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Introduction: The position of column is important because when columns are placed further away from centre of
load they can resist bending and buckling forces better than columns which are placed closer to each other.
Objective: This study has been attempted to find out the relative positions of the columns to each other by
comparing mean arch indices and its ratio to mean inferior body surface area.
Materials and Methods: The 6 cervical and upper 5 thoracic vertebrae of 30 human adult male columns were
selected for the study. The various parameters such as inferior body surface area, arch index and the ratio arch
index to inferior body surface area were measured for each of the 6 cervical and upper 5 thoracic vertebrae of 30
columns.
Results: Measurements of the area of the inferior surface of the body, arch index and the ratio of arch index to
inferior surface of the body. The ratio showed a gradual decline from C2 to T5 level. Above C7 level the size of the
arch was greater than body area, but at T1 the two were of almost equal size, below which body area exceeded the
arch size. In relation to the body area, neural arch size diminished considerably in the thoracic region.
Conclusion: The measurements obtained by the present study reveals the importance of neural arch in
understanding the mechanics of spinal anatomy and its applications with respect to transmission of weight.
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pathological processes involving vertebrae [2].
The vertebral bodies and the intervertebral discs
form an important column in transmission of
weight of the body. In the upper thoracic region,
due to the anterior curvature, the main part of
the compressive force is transmitted through the
anterior column formed by vertebral body and
intervertebral disc, with resulting increased
stress [3].
In recent years, there have been considerable

The functions of the column are to support the
trunk, to protect the spinal cord and nerves, and
to provide attachments for muscles [1]. The
vertebrae can be involved in various conditions.
These include fractures, infections, malignan-
cies and inflammatory disorders. Abnormal cur-
vatures of the vertebral column in the thoracic
region such as kyphosis and scoliosis may
result from developmental anomalies or
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developments in instrumentation designed to
stabilize and correct the thoracic spine [4, 5].
The position of column is important because
when columns are placed further away from
centre of load they can resist bending and buck-
ling forces better than columns which are placed
closer to each other. Neural arch component of
a vertebra, besides its contribution to the for-
mation of the vertebral canal and the role of its
articular processes in governing the range and
direction of movements between two vertebrae,
is also involved in weight bearing and the
measurements of the vertebral column and
mathematical calculations have provided strong
evidence for the role of the neural arch in weight
transmission. In the present study an attempt
has been made to investigate the role of neural
arches in weight transmission in the cervical and
upper thoracic regions of the vertebral column.
Hence, the present study measured the relative
positions of the columns to each other by
comparing mean arch indices and its ratio to
mean inferior body surface area, so that this
knowledge could be applied to explain some of
the clinicopathological conditions of the spine.

MATERIALS AND METHODS

measurements which were made at the second
or subsequent attempts were identical to those
made at the first time a maximum difference of
one millimeter. Sexing of the vertebral column
was established by observing the respective
pelvis including the sacrum by the criteria laid
down in the text books of anatomy such as
subpubic angle, ischiopubic rami, ischial spine,
greater sciatic notch, preauricular sulcus,
acetabular cavity, obturator foramen,
ischium-pubis index, breadth and curve of
sacrum, articular surface of S1 and sacral index.
Those columns in which the sex could be
established unequivocally only have been
included.
Inferior body surface area: The area of the
inferior surface of the body in each vertebra was
measured using graph paper method. The
outline of the inferior surface of the vertebral
body was traced on to a thin tracing sheet which
was then transferred on to a graph sheet with
the help of a tracing paper and the area was
measured in square centimeters by counting the
number of squares covered. This represents the
parameter of the anterior column.
Arch Index: This was obtained by the product
of a and b as shown in Figure 1; b is the
maximum distance between the two articular
facets at distance a from the posterior margin
of the body. A mean arch index (± standard
deviation) for each vertebral level was obtained.
The arch index indicates approximately the
position of the articular processes in relation to
the body.
Arch index/body area ratio: In the vertebral
column, the size of the bodies gradually
increases from above downwards. Hence, to
compare the magnitudes of the arch index at
various levels, its ratio to body area were
calculated. Thus arch index/body area were
obtained.

