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Background: To interpret the importance of minimal and mild vertebral deformities (VDs) among elderly 
subjects, we need to know their prevalence among mostly non-osteoporotic subjects. 
Methods: We retrospectively analyzed VDs among 408 female and 374 male patients who had lateral chest 
radiographs due to mild illness or for routine healthcheck, all with indications other than spine disorders 
or metabolic disorders. The study subjects were divided into four age groups, i.e., ≤20, 20–34, 35–44, and 
≥45 years. For those aged >20 years, 27.2% females had family roots from farming communities, and 26.4% 
males had the history of being a farmer or physical laborer (this was 36.1% for males aged ≥45 years). 
Fracture shaped vertebral deformities (FSVDs) were VDs radiographically indistinguishable from vertebral 
fracture. Acquired short vertebrae were those with decreased vertebral anterior and middle heights, while 
without anterior wedging or bi-concave changes, and the diagnosis required at least two adjacent short 
vertebrae in the same subject.
Results: Congenital VDs were observed in four cases (three males, one female). In the age group of  
≤20, 20–34, 35–44, and ≥45 years, females had any FSVD prevalence of 13.4%, 8.3%, 11.8%, 25.8% 
respectively, while the prevalence was 29.3%, 26%, 34.3%, 44.8% respectively for males. From the female 
≤20 years group to the 21–34 years group, cases involved multiple vertebrae decreased from 53.8% to 16.7%. 
For cases ≤34 years, no female case had ≥ mild FSVD (which was defined to have ≥20% vertebral height 
loss), while five male cases had ≥ mild FSVD. For the 35–44 years group, vertebral endplate depression 
was noted among 2.0% of the females and 2.9% of the males. Among the cases aged ≤44 years, there was 
only one male and one female had acquired short vertebrae. For the male cases, acquired short vertebrae 
prevalence was 15.6% in the group of ≥45 years. 
Conclusions: FSVD is common among young and middle-aged population (≤44 years) assumed with 
normal bone strength, and with a higher FSVD prevalence among men. FSVD may heal among younger 
subjects, and physical labor may increase VD prevalence.
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Introduction

The bone composition of the spine, which is predominantly 
trabecular bone, is more prone to the thinning and 
microarchitectural changes associated with osteoporosis 
than regions of the hip that are richer in cortical bone. 
Osteoporotic vertebral fracture (OVF) is the most common 
osteoporotic fracture. Assessment of OVF status, in addition 
to bone mineral density (BMD), provides important 
information to aid in predicting fracture risk in older 
women and men. Some ‘mild’ OVF can also be clinically 
relevant. Siris et al. (1) reported that at any given BMD 
T-score, the risk of incident vertebral, non-vertebral, and 
any fracture depended heavily on prevalent radiographic 
OVF status. Johansson et al. (2) reported that, in older 
women and after adjustment for clinical risk factors and 
BMD, Genant grade-1 OVFs identified on lateral spine 
imaging with dual-energy X-ray absorptiometry are 
associated with incident major osteoporotic fractures. In 
the Canada-wide STeroid-Associated Osteoporosis in the 
Pediatric Population (STOPP) study, Alos et al. (3) noted 
that the presence of Genant grade-1 vertebral fracture 
at baseline in children with leukemia was independently 
associated with an increased risk of new fractures in the first  
12 months following chemotherapy initiation (3). OVF can 
be considered as a “gateway” to other more serious fractures, 
such as hip fracture (4,5). Some guidelines recommend 
spine imaging as a screening tool for osteoporosis (6,7). It is 
important to identify OVF, so that appropriate investigation, 
prevention, and treatment can be instigated, both for women 
and men.

Despite the importance of OVF, till today there is no 
consensus for radiographic diagnosis of OVF, particularly 
for more ‘milder’ grades of OVF (8-17). In the early ‘90s, 
Genant and colleagues at the University of California at San 
Francisco (UCSF), USA, proposed the semi-quantitative 
(SQ) grading scheme to evaluate OVF (18). Genant et al. (18)  
described mild OVFs have 20–25% height loss, and OVFs 
without achieving this threshold are classified as SQ 
grade-0.5. However, while for epidemiological studies, it 
is acceptable to only count those OVFs with ≥20% height 
loss as long as the criterion is clearly defined to allow inter-
study comparison, in clinical practice OVFs with <20% 
vertebral height loss can be sometimes relevant (12,14,19-21).  
In our MsOS (Hong Kong) year-14 follow-up, out of 150 
female participants, the small number of women were 
identified as having baseline minimal OVF (<20% height 
loss) had incident OVF risk similar to that of the subjects 

