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Abstract. Efficient content-based image retrieval of biomedical images
is a challenging problem of growing research interest. This paper de-
scribes how X-ray images of the spinal columns are analyzed in order to
extract vertebra regions and contours. Our goal is to develop a computer
vision tool able to determine a global polygonal region for each vertebra
in first time. After this step, we apply a polar signature system in or-
der to extract the effective contour of each vertebra. Finally, we use an
edge closing method exploiting a polynomial fitting. The aim is to pro-
pose a closed contours detection representing each vertebra separately.
We suggest an application of the proposed method which consists on an
evaluation of vertebra motion induced by their movement between two
or several positions.

Keywords: Vertebral Mobility Analysis, X-ray Images, Region Vertebra
Selection, Contour Detection, Template Matching, Polar Signature.

1 Introduction

Medical staffs often examine X-rays of spinal columns to determine the presence
of abnormalities or dysfunctions and to analyze the vertebral mobility. Neverthe-
less, the result is generally qualitative and subjective. To help them to establish
a good diagnosis, medical image processing and analysis applications automate
some tasks dealing with the interpretation of these images. It permits the ex-
traction of quantitative and objective parameters related to the form and the
texture included in pictures. These image parameters allow to measure, compare
and detect the changes between images. X-ray images segmentation is an essen-
tial task for morphology analysis and motion estimation of the spinal column.
Several methods have been proposed in the literature to analyze and to extract
vertebra contours from X-ray images [11]. Extensive research has been done by
Long et al. [1,9] to automatically identify and classify spinal vertebrae. They
formulated the problem of spine vertebra identification by three level of process-
ing: In the first stage they used an heuristic analysis combined with an adaptive
thresholding system to obtain basic orientation data, providing basic landmarks
in the image; in the second stage, boundary data for the spine region of interest
were defined by solving an optimization problem; the third stage was expected
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to use deformable template processing to locate individual vertebra boundaries
at finely grained level. The main drawback of this approach is the need of a good
grayscale thresholding. Stanley and Long [2] proposed a new method of sublux-
ation detection. They used the spatial location of each vertebra in the spinal
column and the variation in its position. They applied a second order spinal col-
umn approximation by using vertebral centroids. The goal of their approach was
to quantify the degree to which vertebra areas within the image are positioned
on their posterior sides.

In an other work, Kauffmann et al. [4] first detected the axis of the spinal col-
umn by manually placing points along it and fitting a curve through them. The
fitted curve was used to initialize and rigidly match templates of vertebral body
with the image data to obtain vertebral outlines. Verdonck et al. [5] manually
indicated specific landmarks in the image and founded others using an interpo-
lation technique. The landmarks, together with a manually indicated axis of the
spinal column, were used to automatically compute endplates on vertebrae and
the global outline of the spine.

Techniques using Hough transform [6,7] and Active Shape Models [8] are other
examples of the various approaches developed. These methods use a large set
of templates to capture the great variability in vertebra shapes. But, in most
of the cases, it leads to prohibitive computation time, as in the case of Hough
transform, and usually needs a large and accurate training set in the case of
Active Shape Models.

In this work, we propose a new segmentation approach applied to vertebral
mobility analysis. The proposed segmentation approach is based on a first semi-
automatic step of region vertebra selection. After this, we achieve vertebra con-
tour detection using a polar signature system followed by a polynomial fitting
process. The extraction of some quantitative measures of particular changes be-
tween images acquired at different moments allows determining vertebral mobil-
ity. For instance, to measure and compare the corresponding vertebrae between
several images, we analyze vertebra edges extracted from some images corre-
sponding to the cervical vertebra of the same person, in flexion, neutral and
extension positions. This paper is organized as follows: In section 2 we present
the principles of the region vertebra selection process. After this we describe in
section 3 the polar signature system used for vertebra contours detection. In
section 4, we describe the numerical segmentation results given by this method,
and presented by the angular measures of each vertebra. These results allow the
estimation of vertebral mobility.

2 Region Vertebra Selection

This first step allows the creation of a polygonal region for each vertebra. This
will facilitate edge detection, and also make easier other processing like deter-
mining relative positions between vertebrae. Each region represents a specific
geometrical model based on the geometry and the orientation of each vertebra.
We propose a process where the user has to click once inside each vertebra.
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We initially place a click by vertebra, towards the center of the vertebra. These
landmarks represent the starting points P (xi, yi) for the construction of verte-
bra regions, figure (1-a). After this, we compute the distance between each two
contiguous points (Di,i+1), equation (1), and the line L1, figure (1-b), which
connects the contiguous points, by a first order polynomial, equation (2).

(a) (b)

Fig. 1. (a) : The first order polynomial function: (L1) between the click points. (b): The
inter vertebral distance computation, P (xi, yi) and P (xi+1, yi+1) are the click points
associated to the first and the second vertebrae.