The present study was done on dry vertebral
bones procured from the collection of
Bangalore Medical College, Bengaluru,
Karnataka, India. A total of 330 vertebrae were
measured. Anatomical measurements were
taken of the six cervical and upper five thoracic
vertebrae of thirty columns using a vernier
calliper (0-150mm with a precision of 0.02mm),
sharp pencil, tracing paper, graph sheet and
carbon paper. Adopting the various mechanical
principles and ideas of Pal GP and Routal RV
[6], the mean arch index  and its ratio to the
mean inferior body surface area were taken in
the present study for each of the six cervical (C2
- C7) and upper five thoracic vertebrae (T1 - T5)
of thirty columns.
To overcome personal errors in judgment, the
following procedures were adopted: Initially, all
the measurements were taken by the author and
criteria were established till the observations
made individually coincided fully. Then the
observations were repeated by a double blind
method. Almost all the observations and

RESULTS

Measurements of the area of the inferior sur-
face of the body, arch index and the ratio of arch
index to inferior surface of the body are pre-
sented in Table 1. The ratio showed a gradual
decline from C2 to T5 level. Above C7 level the
size of the arch was greater than body area, but
at T1 the two were of almost equal size, below
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which body area exceeded the arch size. In
relation to the body area, neural arch size
diminished considerably in the thoracic region
(Figure 2).
Table 1: The inferior body surface area, arch index and
their ratio at each vertebral level (n=330).

C2 3.58±0.44 6.03±1.18 2.28±0.65 2.64
C3 4.17±0.65 6.27±1.09 2.69±0.62 2.33
C4 4.85±0.77 5.91±1.33 3.15±0.74 1.65
C5 5.48±0.32 6.18±1.73 3.62±0.70 1.71
C6 6.00±0.21 6.72±1.23 4.02±0.69 1.67
C7 7.24±0.35 7.19±1.20 4.90±0.62 1.46
T1 6.96±0.79 5.67±1.39 5.40±0.92 1.05
T2 7.25±1.18 5.41±0.98 5.81±1.06 0.93
T3 7.21±1.25 4.57±0.85 5.99±1.15 0.76
T4 7.52±1.34 4.70±0.61 6.36±1.28 0.74
T5 7.90±1.42 4.48±0.60 6.86±1.66 0.65

Arch index /  
Inferior body 
surface area

Mean Inferior  
body surface 

area                   
(cm2)

Total Inferior body 
surface area                        

(body + 2 facets)                                 
(cm2)

Mean               
Arch index

Vertebral 
levels

Each value is Mean ± standard deviation.
Fig. 1: Relative position of column of cervical and upper
thoracic vertebrae in weight transmission. Neural arch
index is obtained by the product of parameters a and b
[A, B]; Diagrammatic representation of the positions of
weight bearing pillars of the vertebral column [C, D]. a,
cross section of anterior column formed by bodies; b
and c, cross sections of posterior column formed by
articular processes; d, cross section of posterior
column formed by lamina.

Fig. 2: Graph showing the arch index and the body
surface area at vertebral levels.

DISCUSSION

Recently, the authors have developed a
hypothesis according to which the vertebral
column not only transmits weight through the
bodies and intervertebral discs but also through
the neural arch. In the cervical region, it is
transmitted through three columns; an anterior
column formed by the bodies and intervertebral
discs and two posterior columns formed by the
articular pillars [3]. This concept of a three
column spine in the cervical region is similar to
that of Louis [7]. Following the ideas of Davis
[8] and on the basis of various mechanical
principles, this hypothesis of weight
transmission through the neural arch component
of the cervical and upper thoracic vertebral
column has been tested in the present
investigation. By definition, stress‘s’ is equal to
the load S divided by area ‘a’ which resists the
load or compressive force: s = S/a. In the
vertebral column, the cross sectional area and
load both increase from above downwards. Thus
cross sectional area of the column at a particular
level is correlated with its ability to resist
longitudinal compression. If we consider that the
load ‘s’ is being transmitted through three
columns then the proportion of the load carried
through each individual column will depend on
its cross sectional area, according to the above
principle. However, the position of these
columns in relation to each other is also
important.
The resistance to overturning or bending or
buckling increases in cube proportion as the
columns are located away from the centre. This
also helps to maintain stability. The columns of
Figure 1(C) are more stable and efficient for
weight bearing than the columns of Figure 1(D).
The fact that the articular processes, through
which it is postulated that weight transmission
occurs, are placed at a wide distance from the
body in the cervical region but are close to it in
the thoracic region, is highly significant in
relation to the geometrical property of columns
discussed above. The arch index is maximal at
C7 (Table 1, Figure 2), indicating that the three
columns are widest apart at this level. This is
necessary because at this level a wide base must
be formed against the fixed thoracic column for
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support, stability and effective movements of
the cervical column. The fact that in the upper
thoracic region the posterior column becomes
weaker and more closely placed to the anterior
column (Tables 1) strongly supports the view
that load from the posterior column has been
transferred to the anterior column. The closer
positions of the columns and the increased
stress on the anterior column make the thoracic
region more susceptible to bending or buckling
deformity.

CONCLUSION

The arch index is maximal at C7, indicating that
the three columns are widest apart at this level.
This is necessary because at this level a wide
base must be formed against the fixed thoracic
column for support, stability and effective
movements of the cervical column. The
measurements obtained by the present study
reveals the importance of neural arch in
understanding the mechanics of spinal anatomy
and its applications with respect to
transmission of weight.
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