with baseline apparent OVF (i.e., ≥20% height loss), higher 
than female subjects without baseline OVF (21). In a recent 
study, we reported that more than 2/3 of the minimal 
radiographic osteoporotic wedgings with height loss of <20% 
had recognizable endplate depression on CT, thus suggesting 
these deformities were osteoporotic (22). In fact, for OVFs 
truly without a trauma incident, the fracture or vertebral 
deformity (VD) process may be a slowly progressive process 
without a distinct event. From this point of view, there is no 
distinct separation between elderly women without OVF and 
elderly women with mild OVF. Thus, diagnosing a woman 
to have mild OVF or not have an OVF would depend on the 
chosen criteria for OVF (17).

The term ‘short vertebra’ has been frequently discussed 
(23,24). We define short vertebrae as those with decreased 
vertebral anterior and middle heights, while without 
anterior wedging or bi-concave changes, i.e., middle 
height and anterior height are reduced to a similar extent 
(17,22). In addition, other apparent OVF mimics, such 
as apparent osteoarthritic changes, are excluded. In our 
recent report on elderly women, our limited experience 
suggests that, singular acquired short height vertebra is 
often associated with CT endplate depression and thus 
likely to be osteoporotic, while multiple acquired adjacent 
short height vertebrae are without CT endplate depression 
and are likely due to other causes such as degenerative  
changes (22). However, we admitted that more studies are 
required to confirm our finding. 

In this study, using a convenient sample of young and 
middle-aged subjects who had lateral chest radiographs 
other than spine disorders, we try to answer the following 
questions: (I) Is minimal grade vertebral deformity 
uncommon among young and middle-aged women? (II) 
How often ‘short vertebrae’ are seen among young and 
middle-aged subjects? (III) How vertebrae in young and 
middle-aged men differ from those of women of similar 
age and at what age the differences start to appear? It was 
reported that the vertebrae of men may be physiologically 
more wedge-shaped than those of women (25,26). 
Threshold to define OVF in older men, which is different 
from the threshold to define OVF in older women, has 
been proposed (27-29). However, what is the best threshold 
to diagnose prevalent OVF among older men has not been 
reliably confirmed. 

Methods

The study was conducted in accordance with the 
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Declaration of Helsinki (as revised in 2013). The study was 
approved by institutional ethics board of the First Hospital 
of Jiaxing (Approval No. 2022-LY-379), and individual 
consent for this retrospective analysis was waived. All patient 
data were from Jiaxing First Hospital, Zhejiang province, 
China. The hospital is a general hospital and located in 
Jiaxing, a medium-sized city in the economically developed 
eastern coast region of China. Conveniently, from the 
period of Jan 9 2018 to Jul 30, 2018, and the period of Jul 4 
2021 to Apr 30 2022, we retrieved 417 female cases and 430 
male cases who had chest digital radiographs (frontal view 
plus lateral view). The selection of cases was on a random 
basis but with a preference for the targeted age ranges. 
The patients were referred for chest radiography due to 
mild illness or routine healthcheck or as part of standard 
pre-surgery examinations. The indications were all other 
than spine disorders, trauma, malignancies, or metabolic 
disorders. Lateral radiographs of insufficient image quality 
or coverage did not include L1 vertebra were excluded. 
Vertebral T12 was identified according to the 12th pair of 
ribs, and then L1 was checked for its visibility. In addition, 
two male cases with ankylosing spondylitis were also 
excluded from further analysis. For women, included for 
final analysis were 97 cases aged ≤20 years (group 1, range: 
7–20 years), 144 cases aged 21–34 years (group 2), 101 cases 
aged 35–44 years (group 3), and 66 cases aged 45–59 years  
(group 4), totaling 408 cases. For men, included for final 
analysis were 58 cases aged ≤20 years (group 1, range:  
7–20 years), 150 cases aged 21–34 years (group 2), 70 cases 
aged 35–44 years (group 3), and 96 cases aged 45–67 years 
(group 4), totaling 374 cases. For the female cases, the 
top six indications for chest radiography were cough or 
sore throat (36.3%), chest pain or chest tightness (10.3%), 
fever (10%), breast benign lesions (8.2%), biliary system 
inflammation and/or stone (4.9%), and routine health 
check (3.6%). For the male cases, the top six indications 
for chest radiography were cough or sore throat (36.1%), 
fever (23.3%), chest pain or chest tightness (13.5%), routine 
health check (3.6%), biliary system inflammation and/or 
stone, or gallbladder polyps (2.9%), and ureter stone (2.2%). 
The patient population includes a mixture of local city 
dwellers, residents from surrounding rural areas, and a small 
portion of migrant workers. Based on the recorded home 
address, for those aged >20 years, 27.2% of the females 
had family roots from farming communities. Based on the 
recorded profession or the home address, for those aged  
>20 years it was estimated that 26.4% of the male cases 
had a history of being a farmer or physical laborer. For 

