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Abstract

Imaging of the spine is of paramount importance for the
recognition of osteoporotic vertebral fractures (VFs), and
standard radiography (SR) of the spine is the suggested
diagnostic method but is not routinely used because
of the cost and radiation exposure considerations. VF
assessment (VFA) is an efficient, low radiation method
for identifying VFs at the time of bone mineral density
(BMD) measurement. Prediction models used to indicate
the need for VFA may have little predictive power in
subspecialty referral populations such as rheumatologic
patients or patients who underwent kyphoplasty.
Rheumatologic patients are frequently at increased risk
for VFs, and VFA should be performed on an individual
basis, also taking in account the guidelines for the
general population. Kyphoplasty is a new minimal
invasive procedure for the treatment of VFs and is being
performed with increasing frequency. Following kyph-
oplasty, there may be a risk of new VFs in adjacent
vertebrae. The assessment and follow-up of patients
who underwent kyphoplasty requires repetitive X-ray
imaging with the known limitations of SR. Thus, VFA may
facilitate the evaluation of VFs in these patients because
most of the kyphoplasty patients would fulfill the criteria.
In a pilot study, we measured the BMD and performed
VFA in 28 patients treated with kyphoplasty. Ratios of
anterior to posterior (A/P) and middle to posterior (M/P)
height were measured, and Genant’s method was used
to classify vertebrae accordingly. Intraobserver and
interobserver reliability for A/P, M/P and the Genant's
method were determined. Only 1 patient did not meet
the criteria for VFA. Of the 364 available vertebrae, 295
could be analyzed. Most missing data (concerning 69
vertebrae) occurred in the upper thoracic region. Three
of the 69 non-eligible vertebrae were lumbar vertebrae
with cement leakage from the kyphoplasty procedure. In
our hands, VFA was highly reproducible, demonstrating
very good agreement in terms of intraobserver and
interobserver reliability. Agreement was very good on

October 18,2015 | Volume 6 | Issue 9 |



Drampalos E et a/. Current research in vertebral fracture assessment

the vertebral level, “vertebrae with kyphoplasty” level
and “2 above and 1 below the kyphoplasty vertebrae”
level. The application of Genant’s method to these
patients also resulted in perfect agreement. We believe
that the potential value of VFA in patients treated with
kyphoplasty requires further evaluation, particularly
comparing VFA with SR and performing a longitudinal
follow-up. More research will help to adopt care
processes that determine which patients require VFA
and how often VFA should be performed, while also
considering the impact of this technique on the cost of
healthcare organizations.
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research; Kyphoplasty; Guideline
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Core tip: Vertebral fracture assessment (VFA) is an
efficient, low radiation method of identifying vertebral
fractures at the time of bone mineral density measure-
ment. Models used to indicate the need for VFA may
have little predictive power in subgroups of the general
population such as patients with kyphoplasty. In
our hands, VFA applied in patients with kyphoplasty
was highly reproducible, demonstrating very good
agreement in terms of intraobserver and interobserver
reliability. More research will help the adoption of care
processes to determine when and how often VFA should
be performed, considering also the impact of such cost
on healthcare organizations.
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INTRODUCTION

Vertebral fracture (VF) is the emblem of osteoporosis
and is associated with increased mortality and mor-
bidity™!. The clinical symptoms include pain (acute
and chronic), impaired pulmonary function, thoracic
kyphosis, height loss, depression and deterioration of
quality of life. Thoracic and lumbar fractures are unique
because most of the fractures do not present clinical
symptoms at the time of their occurrence'?.,

VFs commonly occur in postmenopausal women and
older men, with an estimated prevalence of 10%-26%
in both men and women age 50 and older, depending
on the population and definition of VF utilized™™®.
Prevalent VFs anticipate new fractures independently
of bone mineral density (BMD), as patients with one
or more fractures have a 4-fold increased risk of
subsequent hip fractures and a 5-fold increased risk of
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further VFs'. Furthermore, VFs that do not come to
medical attention seem to be associated with increased
back pain and functional limitation™.

