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Abstract
Summary X-ray, CTand DXA enable diagnosis of vertebral deformities. For this study, level of agreement of vertebral deformity
diagnosis was analysed. We showed that especially on subject level, these imaging techniques could be used for opportunistic
screening of vertebral deformities in COPD patients.
Introduction X-ray and CT are frequently used for pulmonary evaluation in patients with chronic obstructive pulmonary disease
(COPD) and also enable to diagnose vertebral deformities together with dual-energyX-ray absorptiometry (DXA) imaging. The aim
of this research was to study the level of agreement of these imagingmodalities for diagnosis of vertebral deformities from T4 to L1.
Methods Eighty-seven subjects (mean age of 65; 50 males; 57 COPD patients) who had X-ray, chest CT (CCT) and DXAwere
included. Evaluable vertebrae were scored twice using SpineAnalyzer™ software. ICCs and kappas were calculated to examine
intra-observer variability. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and area under
the receiver operating characteristic curve (AUROC) were calculated to compare vertebral deformities diagnosed on the different
imaging modalities.
Results ICCs for height measurements were excellent (> 0.94). Kappas were good to excellent (0.64–0.77). At vertebral level, the
AUROC was 0.85 for CCT vs. X-ray, 0.74 for DXA vs. X-ray and 0.77 for DXA vs. CCT. Sensitivity (51%–73%) and PPV
(57%–70%) were fair to good; specificity and NPV were excellent (≥ 96%). At subject level, the AUROC values were
comparable.
Conclusions Reproducibility of height measurements of vertebrae is excellent with all three imaging modalities. On subject level,
diagnostic performance of CT (PPV 79–82%; NPV 90–93%), and to a slightly lesser extend of DXA (PPV 73–77%; NPV 80–
89%), indicates that these imaging techniques could be used for opportunistic screening of vertebral deformities in COPD
patients.
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Introduction

There is an increasing awareness of the risk of vertebral frac-
tures (VFs) in patients with chronic obstructive pulmonary
disease (COPD); nevertheless, COPD-associated osteoporosis
is largely undertreated [1].

The reported prevalence of VFs in elderly subjects varies
from 5.0% up to 17.8% [2–4], depending on factors such as
age, sex and race. Among patients with COPD, the prevalence
of VFs is even higher, ranging from 26.8% up to 79.4%
[5–10].

Presence of VFs is associated with increased morbid-
ity, such as back pain, height loss [11], change in posture
[12, 13], increased risk for subsequent non-vertebral
[14–17] and vertebral [15, 17, 18] fractures and mortality
[19, 20]. Presence of VFs is also associated with respi-
ratory function in COPD patients [1, 10] as well as in
patients without known lung diseases [21]. More specif-
ically, Watanabe et al. found an association between the
presence of VFs and the ratio between forced expiratory
volume in 1 s and forced vital capacity (FEV1/FVC) and
between VF severity and FVC [10] in patients with
COPD.

Even though VFs occur in a substantial proportion of the
elderly population, they are often undiagnosed [22] due to the
absence of high impact trauma and lack of typical signs and
symptoms of an acute fracture.

Chest X-ray and computed tomography (CCT) of the
chest are regularly performed in clinical practice for
pulmonary evaluation in COPD patients. Vertebral de-
formities can be diagnosed on X-ray and CCT images
and also on lateral dual-energy X-ray absorptiometry
(DXA) images. In clinical practice, these three imaging
techniques are often applied in COPD patients, but ra-
diological reports on diagnosed deformities may not al-
ways be congruent [23–26].

Comparisons between imaging modalities found in
literature mostly concern DXA and X-ray images. In a
systematic review, Lee et al. [26] concluded that in
general, sensitivity is modest and specificity is high
when comparing deformities on DXA to X-ray. Takada
et al. compared deformities on CT lateral scout views to
X-ray [24] and showed good agreement in the total
thoracolumbar area (T4-L4), with best agreement in
the lumbar part of the spine (L1-L4).

Data about the comparison of vertebral deformities
on DXA and X-ray are sparse, and to our knowledge,
there is no study yet regarding the number and severity
of vertebral deformities when comparing the three im-
aging modalities.