males aged ≥45 years and >60 years, 36.1% and 42.8% 
respectively had a history of being a farmer or physical 
laborer.

The lateral chest radiographs in DICOM format were 
initially read by a radiologist reader-A (YXJW), to identify 
all vertebral deformities (VDs), and frontal view radiograph 
was also checked when necessary. The existence of a 
deformity is mostly apparent (see examples in Figures 1,2), 
with a distinct deviation from the expected normal shape 
(though the extent of deviation might be mild). Congenital 
VDs were diagnosed based on their unique morphology 
(see three examples in the results part). Fracture shaped 
vertebral deformities (FSVDs) were VDs radiographically 
indistinguishable from vertebral fracture according to 
the best of the readers’ experience. Examples of fractural 
deformity have been extensively published (17-20,22,30-34). 
FSVDs was graded following the principles of the extended 
version semi-quantitative criteria (eSQ, 34). FSVD minimal 
grade was with less than 20% vertebral height loss, mild 
grade was with ≥20–25% vertebral height loss, moderate 
grade was with ≥25–33% vertebral height loss, moderately 
severe grade was with ≥1/3–40% vertebral height loss, 
severe grade was ≥40%–2/3 vertebral height loss, and 
collapse grade was ≥2/3 vertebral height loss. Endplate 
depression was recorded if existed (30,31). FSVDs were 
divided into biconcave shaped or non-biconcave shaped (no 
crush type of FSVD was noted in this study). By definition, 
biconcave shaped FSVDs had a certain extent of endplate 
depression, and middle height of a vertebra was more 
reduced. Non-biconcave shaped VDs had both anterior 
and middle heights reduced, mostly with anterior heights 
reduced to a greater extent, occasionally anterior height 
and mid height reduced to a similar extent (17,22). These 
FSVDs were classified as being wedged. A small portion 
of ‘mixed’ type VDs were noted to be a combination of 
wedging and anterior ‘stair-step’, while without endplate 
depression [explained in (17)]. These ‘mixed’ type VDs 
were considered the same as ‘wedged’ in this study. For the 
radiographs of subjects younger than 20 years, attention 
was made to those associated with pediatric vertebral 
development changes (33), and not considered them to be 
deformity. 

Short vertebrae were those with decreased vertebral 
anterior and middle heights, while without anterior wedging 
and bi-concave changes, i.e., middle height and anterior 
height were reduced to the same extent (22). Except for 
congenital short vertebra, in this study the diagnosis of 
‘short vertebrae’ required at least two short vertebrae (and 
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32 yrs F 35 yrs F 38 yrs FA B C

Figure 1 Examples of normal vertebrae and Genant grades 0.5 and 1 (minimal/mild grades) vertebral deformity among adult females. 
(A) Lateral chest radiograph of a 32-year-old female shows normal vertebrae. (B) Lateral chest radiograph of a 35-year-old female shows 
vertebrae L1 and L2 minimal grade deformity (arrows). (C) Lateral chest radiograph of a 38-year-old female shows vertebrae T6 mild grade 
deformity (arrows).

Figure 2 Examples of normal vertebrae and Genant grades 0.5 and 1 (minimal/mild grades) vertebral deformity among adult males. (A) 
Lateral chest radiograph of a 25-year-old male shows normal vertebrae. (B) Lateral chest radiograph of a 55-year-old male shows vertebra 
T7 mild grade deformity (arrow). (C) Lateral chest radiograph of a 29-year-old male shows vertebrae T7 and T8 minimal grade deformity 
(arrows). (D) Lateral chest radiograph of a 24-year-old male shows vertebrae T12, L1, L2 and L3 (partially seen) minimal grade deformity 
(arrows).

