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Abstract

Summary Vertebral fractures (VFs) are independent risk fac-
tors for new fractures. However, spine radiographs cannot be
used as a screening method. EOS® has a good diagnostic
value for the diagnosis of VF with a better legibility of upper
thoracic spine and a higher concordance between readers
compared to vertebral fracture assessment (VFA).
Introduction Vertebral fractures (VFs) are risk factors for new
fractures. However, spine radiographs cannot be used as a
screening method for both cost and radiation concerns.
EOS® X-ray imaging system which allows the acquisition
of biplane images in an upright weight-bearing position with
low radiation dose was used. The objective of this study was
to compare EOS® to VFA for the diagnosis of VF.

Methods We conducted a cross-sectional study in subjects
aged above 50 years with indication for spine imaging.
EOS® and VFA of the spine were performed the same day.
Sensitivity (Se), specificity (Sp), negative predictive value
(NPV), and the interobserver precision of EOS® were com-
pared to VFA for the diagnosis of VF.

Results Two hundred patients (mean age 66.2 years) were
included. At the vertebral level, 2.4 and 3.6 % of vertebrae
were not legible using EOS® and VFA, respectively (p=
0.0007). The legibility of spine was significantly affected by
scoliosis (odds ratio (OR)=2.8, p<0.0001, for EOS®, and
OR=1.8, p=0.0041, for VFA). Sixty-six patients (33.0 %)
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and 69 (34.5 %) had at least one VF using VFA and EOS®,
respectively. At patient level, Se, Sp, and NPV for the diag-
nosis of VF of EOS® were 79.7, 91.6, and 99 %, respectively.
Concordance between both observers was very good for
EOS® (kappa-score=0.89), higher than for VFA (k=0.67).
Conclusions This study shows that EOS® has a good diag-
nostic value for the diagnosis of VF with a better legibility of
upper thoracic spine and a higher concordance between
readers compared to VFA.
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Introduction

Vertebral fractures (VFs) are the hallmark manifestation of
osteoporosis, associated with increased morbidity, chronic
pain, and functional limitations [1]. The increase in mortality
related to clinical vertebral fractures in the elderly is similar to
the one observed after hip fractures [1]. Prevalent vertebral
fractures and age are the strongest risk factors for sustaining
a vertebral and non-vertebral fracture [2—4]. Moreover, the
number of vertebral fractures is also a determinant of the risk
of sustaining a new fracture. The more is the number of VFs
and the more severe are the fractures, the higher is the risk
[5-7]. Thus, a thorough assessment of the whole spine is rel-
evant to improve the fracture risk evaluation in postmenopaus-
al osteoporosis [8]. In postmenopausal women referred for
dual-energy X-ray absorptiometry (DXA) measurements be-
cause of risk factors for osteoporosis, 20 % have so far un-
known vertebral fractures [9, 10]. However, identification of
patients who require spine radiographs is difficult [11-13].
Performing systematic spine radiographs in asymptomatic
subjects increases the cost of VFs diagnosis and exposes pa-
tients to unnecessary radiation. The detection of vertebral
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fractures using DXA, also known as vertebral fracture assess-
ment (VFA), is a convenient method to assess vertebral frac-
tures because VFA offers point-of-service convenience for
the patient when it is done at the same visit as bone mineral
density (BMD) measurement by DXA, with far less radiation
than standard radiography [14]. The X-ray source is orthog-
onal to the vertebral bodies, not a cone-beam as for standard
X-rays, avoiding geometric distortion. Previous studies
showed a good to excellent agreement between the two im-
aging modalities [15, 16]. The main limitation of this tech-
nique has long been the difficulty of visualization of the up-
per thoracic spine [15-18], but new technological advance-
ments further improve performance of the technique with the
improvement of readability [19, 20]. VFA is recommended
by the International Society of Clinical Densitometry (ISCD)
when the results may influence clinical management of oste-
oporosis [21]. However one of the drawbacks of the assess-
ment of VF by VFA is the lying position that prevents correct
assessment of spine curvatures, although hyperkyphosis is an
independent risk factor of incident vertebral and non-
vertebral fractures and should be assessed in the management
of fracture risk [22, 23]. Moreover, additional radiographs are
necessary after VFA in some situations: two or more mild
deformities without any moderate or severe (grade 2 or 3)
fractures, lesions in vertebrae that cannot be attributed to
benign causes, patient with a history of malignancy, unread-
able vertebrae between T7-L4, sclerotic or lytic changes, or
findings suggestive of conditions other than osteoporosis
[21].

