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Osteoporosis is a highly prevalent condition, resulting in significant morbidity and mortality. Nevertheless, it is
frequently untreated. Vertebral fractures often do not come to clinical attention, yet, their presence is diagnostic
of osteoporosis, helps to predict the risk of future fractures, and may alter the choice of pharmacotherapy. The
addition of lateral spine imaging technology to the densitometer, for vertebral fracture assessment (VFA), repre-
sented a major advancement in the ability to diagnose vertebral fractures and osteoporosis. VFA is an under-
utilized and highly effective imaging tool to enhance osteoporosis detection and fracture prevention. Several fac-
tors make VFA an ideal technology to evaluate for vertebral fractures. These include: the ability to obtain the
image at the same time the bone density is done, with significantly lower radiation exposure thanwith spine ra-
diography, and at a lower cost. This review provides an overview of the clinical significance of identifying verte-
bral fractures, the origins of the VFA, its clinical indications, a review of the methods used to diagnose vertebral
fracture, an overview on interpreting the VFA, and the strengths and limitations of this technique.

© 2017 Published by Elsevier Inc.
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1. Introduction

Osteoporosis is a disease that results in 8.9 million fractures world-
wide each year [1]. While bone mineral density (BMD) assessment
using dual-energy X-ray absorptiometry (DXA) represented a tremen-
dous leap forward in the diagnosis of osteoporosis, many patients will
not have osteoporosis by BMD criteria, but will have already suffered a
clinically unrecognized vertebral fracture. Thus, in order to assess verte-
bral integrity on a lateral image of the spine, vertebral fracture assess-
ment (VFA), which utilizes DXA, was developed. This method, which
can be done as a point-of-care service at the time of the BMD assess-
ment, also has the advantage of exposing the patient to significantly
lower radiation than with conventional radiography. While it does
have these advantages over standard radiography, there are important
caveats and limitations to consider in the proper use and interpretation
of VFA. This review will provide an overview of the clinical importance
of recognizing vertebral fractures, the origins of VFA, its clinical indica-
tions, interpretation of VFA, and the strengths and limitations of this
technique.

2. Clinical significance of vertebral fractures

VFA technology was designed exclusively to detect vertebral frac-
tures, the diagnosis of which is of paramount importance in the
du (M. Zeytinoglu).
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detection and treatment of osteoporosis. Not only do vertebral fractures
often represent thefirst osteoporotic fracture, but they also establish the
diagnosis of osteoporosis, regardless of an individual's bone mineral
density. Nevertheless, the majority of vertebral fractures are not clini-
cally apparent. Indeed, it has been estimated that only one out of
three individuals affected by a fracture will have a clinical diagnosis
[2–5]. It should be noted, however, that undiagnosed fractures are not
truly asymptomatic. Instead, they are often associated with back pain
and decreased activity, but are usually ignored by patients and their
physicians or attributed to other common etiologies such as degenera-
tive joint disease [6].

Vertebral fractures found on imaging are traditionally divided into
prevalent (seen for the first time on an image, with no clear knowledge
of the time of their occurrence) and incident (new fractures that were
not present on a prior image). Vertebral fractures are important to de-
tect, as they portend a significantly increased risk for future osteoporotic
fractures and are also associatedwith increasedmorbidity andmortality
[7,8]. In a large multinational study, the risk of a new vertebral fracture
in the year after sustaining an incident vertebral fracturewas 5-fold that
of womenwho did not suffer a vertebral fracture the previous year (rel-
ative risk, RR, 5.1, 95% CI 3.1–8.4). The overall incidence of a new verte-
bral fracture in the subsequent year after suffering an initial vertebral
fracture was 19.2% (95% CI 13.6–24.8%) [7]. Prevalent fractures, too,
are strongly associatedwith risk of future fracture—in the Study of Oste-
oporotic Fractures (SOF), prevalent vertebral fracture was associated
with increased risk of new vertebral fracture (RR 5.4, 95% CI 4.4–6.6),
hip fracture (RR 2.8, 95% CI 2.3–3.4), and non-vertebral fracture (RR
t: Enhancing the diagnosis, prevention, and treatment of osteoporosis,
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1.9, 95% 1.7–2.1) [9]. As might be suspected, more severe or greater
number of vertebral fractures are associated with higher fracture risk
than milder or fewer vertebral fractures [7–11].