Despite all of these facts, in a multicenter, multi-
national prospective study (the IMPACT trial), under-
diagnosis of VFs was observed in all geographic regions
(false-negative rates: North America, 45.2%; Latin
America, 46.5%; and Europe/South Africa/Australia,
29.5%) with a global false-positive rate of 5%. Accord-
ing to the same study, underdiagnosis of VFs is a
worldwide problem attributable, in part, to a lack of
radiographic detection, use of ambiguous terminology in
the radiology report, or both™.

Imaging of the spine is of paramount importance
for the recognition of VFs. Standard radiography (SR)
of the spine is the reference method for identifying
VFs but is not used routinely because of the cost and
radiation exposure considerations. Dual-energy X-ray
absorptiometry (DXA) systems equipped with special
software can be used for the detection of VFs obtaining
lateral views of the thoracic and lumbar spine (Figure 1).
Densitometric imaging of the spine allows VF analysis
to be efficiently performed simultaneously, improving
the overall assessment of an individual’s future fracture
risk with a very low radiation dose (10 microsieverts
vs 800 microsieverts for standard anteroposterior and
lateral radiographs of the thoracic and lumbar spine)!.,
Although lateral imaging of the spine with the use of
X-ray absorptiometry has been previously described
with different terms from the manufacturers (lateral
vertebral assessment, dual vertebral assessment and
instant vertebral assessment), the ISCD 2005 Official
Positions replaced these terms with the label “Vertebral
Fracture Assessment” or VF assessment (VFA)!Y,
Furthermore, vertebrae with an appearance consistent
with a prevalent fracture on VFA images or radiographs
are often characterized as deformities, implying that
some of the “deformities” identified may not really be
VFstY,

METHODS FOR VFA

There are several methods available to determine
vertebral deformities (VDs) and distinguish them from
vertebrae with a normal shape. The semi-quantitative
technique developed by Genant et al'*?! is one of the
most common approaches. The qualitative feature of
the vertebrae shape is considered together with the
approximate loss of vertebrae height. This method uses
fixed values of loss of height (0.60, 0.75 and 0.80).

A plethora of quantitative morphometric methods
of detecting VFs has also been described. That study
determined a VF based on reductions of anterior (A) and
middle height (M) relative to the posterior height (P)
within the vertebra and/or on reductions of these heights
relative to corresponding heights of adjacent vertebrae.
Most studies also used appropriate population-based
samples of men and women. McCloskey et a/l*’)
developed a quantitative technique that takes into
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Figure 1 Vertebral fractures on a vertebral fracture assessment image.

account the size of adjacent vertebrae into assessing
VFs. Eastell et al'** defined a fracture based on the
deviation of the vertebral height of > 3 SD compared
with a population-based sample. Melton et af** used the
ratio of 0.85 for the definition of VFs, with the vertebral
dimensions being adjusted for the specific level. Ross et
al*® developed a method that uses Z-scores to identify
VFs. A modified approach to visual diagnosis of VFs,
known as the algorithm-based qualitative method (ABQ),
was proposed by Jiang et a'”). This technique focuses
on the appearance of the central vertebral endplate to
identify VFs without a minimum threshold of vertebral
height reduction.

When used for VFA images, the Genant’s method,
quantitative morphometry and the most recent ABQ
method result in good intraobserver and interobserver
reliability, approximating that of SR'*?%. In a multicenter
study, including 203 postmenopausal women with
imaging of their spine by both DXA and SR that
were independently evaluated by three experienced
radiologists on two different occasions, there was good
agreement with kappa values ranging from 0.64 to
0.77"Y. Furthermore, VFA has been shown to be both
sensitive and specific in several studies. In 205 women
age 65 and older undergoing bone densitometry for
BMD measurement, VFA compared to SR was 87%-93%
sensitive and 93%-95% specific'®, In another study
including 80 postmenopausal women, clinicians utilizing
VFA with a Genant semi-quantitative method identified
the vast majority of grade 2 or 3 VFs and normal
vertebral bodies (with a false negative rate of 6%) but
only identified 50% of grade 1 fractures™®.

VFA has also a good negative predictive value (NPV)
that reaches even 95% in some studies™. However,
visualization of the upper thoracic spine is of poorer
quality for VFA compared to SR, and most of the studies
have noted a larger percentage of vertebrae that are
not visualized clearly with VFA®*. Non-eligible vertebrae
are particularly common superior to the 7™ thoracic
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vertebra (T7) but there are relatively few osteoporotic
VFs above T7.

