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Background: The expanded semi-quantitative (eSQ) osteoporotic vertebral deformity (OVD) classification
has minimal, mild, moderate, moderately-severe, severe, and collapsed grades with <20%, 20-25%, >25%—
1/3, >1/3-40%, >40%—2/3, >2/3 vertebral height loss respectively. This study evaluates the performance of
using this grading criterion by radiology readers who did not have former training in OVD assessment.
Methods: Spine radiographs of 44 elderly women with 278 normal appearing vertebrae and 65 OVDs were
selected, with two senior readers agreed the reference reading. Three readers from Italy and three readers
from China were invited to evaluate these radiographs after reading five reference articles including one
detailing eSQ criteria with illustrative examples. Before the second round of reading, the readers were asked
to read an additional explanatory document. For the readers in Italy an additional on-line demonstration was
given on how to measure vertebral height loss in another five cases of OVD. Two Chinese readers had a third
round of reading after a 90 minutes’ on-line lecture.

Results: The final absolute agreement rate with the reference reading (i.e., exactly the same grading as the
reference) ranged between 46.2% to 68.2% for the six readers, and the final relative agreement (with one
eSQ grade difference allowed) ranged between 78.5% to 92.5%. The >1 grade disagreement rate was all
below 11%, and mostly below 7%. The missed OVD were mostly minimal grade. The rate for missing a >
mild OVD was <4.5%, and false positive rate was generally <1.4% among the final reading. If the minimal
grade was removed and the remaining gradings were converted to Genant’s semi-quantitative (GSQ)
grading, the mean kappa values against the reference reading for SQ grades-1,2,3 were 0.813, 0.814, and 0.916
respectively.

Conclusions: This study demonstrates good performance of the six learner readers for assessing

radiographic after a brief self-learning period.
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Introduction

Osteoporotic vertebral fracture (OVF) is the most common
osteoporotic fracture. A vertebral fracture, after minor
trauma, is a hallmark of osteoporosis. OVF predispose to
both further fracturing and fracture cascade (1-5). OVF
can be associated with decreases in trunk extension torque,
spinal motion, functional reach, mobility skills and walking
distance. OVF may also influence mortality because of its
association with chronic back pain, immobility and change
in posture, which may increase the risk of infection and
death (2). Appropriate interventions for OVF can reduce
the occurrence of hip fractures, preventing further OVF
and reducing pain and related disabilities. It is important to
identify and report OVE, so that appropriate investigation
and treatment can be instigated. However, OVF may
often be relatively asymptomatic so that, in the absence
of localizing symptoms, spinal fracture status is usually
determined by obtaining lateral radiographs of the spine
either by radiograph or by dual-energy X-ray absorptiometry
(DXA) devices operating in imaging mode (4).

The Genant’s semi-quantitative (GSQ) criteria is
currently the most used approach for identifying OVF (5-7).
The qualitative diagnosis with radiological knowledge
helps to minimize false positive readings due to vertebral
physiological wedging, degenerative wedging, and other
congenital anomalies. Radiological evaluation can also
detect subtle changes that may be clinical important, such
as endplate and/or cortex fracture (ECF) (8-13). According
to Genant ez al., a vertebra body (VB) is graded on visual
inspection of the anterior, middle, or posterior heights as
normal (grade-0), mildly deformed (grade-1, a 20-25%
reduction in one of the three heights and a reduction in
area of 10-20%), moderately deformed (grade-2, a 25-40%
reduction in any height and a reduction in area of 20-40%)
and severely deformed (grade-3, a 40% or more reduction
in height and area). In addition to the height reduction
estimation, emphasis is also placed on the radiological
evaluation of osteoporotic vertebral deformity (OVD).
However, unless there is a face-to-face training with
experienced readers, it has been well documented that it
is difficult to apply GSQ criteria by only reading the text
description of Genant et al. (5,14-17). For example, despite
that a standardized protocol of radiograph acquisition
techniques and of interpretation criteria was applied,
Diacinti et al. (16) reported a study that, among 562 OVFs
identified by radiologist readers in peripheral hospitals,
102 were classified as normal vertebrae by the experienced
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radiologist readers in a central hospital; while 205 OVFs
were incorrectly evaluated by local readings as (false)
negatives.

