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While osteoporotic vertebral fracture (oVF) is very common 
and has important clinical relevance, until recently there 
has been limited evidences to validate published criterium 
by which to make an accurate diagnosis of an oVF based on 
radiographs (1). Purely morphometric approach without 
qualitative, i.e., radiological, assessment of vertebral 
morphology can lead to both ‘over-call’ and ‘under-call’ 
of oVFs (1). In the early 90’s, Genant and colleagues at 
University of California at San Francisco (UCSF) proposed 
the semi-quantitative (SQ) grading scheme to evaluate 
osteoporotic vertebral deformity (oVD) (2). It is based on 
a visual assessment of both quantitative and qualitative 
characteristics of the vertebral body. OVDs are graded 
by estimation, from grade 0 (normal and <20% height 
reduction); grade 1 (20–25% in height reduction and 
in area of 10–20%); grade 2 (25–40% height reduction 
and in area of 20–40%); to grade 3 (>40% in height and 
area). A vertebra is considered to be SQ grade-0.5 when it 
has qualitatively suspected oVD without meeting height 
loss ≥20% criterium (2). Congenital or acquired non-
osteoporotic vertebral deformities, which may mimic oVD 
in appearances, are systemically excluded (2). As it is difficult 
to estimate vertebral lateral area reduction, the percentage 
area reduction requirement which was described in Genant’s 
original article, has been mostly dropped by users of SQ 
criteria over the years (3). The qualitative/radiological aspect 
of SQ assessment has been repeatedly emphasized, though 
sometimes still ignored by many users (2-4).

Recent reports emphasize the importance of identifying 
osteoporotic vertebral endplate and/or cortex fracture 
[ECF, or ABQ fracture as defined by Jiang et al. (5)] (5-14).  
In addition to vertebral height, particular attention is paid 
to the fracture of endplates and vertebral anterior cortex. 
Recent UCSF publications such as Fink et al. (11) and 
Cawthon et al. (12) described that, in their Osteoporotic 
Fractures in Men (MrOS) study, they used the ‘Genant semi-
quantitative (SQ) grading method to rate each vertebral level 
for fracture, with the modification that grade-1 fractures had to 
exhibit cortical discontinuity or depression of most of either the 
superior or inferior endplate to be considered fractured’. In our 
Osteoporotic Fractures in women (MsOS Hong Kong) 
study, we demonstrated that, compared with vertebrae 
without Genant SQ-oVD, ECF(−) mild and moderate 
oVDs did not have a higher short term (4 years) future 
risk for new incident oVD; however, these vertebrae with 
deformity had a higher risk of short term future turning to 
ECF(+) (15). Within the same mild/moderate VD grades, 
compared with the subjects without ECF, the subjects with 
ECF are associated with a higher short-term future risk of 
oVD progression and new incident oVD. OVD without 
ECF is clinically relevant, as oVD itself is associated with 
future risk of the vertebra turning into ECF(+) (15).

Considering the recent progresses in the understanding 
of oVD/oVF particularly the association between oVD 
and ECF (1,8,9,15), and based on Genant’s original SQ  
criteria (2), hereby we propose a modified semi-quantitative 
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(mSQ) grading scheme for oVD/oVF evaluation in 
elderly women. It is our aim that this mSQ will be: (I) 
pathophysiologically relevant; (II) practical to apply in 

clinics; (III) has as much consistence with the existing SQ 
scheme as possible. We propose that, concerning the aspect 
of with or without oVD/oVF and its severity, vertebrae T4-
L4 can be radiographically classified into:
	Grade-0: without oVD, without ECF.
	Mild (grade-1) oVD: qualitative osteoporotic 

deformity and vertebral height loss <20% (Figure 1).
	Mild (grade-1) oVF: mild oVD together with ECF, or 

ECF only.
	Moderate (grade-2) oVD: qualitative osteoporotic 

deformity and 20–34% vertebral height loss.
	Moderate (grade-2) oVF: moderate oVD together 

with ECF.
	Severe (grade-3) oVF: >34% vertebral height loss, 

always with ECF.
With this mSQ, only the percentage vertebral height 

reduction is retained and the percentage area reduction 
requirement is dropped. Percentage vertebral height 
reduction can be estimated visually during clinical 
practice, and measured for research or clinical trials. The 
osteoporotic VD morphological assessment has already 
been extensively described, and we suggest to follow 
Genant’s original descriptions (2-5). Genant et al. 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 endplates, 
and by the loss of vertical continuity of vertebral morphology… 
Subtle distinctions between a fractured endplate 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). Genant 
and Jergas further noted 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’ (4). 
Genant’s criteria do not require a conventional ‘fracture’ 
sign, we feel oVD may be the appropriate term for 
qualitative VD with radiographical deformity. If an ECF 
exists, then it will be reasonable to call the involved vertebra 
as having a ‘fracture’, i.e., oVF. Based on our assessment in 
2,000 females at baseline (mean age: 72 years) and 1,533 of 
them at year 4 follow-up, an oVD with >34% height loss is 

Figure 1 A graphic comparison of vertebral height loss of Genant’s 
SQ sheme and the modified SQ scheme. SQ, semi-quantitative.
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always associated with radiographically identifiable vertebral 
fracture signs (15,16), therefore a severe oVD is always  
an oVF.

