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Abstract Vertebral fractures are the
hallmark of osteoporosis and are
associated with increased morbility
and mortality. Because a majority of
vertebral fractures often occur in ab-
sence of specific trauma and are
asymptomatic, their identification is
radiographic. The two most widely
used methods to determine the sever-
ity of vertebral fractures are the visual
semiquantitative (SQ) assessment and
the morphometric quantitative ap-
proach, involving the measurements

Introduction

of vertebral body heights. The mea-
surements may be made on conven-
tional spinal radiographs (MRX:
morphometric X-ray radiography) or
on images obtained from dual X-ray
absorptiometry (DXA) scans (MXA:
morphometric X-ray absorptiometry).
The availability of a rapid, low-dose
method for assessment of vertebral
fractures, using advanced fan-beam
DXA devices, provides a practical
method for integrated assessment of
BMD and vertebral fracture status.
The visual or morphometric assess-
ment of lateral DXA spine images
may have a potential role for use as a
prescreening tool, excluding normal
subjects prior to performing conven-
tional radiographs.

Keywords Osteoporosis - Vertebral
fractures - Vertebral heights -
Semiquantitative vertebral
assessment - Quantitative vertebral
morphometry - Morphometric X-ray
radiography - Dual X-ray
absorptiometry - Morphometric X-ray
absorptiometry

The majority of osteoporotic vertebral fractures are mild

Vertebral morphometry is a quantitative method to identify
osteoporotic vertebral fractures that relies on the measure-
ment of distinct vertebral dimensions, calculating relative
changes.

A vertebral fracture appears as an alteration in the shape
and size of the vertebral body, with a reduction in vertebral
body height, as a wedge, end-plate (mono-or biconcave),
or collapse vertebral deformity (Fig. 1).

vertebral deformities, with a reduction in height of not
more than 20-25 percent (according to Genant’s semi-
quantitative index) [1] without a visible discontinuity of
bone architecture. These are often asymptomatic and occur
in absence of specific trauma, with a prevalence of 31% in
men and 17% in women, but it should be specified that in
younger men the prevalence rates are extremely age-
dependent, and the large fraction of vertebral fractures is
not due to osteoporosis [2]. Even these mild vertebral
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Fig. 1 Multiple vertebral frac-
tures: crushing and wedging
at the thoracic spine level

(a) and biconcavity at the
lumbar level (b)

deformities could have clinical consequences for the
patient because of the increased, approximately five fold,
risk of future fractures that may be symptomatic [3].
Vertebral fractures are the most common of all osteoporotic
fractures [4-9] and are associated with an increased
mortality rate [10, 11], loss of independence in elderly
patients, and impaired quality of life [12—16]. For these
reasons the prevention of future fractures in patients with
vertebral fractures has been considered the endpoint in
clinical osteoporosis therapy trials [17-23]. It is in the
accurate diagnosis of asymptomatic vertebral fractures
that radiologists make perhaps the most significant
contribution to osteoporotic patient care [24]. In everyday
clinical practice, vertebral fractures are usually diagnosed
by visual inspection of the patient’s spinal radiographs.
However, this qualitative approach to identify vertebral
fractures is regarded as subjective and therefore may lead
to disagreement, especially when performed by inexper-
ienced observers [25]. For epidemiological studies and
clinical drug trials in osteoporosis research, objective and
reproducible results are required. Therefore more than a
decade ago the semiquantitative (SQ) [1] and the quan-
titative (e.g., vertebral morphometry) [26—28] methods of
defining prevalence and incidence of vertebral fractures
were proposed.

Standardized visual assessment of vertebral
deformities

Using this approach, numeric scores are assigned to
vertebral deformities according to their shape or type and
their severity in a definable and reproducible manner
without making direct measurements. Several standardized
methods to assess vertebral deformities have been
proposed [29], but the visual semiquantitative (SQ) method
previously described by Genant et al. [25] is currently most
widely used in multi-centre clinical trials.

