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Abstract. Peak bone mass (PBM) is an important 
reference value in the diagnosis of osteoporosis. It is 
usually established by determining the areal bone 
mineral density (BMD in g/cm 2) for a given site of the 
skeleton in young healthy adults. This measurement 
takes into account both the thickness and the integrated 
mineral density of the bone scanned. It should therefore 
be a major determinant of the resistance to mechanical 
stress. However, in lumbar spine the mean BMD as 
determined by dual-energy either isotopic or X-ray 
(DXA) absorptiometry in antero-posterior (up) view 
was repeatedly found not to be different between male 
and female young healthy adults despite the greater 
volume of lumbar vertebral bodies in males. A greater 
contribution of the posterior vertebral arch to areal 
BMD-ap in females than in males could account for such 
an apparent discrepancy. In order to clarify this issue we 
have determined in 65 (32 male and 33 female) young 
healthy adults aged 20-35 years the relative con- 
tribution of the vertebral body (VB) and posterior 
vertebral arch (VA) to BMD and bone mineral content 
(BMC) of L2-3 measured by both antero-posterior and 
lateral (lat) scanning using DXA. In young healthy 
adults mean BMC in antero-posterior view was found 
not to be significantly different from the total BMC 
determined by lateral scanning including both VB and 
VA. This allowed us then to calculate the VA BMC by 
substracting VB BMC-lat from BMC-ap. The results 
indicated that the mean value for males was significantly 
greater than that for females for BMC-ap (male/female 
ratio (mean + SEM): 1.16 + 0.05, p<0.01), BMC-lat 
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(1.38 + 0.07, p<0.001) and VB BMD-lat (1.16 + 0.04, 
p<0.001). In sharp contrast, no sex difference was 
found in BMD-ap (male/female ratio: 0.99 + 0.03) and 
VA BMC (male/female ratio: 0.97 _+ 0.06). VA BMC 
represented 44% and 53% (p<0.001) of BMC-ap in 
males and females, respectively. Furthermore, in 
neither sex was any correlation between VA BMC and 
VB BMC found. In summary, this study indicates that 
the relative contribution of the posterior vertebral arch 
to the bone mineral content of L2-3 is significantly 
smaller in males than in females. This difference could 
partly explain the absence of a sex difference in areal 
BMD as measured in antero-posterior view. In agree- 
ment with lumbar anthropomorphometric data this 
study further shows that the sex difference in vertebral 
body size, an important component in mechanical resis- 
tance, is expressed when areal BMD is measured in 
lateral but not in antero-posterior scanning. Finally, the 
data analysis underlines the quantitative importance of 
the vertebral arch in the value of areal BMD as 
measured by DXA in the classical antero-posterior 
view, and demonstrates the absence of a significant 
quantitative relationship between the bone mineral 
content of the vertebral body and that of the posterior 
vertebral arch. 

Keywords: Bone mineral density; Dual X-ray absorptio- 
metry; Sex difference; Vertebral arch; Vertebral body 

Introduction 

Measurement of bone mineral density (BMD) or con- 
tent (BMC) provides useful information for the 
detection and treatment of osteoporosis [1]. Dual 
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photon isotopic absorptiometry (DPA), and more 
recently dual-energy X-ray absorptiometry (DXA), 
have been widely used for BMD/BMC determination in 
the clinical and research settings of osteoporosis. The 
DXA technique provides non-invasive precise assess- 
ment of BMD/BMC at critical sites such as lumbar spine 
and femoral neck [2,3]. Compared with quantitative 
computed tomography (QCT), which has the capability 
to measure true volumetric mineral density (in mg 
hydroxyapatite/cm 3) and to differentiate trabecular 
from cortical bone, DXA provides areal BMD (in g 
hydroxyapatite/cm 2) measurements. Both the size (more 
precisely the thickness) and the volumetric mineral 
density of the scanned skeleton are integrated in the 
values of areal BMD. These two variables are important 
determinants of the resistance to mechanical stress [4-7] 
- hence the inverse relationship found between the 
incidence of osteoporotic fracture and areal BMD [8,9]. 