25 yrs M 55 yrs M 29 yrs M 24 yrs MA B C D
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they were commonly adjacent) in the same subject (see 

examples in Figure 3). These vertebrae with short vertebral 

height would not include those with known causes such 

as degenerative osteoarthritis (OA). OA wedging was 
diagnosed according to Abdel-Hamid Osman et al. (35), 
typically appearing as anterior wedging involving more than 
one adjacent vertebra with similar appearance while without 
endplate depression (see an example in Figure 4), and can 
be associated with intervertebral disc space narrowing and 
formation of osteophytes (11,17,35). 

The location of the VDs was recorded, with mid-thoracic 
region recorded as covering T6-T9 and thoracolumbar 
junction region recorded as covering T11-L2 (if L2 was 
visible). 

A vertebral deformity index (VDI), which defines the 
overall number and severity of FSVDs visible on lateral 
chest radiograph, was calculated for each subject. For 
each vertebra, a score of 0, −0.5, −1, −1.5, −2, −2.5, and −3 
was assigned for no FSVD or FSVD of <20%, ≥20–25%, 
≥25%–1/3, ≥1/3–40%, ≥40%–2/3, and ≥2/3 vertebral height 
loss, respectively (21, 36). However, two adjacent minimal 
FSVDs were assigned as −0.5, and three adjacent FSVDs 
were assigned as −1 (36). VDI was calculated by summing 
up the scores of vertebrae T4 to the lowest visible vertebra.

The readings by the primary reader (reader-A) were 
then forwarded to the secondary reader (reader-B, JBM) 
for the second reading. Final consensuses were reached for 
all cases. Reader-A is considered to be very experienced in 

31 yrs F 48 yrs MA B

Figure 3 Examples of acquired short vertebrae. (A) Lateral chest radiograph of a 31-year-old female shows multiple short vertebrae at the 
thoracolumbar junction (arrows). (B) Lateral chest radiograph of a 48-year-old male shows multiple short vertebrae at the lower thoracic 
spine and thoracolumbar junction (arrows). 

59 yrs male

Figure 4 An example of vertebral wedging due to degenerative 
OA. A 59-year-old male with multiple vertebral wedgings centered 
at the mid-thoracic region (arrows). These wedged deformities 
have similar appearance. OA, osteoarthritis.
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reading OVF, while Reader-B is an experienced general 
radiologist. 

As this was not a study of stratified sampling with a 
predetermined statistical power, the results are presented 
descriptively. The focus was on observed trends rather on 
statistical significance. 

Results

Congenital VDs were observed in four cases, including one 
case with block vertebrae (male, aged 35 years, Figure 5A) 
and three cases with congenital short vertebra [female, aged 
18 years; male, 18 years (Figure 5B,5C); male, aged 27 years]. 
One case (female, age 30 years) was diagnosed with traumatic 
VD (with disc space narrowing and formation of large 
osteophytes). Other FSVD information is listed in Table 1, 
and the age-related trends are shown in Figure 6. 

For the groups 1, females and males had FSVD 
prevalences of 13.4% (Figure 7) and 29.3%, respectively. The 
male-female difference was noted during the adolescent age. 
The youngest case to have FSVD was 12 years for females 
and 13 years for males. For the groups 2, females and males 

had an FSVD prevalence of 8.3% and 26%, respectively. 
From groups 1 to groups 2, there was no increase in FSVD 
prevalence, instead a reduction was observed for females. 
Also, from female group 1 to group 2, cases involving 
multiple vertebrae decreased from 53.8% to 16.7%. From 
groups 2 to groups 3, and from groups 3 to groups 4, an 
increase of FSVD prevalence was noted, both for females 
and for males (Figure 6). Particularly, in the male group 
4, FSVD prevalence reached 44.8%. The most common 
location of FSVD was the thoracolumbar junction. For all 
age groups, not only FSVD prevalence was higher among 
males, FSVD was also more likely to be multiple among the 
males. Among the younger cases, males were more likely 
to have ≥ mild FSVD (Figure 6C). For cases ≤34 years, no 
female case had ≥ mild FSVD, while five male cases had ≥ 
mild FSVD. Among cases ≤44 years, endplate depression 
and biconcave FSVD were noted, though rare (Table 1, 
Figure 6B,6D). Among the group 4 subjects, endplate 
depression was noted among 7.6% of the females and 9.4% 
of the males. 