The SQ method is based on evaluation of conventional
radiographs by radiologists or experienced clinicians in
order to identify and then classify vertebral fractures.
Vertebrae T4-L4 are graded by visual inspection and
without direct vertebral measurement as normal (grade 0),
mild but “definite” fracture (grade 1 with approximately
20-25% reduction in anterior, middle, and/or posterior
height, and 10-20% reduction in area), moderate fracture
(grade 2 with approximately 25-40% reduction in any
height and 20—40% reduction in area), and severe fracture
(grade 3 with approximately 40% or grater reduction in any
height and area) Additionally, a grade 0.5 was used to
designate a borderline deformed vertebra that is not
considered to be a definite fracture (Fig. 2).
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Fig. 2 Semiquantitative (SQ)
visual grading scheme for
vertebral fractures. Genant’s
grading scheme for a semi-
quantitative evaluation of verte-
bral fracture. The drawings
illustrate normal vertebrae

(top row) and mild to severe
fractures (respectively in the

0 Normal

0 5 Uncertain or
»~’ questionable vertebrae

following rows). The size of Mild
the reduction in the anterior, F tu
middle, or posterior height is raciurc
reflected in a corresponding to 20-25 %
fracture grade, from 1 (mild)
to 3 (severe)
Moderate
Fracture
25-40%
Severe
Fracture
> 40%

Incident fractures are defined as those vertebrae that
show a higher deformity grade on the follow-up radio-
graphs. Because both the number and the severity of prior
vertebral fractures are important predictor variables,
Genant et al. [30] combined the information into one
measure, the so-called spinal deformity index (SDI). For
each vertebra, a visual semiquantitative grade of 0, 1, 2, or
3 is assigned for no fracture or mild, moderate, or severe
fracture, respectively, and the SDI 1is calculated by
summing the fracture grades of the 13 vertebrae from T4
to L4 (Fig. 3). An increase in SDI could occur either due to
a new vertebral fracture or due to worsening of mild or
moderate prevalent vertebral fractures. Crans et al. [31]
demonstrated the prognostic utility of the SDI for assessing
future vertebral fracture risk; patients with greater baseline
SDI had the greater future risk for vertebral fractures.

The SQ method represents a simple, but standardized
approach that provides reasonable reproducibility, sensi-
tivity, and specificity, allowing excellent agreement for the
diagnosis of prevalent and incident vertebral fractures to be
achieved among trained observers [32].

However, this method has some limitations. In cases of
subtle deformities, such as mild wedge-like deformities in
the mid-thoracic region and bowed endplates in the lumbar
region, the distinction between borderline deformity (grade
0.5) and definite mild (grade 1) fractures can be difficult
and sometimes arbitrary (Fig. 4). Accurate diagnosis of
prevalent fractures, which requires assessment of normal
variations and degenerative changes and distinguishing
them from true fractures, still depends on the experience of
the observer. Another limitation of visual SQ assessment is
the relatively poor reproducibility in distinguishing the
three different grades of vertebral fractures.

Semiquantitativ

c ures

(SQ) Grading for Vertebral Fract

.

posterior

Vertebral morphometry

This technique was introduced as early as 1960 by Barnett
and Nordin [33], who used a transparent ruler to measure
vertebral heights on conventional lateral radiographs of the
thoracolumbar spine. Vertebral morphometry may be
performed on conventional spinal radiographs (MRX:
morphometric X-ray radiography) or on images obtained
from dual X-ray absorptiometry (DXA) scans (MXA:
morphometric X-ray absorptiometry).

Morphometric X-ray radiography (MRX)

Quantitative vertebral morphometry involves making
measurements of vertebral body heights. Before perform-
ing the vertebral heights measurement, the radiologist has
to identify the vertebral levels; to make this easier, T12 and
L1 should be visualized on both the lateral thoracic and
lumbar radiographs. Identification of vertebral levels on
radiographs of lumbar and thoracic spine may be difficult
at times (e.g., anatomic variants of the lumbosacral transi-
tion or the thoracolumbar junction). The vertebral bodies
should be marked so that they can be more easily identified
in other reading sessions or when compared with follow-up
radiographs. On lateral radiographs, with six-point place-
ment-the most widely used technique [34]-the four corner
points of each vertebral body from T4 to L4 and an
additional point in the middle of the upper and lower
endplates are manually marked (Fig. 5). The manual point
placement is done according to Hurxthal [35], who
proposed excluding the uncinate process at the posterosu-
perior border of the thoracic vertebrae and the Schmorl’s
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Fig. 3 Spine Deformity Index (SDI) calculated by summarizing the
semiquantitative grades of all vertebrae from T4 to L4

nodes and osteophytes from vertebral height measurement.
When the outer contours of the endplate are not super-
imposed (incorrect patient positioning or severe scoliosis),
the middle points are placed in the centre between the
upper and the lower contour (Fig. 6).

