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Vertebral body index and bone mineral density in 
women with spinal fractures 
66 probands compared with controls 

James C H Goh, Siew Leng Low and Kamal Bose 

The bone mineral density (BMD) was measured in region L2-L4. Women with spinal fractures had 
61 women with compression fractures of the spine lower BMD and VBI values. Using both BMD and 
and 66 normal pre-menopausal women. Radio- VBI, 3 regions of fracture risk were defined. All but 
graphs of the lateral spine were also obtained and 2 of the fracture patients were in the moderate- or 
the vertebral body index (VBI) was measured in the high-risk region for fracture. 

Department of Orthopedics, National University of Singapore, Lower Kent Ridge Road, Singapore 051 1 
Tel+65 77-24 423. Fax -44 082 
Submitted 93-08-29. Accepted 94-05-21 

~~~ ~~~~ ~ ~~~ ~ 

( h e  of thc earliest methods for assessing spinal oste- 
oporosis i s  hy radiographic evaluation. usually based 
oil ii sutjective decision which includes degree of hi- 
concavity and changes i n  the end-plates of  the verte- 
brill hocly (Doyle el  al. 1967). VKrtKbr;il niorphome- 
try has been used to define the extent of deformity of 
the vcrtehrul bodies (Aloia et al. 1977. Gnllagher el 
al. 1988, Minne el al .  1988). Changes in vertebral 
body height have also been L I S K ~  a s  an index of  pro- 
gressive bone loss. Woolf and Dixon (1988) defined 
the vertebral body index (VBI) as the ratio of the 
sum o f  the central vertebral body heights to the cen- 
lrnl disc heights. We have adopted this definition in 
ou r  attempt to identify women at risk for osteoporot- 
ic compression fractures with the use of a radio- 
griiphic parameter. in addition to hone mineral densi- 
ty (BMD) measurements. 

Patients and methods 

60 normal pre-menopausal WOlllKll aged 40 (25-55 ) 
years and hl  women aged 72 (50-90) years with one 
or more spinal fractures were recruited for the study. 
Liit~ral radiographs of the spine were taken and any 
vertebra with a height difference of more than IS 
percent were defined as fractured (Buchanan el al. 
1988. Odvina et al. 1988). The extent of deformity 
o f  the Vertebral bodies was classified as compres- 
sion. single end-plate, double end-plate. wedge or a 
coinhination of any of the above (Table I ). Corner 
points of the second. third and fourth lumbar vertc- 
brae (L?-L4) were selected. and measurements ol 

the VKrtKbKil body index (VBI) and intervertebral 
disc heights were mude. centered on the respective 
vertebra. The measureinents were niude with ii inilli- 
I l l K t K r  rule to the Ilearest 0.5 Illill. The VBI was cal- 
culated as the ratio of the stmi o f  the central vertc- 
bra1 body heights to the central disc heights over  
L2-L4. The BMD of the spine. cxprcssecl iis 

gHA/cni?, was irieasured on a NOVO HMC Lab 22a 

The whole lumbar spine was sciinned x i d  the HMD 
was determined from the region L2-L4. 

bOI1K dKnSitoIlleter KqllippKd with ;I (lid- I 5 3  SOLII'C'C. 

Results 

The normal pre-menopnusal woiiien had ineiin BMD 
and VBI V ~ I U K S  of0.89 and 2.17. respectively. which 
were higher ( P  < 0.05) than the patients with spinal 
fractures (mean V ~ U K S  0.58 and 1.40). Mo\t ol' the 
women had a fracture i n  the T12-L2 rcgion. Poticnts 
with compressed vertehrne had the highe\t V H I  and 
BMD values. There was no correlation between the 
different types of vertebral deformity and the HMD 
o r  VBI . 

Table 1. Classification of vertebral fractures 

~~ 

Type of vertebral fracture 

Wedge 
Single end-plate 
Double end-plate 
Compression 
combination 

______- 

- -- ~ 

n Age 

6 75 
0 66 

14 74 
6 72 

20 74 
~ 

~- 

VBI BMD 

1 5 0  0 5 6  
1 5 3  0 5 5  
150 0 5 9  
165 0 6 0  
1 4 4  0 5 7  
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Figure 1. BMD and VBI values for normal pre-menopausal 
women (-55 years; a). I > -1 SD. II -1 and -2 SD. and Ill .z 
-2 SD. 

Using the values for the normal pre-menopausal 
women. a graph of VBI against BMD was plotted 
(Figure I ) .  The graph was then divided into 3 
regions. Region I represented the upper one standard 
deviation ( I  SD) of the mean of the VBI and BMD 
of the normal women, region I I  between 1 and 2 
