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We read with interests the article of Li et al. (1). This 
article details the plan of the Prospective Urban Rural 
Epidemiology (PURE) China Action on Spine and 
Hip status (CASH) study. It is a prospective large-scale 
population study with a community-based sampling and 
recruitment strategy. The aim of PURE CASH study is 
to determine the prevalence of osteoporosis and spinal 
fracture, and explore the potential relationship between 
spinal fracture and bone mineral density (BMD) with QCT 
measurement. Participants in the PURE CASH study are 
recruited from 12 centers in seven provinces in China. 
These data may have great significance for future policy-
making and the prevention of osteoporosis and osteoporotic 
fractures in China (1).

On the aspect of radiological assessment of spine, in the 
PURE CASH study plan it is noted that ‘the lateral scout 
view images from the QCT are used to detect vertebral body 
fractures according to Genant’s semiquantitative (SQ) method. 
Each vertebral body is classified as normal (grade 0), mild (grade 
1, approximately 20–25% depression in height and a reduction 
in area 10–20%), moderate (grade 2, approximately 25–40% 
depression in height and a reduction in area 20–40%), or 
severe (grade 3, more than 40% reduction in height and area) 
fracture… A subject is considered to have a spinal osteoporotic 
fracture if any one of the T4–L4 vertebral bodies had a VFA 
(vertebral fracture assessment) score ≥ grade 1... The vBMD 
(volumetric bone mineral density) results along with any abnormal 
CT scan findings will be provided to the participants’ (1).  
Hereby we like to elaborate our experience using Genant’s 
semiquantitative (SQ) method (2), as well as the possibility 

of ‘overcall’ if we describe SQ grade-1 vertebral deformity 
(VD) as ‘vertebral fracture’ and if investigators communicate 
to the study subjects as such. 

The SQ criteria proposed by Genant et al. (2) are now 
being widely applied in research setting. Note the initial 
description of SQ criteria also stressed the importance 
of qualitative/radiological evaluation. It was noted that 
‘aside from morphometric features, most vertebral fractures are 
readily distinguished by the presence of endplate deformities and 
buckling of cortices, by the lack of parallelism of end plates, and 
by the loss of vertical continuity of vertebral morphology… Subtle 
distinctions between a fractured end plate and the deformity of 
Schmorl's nodes or the remodeling of the vertebral bodies due 
to degenerative disk disease and scoliosis can frequently be made 
qualitatively by an experienced or trained observer’ (2). These 
points have been emphasized many times later. Genant 
and Jergas described that ‘in addition to height reductions, 
the reader pays careful attention to alterations in the shape and 
configuration of the vertebrae relative to adjacent vertebrae 
and expected normal appearances. These features add a strong 
qualitative, sometimes subjective aspect to the interpretation’ (3). 
Genant also communicated that ‘the first step in the process 
is to visually determine whether a fracture or a non-fracture 
deformity exists. The next steps include determining whether 
endplate deformities (horizontal edges) are present; lack of 
parallelism of endplates exists, buckling of cortices (on the vertical 
edges) and, finally, whether there is loss of vertical continuity 
with adjacent vertebrae’ (4). Appropriate use of Genant’s 
criteria requires knowledge of developmental deformities 
[e.g., Scheuermann’s disease (osteochondrosis of vertebral 
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end plates)] and acquired deformities (e.g., osteoarthritis) 
that do not represent fractures and recognition of features 
that suggest causes of fractures other than osteoporosis. 
The common developmental wedge deformities of the 
mid-thoracic and thoracolumbar regions, the reverse 
wedging of lower lumbar vertebrae, and the common mild 
endplate bowing of the lower lumbar vertebrae should be 
recognized. Nonfractural changes of the vertebrae shape 
should be evaluated to exclude deformities including 
developmental short vertebral height, Cupid’s bow 
deformity, Scheuermann’s disease, and Schmorl’s nodes, 
and degenerative remodeling (5). An isolated anterior 
wedging of vertebral body between vertebrae of normal 
shape may suggest osteoporotic vertebral deformity (oVD), 
rather than if wedged or biconcave vertebrae are evident 
throughout much of the thoracic or lumbar spine (6,7). It 
is understood in the PURE CASH study spine radiograph 
will be read by experienced radiologists (1), and they will 
likely read SQ criteria appropriately. However it will 
be helpful to include Genant et al.’s description of SQ 
criteria’s qualitative/radiological assessment requirement 
in the formal study protocol. As the PURE CASH study 
involves 12 centers in seven provinces in China, without 
such formal documentation, there could be chances that 
miscommunication and misinterpretation may occur locally 
at individual research sites. 

Furthermore, we felt it is very difficult to precisely 
estimate vertebral lateral area reduction. Increasingly, this 
percentage area reduction requirement has been dropped by 

users of SQ criteria; instead, only the percentage vertebral 
height reduction is estimated (4). In addition, according to 
Genant et al.’s description, oVDs are estimated visually (2).  
However, without quantitative measurement, we also 
found it could be difficult to accurately and consistently 
estimate vertebral height loss. In our experience, the main 
discord for inter-reader grading disagreement relates to 
the borderline cases, for example, a perceived reduction in 
vertebral height of approximately 20% can be categorized 
as normal by one reader and grade-1 VD by another reader. 
Similarly, a perceived reduction in vertebral body height 
of approximately 25% can be categorized as grade-1 or 
grade-2 VD. Therefore in our practice while we reply on 
qualitative/radiological approach to define an oVD, to 
improve consistency we use quantitative measurement for 
grading. The important component of assessment is that a 
vertebra should be carefully compared with its neighbors, for 
their morphology as well as height estimation. The anterior 
osteophyte and posterior uncinate should be excluded during 
the measurement. Note where to start to place the cursor for 
measurement has notable influence for the measured ratio. 
Again the placing of cursors requires radiological assessment, 
particularly when multiple  neighboring vertebral bodies are 
involved with deformity.  To measure a few times and take 
the mean may be applied for borderline cases.

