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Abstract
Summary We evaluated the value of VFA in the identification
of vertebral fractures using a retrospective study and a meta-
analysis. Performance of VFA was adequate in the meta-
analysis although this was not demonstrated in our centre.
We recommend checking the performance of VFA tools be-
fore exclusively relying on this tool.
Introduction Vertebral fractures are traditionally diagnosed
using conventional radiographs of the spine. Vertebral fracture
assessment (VFA) has been advocated as an alternative tool in
the diagnosis of these fractures.
Methods We conducted a retrospective study as well as a sys-
tematic review and a meta-analysis to evaluate the perfor-
mance of VFA compared to conventional spinal radiography
in patients who had sustained a fracture and thus at risk for
osteoporosis. A risk of bias analysis was also performed.
Results The diagnostic study included 542 patients (25%
male) with fractures. The sensitivity of low-radiation VFA to
detect a patient with a vertebral fracture ≥ Genant grade 2 was

0.77 and its specificity 0.80. Two hundred ninety-seven (55%)
patients had ≥1 and 135(25%) ≥3 unevaluable vertebrae. The
systematic review identified 16 studies including a total of
3238 subjects (19% male) with a mean age range of 45 to
74 years. Seven studies had a low risk of bias and 9 had an
intermediate risk, mainly due to not consecutively including
patients. The pooled sensitivity of VFA to detect a patient with
a vertebral fracture ≥Genant grade 2 was 0.84 (95% CI, 0.72–
0.92) and specificity 0.90 (95% CI, 0.84–0.94).
Conclusions Our findings from the meta-analysis suggest an
adequate performance of VFA for the detection of vertebral
fractures. However, we could not demonstrate these findings
in our center, especially the specificity. Our data advocate
caution with exclusively relying on VFA in the assessment
of vertebral fractures without identifying performance and po-
tential limitations of the technique.

Keywords Sensitivity . Spinal radiography . Vertebral
fracture . Vertebral fracture assessment . X-rays

Introduction

Vertebral fractures are associated with increased mortality and
morbidity and decreased quality of life, and the incidence of these
fractures increases with age [1–4]. The prevalence and grade of
severity of vertebral fractures have also been shown to be pre-
dictive for the risk of new vertebral and non-vertebral fractures,
independently of bone mineral density (BMD) measurements
[5–7]. However, vertebral fractures remain often underdiagnosed
despite their clear value in the assessment of fracture risk [8, 9].
Conventional spine radiography is traditionally used in the eval-
uation of vertebral fractures and is considered to be the Bgold
standard^ for detection of these fractures and their grading using
the semi-quantitative method of Genant [10]. Vertebral fracture
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assessment (VFA) is performed using images obtained by bone
densitometers in the same session as bone mineral density mea-
surements are performed to screen for osteoporosis. The VFA
technique enables the acquisition of a patient-friendly alternative
to conventional radiographs for the assessment of vertebral frac-
tures in a one-stop diagnostic test [11]. Other advantages of VFA
include lower radiation exposure and possibly lower costs. On
the basis of available data, VFA has indeed already been incor-
porated in a number of clinical guidelines replacing conventional
radiography for the assessment of prevalent vertebral fractures
and thus for the risk of fracture [12, 13].

However, the advantage of lower-radiation doses used in
certain bone densitometry scanners are associated with the
drawback of poor image quality and thus of potential poor
visualization of the contours of the vertebrae, which could
lead to misclassification of fractures or the ascertaining of a
vertebra as non-evaluable leading to an inaccurate estimation
of fracture risk. A standard protocol or technique for
performing VFA has never actually been developed, and the
majority of published studies compare the performance of
VFA to that of conventional spine radiographs mostly in di-
verse patient populations, often consisting of small numbers
and mostly using different hardware and radiation protocols.

The aims of our study were twofold: first to evaluate the
performance of VFA compared to conventional spine radiogra-
phy in our fracture liaison service (FLS) to assess whether we
could replace conventional radiographs by VFA in the diagno-
sis of vertebral fractures in patients evaluated for osteoporosis
after a recent fracture. Second, to systematically review all pub-
lished literature on the performance of VFA compared to con-
ventional spine radiography in patients evaluated for suspected
osteoporosis and to perform a meta-analysis on these data.

Methods

Vertebral fracture assessment: VFA compared
to conventional radiography

Study design

This was a retrospective study evaluating the performance of
low-radiation single energy x-ray absorptiometry VFA for the
detection of vertebral fractures compared to conventional ra-
diography of the spine, in a cohort of consecutive men and
women aged 50 years or older who had sustained a fracture
between June 2012 and June 2014 and who were assessed for
osteoporosis according to screening protocols used in the FLS
of the Leiden University Medical Center [14]. In these proto-
cols, all patients attending the FLS are screened, diagnosed
and treated for osteoporosis where required and data collected
at source in a database. Because of the nature of the study, the

Medical Ethics Committee of the Leiden University Medical
Center deemed that no written informed consent was required.

For the purpose of this analysis, only patients with available
data on both VFA and conventional radiography were included
in the study. The following data were retrieved from the data-
base: age, gender, height, weight, a detailed fracture history,
family history of osteoporosis, a list of current medication and
history of use of bone modifying agents were obtained.

Bone mineral density measurements

Bone mineral density was measured at the lumbar spine (L1–
L4) and at the left and right femoral neck by dual-energy X-
ray absorptiometry (DXA) using Hologic QDR 4500
(Hologic, Bedford, MA, USA). NHANES III reference values
compatible with reference values for the Dutch population
were used to calculate Tscores. The diagnosis of osteoporosis,
osteopenia or normal BMD was established using the World
Health Organization criteria.