Vertebral fractures have also been demonstrated to negatively im-
pact quality of life and functional status. As a consequence of vertebral
fracture, loss of height and kyphosis can occur, leading to debilitating
limitations in activity. This can include limitations in the ability to ex-
tend or reach and flex or bend, leading to the loss of functional indepen-
dence in some individuals [8,12]. In the Fracture Intervention Trial (FIT),
women with an incident clinical vertebral fracture had a relative risk of
6.7 (95% CI 3.6–12.6) of seven or more days of severe or worse back
pain, a relative risk of 12.6 (95% CI 8.9–17.7) of seven or more days of
limited activity, and a relative risk of 27.7 (95% CI 17.9–42.7) of seven
or more days of bed rest [6]. In a different study of 751 osteoporotic
women with and without vertebral fractures, quality of life was
assessed using the quality of life questionnaire of the European Founda-
tion for Osteoporosis (QUALEFFO), a measure containing questions in
the domains of pain, physical function, social function, general health
perception, and mental function [13]. Women with vertebral fracture
had significantly higher (i.e. worse) QUALEFFO scores, which increased
with number of vertebral fractures. Even more alarmingly, vertebral
fractures have been associated with increased mortality [2,14], though
the pathophysiology of this association is not clear. Vertebral fractures
may also contribute to a number of other systemic complications such
as reduced pulmonary function and gastrointestinal complaints, includ-
ing hiatal hernia, reflux, constipation, and bowel obstruction [15,16].

Unfortunately, as has been noted, the majority of individuals with
vertebral fractures do not come to clinical attention [3–5]. For example,
in patients enrolled in FIT, only 22.6% of 446 incident radiographic ver-
tebral fractures were also clinically diagnosed [4]. Even severe fractures
(at least 30% and 4mmheight loss)were only diagnosed clinically 28.4%
of the time. Further, even if imaging is obtained for other purposes and
vertebral fractures are present, they are oftenmissed or not reported [3,
4,17,18]. In a study of 934womenwho had undergone chest X-ray, 132
subjects had vertebral fractures present but it was only commented
Fig. 1.Obliquity with spine radiography. On the left, a lumbar spine radiograph demonstrates a
angle, resulting in the appearance of oval, rather than parallel endplates. On the right, VFA obta
enhanced view of the lumbar spine. Also seen on the VFA are hepatobiliary and intestinal shad
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upon in 50% of the radiology reports [17]. On CT scan, only 5% of moder-
ate or severe vertebral fractureswere reported in a series of 192 subjects
[19]. The reasons for the lack of reporting are complex andmay relate to
the fact that radiologists are focused on the clinical indication for which
the radiographwas ordered, particularly for non-spine radiographs. Ad-
ditionally, the lack of consensus for diagnostic criteria of vertebral frac-
ture by qualitative, quantitative, or semi-quantitative assessment of
radiographymay also hinder the radiologist from reporting deformities
in the vertebral bodies [20]. Finally, ambiguous terminology used to de-
scribe abnormal vertebrae (vertebral deformities, fractures, wedging,
etc.) also contributes to a lack of clear understanding of how vertebral
abnormalities should be interpreted and reported.

Despite the difficulties in identifying vertebral fractures, their pres-
ence substantially alters diagnosis and management. As stated above,
a vertebral fracture in the absence of trauma establishes a diagnosis of
osteoporosis, even if the BMD is not in osteoporotic range, and increases
future fracture risk. This has important clinical implications, including
referral of patients to osteoporosis specialists, increased frequency of
BMDmonitoring, and, most importantly, eligibility for pharmacothera-
py. In addition, the identification of vertebral fractures may alter the
choice of management. For example, anabolic agents can substantially
reduce the risk of future vertebral fractures, and the presence of a prev-
alent fracture may alter the risk-benefit ratio, both for clinician and pa-
tients, of these agents andmay aid in the decision to select this therapy
[21,22]. Finally, given the substantial concern over rare, but serious side
effects of osteoporosis medications, the very presence of a vertebral
fracture that has already occurred may provide the impetus for the pa-
tient to accept the need for osteoporosis therapy [23].

