportunistic vertebral fracture detection in chest and abdominal
computer tomography (CT) scans compared with human readers in a real-world hospital setting.

Methods Over 2 months, all thoracic and abdominal CTs performed for any indication in patients aged>50 years at a ter-
tiary hospital were analyzed by the Bone Solution HealthOST Al platform (Nanox AI Ltd.). Routine radiology reports and
targeted reviews by endocrinologists were compared to Al outputs using a gold-standard adjudication by an expert panel.
Given that all readers assessed the same cases, paired comparisons between Al and human readers were performed using
McNemar’s test, with chi-square analyses conducted as secondary comparisons.

Results Among 427 eligible CT scans, Al detected vertebral fractures with significantly higher sensitivity (86.3%) than
radiologists (50.0%) or endocrinologists (68.8%) (p<0.001 for both comparisons). Compared with radiologists, Al had 6.3-
fold greater odds of correctly identifying true fractures (OR=6.30; 95% CI: 2.90—13.58), while against targeted review by
endocrinologists, Al achieved a 2.85-fold advantage (OR=2.85; 95% CI: 1.29—-6.30). Extrapolated annually, Al integration
could uncover around 150 new, otherwise undiagnosed patients eligible for osteoporosis treatment.

Conclusion Automated vertebral fracture detection in routine CT scans significantly enhances diagnostic yield versus human
interpretation. Its integration into clinical workflows offers a low-cost, high-impact strategy to improve early osteoporosis
diagnosis and treatment within the healthcare system.
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intervention, increasing the risk of subsequent hip or VFs
and associated mortality [7]. Recent international and Greek
osteoporosis guidelines emphasize that even a single low-
energy morphometric VF constitutes a definitive diagnosis
of osteoporosis, mandating immediate initiation of pharma-
cological treatment regardless of bone mineral density [8—
10]. Identifying such fractures opportunistically could thus
shift the paradigm from reactive to preventive osteoporosis
care in Greece, a country with a grossly estimated osteopo-
rosis treatment gap of 60% [11].

Recent years have witnessed an exponential rise in the
number of radiological examinations per capita, amplifying
the need for automated tools that can assist human readers
and standardize reporting accuracy [12—15].

Artificial intelligence (Al)-based initial investigations
have demonstrated comparable or superior diagnostic accu-
racy to that of experienced radiologists in fracture detection,
particularly when Al acts as an assistive “second reader”
[16-18].

Beyond accuracy, Al introduces a paradigm of opportu-
nistic screening, leveraging existing imaging data acquired
for other indications to detect conditions such as osteoporosis
[19-21], sarcopenia [22—24], or cardiovascular calcification
[23, 25]. This approach allows clinicians to extract additional
diagnostic information from routine studies, enhancing value
without increasing radiation exposure or cost. Such a model
of preventive and predictive medicine radiates the vision that
Al and wellbeing medicine are defining elements of twenty-
first century endocrinology and healthcare delivery [26].

This is the first pilot study in Greece to evaluate the diag-
nostic performance of an Al system for opportunistic ver-
tebral fracture detection in routine computer tomography
(CT) scans, comparing it directly with both general radi-
ologists and endocrinologists. The study also explores the
implications of Al integration for early osteoporosis diagno-
sis and treatment initiation within the Greek national health-
care framework.

Methods
Study design and setting

This was a prospective, single-center pilot study conducted
at the 251 Hellenic Air Force General Hospital in Athens,
Greece, between April 14 and June 16, 2025, by the Depart-
ment of Medical Research. The institution provides tertiary-
level services to both military personnel and civilians and
includes an established bone metabolism clinic specializing
in osteoporosis.

The study assessed the performance of the Bone Solution
HealthOST (Nanox Al Ltd., Tel Aviv, Israel), a CE-marked
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Al platform developed for automated detection of vertebral
height loss (or compression fractures) in chest and abdom-
inal CT scans. The software was provided free of charge
for the duration of the pilot through a bilateral institutional
agreement. The Al model was trained on large-scale pseu-
doanonymized datasets encompassing over 100,000 CT
slices, enabling recognition of vertebral deformities based
on morphometric and textural features.

Study objectives

The primary objective of the study was to compare the over-

all ability of AL, radiologists, and endocrinologists to correctly

discriminate CT examinations with or without fractures.
Secondary objectives were the following:

1. To compare the ability of the Al system to “flag” VFs
on routine CT examinations performed for other than
osteoporosis reasons with the corresponding routine
radiology reports produced by general radiologists in
their everyday clinical practice.