At the lumbar spine level, no significant difference 
was found between female and male young healthy 
adults in areal BMD as obtained in the classical antero- 
posterior (ap) view by either DPA or DXA. This is in 
sharp contrast to the sex difference commonly recorded 
in the areal BMD of the radial [10,11] or femoral [12,13] 
diaphysis. Note that at the lumbar spine level no 
significant difference in volumetric trabecular bone 
density between female and male young healthy adults 
has been detected by QCT [12-17]. Likewise, in adults 
younger than 50 years direct assessment of ash density 
of either trabecular bone or of the whole vertebral body 
of L2 did not reveal any significant difference between 
females and males [18-20]. Therefore, the absence of a 
sex difference in areal BMD as determined by DPA/ 
DXA in the antero-posterior view of the lumbar verte- 
brae is difficult to explain given that the volume of a 
lumbar vertebra is greater in males than in females, 
whereas no sex difference can be detected in their mean 
trabecular mineral density [17,21-24]. This may suggest 
an important sex difference in the relative contribution 
of the posterior arch to the total bone mass of a lumbar 
vertebra. In order to clarify this issue we have deter- 
mined in female and male young healthy adults aged 20- 
35 years the relative contributions of the vertebral body 
(VB) and posterior vertebral arch (VA) to BMD and 
BMC of L2-3 as evaluated in both antero-posterior and 
lateral scanning using DXA. 

h/week). None of the subjects had a history of chronic 
alcohol consumption. One third of the subjects were or 
had been tobacco users. 

Measurements of Bone Variables 

BMD and BMC were determined by DXA, using 
Hologic QDR-1000/1000W instruments. The acqui- 
sition was made in both antero-posterior (ap) and 
lateral (lat) views according to a technique initially 
introduced for DPA [25] and then used for DXA [26- 
28]. For lateral scanning, the subjects were placed in the 
left lateral decubitus position with hips and knees in 
flexion. The pelvis was maintained perpendicular to the 
board of the instrument with a posterior support to 
ensure a stable position during scanning. The arms were 
placed above and in front of the head to avoid super- 
imposition of ribs on the L2 vertebral body. A high- 
resolution mode of acquisition was used for the lateral 
view. For the determination of BMD/BMC of the 
vertebral body in the lateral view (VB BMD-lat/VB 
BMC-Iat), the posterior limit of the scanned area was a 
line tangential the posterior wall of the vertebral body 
(see Fig. 1). 

BIVtC lat tot 

L2-L3 31.19 _+ 1.55 
L3 t6,49 _+ 0.9t 

BMC ap 

L2-L3 31.4t +_ 1.19 
L3 16.86 + 0,56 

VB BMC lat 

S u b j e c t s  a n d  M e t h o d s  
L2-L3 16.39 _+ 0.90 
L3 8.62 ± 0.53 

Subject Recruitment 

The cohort studied consisted of 65 Caucasian healthy 
subjects (33 females and 32 males) aged 20-35 years. 
The subjects were recruited from the technical, admin- 
istrative and medical staff of the University Hospital of 
Geneva. Exclusion criteria comprised any chronic dis- 
ease, gastrointestinal disease with a medical history of 
malabsorption, congenital or acquired bone disease, 
and intensive practice of physical exercise (more than 10 

Fig. 1. Determination of L2-3 BMC in anteroposterior (ap) and 
lateral (lat) views. The figures illustrate the three scans used to 
determine by DXA the L2-3 BMC and how the derivation of the 
vertebral arc (VA) BMC was validated. In 20 young healthy subjects 
(see Methods for further details), bone scans of the lumbar spine were 
made in the classical antero-posterior view (middle scan) and in two 
different lateral views including (BMC lat tot, top scan) or excluding 
(VB BMC lat, bottom scan) the vertebral posterior elements. As 
indicated the mean BMCs (_+SEM) were found to be identical in the 
antero-posterior and in the lateral view, thus validating the derivation 
of VA BMC by subtracting the vertebral body (VB) BMC-Iat from 
BMC-ap. 
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The data were analyzed using the standard software 
(version 4.25) throughout the study. The coefficients of 
variation determined in healthy volunteers were 1.0% 
for L2-4 in antero-posterior  view and 2.1% in lateral 
view [26]. The following variables were determined: 
BMD-ap  and VB BMD-la t  in g/cm2; BMC-ap and VB 
BMC-lat  in g; scanned area (Area-ap,  VB Area-lat)  in 
cm 2. BMC vertebral  (posterior) arch (VA) was 
obtained by subtracting VB BMC-lat  f rom BMC-ap.  
This derivation of V A  BMC was validated as follows: in 
20 young healthy subjects (11 males, mean  age 31.2 + 
0.7 years; 9 females,  mean  age 27.3 + 1.9 years),  bone 
scans of the lumbar spine were made in both antero- 
posterior and lateral views. In the lateral view, the 
scanned area included both VB and the posterior 
elements,  i.e. V A  (Fig. 1). The mean BMCs were found 
to be identical in antero-posterior  (L2-3 = 31.41 + 1.19 
g; L3 = 16.86 + 0.56 g) and lateral views (L2-3) = 31.19 
+ 1.55 g; L3 = 16.49 + 0.91 g) (Fig. 1). The correlation 
coefficients between BMC in the antero-posterior  and 
lateral views including both VB and V A  were 0.85 for 
L2-3 (p<0.001) and 0.79 for L3 alone (3)<0.001). The 
coefficient of variation (CV) of V A  BMC measurement  
was determined f rom 15 paired scans obtained f rom the 
same subjects after repositioning, using the formula: 