3. Origins of vertebral fracture assessment

Given that themajority of vertebral fractures are asymptomatic, de-
veloping technologies to identify fractures was of paramount impor-
tance. Prior to the development of VFA with dual-energy X-ray
absorptiometry, conventional radiography was the primary modality
grade 2 wedge fracture of L2. The cone beams used to create the image hit the spine at an
ined on the same patient demonstrates the same L2 fracture but with less obliquity and an
ows.
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used to identify vertebral fractures. The radiologist, using lateral lumbar
and thoracic spine films can visualize the C7-S1 vertebrae and identify
various deformities in the vertebral bodies in order tomake the diagno-
sis of vertebral fracture. The lateral thoracic spine images are centered
on T7, while the lateral lumbar spine images, centered on L4, capture
T12 to S1. As conventionalfilmsbecamedigitalized, the addition ofmor-
phometry enabled the quantification of vertebral shape by
Table 1
Indications for vertebral fracture assessment or with densitometry or late
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measurement of anterior, posterior, and mid-vertebral heights [24].
Using these measurements, changes in ratios of vertebral heights are
used to determine the type and severity (degree) of fracture. With the
high-resolution of the radiograph, the clinician could appreciate chang-
es in the anatomy of the vertebral endplates and cortices.

Despite its high resolution, there was a need for an additional imag-
ing modality to address some of the limitations of spine radiography
ral spine imaging.

t: Enhancing the diagnosis, prevention, and treatment of osteoporosis,
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and enable accurate assessment of vertebral anatomy. This need was
met by the manufacturers of densitometers, General Electric (GE
Lunar) and Hologic, who added spine imaging and VFA capabilities to
theDXAmachines. Of note, several other terms have been utilized tode-
scribe this technique, including instant vertebral assessment with or
without high definition (IVA and IVA-HD), lateral vertebral assessment
(LVA), and dual-energy vertebral assessment (DVA). The International
Society for Clinical Densitometry (ISCD) has adopted the VFA term to
denote densitometric spine imaging performed for the purpose of iden-
tifying vertebral fractures, and VFA will be used throughout this review
[25].

Several additional limitations of spine radiography were addressed
by VFA technology. Among themost important of these is that spine ra-
diographs are often obtained at distinct sites from the clinic. The intro-
duction of VFA enabled the clinician to perform the study as part of a
Fig. 2. Obliquity of the lumbar spine occurring in this patient with scoliosis. Noted also is
the presence of calcified aorta.

Please cite this article as:M. Zeytinoglu, et al., Vertebral fracture assessmen
Bone (2017), http://dx.doi.org/10.1016/j.bone.2017.03.004
point of care service, in the same clinic and even at the same time as
the DXA evaluation, and at a lower cost than with spine radiography
[26]. VFA is also associated with b1% of the radiation associated with
an analogous spine radiograph [27]. Additionally, obliquity, which at
times complicates the interpretation of spine radiography, is less com-
mon with VFA. The direction of the cone beam used in spinal radio-
graphs lends itself to more obliquity—occurring as a result of the
beams hitting the spine at an angle, and thereby resulting in oval
endplates, instead of a single line. VFA, which utilizes a parallel beam,
enables the beam to hit the vertebral bodies in parallel and thereby cre-
ates an image of the endplates as a single line with less parallax effect
and obliquity. Fig. 1 demonstrates obliquity occurring with a lumbar
spine radiograph and the corresponding VFA, where endplates are par-
allel. Please note that the figures included in this review were obtained
with iDXA on GE Lunar densitometers. The iDXA utilizes higher energy
to generate images with even greater resolution. Finally, while sur-
rounding soft tissue, ribs, and the scapula limit visualization of vertebrae
above T7 with VFA, as compared to spine radiographs, visualization of
the lumbar spine is often enhanced in VFA [28].