Vertebral fracture assessment

In addition to the BMD measurements, single-energy x-ray lat-
eral VFA images of the spine (T4-L4) were obtained by a ded-
icated technician with the patient lying in supine position and a
cushion supporting the knees. The effective radiation dose of a
VFA scan received by the patient is typically 3 microSievert.

Conventional radiography of the spine

Antero-posterior (thoracic spine), postero-anterior (lumbar
spine) and lateral conventional radiographs of the thoracic
and lumbar spine were performed by a radiology technician
using a standardized protocol, with the detector centralized on
Th7 for the thoracic spine and on L3 for the lumbar spine.

Assessment of vertebral fractures using VFA and conventional
radiography of the spine

The presence of vertebral fractures was assessed on VFA im-
ages using Hologic QDR Physician Viewer software. The
software generates six points on each vertebral endplate which
were then manually adjusted by a dedicated technician as
required. In the majority of vertebrae (more than 90%), man-
ual adjustment of the automatically placed points had to be
performed by a trained laboratory technician. Anterior, middle
and posterior corporal heights were calculated automatically.
Following this quantitative evaluation, the software further
used the criteria for the classification of vertebral fractures as
described by Genant [10]. Analyses were performed on a per-
person basis. Avertebral fracture was defined as Genant grade
2 or more. All routinely generated reports of conventional
radiographs performed as part of the protocol used in the
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FLS were retrieved from the patient’s electronic medical re-
cords. In addition, one of the authors (F.M.) further assessed
all radiographs for the presence and grading of vertebral frac-
tures. Both observers were blinded to the VFA findings.
Vertebral fractures were classified according to Genant grad-
ing system: grade 1 for an anterior, mid or posterior reduction
of 20–25% in vertebral height; grade 2 for a reduction of 25–
40% and grade 3 for a reduction of more than 40% in vertebral
height. In case of disagreement between radiology reports and
evaluation from (F.M.), spine radiographs were evaluated by
an experienced musculoskeletal radiologist (H.K.), whose
evaluation was decisive and used in the analysis. In addition,
a randomly selected sample of 20% of the remaining patients
was also evaluated by (H.K.) in order to validate the classifi-
cation of vertebral fractures based on the combined report of
the FLS charts and (F.M.), which yielded a kappa of 0.82.

Systematic review of literature

Search strategy

We designed a search strategy in collaboration with a trained
librarian for studies that primarily focussed on the diagnostic
accuracy of VFA compared to conventional radiographs of the
spine in the diagnosis and grading of vertebral fractures in
patients at risk for osteoporosis. The search was conducted
in PubMed, MEDLINE, EMBASE and Web of Science and
included all published articles on the topic up to June 10,
2016. All relevant keywords were used, including free text
words. The complete search strategy is provided as
Supplemental Data.

Eligibility criteria and data extraction

Only original articles written in English were included.
Inclusion criteria were (1) comparison between VFA and
spine radiographs performed for the diagnosis of vertebral
fractures with reported data on sensitivity and specificity, (2)
suspicion of osteoporosis as indication for the assessment of
vertebral fractures, (3) use of the Genant’s or ABQ’s method
to assess the presence of vertebral fractures in radiography and
(4) patients aged ≥18 years. Studies that reported patients with
diseases of the spine such as ankylosing spondylitis or patients
recruited from the general population were not eligible.

Articles were assessed by two independent investigators
(F.M. and N.M.A-D), first by screening for eligibility for in-
clusion in the analysis by title and abstract. Selected articles
were further assessed in detail. Disagreements were resolved
by consensus.

The following data were extracted from all selected publica-
tions: number of patients studied, age and gender distribution,
hardware used for VFA and DXA, study inclusion criteria,

method of assessment of vertebral fractures, prevalence of ver-
tebral fractures and sensitivity and specificity of VFA.

Risk of bias assessment

The following characteristics of the study design were evalu-
ated for each published study used in the review to assess the
risk of bias:

1. Inclusion of patients; were consecutive patients who had
conventional spine radiographs included in the study or
were only selected patients included? Inclusion of consec-
utive patients was considered a low risk of bias.

2. Definition of vertebral fractures used in the study. Analysis
of data using a definition of Genant 2 or higher for vertebral
fractures was considered a low risk of bias [10].

3. Clear and adequate description of method used to assess
vertebral fractures in VFA and conventional radiography
of the spine. Complete description of methodology for the
assessment of vertebral fractures was considered a low-
risk of bias.

4. Blinding of the examiner who examined VFA for the
outcome of the spine radiographs. Blinded assessment
was considered a low risk of bias.

For each of the four elements named above, studies were
qualified as adequate, inadequate or not reported.

Statistical analysis

The performance of VFA was calculated using conventional
radiography as reference, sensitivity was estimated by the
number of true-positive vertebral fractures divided by the
number of vertebral fractures identified by conventional radio-
graphs, and specificity was calculated by the number of true-
negative vertebral fractures divided by the number of intact
vertebrae observed on conventional radiographs. The main
outcome of the meta-analysis was the pooled sensitivity and
specificity of VFA. Conventional radiographs of the spine
were used as the gold standard. The meta-analysis was based
on a random effects model and a bivariate approach, and sen-
sitivity and specificity were estimated both per vertebra and
per person. Heterogeneity was assumed and explored as rec-
ommended by Leeflang et al. [15].