EOS® is a low dose biplane X-ray imaging system (EOS
imaging, Paris, France), available in more than 10 countries
worldwide. The technology uses two perpendicular X-ray
beams collimated in two very thin, horizontal, fan-shaped
beams and two specific detectors based on the Nobel prize
winning work of physicist Georges Charpak. Fan-beam X-
rays and detectors are mounted on a C-arm and scan all or
part of the patient’s body. This allows for frontal and lateral X-
rays of a patient to be carried out simultaneously (in 4-6 s to
scan the spine; Fig. 1a) and full body imaging without digital
stitching [24]. EOS® is performed in an upright, weight-
bearing position offering the opportunity to assess the spine
and pelvic curvatures. The EOS® system provides digital im-
ages of the skeleton without geometric distortion, with lower
radiation than conventional radiography: the mean entrance
surface radiation dose for the postero-anterior spine and lateral
spine is 0.23 and 0.37 milligrays (mGy), respectively, with
EOS®, compared to 1.2 and 2.3 mGy, respectively, for con-
ventional radiography [24]. Radiation dose must be “as low as
reasonably achievable”; however, optimal legibility of bony
details is necessary for the diagnosis of VF.

Our hypothesis is that EOS® is superior to VFA in the
legibility of vertebral fractures and avoids performing addi-
tional radiographs. The aim of our study was to evaluate the

@ Springer

performance of EOS® compared to VFA for the diagnosis of
VF in subjects over 50 years.

Methods
Study design

This was an observational cross-sectional single-center study.
Inclusion of cases was conducted from September 2013 to
Mars 2014.

Patients

Postmenopausal women and men aged above 50 years with
indication for spine radiographs (risk factors for osteoporosis,
height loss, etc.) were included in this study. VFA is a routine
procedure in our Rheumatology Department in these indica-
tions. The patient’s informed consent was obtained for the use
of their EOS® data from all patients.

For each patient, age, height, weight, and body mass index
(BMI) (kg/m?) were collected. Patients were classified as nor-
mal if their BMI was <27 kg/m?, overweight if BMI >27 kg/
m?” and <30 kg/m?, and obese if BMI >30 kg/m”.

DXA measurements (BMD and VFA)

All patients had measurements of lumbar spine and hip BMD
using a DXA device (QDR 4500, Hologic, Bedford, MA).
The quality control protocol for the DXA device includes
daily scanning of a phantom. A single device was used for
the whole study. The World Health Organization (WHO) clas-
sification was used to define osteoporosis as T-score <—2.5 at
lumbar spine, total hip, or femoral neck. VFA scan (software
version 12.6) was done using the same DXA device at the
same time from T4 to L4.

EOS® biplanar radiographs

All patients underwent a full spine 2-D EOS imaging, in an
upright weight-bearing position. (Fig. 1a, b). Postero-anterior
(PA) and lateral images were obtained simultaneously. Both
imaging techniques were performed the same day.

Diagnosis of vertebral fracture

Two independent readers (both rheumatologists) performed a
blinded reading of both imaging modalities. A training session
was done on VFA and EOS® before the beginning of the
study. Each reader was blinded to the diagnosis and medical
files as well as to the other reader’s results and any previous
imaging. Each investigator read the EOS® and VFA scans of
the same patient with at least 1-month interval. Both EOS®
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Fig. 1 a Spine EOS® imaging
system. b Diagnosis of vertebral
fracture using EOS®

and VFA scans were evaluated for legibility and presence of
vertebral fracture. The software options (zooms, image pro-
cessing) enhancing view option on EOS® and VFA was used
to improve the legibility of the vertebrae, when necessary.

