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Abstract In many radiological departments conventional
radiography has been replaced by digital radiography.
Therefore, the purpose of this study was to analyze the
visual detection of osteopenia/osteoporosis with both
digital and conventional radiographs. In 286 patients we
retrospectively evaluated radiographs of the lumbar
spine in two planes. One hundred twenty-eight patients
had conventional and 158 patients had digital radio-
graphs. Patients with pre-existing vertebral fractures
were excluded. Four experienced musculoskeletal radi-
ologists blinded to the values of DXA and to the
patients’ ages assessed independently from each other
whether the bone density of the lumbar spines was
normal or decreased. The results of dual X-ray absorp-
tiometry served as the standard of reference. The
threshold value for the diagnosis of osteopenia was a
T-score less than —1 SD according to the WHO classi-
fication of osteoporosis. Sensitivity/specificity was 86%/
36% for conventional and 72%/47% for digital radio-
graphs. The overall diagnostic accuracy was 68% for
conventional and 64% for digital radiographs. Eighty
percent of the patients with osteopenia and 96% of the
patients with osteoporosis were correctly assessed as true
positive on conventional radiographs and 65% (oste-
openia) and 82% (osteoporosis) on digital radiographs.
Interobserver agreement was markedly lower for digital
(35%) than for conventional radiographs (73%). How-

S. Wagner (X)) - H. Sittek - G. Laeverenz - M. F. Reiser

A. Baur-Melnyk

Department of Clinical Radiology, Ludwig Maximilian University,
Marchioninistrasse 15, 81377, Munich, Germany

E-mail: Wagner.Sabine@med.uni-muenchen.de

Tel.: +49-89-70953620

Fax: +49-89-70958832

A. Stébler
Department of Radiology, Orthopedic Clinic of
Munich Harlaching, Munich, Germany

H. Bonel
Department of Radiology, Inselspital Bern,
Bern, Switzerland

ever, the differences were not statistically significant.
There is no major difference in diagnostic accuracy in
the assessment of osteopenia/osteoporosis using digital
and conventional radiographs, respectively. However,
the high interobserver variance on digital radiographs
indicates that visual assessment of osteoporosis/oste-
openia is problematic, which may be due to image
processing and postprocessing algorithms that manipu-
late the visual aspect of bone density.
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Introduction

Osteoporosis is one of the most common diseases of
bone, especially in elderly women. Because of a higher
life expectance, the incidence of osteoporosis has even
increased in the last several decades [1]. In 1993 osteo-
porosis was defined as a systemic bone disease that is
characterized by a low bone mineral density and a loss
of microarchitecture of bone structure, with increased
risk of fractures [2]. As osteoporotic fractures cause
significant morbidity, mortality and costs for the public
health system [3, 4], the early detection of osteoporosis is
highly important because effective therapeutic strategies
are available to prevent vertebral fractures.
Radiographs are often the first modality that raises
suspicion of osteoporosis and initiates further diagnostic
work up. Various characteristic signs on radiograms are
indicative of ‘“osteoporosis”. These include increased
radiotranslucency of bones due to a decreased bone
mass. The cancellous bone is rarefied and the cortex of
the vertebrae is accentuated, which is described as the
“empty box sign,” and vertebrae show relatively pro-
nounced endplates. The reduction of the cancellous bone
might result in spontaneous fractures, which in the spine
present as codfish or wedge-shaped vertebrae [5, 6]).
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Dual X-ray absorptiometry (DXA) [7] is an estab-
lished method often performed when the suspicion of
osteopenia/osteoporosis has been raised on radiographs
that allows for reliable diagnosis and quantification of
osteoporosis [3, 8]. With DXA, the bone mineral density
of the vertebral bodies and the proximal femur is mea-
sured as these have the highest risk for fracture [9,
10]. According to the WHO classification of 1994 the
T-value that represents the standard deviation of the
median peak bone mass compared to a young-aged
patient sample is used for the diagnosis and classification
of the severity of bone substance loss: standard devia-
tions (SD) between —1 to —2.5 define “osteopenia,”
whereas SDs < -2.5 define “osteoporosis’.

