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 Abstract
Summary Osteoporotic vertebral fractures signify an increased risk of future fractures and mortality and can manifest the 
diagnosis of osteoporosis. We investigated the prevalence of vertebral fractures in routine CT of patients with long-term 
hospital records. Three out of ten patients showed osteoporotic vertebral fractures (VFs) corresponding to the highest rates 
reported in European population-based studies.
Introduction VFs are a common manifestation of osteoporosis, which influences future fracture risk. Their epidemiology 
has been investigated in population-based studies. However, few studies report the prevalence of osteoporotic VF in patients 
seen in clinical routine and include all common fracture levels of the thoracolumbar spine. The purpose of this study was to 
investigate the prevalence of osteoporotic VF in patients with CT scans and long-term hospital records and identify clinical 
factors associated with prevalent VFs.
Methods All patients aged 45 years and older with a CT scan and prior hospital record of at least 5 years that were seen in 
the study period between September 2008 and May 2017 were reviewed. Imaging requirements were a CT scan with sagit-
tal reformations including at least T6-L4. Patients with multiple myeloma were excluded. Fracture reading was performed 
using the Genant semi-quantitative method. Medical notes were reviewed for established diagnoses of osteoporosis and 
clinical information. Clinical factors (e.g. drug intake, chemotherapy, and mobility level) associated with prevalent VF were 
identified in logistic regression.
Results The study population consisted of 718 patients (228 women and 490 men; mean age 69.3 ± 10.1 years) with mainly 
cancer staging and angiography CT imaging. The overall prevalence of VFs was 30.5%, with non-significantly more men 
showing a fracture (32.5%) compared to women (26.3%; p > 0.05). Intake of metamizole for ≥ 3 months was significantly 
associated with a prevalent VF. Medical records did not include information about bone health in 90% of all patients. CT 
reports did mention a VF in only 24.7% of patients with a prevalent VF on CT review.
Conclusion Approximately 30% of elderly patients with CT imaging and long-term hospital records showed VFs. Only one-
quarter of these patients had VFs mentioned in CT reports. Osteoporosis management could be improved by consequent 
reporting of VFs in CT, opportunistic bone density measurements, and early involvement of fracture liaison services.

Keywords Fragility fracture · Oncologic patients · Opportunistic screening · Osteoporosis · Vertebral fractures

Introduction

Osteoporosis is a metabolic bone disease characterized 
by impaired bone strength, increasing the individual risk 
of fracture [1]. Osteoporosis affects the population world-
wide, particularly the elderly in developed countries [2]. The 
main problem of osteoporosis is the lack of early symptoms: 
Osteoporotic patients remain asymptomatic until a fracture 
occurs. Moreover, up to three-quarters of osteoporotic ver-
tebral fractures (VFs) do not receive clinical attention [3, 
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4], because they remain asymptomatic or no conclusion 
is drawn from unspecific back pain to a potential fragility 
fracture.

VFs are among the most common and most consequen-
tial osteoporotic fractures [5]. Prior VFs pose the highest 
relative risk for subsequent VFs compared to the risk for 
subsequent fractures at other sites [6]. VFs are associated 
with an approximately twofold increased mortality risk for 
5 to 10 years, only surpassed by hip fractures [7]. Interest-
ingly, VFs pose a higher mortality risk to men than women 
[7, 8]. However, all types of osteoporotic fractures in the 
elderly foreshadow a high risk of poor outcomes, so that 
early intervention is strongly advised [9]. Anti-osteoporotic 
treatment mainly targets fracture risk, but has shown to also 
influence mortality and health-related quality of life as in 
the case of zoledronic acid [10, 11]. Medical treatment can 
specifically target patients with a very high-risk profile, but 
generally long-term management is required [12].