CV = ~ / ( Z  dZ/2n) x 100/[(mean1 - mean2/2] 

where d is the difference between two values for a given 
individual. It  was 3.6% and 3.2% for L2 and L3, 
respectively. 

Statistical Analysis 

Results are expressed as the mean  + SEM. Significance 
of the difference was evaluated by one-way analysis of 
variance (ANOVA ) .  The relations between variables 
were examined by calculating linear correlation coeffi- 
cients. The t values of the differences between the slopes 

of the linear regressions were calculated according to 
the formula: t = (bl  - b2)/X/(Sbl) 2 + (Sb2) 2, where b l  
and b2 are the slopes of the regression lines, and Sbl 
and Sb2 are the standard errors of these slopes [29]. 

Results 

Anthropometric Characteristics 

Table 1 presents the anthropometr ic  variables of both 
female and male cohorts. As expected, both height and 
weight mean values were greater  in males than in 
females. It is important  to underline that these anthro- 
pometr ic  variables did not differ from the age- and sex- 
matched reference values (Z-scores not significantly 
different from zero) previously established for the Swiss 
population [30]. Fur thermore ,  there was no statistical 
significance sex difference in the mean Z-scores calcu- 
lated for either height or weight. Thus, the mean 
(+SEM)  Z-score for height was +0.030 + 0.174 in 
females (n=33) and +0.074 + 0.142 in males (n=32);  
the corresponding mean Z-score for weight was -0 .123  
+ 0.188 in females and -0 .014  + 0.157 in males. Hence,  
any difference in the lumbar bone variables between the 

Table 1. Subject characeristics 

Males Females 

Number of subjects 32 33 
Age (yr) 26.5+0.8 25.6+0.8 
Height(cm) 179 -+1.1 165 -+1.2"** 
Weight (kg) 72.9_+1.5 57.7-+1.4"** 
BMI (kg/m 2) 22.9+0.4 21.1_+0.4"* 

Values are the mean -+ SEM. 
Body mass index (BMI) was calculated as the weight/height 2 ratio and 
kg and m 2, respectively. 
**p<0.01, ***p<0.001 as compared with males. 

Table 2. Bone mineral density (BMD), bone mineral content (BMC) and scanned area (AREA) of lumbar 
vertebrae L2 and L3 measured in anteroposterior (ap) and lateral (lat) views 

View L2 L3 

Males Females Males Females 

Antero-posterior 
BMD-ap (g/cm 2) 1 .063+0 .022  1.027+_0.019 1.064_+0.022 1.066+0.019 
AREA-ap (cm 2) 15.35 -+0.26 12.65 _+0.28*** 16.97 -+0.33 14.48 -+0.31"** 
BMC-ap (g) 16.39 _+0.52 13.03 -+0.41"** 18.06 +0.52 15.51 +0.50** 

LateraP 
VB BMD-lat (g/cm 2) 0.788-+0.019 0.711-+0.019"* 0.806-+0.018 0.696-+0.017"** 
VB AREA-lat (cm 2) 11.74 _+0.23 9.93 -+0.21"** 12.42 -+0.23 10.41 -+0.25*** 
VB BMC-lat (g) 9.21 _+0.34 7.10 _+0.27*** 10.07 +0.35 7.30 -+0.29*** 

Values are the mean + SEM. 
a In lateral view, only vertebral body values were taken into account. The posterior limit of the scanned area was a 
line tangential to the posterior wall of the vertebral body. 
**p<0.01, ***p<0.001 as compared with males. 
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Fig. 2. Male to female ratio in densitometric and morphometric variables of L3 vertebra in young healthy adults. The values are the mean + SEM 
determined in 32 male and 33 female subjects. BMD, bone mineral density in g/cm2; BMC, bone mineral content in g; VA, vertebral arch; VB, 
vertebral body; ap, scanning in anteroposterior (frontal) view; lat, scanning in lateral (sagittal) view. VA BMC corresponds to the difference 
between BMC-ap and VB BMC-lat. See Methods for the validation of this calculation. *~*p<0.001 as compared with a sex ratio of 1.0. 

two genders cannot be ascribed to a biased selection of 
the cohort used in the present comparative study. 