In many radiological departments digital radiogra-
phy has replaced conventional radiography over the
last years. Advantages of digital radiography include
digital image transfer and archiving, postprocessing and
dose reduction. The purpose of this study was to
evaluate the visual detection rate of bone mineral loss
from digital radiographs in comparison to conventional
radiographs.

Patients and Methods:

A total of 500 patients examined in the years 1999
until 2003 were retrospectively evaluated. Diagnostics
were performed using a conventional film/screen tech-
nique until August 2001; since then, digital radiogra-
phy has been introduced. Two hundred -eighty-six
patients were included in this retrospective study. One
hundred fifty-eight of these patients (132 female
patients with a mean age of 54.5 years, 25 male
patients with a mean age of 54.2 years; mean age of all
patients 54 years, range 21-80 years) had digital
radiographs, 128 patients (95 female patients with a
mean age of 55.3 years, 33 male patients with a mean
age of 48.3 years; mean age of all patients 51 years,
range 18-80 years,) had conventional radiographs of
the lumbar spine taken in two planes.

Patients were included in the trial when DXA mea-
surements and high quality radiographs taken in two
planes within a period of 8 weeks before or after the
DXA measurement were available. The reason for the
acquisition of radiographs and DXA-measurements of
the lumbar spine was mainly exclusion of clinically
suspected osteoporosis.

Exclusion criteria were the presence of vertebral
fractures in order to avoid indirect signs of osteoporosis.
Patients with osteochondrosis/sclerosis and aortic scle-
rosis were also excluded to prevent false positive DXA
values. Moreover, patients with endocrine disorders,
neoplasia, other severe systemic diseases and steroid or
biphosphonate therapy were excluded since those dis-
orders and conditions result in alterations of bone den-
sity and structure.

All digital radiographs were acquired with storage
phosphor technology on an AGFA ADC Compact

system (automatic exposure, anterior-posterior radio-
graphs 75 kV, lateral radiographs 90 kV) and viewed on
a Siemens Magic View workstation. Readers were al-
lowed to use postprocessing options such as windowing
and zooming. The conventional radiographs were
acquired on a Philips Diagnost H (film/screen technique,
automatic exposure, anterior-posterior radiographs
75 kV, lateral radiographs 90 kV) and presented to the
readers on film (image format 20/30 cm).

DXA values (Hologic QDR 1000) of the lumbar
spine (lumbar vertebrae 1 to 4) were used as the
reference standard for the diagnosis of osteopenia/
osteoporosis. According to the WHO classification of
osteopenia and osteoporosis, patients were classified
into three categories: patients with normal bone
mineral density (T-score >—1 SD), osteopenia (T-score
<-1SD and >-2.5) and osteoporosis (T-score
<-2.5SD).

In the patient group with digital radiographs DXA
showed a normal BMD in 49 patients (31%), an oste-
openic BMD in 60 patients (38%) and an osteoporotic
BMD in 49 patients (31%). In the patient group with
conventional radiographs DXA showed a normal BMD
in 46 patients (35.9%), an osteopenic BMD in 56
patients (43.8%) and an osteoporotic BMD in 26
patients (20.3%).

One hundred fifty-eight digital images and 128 con-
ventional images were presented separately to four expe-
rienced musculoskeletal radiologists in reading sessions
with a subseries of 40—50 images. Individual patient data
were masked in order to avoid a reader bias. For con-
ventional and digital images anterior-posterior and lateral
views were analyzed. Each reader determined whether the
patient had normal or reduced bone mineral density
according to the usual criteria for osteopenia/osteoporo-
sis (increased radiolucency of bone, rarefication of can-
cellous bone and pronounced vertebral endplates).