For each legible vertebra, the diagnosis of VF was per-
formed according to Genant’s semi-quantitative grading from
0 to 3 [25]. Scoliosis was absent (grade 0), or classified in
three grades according to the rotation of the vertebral body
judged on the distance between the spinous process and the
lateral border of the vertebral body. This distance was divided
in two. If the spinous process was projected in the first half of
the vertebral body, scoliosis was considered as minor; if it was
in the second half; it was considered as moderate; and if it was
lateral to vertebral body, it was considered as severe (grades 1,
2, and 3, respectively). For this study, scoliosis was defined by
the presence of a grade >1.

Statistical analysis

We assessed performance of EOS® in the diagnosis of VF, as
compared to VFA. The number of unreadable vertebrae was
compared between the two methods using a McNemar test.
Factors affecting legibility (age, BMI, BMD, presence of sco-
liosis) were tested using Fischer’s tests for categorical factors
and Wilcoxon rank sum tests for continuous variables. Eval-
uation of the diagnostic value was performed using the results
of the two readers both at vertebral and patient levels. At the
vertebrae level, sensitivity and specificity of EOS® with 95 %
exact confidence intervals were calculated. Positive and neg-
ative likelihood ratios (LRs) were also calculated, taking into
account the grade of fracture. Values above 10 were consid-
ered to indicate a useful diagnostic test. The number of

patients who require additional X-rays based on ISCD recom-
mendations [21] was calculated. At the patient level, patients
were classified as fractured (at least one fracture visible), nor-
mal (all vertebrae from T4 to L4 were readable and no verte-
bral fracture visible), or without possible diagnosis (no verte-
bral fracture visible but some vertebrac were unreadable). We
calculated sensitivity and specificity with exact 95 % confi-
dence interval (CI) of EOS®. Interobserver agreement for the
diagnosis of fracture was evaluated for VFA and EOS® at the
vertebral and at the patient level using k statistics.

Results
Patient characteristics

Two hundred consecutive patients (95 % women, mean age
66.2 years) were included in this study: 62.5 % were osteopo-
rotic, 15.0 % had a mean T-score between —1 and —2.5, and
22.5 % had normal BMD (Table 1). One hundred twenty-five
patients (62.5 %) of the patients did not have scoliosis, 38
(19.0 %) had a minor scoliosis (grade 1), 19 (9.5 %) a mod-
erate scoliosis (grade 2), and 18 (9.0 %) a severe scoliosis
(grade 3). One hundred sixty-one patients (80.5 %) had nor-
mal BMI, 28 (14.0 %) overweight, and 11 (5.5 %) were obese.

Legibility of the spine

At the vertebral level (n=5200, total reading of two readers),
on EOS®, 5075 vertebrae (97.6 %) were considered readable
and 125 (2.4 %) were unreadable. Unreadable vertebrae were
located in T4 (n=17 (0.32 %)), TS (n=13 (0.25 %), and T6
(n=10(0.19 %)), meaning that4.25 % of T4 vertebrae, 3.25 %
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Table 1  Patient characteristics

Variables N=200
Age (years) (mean+SD) 66.2 (13.6)
Height (cm) (mean+SD) 159.1 (7.1)
Weight (kg) (mean+SD) 59.8 (9.4)
BMI (kg/m?) (mean+SD) 23.7 (3.8)
Lumbar spine BMD (g/em?) (mean+SD) 0.811 (0.15)
Lumbar spine T-score (mean+SD) —2.2(1.47)
Total hip BMD (g/em?) (mean+SD) 0.724 (0.10)
Total hip T-score (mean+SD) —1.7 (0.75)

T <-2.5 (at least one site) (n, %) 125 (62.5 %)

of TS vertebrae, and 2.5 % of T6 were unreadable (Fig. 2). On
the VFA radiographs, 5015 vertebrae (96.4 %) were consid-
ered readable and 185 (3.6 %) were unreadable. Unreadable
vertebrae were located in T4 (n=43 (0.82 %)), TS (n=43
(0.82 %)), and T6 (n=25 (0.48 %)) meaning that 10.75 % of
T4 vertebrae, 10.75 % of T5 vertebrae, and 6.25 % of T6
vertebrae were unreadable (Fig. 2).