Built upon the GSQ criteria, Wiang et al. (18) recently
proposed an expanded semi-quantitative (eSQ) OVD
classification with the following features: (I) minimal
grade is OVDs with <20% VB height loss; (II) eSQ mild
grade is the same as GSQ mild grade (20-25% height
loss); (III) GSQ moderate grade is subdivided into eSQ
moderate grade (mod/m, >25%-1/3 height loss) and eSQ
moderately-severe grade (mod/s, >1/3-40% height loss);
(IV) GSQ severe grade is subdivided into eSQ severe grade
(>40%-2/3 height loss) and eSQ collapsed grade (with
>2/3 height loss). The eSQ criteria introduce a formal
minimal grade, equivalent to GSQ grade-0.5, referring to
radiological OVDs with less than 20% height loss. While
GSQ grade-0.5 OVDs are common, it is less reported
and discussed in literature (6). eSQ minimal grade can be
clinically relevant specially when there is associated ECF
(8-12,19). GSQ moderate is subdivided into eSQ mod/m
and mod/s grades because OVDs with >1/3 height loss are
always associated with positive ECF sign radiographically
(this is the reason for such a subdivision) (12,20,21). It has
been noted that compared with VBs without OVD, ECF(-)
GSQ grade-1 and grade-2 OVDs do not have a higher
short-term future risk for new incident OVD. Within the
same GSQ mild/moderate OVD grades, compared with the
subjects without ECE, the subjects with ECF are associated
with a higher short-term future risk of OVD progression
and new incident OVD (12). A subdivision GSQ grade-3
will allow recording of severe OVD progressions (such as
a 45% height loss progresses to 75% height loss). Wing
et al. (18) defined how VB height loss is measured, and also
provide graphic illustration of 36 cases with radiographic
OVD.

This study aims to test the hypothesis that, since Wing
et al’s article defines how VB height loss is measured and
users can refer to the 36 cases illustrated in the article, a
general radiologist can self-learn by reading a couple of
key reference papers including Wiéng et 4l’s, and performs
well in evaluating radiographic OVD without face-to-face
coaching from experienced readers.

Methods

This study was approved by the local ethics committees
of authors’ institutions. Informed consent for additional
analysis of radiographs in this study was waived. The
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Wang et al. Diagnosis of radiographic OVD by general radiologists

Table 1 Vertebral height loss criteria for Genant semi-quantitative (GSQ) grading and extended semi-quantitative grading (eSQ)*

Extent of vertebral height loss

Variable

<20% >20-25% >25%-1/3 >1/3-40% >40%-2/3 >2/3
Genant SQ Grade-0.5 Grade-1 Grade-2 Grade-3
Genant SQ Mild Moderate Severe
Extended SQ Grade-1 Grade-2 Grade-3 Grade-4 Grade-5 Grade-6
Extended SQ Minimal (min) Mild (mil) Moderate (mod/m) Moderately- Severe (sev) Collapsed (col)

severe (mod/s)

*, vertebrae with normal radiographical morphology is noted as grade-0.

thoracic and/or lumbar spine radiograph of 29 Chinese cases
and 15 Italian cases were randomly selected from senior
authors’ study database, with in total 343 VBs visible on the
radiographs. All subjects were females and aged >55 years
old, and according to the two senior authors (YXJW,
DD) had at least one OVD per subject according to the
eSQ criteria. The two senior authors had been involved
in the OVD/OVF evaluation in the past, but they did not
have face-to-face interaction. These two senior authors
initially evaluated the 44 cases independently according
to eSQ criteria (1able 1), and found they agreed in 278
VBs without OVD, and 65 VBs with OVD among them
there were 7 OVDs with disagreement by one eSQ grade
(none had disagreement by > one grade), and one VB with
upper endplate Schmorl’s node co-existing with ambiguous
minimal grade OVD. A second-round reading resolved
disagreement in 4 OVDs, and with remaining three OVDs
considered two grades were acceptable for each VB (e.g., an
OVD with a measured height loss of 39% was considered
acceptable for both mod/s and severe grades). The agreed
reading of these two readers were then regarded as the
reference. In total, there were 10 minimal, 11 mild,
21 mod/m, 7 mod/s, 17 severe, and 3 collapsed grade
OVDs; while one OVD was either minimal grade or mild
grades, two OVDs were either mod/s grade or severe
grades; and for additional one VB, both minimal grade
OVD or without OVD were considered acceptable.