For statistical analysis sensitivity, specificity and
positive and negative predictive values were determined.
Mean values of all observer results were calculated, and
interobserver variance was determined. An individual
score was given to each patient, ranging from 0 (no
correct diagnosis was given by any of the four readers)
to 4 points (all four readers diagnosed the radiogram
correctly). Mean values of conventional scores as well as
digital scores were calculated. In order to analyze whe-
ther the differences between conventional and digital
radiographs were of statistical significance, the scores
were compared with the exact median test for two
samples. A significance level of 0.05 was chosen.

Results

Overall diagnostic accuracy (true positive and true
negative results) was 64% for digital and 68% for
conventional radiographs. Sensitivity (true positives) for
pathologic mineral density (T-value < —1 SD) resulted
in 86% for conventional versus 72% for digital



radiographs (Figs. 1 and 2). Specificity (true negatives)
was 36% for conventional and 47% for digital radio-
graphs (Figs. 1 and 3). False negative results were found
in 14% on conventional and in 28% on digital radio-
graphs (Fig. 4) and false positive answers were given in
53% on digital and 63% on conventional radiographs
(Fig. 5).

In the patient group with osteopenia (DXA <—-1 SD
and >-2.5 SD) sensitivity (true positive findings) was
80% for conventional versus 65% for digital radio-
graphs. Specificity (true negative findings) was 36% for
conventional and 47% for digital X-rays (Fig. 6).

In the patient group with osteoporosis (DXA
<-2.5SD) sensitivities were 96% for conventional
X-rays versus 82% for digital radiographs. Specificity
was 36% for conventional and 47% for digital radio-
graphs (Fig. 7). In Tablesl and 2, the results of the
readings of the conventional and digital images of all
four readers and the corresponding positive and negative
predictive values (ppv and npv) as well as mean values
are shown.

With increasing mineral loss as assessed by DXA, an
increasing number of patients was correctly diagnosed as
true positive (Fig. 8). There were more true positive
diagnoses for conventional radiographs when compared
with digital radiographs. However, specificity was lower
on conventional than on digital radiographs. False-po-
sitive evaluations occured with all T-values. Eighteen
percent of digital radiographs with a T-score less than
—3 SD and 6% of conventional images with a T-score
below 3 SD were assessed as normal.

Interobserver agreement between all four readers,
independent of whether the diagnosis was correct was
73% for conventional X-rays and 35% for digital ima-
ges. Interobserver agreement in combination with a
correct diagnosis was 51% for conventional and 26%
for digital images.

The mean score for conventional radiographs resulted
in 2.55 points, while the mean score for digital radiograms
was 2.45 points. The differences between the scores for
conventional and digital radiographs were not statistical
significant (P =0.1285, exact median test for two samples).

Discussion

The detection of osteopenia/ osteoporosis on radio-
grams of the spine or chest is important in order to
reduce morbidity, mortality and costs due to fractures

Conventional Digital
Sensitivity: 86% 72%
Specificity: 36% 47%

Fig. 1 Results in patients with osteoporosis (DXA: T-score
<-2.5SD)
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[11, 12]. Effective therapies, most notably bisphospho-
nates, are widely available. In the literature, several
studies on the detection of vertebral fractures due to
osteopenia/osteoporosis on X-rays have been published.
Genant et al. demonstrated that the visual detection rate
of vertebral fractures can be enhanced by morphometric
measurements of the vertebral height [13]. In 1981
Kovarik compared various semiquantitive methods for
the diagnosis of osteoporosis and correlated the results
with photon absorption densitometry, which is no
longer used for the quantification of bone density [14].
Only one study addressed the visual detection rate of
osteopenia/osteoporosis of the spine on lateral chest
radiographs. A multi-reader analysis with nine readers
was performed and compared to the results of DXA
measurements of the lumbar spine [15]. As of yet, studies
on the visual detection rate of osteopenia/osteoporosis
on digital in comparison to conventional radiographs
have not been performed.