At the patient level, thoraco-lumbar spine from T4 to L4
was readable without difficulty in 179 patients (89.5 %) on
VFA scans and in 185 patients (92.5 %) on EOS®. Scoliosis
(defined by a grade >1) affected the legibility of the vertebrae
on EOS® (odds ratio (OR)=2.85 [95 % CI 1.9; 4.28], p<
0.005) and on VFA (OR=1.85 [95 % CI 1.22; 2.82], p=
0.005). BMI, height, and low BMD did not significantly affect
legibility of EOS® and VFA.

EOS® as a diagnostic tool

At the vertebral level, there were 4925 vertebrae assessable
using both EOS and VFA methods. On EOS®, 4650 vertebrae
(94.42 %) were normal, 94 (1.91 %) had grade 1, 96 (1.95 %)
grade 2, and 85 (1.73 %) grade 3 fractures. Using VFA scans,
4693 vertebrae (95.29 %) were considered as normal, 84
(1.71 %) had grade 1, 86 (1.75 %) grade 2, and 62 (1.26 %)
grade 3 fractures. Distribution of VF is represented in Fig. 3.
Sensitivity of the diagnosis of fractures using EOS® versus
VFA was 66 % (95 % CI 58-73), specificity was 99 % (95 %
CI 98.0-99.0), and negative predictive value was 98.7 (95 %
CI98.0-99.0].

At the patient level, 69 (34.5 %) and 66 (33.0 %) patients
had at least one vertebral fracture using EOS® and VFA, re-
spectively. Sensitivity of the diagnosis of VF using EOS®
compared with VFA scans was 80 % (95 % CI 68.0-88.0),
specificity was 92.0 (95 % CI 85.0-95.0), and negative pre-
dictive value was 89.5 % (95 % CI 83.0-94.0], with a LR+ of
107.5 and LR— 0f 0.34.

Using VFA results, 21 (10.5 %) patients had indications for
additional spine radiographs. Six patients had at least two
grade 1 without any grade 2 or 3 and 15 patients had at least
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Fig. 2 Number of unreadable vertebrac on EOS® and VFA according to
the reader and the vertebral level

one unreadable vertebra between T7-L4. No patient had scle-
rotic or lytic changes or findings suggestive of conditions
other than osteoporosis

Comparison of readers

At the vertebral level, only vertebrae that could be analyzed by
both readers were included in this analysis (n=2516 for EOS®
and 2452 for VFA) (Fig. 2). For EOS®, there was a good
interobserver agreement for the diagnosis of VF (k-score=
0.889). For VFA, concordance between both readers was
0.647. At the patient level, interobserver concordance was
0.887 and 0.668 for EOS® and VFA, respectively.
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Fig. 3 a Number of vertebral fractures on VFA according to the reader
and vertebral level. b Number of vertebral fractures on EOS® according
to the reader and vertebral level
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Discussion

This study shows that EOS® has a good diagnostic value for
the diagnosis of vertebral fractures with a best legibility of
upper thoracic spine as compared to VFA, and a higher con-
cordance between readers. Moreover, EOS® avoids additional
spine radiographs which are sometimes necessary after VFA
exam.

Although conventional radiography remains the standard
method for the detection of vertebral fractures, VFA is a den-
sitometric technique, validated for reproducibility, sensitivity,
and specificity as compared with spine radiographs, with the
advantage of potentially reducing the parallax effects on frac-
ture diagnosis, a low radiation exposure, and the applicability
during BMD measurement by DXA. The main limiting factor
in utilizing VFA is the legibility of the vertebrae, but with
recent technology, recent generation of densitometers, and
reader experience, the vertebral body visualization is im-
proved with 92-95 % of all vertebral bodies which are read-
able [19, 20]. VFA results influence patient management, for
both radiographs and treatment prescriptions. VFA could help
avoiding unnecessary X-rays and modifies therapeutic deci-
sions in a third of patients in a study conducted in experienced
rheumatologists [26]. However, degenerative vertebrae may
be confounded to vertebral fractures when seen at VFA; there-
fore, additional radiographs are sometimes necessary to ex-
clude these degenerative vertebrae. Based on these arguments,
we considered VFA as the reference technique, in the context
of this clinical study.