This study recruited three young general radiologist
readers from Italy (I1, 12, I3) and three young general
radiologists from China (C1, C2, C3). They were asked
not to communicate on the study topics during the
testing period. None of them were subspecialized in
musculoskeletal radiology and none of them participated
special clinical program in OVD assessment. These 6
radiologists were asked to read the three papers of references
5, 18, 22 as the primary teaching materials (5,18,22), and

© Journal of Thoracic Disease. All rights reserved.

two papers of references 23, 24 as supplementary teaching
materials (23,24). Among them Wing er al.’s article is
the key teaching material (18). Szulc’s letter gives a good
introduction of how to identify an OVD (5), and Wang &
Che-Nordin’s letter explains Genant’s SQ criteria (22). The
two supplementary papers mainly provide teaching material
on ECF identification, and in the meantime provide more
examples of OVD (23,24). After reading the teaching
articles, the 6 readers were asked to evaluate the 44 study
cases’ blinded radiographs, identifying the VBs with OVD
and their eSQ grading. The VB dimension measurement
was done using the software MicroDicom DICOM viewer
(https://www.microdicom.com/). The measurement was
computer screen-captured and feedback to the two senior
authors. For second round of reading, the readers in China
were asked to read an additional document (supplementary
document at: http://fp.amegroups.cn/cms/fae5c5{22eef2
1ad80f0b8003d120288/JTD-20-2379-1.pdf), and then to
evaluate the radiographs again. This additional document
was prepared after senior author-YXJW reviewed the
reading results of the 6 readers with feedback of computer
screen-captures. This document comments on the common
errors of the first round of test readings, but no specific
case or example was discussed. For the readers in Italy, in
addition to reading this document, senior author-DD did an
on-line demonstration of how to measure vertebral height
loss in another 5 five cases of OVD which the readers
in Italy measured two days later, and then experienced
senior author-DD corrected their measurements and gave
feedback to the three Italian readers. After that, the Italian
readers evaluated the radiographs again. Two Chinese
readers (C2, C3) had a third round of reading. Via an on-
line platform, senior author-YXJW spent 90 minutes to
explain Wing et al.’s article (18); and explained his approach
to evaluate and grade OVD. The content of this lecture
focuses on the important points of what were already on
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Table 2 Final agreement (vertebral number and percentage) between the six learner readers and reference reading

Variable OVD absolute agree* OVD relative agree* OVD disagree by >1 grade* > mild OVD missed* False (+) OVD*
11 43 (66.2%) 57 (87.7%) 2 (3.1%) 1/1.6% 1/0.36%

12 39 (60%) 54 (83.1%) 4 (6.2%) 0 0

13 30 (46.2%) 51 (78.5%) 7 (10.8%) 0 0

C1 42 (63.6%) 60 (90.9%) 4 (6.1%) 0 4 (1.4%)
c2 45 (68.2%) 61 (92.5%) 0 3 (4.5%) 0

C3 42 (63.6%) 59 (89.4%) 4 (6.1%) 2 (3.0%) 2(0.7%)

OVD absolute agree: exactly the same grading as the reference reading; OVD relative agree: compared with the reference reading, one
grade difference is allowed; OVD disagree by >1 grade: disagreement by more than one grade, for example, a mild grade is marked as
mod/s grade; > mild OVD missed: mild grade OVD were missed with C2 missed one severe OVD (due to oversight). *, out of total true OVD; *,
falsely marked as OVD out of total vertebrae with no OVD. OVD, osteoporotic vertebral deformity.

the teaching materials, with no additional case or example
provided.

For statistical analysis, Kappa coefficient was used for to
measure inter-reader reliability for categorical items. The
performance of the 6 general radiologists was assessed with
agreement criteria comparing with the reference reading by
the two senior authors.

Results

The key indicators of final agreement between the six
learner readers and reference reading are summarized in
Table 2, and the detailed agreements are shown in Table 3.
Table 2 shows the final absolute agreement rate (i.e., exactly
the same grading as the reference) ranged between 46.2%
to 68.2%, and the final relative agreement (with one grade
difference allowed) ranged between 78.5% to 92.5%. The
>1 grade disagreement in grading was all below 11%. The
missed OVDs were mostly minimal grade. The rate for
missing a > mild OVD was <4.5%. One severe OVD was
missed by Chinese reader-2; however, it was an oversight
rather than misjudgement which was confirmed after the
study completed. The false positive rate was generally
<1.4% among the final reading, and all were marked as
minimal grade. If grading was disregarded and a VB was
only considered either OVD positive or negative, according
to eSQ the positive agreement was 90.8%, 89.2%, 89.2%,
96.9%, 92.4%, and 96.9% respectively for the six learner
readers; and for negative VBs, the agreement was 99.6%,
100%, 100%, 98.2%, 98.9%, and 98.9% respectively.