Results

Vertebral fracture assessment: VFA compared
to conventional radiography

Five hundred and forty-two patients [137 (25%) men and 405
(75%) women] were included in the study. Mean age of the
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population was 67.5 ± 10.1 years (range 50.0–92.8), mean
BMI was 26.1 ± 4.3 kg/m2 and median time between fracture
and FLS visit was 2.3 months. Fifty patients (9%) had
sustained a fracture of the hip, 25 (5%) of the vertebrae, 188
(35%) of the distal radius, 58 (11%) of the proximal humerus
and 61 (11%) of the ankle. The majority of patients had
osteopenia (n = 319, 59%), 163 (30%) had osteoporosis and
60 (11%) had a normal bone mineral density (Table 1). On
low-radiation VFA, 184 (34%) patients had at least one grade
2 or higher vertebral fracture, of which 47 had a Genant grade
3 vertebral fracture. These were 56 men and 128 women with
a mean age of 71.4 ± 10.3 years. One hundred and six (58%)
patients had osteopenia, 64 (35%) osteoporosis and 14 (8%)
had a normal BMD.

Conventional radiographs of the spine identified 132
(24%) patients with ≥one grade 2 or higher vertebral fracture,
of which 47 had a Genant grade 3 vertebral fracture. VFA
correctly identified 102 of the 132 patients with a ≥grade 2
vertebral fracture, corresponding to a sensitivity of 0.77 (95%
CI, 0.70–0.84). Of the 30 patients who were missed on VFA,
17 had ≥1 vertebrae that could not be evaluated by VFA. Of
these patients, three had a radiological fracture on their radio-
graphs at a vertebral level that could not be evaluated by VFA,
and were thus missed. Of the 410 patients without a vertebral
fracture on spinal radiographs, 328 were also found not to
have a vertebral fracture on VFA corresponding to a specific-
ity of 0.80 (0.76–0.84) (Table 2). Interestingly, 297 (55%)
patients had ≥1 vertebrae that could not be evaluated by
VFA and 135 (25%) patients had 3 or more unevaluable ver-
tebrae (Fig. 1).

The vertebrae that could not be evaluated by VFA or the
patients that were misclassified by VFAwere independent of
the type of the recently sustained fracture or of the time be-
tween the recent fracture and the FLS visit.

Search strategy

The search strategy for the systematic review of the literature
yielded 694 articles (201 from PubMed, 167 fromMEDLINE,
203 from Embase and 123 from Web of Science). Two hun-
dred seventy studies were unique and potentially relevant and
were further assessed for eligibility. Two hundred forty-one
studies were excluded on the basis of title and abstract, 14
were review papers and 1 was a Position Paper; 2 studies were
performed in a paediatric population, 1 study was written in
French and 1 study could not be obtained. Twenty-nine stud-
ies were acquired for full assessment. Of these, 4 were exclud-
ed because there was no comparison between VFA and con-
ventional radiography, 2 studies did not report performance
parameters, 3 studies included patients with a rheumatologic
disorder, 1 study included patients from the general popula-
tion and 1 study was an autopsy study (Fig. 2).

Eighteen articles met all specified inclusion criteria, two of
which reported on related study populations. A total of 16
studies were thus included in the final analysis. Two of these
16 studies included two different populations, namely patients
at high and low risk for osteoporosis and/or fractures [16, 17].
In keeping with our inclusion criteria, patients recruited from
the general population and thus at low risk for osteoporosis
were excluded from the analysis (n = 582).

Study characteristics

A total number of 3238 subjects were included in the analysis,
the vast majority of whomwere women (n = 2626). The num-
ber of subjects per study ranged from 35 [18] to 930 [19]
subjects. Mean age of the studied populations ranged from
45 to 74 years. The youngest included patient was 23 years
old [20] and the oldest 96 years old [21]. There were seven
studies that included both female and male subjects [18, 20,
22–26]. One study included bothmale and female subjects but
did not specify the exact gender distribution of subjects who

Table 1 Patient characteristics

Age (years) 67.5 ± 10.1

Male/female 137/405

BMI (kg/m2) 26.1 ± 4.3

Time between fracture and VFA (months) 2.3 ± 0.08

Type of fracturea

Vertebra 25 (5%)

Hip 50 (9%)

Proximal humerus 58 (11%)

Ankle 61 (11%)

Distal radius 188 (35%)

DXA-BMD

Normal 60 (11%)

Osteopenia 319 (59%)

Osteoporosis 163 (30%)

Values are expressed as mean ± SD, except for time between fracture and
VFA

BMI bodymass index, kg/m2 kilogramme per square meter,VFAvertebral
fracture assessment, DXA-BMD bone mineral density measurement
a Fracture for which the patients was referred to FLS

Table 2 Outcome of VFA compared to conventional spine radiography
for the detection of vertebral fractures ≥grade 2

Radiography of the spine

VFA Vertebral fracture No vertebral fracture

Vertebral fracture 102 82

No vertebral fracture 30 328

Total 132 410

VFA vertebral fracture assessment
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had conventional spinal radiography in addition to VFA [25]
(Table 3).

All studies included subjects recruited from outpatient
clinics, and two studies additionally included patients admit-
ted with a recent vertebral fracture [27] or hip fracture [17].
One study solely included patients with radiological evidence
of osteoporotic vertebral fractures [16]. Two studies used data
on VFA and conventional radiography originally collected for
another study [23, 28], one used data from osteoporosis treat-
ment studies and one from an HIV-related osteoporosis study.
Three studies reported the inclusion of patients who had re-
cently sustained a fracture [17, 24, 27].