Several studies have compared the ability to detect vertebral frac-
tures by VFA by densitometry compared to spine radiography [25,
29–32]. In onemore recent study, 269 females and 81males underwent
Fig. 3. Image quality is reduced by poor rotation, which may be in part due to increased
adipose tissue from obesity. Please note an incidental finding of calcified abdominal aorta.

t: Enhancing the diagnosis, prevention, and treatment of osteoporosis,
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both conventional spine radiography and VFA evaluation of T4-L4 [32].
Among 4550 vertebrae studied, they reported 98.4% as adequately visu-
alized by VFA images. They found that 36.0% (126) of subjects were
found to have vertebral fractures by radiography compared with 35.7%
(125) by VFA. The authors found that on both a per-vertebra and per-
patient basis, there was significant agreement between the two tech-
niques, even among mild fractures. However, sensitivity to detect frac-
tures among older models of densitometers was lower than with the
newer models. Prior studies have shown that agreement between
spine radiography and VFA for mild fractures (grade 1) is lower than
that seen for more moderate or severe (grade 2 and 3) fractures, with
VFA having lower sensitivity to detect milder fractures [29,31]. Of
note, however, grade 1 fractures may be less clinically relevant, as
they are more likely to represent non-fracture deformities and are less
predictive of future fractures compared to grade 2 and 3 fractures [10].

Despite their differences, VFA and spine radiography both rely
heavily upon the experience of the technician performing the study
and the expert interpreting it. For both techniques, the ability to detect
mild vertebral fractures is reduced compared to more moderate or se-
vere fractures. Other imagingmodalities, includingMRI, CT, and nuclear
bone scans, may also be used to identify vertebral fractures. CT andMRI
Fig. 4. Rib shadows. Manipulation of image contrast enable

Please cite this article as:M. Zeytinoglu, et al., Vertebral fracture assessmen
Bone (2017), http://dx.doi.org/10.1016/j.bone.2017.03.004
provide improved resolution, a better picture of overall anatomy, the
ability to evaluate the acuity of the fracture, and to differentiate be-
tween osteoporotic and non-osteoporotic (e.g. malignant) fracture. Un-
fortunately, these modalities require a separate location to perform the
study and, most problematically, result in significantly higher radiation
exposure and/or cost. Given all of these limitations, VFA can be consid-
ered the optimal screening technology for the detection of vertebral
fractures. Nevertheless, while VFA may be considered ideally suited
for the initial evaluation for vertebral fracture, there are some limita-
tions. Determining the acuity of the fracture and whether the etiology
is related to non-osteoporotic pathology such as malignancy is not fea-
sible by VFA alone. Therefore, in combination with the patient's clinical
presentation, the ISCD recommends that additional imaging modalities
may be consideredwhen there are two ormoremild (grade 1) deformi-
ties without any moderate or severe (grade 2 or 3) deformities, when
there is an equivocal fracture, when there are lesions in the vertebrae
which cannot be attributed to benign causes, or if the patient has a ver-
tebral deformity and a knownhistory ofmalignancy [25]. Additional im-
aging is also indicatedwhen vertebrae between T7-L4 are unidentifiable
on VFA or in the presence of sclerotic or lytic changes not usually seen in
osteoporosis.
s a clearer distinction of the rib and vertebral borders.

t: Enhancing the diagnosis, prevention, and treatment of osteoporosis,
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4. Indications for vertebral fracture assessment

The ISCD has provided recommendations on defining and reporting
fractures on VFA in its official position statements [25]. The National Os-
teoporosis Foundation and International Osteoporosis Foundation rec-
ommendations are generally in accordance with the ISCD, with a few
additions [33,34]. The recommendations of all three are summarized
in Table 1. The ISCD has noted that themethodology used for identifica-
tion of vertebral fractures should be similar to standard radiological ap-
proaches and should be described in the report. Further, fracture
diagnosis should be based upon visual evaluation, include an assess-
ment of grade and severity, and not be based upon morphometry
alone—althoughmorphometric analysis may be used to confirm the se-
verity of a deformity. Finally, at this time, the ISCD endorses the Genant
visual semi-quantitative method as the clinical technique of choice
when diagnosing vertebral fractures by VFA [25]. In our experience,
the algorithm based qualitative (ABQ) method, with its attention to
the endplates can also be used to enhance diagnoses made using the
Genant semi-quantitative method.