standard deviations and region 111 exceeded 2 stan- 
dard deviations. Region I was defined as the region 
in which there was no risk lor fracture. while in 
region 11. the risk for fracture was moderate. Region 
I l l  was considered to be at high risk for fracturc. 

When the BMD and VBI values of the patients 
were plotted into these regions (Figure 2)  59 of the 
patients were in regions II and H I .  compared to only 
43, if’ BMD measurements were considered alone. 
To further compare the discriminatory abilities of 
BMD alone and BMD/VBI measurements in identi- 
fying patients a~ risk for spinal fractures. receiver 
operating characteristic (ROC) curves were generat- 
ed for the group with spinal fractures (Metz 1978). 
The ROC curve plots the true positive fraction 
against the false positive fraction. The measurement 
with the greatest area under the curve has the highest 
discriminatory ability. 

Sensitivity (the number of true positive tcsts/num- 
ber of patients with spinal fractures) was calculated 
;IS the fraction of patients with bone density meas- 
urements below the negative 2 S D  of maximum 
bone density at age 35. The BMD value at this frinc- 
ture threshold was 0.622 g/cm‘. The cut-off level for 
the VBI was defined as the negative one standard 

Figure 2. BMD and VBI values for normal post-menopausal 
women (A) and patients with compression fractures (0) 

deviation of the mean VBI value of normal prerneno- 
pausal wonien ( 1.78). 

Figure 3 shows the ROC curve with regard to dis- 
crimination between BMD only and BMD/VBI 
measurements for patients with spinal fractures. The 
curve of BMD/VBI wxs above that for BMD meas- 
urements only, indicating the greater discriminative 
ability of using both BMD and VBI measurements in 
identifying patients who arc at risk for spinal frnc- 
tures. 
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Figure 3. ROC curve for patients with spinal fractures. 
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Discussion 

In rcccnt yciirs. dual photon absorptiometry (DPA)  
hiis heen used to give ii quantitative estimate of bone 
clcnsity i n  the lumbar spine and fernoral neck. 
Althotigh this method of' nieastirenient has heen 
aliouii to he relioble. i t  a lso  measures any other arti- 
facts that iiiay he present i n  the spine. Krolner et al. 
( 19x2). i n  ;I comp;irison of  radiography, inorphology 
;ind dual photon absorptiometry, found ;in over-csti- 
i i ialc of the  vertebral BMD when DPA was used i n  
paticnts with oateophytes and severe aortic calcifica- 
tion\. Ro\s e l  ;iI. ( 1'487) observed an average in- 
cre;isc of 5-1 I percent in  spine iiie;isttrenients for 
palienta with similar artifacts. This would account 
f o r  the increased BMD i n  soiiie of the spinal fracture 
paticiits in o t i r  study. Undctectcd microfrocturcs i n  
the vcrtehral body and callus formation might also 
contribute to increosed BMD vnlues. The presence 
( i f  aortic cnlcifications would also lead to Cnlsely cle- 
vatcd v;ilucs o f  BMD (Orwoll et al. 1090. Reid et al. 
I09 I ). Visualimtion of culcificntion and osteopliytes 
on thc \can h u g e  using the DPA is nlso difficult. I n  
our annlyscs o f  the luinhar spine using the Novo 
BMC Lab 2 2 1  software, i t  was sonietinies difficult 
to determine the separation o f  the intervertebral 
spxcs,  notably i n  the severely osteoporotic and the 
clclcrly patients. Drinkn et al. (1992) studied I 13 
ma le \  with degenerative sclerosis and found that 
thcrc wiis ;I significant increase in the luiiibar spine 
BMD. The later techniques of bone density iiieastire- 
mcnts by dual-energy X-ray nbsorptiometry (DXA) 
offer thc option of lateral spine scans. 

Klecrckoper and Nelson ( 1992) noted that i n  the 
assessment of spinal fractures, changes i n  the mor- 
phology o f  the vertebra alone do not neccssarily sug- 
gest the occiirrence of ;I fracturc. We have shown 
that when we used ii radiographic parameter, in nddi- 
tion to BMD nieiisttrenients, the accuracy o f  diagno- 
sis of subjects ;it risk for fracture iniproved. It is 
therefore importnnt that both radiographic nior- 
phometry and bone density iiieiistirenients be rcpard- 
ctl ;is complementary rather than alternative methods 
i n  the evaluation of spinal osteoporosis. 