Twelve of the 16 studies used Hologic hardware and five
used GE Lunar hardware to acquire VFA scans, with one of
the 16 studies acquiring VFA images with either Hologic or
GE Lunar technology [29].

Prevalence of vertebral fractures on conventional spine
radiography

The prevalence of vertebral fractures ≥grade 1 ranged from
1.8 [22] to 39% [18]; the prevalence of patients with a verte-
bral fracture ≥grade 1 ranged from 6.9 [30] to 100% [16].

Fig. 2 Flowchart of selection of
articles for systematic review and
meta-analysis. VFA vertebral
fracture assessment

Th4 Th5 Th6 Th7 Th8 Th9 Th10 Th11 Th12 L1 L2 L3 L40

100

200

300

N
um

be
r

of
pa

tie
nt

sw
ith

un
ev

al
ua

bl
e

ve
rt

eb
ra

e

TH4 TH5 TH6 TH7 TH8 TH9 TH10 TH11 TH12 L1 L2 L3 L4

278 187 126 85 53 31 21 8 2 2 1 2 11

51% 35% 23% 16% 10% 6% 4% 2% 0.4% 0.4% 0.2% 0.4% 2%

Fig. 1 Number (%) of patients
with vertebrae that could not be
evaluated by VFA

Osteoporos Int (2017) 28:2955–2965 2959



T
ab

le
3

C
ha
ra
ct
er
is
tic
s
of

st
ud
ie
s
in
cl
ud
ed

in
m
et
a-
an
al
ys
is

A
ut
ho
r,
pu
bl
ic
at
io
n
ye
ar

N
um

be
r
of

pa
tie
nt
s
(m

/f
)

A
ge

(r
an
ge
)

H
ar
dw

ar
e

In
cl
us
io
n
cr
ite
ri
a

A
na
ly
si
s

m
et
ho
d

V
F
pr
ev
al
en
ce

(%
)

O
ut
co
m
e
pa
ra
m
et
er
s

(s
en
si
tiv

ity
/s
pe
ci
fi
ci
ty
)

B
az
zo
cc
hi

(2
01
2)

68
(3
8/
30
)

58
.1
(3
2–
83
)

L
un
ar
iD
X
A

Su
sp
ic
io
n
of

os
te
op
or
os
is
,

gl
uc
oc
or
tic
oi
d

tr
ea
tm

en
t,
or
ga
n
tr
an
sp
la
nt
at
io
n)

G
en
an
t

V
er
te
br
a

V
er
te
br
a

≥
gr
ad
e
1
4.
9

≥
gr
ad
e
1
70
.0
98
.3

≥
gr
ad
e
2
1.
8

≥
gr
ad
e
2
53
.8
99
.6

Pe
rs
on

P
er
so
n

≥
gr
ad
e
1
38
.2

≥
gr
ad
e
1
73
.1
90
.5

B
in
kl
ey

(2
00
5)

80
(0
/8
0)

72
.8
(6
1–
84
)

L
un
ar

P
ro
di
gy

PM
w
om

en
pa
rt
ic
ip
at
ed

in
os
te
op
or
os
is
tr
ea
tm

en
t

st
ud
ie
s
or

ha
vi
ng

cl
in
ic
al
B
M
D

m
ea
su
re
m
en
t

G
en
an
t

V
er
te
br
a

V
er
te
br
a

≥
gr
ad
e
1
4.
8

≥
gr
ad
e
1
70

96
≥
gr
ad
e
2
2.
2

≥
gr
ad
e
2
94

99
Pe
rs
on

P
er
so
n

–
–

C
ha
pu
rl
at
(2
00
6)

85
(0
/8
5)

71
(N

R
)

H
ol
og
ic
D
el
ph
i

PM
w
om

en
w
ith

sc
re
en
in
g
B
M
D

m
ea
su
re
m
en
t

or
V
F
on

ra
di
og
ra
ph
y

G
en
an
t

V
er
te
br
a

V
er
te
br
a

≥
gr
ad
e
1
9.
9

≥
gr
ad
e
1
N
R
N
R

Pe
rs
on

P
er
so
n

≥
gr
ad
e1

50
≥
gr
ad
e
1
69

74
D
am

ia
no

(2
00
6)

13
6
(0
/1
36
)

69
.1
(3
7–
96
)

H
ol
og
ic
D
el
ph
iW

PM
w
om

en
w
ith

in
di
ca
tio
n
fo
rs
pi
na
l

ra
di
og
ra
ph
y

in
rh
eu
m
at
ol
og
y
de
pa
rt
m
en
t

G
en
an
t

V
er
te
br
a

V
er
te
br
a

≥
gr
ad
e
1
9

≥
gr
ad
e
1
82
.8
98
.3

≥
gr
ad
e
2
6

≥
gr
ad
e
2
82
.8
99
.3

Pe
rs
on

P
er
so
n

≥
gr
ad
e
1
45
.8

≥
gr
ad
e
1
94
.1
83
.0

D
el
es
ko
g
(2
01
6)

35
(5
/3
0)

67
.5
(N

R
)

H
ol
og
ic
D
is
co
ve
ry

A
Q
D
R

Pa
tie
nt
s
re
fe
rr
ed

fo
r
Fo

rs
te
o

tr
ea
tm

en
t

G
en
an
t

V
er
te
br
a

V
er
te
br
a

≥
gr
ad
e
1
39

≥
gr
ad
e
1
76

87
≥
gr
ad
e
2
29

≥
gr
ad
e
2
72

92
Pe
rs
on

P
er
so
n

–
–

D
ia
ci
nt
i(
20
12
)