Bone Densitometric and Morphometric Variables 

The absolute mean values of the bone variables are 
presented in Table 2. The corresponding male to female 
ratios of the densitometric and morphometric variables 
for L3 are depicted in Fig. 2. The male to female ratios 
for both VB BMD-lat (1.16 _+ 0.04) and VB BMC-lat 
(1.38 _+ 0.07) are much greater than those calculated for 
BMD-ap (0.99 _+ 0.03) or BMC-ap (1.16 _+ 0.05). Note 
that the male to female ratio of the scanned area was 

very similar in antero-posterior (1.17 _+ 0.03) and lateral 
(1.19 +_ 0.04) views. In contrast to VB BMC, VA BMC 
was not greater in males (7.99 + 0.39 g) than in females 
(8.20 + 0.36 g). The male to female ratio for VA of L3 
was 0.97 + 0.06 (Fig. 2). The relative contribution of the 
posterior elements to the total L2-3 BMC was signifi- 
cantly greater in females as compared with males. In L3 
it amounted to 44 _+ 1.4% and 53 + 1.4% (p<0.001) in 
males and females, respectively (Fig. 3). The same 
trend was observed for L2 although the sex difference in 
the percentage contribution of VA BMC to the total 
BMC did not reach statistical significance for this 
vertebra. 
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Relation Between Vertebral Arch and Vertebral Body 
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Fig. 3. Contribution of the vertebral arch to the total bone mineral 
content of vertebrae L2 and L3 in female and male young healthy 
adults. The values corresponds to the mean -+ SEM of the vertebral 
arch (VA) BMC over that of the total BMC of L2 or L3 as determined 
by DXA in antero-posterior (ap) view in 32 male and 33 female 
subjects. VA BMC represents the difference between BMC-ap and 
VB BMC-Iat (see Methods and Fig. 1). ***p<0.001 as compared with 
males. 

The relationship between VA BMC and BMC mea- 
sured in antero-posterior or lateral view is shown in Fig. 
4. As expected from the foregoing analysis indicating 
that VA BMC represents about half the mineral content 
determined in antero-posterior view, a significant 
positive relationship between L2 or L3 VA BMC and 
BMC-ap (Fig. 4) was found in both genders. Interest- 
ingly, no significant correlation was found between L2 
or L3 VA BMC and VB BMC. This holds true for the 
relationships obtained in both the male and female 
cohorts (Fig. 4). 

Relation Between Vertebral Body Size and Statural 
Height 

The mineral content of axial and appendicular skeletal 
components has been shown to depend in part upon the 
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Fig. 4A-D. Relationships between vertebral arch BMC of L2-3 vertebrae and total BMC as measured in antero posterior view, or vertebral body 
BMC in female and male young healthy adults. Vertebral body BMC was measured as described in Methods. VA BMC represents the difference 
between BMC-ap and VB BMC-lat. In A (L2) the coefficients of correlation were: r = 0.754 (p<0.001) in males, and r=0.762 (/)<0.001) in 
females, In B (L3) the coefficients of correlation were: r=0.711 (p<0.001) in males and r=0.822 (p<0.001) in females. The relations presented in 
C and D were not statistically significant. 

statural height of the individual. The foregoing results 
indicated a sex difference in VB but not in VA BMC. 
Therefore, it appeared of interest to analyze the rela- 
tionship between the size of VB in both its antero- 
posterior and lateral views and statural height. In both 
females and males tight correlations between frontal or 
sagittal area of VB and statural height were found for L2 
and L3 (Fig. 5). However, as indicated in the legend to 
Fig. 5, the slopes (regression coefficients) of the linear 
regressions between statural height and L2-3 VB 
surface as measured in antero-posterior view were 
significantly steeper than those between statural height 
and L2-3 VB surface as determined in lateral view (L2: 
+ 36%, p<0.025; L3: + 31%, p<0.025). 

Biological Variability of the Bone Densitometric and 
Morphornetric Values 

Table 3 indicates the coefficients of variation of the 
different bone densitometric and morphometric vari- 

ables in the two cohorts. The data confirm that the 
variability of the bone parameters is much greater than 
that of the statural height, the former being only slightly 
dependent upon the latter. 