2. To compare Al-based fracture flagging with targeted
vertebral fracture assessment performed by endocrinol-
ogists evaluating and treating patients with osteoporosis
in a designated outpatient clinic.

3. To evaluate the clinical translation of Al findings by
determining how many patients with Al-detected pre-
viously unreported vertebral fractures would qualify—
based on the Greek Osteoporosis Guidelines—for
immediate osteoporosis treatment irrespective of BMD
testing.

Study population and data processing

All thoracic and abdominal CT scans of patients
aged>50 years performed during the 2-month period were
retrieved from the hospital picture archiving communication
system (PACS). Both contrast and non-contrast scans were
eligible. When repeated CT scans were performed during a
patient’s hospital admission, only the first scan was evalu-
ated (i.e., up to one abdominal and/or chest CT per patient).
CT scans obtained for the same patient and anatomical site
more than once during the study period were considered
as separate examinations only if the time interval between
them exceeded 30 days. Exclusion criteria included subopti-
mal image quality, missing radiology reports, or incomplete
spine visualization.

All DICOM files were anonymized and uploaded to the
cloud-based Al platform. Following automated analysis, Al-
generated reports were returned and integrated into the local
database. Each Al report included a classification of “frac-
ture” or “no fracture” along with localization on sagittal
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reformats and the density of the vertebraec in Hounsfield
units (HU) (Fig. 1); included fractures were either Grade 2
or Grade 3 according to the semi-quantitative visual grading
of vertebral fractures [27].

During the study period, 427 CT examinations corre-
sponding to 331 individual patients were included in the
analysis. Some patients contributed more than one CT exam-
ination, most commonly when both thoracic and abdominal
CT scans were performed during the same clinical evalu-
ation. In accordance with the study protocol, repeated CT
scans of the same anatomical region were considered sepa-
rate examinations only when the time interval between them
exceeded 30 days. Because the primary objective of the
study was to evaluate the diagnostic performance of the Al
system on individual CT examinations, statistical analyses
were conducted at the per-examination level.

Human readers and reference standard
Three diagnostic modalities were compared, as follows:

1. Routine radiology reports — generated by general radi-
ologists unaware of the actual study period.

2. Endocrinologist review — conducted by endocrinolo-
gists evaluating and treating osteoporosis patients who
systematically examined each scan solely for vertebral
deformities.

Fig. 1 Snapshots from Al output.
Panel A: Identification of a Th12
moderate fracture. Panel B: iden-
tification of a Th12 severe fracture
in a patient also hosting a Th11
fracture that was also evident in the
specific Al output (but not in this
snapshot)

Vertebrae Analysis A

T8 181719 1%
19 190720 12%
TI0 20018121 14%
1 21120123 13% 148HU
T12 1918125 26% 160HU
L1 2222126 16% 151HU
12 2421126 18% 13%HU
13 242[25 12% 128HU
14 23202 11% 122HU

3. AI system output — the automated classification pro-
duced by the Bone Solution HealthOST platform.

The verification of the fracture diagnosis which served as
the “gold standard” was established through consensus
between a senior radiologist (NK) and an endocrinologist
(PM) specialized in bone diseases, both blinded to the Al
and human readings, during joint review to produce the final
ground-truth dataset.

The study did not include an absolute quality control
of the diagnostic classifications. In particular, it was not
assessed whether, for example, the Al and/or the radiologists
or endocrinologists correctly graded a fracture as Grade 2 or
Grade 3, or whether they accurately identified all existing
fractures in each CT scan—such as, for example, all three
present fractures rather than only one or two. Therefore, the
study’s design allowed assessment of Al as a platform for
opportunistic osteoporosis case-finding in routine clinical
practice rather than strictly as a diagnostic tool.