35
0
(8
1/
26
9)

60
.6
(2
8–
85
)

L
un
ar

iD
X
A

Pa
tie
nt
s
re
fe
rr
ed

by
G
P
fo
r

os
te
op
or
os
is
an
d

fr
om

a
st
ud
y
of

H
IV
-r
el
at
ed

os
te
-

op
or
os
is

G
en
an
t

V
er
te
br
a

V
er
te
br
a

≥
gr
ad
e
1
5.
1

≥
gr
ad
e
1
97
.0
99
.9

Pe
rs
on

P
er
so
n

≥
gr
ad
e
1
36

≥
gr
ad
e
1
96
.8
98
.7

D
ia
ci
nt
i(
20
12
)

93
0
(0
/9
30
)

62
.4
(4
6–
85
)

H
ol
og
ic
Q
D
R
-4
50
0A

PM
w
om

en
re
fe
rr
ed

by
G
P
fo
r

ev
al
ua
tio

n
of

os
te
op
or
os
is

G
en
an
t

V
er
te
br
a

V
er
te
br
a

≥
gr
ad
e
1
3.
7

≥
gr
ad
e
1
97
.9
99
.8

Pe
rs
on

P
er
so
n

≥
gr
ad
e
1
27

≥
gr
ad
e
1
97
.2
98
.9

Fe
rr
ar

(2
00
0)

R
ef

12
3
(0
/1
23
)

O
P
83

(0
/8
3)

R
ef

66
.6
(5
6–
88
)

O
P
70

(4
9–
87
)

H
ol
og
ic
Q
D
R
-4
50
0
A

R
ef
:

PM
w
om

en
fr
om

pr
os
pe
ct
iv
e

po
pu
la
tio

n-
ba
se
d
st
ud
y

O
P:

W
om

en
w
ith

V
F

E
xc
lu
de
d
sc
ol
io
si
s

M
el
to
n

R
ef
:

V
er
te
br
a

≥
gr
ad
e
1
1.
6

Pe
rs
on

– O
P:

V
er
te
br
a

≥
gr
ad
e
1
32

Pe
rs
on

–

R
ef
:

V
er
te
br
a

≥
gr
ad
e
1
54

99
Pe
rs
on

– O
P:

V
er
te
br
a

≥
gr
ad
e
1
72

96
Pe
rs
on

–
Fe
rr
ar

(2
00
8)

L
R
45
9
(4
59
)

H
R
29
8
(0
/2
98
)

L
R
68

(5
5–
79
)

H
R
68

(5
5–
80
)

H
ol
og
ic
Q
D
R
-4
50
0
A

PM
w
om

en
re
cr
ui
te
d
fr
om

G
P

Sh
ef
fi
el
d
ar
m

O
PU

S
PM

w
om

en
at
te
nd
in
g
M
B
C

Sh
ef
fi
el
d

R
ec
en
tl
ow

-t
ra
um

a
fr
ac
tu
re
,V

F,
pr
ed
ni
so
lo
ne

>
5
m
g
fo
r
3
m
on
th
s

A
B
Q

L
R
:

V
er
te
br
a

≥
gr
ad
e
1
2

≥
gr
ad
e
2
N
R

Pe
rs
on

≥
gr
ad
e
1
11

≥
gr
ad
e
2
N
R

H
R
:

V
er
te
br
a

≥
gr
ad
e
1
5

≥
gr
ad
e
2
N
R

Pe
rs
on

L
R
:

V
er
te
br
a

≥
gr
ad
e
1
70
.6
85
.1

≥
gr
ad
e
2
75
.7
99
.9

Pe
rs
on

≥
gr
ad
e
1
71
.2
97
.4

≥
gr
ad
e
2
74
.4
99
.5

H
R
:

V
er
te
br
a

≥
gr
ad
e
1
79
.4
99
.5

≥
gr
ad
e
2
67
.1
99
.5

Pe
rs
on

2960 Osteoporos Int (2017) 28:2955–2965



T
ab

le
3

(c
on
tin

ue
d)

A
ut
ho
r,
pu
bl
ic
at
io
n
ye
ar

N
um

be
r
of

pa
tie
nt
s
(m

/f
)

A
ge

(r
an
ge
)

H
ar
dw

ar
e

In
cl
us
io
n
cr
ite
ri
a

A
na
ly
si
s

m
et
ho
d

V
F
pr
ev
al
en
ce

(%
)

O
ut
co
m
e
pa
ra
m
et
er
s

(s
en
si
tiv

ity
/s
pe
ci
fi
ci
ty
)

≥
gr
ad
e
1
29

≥
gr
ad
e
2
20

≥
gr
ad
e
1
84
.3
96
.8

≥
gr
ad
e
2
85
.7
96
.4

Fu
er
st
(2
00
9)

20
3
4(
0/
20
3)

67
.5
(N

R
)

H
ol
og
ic
D
el
ph
i(
n
=
99
)

L
un
ar

Pr
od
ig
y
(n

=
10
4)