5. Interpretation of VFA

In order to adequately interpret the VFA study, as with all DXA eval-
uations, the proper positioning of the patient is very important. On GE
Medical Systems instruments, the patient is placed in the left lateral
decubitus position and stabilized with a special positioning apparatus
that helps to ensure that the spine is parallel to the table. Of note, the
Fig. 5. Reverse VFA. VFA is visualized from T4 to L5. The image on the left was obtained in the
decubitus position and is considered a “reverse VFA”. Note the improvement in visualization
with a grade 2 wedge fracture at T5 and a grade 2 crush fracture at T6.
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Hologic C and W series also rely on the lateral decubitus position
(right), but themajority of Hologic scanners provide a lateral image ob-
tainedwith a rotating C-armwhile the patient remains in the supinepo-
sition. With both systems, a posteroanterior (PA) and lateral view is
available, with the former useful for determining landmarks and verte-
bral numbering and the latter for visualization of the vertebral anatomy.
Using the PA view, L4–L5 is usually visualized at or near the pelvic crest
and the lowest rib is usually seen at the anterior aspect of L1. Several
scenarios can limit the ability of theVFA toprovide optimal visualization
of the vertebrae. Among these is shoulder rotation, which can impede
visualization of the upper thoracic vertebra by overlapping the scapula
and ribs over the thoracic spine. Although occurring less than with
spine radiography, obliquity and parallax distortion may also occur
with VFA. An example of this is seen in Fig. 2, where the patient's scoli-
osis creates obliquity and makes assessing vertebral anatomy in the
lumbar spinemore challenging. In the case of excess adipositywith obe-
sity, visualization of the vertebrae can also be impaired. Fig. 3 demon-
strates poor rotation of the patient, which may have been difficult due
to the patient's excess adipose tissue, and makes the VFAmore difficult
to interpret. In such cases, the interpreter should comment on any ver-
tebrae that are uninterpretable. Additionally, thediaphragmatic shadow
may change with inspiration/expiration and obscure the vertebral bor-
ders, therebymaking it more difficult to identify a fracture (this is more
of a problem when evaluating a single energy image). Rib shadows can
also obscure vertebral outlines. Fig. 4 demonstrates how a rib shadow
obscures the vertebral body, and how adjusting the contrast can enable
the interpreter to more easily distinguish between the rib and vertebral
left decubitus position. The image on the right was obtained with the patient in the right
of the thoracic vertebrae on the reverse VFA and the loss of height at T5–T7—consistent

t: Enhancing the diagnosis, prevention, and treatment of osteoporosis,
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Fig. 6. Six-pointmorphometry. Six points are placed on the superior and inferior anterior (A),middle (M), and posterior (P)margins of the endplates. Using these points, vertebral heights
and changes in height ratios can be used to assess for vertebral fracture. Note that when there is more obliquity, and the endplates are not parallel, point placement becomes more
subjective.
Adapted from Vertebral Fracture Teaching Program|International Osteoporosis Foundation, (n.d.). https://www.iofbonehealth.org/what-we-do/training-and-education/educational-
slide-kits/vertebral-fracture-teaching-program (accessed December 8, 2016).
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shadows. Finally, the interpreter should ensure that there are no other
foreign shadows occurring from accessories and undergarments that
may interfere with visualization of vertebral anatomy.

One can use a variety of strategies to enhance visualization of the
vertebrae. One such technique to address the limited visualization of
vertebrae in the left lateral decubitus position is to perform a “reverse
VFA”, where the patient is repositioned in the right decubitus position.
Fig. 5 demonstrates a VFA obtained from the right decubitus position.
A variety of other image manipulations, including magnification of the
individual vertebra, inverting the image, and adjustment of the contrast
Fig. 7. Genant Semi-Quantitative Method.
Adapted from H.K. Genant, C.Y. Wu, C. van Kuijk, M.C. Nevitt, Vertebral fracture assessment u
jbmr.5650080915.
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and brightness of the image can also enhance visualization and inter-
pretation and underscore the importance of viewing images on-
screen, with low-ambient lighting, whenever possible.