The first step in prevention is to identify individuals at 
high risk of fracture. Screening approaches target elderly 
people at age 65 or 70 years and assess fracture risk by 
known risk factors and optional bone densitometry [12]. 
Population-based studies documented that among potential 
risk factors, previous VFs were the most important risk fac-
tor for future VFs [13] and that VFs represent an important 
risk factor for future fractures in general [14]. The preva-
lence of osteoporotic VFs among Europeans older than 
50 years ranges between 18 and 26% [15]. New approaches 
to improve fracture risk assessment include the use of clini-
cal CT scans acquired for other purposes to screen for previ-
ously undetected VFs or to opportunistically evaluate bone 
mineral density (BMD) [12, 16]. Recently, a UK national 
audit including over 6000 patients aged 70 years and older 
as seen in 127 radiology departments reported a prevalent 
VF in CT imaging in 21% of patients [17].

We hypothesize that the prevalence of osteoporotic VFs 
exceeds 25% in a typical population of patients seen in hos-
pital routine for long term follow-up. Therefore, we per-
formed a monocenter retrospective study of patients with CT 
imaging and at least a 5-year hospital record to evaluate the 
prevalence of VFs. Moreover, we investigate the association 
of prevalent VFs with clinical factors.

Methods

Ethics approval

The present study was approved by the local institutional 
review board (ethics committee’s reference number 5022/11-
A2) and was conducted in accordance with the Declara-
tion of Helsinki. The requirement for informed consent 
was waived by the institutional review board due to the 

retrospective character of imaging data collection and post 
hoc analysis.

Study population

Study patients were identified from the local database of 
the Klinikum rechts der Isar of the Technical University 
Munich, a 1.161 bed university hospital located in southern 
Germany. The hospital is annually treating more than 60,000 
hospitalized patients and additionally around 250,000 outpa-
tients. All patients aged 45 years and older were eligible that 
had an index CT scan of the chest, abdomen, or pelvis per-
formed in the outpatient clinic or during admission between 
September 1, 2008, and May 31, 2017, and that had a prior 
medical record of at least 5 years in the hospital database. In 
case of recurrent patients or patients with multiple CT scans 
in the study period, the first CT scan satisfying the inclusion 
criteria (see below) was assessed. In very few exceptions 
(n = 4 of final study population), patients had CT scans per-
formed in external institutions prior to clinic visit or hospital 
admission, and imaging data was imported from CDROM 
into the institutional database. The study population was 
then selected based on imaging criteria and exclusion cri-
teria. Imaging criteria for inclusion were a CT scan with 
sagittal reformations showing at least vertebrae T6 to L4, 
because sagittal reformations are required for reliable detec-
tion of VFs [18] and fractures commonly affect these levels 
[19]. Patients with high-energy fractures due to trauma were 
excluded. Moreover, patients with multiple myeloma were 
excluded, because this disease shares a defining characteris-
tic with osteoporosis and fractures due to deteriorated bone 
strength cannot be clearly attributed to either one of these 
diseases [20].

CT image acquisition

All CT scans of included patients were acquired on multi-
detector CT scanners, partly after administration of either 
both oral (Barilux Scan; Sanochemia Diagnostics, Neuss, 
Germany) and intravenous (Iomeron 400; Bracco, Konstanz, 
Germany) contrast medium or only intravenous contrast 
material. Scans were performed in the hospital on a Philips 
Brilliance 64, Philips iCT 256, Philips Ingenuity Core 128, 
Philips IQON (Philips, Best, The Netherlands), Siemens 
Biograph 64, Siemens Biograph 128, Siemens Definition 
AS, Siemens Definition AS + , or Siemens Sensation Cardiac 
64 scanner (Siemens Healthineers, Erlangen, Germany)—
with the exception of four scans that were performed on a 
Siemens Emotion 16 scanner in another institution. Scans 
were acquired in helical mode with a slice thickness of 
0.9–1 mm using adaptive tube load at a peak tube voltage 
of 120 kVp—with few exceptions using 100 kVp, 130 kVp, 
or 140 kVp.
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Fracture reading