Recent work further emphasized the importance of 
identifying osteoporotic vertebral endplate/cortex fracture 
(Figures 1,2) [ECF, or ABQ fracture as defined by Jiang  
et al. (9)]. In addition to vertebral height, particularly 
attention should be paid to the endplate and vertebral 
anterior cortex (2,3,8-10). Lentle et al. (11) showed ECF 
grade-1 vertebral fracture (VF) was associated with higher 
risk of VFs as well as nonvertebral major osteoporotic 
fracture, while grade-1 SQ-VD deformity was not associated 
with higher risk of non-vertebral fracture. We showed 
subjects with grade-1 SQ-vertebral deformity had a similar 
BMD compared with subjects without fracture, while 
subjects with grade-1 ECF VF had lower BMD (12). Our 
unpublished data shows that within the same mild/moderate 
VD grades, compared with the subjects without ECF, the 
subjects with ECF are associated with a higher short term 
(4-years) future risk of VD progression and new incident VD. 
Whether scout view images from the QCT are of sufficient 
image quality to detect subtle changes associated with ECF 
remains to be validated. It has noted that ‘relative reductions in 
vertebral height may not be a necessary nor sufficient criterion by 
which to diagnose a fracture’ (13).

Figure 1 The vertebral fracture morphological classifications 
proposed by Yoshida et al. Modified from reference (8) with 
permission.
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In terms of terminology, as Genant’s criteria do not 
require a conventional ‘fracture’ sign, we feel radiographical 
osteoporotic vertebral deformity (roVD) may be the 
appropriate term for radiographically detected deformity, 
especially for mild oVD. Different imaging technologies 
have difference sensitivity and specificity for detecting and 
classifying vertebral fracture. It is understood that if an 
endplate/cortex fracture exists, then it will be reasonable 
to call the involved vertebra as having a ‘fracture’. It has 
been recently noted that VDs with >34% height loss is 
usually associated with radiographically identifiable vertebra 
fracture signs (14), therefore the term vertebral fracture 
may be appropriate for these roVDs.

Additionally, oVDs of elderly men and elderly women’s 
are likely to have distinctly different features. For example, 
while it is generally accepted that osteoporotic VF is much 
more common in elderly women than elderly men, the 
difference in prevalence of roVD between elderly men 
and elderly women is small (12) (Figure 3). According to 
some reports, the prevalence of roVD is more common in 
elderly men than elderly women (15). On the other hand, 
roVDs in elderly women are more likely to have ECF than 
elderly men (Figure 3) (12). roVDs with 25–34% height loss 
can be with or without ECF in women, while roVD with 
25–34% height loss usually do not have ECF in men (14). 
Our unpublished data also shows lower endplate in elderly 
men is much less likely to fracture than lower endplate in 
elderly women. These evidences suggest that the Genant’s 

SQ criteria may not be most suitable for assessing roVD 
in men. Indeed, Szulc et al. (16) suggested that a cut-off 
of 30% for wedge deformities from T6 to T9 (thoracic 
kyphosis site) and that 25% for deformities at other levels 
may have a high specificity and a moderate sensitivity for 
identifying VDs related to low BMD in men. A recent 
Swedish study reported that, if low threshold for oVD (i.e., 
10% estimated vertebral height loss in that study) is used, 
then a clinical relevance of prevalent vertebral fracture in 
elderly men is low (17). 

Despite years’ research, the radiographic criteria 
for osteoporotic VF and its grading remain debated  
(6,13,18-20). To communicate with study subjects of mild 
roVD, appropriate terminology should be used, so to 
avoid both ‘over-call’ and ‘under-call’. Though group-
wise and statistically, even mild oVDs are associated with 
greater future osteoporotic VF (21), the importance of 
mild roVD remain unclear at individual subject’s level, 
and this is particularly the case for males. Indeed, it has 
been emphasized that Genant’s criteria is developed 
for epidemiological and large clinical trial usage. It is 
acknowledged that osteoporosis pharmacotherapy should 
be strongly considered for patients with an osteoporotic 
VF of more recent, higher grade, or multiple fractures (22). 
A grade 1, solitary, asymptomatic, incidentally discovered 
vertebral fracture is of questionable clinical significance. 
The clinical prevalence and appropriate management of 
these silent VDs remain unknown (13,19,20,22). 

Figure 2 Examples of endplate/cortex fracture (ECF) without apparent height loss. (A) A vertebral upper endplate fracture (yellow arrow) 
without apparent height loss; (B) a sagittally reconstructed CT image shows anterior cortex fracture (yellow arrow) associated with a low 
energy trauma. Note a fracture line can be identified horizontally (orange arrows) with condensed trabecula or trabecula repairing [reproduced 
from reference (5) with permission]. 
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