Statistical analysis

Statistical analyses were conducted to evaluate and compare
the diagnostic performance of the Al system with that of
human readers (routine radiology reports and endocrinolo-
gist review) in identifying vertebral fractures on CT exami-
nations. Diagnostic performance metrics were calculated

Vertebrae Analysis

T8 181518 17%
T 190619 15%
TI0 20718122 17% S 4472 [ /
I 111072 54% 86HU i
TI2 111123 49% 136HU |

L1 200825 26% T2HU

12 2748 14% 63HU

13 282025 W% 4H

4 251924 21% 60HU
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using 2 x2 contingency tables derived from the reference
standard, including sensitivity and specificity. In addition,
overall accuracy, balanced accuracy, F1-score, and Youden’s
J index were calculated to provide a more comprehensive
evaluation of diagnostic performance. These measures were
calculated separately for the Al system, radiologists, and
endocrinologists. Ninety-five percent confidence intervals
(95% ClIs) for diagnostic performance metrics were calcu-
lated using exact binomial (Clopper-Pearson) methods. As
all readers evaluated the same CT examinations, diagnostic
outcomes represent paired observations. Therefore, com-
parisons of diagnostic performance between readers (Al vs
radiologists and Al vs endocrinologists) were performed
using McNemar’s test for paired proportions. For complete-
ness and consistency with the original analysis, chi-square
tests were performed as secondary comparisons. P-values
were derived from McNemar’s test, which was considered
the primary method for statistical comparison given the
paired study design. To quantify the magnitude of differ-
ences between readers, odds ratios (ORs) were calculated
from contingency tables comparing correct fracture identi-
fication relative to the reference standard and are reported
as measures of effect size. The contingency tables used for
these calculations are explicitly provided in a supplemen-
tary file to ensure transparency of the analysis. Additional
prevalence-independent diagnostic performance measures
were also calculated, including the positive likelihood ratio
(LR+) and negative likelihood ratio (LR—). In instances
where contingency tables contained zero cells (e.g., endo-
crinologist specificity), exact statistical methods were
applied to avoid instability of conventional Wald estimates.
Since some patients contributed more than one CT examina-
tion during the study period, the analysis was conducted at
the per-examination level, reflecting the study objective of
evaluating Al performance on individual CT scans. How-
ever, to account for potential clustering due to multiple CT
examinations per patient, a sensitivity analysis was per-
formed including only one CT scan per patient (the earli-
est available examination). Diagnostic performance metrics
were recalculated in this restricted dataset to assess the
robustness of the primary findings. All statistical analyses
were performed using Python (SciPy, NumPy, and Matplot-
lib). Statistical significance was defined as p<0.050 and all
p-values are reported to three decimal places (or as p<0.001
when appropriate).

Table 1 Diagnostic performance of Al and human readers

Ethical considerations

The study was approved by the Institutional Review Board
of the 251 Hellenic Air Force General Hospital (IRB No:
F.076/6828/S.3128/4-6-24). All patient data were anony-
mized before analysis and the IRB waived the requirement
of written informed consent. The study was conducted in
accordance with the Declaration of Helsinki (1975, revised
2013). No external funding was received for this project.

Results
Study population

In total, 699 CTs were initially screened; 427 scans met the
inclusion criteria and were analyzed, corresponding to 331
patients (136 females, mean age: 72.9+13.5 years). Of the
427 included CT scans, 52% were thoracic and 48% abdom-
inal. Indications for imaging included oncologic investi-
gation and/or follow-up, known or suspected pulmonary
disease, and chronic or acute abdominal pathology. None of
the CTs were performed specifically for evaluation of clini-
cally suspected fragility fractures.

Al vs. human readers

With respect to the primary objective—comparing the
ability to correctly discriminate CT examinations with or
without fractures (Al vs. radiologists and Al vs. endocri-
nologists)—these analyses aimed to assess the sum of both
“positive” and “negative” findings regarding the presence
of fracture(s). In this per-examination analysis (detection of
existing fractures in the whole cohort), Al detected verte-
bral fractures with higher sensitivity (86.3% [95% CI: 76.7—
92.9]) than radiologists (50.0% [95% CI: 38.6-61.4]) and
endocrinologists (68.8% [95% CI: 57.4-78.7]) (Table 1,
Fig. 2, Supplementary Table 1). Using McNemar’s test for
paired comparisons of overall classification performance
(correct vs incorrect identification of fractures), Al signifi-
cantly outperformed both radiologists and endocrinologists
(both p<0.001; Supplementary Table 2).

