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The aim of our study was to elaborate a scheme for the development of the
particular elements of the lumbar vertebral column in the foetal period based on
metrological data analysis. 30 human foetuses between 31 and 183 mm C-R
length were examined. The whole vertebral column and lumbar segment length,
intervertebral spaces and structural elements of each vertebra were measured.
Statistical analysis was carried out of the data obtained. The development of the
lumbar vertebral column during the foetal period is ongoing, although not in
a proportional way. The percentage participation of the lumbar segment in the
length of the whole vertebral column increased from 17.5 to 22%. The most
intensive development of the particular elements resulted from the period be-
tween 60–170 mm. The intensive transversal growth of each vertebra began
after 60 mm while the axial growth began after 110 mm CRL. The percentage
participation of a single lumbar vertebra in the length of the whole lumbar
segment decreased by approx. 5%. The largest contribution to the ossification
centres was made in the areas of neural arches L1. Each structural element and
the diameter of each lumbar vertebra is characterised by specific growth dy-
namics.
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INTRODUCTION
A number of pathologies, concerning the lum-

bar vertebral column, arise as a result of develop-
mental abnormalities. Advancement in the area of
modern imaging techniques enables an early diag-
nosis of the majority of abnormalities during the
foetal period [1, 3]. The sine qua non condition of
the proper interpretation of the results achieved is
a thorough knowledge of normal anatomical rela-
tions and the dynamics of the growth of the struc-
tures under examination. The aim of our study was
to elaborate a scheme for the development of the
particular elements of the lumbar vertebral column

in the foetal period based on metrological data analy-
sis with linear correlations and regression slopes,
according to Ursu et al. [7].

MATERIAL AND METHODS
The research was carried out on 30 foetuses of

both sexes, obtained from spontaneous abortions
with no macroscopic developmental defects. Their
C-R length (CRL) varied from 31 to 183 mm. Clas-
sical anatomical preparation was performed via
a stereoscopic microscope. The total length of ver-
tebral column (A) and lumbar segment length (B)
were established. Using Mitutoyo caliper (resolu-
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tion 0,01 mm) exact measurements were carried
out.

The scheme of meausurements is presented in
Figure 1. Measurements: E, F, I, J, K were obtained
coincidentally for the right and the left side of each
vertebra.

Statistical analysis was carried out with the use
of the program Statistica Pl; where p < 0.05 was
considered to be the level of significance.

RESULTS AND DISCUSSION
After the statistical exclusion of asymmetry the

results of the relevant measurements were averaged.
Results of basic statistical computations are present-
ed in Table 1. The survey of the linear and non-linear
correlation between particular diameters and CRL are
presented in Figure 2. According to our research, the
most dynamic development of the particular elements
results from the period between 60 and 170 mm CRL.
The dynamic transversal growth begins earlier than
the axial growth of the vertebrae and the interverte-
bral areas. However, the quickened axial growth also
takes place during the period above 180 mm CRL.

The phase of intensive development of the transverse
diameter of the vertebrae is the period of growth in
the length of the neural arches. Dynamic growth in
the width of the neural arches commences later on.

The percentage participation of a single lumbar
vertebra in the length of the whole lumbar segment
decreased by approx. 5%. This process was ongo-
ing, although not in a proportionate way. It was in-
tensified between 50–80 mm and above 160 mm
CRL. Taking into account that our research included
only the dorsal part of the vertebrae, it is highly prob-
able that the period between 50–80 mm and, re-
spectively, above 160 mm CRL is the dynamic phase
of vertebral corpora growth. The ossification cen-
tres had the largest contribution in the areas of the
neural arches L1, whereas the differences between
L1 and L3, L4 and L5 were statistically significant at
p values 0.037; 0.004; < 0.0001 respectively. The
metrology of the ossification centres confirms the
cephalo-caudal conception of lumbar vertebral col-
umn ossification [2].

Previous research has demonstrated that a num-
ber of lumbar vertebral column pathologies arise due

Figure 1. The scheme of axial (A) and transversal precise measurements (B). Lumbar 1 to 4 vertebrae and intervertebral spaces. Male
foetus 183 mm CRL. The bar indicates 4 mm.
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to developmental abnormalities [4–7]. The results of
our survey may appear helpful in the early diagnosis
of neural tube defects (NTD) and other pathologies
of the axial skeleton. They would seem to constitute
a landmark for further research based on a wider
range of materials.
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Table 1. Dimensions of the fetal lumbar vertebral column

Diameter Mean value Median value Minimum Maximum Std. dev.

A 84.70 83.40 22.66 152.92 32.34

B 17.28 16.75 4.91 33.34 7.33

C 1.28 1.15 0.37 2.96 0.66

D 4.17 4.27 2.11 6.41 1.38

E 4.58 4.73 1.99 7.27 1.62

F 2.07 2.09 0.38 3.72 0.79

G 8.14 8.33 4.32 12.19 2.47

H 6.59 6.39 3.26 10.04 2.02

I 4.67 4.41 2.42 7.42 1.58

J 1.76 1.66 0.87 2.78 0.59

K 2.00 1.88 0.73 3.39 0.89

Figure 2. Development of particular dimensions of fetal lumbar vertebral column analyzed with linear correlations and regression slopes;
OC — ossification center area (I ¥ J); NA — neural arch area (J ¥ K).
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