Therefore, the aim of this research was to study the level of
agreement of these imaging modalities for diagnosis of verte-
bral deformities from T4 to L1.

Methodology

Subjects

For this study, we used data of subjects included in a clinical
trial related to osteoporosis in COPD patients (NCT01067248)
at the Catharina Hospital (Eindhoven, the Netherlands) be-
tween February 2010 and September 2011 (approved by med-
ical ethical committee of the Catharina hospital, M09-1971).
The purpose clinical trial was to investigate the pathophysio-
logic mechanism of osteoporosis in COPD [27].

Details of the clinical trial as well as inclusion and exclu-
sion criteria were described elsewhere [27]. In short,
Caucasian males and postmenopausal females aged 50 years
or older with moderate to very severe COPD (classified ac-
cording to the Global Initiative for Chronic Obstructive
Pulmonary disease, GOLD [28]), with either osteoporosis or
normal BMD (based on lowest T-score of the lumbar spine
(L1-L4), femoral neck and total hip), and either with or with-
out vertebral deformities were included, as well as age-
matched subjects without COPD.

For the purpose of this study, only subjects with complete
availability of an X-ray, a CCT and a DXAwith lateral imag-
ing of the spine were included for this study.

Imaging

Lateral X-ray images of the thoracic spine (the current gold
standard for assessment of vertebral deformities according to
the Dutch guidelines [29]) were obtained by digital radiogra-
phy (exposure at 125 kV; Digital Diagnost, Philips Health
Care, Eindhoven, the Netherlands).

Lateral DXA images of the spine were obtained using a
Hologic Discovery A (S/N83295) DXA scanner (Hologic,
Tromp Medical Engineer ing BV, Castr icum, the
Netherlands). Both X-ray and DXA images were digitally
available as Dicom files.

CCT scans of the chest were obtained using either a Philips
Brilliance 64 (slice thickness 1 or 0.625) or a Philips iCT 256
scanner (slice thickness 1.25) (both 120 kVp, 350-mm field of
view; Philips Health Care, Eindhoven, the Netherlands). To
combine information of the sagittal reformats and to mimic
the visualisation of the vertebrae on X-ray and DXA, all sag-
ittal reformats containing the spine were superposed into one
image: contrast was adjusted in the reformats to (partly) elim-
inate soft tissue, after which the sagittal reformats were super-
posed to create simulated X-ray images based on CCT using
Matlab version R2013a (MathWorks®).

Vertebral deformity assessment

For morphometric assessment of height loss at posterior,
middle and anterior site, SpineAnalyzer™ software
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(Optasia Medical, Cheadle, UK) was used. This software
semi-automatically detects the vertebral shape (height
and deformation) on lateral X-ray [30] or DXA [31] im-
ages based on user indicated points centred in the verte-
brae. Details about the methodology were described else-
where [30, 31]. All of the automatically detected points
of the six-point morphometry were manually checked
and adjusted if necessary, to make sure the height mea-
surements were in accordance with human interpretation
of the image (i.e. no diagnosis of vertebral deformities
due to fusion of adjacent vertebrae or Schmorl’s nodes).
Vertebrae that were not evaluable because of anomalies
or other deformities were not included in the analyses.
Since deformations were scored based on height mea-
surements and not all qualitative features of morphology
were taken into account while grading the deformations,
we measured vertebral deformities rather than vertebral
fractures.

Based on the measured amount of height loss, the vertebrae
were scored according to the cut-off values for vertebral
height loss according to the method initially described by
Genant et al. [32] as no deformity (height loss < 20%: grade
0), mild deformity (20% ≤ height loss < 25%: grade 1), mod-
erate deformity (25% ≤ height loss < 40%: grade 2) or severe
deformity (height loss > 40%: grade 3).

Outcome measures automatical ly generated by
SpineAnalyzer were absolute height (at posterior, middle
and anterior site), deformity in percentage (wedge, biconcave,
crush) and deformity grade (0–3).