INDICATIONS FOR VFA

According to the 2007 Official Positions of the Inter-
national Society for Clinical Densitometry (ISCD),
the candidate indications for VFA were established on
the basis that documentation of a prevalent VF may
alter treatment of that individual and that there is a
reasonable pre-test probability that a prevalent VF is
found on VFA™, SR following VFA should be performed
when grade 2 or milder VFs are present without more
severe VFs, VDs are present in patients with a known
history of malignancy and when VDs cannot be assigned
to benign causes!'!.,

The 2013 updated positions of the ISCD simplified
the indications, and spine imaging with VFA or SR is
recommended when the T-score is less than -1.0 and
if one or more of the following factors are present®®':
(1) Women age > 70 years or men age > 80 years;
(2) Historical height loss > 4 cm (> 1.5 in.); (3) Self-
reported but undocumented prior vertebral fracture;
and (4) Glucocorticoid therapy equivalent to > 5 mg of
prednisolone or equivalent per day for > 3 mo.

One of the aims of this study was to develop a
regression-based prediction model to be integrated into
the densitometric software so that bone technicians
can proceed to a VFA in addition to the standard bone
density measurement if the likelihood of prevalent VF
is > 10%'%), In fact, Schousboe et al'**! developed
an algorithm to be used by technologists to identify
patients for whom VFA should be performed, simplifying
the criteria from the ISCD 2007 position statement
(T-score -1.5 or worse and one of the following factors:
age 65 years or older, historical height loss > 1.5
in, or systemic glucocorticoid therapy at the time of
their DXA test). They concluded that such use can be
feasible in clinical practice and that documentation of
VFs increased the prescription of fracture prevention
medication®®. However, there are no recommendations
about the role of VFA in detecting incident fractures in
patients receiving osteoporosis treatment or the interval
between consecutive VFAs.

VFA IN SUBSPECIALTY REFERRAL
POPULATIONS

Models used to form indications for VFA have been
developed in general populations and may have little
predictive power in special populations such as patients
with ankylosing spondylitis (AS), rheumatoid arthritis
(RA) or inflammatory bowel disease.

In rheumatology practice VFA has been shown to
be useful for revealing VFs®”), Patients with AS or RA
are at increased risk for VFs compared to the general
population®?’, Known risk factors include age, low
BMD, use of glucocorticoids, disease duration and high
levels of disease activity?* .
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Mohammad et a/*"! performed VFA scans in a

cohort of 603 patients with RA of age > 40 years.
For the entire cohort, 13% (77/603) of patients had
one or more vertebral deformities identified on VFA
imaging: 58% of these patients were female with a
mean age of 56 years. The prevalence of osteoporosis
and osteopenia was 59% and 40%, respectively, with
the prevalence and severity of VFs showing significant
correlation with spine T-scores and femoral T-scores.
In multivariable analyses VFs were significantly and
independently associated with a longer duration of RA,
markers of disease activity and severity™".

In one of the recent studies on the role of VFA in RA,
100 women underwent lateral imaging of the thoraco-
lumbar spine by SR and VFA. All patients with a history
of previous VF (n = 13) were visualized with VFA. The
sensitivity, positive predictive value, specificity and NPV
of VFA compared to SR were 57.3%, 30.9%, 89.1%
and 96.1%, respectively, for the total vertebrae®”.

There is less research conducted with regards to
VFA in patients with AS. As in rheumatoid arthritis, VFA
needs to be validated. Vosse et al®* compared VFA
with SR in 30 patients with AS. Although the agreement
between methods in measuring vertebral wedging
[expressed as (mean) A/P ratio] was good, agreement
between methods in assessing whether there is a
fracture was insufficient. However, as the NPV was high
(97%), VFA could be of clinical value to select patients
for further evaluation by SR.

According to the 2013 official positions of ISCD, VFA
for these subsets populations should be performed on
an individual basis taking also in account the guidelines
for the general population. On 2012, the French Society
for Rheumatology and the Osteoporosis Research and
Information Group updated their recommendations
for the pharmacological treatment of post-menopausal
osteoporosis and suggested the same indications for
VFA as recommended by the ISCD"®. Finally, the 2010
American College of Rheumatology recommendations
for the prevention and treatment of glucocorticoid-
induced osteoporosis suggest considering lateral imaging
of the spine with SR or VFA for patients starting or
currently receiving prednisolone > 5 mg/d™".