In both EOS® and VFA technologies, the source of X-rays
is always perpendicular to the target, avoiding any image dis-
tortion. But, EOS® is performed in standing position; thus, it
is expected that scoliosis could have a greater impact on leg-
ibility of the vertebrae on EOS, than on VFA which is per-
formed in a lying position. However, our study shows that the
legibility is similar for the two techniques, and even better on
EOS® at the upper thoracic spine: At the T4-T6 level, 2.5 to
4.25 % and 6.25 to 10.75 % of vertebrae were unreadable on
EOS® and VFA, respectively. This has a consequence on clin-
ical practice and the necessity of additional standard radio-
graphs: Following ISCD guidelines, 10.5 % of our patients
should have standard spine radiographs after VFA, with thus
subsequent radiation and costs. Our patients were referred for
osteoporosis assessment, and none of them had symptoms
suggesting malignancy.

In this study, we used VFA as a gold standard, recognizing
that recent VFA technology approaches the capability of ra-
diographs [19], and taking into account that EOS® uses the
same technology for radiographs source, without cone-beam
geometry related problems. The two readers were experi-
enced, and this study does not explore the potential impact
of reader experience on VF identification on EOS®. However,
EOS® offers enhanced image quality, and the images

produced by EOS® are closer to the images obtained with
standard radiographs than with VFA [24, 27]. The added util-
ity of EOS® is the image quality of the antero-posterior spine,
higher than VFA but also higher than standard radiographs
[27]. The better results obtained on EOS® may be in part
related to the AP view. The concordance between readers on
EOS® was optimal in our study, and better than on VFA, a
result that could be the consequence of the quality of the
image. We are not aware of any study with direct comparison
of EOS® and standard radiographs for the diagnosis of VF.
There are few studies on the comparison between EOS® and
standard radiographs for the diagnostic imaging of spine le-
sions. In the diagnosis of structural damage in
spondyloarthritis, performance of the technique was good
for spine involvement, with a similar sensitivity between
EOS® and standard radiographs, low for sacroiliitis diagnosis,
but similar to standard radiographs [28]. Radiation dose is a
concern for patients who require repeated imaging. A large
cohort study of patients with scoliosis and other spinal defor-
mities exposed to repeated radiographs (at a time when radi-
ation doses were higher than those currently used for standard
radiographs) found an increased risk of breast cancer mortality
among spinal deformity patients compared with the general
female population [29]. There is a benefit of EOS® over stan-
dard radiographs technology, resulting in a fivefold to sixfold
reduction of the radiation doses [24, 27]. The dose-area prod-
uct for whole-spine (antero-posterior, lateral) radiographs has
been reported to be 392232 and 158+104 c¢Gy/cm? for stan-
dard radiographs and EOS®, respectively [30]. Over their life-
time, patients with osteoporosis and VF are repeatedly ex-
posed to conventional radiographs, for follow-up. Indeed, a
proportion of incident VFs can occur in these patients [31] and
are an indication to change of treatment. On the other hand,
back pain from other causes has a high prevalence in this
population. Thus, the balance between the importance of im-
aging the spine for making an appropriate decision on treat-
ment (if there is a VF), and the concern over unnecessary
radiation (if pain is related to degenerative changes) is a re-
maining question [11]. EOS® imaging is a convenient tech-
nique in this matter.

Our study has limitations. It was a cross-sectional analysis
and our conclusions can apply only for the diagnosis of prev-
alent fractures. Our department is situated in a tertiary care
setting, explaining the high prevalence of vertebral fractures;
in our cohort; the results may be different in patients with
different characteristics. We found a good interobserver agree-
ment between readers for the diagnosis of VF using EOS®
recognizing that we did not assess the intraobserver reproduc-
ibility. We did not use the most recent generation of DXA
device and we cannot eliminate the hypothesis that the recent
generation of densitometers might have compared more favor-
ably to the EOS®. We assessed scoliosis based on rotation of
the spinous process; we did not use methods based on
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quantification of angles (as Cobb’s), and thus we cannot an-
ticipate how different methods of assessment could change
our results.

In conclusion, this study shows that EOS® has a good
diagnostic value for the diagnosis of VF. Other studies are
necessary to assess the evidence that the use of EOS® can
improve the osteoporotic patient’s management.
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