For all image modalities (X-ray, CCT and DXA), ver-
tebrae between T4 and L1 were evaluated by one experi-
enced operator (MvD). The operator was trained to apply
SpineAnalyzer software by a medical consultant of the
software company. All images from one modality were
assessed in random order. If all images from one modality
were scored, the next modality was scored, again in ran-
dom order. The second round of evaluation took place
with at least 6 weeks in between repeated measures to
exclude the change of a recall bias of the previous evalu-
ation round.

To compare the number and severity of vertebral deformi-
ties on different image modalities, average heights at the pos-
terior, middle and anterior site were calculated based on the
two evaluation rounds. Based on the calculated average
heights, deformity in percentage was calculated, resulting in
deformity grades (0–3).

After scoring of the individual imaging modalities, the
images were compared between modalities to cross-check
vertebral levels. In case of discrepancy, a correction was
made in vertebral levels based on anatomical landmarks
visible in both images, in order to make sure the levels of
vertebrae were matched when comparing the different im-
aging modalities.

Statistics

Since SpineAnalyzer was validated for X-ray and DXA im-
ages, but not yet for CCT-based images, we calculated
intraclass correlation coefficients (ICC; two-way random, ab-
solute agreement, single rater) for absolute height measure-
ments (posterior, middle and anterior) for all three imaging
modalities. Kappa was calculated for diagnosing a vertebral
deformity regardless of grade (grade 1–3) or deformity grade
2–3. Kappa and ICC values were interpreted according to
Cicchetti et al. [33]: below 0.40, the level of clinical signifi-
cance was poor; between 0.40 and 0.59, it was fair; between
0.60 and 0.74, it was good; and equal to or above 0.75, it was
excellent.

For comparison of vertebral deformities diagnosed on ver-
tebral level between the three imaging modalities, lateral X-
ray images were used as gold standard. Sensitivity, specificity,
positive predictive value (PPV) and negative predictive value
(NPV) were calculated for diagnosing a vertebral deformity
regardless of deformity grade, as well as for deformity grades
2 or higher. Furthermore, we calculated sensitivity, specificity,
PPV, NPV of diagnosing a deformity on DXA compared to
CCT.

In addition, we also calculated the area under the receiver
operating characteristic curve (AUROC) to determine how
well vertebral deformities can be diagnosed with CCT
(compared to X-ray) and DXA (compared to X-ray and
CCT). The AUROC was interpreted as a fail for values be-
tween 0.50 and 0.60; poor between 0.61 and 0.70; fair be-
tween 0.71 and 0.80; good between 0.81 and 0.90; and excel-
lent if the value was above 0.90.

For comparison between the three imaging modalities
on subject level, each of the images was scored as a ver-
tebral deformity grades 0, 1, 2 or 3 according to the ver-
tebrae with the highest deformity-grade visible between
T4 and L1. If not all vertebrae between T4 and L1 were
clearly evaluable, images were scored according to the
vertebrae that were evaluable, i.e. the number of vertebrae
evaluated per subject was not necessarily equal between
imaging modalities.

All statistical analyses were performed in SPSS 24 (IBM)
and MS Excel 2010.

Results

In the original study, 102 subjects were included (67 with
and 35 without COPD; 48 with osteoporosis and 54 normal
BMD; mean age of 65; 58 males and 44 females). Of
those, 87 had complete assessment of X-ray, CCT and
DXA of sufficient quality for height measurement of the
vertebrae. Characteristics of these 87 included subjects are
given in Table 1.
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X-ray and CCTweremade on the same day. The mean time
interval with DXA was 157.6 days (standard deviation
166.6 days).

When scoring all vertebrae from T4 to L1, there were
766 vertebrae (88% of total) identified for height mea-
surements on X-ray images, 787 (90%) on CCT and 718
(83%) on DXA. There were 593 (68.2%) vertebrae
evaluable with all three imaging modalities, of which 50
(8.4%) showed a vertebral deformities grade 1–3 accord-
ing to X-ray, 53 (8.9%) according to CCT and 45 (7.6%)
according to DXA.