APPLICATION OF VFA IN PATIENTS
TREATED WITH KYPHOPLASTY

Kyphoplasty is new minimal invasive procedure for the
treatment of osteoporotic VFs and is being performed
with increasing frequency. The technique was developed
to provide relief to patients with painful VFs and entails
inflation of a percutaneously delivered balloon in the
vertebral body, followed by the percutaneous injection
of bone cement into the cavity created by the balloon.
Chemotoxicity, thermal necrosis during exothermic
polymerization, and mechanical stability provided by the
cured bone cement are the most likely mechanisms for
pain relief in kyphoplasty™®*!.

Through the use of a balloon, kyphoplasty is
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intended to provide restoration of vertebral body height.
Based on current evidence, kyphoplasty does not restore
substantial vertebral body height in most patients, and
the intrinsic value of vertebral body height restoration
remains speculative. Patients treated with kyphoplasty
are generally quite satisfied with their pain relief and
rarely express disappointment in a lack of height
restoration***!],

There may be an additional risk of new VFs develop-
ing in adjacent vertebrae subsequent to kyphoplasty'*.
Because new VFs can occur in osteoporotic patients
simply due to disease progression rather than as a result
of the kyphoplasty, it is difficult to determine the added
risk of fracture resulting from this procedure!®*",

The assessment and follow-up of patients who
underwent kyphoplasty requires repetitive X-ray imaging
with the limitations of radiography in terms of radiation,
cost, patient positioning and geometric distortion within
vertebrae located above or below the central point of
the beam (parallax effect because the endplates are
projected obliquely, giving them an elliptical appear-
ance)™***, Thus, VFA is a technique that may facilitate
the evaluation of VFs in these patients. In fact, patients
treated with kyphoplasty frequently are: (1) Osteopenic
or osteoporotic patients with a T-score less than -1.0
and need regular BMD measurements; (2) Women or
men age > 70 or even 80; (3) Patients that present with
height loss; (4) Patients that have a history of prior VF;
or (5) Patients that having an additional risk for new VFs
because of the natural course of the osteoporosis or of
the kyphoplasty.

Furthermore, chronic rheumatologic patients under
treatment with glucocorticoids have an increased risk
for VFs?®**! and can be treated with kyphoplasty.
Considering the above criteria, most of the kyphoplasty
patients would fulfill the criteria for VFA according to the
2013 ISCD Official Position™!.

MATERIALS AND METHODS OF THE
STUDY

Before any data collection, local ethics committee
approval was obtained for the present cross sectional
study.

Twenty-eight patients treated with kyphoplasty for
acute symptomatic osteoporotic VFs were included.
The patients were evaluated according to a standard
protocol, which included measurement of BMD (of both
nondominant hip and lumbar spine) and densitometric
images of the spine with the patient in the lateral
position using a Lunar Prodigy Advance densitometer (GE
Healthcare Buckinghamshire, United Kingdom). For the
calculation of the mean T-score, the least value between
the lumbar spine and hip (femoral neck, or total pro-
ximal femur) was included for every patient. At the
lumbar spine, at least 3 vertebrae (between L1 and L4)
had to be evaluable, that is without kyphoplasty, for the
T-score to be taken into consideration. For VFA images,
the Lunar software of the densitometer was used to set
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Figure 2 Vertebral fracture assessment on a patient who underwent kyphoplasty. Markers on the vertebral margins anterior (A), middle (M) and posterior (P)

heights, together with their ratios, were measured.

markers on the vertebral margins by two observers (XM
and ED), and anterior (A), middle (M) and posterior (P)
heights together with their ratios were measured (Figure
2). VFs were assessed by calculating the A/P, M/P ratios.

To measure intraobserver reliability for A/P and M/P
ratios, each observer read every densitometric image
twice in @ random order, evaluating vertebrae from T4
to L4. To assess interobserver reliability, VFA images
were read independently from the two observers (XM
and ED), who were blinded to each other’s assessment.