In our study on 286 patients, diagnostic accuracy
(i.e., true positive and true negative findings) was 68%
for conventional and 64% for digital radiographs
without significant differences between digital and con-
ventional radiography. Similarly, in the study of Jergas
et al., a diagnostic accuracy between 68 and 76% was
found [4]. However, it is difficult to compare these
results because Jergas et al. defined osteopenia with a
T-score below —2 SD in contrast to our study in which
we used the revised WHO criteria of 1994 (osteopenia:
T-score below —1 SD). In addition, Jergas et al. used
chest X-rays that were performed with 120 kV and were
therefore not appropriate for the evaluation of
bony structures as spinal radiograms performed with
75-90 kV.

Specificity was low both for conventional (36%)
and for digital (47%) radiographs. However, the
readers achieved better results for sensitivity than for
specificity, with a sensitivity of 86% for conventional
versus 72% for digital radiographs. The results may
have been biased by the fact that readers were aware
of taking part in a study on the assessment of osteo-
porosis, which may have led to overdiagnosis of os-
teopenia and osteoporosis. With rising bone mineral
density, however, false-positive evaluations decreased
as expected.

When comparing conventional and digital radio-
graphs, conventional images had higher sensitivity and a
lower specificity than digital images, with more true-
positive findings and a slightly better mean score in the
conventional images group. We assume that a loss in
mineralization content is more visible on conventional
than on digital images, because conventional radio-
graphs have a defined absolute contrast, whereas digital
images are individually post-processed in order to opti-
mize image contrast. This wide dynamic range of digital
radiography with decoupling of the object’s density and
the optical density of the film might lead to an “‘unre-
alistic appearance” of vertebrae on digital X-rays.
Conventional radiographs, on the other hand, cannot be
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Fig. 2 Digital radiograph with a
T-score of —1.69, rated true-
positively as osteopenic by all
four readers

post-processed so that a specific bone mineral density
leads to a specific density image on the radiograph.

We found that with increasing bone mineral density
loss measured by DXA, an increasing number of pa-
tients was correctly diagnosed as true positive with
both methods. As expected it appears easier to diagnose
images more correctly as the bone density decreases,
because radiological signs of osteoporosis become more
obvious with progression of the disease. Our finding of
a gradual sensitivity increase with decreasing T-score is
also confirmed by the results of Jergas et al., who found
a higher agreement of readers for low bone mineral

Fig. 3 Conventional radiograph
with a T-score of +1.83, rated
true-negatively as normal by all
four readers

densities [15]. False-positive evaluations occurred with
all T-values, even with T-values lower than -3 SD.
Eighteen percent of digital radiographs with a T-score
of less than —3 SD were incorrectly read as normal,
while 6% of conventional images with a T-score below
3 SD were read as false negatives. This may be ex-
plained by the fact that, in contrast to other studies [16,
17, 15], we excluded patients with vertebral fractures.
Therefore, the readers had to orientate their diagnostic
process only on the criteria of increased radiotranslu-
cency of bone, pronounced vertebral endplates and
reduction of the spongious network. Additionally, the
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Fig. 4 Conventional radiograph
with a T-score of —1.82, rated
false-negatively as normal by all
four readers

Fig. 5 Digital radiograph with a
T-score of —0.86, rated false-
positively as osteopenic/
osteoporotic by all four readers

readers were blinded to the age and sex of the patients, radiographs to film sequence and patient identity led to
as this would also bias the diagnostic process. In a an increased rate of errors in the detection of vertebral
study carried out by Ross et al. in 1996, blinding fractures [18].

Conventional Digital Conventional Digital
Sensitivity: 80% 65% Sensitivity: 96% 82%
Specificity: 36% 47% Specificity: 36% 47%

Fig. 6 Results in patients with pathologic bone mineral density Fig. 7 Results in patients with osteopenia (DXA: T-score <—-1 SD
(DXA: T-score <—1 SD, osteopenic and osteoporotic patients) and >-2.5 SD)
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Table 1 Results of the readings of the conventional X-rays compared with DXA (numbers in %)