M
ul
tic
en
te
r
in

pa
tie
nt
s
w
ith

os
te
op
or
os
is

G
en
an
t

V
er
te
br
a

≥
gr
ad
e
1
4.
8

≥
gr
ad
e
2
2.
5

Pe
rs
on

≥
gr
ad
e
1
26

≥
gr
ad
e
2
N
R

V
er
te
br
a

≥
gr
ad
e
1
70
–7
3
99
–9
9

≥
gr
ad
e
2
70
–8
6
99
–9
9

Pe
rs
on

≥
gr
ad
e
1
72
–7
3
93
–9
5

≥
gr
ad
e
2
77
–9
0
99
–9
9

H
os
pe
rs
(2
00
9)

25
0
(6
0/
19
0)

62
.0
(2
5–
89
)

H
ol
og
ic
D
is
co
ve
ry

Pa
tie
nt
s
re
fe
rr
ed

to
N
M
P
fo
r

su
sp
ic
io
n
pr
im

ar
y/
se
co
nd
ar
y
O
P

G
en
an
t

V
er
te
br
a

≥
gr
ad
e
1
5

≥
gr
ad
e
2
2.
3

Pe
rs
on

≥
gr
ad
e
1
37

V
er
te
br
a

≥
gr
ad
e
1
83
.6
99
.1

≥
gr
ad
e
2
94
.4
99
.2

Pe
rs
on

≥
gr
ad
e
1
N
R
N
R

M
az
za
fe
rr
o
(2
00
6)

53
(3
1/
22
)

45
(2
3–
68
)

H
ol
og
ic
Q
D
R
-4
50
0A

R
en
al
tr
an
sp
la
nt

re
ci
pi
en
ts

E
as
te
ll

V
er
te
br
a

≥
gr
ad
e
1
7.
1

Pe
rs
on

≥
gr
ad
e
1
32

V
er
te
br
a

≥
gr
ad
e
1
83
.7
10
0

Pe
rs
on

≥
gr
ad
e
1
70
.6
10
0

R
ea

(2
00
0)

16
1
(0
/1
61
)

64
(4
9–
81
)

H
ol
og
ic
Q
D
R
-4
50
0A

PM
w
om

en
re
cr
ui
te
d
fr
om

G
P,
an
d
PM

w
om

en
in

M
B
C

-
T-
sc
or
e
≥
2S

D
-
1
V
F

E
xc
lu
de
d
sc
ol
io
si
s

V
is
ua
l

su
bj
ec
tiv

e
as
se
ss
m
en
t

V
er
te
br
a

≥
gr
ad
e
1
11

≥
gr
ad
e
2
6.
9

Pe
rs
on

≥
gr
ad
e
1
38

≥
gr
ad
e
2
26

V
er
te
br
a

≥
gr
ad
e
1
77
.4
98
.4

≥
gr
ad
e
2
91
.9
96
.3

Pe
rs
on

≥
gr
ad
e
1
78
.3
89
.0

≥
gr
ad
e
2
97
.6
84
.9

R
ud

(2
01
6)

23
5
(2
5/
21
0)

73
(6
5–
90
)

H
ol
og
ic
D
is
co
ve
ry

A
C
on
se
cu
tiv

e
pa
tie
nt
s
re
fe
rr
ed

fo
r

os
te
op
or
os
is
as
se
ss
m
en
t

G
en
an
t

V
er
te
br
a

– Pe
rs
on

≥
gr
ad
e
1
44

≥
gr
ad
e
2
34

V
er
te
br
a

– Pe
rs
on

≥
gr
ad
e
1
63

82
≥
gr
ad
e
2
73

87
Sc
ho
us
bo
e
(2
00
6)

20
5
(0
/2
05
)

74
.2
(6
5–
93
)

H
ol
og
ic
D
el
ph
iC

/W
Fi
rs
t1

00
:a
ll
w
om

en
re
fe
rr
ed

fo
r

B
M
D

an
al
ys
is
≥6

5
ye
ar
s

A
ft
er
:w

om
en

≥6
5
ye
ar
s
w
ith

os
te
op
or
os
is
or

os
te
op
en
ia

G
en
an
t

V
er
te
br
a

≥
gr
ad
e
1
N
R

≥
gr
ad
e
2
(0
.8
–1
.1
)

Pe
rs
on

≥
gr
ad
e
1
N
R

≥
gr
ad
e
2
(6
.9
-7
.8
)

V
er
te
br
a

≥
gr
ad
e
1
47
–5
7
99
–9
9

≥
gr
ad
e
2
52
–5
4
99
–9
9

Pe
rs
on

≥
gr
ad
e
1
52
–6
3
85
–8
9

≥
gr
ad
e
2
63
–7
9
93
–9
3

V
ok
es

(2
00
3)

66
(g
en
de
r
di
st
ri
bu
tio

n
un
cl
ea
r)

64
(1
9–
93
)

L
un
ar

Pr
od
ig
y

Su
bj
ec
ts
re
fe
rr
ed

fo
r
ro
ut
in
e
B
M
D

m
ea
su
re
m
en
t

G
en
an
t

V
er
te
br
a

– Pe
rs
on

≥
gr
ad
e
2
32

V
er
te
br
a

– Pe
rs
on

≥
gr
ad
e
2
95

82

A
ge

is
ex
pr
es
se
d
as

m
ea
n
(r
an
ge
)

M
m
al
e,
F
fe
m
al
e,
V
F
ve
rt
eb
ra
l
fr
ac
tu
re
,P

M
po
st
m
en
op
au
sa
l,
B
M
D
bo
ne

m
in
er
al
de
ns
ity
,N

R
no
t
re
po
rt
ed
,G

P
ge
ne
ra
lp

ra
ct
iti
on
er
,H

IV
hu
m
an

im
m
un
od
ef
ic
ie
nc
y
vi
ru
s,
R
ef
re
fe
re
nc
e
po
pu
la
tio

n,
O
P

os
te
op
or
os
is
,L

R
lo
w
ri
sk
,H

R
hi
gh

ri
sk
,M

B
C
m
et
ab
ol
ic
bo
ne

cl
in
ic
,N

M
P
nu
cl
ea
r
m
ed
ic
in
e
de
pa
rt
m
en
t,
SD

st
an
da
rd

de
vi
at
io
n

Osteoporos Int (2017) 28:2955–2965 2961



Per vertebra analysis

Two studies did not report the VFA sensitivity and specificity
per vertebra [25, 26].