We estimated the intraobserver and interobserver
reliability for A/P and M/P ratios using the intra-class
correlation coefficient (ICC) on the “vertebral level” (n
= 364), as well as on the “vertebrae with kyphoplasty”
level (n = 49) and adjacent to the kyphoplasty vertebrae
level (“2 above and 1 below the kyphoplasty vertebrae”,
n = 82). Furthermore, following Genant’s method, we
used the cut-off ratios of 0.60, 0.75 and 0.80 for the
A/P ratio to categorize the vertebrae as grade 0 (non
fracture), grade 1 (mild), grade 2 (moderate) and grade
3 (severe) fractures and calculated Cohen’s kappa
value (k) with quadratic weighting. The k value was
determined on a vertebral level with 95% confidence
intervals. To interpret the level of agreement based upon
Cohen’s « results the Landis and Koch guidelines were
followed™, Thus, a Cohen’s k value greater than 0.81
was considered almost perfect agreement; between
0.8 and 0.61, substantial agreement; between 0.6 and
0.4, moderate agreement; between 0.4 and 0.2, fair
agreement; between 0.2 and 0, slight agreement; and
less than zero, poor agreement. All tests were two-
sided and statistical significance was set at P < 0.05. All
analyses were carried out using the computer software
SPSS for Windows (IBM SPSS Statistics 21 NY, United
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States).

STUDY RESULTS

Ten patients were male, 18 patients were female and
the mean age was 72.4 years (range, 54-84). Only 1
patient did not meet the 2013 ISCD criteria for VFA®
because of a T score > -1. The mean T-score was -2.28
(range, -4.1 to -0.8), and the mean height was 1.52 m
(range, 1.38-1.71 m). Furthermore, the mean weight
was 70 kg (range, 51-98 kg), the mean body mass
index was 30 (range, 22-41) and the mean follow-up
from the operation date was 34 mo (range, 14-60 mo).

Of the 364 available vertebrae, 295 could be
analyzed. Most instances of missing data (concerning
69 vertebrae) occurred in the thoracic T4-T6 region and
were equally distributed across the two readers. Three
of the 69 non-eligible vertebrae were vertebrae that
had been treated with kyphoplasty. Both of the readers
characterized these vertebrae as non-eligible. These
vertebrae were three lumbar vertebrae (one L1 and two
L2) of three different patients and had the presence of
cement leakage from the kyphoplasty in common.

Intraobserver agreement for A/P ratios was very
good for both readers (XM and ED), with ICC = 0.98
(95%CI: 0.977-0.988) for XM and ICC = 0.96 (95%CI:
0.957-0.973) for ED. Intraobserver agreement for M/P
ratios was also very good for both readers, with ICC =
0.977 (95%CI: 0.971-0.982) for XM and ICC = 0.945
(95%CI: 0.93-0.956) for ED. Interobserver reliability
(first assessments of the two readers were compared)
for A/P and M/P ratios, the results were again very
good, with ICC = 0.951 (95%CI: 0.938-0.961) for A/P
and ICC = 0.947 (95%CI: 0.933-0.958) for M/P.
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wedge

Figure 3 Non-eligible L2 vertebra with kyphoplasty and cement leakage
on vertebral fracture assessment.

"

Agreements on the “vertebrae with kyphoplasty
level and on the "2 above and 1 below the kyphoplasty
vertebrae”, were also very good. There was very good
interobserver reliability for the A/P ratio on the “vertebrae
with kyphoplasty” level with ICC = 0.94 (95%CI:
0.894-0.966) and for the A/P ratio on the “2 above and
1 below the kyphoplasty vertebrae” level with ICC =
0.969 (95%CI: 0.951-0.98).

With regards to Genant’s method, after using the
cut-off ratios of 0.60, 0.75 and 0.80 for A/P ratio and
classifying the vertebrae, interobserver agreement was
almost perfect calculating a k value with Quadratic
Weighting = 0.833 (95%CI: 0.82-0.95). Furthermore,
using Genant’s method and taking in account the first
observer’s measurements (XM), 15 VFs were found on
the “2 above and 1 below the kyphoplasty vertebrae”
level. More specifically, there were nine VFs on the
adjacent-superior to the kyphoplasty vertebrae, one VF
on the adjacent-inferior to the kyphoplasty vertebrae
and five VFs were identified in two vertebrae above
the kyphoplasty. Eleven of these 15 VFs were at the
thoracolumbar junction (T12-L1), three were on T11
and one was on T9. Seven more VFs were found on the
rest of those not adjacent to the kyphoplasty vertebrae.