Discuss ion  

Sex Difference in Peak Bone Mass Detected in Areal 
BMD-lat, but not in Areal BMD-ap 

The determination of surface or areal BMD of the 
lumbar spine in antero-posterior view is widely used for 
the diagnosis of vertebral osteoporosis and thereby to 
predict the fracture risk of the axial skeleton. BMD-ap 
measurement includes not only the vertebral body but 
also the vertebral arch. The foregoing analysis from 
data collected in an anthropometrically representative 
sample of the young healthy adult population confirms 
that lumbar spine BMD in antero-posterior view as 
determined by DPA or DXA is not greater in men than 
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in women [12,13,17]. This finding can be expected to 
reduce the predictive value of this measurement for 
assessing the fracture risk of the vertebral body. Indeed, 
the resistance to mechanical stress is determined not 
only by the true mineral density, but also by the size or 
volume of the vertebral body which is generally greater 
in male than in female subjects. This gender difference 
in vertebral size was detectable by VB BMD-lat, there- 
fore explaining, at least in part, the higher VB BMD-lat 
in males. Previous in vitro and in vivo investigations 
using gravimetry or QCT have indicated that the true 
trabecular mineral density of vertebral body was not 
greater in males than in females between 20 and 35 years 
of age [14-16,18-20]. In contrast the width of the 
vertebral body in the frontal plane was found, by direct 
morphometric analysis, to be about 15% greater in 
males [22,23]. Therefore, it appears that the 16% mean 
difference in VB BMD-lat we detected by DXA prob- 
ably resulted, to a large extent, from the greater width 
of the vertebral body in the frontal plane in males. 

The size of the bones is an important determinant of 

the resistance to stress. The notion is especially true for 
vertebral bodies, which are subjected to compression 
with superimposed bending forces in the sagittal plane 
and torsion around the long axis of the spine [4]. The 
axial stress that a vertebral body undergoes will be 
inversely related to its cross-sectional area. Thus, the 
cross-sectional area of the vertebral body is a critical 
determinant of the resistance to fracture besides the 
true mineral density, the orientation and spacing of the 
trabecular network, the thickness and porosity of the 
cortical shell, and the distribution of the bony tissue 
around the load axis [4-7]. 

hnportance of the Vertebral Arch 

The foregoing analysis furthermore indicated that only 
half of the total amount of mineral contained in L3 as 
measured by DXA scanning in antero-posterior view 
was present in the VB, i.e. in that part of the skeleton 
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Table 3. Variability (SD/mean x 100) of statural height, bone 
densitometric and morphometric variable of L3 vertebra in young 
healthy adults 

Males Females 

n 32 33 
Height 3.58 4,04 
BMC-ap 16.25 18.61 
BMC-ap/height 15.48 16.74 
VB BMC-Iat 19,65 22.61 
VB BMC-lat/height 18.48 21.84 
VA BMC 27.31 25.46 
VA BMC/height 27.t7 23.71 
BMC-ap 11.71 10.25 
BMC-ap/height 12,80 10.41 
VB BMC-Iat 12.62 14.07 
VB BMC-lat/height 12.66 15,01 
Area-ap 10.91 12.50 
Area-ap/height 9.11 10.12 
VB area-lat 10.51 13.64 
VB area-lat/height 8.91 11.78 

actually at risk of fracture. A distribution of similar 
magnitude could be derived from data obtained in a 
study in which BMC of the vertebral body was com- 
pared with that obtained by antero-posterior view using 
DXA in female subjects [31]. Our results regarding the 
VB BMC-lat/BMC-ap ratios found in both sexes are 
consistent with two in vitro studies in which the calcium 
contents of the vertebral body and posterior arch were 
determined by ash chemical measurements [32] or 
neutron activation analysis [33]. At the level of L3, the 
vertebral body BMC corresponded to 42.8% and 50.6% 
of the whole vertrebra in females and males, respecti- 
vely [32]. In isolated vertebrae before and after removal 
of the posterior elements, the BMC of the body as 
determined by DXA corresponded to 51.3% and 56.3% 
in females and males, respectively [33]. 

The fact that the contribution of the posterior arch to 
the total BMC of the vertebra is far from negligible 
would not introduce a flaw into the estimate of BMD-ap 
if the value of the VA/VB ratio were constant among 
individuals. However, as shown in the present study this 
did not appear to be the case, since in this cohort of 
young healthy adults no relation was found between VB 
and VA BMC over a wide range of values. 