The distribution of deformities was not equal among ver-
tebrae. By any method, most vertebral deformities were found
in the mid-thoracic (T7/T8) and the thoracolumbar (T11/T12)
area (Fig. 1). An example of vertebral deformities diagnosed
on the three different imaging modalities can be found in the
online supplementary material.

Intra-rater reliability on three different imaging
techniques

ICCs showed excellent reproducibility of absolute height
measurements for all three techniques (ICC > 0.94; Table 2).
Kappas for diagnosing a vertebral deformity grade 1–3 or
deformity grade 2–3 at vertebral level were good and even
excellent for diagnosing deformity grade 2–3 on CCT
(Table 3).

Agreement between X-ray, CCT and DXA at vertebral
level

There were 725 matching vertebrae identified between T4 and
L1 to compare between CCT and X-ray, 631 vertebrae for
DXA and X-ray and 640 for DXA and CCT (Table 4).

Sensitivity of diagnosing a vertebral deformity regard-
less of grade (grade 1–3) was 73% for CCT compared to

X-ray, 51% for DXA compared to X-ray and 57% for
DXA compared to CCT. For diagnosing moderate or se-
vere deformities (grade 2–3), sensitivity was to 72, 44 and
42% resp.

PPV for vertebral deformities regardless of grade (grade 1–
3) was 70% for CCT compared to X-ray, 57% for DXA com-
pared to X-ray and 69% for DXA compared to CCT. PPVwas
78, 65 and 61% resp. when looking at grade 2–3 deformities
only.

Specificity and NPV were ≥ 97% for all comparisons, for
diagnosing deformity grade 1–3 as well as grade 2–3.

The AUROC values were good for CCT compared to X-
ray (0.85–0.86) and fair for DXA compared to X-ray (0.72–
0.74) or to CCT (0.71–0.77) (Table 4).

Agreement between X-ray, CCT and DXA at subject
level

At subject level, sensitivity of diagnosing subjects with a ver-
tebral deformity grade 1–3 was 86% for CCT compared to X-
ray, 69% for DXA compared to X-ray and 68% for DXA
compared to CCT. Sensitivity was 74, 58 and 59% resp. for
diagnosing vertebral deformity grades 2–3.

PPV was 79% for CCT compared to X-ray, 77% for DXA
compared to X-ray and 84% for DXA compared to CCT for
all grades of vertebral deformities, and 82, 73 and 67% resp.
for vertebral deformity grades 2–3.

Specificity of diagnosing subjects with a vertebral deformi-
ty grade 1–3 was 85% for CCT compared to X-ray, 87% for
DXA compared to X-ray and 90% for DXA compared to
CCT. Specificity was 96, 94 and 93% resp. for subjects with
vertebral deformity grades 2–3.

NPV was 90% for CCT compared to X-ray, 80% for
DXA compared to X-ray and 79% for DXA compared to
CCT and was 93, 89 and 90% resp. when looking at
vertebral deformity grades 2–3.

Table 1 Characteristics of the
included subjects Characteristics Total (n = 87) Males (n = 50) Females (n = 37)

Age (years) 64.5 (7.1) 66.2 (6.7) 62.3 (7.2)

Height (cm) 170 (10) 175 (8) 163 (7)

Weight (kg) 76.9 (17.6) 82.8 (16.9) 69.0 (15.4)

BMI (kg/m2) 26.5 (5.2) 27.0 (5.2) 25.7 (5.2)

FFMI (kg/m2) 17.3 (2.6) 18.5 (2.4) 15.8 (1.9)

Osteoporosis (yes, n (col%) 40 (46.0) 21 (42.0) 19 (51.4)

COPD (yes, n (col%)) 57 (65.5) 34 (68.0) 23 (62.2)

GOLD 2 (n (col%)) 42 (48.3) 24 (48.0) 18 (48.6)

GOLD 3 (n (col%)) 14 (16.1) 10 (20.0) 4 (10.8)

GOLD 4 (n (col%)) 1 (1.1) 0 (0.0) 1 (2.7)

Values are reported as mean and standard deviation, unless mentioned otherwise

BMI body mass index, FFMI fat-free mass index, COPD chronic obstructive pulmonary disease, GOLD Global
Initiative for Chronic Obstructive Pulmonary Disease, col.% column percentage
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AUROC values were good for CCT compared to X-ray
(0.85) and fair for DXA compared to X-ray (0.76–0.78) or
to CCT (0.76–0.79) (Table 5).