Majority of FSVDs were wedged shaped (Table 1). A 
weak trend was noted that biconcave VDs were more 

35 yrs M

T6

T7

T8

T9

18 yrs M 18 yrs FA B C

Figure 5 Three cases with congenital deformities. (A) A case of 35 years old man. T8 and T9 show ‘vertebral block’ (short arrows). vertebra 
T6 and T7 show minimal grade wedging (long arrows). (B) A case of 18 years old male. Vertebra T8 has a reduced height. The size of T7 
is larger than usual while size of T9 is smaller than usual. T10 has longer than usual anterior height. Intervertebral disc spaces of T6/T7 
and T7/T8 are narrowed. (C) A case of 18 years old female. Vertebra T11 has a reduced height (long arrow). The anterior upper and lower 
corners are smooth. Vertebrae T10 and T12 (short arrows) have compensated overgrow. 
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common among females than among males (Figure 6B). 
The VDI for non-zero cases are shown in Figure 8. For 

females younger than 50 years, none had a VDI score of less 
than −1 (Figure 8A). However, for males, VDI scores less 
than −2 were common (Figure 8B).

Acquired short vertebrae were rare except in the male 
group 4. Among the cases aged ≤44 years, there was only 
one male and one female had acquired short vertebrae. 
For the male cases, acquired short vertebrae prevalence 
was 15.6% in the group of >45 years which had a high 
proportion of physical laborers. Spine OA change was rare 
among our cases (Table 1). 

Discussion

To address several questions we listed in the introduction, 
we reviewed the spine of a convenient sample of 408 
women and 374 men who had lateral chest radiograph for 
indications other than spine disorders. A study of similar 
methodology as ours have been conducted by Yu et al. (37). 
In a study of later chest radiographs, Yu et al. noted that 
vertebral shape change was very rare among young subjects, 
and vertebral shape changes seen among older adults are 
less likely to be due to normal variation or congenital 
deformities. Yu et al. concluded that, mild or wedge-shaped 
vertebral body changes identified among adults should 
be managed as osteoporosis or at least considered as a 
risk factor for osteoporotic fracture. We conducted this 
additional investigation with a number of considerations. 
Yu et al. applied conventional Genant SQ criteria, it is 
unknown how the deformities of <20% vertebral loss were 
counted in their study. While the male-female differences 
in vertebral morphology have been recognized by earlier 
works, the work of Yu et al. did not emphasize this difference 
among the young and middle-aged subjects. In addition, 
Yu et al. noted that, after 70 years of age, the prevalence of 
vertebral fracture in men began to plateau, which differs 
from our experience. In our Hong Kong Chinese data, OVF 
prevalence increases exponentially with aging, both among 
older men and older women, with prevalence of OVF among 
women being approximately double of that of men (38). 

Vertebral minimal wedgings with less than 20% height 
loss are commonly seen among older women. These 
wedgings, after excluding OVF mimics, could be classified 
as Genant grade-0.5 (18). However, Genant grade-0.5 is 
rarely reported, and how to address SQ grade-0.5 OVF has 
not been well addressed. To our knowledge, osteoporotic 
VDs without achieving the 20% height loss threshold T
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Figure 6 Prevalence of FSVDs among four age groups of female and male cases. (A) Prevalence of all-inclusive FSVD, higher prevalences 
are noted among males than among females. Note a trend of lower FSVD prevalences is observed among groups 2 subjects (21–34 years) 
than among groups 1 subjects (≤20 years), both for females and for males. (B) Prevalence of biconcave FSVDs, a weak trend of higher 
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Prevalence of biconcave FSVDs with endplate depression. Both biconcave FSVDs and FSVDs with endplate depression are noted among 
subjects assumed to be with normal bone strength (those <45 years). FSVDs, fracture shaped vertebral deformities. 