Unlike other fractures, distinguishing fractured vertebrae from nor-
mal can be quite challenging. Vertebral fractures are often not precipi-
tated by a single traumatic event, and, anatomically, there appears to
be a progressive continuum through which the vertebral body un-
dergoes changes leading to a fracture. This makes radiologic diagnosis
of vertebral fracture difficult and has resulted in a lack of clear consen-
sus on the best method for evaluation of spine images. Commonly,
sing a semiquantitative technique, J. Bone Miner. Res. 8 (1993) 1137–1148. doi:10.1002/
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anterior, middle, and posterior heights are measured, and the reduction
in any of these heights, or their ratios, represents a vertebral deformity,
which often, but not always, identifies a vertebral fracture. Several
methods for radiographic and densitometric diagnosis of vertebral frac-
ture have been utilized. These methods rely on either visual assessment
for vertebral deformity, morphometric measurement of the change in
vertebral height, or some combination of both. The four methodologies
currently used are the qualitative visual, quantitative morphometric
(QM), semiquantitative (SQ) visual method of Genant, and algorithm-
based qualitative assessment (ABQ). The lack of consensus on which
method is best to define and identify a vertebral fracturemay contribute
to underreporting of fracture on radiographic studies. The ISCD has rec-
ommended that the Genant semi-quantitative method be used as the
method of choice for diagnosis of vertebral fracture with VFA. If the se-
verity of the deformity needs to be confirmed, morphometric
Fig. 8. Using the Genant semi-quantitative method of interpretation, one can identify a
grade 2 wedge fracture of L3, with an estimated height loss of between 25 and 40%, and
a grade 3 biconcave fracture of L1 where there is an estimated mid-vertebral height loss
of at least 40%.

Fig. 9. Kyphosis and multiple vertebral fractures are present in this patient. VFA is
visualized from T2 to L4 and the importance of not missing vertebral fractures by
counting all vertebrae can be seen here. There is a grade 2 biconcave fracture at L3,
grade 3 biconcave fracture at L1, grade 2 biconcave fracture at T11 and a grade 3 crush
fracture T7. Note also the presence of artifact from bra clips adjacent to T10 and T11 and
the calcification of the aorta.

Please cite this article as:M. Zeytinoglu, et al., Vertebral fracture assessment: Enhancing the diagnosis, prevention, and treatment of osteoporosis,
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measurement can then be used, but morphometry alone is not recom-
mended [25].

With qualitative visual assessment, a trained interpreter (e.g. radiol-
ogist) reports a vertebra as being normal of fractured without describ-
ing the type or severity of the fracture. The elements that are assessed
to decide that the vertebra is fractured include lack of self-similarity
(anatomic discordance between adjacent vertebrae); disruption of the
endplate with an impression into the vertebral body (endplate
deformities—horizontal edge irregularity); end-plates are no longer
parallel (loss of parallelism); and cortical buckling (vertical edge irregu-
larity) [20,35]. Limitations of this methodology include subjectivity and
the need to have an experienced interpreting clinician. Another limita-
tion is the lack of assessment of the type or severity of the fracture—both
of which have been shown to influence the risk of future fractures [10,
36].
Fig. 10.Not all vertebra deformities are fractures. Here, there is a short vertebral height at
T12, and degenerative changes.
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On the other end of the spectrum is pure morphometric analysis
using measurement of vertebral heights. The provider or technician
places 6morphometric points to define the anterior, middle, and poste-
rior vertebral heights as demonstrated in Fig. 6. The placement of mor-
phometric points is automated by the VFA software, but is not always
accurate and should always be verified by a reading clinician. Thus,mor-
phometry is not truly an objective method since the point placement is
subjective—inaccurate point placement can significantly alter the ratios
of vertebral heights and diagnosis of the severity of the fracture. A cer-
tain change in the ratio of anterior, middle, and/or posterior heights is
commonly used to signify a vertebral deformity, although the exact
amount of change necessary is a matter of debate. Alternative methods
for quantifying change in vertebral height are the Eastell-Melton and
McCloskey methods, where reductions of 3 standard deviations or
more from the mean vertebral heights in a normative population
Fig. 11. Schmorl's Node. VFA visualized from T2 to L4 demonstrates grade 2 wedge
fractures of L2, T12, and T6. Note the presence of a Schmorl's nodules on T12 where a
focal depression in the middle of upper and lower endplate is seen. In this case there is
co-occurrence of vertebral fracture and Schmorl's nodules on the same vertebra.