Digital morphometry

More than a decade ago, some investigators [36, 37]
developed a system for vertebral morphometry that is
based on digital images displayed on a high-resolution
workstation. Post-processing of the digital images can
highlight the endplate and the four corners of vertebral
bodies allowing points to be placed more precisely. The
software automatically determines the midpoints between
anterior and posterior corner points of the upper and lower

endplates. Then the operator selects the true midpoints
moving the calipers along a vertical line joining the
vertebral endplates. The x and y coordinates of each point
are stored in the computer, which calculates the posterior,
middle, and anterior heights (Hp, Hm, Ha) of each vertebra,
from T4 to LS5, and specific indices derived from height
measurements for defining vertebral deformities. There are
many advantages in performing digital morphometry:
magnification of the images to a specific level; selection
of the contrast and brightness levels for optimum visibility
of the cortical bone, a capability that is especially valuable
when the film is of less than optimal quality; the images
may be stored on optical disks, CD or DVD and can be re-
measured on multiple occasions. Finally, measurement data
can be captured directly from the images into a database,
eliminating the need for data entry. The manual placement
of the six measuring points represents a source of error in
the measurement of the vertebral body because the
placement can vary widely among various operators. The
need to reduce these operator-dependent errors led to
the development of a computer-assisted system [38, 39].
The procedure is based on an algorithm that automatically
locates the vertebral body contour in the digitized X-ray

deformities:

Fig. 4 Limits of the visual SQ method in subtle
“borderline” deformity of T7 defined as grade 0.5

e_
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Fig. 5 MRX: measurement of vertebral heights shows mild
wedging of T7 with 20-25% reduction in anterior height

image and then is checked by the operator for accuracy.
Correction is possible through operator intervention at any
time. The system also performs additional geometric
calculations, enhancing the diagnostic capability of quan-
titative vertebral morphometry. This algorithm was used in
the European Vertebral Osteoporosis Study (EVOS), but
the reproducibility was worse than that with the manual
placement technique [40]. Because the six-point placement
technique might not completely describe vertebral shape,
Smyth et al. [41] developed a technique based on use of an
active shape model (ASM). An ASM is a statistical model
to locate and measure the shapes of variable objects in
images. It was applied to the measurement of vertebral
shape on lateral spine DXA scans. The ASM technique
obtained entire shape information, with accuracy as good
as that with manual methods, but it can be performed more
easily and rapidly [41, 42]. Therefore, digital morphometry
with computer assistance and hierarchical segmentation of
vertebrae from X-ray images [43—45] represent useful tools
to evaluate a large number of cases, allowing centralization
of images for a large-scale clinical trial.

Recently a new digital technique for vertebral mor-
phometry has been introduced in clinical practice using an
instrument called MorphoXpress. MorphoXpress (Procter
& Gamble Pharmaceuticals, Rusham Park, Egham, UK) is
a statistical model-based vision system to digitise and
analyse plain film vertebral X-rays for semi-automated
morphometric assessment. This system is based on a new
technology that represents the next generation of statistical

model-based techniques. To our knowledge, MorphoX-
press is the first automated six-point morphometric system
to operate on digitised plain film X-ray images, as opposed
to DXA. Furthermore, unlike DXA, X-rays of the spine are
still the only approved modality for diagnosis of vertebral
fracture by the US Food and Drug Administration (FDA).

This system works as follows: having defined a patient
record, original lateral spine X-rays are digitised using a
flatbed scanner connect to the personal computer that hosts
the MorphoXpress software application, and analysis is
initialised by the manual indication of the centres of the
upper and lower vertebrae to be analysed. The software
then automatically finds the positions of the contours of the
vertebrae, including the double endplate contours and part
of vertebral process. This annotation is then used to
determine landmarks for a standard six-point morphometry
measurement, providing an optional confidence measure of
correct registration for each vertebra. The software allows
these points to be moved by the operator, if necessary,
before the points are confirmed as being in correctly
positioned. The positions of the confirmed points are then
used by the software to calculate anterior, medial, and
posterior vertebral heights, and these heights may also be
used for the determination of a deformity metric. Finally,
another advantage of this approach is given by the
improvement of the workflow and in the overall positive
results in terms of diagnostic accuracy (2.1% CV) and
precision (1.68% CV) [46, 47].