Figure 7 Example of normal vertebrae and Genant grade-0.5 (minimal grade) vertebral deformity among adolescent females. (A) Lateral 
chest radiograph of a 17-year-old female shows normal vertebrae. (B) Lateral chest radiograph of a 19-year-old female shows vertebra L2 
minimal wedging (arrow). (C) Lateral chest radiograph of 15-year-old female shows vertebra L1 minimal wedging (arrow).
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have been commonly classified as Genant grade-1 OVF by 
colleagues trained in UCSF (17). We expect at least some of 
the minimal FSVDs in the current study would be reported 
as Genant grade-1 OVF by other readers. We argued that 
Genant grade-0.5 wedgings among older women mostly 
represent ‘mild’ OVF (17). To interpret the importance of 

minimal and mild VDs among elderly subjects, we need 
to know their prevalence in non-osteoporotic subjects. In 
this study, a high prevalence of FSVD was noted among 
adolescent cases, and FSVD was also more common among 
boys than among girls (Table 1). Note that, for subjects 
younger than 20 years, we already excluded the changes 
associated with pediatric vertebral development (33), and 
not counted them as deformity. We postulate our observed 
FSVDs were due to micro-fracture associated with physical 
stress. The location of these FSVDs was mostly at the 
thoracolumbar region, consistent with this region being 
under most external stress during spine movement. That 
boys had a higher FSVD prevalence than girls is consistent 
with boys being more often associated with physical 
stress and trauma. On the other hand, 86.6% of the girls 
and 70.7% of boys did not have any of these FSVDs on 
lateral chest radiograph according to our assessment. It is 
interesting that from female group 1 to group 2 there was 
a reduction of FSVD prevalence from 13.4% to 8.3%, and 
FSVD multiplicity from 53.8% to 16.7% (Table 1). A similar 
yet very weak trend was noted for males, from group 1 to 
group 2 FSVD prevalence changed from 29.3% to 26%. We 
suspect that these FSVDs can repair and heal. If none of the 
FSVDs repair, then from groups 1 to groups 2 we expect to 
see an increase of FSVD prevalence and multiplicity both 
for females and males. Indeed, in our clinical practice, we 
noted that minimal or mild VDs recovered to normal shape 
can be observed even among elderly subjects (Figure 9).  
Both Lauridsen et al. (25) and Matsumoto et al. (26) 
reported that vertebral shape was more physiologically 
wedged in men and in women. While we did not conduct 
a quantification on this aspect, our experience is that while 
wedge shaped vertebrae (i.e., minimal/mild FSVDs) were 
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Figure 8 Vertebral deformity index on chest lateral radiograph. (A) Vertebral deformity index of females, each FSVD positive case is 
presented as a dot. (B) Vertebral deformity index of males, each FSVD positive case is presented as a dot. FSVD, fracture shaped vertebral 
deformity.
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Figure 9 A female case from the Osteoporotic Fractures in 
Women (Hong Kong) Study. Baseline spine image (A, when 
66-year-old) shows T11 vertebra minimal grade FSVD, while the 
year-18 follow-up spine image (B, when 84-year-old) show T11 
vertebra recovered to a normal shape. FSVD, fracture shaped 
vertebral deformity.
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more common among men, for those vertebrae considered 
to be normal shaped, no apparent difference was noted 
between the vertebrae in women and vertebrae in men 
(Figures 1A,2A). Overall, our observations suggest that, if 
without micro-fracture, physiological vertebral body is not 
wedged at T4-L2 levels, i.e., while wedged vertebrae are a 
common observation among community population, the 
wedged shape of a vertebra is not physiological.