t: Enhancing the diagnosis, prevention, and treatment of osteoporosis,
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Fig. 12. Fractures are seen in all vertebrae from T3-L5 with the patient having gone
vertebral augmentation in multiple vertebrae.
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comprise a vertebral fracture [37,38]. Pure morphometric analysis has
its limitations, as several common conditions, including degenerative
disc disease, osteophytes, scoliosis, the presence of hardware, or prior
vertebroplasty or kyphoplasty, can result in incorrect point placement
and changes in vertebral heights that hinder the ability to define a frac-
ture. The interpreting clinicianplays a critical role in differentiatingnon-
fracture deformities from true vertebral fractures [36].

The ABQ method is an algorithm-based qualitative tool where the
diagnosis of vertebral fracture requires a disruption of vertebral
endplates [34,39]. Vertebral bodies are evaluated for features of non-
fracture deformities. The clinician begins by assessing for depression
of the endplate. In the absence of a depressed endplate, evidence of
short vertebral height points to physiologic variants such as
Scheuermann's, scoliosis, a prior childhood fracture, or other variants.
If the endplate is depressed, the location and length of the depression
is next assessed. If the depression is concave, but occurs in a focused
area of the endplate, a Schmorl's node should be considered. If the entire
endplate is depressed within the ring, and there is no evidence of trau-
ma, tumor, or other metabolic disease that could be contributing, then
the diagnosis of osteoporotic fracture can be made. This method may
be particularly useful with mild, grade 1 fractures [20].

The Genant semiquantitative method combines a qualitative ap-
proach of inspecting the vertebral bodies to decide whether a vertebra
is fracturedwith a quantitative assessment of grade and type of fracture
by a comparison to a chart (Fig. 7) [40]. Fractures are defined as either
wedge (a reduction in the anterior to posterior height ratio), bi-
concave (a reduction of the mid- to posterior vertebral height ratio),
or a crush fracture (a reduction of the anterior, mid, and posterior
heights compared to that of the vertebrae above or below). Of note, frac-
tures may have a combination of these deformities. The fracture is also
graded in severity—grade 1 ormild fracture defined as a reduction in an-
terior, middle, and/or posterior vertebral height of 20–25%, grade 2, or
moderate fracture with a reduction in height of 25–40%, and grade 3,
or severe, where vertebral height loss is N40%. As has been described,
this is the preferredmethod of the ISCD for identifying and classification
of vertebral fractures. One limitation of this method is that physiologic
wedging in the thoracic spine can lead to over-diagnosis of wedge ver-
tebral fractures. Fig. 8 demonstrates grade 2 and grade 3 fractures iden-
tified using the Genant method.

After verifying the correct patient, assessing for proper positioning,
and adjusting image quality (brightness, contrast, etc.) as needed,
there are several other important considerations when interpreting
the VFA. The interpreting clinician should examine all vertebrae from
bottom to top and assess for similarity between adjacent vertebrae.
Fig. 9 demonstrates multiple vertebral fractures in both the lumbar
and thoracic spine. Although the presence of any vertebral fracture de-
fines osteoporosis, independently of BMD, the number and severity of
fractures help predict future fracture risk, and therefore interrogating
all vertebrae for evidence of fracture is critical [7,9,10,41]. While grade
2 and 3 fractures can be easier to identify, milder grade 1 (b25% height
loss) fractures can be more difficult to detect and interpret. These frac-
tures correlate less with radiographic spine images and are less predic-
tive value for future fracture than grade 2 and 3 fractures. The provider
should use caution in over-interpretingmild fractures since the diagno-
sis of osteoporosis occurring with vertebral fracture can significantly
alter the course of treatment. Radiographic, CT, or MR imaging may
help to further characterize suspected deformities and differentiate a
true fracture from non-fracture deformities.