CT scans were evaluated for prevalent fractures at each ver-
tebral level. Only thoracolumbar vertebrae were evaluated, 
as fractures are rare and usually of non-osteoporotic origin 
at the cervical spine [19]. Fracture reading was performed 
in consensus by one trained medical student (MH) and one 
radiologist (MTL) with 5 years of experience. Prevalent 
VFs were classified using the semi-quantitative method 
by Genant [21]. VFs were graded as mild for a height 
loss ≥ 20% and < 25% (grade 1), as moderate for a height 
loss of ≥ 25% and < 40% (grade 2), and as severe for a height 
loss ≥ 40% (grade 3). With reference to the recent discus-
sion on grading osteoporotic fractures [22], it shall explic-
itly be mentioned that non-osteoporotic deformities were 
not graded as osteoporotic fractures, in line with the original 
description by Genant [21]. Moreover, in patients with neo-
plastic disease and suspicion of spinal lesions, all available 
imaging (CT and MRI) was additionally reviewed by an 
attending radiologist (JSK) in order to distinguish between 
osteoporotic or pathologic fractures [23]. Any patient with 
at least one VF that could be attributed to osteoporosis was 
counted as a patient with ≥ 1 osteoporotic VF irrespective of 
the presence of additional pathologic VFs.

Clinical information and CT imaging reports

For all included patients, any discharge or consultation notes 
in the hospital database closest to the time of the CT scan 
were reviewed for primary diagnosis (free text and ICD-
10 codes), current medications, chemotherapy, and level 
of immobility. In knowledge of primary diagnoses, we 
summarized indications for CT imaging into 5 categories: 
staging of solid cancer, non-solid cancer, CT angiography, 
assessment of spinal stenosis, and other indications. Based 
on prescriptions noted in medical records, we assessed 
intake of medications for at least 3 months during a period 
of 5 years prior to the index CT scan. Assessed medications 
included nonsteroidal anti-inflammatory drugs, metami-
zole, opioids, immunosuppressive drugs, glucocorticoids, 
vitamin D, and bisphosphonates. Due to the retrospective 
study and sparse data, we summarized chemotherapeutic 
medications with adverse effects on bone metabolism in 
order to get sufficient statistical power. This mainly included 
chemotherapeutics and other medications for breast cancer 
treatment (e.g. tamoxifen, aromatase inhibitors, and GnRH 
antagonist drugs). Moreover, bisphosphonates were the 
most consistently prescribed anti-osteoporotic drugs we 
could find in medical notes and, for instance, Denosumab 
was only prescribed in 3 patients. Therefore, we only calcu-
lated statistics for bisphosphonates. The level of immobil-
ity was stratified into an ordinal scale of short (postopera-
tive immobility, fatigue), medium (recurrent postoperative 

immobility, intensive care stay for longer periods of time, 
dementia, reduced general condition, help needed with walk-
ing [Barthel-Index], Karnovsky-Index < 70%, ECOG-Index 
2, NYHA III), and prolonged immobility (cachexia, para-
plegia, decubitus, Parkinson’s disease, muscular dystrophy, 
ankylosing spondylitis, help needed with walking, groom-
ing, and toilet use [Barthel-Index], Karnovsky-Index < 50%, 
COPD GOLD IV, peripheral artery disease stadium III/
IV, NYHA IV, ECOG-Index 3–4). We also reviewed the 
available records of all patients for established diagnoses 
of osteoporosis or low bone mass. Furthermore, imaging 
reports of CT scans of fractured patients were reviewed for 
any mention of deteriorated bone quality or non-traumatic 
spinal fractures. Valid terminology for deteriorated bone 
quality was “osteopenia”, “osteopenic bone structure”, or 
“decrease bone mineral content” (German: “Osteopenie”, 
“osteopene Knochenstruktur”, or “Knochen(mineral)salz-
minderung”). The terminology used to describe the fracture 
related abnormalities was analyzed in more detail. We dis-
tinguished between the primary term “fracture” (German: 
“Fraktur”, “Deckplatteneinbruch”, or “Grundplattenein-
bruch”) and secondary terms such as “deformity”, “sinter-
ing”, “impression”, “height loss”, “height reduction”, or 
“Schmorl’s node” (German: “Deformität”, “Sinterung”, 
“Impression”, “Höhenminderung”, “Keilwirbelbildung”, 
or “Schmorlscher Knoten”).