Fig. 6 Manual placement of six vertebral points in MRX
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Consideration of radiographic technique

The accuracy and precision of semiquantitative and
morphometric methods are heavily influenced by the
quality of the spinal radiographs. Optimal radiographs
can be achieved by training X-ray technologists and
making sure that they are aware of the difference between
radiographs for osteoporotic vertebral assessment and
those for routine clinical practice, by using a standardized
radiographic technique [48], which includes both patient
positioning and the choice of radiographic parameters.
Because the lateral views of the thoracic and lumbar spine
are the most important views for the assessment of
osteoporotic deformity, time and attention should be
taken in correctly positioning the patient and in properly
exposing the films.

However, for the baseline identification of vertebral
fractures, also antero-posterior (AP) spinal views are
required to accurately define the number of vertebrae
present and thus to allow accurate identification of the
vertebral levels on the lateral spine views. Currently, T4 to
L4 are routinely used for vertebral morphometry, because
of limitations in visualizing T1-T3 due to overlying of the
shoulders and L5 due to overlying pelvis. In a patient with
marked scoliosis of the thoracic or lumbar spine (Cobb
angle >15 degrees on the AP view), it is unlikely that
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vertebral morphometry can be performed because of the
difficulty of positioning the spine parallel to the X-ray
table. If positioning of the patient and centering of the X-
ray beam (e.g., T7 and L3) has been correctly performed,
the vertebral endplates should be superimposed, and the
intervertebral disc spaces can be clearly seen throughout
the length of the spine. The obliquity could cause false
appearance of biconcavity, thus affecting the diagnosis of
vertebral deformity. The obliquity of the vertebrae can also
be observed at the periphery of the radiographs due to the
effect of parallax, which is caused by the divergence of the
cone-beam of X-rays.

In the case of serial X-rays, it is important to use the
same focus to film distance to avoid the apparent
decrement of vertebral heights. In fact, a 10.2-cm increase
in tube-to-film distance results in a 6.4% decrease in the
measured posterior height, a 5.5% decrease in the
measured anterior height, and a 3.5% decrease in measured
vertebral area [49].

Morphometric X-ray absorptiometry (MXA)
To overcome some limitations of MRX, another method

called morphometric X-ray absorptiometry (MXA) has
been developed by the two major manufacturers of DXA
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Fig. 7 MXA scan analysis with six vertebral points on T4-L4 vertebrae in a 65-year-old osteoporotic female. Results show two vertebral

fractures: mild wedging of TS and moderate wedging of T12
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equipment-Hologic, Inc. (Waltham, MA) and General
Electric/Lunar (Madison, WI) [50, 51]. In Hologic systems,
two views of the thoracic and lumbar spine are acquired: a
posteroanterior (PA) scan and a lateral scan. The PA image
is acquired in order to visualize spinal anatomy, such as
scoliosis, to determine the centre line of the spine. This
information is used in subsequent lateral scans to maintain
a constant distance between the centre of the spine and the
X-ray tube for all subjects at all visits, regardless of patient
position or degree of scoliosis, thus eliminating the
geometric distortion [52]. Each lateral scan covers a
distance of 46 cm, imaging the vertebrae from L4 to T4.
The GE /Lunar scanner determines the starting position of
the lateral morphometry scan by positioning a laser spot 1
cm above the iliac crest. The scan range for the GE-Lunar
systems is determined by measuring the length between the
iliac crest and the armpit. The lateral scan can be acquired
using a single-energy X-ray beam with a very short scan
time (12 s). However, the analysis may be affected by soft
tissue artefacts in the image caused by prominent lung
structures. These artefacts are absent in the dual-energy
scans, which, however, take between 6 min (array mode)
and 12 min (fast and high-definition modes). After the
scan, the programme automatically identifies vertebral
levels and indicates the centres of the vertebrae. The six-
point placement for the determination of the vertebral
heights is semiautomated. The operator uses a mouse
pointing device to specify the 13 locations of the anterior
inferior corner of the vertebrae from L4 to T4. Then the
MXA software computes the positions of the remaining
five vertebral points for each. To guide the operator during
image analysis of follow-up scans, the vertebral endplate
markers from the previous scan are superimposed on the
current scan, improving long-term precision. After the
analysis is finished, a final report is displayed. It gives
information on the measured vertebral body heights and
their ratios, and includes an assessment of the patient’s
fracture status based on normative data and different
models for fracture assessment using quantitative mor-
phometry (Fig. 7).