Specificity was high across all readers, reaching 98.3%
(95% CI: 96.3-99.4) for Al, 99.7% (95% CI: 98.4—-100.0)
for radiologists, and 100.0% (95% CI: 98.9-100.0) for

Group Sensitivity % (95% CI)  Specificity % (95% CI)  Accuracy % (95% CI)  Balanced accuracy Fl-score  Youden’s J
Al 86.3 (76.7-92.9) 98.3 (96.3-99.4) 96.0 (93.7-97.7) 0.92 0.86 0.83
Radiologists 50.0 (38.6-61.4) 99.7 (98.4-100.0) 90.4 (87.2-93.0) 0.70 0.57 0.40
Endocrinologists  68.8 (57.4-78.7) 100.0 (98.9-100.0) 94.1 (91.5-96.2) 0.81 0.73 0.62
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A. Al vs Radiologists

B. Al vs Endocrinologists
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Fig. 2 Diagnostic performance of Al compared with human readers.
Bars represent sensitivity and specificity with exact 95% confidence
intervals. Paired comparisons of overall classification performance
(correct vs incorrect identification of fractures) using McNemar’s test

endocrinologists. Positive predictive value was 92.0% (95%
CI: 83.4-97.0) for AL 97.6% (95% CI: 87.1-99.9) for radi-
ologists, and 100.0% (95% CI: 93.5-100.0) for endocrinol-
ogists, while negative predictive value was 96.9% (95% CI:
94.5-98.4), 89.6% (95% CI: 86.2-92.5), and 93.3% (95%
CI: 90.2-95.6), respectively. Compared with radiologists,
Al showed 6.3-fold higher odds of correctly identifying true
fractures (OR=6.30; 95% CI: 2.90-13.58) (Supplementary
Table 3). In the analogous per-examination comparison
between the Al system and endocrinologists, the odds of
the Al system identifying existing vertebral fractures were
2.85-fold higher (OR=2.85; 95% CI: 1.29-6.30) (Supple-
mentary Table 4).

In absolute terms, the Al system detected 36.3% more
vertebral fractures than routine radiology reports and 17.5%
more fractures than endocrinologist review.

Across additional performance metrics, Al demonstrated
overall higher accuracy (96%), balanced accuracy (92%),
F1-score (0.86), and Youden’s J index (0.83) compared with
radiologists (90.4%, 70%, 0.57, and 0.40, respectively) and
endocrinologists (94.1%, 81%, 0.73, and 0.62, respectively)
(Table 1).

Additional prevalence-independent diagnostic metrics
were also calculated. The Al system showed a positive like-
lihood ratio (LR +) of approximately 49.8 and a negative
likelihood ratio (LR —) of 0.14, indicating strong diagnostic
discrimination. In comparison, radiologists demonstrated

o
&

showed that Al significantly outperformed both radiologists and endo-
crinologists (both p<0.001). Abbreviations: Spec: specificity; Sens:
sensitivity; Endo: endocrinologists; Radiol: radiologists; Al: artificial
intelligence

an LR+of approximately 172.4 and LR—of 0.50, while
endocrinologists showed a very high LR+due to their
absence of false-positive classifications and an LR—of
approximately 0.31.

The analysis of the study’s secondary endpoint of flag-
ging performance was essentially designed to evaluate the
ability to detect (flag) the presence of one or more VF in
each CT examination that was ultimately confirmed by the
gold standard evaluation (case finding). Accordingly, this
analysis focused only on the assessment of “positive” find-
ings related to the existence of a fracture and did not include
the negative diagnoses.

A total of 80 examinations were flagged as having>1 ver-
tebral fracture either by the Al system and/or by radiologists
in their routine clinical reports. In the evaluation of flagging
performance among CT examinations with true vertebral
fractures as assessed by the expert panel, the Al system dem-
onstrated significantly higher paired case-finding sensitivity
than radiologists (McNemar’s test, p<0.001), with an OR of
14.23 (95% CI: 4.7-43.1) (Fig. 3a) (Supplementary Table 5).

The same comparative approach was applied to the
fracture-flagging performance between the Al system and
endocrinologists. In this analysis, the Al system again
showed significantly higher paired case-finding sensitivity
than endocrinologists (McNemar’s test, p<0.001), with an
OR of 4.77 (95% CI: 1.6-13.6) (Fig. 3b) (Supplementary
Table 6).