Discussion

This study showed that reproducibility of height measurement
of vertebrae is very good on all three imaging modalities. We
also showed that diagnosis of vertebral deformities on verte-
bral level results in higher sensitivity, PPV, NPVand AUROC
value on CCT than DXA when compared to X-ray, but that
CCT and DXA showed the same level of specificity. Also on

a d

b e

c f

Fig. 1 Vertebrae scored and deformities diagnosed on each image modality per location (T4-L1) in absolute numbers (a–c, maximum = 87) and
percentages (d–f)

Table 2 ICC on dual height measurements (posterior, mid and anterior)

ICC(2,1), single rater

X-ray CCT DXA

Height posterior 0.945 0.957 0.957

Height mid 0.944 0.978 0.964

Height anterior 0.947 0.963 0.959

p < 0.001 for all ICCs
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subject level, sensitivity is higher with CCT than with DXA
compared to X-ray, except for specificity when looking at
vertebral deformity grades 1–3 (85 vs. 87%).

Our reproducibility results for X-ray, CCT and DXA are
similar to the results presented by Kim et al. [23], in which
SpineAnalyzer software was used to measure vertebral defor-
mities on CCT lateral scout views.

In literature, there are several studies comparing ver-
tebral deformities diagnosed on DXA to X-ray, mostly
from T4 to L4, reporting a sensitivity between 57 and
100% and a specificity between 89 and 100% on verte-
bral level [25, 34–41]. We found comparable specificity
(97%) but lower sensitivity (51%) when comparing DXA
to X-ray images from T4 to L1. Also, on subject level,
we found lower sensitivity (69%) but comparable speci-
ficity (87%) compared to other studies (sensitivity 69–
97%, specificity 74–100%) [34, 36–39, 41–44]. One rea-
son could be that most other studies included the lumbar
spine in the analysis, in which vertebral deformities are
less frequent, while we measured T4 to L1. Some studies
pointed out that sensitivity and specificity are not uni-
formly distributed over the spine. In general, sensitivity
is lower in the upper thoracic area [39, 42, 45] due to

lower image quality especially in the upper thoracic
levels, which may also partly explain the lower sensitiv-
ity in our study.

On vertebral level, we found the lowest number of grade 1–
3 vertebral deformities on DXA images (7.6% of all vertebrae
evaluated by all three imaging modalities), followed by X-ray
(8.4%) and most vertebral deformities on CCT images (8.9%).
Because we found more deformities (grade 1–3) on CCT im-
ages, the results suggest that CCT might be a more sensitive
method to diagnose vertebral deformities than the current
gold-standard X-ray.

We found a modest PPV (57–70%) but a very high
NPV (96–97%) on vertebral level. On subject level, di-
agnostic performance of CT (PPV: 79–82%; NPV: 90–
93%) was somewhat better than of DXA (PPV: 73–
77%; NPV: 80–89%) compared to X-ray. This suggests
that CCT and, to a slightly lesser extent, DXA images
made for other medical purposes could be appropriately
used for vertebral deformity screening in clinical prac-
tice, where DXA has the advantage of lower radiation
exposure.

Our study has some limitations.
It should be noted that the subjects in our study popu-

lation were selected for having either normal BMD or
osteoporosis and that a large proportion of this population
had COPD. It is expected that COPD patients (65.5% of
our study population) and subjects with osteoporosis
(46%) have a higher prevalence of vertebral deformities
than healthy subjects. Prevalence of a condition (vertebral
deformities) does influence PPV and NPV, so our results
can only be applied to populations with a similar preva-
lence of vertebral deformities. However, in populations
with high prevalence of vertebral deformities, looking
for vertebral deformities on medical images made for

Table 4 Sensitivity, specificity, PPV, NPVand AUROC of diagnosing a vertebral deformity regardless of grade (grade 1–3) on vertebral level and of
diagnosing a vertebral deformity grade 2 or higher