Several non-fracture deformities can confound the interpretation
and assessment for vertebral fractures. Shortened vertebral height, as
seen in Fig. 10, is seen with aging and degenerative changes including
anterior osteophytes and narrowing of the disc space. Schmorl's nodes,
which occur when the nucleus pulposis herniates into the vertebral
body, often represent a developmental abnormality or canbe seen in ad-
olescent males, particularly those who engage in contact sports. They
may additionally be seen in situationswhere there is endplateweakness
Please cite this article as:M. Zeytinoglu, et al., Vertebral fracture assessmen
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such as with trauma, malignancy, infection, and in hyperparathyroid-
ism. While the impaction of the endplate into the vertebral body can
give the impression of a fracture, it should be noted that these are local-
ized herniations of the endplate, rather than those that are seen with
fracture and which extend from end to end [35]. Fig. 11 demonstrates
a Schmorl's node, degenerative changes, and physiologic wedging. One
can also assess for the presence of prior vertebral augmentation, as
seen in Fig. 12 to determine the presence of prior vertebral fractures.

Finally, it is also important to look at all prior VFA or other radiologic
studies to identify incident vertebral fractures occurring between stud-
ies. In addition to helping predict risk of subsequent fractures, this will
also enable the provider to assess for response to osteoporosis therapies.
Fig. 13 shows serial scans demonstrating a new fracture and progression
of kyphosis in follow-up scan in a patient with prior vertebral fractures.

6. Conclusion

Osteoporosis is highly prevalent, yet often untreated. Identifying ver-
tebral fractures, which are often not clinically apparent, is paramount to
t: Enhancing the diagnosis, prevention, and treatment of osteoporosis,
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Fig. 13.Monitoring for incident fractures. Serial VFA studies in this patient demonstrate progression of marked kyphosis from incident vertebral fractures occurring between scans. The
image on the left demonstrates multiple fractures including grade 2 wedge fractures of L2 and L3, and grade 3 crush fracture of T9. A follow-up scan done on a subsequent encounter
shows a new grade 2 biconcave fracture of L1 and grade 3 crush fracture of T11.
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diagnosing osteoporosis. In doing so, the clinician can risk stratify the
patient and treat to prevent future osteoporotic fractures and their asso-
ciated morbidity and mortality. The addition of lateral spine imaging
technology to the densitometer, VFA, was a major advancement in the
ability to diagnose osteoporosis and vertebral fractures. The ability to
obtain the image at the same time as the DXA is performed, at a lower
cost, and significantly lower radiation dose than with spine radiography
make VFA the optimal initial imagingmodality to screen for and identify
vertebral fractures. Prior to assessing the VFA for fractures, the image
should be reviewed to verify the correct patient, ensure proper position-
ing was used, and to identify any uninterpretable vertebrae or artifacts.
Whilemultiplemethods such as qualitative, quantitativemorphometric,
and ABQ assessment can all be used to diagnose vertebral fractures, the
Genant semi-quantitative method is the preferred initial method with a
possible addition of ABQ for grade 1 fractures. Given thepotential to pre-
dict future fractures and fracture-relatedmorbidity, all vertebrae should
be analyzed to avoid missing any fractures. Serial VFA images can be
used to diagnose incident vertebral fractures and assess response to
therapywhen applicable. As has been described in this review, the clini-
cian can follow guidelines for when VFA is indicated to assist in optimiz-
ing use of this technology. Finally, in cases of equivocal fractures, or
multiple mild vertebral deformities, when there is a history of or suspi-
cion for malignancy, andwhen the acuity of the fracture needs to be de-
termined, the provider can consider an additional imaging modality to
better evaluate vertebral anatomy.
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