@ Springer
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Evaluation of flagging
performance

CT scans, n=427

Flag for vertebral fracture(s) in 80 scans

Al vs Radiologists

Al Radiologists Both
(39) (5) (36)

‘ Verification of fracture diagnosis }—’ ‘ Overdiagnosis, n=7 l

Verified fractures in 73 scans
Al:33

I— Radiologists: 4

Radiologists: 1

Fig. 3 Evaluation of flagging performance: comparison Al Vs Radi-
ologists (Panel A) and comparison Al Vs Endocrinologists (Panel B).
Note: The scans flagged for fracture(s) from radiologists were not

Finally, a sensitivity analysis restricted to one CT exami-
nation per patient yielded consistent results. In this per-
patient analysis, Al maintained higher sensitivity (88.9%)
compared with radiologists (52.4%) and endocrinologists
(71.4%), with no material change in the overall pattern of
results.

Missed fractures and clinical translation

Al uniquely detected 33 CT scans with true fractures missed
by the routine radiology reports, which corresponded to 30
individual patients. Among these patients, 23 had never
received osteoporosis therapy, four patients were currently
under treatment, and three had discontinued treatment more
than 3 years earlier. According to the Greek guidelines [10],
these 26 individuals required immediate pharmacological
therapy independent of BMD testing.

Extrapolating this 2-month detection rate across 1 year
suggested that routine Al deployment in this single hospi-
tal setting could identify approximately 156 new treatable
osteoporosis cases annually (95% CI: 102-229)—patients
who would otherwise remain undiagnosed and at elevated
risk of future fractures. However, this figure is based on the
general assumption of a constant CT volume, a constant
prevalence of osteoporotic vertebral fractures, and, certainly
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Evaluation of flagging
performance

CT scans, n=427

Flag for vertebral fracture(s) in 80 scans

Al vs Endocrinologists

Al Endocrinologists Both
(25) () (50)

‘ Verification of fracture diagnosis }—* ‘ Overdiagnosis, n=6 l

Verified fractures in 74 scans
Al:19

Endocrinologists: 5

identical with those flagged by the endocrinologists. The number of 80
scans in both instances is simply a coincidence

no seasonal variation and, therefore, needs to be proved in a
relevant dedicated annual evaluation.

Anatomical distribution and error analysis

The majority of fractures were located between Th7 and L4,
while the vertebrae with the highest fracture frequency were
Th12 and L1 consistent with mechanical stress points.

A subgroup analysis according to CT examination type
was also performed. The diagnostic advantage of the Al sys-
tem over routine radiology reporting was observed in both
thoracic and abdominal CT examinations. In abdominal CT
scans, Al demonstrated a sensitivity of 84.4% compared
with 53.1% for radiologists, while in thoracic CT scans the
corresponding sensitivities were 85.7% and 47.6%, respec-
tively. These findings suggest that the improved fracture
detection associated with Al-assisted analysis was consis-
tent across different CT imaging contexts (Supplementary
Table 7).

Al missed a few true fractures in cases with severe scoli-
osis while occasionally overcalled mild degenerative defor-
mities in older patients, explaining the small number of
false positives (Fig. 2). However, the majority of discordant
readings between Al and radiologists represented genuine
missed fractures rather than overdiagnosis.
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Discussion

This pilot study demonstrates that a commercially available
Al system can markedly outperform both general radiolo-
gists and endocrinologists in the opportunistic detection of
vertebral fractures. The magnitude of improvement in case
finding—over 14-fold higher odds compared with standard
reporting—highlights a significant and actionable diagnos-
tic gap in current clinical practice.

In the present study, routine radiology reports missed
approximately 40% of vertebral fractures identified by
the reference standard. This observation is consistent with
previous reports indicating that 60—70% of incidental ver-
tebral fractures visible on routine chest or abdominal imag-
ing remain unreported in clinical practice [4-6]. The higher
detection rate observed among endocrinologists compared
with radiologists likely reflects the focused expertise of phy-
sicians working in a specialized bone clinic, where vertebral
fracture recognition is part of routine clinical assessment, and
their dedicated involvement in this specific study which was
solely the evaluation of CTs for vertebral fractures. In con-
trast, general radiologists often interpret CT examinations
primarily in relation to the clinical indication for imaging and
may not systematically evaluate vertebral morphology when
osteoporosis or fracture is not part of the referral question.
Another potential contributor to missed vertebral fractures is
the clinical context in which many CT scans are interpreted.
Although exact data were not systematically recorded, we
estimate that approximately 30% of the examinations were
performed in an emergency or urgent care setting. In such
circumstances, radiologists are primarily focused on identi-
fying acute or life-threatening findings related to the clini-
cal indication for imaging, while chronic conditions such as
vertebral fractures may receive less attention. This workflow
characteristic is an important factor contributing to under-
reporting incidental vertebral fractures.