Comparison between MRX and MXA

Vertebral morphometry should be performed by trained
observers resulting in good inter-observer measurement
precision [53].

Both MRX and MXA have a good precision, the
intraoperator CV ranging from 1.2% for MXR to 3.4% for
MXA, while the interoperator CV from 1.9% to 5.3
according to various authors [50, 54, 55]. For MXA the
precision obtained with two systems, Hologic and GE/
Lunar, is similar [56, 57].

MXA overcomes some of the patient-positioning and
exposure factor problems inherent in conventional radiog-
raphy. In fact, the scanner arm of some models of

densitometers can be rotated 90°, so that lateral scans can
be obtained with the patient in the supine position without
repositioning. A further advantage of MXA when using the
scanning fan-beam geometry of DXA devices is the
absence of distortions and magnification effects inherent
in the standard X-ray technique [58]. The main attraction of
MXA is that the effective dose-equivalent to the patient is
considerably lower than for conventional radiography [59,
60]. While MXA is able to assess the entire spine in a
single image, in conventional radiography, radiographs of
the lumbar and thoracic spine have to be performed
separately, so the identification of the vertebral levels to
perform MRX may be difficult at times. Furthermore, the
improved image spatial resolution of the new DXA
scanners (Fig. 8) allows a better visualization of the
upper thoracic vertebrae [61]. So far, various comparative
studies exist [62—64] that have found excellent agreement
between qualitative and quantitative radiographic assess-
ment using fan-beam dual-energy DXA images, particu-
larly for moderate and severe deformities in osteoporotic
populations. A large proportion of vertebrae are not
visualized sufficiently for analysis on MXA scans, and
this reduces the number of vertebral fractures identified,
particularly in the upper thoracic spine (T4-T5). However,
other authors [61] have shown that high-speed fan-beam
DXA imaging was feasible in a clinical population,
allowing visualization of a substantial proportion of the
vertebrae, using a rapid (10-s) single-energy imaging mode
during suspended respiration.

Morphometric definition of vertebral fractures

Because there is no gold standard for osteoporotic fracture,
it may sometimes be difficult to discriminate the osteopo-
rotic vertebral fracture from a normal variant of vertebral
shape or from a vertebral deformation that may have
occurred long ago [29]. Furthermore, there is variation in
vertebral size and shape at different levels of the spine; the
anterior and posterior vertebral height increases from T3 to
L2, but for L3-L5 the posterior height is lower than the
anterior height [65]. Vertebral size also varies between
individuals: large people tend to have larger vertebrae [66].
For this reason reference ranges should be established in
the population under study, using the same technique, and
derived from “normal” subjects or by “data trimming” of a
population-based-sample. To determine the reference
values of vertebral body heights, some authors have used
a sample of premenopausal women, assuming that the
prevalence of vertebral fractures is very low in this
population [67]. This approach may not be feasible for
many studies because it involves radiation exposure for
fertile women. Moreover, it has been demonstrated that
vertebral heights change significantly with age, showing
rates of loss of 1.2-1.3 mm/year [68-70]. Age-related
decrease of vertebral heights influences the definition of
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the normal range of vertebral shape, since a deformity that
may be in excess of 2 SD from the mean in younger
subjects may be well within this limit 20 years later. Other
authors [71, 72] have selected a subsample of postmeno-
pausal women in which all vertebrae have been judged to
be normal (un-fractured) on the radiographs by an expert
reader. A third approach for defining normal vertebral
dimensions uses the values of a population that includes
postmenopausal women with and without vertebral
fractures [73].

Also, in a large study [63] the authors have shown that
reference ranges of vertebral heights derived from MRX

Fig. 8 Lateral spine DXA image obtained in high detail mode. The
improved image spatial resolution of the new DXA scanners allows
a good visualization of the entire spine

studies may not be applicable to MXA, in view of the
observed differences between their MXA mean values
when compared with MRX values reported in the earlier
studies [49, 74]. The differences observed led to a tendency
for lower MXA critical values for detection of vertebral
deformities, suggesting the use of technique-specific
reference ranges. The preliminary report of an Italian
multi-centre study [75] showed that vertebral heights of
569 Italian normal women measured from T4-L4 using
vertebral fracture assessment (VFA) on Lunar Prodigy (GE
Healthcare) densitometers in all vertebrae were signifi-
cantly smaller than the existing values collected from
American normal women.