Statistical analysis

Patients were stratified into age groups with < 50, 50–59, 
60–69, 70–79, and ≥ 80 years of age, respectively. Associ-
ation of selection status (included or excluded from all eli-
gible patients) and age groups was tested using chi-squared 
statistics. Descriptive statistics such as mean, standard 
deviation, and frequency were used to summarize preva-
lence of VFs, clinical characteristics, and information 
from CT reports. The proportions of CT indications were 
compared between men and women using chi-squared 
test. Any osteoporotic fracture of grade 1 or higher was 
counted as an osteoporotic VF. Absolute numbers, fre-
quencies, and 95% confidence intervals (CI) of prevalent 
VFs were given. The frequency of VFs was compared 
between men and women using independent samples t-test. 
Clinical characteristics associated with prevalent VFs 
were identified in univariate logistic regression models. 
Multivariate logistic regression models were then used to 
identify predictors of prevalent VF, adjusting for clinical 
variables that were significant in univariate analysis with 
a two-sided p-value < 0.05. Statistical analyses were per-
formed using SPSS (version 26; IBM) and RStudio (ver-
sion 1.4.1106; RStudio). Level of statistical significance 
was set at p < 0.05.
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Results

There were 2057 patients aged 45 years or older seen in the 
outpatient clinic or admitted to the hospital during the study 
period, which had a CT scan of the chest, abdomen, or pelvis 
and a well-documented medical record in the hospital over 
the last 5 years. Of these, 718 patients were included that 
met the imaging criteria and had no diagnosis of multiple 
myeloma (Fig. 1). The study population had a mean age 
of 69.3 ± 10.1 years ranging from 45.8 to 93.4 years. The 
mean age did not significantly differ between 228 women 
(69 ± 9.4 years) and 490 men (69.4 ± 10.5 years; p = 0.58). 
The age distribution of 718 included patients did not sig-
nificantly differ from 1339 patients that were excluded 
due to imaging criteria and multiple myeloma (p = 0.168; 
Table S1). Indications for CT were staging of solid cancer 
(n = 502), CT angiography (n = 147), staging of non-solid 
cancer (n = 53), spinal stenosis (n = 11), or other reasons 
(n = 5; Table 1). The proportion of women who had CT 
for staging of solid cancer was significantly higher and for 
CT angiography was significantly lower compared to men, 
respectively (both p < 0.001; Table S2).

A total of 12.167 thoracolumbar vertebrae were assessed 
for fractures with most scans covering the entire thora-
columbar spine (Fig. 2). Of the 718 patients, 219 patients 
showed ≥ 1 osteoporotic VFs (30.5%) and 25 patients 
showed only pathologic VFs (3.5%). The overall prevalence 
of osteoporotic VFs was 26.3% in women and 32.5% in men, 
without significant difference between sexes (p = 0.097). 
Most fractures occurred at the thoracolumbar junction with 
the peak at level L1 and at the mid-thoracic spine with a 
local maximum at level T8 (Fig. 2). An example case of a 
patient with osteoporotic VFs is shown in Fig. 3.

Stratified into age groups, fracture prevalence steadily 
increased from 19.8% (CI 13.2–28.0%) at age 50–59 years 
up to 38.9% (CI 29.3–49.2%) at age 80 years and older 

(Table 2, Fig. 4). In women, fracture prevalence was 15.6% 
(CI 6.2–30.9%) at age 50–59 years, increased to 28.2% (CI 
20.2–37.4%) at age 70–79 years, and continued to rise to 
50% (CI 28.4–71.6%) at age 80 years and older. In men, 
fracture prevalence was 21.5% (CI 13.6–31.5%) at aged 
50–59 years and seemingly levelled at age 60–69 years with 
35.8% (CI 28.1–44.2%) with minimal increase until age 
80 years and older with 36.1% (CI 25.7–47.6%).