Whereas mean VB BMC was significantly greater in 
males than in females, no sex difference was found in 
VA BMC. The reason for this observation is intriguing. 
Among various hypotheses, one might evoke a differ- 
ence in the mechanical forces exerted on the posterior 
arch. Such a difference could be related to the degree of 
lordosis, which at first sight may appear to be more 
pronounced in females. However, direct measurement 
of the degree of lordosis has not provided unequivocal 
results favouring the notion that it would be greater in 
females [3436]. The fact that VA BMC is not greater in 
young healthy adult males than in females can explain, 
at least in part, the absence of a sex difference in 'peak' 
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lumbar spine BMD as determined in antero-posterior 
view. 

Sex Difference in Vertebral Body Morphometry 

There is a relationship between some of the vertebral 
dimensions and statural height. Such a correlation has 
already been documented as far as the height of the 
vertebral body is concerned [37,38]. Postmortem mor- 
phometric analyses [17,21,22] indicate that the greatest 
sex difference is observed in the frontal plane (width) of 
the vertebral body. In Aharinejad's study [21], the male 
to female ratio was found to be about 1.11 in the frontal 
plane as compared with only 1.02 in the sagittal plane 
(depth) of the vertebral bodies. 

Our analysis indicates that the male to female ratio in 
VB BMC-lat was reduced from 1.38 to 1.16 after 
correction by the area of the vertebral body. The slope 
of the relation between frontal area and statural height 
was steeper than that between sagittat area of vertebral 
body and statural height (see Fig. 4). Therefore, it is not 
surprising that correction by the statural height reduced 
the sex difference in VB BMD-lat, as the male to female 
ratio fell from 1.16 + 0.04 to 1.07 + 0.02 in L3, and from 
1.11 + 0.04 to 1.02 + 0.04 in L2. 

Our data do not entirely explain why mean BMD-ap 
was not greater in young healthy adult males than in 
females. Indeed, although both VA BMC as shown in 
this study, and volumetric trabecular bone density as 
previously documented [14,16,18], are not sex-depen- 
dent variables, nevertheless in lumbar vertebral bodies 
both the anterior and the posterior cortical margins 
were found to be thicker in males than in females [21]. 
The reason why this difference in the cortical thickness 
of the vertebral body was not translated into a greater 
mean BMD-ap in males suggests that another, currently 
unknown variable tends to cancel out this difference. In 
one of the rare morphometric studies comparing sex 
difference in young adult lumbar vertebrae [21], the 
mean anterior height of the vertebral body was greater 
than the corresponding mean posterior value in males 
but not in females. Therefore, the projected area in 
antero-posterior scanning of the lumbar spine could be 
somewhat overestimated in males as compared with 
females, and thereby results in some underestimation of 
BMD-ap in the former. It is obvious that the bone tissue 
corresponding to the rectangular surface in antero- 
posterior view is heterogeneously distributed. Thus, 
other discrete sex differences in the morphology of the 
vertebral body or of its posterior element could con- 
tribute to variation in the distribution of bone tissue 
corresponding to the DXA scanned surface [22,23]. 

Influence of Height on the Variability of Lumbar Spine 
Values 

Finally, the study shows that the large scatter in the 
bone densitometric and morphometric variables of 
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lumbar vertebrae was only slightly reduced after cor- 9. 
rection for the statural height in both sexes. Half of the 
variance of VB BMC appears to be due to the size of the 10. 
vertebra. The other half of the variance is probably 
related to the interindividual difference in both volu- 11. 
metric trabecular mineral density and the thickness of 
the cortical margin as observed in vivo by QCT and in 
vitro by direct morphometric and gravimetric analyses 12. 
[14,16,18,21]. 

In summary, this study indicates that the relative con- 
tribution of the posterior vertebral arch to the bone 13. 
mineral content of L2-3 is significantly smaller in males 
than in females. The difference could explain, at least in 
part, the fact that areal BMD as measured in antero- 14. 
posterior view is not greater in males than in females. In 
agreement with data from anthropomorphometric 15. 
studies of the lumbar spine, the foregoing results further 
show that the sex difference in vertebral body size, an 
important component in the resistance to mechanical 16. 
stress, is expressed when areal BMD is measured using 
lateral but not antero-posterior scanning. Finally, the 
data analysis underlines the quantitative importance of 17. 
the vertebral arch in the value of areal BMD as 
measured by DXA in the classical antero-posterior 18. 
view, and demonstrates the absence of significant 
correlation between the bone mineral content of the 
vertebral body and that of the posterior vertebral arch. 19. 
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