There is still disagreement about establishing a threshold
of height reduction that would allow unequivocal discrim-
ination among vertebral fractures, deformities, and normal
shape [76]. Various morphometric algorithms to define
vertebral fractures have therefore been developed [26, 27,
72]. Thus, it is not possible to measure accurately the true-
and false-positive rates of various morphometric defini-
tions of vertebral fractures because there is no gold
standard for defining a vertebral fracture. In fact, wide
discordances in results among studies on the prevalence of
vertebral fractures, ranging from 33% to 85% [67, 77],
have been found. Clinical trials have also shown that the
estimated incidence of new vertebral fractures in post-
menopausal osteoporosis varies markedly, from 6 to 83
fractures per 100 patient-years [78—80]. In particular, less
stringent criteria (e.g., —2 SD) result in too many false-
positive results, because they identify as fractures some
deformities that may represent developmental abnormal-
ities. By contrast, a more stringent cutoff level, such as 4
SD, results in a lower false-positive rate [81].

The number of vertebral fractures may not be repre-
sentative of the severity of spinal osteoporosis, especially
in the case of biconcavity fractures, which represent
deformations of only the endplate. For this reason, some
methods have been developed to estimate the deformity of
the overall thoracic and lumbar spine. Minne et al. [28] and
Sauer et al. [82] developed the Spine Deformity Index to
quantify spinal deformity and assess progression of
vertebral deformation during follow-up. Other authors
[36] introduced new morphometric indices to quantify the
spinal deformity, namely, sums of anterior, middle, and
posterior heights (AHS, MHS, PHS) of the respective 14
vertebral body heights from T4 to L5. A strong correlation
between these indices and the lumbar bone mineral density
(L-BMD) has been found, suggesting their use as fracture
risk indices [83].

Irregularity in the curvature of the spine can be
quantified as the integrated average of the ratios of the
anterior to posterior vertebral heights of adjacent vertebrae.
This Spinal Curvature Irregularity Index (SCII) is a
measure of the ‘smoothness’ of the spinal curvature, and
a large SCII is correlated with the presence of vertebral
deformities [84].
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Comparison of semiquantitative (SQ) visual
and quantitative morphometric assessment
of vertebral fractures

Avertebral deformity is not always a vertebral fracture, but
a vertebral fracture is always a vertebral deformity. Some
comparative studies [32, 85, 86] found a high concordance
between different quantitative morphometric approaches
and visual semiquantitative evaluation for prevalent verte-
bral fractures defined as moderate or severe. In these cases
there was a strong association with clinical parameters
(bone mineral density, height loss, back pain, incidence of
subsequent deformities).

There are many causes of vertebral deformities, and the
correct differential diagnoses for them can be achieved
only by visual inspection and expert interpretation of a
radiograph. In fact, there is a list of potential differential
diagnoses for vertebral deformities, such as osteoporosis,
trauma, degenerative disease, Scheuermann’s disease,
congenital anomaly, neoplastic disease, and haematopoie-
tic disorders, infectious disease and Paget’s disease, that
should be taken into consideration, and the correct
classification of vertebral deformities can be achieved
only by expert interpretation of the radiograph [6, 87]. The
quantitative morphometry is unable to distinguish osteo-
porotic vertebral fractures by vertebral deformities due to
other factors, such as degenerative spine and disc disease.
This limitation is a characteristic of any method of
quantitative morphometry, but the limited spatial resolution
of the DXA images in MXA may increase this problem
[88]. On the other hand, MRX, with its superior image
quality, has the potential for qualitative reading of the
radiographs to aid the differential diagnosis. In fact,
although it is recognized that the visual interpretation of
radiographs is subjective, it is also true that an expert eye
can better distinguish between true fractures and vertebral
anomalies than can quantitative morphometry. For exam-
ple, the distinction between a fractured endplate and the
deformity associated with Schmorl’s nodes can only be
made visually by an experienced observer, as is the case for
the diagnosis of the wedge-shaped appearance caused by
remodelling of the vertebral bodies in degenerative disc
disease [89, 90]. Recently, a new algorithm-based approach
for the qualitative (ABQ) assessment of vertebral fracture
has been developed [91]. The ABQ assumes that in every
vertebral fracture, fracture of the endplate within the
vertebral ring is always involved. Thus, by definition,
wedge and crush fractures are also concave fractures,
because they involve central depression of the endplate.
Comparing the ABQ approach, semiquantitative method
(SQ) and quantitative morphometry (QM) for the identi-
fication of vertebral fracture in a population of elderly men
showed that most of the men with vertebral fractures
identified by SQ or QM, but not by ABQ were classified as
having non-osteoporotic short vertebral height (SVH) by
ABQ. These men did not have low BMD [92]. The authors