Age was significantly associated with the prevalence of 
osteoporotic VFs (p = 0.001) and remained to be in mul-
tivariate analysis (p = 0.002; Table 1). There was no sig-
nificant association between a certain CT indication and 
the prevalence of an osteoporotic VF (all p > 0.05; Table 1). 
However, patients with CT angiography showed a tendency 
for a higher prevalence rate of VFs (36.7%) compared to 
other CT imaging indications (p = 0.066). Moreover, the 
prevalence of osteoporotic VFs was significantly associ-
ated with intake of metamizole and Vitamin D for at least 
3 months (p = 0.013 and p = 0.045, respectively; Table 1). 
Of those factors, prolonged metamizole intake remained a 
significant predictor for a prevalent VF in multivariate analy-
sis (p = 0.011). There was a tendency of more patients with 
VFs experiencing longer periods of immobility that did not 
reach statistical significance (p = 0.067). The association of 
patients without prevalent VFs taking bisphosphonates for 
at least 3 months did not reach statistical significance due to 
sparse data (p = 0.057). Clinical information was not avail-
able concerning immobility for n = 61, chemotherapy for 
n = 52, and drug intake for n = 75 patients.

Medical notes in the hospital database listed an estab-
lished diagnosis of osteoporosis or low bone mass in 
38 patients (5.3%) and ruled out such a diagnosis in 4 
patients (0.6%), while in the majority of 676 patients, no 
information related to bone health could be found (94.1%; 
Table 3). Of all 219 fractured patients, CT reports men-
tioned an osteoporotic VF in only 54 patients (24.7%), 

Fig. 1  Flow diagram of study 
cohort with osteoporotic verte-
bral fractures (VFs)

Patients aged ≥45 years
with CT chest, abdomen, or pelvis
between Sep 2008 and May 2017 
and prior medical record ≥5 years

(n = 2057) • Total excluded (n = 1339)
• No sagittal reformations with

T6-L4 coverage (n = 1266)
• Multiple Myeloma (n = 73)Study cohort

(n = 718)

With ≥1 osteroporotic VFs 
(n = 219)

With (only) pathologic VFs 
(n = 25)

Without VFs 
(n = 474)

Without osteoporotic VFs 
(n = 499)
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Table 1  Characteristics of study population and its association with the prevalence of osteoporotic vertebral fractures (VFs)

CI= 95% confidence interval, OR= odds ratio, SD= standard deviation. There was no data available on immobility for n = 61, on chemotherapy 
for n = 52, and on drug intake for n = 75 patients

 ≥ 1 osteoporotic VF No osteoporotic VF Total Univariate analysis Multivariate analysis

OR (95% CI) p-value OR (95% CI) p-value

All, n (%) 219 (30.5%) 499 (69.5%) 718
Female, n (%) 60 (26.3%) 168 (73.7%) 228 0.74 (0.52–1.06) 0.097
Age at CT, years, mean ± SD 71.1 ± 9.8 68.5 ± 10.2 69.3 ± 10.1 1.03 (1.01–1.04) 0.001 1.03 (1.01–1.05) 0.002
CT indication, n (%)

  Solid cancer 147 (29.3%) 355 (70.7%) 502 0.83 (0.59–1.17) 0.28
  CT angiography 54 (36.7%) 93 (63.3%) 147 1.43 (0.98–2.09) 0.066
  Non-solid cancer 14 (26.4%) 39 (73.6%) 53 0.81 (0.43–1.52) 0.503
  Spinal stenosis 3 (27.3%) 8 (72.7%) 11 0.85 (0.22–3.24) 0.815
  Other 1 (20%) 4 (80%) 5 0.57 (0.06–5.11) 0.613