Conventional images Specifity Sensitivity False negatives False positives Ppv Npv
Reader 1 47.80 89.00 11.00 52.20 75.30 71.00
Reader 2 39.10 80.50 19.50 60.90 70.20 52.90
Reader 3 21.70 84.10 15.90 78.30 65.70 43.50
Reader 4 37.00 89.00 11.00 63.00 71.60 65.40
Mean value 36.40 85.70 14.40 63.60 70.70 58.20
Table 2 Results of the readings of the digital images compared with DXA (numbers in %)

Digital images Specifity Sensitivity False negatives False positives Ppv Npv
Reader 1 65.30 62.40 37.60 34.70 76.50 43.80
Reader 2 49.00 85.30 14.70 51.00 78.80 60.00
Reader 3 28.60 85.30 14.70 71.40 72.60 46.70
Reader 4 44.90 55.00 45.00 55.10 69.00 31.00
Mean value 47.00 72.00 28.00 53.10 74,20 45.40

In this study, for digital as well as for conventional
radiography a very low interobserver agreement was
found. This might be attributed to the fact that four
readers evaluated the images resulting in a lower
agreement than an analysis with only two readers. Ep-
stein et al., who carried out a study on the detection of
osteoporosis on conventional chest radiographs by two
radiologists and one orthopedist, also reported a low
interreader agreement [16]. Jergas et al. attributed these
low values to the fact that the spine is not easy to
evaluate on chest radiograms [15].

However, interobserver agreement, independent if the
diagnosis was correct, was much lower for digital
radiographs (35%) than for conventional radiographs
(73%). Interobserver agreement in combination with a
correct diagnosis was also higher on conventional (51%)
than on digital (26%) X-rays. This suggests that it is
easier to make the correct diagnosis using conventional
images, whereas the diagnosis of osteoporosis on digital
images is more difficult. One contributing factor might
be that a reader more experienced in a particular
imaging technique may achieve better results with this
technique. Cockshott reported more precise and con-
sistent evaluations by experienced readers than by
radiologists with little training [19]. No reports exist in
literature concerning whether radiologists trained on
conventional radiographs have more difficulties evalu-
ating digital radiographs or vice versa. In our study, two
of the readers had more years of radiological experience
with conventional than digital radiography, while the
other two readers had similar experience with conven-
tional and digital radiographs. However, we found no
influence of the readers’ experience with a particular
technique, and only one reader with more training on
conventional radiography had better results with this
technique; the other conventionally trained reader had
better results on digital radiographs. One of the two
readers with equal training with both methods achieved
better results on digital, and the other had better results
with conventional radiographs.

The low interobserver agreement and even false-
negative results in patients with very low T-scores on
spinal X-rays indicate that the interpretation of both
conventional and digital spinal radiograms in terms of
bone mineral density is insufficient in patients without
vertebral fractures. Patients without fractures but with
osteopenia should be diagnosed before osteoporotic
fractures occur, and therefore, the detection rate of os-
teopenia/osteoporosis on spinal radiographs remains
problematic.

Digital and conventional radiography, which are of
comparable value in assessing bone mass, but have a low
overall success rate, should therefore not be used to di-
rect therapy without first obtaining formal measurement
of BMD.

Conclusion

The replacement of conventional radiography by digital
X-rays in many radiological departments led to the
question whether there are any differences in the detec-
tion of osteoporosis on conventional in comparison to
digital radiographs. In this study on the detection rate of
osteoporosis with digital radiographs compared to
conventional radiographs in 286 patients, no significant
differences in the diagnostic accuracy of osteopenia/
osteoporosis for digital versus conventional radiographs
were found. Conventional radiography resulted in a
slightly higher sensitivity and a markedly better inte-
robserver agreement than digital radiography, consistent
with a more “‘stable” interpretation of conventional
radiographs. In digital radiographs, different image
processing and postprocessing algorithms may manipu-
late the visual aspect of bone density. However, the
interpretation of both conventional and digital spinal
radiograms in terms of bone mineral density is still
insufficient in patients without vertebral fractures, and
therefore DXA should be used generously in patients
with risk factors for osteoporosis.
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Fig. 8 Gradual increase of sensitivity with falling T-score
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