CCT vs X-ray (n = 725 vertebrae) DXA vs X-ray (n = 631 vertebrae) DXA vs CCT (n = 640 vertebrae)

Diagnosing a
vertebral deformity
grade 1–3 (64 on
CCT; 62 on X-ray)

Diagnosing a
vertebral deformity
grade 2–3 (27 on
CCT; 29 on X-ray)

Diagnosing a
vertebral deformity
grade 1–3 (46 on
DXA; 51 on X-ray)

Diagnosing a
vertebral deformity
grade 2–3 (17 on
DXA; 25 on X-ray)

Diagnosing a
vertebral deformity
grade 1–3 (49 on
DXA; 60 on CCT)

Diagnosing a
vertebral deformity
grade 2–3 (18 on
DXA; 26 on CCT)

Sensitivity 73% 72% 51% 44% 57% 42%

Specificity 97% 99% 97% 99% 97% 99%

PPV 70% 78% 57% 65% 69% 61%

NPV 97% 99% 96% 98% 96% 98%

AUROC 0.85 0.86 0.74 0.72 0.77 0.71

95%CI (AR) [0.78; 0.92] [0.76; 0.96] [0.65; 0.83] [0.59; 0.84] [0.69; 0.85] [0.58; 0.83]

p value (AR) < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

PPV positive predictive value, NPV negative predictive value, AUROC area under the receiver operating characteristic curve, 95%CI (AR) 95%
confidence interval of the AUROC; p value (AR) p value of the AUROC

Table 3 Agreement on vertebral deformity score when scoring an
image twice

Kappa vertebral
deformity grades 1–3

Kappa vertebral
deformity grades 2–3

X-ray (n = 776) 0.636 0.664

CCT (n = 796) 0.713 0.772

DXA (n = 758) 0.699 0.628

p < 0.001 for all kappas
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other indications is probably of more interest than in low-
risk patient groups.

Since DXA scans were performed later than X-ray and
CCT, with an average time interval of 157 ± 166.6 days, this
could have influenced our results, due to (new) vertebral de-
formities that may occur within 1 year, especially if subjects
already have vertebral deformities [18].

After recalculation of results with exclusion of 32 resp. 19
subjects with a DXA delay of more than 6 resp. 12 months, no
differences were found (data not shown). Therefore, we have
no reason to believe that the time interval between DXA and
the other two imaging modalities may have influenced sensi-
tivity, specificity, PPV, NPVand AUROC for DXA.

Another limitation is the difference between vertebral frac-
tures and vertebral deformities. When diagnosing vertebral
fractures in clinical practice, qualitative features of morphol-
ogy and medical context should be taken into account. We
scored the vertebral deformities based on height measure-
ments using SpineAnalyzer, and although we avoided mis-
classification of deformities due to fusion of adjacent verte-
brae or Schmorl’s nodes, we have not taken all qualitative
features of morphology and medical context into account.
Therefore, we cannot be entirely sure we measured fractures
exclusively and no deformations due to degenerative
remodelling.

Our main focus of interest was the influence of the dif-
ferent imaging modalities on visualisation of deformations,
and therefore, we have chosen to measure deformities rather
than only fractures. Whether a mild deformity on an image
in clinical setting is an osteoporotic fracture or a deformity
of other nature (such as degenerative deformation) should be
evaluated by the treating physician, who is familiar with the
clinical context.

Lastly, it should be noted that we only investigated verte-
brae from T4 to L1. In X-ray and CCT images made for
pulmonary evaluation, often only the thoracic vertebrae and
possibly L1 are visible and therefore our findings cannot be
applied to the lumbar spine.

Conclusion

This study showed that reproducibility of height measurement
of vertebrae is excellent with all three imaging modalities. On
vertebral level, the NPV is very high but PPV is lower, espe-
cially for DXA. On subject level, diagnostic performance of
CT (PPV 79–82%; NPV 90–93%), and to a slightly lesser
extend of DXA (PPV 73–77%; NPV 80–89%), indicates that
these imaging techniques could be used for opportunistic
screening for vertebral deformities in patients with COPD.
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