Immobility level, n (%) 1.20 (0.99–1.46) 0.067
  0 = no 143 (28.6%) 357 (71.4%) 500
  1 = short 25 (34.7%) 47 (65.3%) 72
  2 = medium 21 (36.8%) 36 (63.2%) 57
  3 = prolonged 11 (39.3%) 17 (60.7%) 28

Chemotherapy, n (%) 59 (28.9%) 145 (71.1%) 204 0.85 (0.59–1.21) 0.364
Drug intake for at least 3 months, n (%)

  Glucocorticoids 4 (16%) 21 (84%) 25 0.41 (0.14–1.21) 0.105
  Immunosuppressive 

drugs
3 (16.7%) 15 (83.3%) 18 0.43 (0.12–1.51) 0.188

  Nonsteroidal anti-inflam-
matory drugs

1 (12.5%) 7 (87.5%) 8 0.31 (0.04–2.53) 0.273

  Metamizole 9 (64.3%) 5 (35.7%) 14 4.06 (1.34–12.28) 0.013 4.94 (1.45–16.80) 0.011
  Opioids 15 (42.9%) 20 (57.1%) 35 1.69 (0.85–3.37) 0.136
  Vitamin D 26 (41.3%) 37 (58.7%) 63 1.72 (1.01–2.94) 0.045 1.58 (0.92–2.73) 0.099
  Bisphosphonates 4 (14.3%) 24 (85.7%) 28 0.35 (0.12–1.03) 0.057

Fig. 2  Number of visualized 
vertebrae and proportion of 
vertebrae with osteoporotic 
vertebral fractures (VFs) strati-
fied by level
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used secondary terminology referring to a vertebral abnor-
mality with or w/o mentioning deteriorated bone quality 
in 26 patients (11.9%), and only mentioned deteriorated 
bone quality in 11 patients (5%; Table 4).

Discussion

This study investigated the prevalence of VFs in CT scans 
of a population of mainly oncologic and vascular patients 
with long-term hospital records and aged 45 years and older. 
Furthermore, clinical factors associated with prevalent VFs 
were identified. The fracture prevalence was 26% for women 
and 32% for men. We observed a marked increase in fracture 
prevalence with age reaching 28% for women in their 70s 
and 36% for men in their 60s. Fracture prevalence contin-
ued to increase with age, particularly for women. The clini-
cal awareness of low bone mass or osteoporosis was very 
low, as medical notes in only 6% of all patients referred to 
bone health. More than half of CT reports of patients with 
prevalent VFs (58%) did not mention these fractures or any 
suspicion of decreased bone quality.

Not surprisingly, increasing age was the most significant 
predictor of prevalent VFs (multivariate p = 0.002). Further-
more, we found that metamizole intake for at least 3 months 
was significantly associated with having a VF in CT review 
(multivariate p = 0.022). This seems comprehensible as the 
already low clinical awareness of VFs becomes even more 
diminished once symptoms are blocked by pain relievers [4]. 
Patients receiving antiresorptive treatment with bisphospho-
nates showed a clear trend towards lower rates of prevalent 
VFs (14%), but this association did not reach statistical sig-
nificance due to limited data (p = 0.057).

Prevalence rates of osteoporotic VFs in good quality 
population studies in Europe range between 8 and 26% for 
women and 7–24% for men aged 50 years and older, with 
lowest rates for The Netherlands and highest rates for Scan-
dinavia [24, 25]. Of note, reported rates of VFs depend on 
the definition of VFs—clinical or radiographic. Moreover, 
radiographic deformities can be classified as fractures based 
on morphometric or morphologic criteria [22]. The spec-
trum of classifications with a focus on morphometry alone 
comprises at least seven methods, with more or less over-
lap in their definitions [15]. We chose the semi-quantitative 
method by Genant to classify VFs [21], because we had 
sufficient experience with its application on sagittal CT ref-
ormation [18, 26–30] and it is the most widely used tool in 
population studies [15, 31].