Every missed vertebral fracture represents a missed
opportunity for secondary prevention. In most osteoporo-
sis guidelines, the identification of a low-energy vertebral
fracture establishes a diagnosis of osteoporosis requiring
treatment initiation [8—10]. Early recognition of non-clin-
ical (morphometric) vertebral fractures allows clinicians
to intervene before subsequent fractures occur, improving
patient outcomes and reducing healthcare costs. This prin-
ciple aligns with broader international recommendations
advocating for opportunistic case finding through routine
imaging [28, 29]. Recent reports and meta-analyses dem-
onstrated that Al tools consistently achieve pooled sensi-
tivities of around 90% across anatomical regions and yield
maximal benefit when combined with human oversight

[4, 16-18]. Additionally, explainable foundation models
capable of opportunistic osteoporosis screening from chest
X-rays have recently been developed, achieving high area
under the curve (AUC) values without reliance on bone
density data [30]. Our findings reinforce these results in a
real-world setting, further supporting the reliability of CE-
marked Al systems when integrated into clinical workflows.

In practice, the integration of Al into PACS could enable
automatic flagging of suspected vertebral fractures, prompt-
ing radiologists or clinicians to review the flagged images.
Such an approach would require minimal human input and
no additional imaging. Moreover, automated alerts could
be linked to hospital electronic medical records, facilitat-
ing direct referral to osteoporosis clinics for therapy initia-
tion transforming the CT imaging into an active screening
tool rather than merely a targeted diagnostic test. Future
iterations of systems like the one we used in our pilot study
could adopt similar visual interpretability modules, display-
ing heatmaps over detected vertebral deformities to further
aid user verification.

From a population perspective, opportunistic vertebral
fracture detection could dramatically reduce the “osteoporo-
sis care gap” [31]. In Greece, where adherence to screening
and treatment remains suboptimal [11], automatic identifi-
cation of high-risk individuals during routine CT imaging
offers a sustainable, cost-neutral intervention. Even modest
improvements in detection rates could translate into hun-
dreds of prevented fractures annually, reducing morbidity,
mortality, and healthcare expenditure. In this regard and
specifically for the 251 Hellenic Air Force General Hospi-
tal in which the first Greek Fracture Liaison Service (FLS)
was implemented, a total of 213 incident fragility fractures
were identified during the first year period, comprising
approximately 26 vertebral, 51 hip, and 136 non-vertebral
fractures [32]. In this context, the projected annual detection
of approximately 150 previously unrecognized, treatment-
eligible patients through routine Al-assisted CT analysis
represents a clinically meaningful expansion of case-find-
ing capacity. Within an established FLS framework, such
an increase could nearly double the number of vertebral and
other major osteoporotic fractures captured and appropri-
ately referred for secondary fracture prevention, thereby
significantly amplifying the clinical impact and effective-
ness of the FLS model.

Beyond diagnostic efficiency, the implications of Al
extend to the evolving concept of precision and wellbeing
medicine. Al appears to be not only a technological nov-
elty but a fundamental enabler of predictive endocrinology
where data-driven insights enhance disease prevention and
health maintenance [26]. In this context, the integration of
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Al into bone health management represents an important
transition toward holistic, anticipatory care.

This study has several limitations that should be
acknowledged. First, it was conducted in a single tertiary-
care hospital over a relatively short 2-month observation
period and therefore the findings may not be fully general-
izable to other healthcare settings or populations. Second,
the analysis was performed at the per-examination level
and some patients contributed more than one CT scan to
the dataset. Although this approach reflects the objective of
evaluating Al performance on individual CT examinations,
it may introduce a degree of statistical dependence between
observations originating from the same patient. Third,
the reference standard was established through consensus
evaluation between two experienced specialists rather than
through independent adjudication by multiple readers; how-
ever, this approach reflects common practice in diagnostic
accuracy studies. Fourth, the clinical context in which CT
scans were interpreted may also have influenced fracture
detection rates. Although exact data were not systematically
recorded, we estimate that approximately 30% of examina-
tions were performed in an emergency or urgent care set-
ting where radiologists are typically focused on identifying
acute or life-threatening findings rather than chronic condi-
tions such as vertebral fractures. Finally, the extrapolation
of the 2-month case-finding rate to an annual estimate of
newly identified treatable patients assumes relatively stable
CT volumes and fracture prevalence over time and therefore
should be interpreted cautiously. Larger, multicenter studies
with longer observation periods are needed to confirm the
generalizability and long-term clinical impact of Al-assisted
vertebral fracture detection.