The reported sensitivity of VFA to detect a vertebral frac-
ture ≥grade 1 ranged from 46.7 to 98.7% and from 52.4 to
94.4% to detect a grade 2 or 3 vertebral fracture. The reported
specificity of VFA to detect a vertebral fracture ≥grade 1
ranged from 85.1 to 99.9% and the specificity range to detect
a vertebral fracture ≥grade 2 was 92 to 99.5%.

Per-person analysis

Twelve studies reported VFA parameters per patient basis [17,
19–23, 25–27, 29–31].

The VFA sensitivity range to detect a patient with a ≥grade
1 vertebral fracture was 52% to 97.2% and with a ≥grade 2
vertebral fracture was 62 to 95%. The specificity ranged from
74 to 98.9% to detect a patient with a vertebral fracture ≥grade
1 and ranged from 82 to 99% to detect a patient with a verte-
bral fracture ≥grade 2.

Risk of bias assessment

Seven studies were classified as having a low risk of bias [17,
19, 22, 23, 26, 29, 30]. The other nine studies were classified
as having an intermediate risk of bias.

Twelve studies had no clear consecutive inclusion of pa-
tients, 4 studies did not have a per vertebra and per-person
analysis of only ≥ grade 2 vertebral fractures for per vertebra
and per person and 3 and 6 studies did not respectively have a
per-vertebra and per-person analysis. One study did not have a
clear description of vertebral fractures and another study
lacked clear information about blinding of observers
(Supplemental Table 1).

Meta-analysis

In the meta-analysis, sensitivity and specificity were calculat-
ed per vertebra and per person (Fig. 3). In the per vertebra
analysis to detect a vertebral fracture ≥grade 1, sensitivity
was 0.82 (95% CI, 0.75–0.87) and specificity was 0.99
(95% CI, 0.98–1.00). In the per-person analysis to detect a
vertebral fracture ≥grade 1, sensitivity was 0.85 (95% CI,
0.74–0.92) and specificity was 0.93 (95% CI, 0.87–0.97).

The per-vertebra sensitivity of VFA to detect a vertebral
fracture ≥grade 2 was 0.80 (95% CI, 0.68–0.89), and specific-
ity was 0.98 (95% CI, 0.93–0.99). The per-person sensitivity
of VFA to detect patients with a vertebral fracture ≥grade 2
was 0.84 (95% CI, 0.72–0.92) and specificity was 0.90 (95%
CI, 0.84–0.94).

Discussion

We performed a systematic review of the literature and a meta-
analysis of published data to evaluate the performance of VFA
compared to conventional spine radiography in the identifica-
tion of vertebral fractures in patients at high risk for osteopo-
rosis. Findings from these data show a sensitivity of 0.82
(95% CI, 0.75–0.87) and specificity of 0.99 (95% CI, 0.98–
1.00) on a per-vertebra basis and a sensitivity of 0.85 (95%CI,
0.74–0.92) and specificity of 0.93 (95% CI, 0.87–0.97) on a
per-person basis. The highly variable sensitivity (47–99%)
and specificity (74–100%) between reported studies is likely
to be due to the wide age range, variable gender distribution
and difference in recruitment of patients (from general practi-
tioners, the outpatient clinics or from an admission ward) be-
tween studies. These differences, which were also recognized
in a recent systematic review [32], represent a significant lim-
itation in the interpretation and comparison of findings be-
tween studies.

Our meta-analysis of available data from published studies
show adequate sensitivity and specificity, also when a verte-
bral fracture was defined as a vertebral fracture ≥grade 2:
sensitivity of 0.81 (95% CI, 0.67–0.91) and specificity of
0.98 (95% CI, 0.94–1.00) for per-vertebra analysis and sensi-
tivity of 0.84 (95% CI, 0.72–0.92) and specificity of 0.90
(95% CI, 0.84–0.94) for per-person analysis. It would be ex-
pected that performance of VFA increased if only vertebral
fractures ≥grade 2 were included. However, intriguingly, the
performance of VFA improved when the analysis included
vertebral fractures ≥grade 1 rather than only vertebral fractures
≥grade 2. This may be explained by the fact that two of the
largest published studies had excellent performance parame-
ters and provided nearly half of all patients included in the
meta-analysis of performance for identifying vertebral frac-
tures ≥grade 1 [19, 23]. However, an analysis for the detection
of vertebral fractures ≥grade 2 was not performed in these two
studies, which may explain the difference in sensitivity and
specificity in identifying vertebral fractures ≥grade 1 and
≥grade 2. The risk of bias assessment showed that 7 out of
16 studies had a low risk of bias, and 9 were at moderate risk
of bias. It is of note, however, that the majority of these studies
did not provide adequate information regarding the inclusion
process of patients.