With these limitations considered, we found a consid-
erable higher fracture prevalence for men (32% vs. 24%) 
and a rate on par for women (26%) compared to the highest 
rate reported in the European population [25]. Moreover, 
a recent UK audit reported a fracture prevalence of 21.4% 
in CT imaging review of 6357 patients aged 70 years and 
older as seen in different radiology departments across the 
country [17]. A higher prevalence of osteoporotic fractures 
could partly be explained by a majority of > 75% being can-
cer patients in our study cohort, because cancer treatment 

Fig. 3  Contrast enhanced CT scan of a 61-year-old male patient 
performed for follow-up of esophageal cancer after esophagectomy 
showing osteoporotic vertebral fractures at T6–8, T10, and T11. The 
patient’s medical records and CT imaging report did not include any 
information related to suspected low bone mass or osteoporosis
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can cause or worsen osteoporosis, especially when hypog-
onadism can occur [32]. Moreover, the high proportion of 
men with vascular pathology could have caused the rela-
tively high prevalence of VFs in men, because there were 
numerically more patients with osteoporotic VFs who had 
CT angiography. This finding is supported by the notion of 
an osteoporosis-arterial calcification syndrome that draws a 
link between osteoporosis and cardiovascular disease [33, 
34].

By the age of ≥ 80 years, we found that fracture preva-
lence in women surpassed that of men, but the calculated 
rates are unreliable due to the limited number of included 
patients of this age. However, it is likely to assume that frac-
ture prevalence in women aged ≥ 80 years surpassed that 
of men. This dynamic in fracture prevalence between men 
and women seem to be reflected by a lower BMD in women 
beyond the age of 60 years compared to men [35].

We investigated the prevalence and reporting rate of VFs 
in CT in a selected clinical population of > 700 men and 
women emphasizing on the lost potential for osteoporosis 
screening. Therefore, we juxtapose the high prevalence of 
VFs and the low clinical awareness of osteoporosis/low bone 

mass. Despite the relatively high prevalence of osteoporotic 
VFs, there was no reference to bone health in clinical records 
of 94% of all patients. Furthermore, radiology reports of CT 
imaging did not mention a VF or decreased bone quality in 
58% of fractured patients. While these patients pass through 
hospital care, a diagnosis with potentially far-reaching 

Table 2  Counts and prevalence 
rates with 95% confidence 
intervals of patients with ≥ 1 
osteoporotic vertebral fractures 
(VFs) stratified by age and sex

CI = 95% confidence interval

Age Women Men Total

All With ≥ 1 osteoporotic 
VF

All With ≥ 1 osteoporotic VF All With ≥ 1 osteoporotic VF

Years n n % 95% CI n n % 95% CI n n % 95% CI

 < 50 9 2 22.2 4.9–54.4 20 5 25 10.2–46.4 29 7 24.1 11.5–41.6
50–59 32 5 15.6 6.2–30.9 79 17 21.5 13.6–31.5 111 22 19.8 13.2–28.0
60–69 66 15 22.7 13.9–33.9 134 48 35.8 28.1–44.2 200 63 31.5 25.4–38.2
70–79 103 29 28.2 20.2–37.4 185 63 34.1 27.5–41.1 288 92 31.9 26.8–37.5
80 + 18 9 50 28.4–71.6 72 26 36.1 25.7–47.6 90 35 38.9 29.3–49.2
Total 228 60 26.3 20.9–32.3 490 159 32.5 28.4–36.7 718 219 30.5 27.2–33.9

0%

10%

20%

30%

40%

50%

60%

70%

<50 50−59 60−69 70−79 80+
Age in years

Pr
ev

al
en

ce
 o

f o
st

eo
po

ro
tic

 V
Fs

Sex Total Women Men

Fig. 4  Sex-specific prevalence of osteoporotic vertebral fractures 
(VFs) plotted by age-group and with 95% confidence intervals