DISCUSSION

In our hands, VFA was highly reproducible when applied
to patients treated with kyphoplasty, demonstrating
very good agreement in terms of intraobserver and
interobserver reliability. Agreement was very good on
the vertebral level, “vertebrae with kyphoplasty” level
and “2 above and 1 below the kyphoplasty vertebrae”
level. Application of Genant’s method on these patients
also resulted in perfect agreement.

With regards to the patient who did not meet the
criteria for VFA, the lowest T-score = -0.9 of the hip
was considered. She was a woman aged 68 years with
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two kyphoplasty vertebrae (T11 and T12). Being under
treatment with intravenous zoledronic acid for the last
two years, post-kyphoplasty may have improved her
BMD. The 69 individual non-eligible vertebrae (most of
them in the thoracic T4-T6 region) were in concordance
also with studies where VFA was applied in general
population groups or in subgroups such as patients with
ankylosing spondylitis®***!. Three of the 69 non-eligible
vertebrae were kyphoplasty vertebrae in 3 patients
presenting cement leakage (Figure 3). In fact, cement
extravasation alters vertebral shape, and as a result,
it is extremely difficult for the reader to assess the
vertebra.

It is still a matter of debate as to whether vertebrae
neighboring the kyphoplasty are more likely to frac-
ture*?, According to our database, most of the fractures
on the vertebrae without kyphoplasty were on the “2
above and 1 below the kyphoplasty vertebrae” level (15
VFs), but we have no data on whether these were new
fractures or present before the kyphoplasty.

We believe that the potential value of VFA in patients
treated with kyphoplasty needs further evaluation,
in particular, evaluations comparing VFA with SR and
including longitudinal follow-up. Although we did not
perform longitudinal VFA assessments, VFA has the
potential to be a very useful test for longitudinal follow-
up. Our pilot study demonstrated that VFA could be
a valuable technique in terms of intraobserver and
interobserver reliability for the determination of the
height ratios of the vertebrae or using Genant’s method.
A larger study, comparing the agreement between
VFA and SR in patients who underwent kyphoplasty is
currently underway. Moreover, considering the guidelines
for monitoring BMD in populations at high risk for VFs,
patients who underwent kyphoplasty should have
their DXA measurement regularly at least every 1 or 2
years™®. In an era in which all dimensions of pathology
should be accounted for, serial BMD testing and VFA
should probably be part of routine practice in this at-
risk population, and having a single exam that entails
minimal irradiation and allows for the assessment of
major structural changes certainly warrants further
systematic evaluation.

Overall, assessing structural damage is essential
in patients treated with kyphoplasty and has key
implications for treatment outcomes. SR remains the
gold standard to evaluate the spines of these patients,
despite all its disadvantages and limitations. Our study
demonstrates a potential for VFA in these patients.
The technique of VFA is much less irradiating than
standard radiographs, easily available during the BMD
determination and inexpensive in the modern era of
economic crisis.

CONCLUSION

Future research is needed to determine if other pre-
dictors can be established that may improve the
efficiency of lateral spine imaging to identify those with

October 18,2015 | Volume 6 | Issue 9 |



Drampalos E et a/. Current research in vertebral fracture assessment

clinically unrecognized VFs. Because models used to form
general indications for VFA may have little predictive
power in subsets of populations, such as patients with RA
or kyphoplasty, further studies are needed on new care
processes within healthcare systems to identify those
who should have VFA. Furthermore, although VFA has the
potential to be a very useful test for longitudinal follow-
up; there are currently no recommendations on how
often the assessment should be repeated. It is important
to also mention that, according to evidence, VFA studies
revealing a VF do affect patient’s and physician’s fracture
prevention behavior™®”*®!, In conclusion, more research
will help the adoption of care processes to determine
which patients require VFA and how often VFA should be
performed, while also considering the impact of such cost
on healthcare organizations.
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