Though we did not have BMD status of our subjects, 
except for the female group 4, it is very unlikely that a 
substantial portion of our subjects had osteoporosis. For 
the point that FSVDs seen in female groups 1, 2, 3, and 
all males would be most likely due to micro-fracture, an 
analogy can be made to intervertebral disc degeneration 
(IVD). Differing from normal disc ageing, intervertebral 
disc degeneration is not congenital nor physiological. In the 
meaning time, IVD occurs at young age. Łebkowski (39)  
studied 308 lumbar discs taken during autopsy from 57 
females (mean age 41.8 years) and 79 males (mean age  
42.1 years). It was shown that 240 had degenerative 
changes. In males, degeneration occurs a decade earlier than 
in females, and was observed in the second decade of life. 
Takatalo et al. (40) studied the prevalence of lumbar IVD 
among young Finnish adults (325 women, 233 men) aged 
20 to 22 years. IVD was significantly more frequent in men 
(54% vs. 42%). The prevalences of disc bulges and radial 
tears were 25% and 9.1%, respectively, without gender 
differences. Herniations were significantly more common 
among men (5.6% vs. 2.5%). It has also been well noted 
that, at the individual patient’s level, the association between 
IVD and clinical symptoms tends to be weak. However, at 
the group level or in statistical terms, IVDs are associated 
with clinical symptoms (41,42). In the current study, for the 
male group 2, all-inclusive FSVD prevalence was 26%, and 
mild FSVD prevalence was 2.7%. In contrast, there was no 
≥ mild FSVD in the female group 2. FSVD prevalence was 
not very different between the female group 2 and group 3. 
Not surprisingly, FSVD prevalence and severity increased 
among the group 4 cases, both for females and males. The 
group 1 cases were mostly students, and with the recent 
development of economy in China, were unlikely involved 
in heavy physical labor. We also expect few of the cases in 
the female group 2 had heavy physical labor history. Their 
FSVD prevalence may represent ‘baseline noises’ for OVF 
assessment among the elderly. For the clinical significance 
of minimal wedging, it is highly likely that minimal 
wedging among young and middle-aged adults (<45 years) 
has little significance. However, it is expected among older 

women a large proportion of minimal FSVDs represent 
an osteoporotic phenomenon and may have clinical 
significance [(21) and our unpublished data of MsOS (Hong 
Kong) year-18 follow-up]. Our recent report suggests 
that, while minimal VDs in men likely have no long-term 
consequence, minimal VDs in women are more likely to be 
osteoporotic and associated with increased further fracture 
risk in the long term (21). Most of the FSVDs observed 
in this study were wedge shaped (Table 1). With European 
Prospective Osteoporosis Study subjects, for a mean follow-
up of 3.8 years, Lunt et al. (43) reported relative OVF risk 
during follow-up differed according to the shape of the 
prevalent VD at baseline, ranging from 5.9 (95% CI: 4.1, 
8.6) if the anterior and mid heights were reduced, 3.3 (2.3, 
4.8) if the mid-height was reduced, and 1.9 (1.0, 3.4) if the 
anterior height was reduced. It is noted that the prevalence 
of biconcave FSVDs was not higher among men compared 
with that of women (Figure 6B). 

Jiang et al.  (44) proposed that all  OVFs should 
demonstrate endplate fracture. However, radiograph is 
not a sensitive method to detect ECF, due to its resolution 
and due to the projectional overlay (15,17). In a recent 
study conducted among older women, we reported among 
38 vertebrae in 27 cases which had anterior wedging 
deformity with height loss of <20% while without 
radiographic endplate depression, 28 vertebrae (28/38, 
73.7%) demonstrated endplate depression on CT (22). We 
consider radiographic endplate depression as an additional 
sign of OVF, but radiographic endplate depression is not an 
essential sign of OVF (17). In the current study, endplate 
depression was also seen among cases in the female groups 
1 and 2, and also among the male group 2, though the 
case number was few. Though we could not exclude the 
possibility that these cases had compromised bone strength, 
but it is more likely endplate depression (endplate fracture) 
can occur in subjects with normal bone strength. A vertebral 
endplate consists of perforated cortical bone with a layer 
of hyaline cartilage bonded to its disc surface. The cortical 
bone layer contains a network of small cavities which allow 
bone marrow to lie adjacent to calcified hyaline cartilage 
for approximately 10% of the central endplate area, which 
is an important route for metabolite transport into the 
discs. The nutritional demands of the discs result in that 
central vertebral endplates are thin and porous, and which 
can be subject to fracture under stress force even bone 
strength is normal. Among the group 4 subjects, endplate 
depression was noted among 7.6% of the females and 9.4% 
of the males. While some of the group 4 females could be 
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osteoporotic, it is expected few of the group 4 males could 
be osteoporotic. We estimated that the senile osteoporosis 
prevalence based on lumbar BMD, femoral neck BMD, 
total hip BMD would be 2.0%, 3.8%, and 3.4% for Chinese 
male population aged ≥50 years (45). In fact, males younger 
than 60 years are unlikely to have primary osteoporotic 
fracture (29). Therefore, while endplate fracture or 
biconcave deformity is common among osteoporotic 
fractures, these may not be pathognomonic signs for OVF. 