conclude that the exclusion of SVH could reduce false
positives.

Assessment of vertebral fractures on DXA images

Recently, the visual semiquantitative (SQ) method for
identification of vertebral fractures has been applied to
images of the spine acquired by fan-beam DXA devices.
This method is called “instant vertebral assessment” (IVA)
by Hologic or “vertebral fracture assessment” (VFA) by
GE/Lunar. IVA has been compared with SQ evaluation of
spinal radiographs demonstrating good agreement (96.3%,
k=0.79) in classifying vertebrae as normal or deformed in
the 1,978 02,093 vertebrae deemed analyzable on both the
DXA scans and conventional radiographs [63]. VA
showed good sensitivity (91.9%) in the identification of
moderate/severe SQ deformities and an excellent negative
predictive value (98%) to distinguish subjects with very
low risk of vertebral fractures from those with possible
fractures. The disagreement between the IVA and SQ
methods resulted from the poor image quality, particularly
in the upper thoracic vertebrae that were not visualized
sufficiently for analysis. Although some vertebral fractures
were missed by IVA, all patients with prevalent vertebral
fractures were identified; therefore, for the identification of
patients with fracture, visual assessment of DXA scans had
100% sensitivity and specificity [57]. This means that if
IVA had been used as a diagnostic pre-screening tool at the
first assessment, all the patients with prevalent vertebral
fracture would have been correctly referred for radiography
to confirm the diagnosis (Fig. 9). Also the “normal”
subjects can then be excluded prior to performing
conventional radiographs and further time-consuming and
costly methods of vertebral deformity assessment such as
SQ by an experienced radiologist and/or quantitative
morphometry. Also, with its low radiation and good
precision, IVA could be utilized to identify vertebral
fractures in populations affected by conditions different
from osteoporosis, but with high vertebral fracture risk, i.e.,
liver or kidney transplant patients [93, 94].

Conclusion

A combination of semiquantitative visual and quantitative
morphometric methods may be the best approach to
fracture definition, as suggested by the National Osteopo-
rosis Foundation [95], by Kanis et al. [96], and by the
International Osteoporosis Foundation (IOF) [97]. Cur-
rently, there is no consensus on which morphometric
technique should be used, or how, to evaluate patients at
risk of osteoporosis. MRX, based upon assessment of
conventional radiographs, has, unlike MXA, the potential
for qualitative reading of the radiographs by a trained
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Fig. 9 IVA with vertebral fracture: 57-year-old female with normal BMD (lumbar spine T-score —0.7 and proximal femur T-score —0.8), and

severe wedge deformity of L3

radiologist or highly experienced clinician who can
distinguish between vertebral anomalies and true fractures
and detect technical artefacts on the films, which might
increase the errors on quantitative morphometry.
However, in view of the relatively low radiation dose to
the patient and the excellent agreement with the visual SQ
method for the identification of vertebral deformities, the
visual or morphometric assessment of lateral DXA spine
images may have the potential for use as a prescreening
tool. If all vertebrae are visualized adequately by lateral
DXA images and classified as normal by IVA or MXA, the
patient could be classified as normal. If all vertebrae are not

visualized by DXA and if one or more deformities are
detected by IVA or MXA, it will be necessary to acquire
conventional radiography to check for further prevalent
deformities and to identify the nature of the deformity. The
availability of a rapid, low-dose method for assessment of
vertebral fractures, using advanced fan-beam DXA de-
vices, provides a practical means for integrated assessment
of BMD and vertebral fracture status. This approach allows
the identification of most osteoporotic vertebral fractures,
even those that are asymptomatic, in patients with low
BMD, improving the selection of candidates for therapeu-
tic intervention.
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