Future research should prioritize multicenter validation
of Al-assisted vertebral fracture detection across diverse
patient populations to ensure generalizability and robust-
ness. Equally important is the integration of Al outputs with
established clinical tools, such as FRAX scores and BMD
measurements, to develop hybrid risk-stratification mod-
els with superior predictive performance. Rigorous health-
economic analyses are also needed to quantify the potential
cost savings arising from earlier diagnosis and subsequent
fracture prevention. In parallel, the development of explain-
able Al frameworks will be essential to enhance algorithmic
transparency and strengthen clinician trust. Finally, evidence
generated from these efforts should inform national-level
policy frameworks that support the widespread implemen-
tation of Al-assisted opportunistic screening within routine
clinical practice.

In conclusion, in this first Greek pilot study, Al achieved
significantly higher sensitivity and diagnostic yield for
vertebral fracture detection than both radiologists and
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endocrinologists. Given the central role of radiologists
in the diagnostic procedure, Al integration into radiology
workflows could convert routine CT scans into powerful,
low-cost screening instruments for osteoporosis thereby
facilitating early detection and treatment.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s42000-026-00784-1.
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Supplementary Table 1. Confusion matrices describing diagnostic performance of
Al, radiologists, and endocrinologists relative to the reference standard.

| Reader ||True Positives”False Positives”True Negatives”False Negatives|
L oat e 6 3 1]
| Radiologists || 40 || 1 || 346 || 40 |
|Endocrinologists|| 55 || 0 || 347 || 25 |

Supplementary Tables 2. Paired discordance tables used for McNemar tests
comparing Al with radiologists and endocrinologists.

Al vs Radiologists

‘ HRadiologist PositiveHRadiologist Negative‘
‘AI Positive H 40 H 35 ‘
‘AI NegativeH 1 H 351 ‘

Al vs Endocrinologists

‘ HEndocrinologist Positive"Endocrinologist Negative‘
AT Positive | 55 [ 20 |

‘AI NegativeH 0 H 352 ‘




Supplementary Table 3. Contingency table for diagnostic performance of Al versus
radiologists (used for odds ratio calculation).

Positive exams Negative exams
True False True False
Al 69 6 341 11
Radiologists 40 1 346 40

Supplementary Table 4. Contingency table for diagnostic performance of Al versus
endocrinologists (used for odds ratio calculation).

Positive exams Negative exams
True False True False
Al 69 6 341 11
Endocrinologists 55 0 347 25

Supplementary Table 5. Contingency table for “flagging” performance of Al versus
radiologists (used for odds ratio calculation).

Group Flagged Real Missed Real Fractures | Total Real Fractures
Fractures (TP) (FN)
Al 69 4 73
Radiologists 40 33 73

TP: true positives
FN: False negative

Supplementary Table 6. Contingency table for “flagging” performance of Al versus
endocrinologists (used for odds ratio calculation).

Group Flagged Real Missed Real Total Real Fractures
Fractures (TP) Fractures (FN)
Al 69 5 74
Endocrinologist 55 24 74

TP: true positives
FN: False negative




Supplementary Table 7. Diagnostic performance of Al radiologists, and
endocrinologists stratified by CT examination type.

CT Type Reader FP | TN | FN Se“(soi/f)i)v ity Spe(coi/gdty
| Abdominal CT || Al 27 2 J1a5]] 5 || 844 || 986 |
| Abdominal CT | Radiologists [17] 2 [l145| 15 | 531 | 986 |
| Abdominal CT |[Endocrinologists[23]] 3 J[144][ 9 | 719 | 980 |
| ThoracicCT || Al 36 4 J175] 6 || 8.7 | 912 ]
| Thoracic CT || Radiologists ][20]| 0 J[180][ 22 || 476 || 100 |
| Thoracic CT _|Endocrinologists|27]| 4 |[176] 15 || 643 | 978 |

Thoracic +

Abdomio! T Al i 0 21| o 100 100
Ag;;fﬁ;fla Radiologists |3 0 15 ]| | 75.0 100
Ag;;fﬁ;fla Endocrinologists| 4 | 0 || 15| 0 100 100

TP: True positives, FP: False positives
TN: True negatives, FN: False negative
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