If the eSQ minimal grade was removed, eSQ mod/m and
mod/s grades were merged into a single moderate grade,
and eSQ severe and collapsed grades were merged into
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severe grade, the reading results were then converted into
GSQ results. The GSQ results are shown in 7able 4. The
mean kappa value for GSQ grades-1,2,3 was 0.813, 0.814,
and 0.916, respectively.

For the second round of reading, the three Italian
readers and Chinese reader-1 performed the same as the 1st
round of reading, while Chinese reader-2 and -3 improved
notably. Chinese reader-2 further improved during the 3rd
round of reading.

Discussion

Despite years’ of research, the radiographic criteria for
diagnosing osteoporotic VF and its grading remain debated
(14,25-28). Recent evidences favor radiological diagnosis
over OVD’s morphometric criteria (14,27,28). For
example, Leidig-Bruckner ez 4/. (27) applied an algorithm
for radiological differential classification (RDC), and their
RDC’s reading were compared with BMD measurement
as well as Eastell and McCloskey’s morphometric criteria
(29,30). In women, 31-68% of cases with morphometric
OVD were classified by RDC as non-osteoporotic. On the
other hand, up to 48% OVD in women were missed by
morphometry. Although OVD by most definitions were
significantly and inversely related to BMD, a stronger
association existed between BMD and osteoporotic
fractures defined by RDC (17). In the early 1990s, Genant
et al. (6) proposed the GSQ criteria. Though the GSQ is
commonly used, it is associated with two major difficulties.
The first is to decide whether a mild OVD exists for a VB,
or it is only a degenerative wedging. The second is the
precise grading. These difficulties may not be so an issue for
clinical practice; but can cause problems for epidemiological
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studies, and particularly for cross-center results comparison.
GSQ has been generally perceived difficult to implement
by those readers who have not received training from
experienced readers. The agreement among readers for
OVD GSQ grading can be poor (14). GSQ method relies
on estimate of vertebral dimensions, which is a potential
source of observer error. Though it has not been specifically
noted, it is implied that the posterior VB height is used
as the reference to estimate middle/anterior height loss.
However, to compare the height loss of a vertebra with its
adjacent vertebrae is more reasonable (18), as the ratio of
anterior height to posterior height varies among different
vertebral levels. Additionally, due to the existence of
vertebra’s posterior lip (uncinate process), the posterior
height measure can cause inconsistencies.

Wing et al.’s work tries to address the difficulties of
GSQ. In addition to proposing the eSQ scheme with the
perceived advantages, Wing er al’s paper also defines the
way the VB height loss is measured. It may help to resolve
difference by individual readers to facilitate consensus
reading. For example, a 38% height loss can be read as
GSQ moderate grade by one reader and GSQ severe grade
by another reader, which would be difficult to reconcile
without a consistent measurement. Since original GSQ
criteria were primarily explained by text (6,7), rather than
by examples, Wing et al.’s paper provides 36 illustrative
examples with eSQ and GSQ grading. Though Genant ez /.
described GSQ grade-0.5 (a qualitative OVD with less
than 20% height loss) (6), it was rarely used and reported,
and to our knowledge many GSQ grade-0.5 OVDs might
have been assigned as SQ grade-1 in literature by some
readers (and may be ignored by other readers) (6,31).
The introduction of a formal eSQ grade-1 may solve the
problem when a qualitative OVD exists but it does not look
like achieving the threshold of >20% vertebral height loss.
Thus, the reader is not forced to make a ‘YES’ or ‘NO’
choice. It has been noted that even some of the GSQ mild
grade VD may not be true OVF (32,33). The eSQ criteria
will allow flexibility in application, for example, a researcher
may decide to exclude all eSQ minimal grade OVDs, or
may only account eSQ minimal grade OVDs with positive
ECF sign (18).