Vertebral fracture assessment has become a commonly
used tool for the detection of vertebral fractures in the setting
of Fracture Liaison Services, clinical care pathways where
patients who have recently sustained a fracture are screened
for osteoporosis and for potential underlying secondary fac-
tors for increased fracture risk. Conventional radiographs of
the thoracic and lumbar spine are used as the gold standard for
identification of a vertebral fracture. It has been suggested that
VFA may represent an attractive alternative to spine radio-
graphs for the detection of vertebral fractures because of the
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simplicity of the technique (using available DXA device) and
lower radiation doses than those used in conventional spine
radiographs. However, the advantage granted by a lower radi-
ation dose is unfortunately counterbalanced by higher noise
rates and therefore lower image quality, often precluding ade-
quate visualization of vertebrae for the presence of a fracture.
This may potentially lead to under diagnosis of vertebral frac-
tures or the need for confirmatory spine radiography.

In our FLS, a VFA is performed in all patients at the time of
BMD measurements and conventional spine radiography. We
performed a retrospective study comparing low-radiation
VFAwith conventional spine radiography in the detection of
patients with vertebral fractures ≥grade 2 in 542 men and
women who had recently sustained a fracture. VFA correctly
detected 77% of all patients with a vertebral fracture and cor-
rectly identified 80% as having no vertebral fracture. Low-
radiation VFA was false positive in 82/410 (20%) patients
who had no vertebral fractures on conventional radiography,
potentially resulting in over diagnosis and thus initiating un-
necessary osteoporosis treatment. Perhaps more worryingly,
low-radiation VFA failed to identify a vertebral fracture
≥grade 2 or more in 30 of 132 patients (23%) and more than
half of patients had ≥1 vertebrae that could not be evaluated by
VFA, the majority of which were at the upper thoracic spine

region (level Th4 and Th5), potentially resulting in under di-
agnosis and under treatment. Of these, only three were missed
because the fractured vertebrae were deemed unevaluable by
VFA, suggesting poor diagnostic performance, the precise
cause of which is as yet to be identified, rather than just poor
visualization due to poor image quality.

Our study has strengths as well as limitations. Its main
strength is the large group of consecutive patients of both
genders all aged ≥50 years who had recently sustained a frac-
ture and who were uniformly evaluated using our FLS stan-
dard protocols. A possible limitation of the study is that the
inclusion of 144 patients was precluded by the lack of data on
VFA or radiography. Whereas a further limitation could be the
theoretical influence of a learning curve to obtain VFA images
as this tool was only implemented in our FLS care pathway
from 2012 onwards, we found no difference in VFA perfor-
mance in the first 100 patients compared to the last 100 pa-
tients (data not shown). A matter of concern in our study is
that the number of patients with ≥1 unevaluable vertebrae is
rather high, particularly in the upper thoracic region. This
problem has been reported in other VFA studies, which led
Deleskog and colleagues to suggest that the method was infe-
rior to conventional spinal radiography [18]. Notwithstanding,
it appears that it may be possible to technically enhance the

PV ≥  grade 1
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PP ≥  grade 2

0.82 (0.75 - 0.87)

0.85 (0.74 - 0.92)
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0.0 0.6 1.0

A

PV ≥  grade 1

PP ≥  grade 1

PV ≥  grade 2

PP ≥  grade 2
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Fig. 3 a Random-effects
meta-analysis of sensitivity of
VFA to detect vertebral fractures.
PV per vertebra, PP per person. b
Random-effects meta-analysis of
specificity of VFA to detect
vertebral fractures. PV per
vertebra, PP per person
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performance of VFA by methods aiming at improving image
quality (thus reducing the number of vertebrae that could not
be visualized and improving the measurement of height loss
of the vertebrae). A limiting factor in the analysis of pub-
lished data is the general scarcity provided on VFA method-
ology, particularly radiation dosages, which may have a sig-
nificant impact on the quality of obtained images. In addi-
tion, studies included in our systematic review and meta-
analysis were published over a more than 15-year
timeframe, spanning the years 2000 to 2016 and the im-
provement in hardware and software of VFA technology
may have potentially influenced the outcomes. The contri-
bution of different technologies to discrepancies in the iden-
tification of vertebral fractures has been addressed in a study
comparing Lunar Prodigy and Lunar iDXA densitometers,
which demonstrated that iDXA had a better performance
record for visualization, and thus evaluation, of vertebrae
for fractures than the Prodigy densitometer [33]. So far,
there have been no studies comparing VFA performance
between single-energy and dual-energy x-ray devices. The
discrepancy in results of vertebral fracture assessment using
VFA compared to conventional radiology in our study is in
contrast to the concordance of results of assessments be-
tween radiology and VFA in the majority of studies reported
in the systematic review and used in the meta-analysis. This
difference could have been influenced by the different meth-
odology used between studies. Quantitative assessment was
thus used to evaluate VFA images in our study compared to
the use of Genant’s semi-quantitative assessment in the vast
majority of studies included in the systematic review and
meta-analysis.

In conclusion, from our meta-analysis, findings of pub-
lished data demonstrate adequate performance parameters
of VFA in studies designed for patients at risk for osteopo-
rosis, although a limitation was the very broad range of
prevalent vertebral fractures (6.9–100%) and age (23–
96 years) which may have influenced study outcomes.
The data of our FLS study were in contrast with the num-
bers of the meta-analysis. The precise cause of the
underperformance of VFA in our center is currently being
investigated. Our findings suggest that caution should be
advocated with the interpretation of VFA data and that
centers should check the performance of their VFA device
against conventional radiography of the spine before exclu-
sively relying on this tool in the identification of vertebral
fractures.
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