Table 3  Bone-health related information in medical records

n %

Osteoporosis or low bone mass excluded 4 0.6
Established diagnosis of osteoporosis or low 

bone mass
38 5.3

No information about bone health 676 94.1
Total 718

Table 4  Information in CT radiology reports of fractured patients

*Including terminology describing deteriorated bone quality, e.g. 
“osteopenia”, “osteopenic bone structure”, or “decrease bone mineral 
content”; **Including secondary terminology for vertebral abnormal-
ity: “deformity”, “sintering”, “impression”, “height loss”, “height 
reduction”, or “Schmorl’s node”

n %

No vertebral fracture (VF) or deteriorated bone qual-
ity* mentioned

128 58.4

VF mentioned 54 24.7
Secondary terminology** used 21 9.6
Secondary terminology used and deteriorated bone 

quality mentioned
5 2.3

Only deteriorated bone quality mentioned 11 5
Total 219
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consequences on morbidity, mortality, and quality of life 
does not receive attention.

The diagnostic gap due to radiologic reports not men-
tioning prevalent vertebral fractures has been documented 
for the last 20 years, first in radiographs, and then in CT 
imaging. Concerning radiographs, there is a multinational 
prospective study evaluating lateral radiographs of the 
thoracolumbar spine [36] and a study of > 900 hospitalized 
women evaluating lateral chest radiographs [37]. The latter 
reported that only 17% of fractured patients had fracture 
written in the medical record and only 50% of contempora-
neous radiology reports mentioned a present fracture [36]. 
Concerning CT imaging, there are several studies, partly 
with thoracic or abdominal spine coverage only, that present 
reporting rates of VFs ranging from 0 to 38% [17, 37–43]. 
If we focus on studies including the entire thoracolumbar 
spine, we can find a trend towards higher reporting rates 
in recent years with 32.5% in 2014/2015 [43] and 45.2% 
in 2019 [17]. The reporting rate of 24.7% we found for CT 
reports written between 2008 and 2017 fits into this line. 
Hence, we can postulate a still large, but decreasing diag-
nostic gap over recent years.

We found that a little less than one-third of CT reports 
that mentioned vertebral anomalies in patients used sec-
ondary terminology instead of the preferred terminology 
“fracture”. One part of the problem with underdiagnosed 
VFs likely stems from a lack of standard terminology in 
the radiologic report, while another part can be attributed 
to low detection rates [17, 36]. Computer-aided diagnosis 
using automatic algorithms to detect VF could help improve 
detection rates [44, 45]. Being able to diagnose osteoporo-
sis in patients with increased fracture risk before an initial 
fracture occurs should be the goal. Fracture risk assessment 
can be complemented by BMD assessment and can mani-
fest the diagnosis of osteoporosis [46, 47]. Recently, a fully 
automatic framework for opportunistic BMD screening in 
any CT scans including parts of the thoracolumbar spine has 
been presented [29].

Bringing osteoporosis to clinical attention allows initiating 
physical or pharmacologic treatment to prevent future fractures 
[12, 48]. However, the diagnostic gap is followed by a treat-
ment gap. This gap stayed at a constant level of around 65% in 
Denmark in the years 2005 to 2014 [49]. In Catalonia and the 
UK, the treatment gap even increased from 2005 to 2015 [50].

This study has limitations. First, there might be a selec-
tion bias due to our inclusion criterion of CT scans cov-
ering at least vertebrae T6 to L4 and due to the exclusion 
of patients without a medical history of at least 5 years in 
this hospital. Second, we had a limited number of fractured 
patients in certain age groups, particularly in younger and 
older women, thus, limiting the statistical confidence of the 
reported prevalence rates. Third, data extracted from medi-
cal notes was partly sparse reducing statistical power.

In conclusion, the relatively high prevalence of osteoporo-
tic VFs in patients with CT imaging and long-term hospital 
records and the still high—but seemingly decreasing—report-
ing gap convey a chance to significantly improve osteoporosis 
care. Moreover, we were able to underline the significance of 
clinical factors in fracture risk assessment such as prolonged 
prescription of pain medication. These results are in line with 
current approaches to osteoporosis risk assessment that can 
help alleviate the burden caused by osteoporosis-related frac-
tures on individuals and healthcare systems [51].
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