Due to the known non-osteoporotic vertebral wedging 
among men, more stringent criteria for the definition of 
OVF in men than in women have been suggested (29). 
Leidig-Bruckner et al. (46) applied an algorithm for 
radiological differential classification (RDC), and their 
RDC’s reading were compared with BMD measurement as 
well as morphometric criteria. They noted the agreement 
between RDC and morphometric methods was poor, and 
more so for elderly men than for elderly women. In men, 
62–86% of cases with morphometric VD were classified 
by RDC as non-osteoporotic, compared with 31–68% 
in women. Leidig-Bruckner et al. suggested the criteria 
derived from women are likely to be unsuitable for men. 
Consistent with the general perception, FSVD was more 
common among male cases in this study. Our results in the 
current study further support more stringent criteria for the 
definition of OVF in men.

This study showed both congenital and acquired 
short vertebra(e) are rare among young and middle-aged 
subjects (<45 years). Acquired short vertebra could be an 
osteoporotic phenomenon or associated with OA (22). In 
a recent analysis of 46 female cases aged 67 to 94 years 
(mean: 76.7 years), we noted that acquired short vertebrae 
according to the definition in the current study was observed 
in four cases (8.7%). In the current study, a high prevalence 
of acquired short vertebrae was noted among the group 4 
males, with 21.7% of those aged ≥60 years having acquired 
short vertebrae (Table 1). We suspect this phenomenon and 
the high prevalence of vertebral deformities seen among 
this group could be due to a high proportion of subjects 
were farmers and had a history of weight-bearing activities. 
However, we did not have longitudinal data to confirm 
this hypothesis. Spinal OA wedging also appeared to be 
uncommon among our study subjects. 

There are several limitations to this study. We used 
lateral chest radiographs to evaluate vertebral body shape 
in our subjects as opposed to standard thoracolumbar 
radiographs. In our study, VD occurred from L3 and 

downwards could not be evaluated, L2 also could not 
be systematically assessed. However, with our earlier 
estimation, >70% of OVFs occur among vertebrae T4-
L1 (36). Another limitation is that we used convenient 
samples of patients who visited a hospital, in theory how 
the results in this study can be generalised to the general 
population remain unknown. However, we expect that the 
characteristics of our patients would be largely similar to 
the general population in the local area. As noted in the 
method section, the patients visited a regional general 
hospital mostly for mild illnesses, and the complaints were 
unrelated to spine disease. One feature of our subjects is 
that, according to the estimation, for those aged >20 years,  
27.2% of the females had family roots from farming 
communities, and 26.4% of the males had a history of being 
a farmer or physical laborer. For males aged ≥45 years and 
>60 years, 36.1% and 42.8% respectively (both according 
to estimation) had a history of being a farmer or physical 
laborers. Considering our own experience with MrOS 
(Hong Kong) and MsOS (Hong Kong) study subjects 
who were mostly city dwellers (21), we suspect this feature 
contributed to a somewhat higher FSVD prevalence among 
the cases in the current study. Since our results suggest 
higher ‘background noises’ of vertebral deformities among 
subjects being farmers or physical laborers, this point is 
relevant in real-world practice. On the other hand, we 
admit that the percentage of subjects who had the history 
of being a farmer or physical laborer was only based on 
approximate estimations. As this was a retrospective study, 
the estimations only considered the self-claimed profession 
and the home address. We could not quantify the amount 
or intensity of physical labours the study cases experienced. 
It was also possible that some of the farmers migrated to 
the city and later become office workers and city dwellers. 
Finally, as this study did not have a predetermined statistical 
power estimation, the results are presented descriptively, 
we avoided using statistical analysis. However, despite our 
sample size remains small, our sample size mostly addressed 
our study aims and the results appear to be reasonable. 

In conclusion, in the age groups of ≤20 years, 20–34 years,  
35–44 years, and ≥45 years (up to 59 years for women 
and 67 years for men), in this study women had all-
inclusive FSVD prevalence of 13.4%, 8.3%, 11.8%, 25.8% 
respectively, while men had all-inclusive FSVD prevalence 
of 29.3%, 26%, 34.3%, 44.8% respectively. Our results 
support more stringent criteria for the definition of OVF 
in men than in women. Our results suggest, though not 
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confirm, that FSVD may heal and repair, and physical 
labour is associated with an increased prevalence of FSVD. 
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