We consider the results of this study being satisfactory.
With some degree of commitment, the initial reading
results can be improved as shown by the 1st and 2nd round
results of readers C2 and C3. A precise comparison with
previous results would be difficult. Firstly, the readers in
this study would have guessed that at least an OVD exists
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per subject (though they were not informed as such). In
real practice, readers have to read two radiographs (one
thoracic spine radiograph and one lumbar spine radiograph)
per subject, while, with this study, focused radiographs with
on average 8 VBs each were provided. However, results in
this study compare favorably with previous publications.
Recently, Diacinti et al. (16) reported a study to evaluate
the diagnostic accuracy of OVF by radiologist readers in
peripheral hospitals with ordinary experience and using
the GSQ criteria, their readings were compared with the
reference reading by two experienced central radiologists.
It was noted that 30.8% of GSQ grade-1 OVFs were
mis-diagnosed by the general radiologists, despite that a
standardized protocol of radiograph acquisition techniques
and interpretation criteria was applied. In that study, among
562 VFs identified by general radiologist readers, 102
were classified as normal vertebrae by the central readers;
while 205 vertebrae were incorrectly evaluated by general
radiologist as not presenting OVFs. Fechtenbaum ez /. (15)
reported the agreement for OVF diagnosis among the 390
vertebrae in male patients between thirteen experimented
rheumatologists. After the group discussed in a workshop
and established an algorithm of VF diagnosis, the number of
OVF detected varies from 18 to 59. The mean concordance
percentage (negative or positive agreement) between experts
at the vertebral level ranged from 83.1% to 97.9%. Wu
et al. (34) reported three experienced readers’ inter-reader
kappa scores based on the dichotomous fracture/non-
fracture decision, which ranged from 0.84 to 0.87 between
the individual readings and the consensus reading, and 0.69
agreement between two readers. Buckens ez 4. (35) assessed
the agreement of four observers with different levels of
experience, and sagittal reformatted CT images were used.
For fracture presence the interobserver kappa scores ranged
from 0.56 to 0.81. For GSQ grade-3 OVE, the interobserver
kappa scores ranged from 0.73 to 0.88.

One aspect of the results in this study which surprised
the senior authors is that the on-line coaching did not
substantially improved the reading results. This may
suggest that a 1-2 hours on-line interaction is insufficient
to systematically improve readers’ performance. Note that
despite senior authors YXJW and DD did not have face-to-
face interaction, they achieved a very good agreement which
appears to be even better than the results of the inter-reader
agreements reported by Wu ez a/l. (34) from the University
of California San Francisco (USA) group who conceived
the original GSQ criteria. We believe this re-emphasizes
the importance of well-defined measurement method. Our
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results also suggest that for the 6 young general radiologists
to achieve the performance of the senior authors, a much
longer period of coaching may be required. It has been
noted that eSQ minimal and mild grade OVDs are often
under-recognized or missed in clinical practice (36), while
after self-leaning the number of missed minimal and mild
grade OVDs by the six learner reader were very few in
this study. Thus, in addition to research purpose, Wing
et al.’s article (18) discussed in this study may also service
as a teaching material for clinical radiologists reading spine
radiographs. Osteoporosis is a growing problem in the aging
population, it is estimated that up to one in three women
and one in five men over 50 years of age are affected (37),
leading to millions of fractures annually and contributing
substantially to morbidity and mortality. Subclinical OVF is
an early sign of osseous fragility (4).

There are a few limitations for this study. A ground truth
for OVD diagnosis and grading does not exist. Thus, the
reference reading could still have suffered from subjectivity.
"To avoid potential controversies, readers were not asked to
specifically annotate ECF sign, though we did ask readers
to grade normal height VB with apparent ECF signs as
minimal grade. We consider the issue of inter-reader
agreement of ECF is beyond the scope of the current study,
but it does have an implication in our choosing the phrasing
of OVD rather OVF. In assessing a vertebra, there are
usually three stepwise questions: (I) does a VD exist? (II) is
this VD likely an OVD? (III) can this OVD be called OVE?
We chose to use OVD in this paper as some of the minimal
OVDs may not have clinical sequence (32,33). Some
authors suggested that OVD is OVF only when diagnosed
on the basis of evidence or findings of endplate, cortical, or
trabecular damage (13,38). Imaging research is constrained
by the investigators’ vigilance. There is a possibility that if
the participants of this study felt they were the PI (principle
investigator) and fully responsible for the study (rather
than being a participant), their performance might have
been even better. Another point of note is that reader C2
had performed a study on traumatic VF and thus might
have better knowledge of VF (39). However, during the Ist
round of testing reading, reader C2 did not perform notably
better than reader C1 and C3, thus unlikely this would have
majorly affected the results.

In conclusion, this study tested the performance of
evaluating OVD in 44 elderly women’s spine radiograph
by young general radiologists who did not have former
experience in systematically evaluating OVD, and
demonstrated good performance by these six learner
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Wang et al. Diagnosis of radiographic OVD by general radiologists

readers after reading a few key references. Missed OVD
were mostly minimal grade, missed mild grade OVD was
very few; and false positive rate was also low. Our results are
remarkably good considering that it is generally perceived
that, without training with experienced readers, SQ criteria
is difficult to apply. Our results confirm that it is important
to publish standardized reference materials so that radiology
readers can read and apply the same OVD criteria and
derive consistent readings.
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