It has been generally accepted that oVD/oVF does 
not necessarily have a height loss (1,5,17). Lentle et al. 
noted that ‘relative reductions in vertebral height may not 
be a necessary nor sufficient criterion by which to diagnose a 
fracture’ (17). With the mSQ, as long as a qualitative oVD 
is diagnosed by an experienced reader, the 20% height 
loss requirement is removed for mild VD. It is also our 
experience that mild oVD/OVF usually do have some extent 
of height loss. According to Genant’s original description, 
definite oVD without meeting 20% height loss threshold 
should be classified as SQ grade-0.5. However, despite SQ 
grade-0.5 may be quite common, they are probably under-
reported. The new mSQ may be able to resolve this under-
reporting. To our knowledge, some practitioners also 
knowingly grade some oVDs with less than 20% height 
loss as Genant SQ grade-1. In our experience, if the readers 
have sufficient training in reading oVD/oVF, then a high 
degree of agreement can be achieved regarding whether or 
not a mild oVD exits, this is the same for the assessment of 
the existence of ECF (in our experience as well as literature 
reports) (5,10,18). Without the requirement of a height 
loss may also direct the attention of readers to the actual 
deformity, as Genant et al. emphasized (2-4), and avoid 
over-relying on morphometric height loss. We suggest that 
a distinctive mild oVD should be reported. The clinical 
management of such cases would depend on the clinical 
data such as BMD or other fragility fracture history (19). 
Though these mild oVDs may not have immediate fragility 
fracture consequence, they may be a risk factor further 
developing ECF, thus indicating they are a biomarker of 
compromised bone quality. The real-life importance of mild 
oVD may depend on patients individually, and a wait-and-
see strategy with follow-up radiographs may be sufficient 
for many cases.

Our experience is that consistently and precisely 
estimating the extent of height loss according to Genant’s 
criteria is difficult. This has been echoed by Lentle et al. (1).  
In practice, an oVD with 18% height loss can be easily 
graded as SQ grade-1 (erroneously), a VD with 23% height 
loss can be easily graded as SQ grade-2 (erroneously). The 
narrow range of Genant’s SQ grade-1 height loss, i.e., 

20–25%, can cause much inconsistency and difficulties 
for population studies. It is suspected that many reported 
epidemiological differences between regions and ethnic 
groups were largely due to methodology imprecision 
and inconsistency. Though higher degree of vertebral 
height loss is overall associated with higher ECF(+) 
prevalence, our data show, compared with SQ grade-2 
oVDs, SQ grade-1 oVDs do not show distinctively 
lower ECF(+) prevalence; indeed, Genant grade-1 
VDs show ECF(+) prevalence similar to VDs with 
25–34% height loss [estimated from Table 6 of (9) and  
Figure 1 of (16)]. Thus we propose to group oVDs with 20–
34% height loss together as moderate grade (mSQ grade-2). 
Since vertebral height loss >34% is always associated with 
ECF, we propose to group oVFs of 34–40% together with 
oVFs of >40% height loss, and designate them as the severe 
grade (mSQ grade-3). This mSQ scheme may be more 
practical, such as, if height loss is more than 1/3 of the 
vertebra, then it is severe grade (approximately >34%); if 
height loss is less than 1/5 of the vertebra, then it is mild 
grade (<20%).

We choose 20% vertebral height loss as the demarcation 
threshold between mild and moderate VDs mainly for 
the reason of being consistent with the Genant’s criteria. 
However, it is likely that some cases of 18% vertebral 
height loss is clinically as relevant as some cases of 22% 
vertebral height loss. This mSQ scheme also allows some 
convertibility with the existing SD scheme, as original SQ 
grade-0.5 will be mild (grade-1) in the new scheme, and 
original SQ grade-1 will be moderate (grade-2) in the new 
scheme (Figure 1).

Finally, it should be noted that oVDs/oVFs of elderly men 
and elderly women have distinctly different features. For 
example, our Ms OS (Hong Kong) year-0 baseline study (9)  
demonstrated that while the overall oVD prevalence is only 
slightly lower in elderly men than in elderly women (i.e., 
13.2% vs. 16.1%), ECF prevalence is substantially lower in 
men than women (i.e., 5.88% vs. 11.93%). Moreover, 63.2 
% of the oVDs in men were Genant’s SQ grade-1, while only 
30.5% of the oVDs in women were Genant’s SQ grade-1. 
OVDs in males with 25–34% height loss rarely have ECF, 
while it is common for oVDs in females with 25–34% 
height loss to be associated with ECF (16). In proportion, 
lower endplate in elderly males is much less likely to 
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have osteoporotic fracture than in elderly females (20).  
The mSQ scheme proposed hereby is intended to be used 
for elderly women’s oVD/oVF evaluation. Moreover, 
different imaging technologies have difference sensitivity 
and specificity for detecting and classifying vertebral 
fracture. Our own experience is that, compared with cross-
sectional imaging techniques such as CT, projectional 
radiograph is relatively insensitive in detecting ECF. 
However, radiograph remains the recommended technique 
for evaluating oVD/oVF (4), and likely is sufficient for 
majority of oVD/oVF cases as mild oVD/oVF may not 
need to be managed urgently (19).
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