Di,i+1 =
√

(P (xi, yi) − P (xi+1, yi+1))
2 (1)

L1 = f [a, b; P (xi, yi), P (xi+1, yi+1)] (2)

The calculated distance between the click points allows the estimation of the
inter vertebral distance. We use the line L1 and the consecutive click points to
carry out a relative estimation of order zero for the angles between vertebrae.

On the other hand, the line L1 will be used as reference for a template
displacement by the function T (x, y). This template function represents an inter-
vertebral model, which is calculated according to the area shapes between ver-
tebrae. To build the function T (x, y), we analyzed the figures (2-a) and (2-b).
The figure (2-b) presents the intensity values distribution along the line L1. We
notice that this intensity deployment can be decomposed of two main shapes:
vertebral and inter-vertebral areas. We focus our analysis on the inter-vertebral
area which takes a valley form. So, we propose a template function T (x, y) with
an opposite exponential trajectory. This function is given by equation (3). This
template function depends on a new reference plane on the direction of L1. Fig-
ure (2-c) is a three dimensional representation of the template function T (x, y)
which is built by auto repetition of T (x, y) along an axis.

We use the L1 function and the inter vertebral distances to calculate the inter
vertebral angles (αiv) and to determine a division line for each inter vertebral
area. The goal of the proposed template matching process is to find the position
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(a) (b) (c)

Fig. 2. (a): Representation of the vertebra area and the inter vertebra region; (b):
Distribution of the of intensity values along the line L1; (c): Three dimensional repre-
sentation of the template function proposed

on the image which is best correlated with the template function (See [3] for more
detail). So, for each vertebra, the template function T (x, y) is first placed on the
geometrical inter-vertebral central point P (xic, yic), which represents the average
position between each two contiguous click points: P (xi, yi) and P (xi+1, yi+1).
The new reference plane is created with P (xic, yic) as center. The X axis of this
plane is the line L1. The Y is axis therefore easily created by tracing the line
passing through P (xic, yic) and orthogonal to L1. We notice that the orientation
angle of this second axis present the initial value of the orientation angle αiv.
To determine the points representing border’s areas, we displace the template
function T (x, y), equation (3), between each two reference points P (xi, yi) and
P (xi+1, yi+1), along the line L1. Then, we compute the correlation degree DC

between the template function and the image I(x, y). The central geometrical
point is moved in the two directions in top and bottom along the L1 axis for
a distance equivalent to a parameter Tr fixed experimentally according to the
X-ray images used at ±25% of the inter-vertebral distance (Di,i+1). Also, for
each position on the line L1 obtained by this translation, we operate a shift of
the orientation angle αiv using an angle parameter βr, fixed experimentally at
±30◦, (T (x, y) ± βr), with a step of 2◦.

T (x, y) =
(
1 − e(−rx2

l )
)

with r = k/Di,i+1 (3)

With k = 0.1 an empirical value and xl the coordinate of the point (x, y) in the
new reference plane.

The correlation degree is a similarity measurement which permits to obtain
the ideal template function that joins perfectly the borders between the areas
of vertebrae. The maximum correlation value DC between templates function
T (x, y) and the image I(x, y) for all the analyzed positions will correspond to
the most stable position. This position corresponds to an angle αiv and a po-
sition P (xiM , yiM ) for the template function, i.e. the position on the image
(P (xi, yi) ± Tr ∗ D(i,i+1), ±βr) in which the template function T (x, y) is best
placed. In figure (3-a), the click points P (xi, yi) are represented. In figure (3-b),
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we present the inter-vertebral points P (xiM , yiM ) given by the proposed pro-
cedure. In figure (3-c), boundary lines between vertebrae are traced accord-
ing to the angle αiv given by the same procedure and centered on the points
P (xiM , yiM )). To obtain vertebral regions, we connect the extreme points of the
boundary lines, figure (3-d).

The Results obtained by the region vertebra segmentation method in flexion
and neutral and extension positions are represented in figure 4. Already at this
step, we can estimate vertebral mobility. Indeed, the mobility of the vertebrae
can be approximated by the mobility of their anterior sides. We rely on angular
variations measurements and comparisons to determine this one. Once all the
segments that represent each polygonal region are found, we extract the seg-
ments representing the anterior (frontal) faces ([3]). After this, we can make a
first estimation of the orientation angle belonging to each vertebra, the angular
variation between two consecutive vertebrae and the angular variation for the
same vertebra in two different positions. But, to have better precision, we apply
the contour detection of each vertebra inside its area. This process allows the
computation of some parameters characterizing each vertebra, like their posi-
tions, dimensions, orientation, and other cervical information.

(a) original image (b) order points given by (c) boundary lines (d) vertebrae regions
reference template matching process between vertebrae

Fig. 3. Results obtained by the region vertebra segmentation method

3 Contour Detection

After the region localization step, we proceed to vertebra contours detection. To
this aim, we use a polar signature method [12] applied to each vertebra region.
A general approach to determine the polar signature of objects boundaries is
illustrated in figure (6). We choose to use this polar signature approach in order
to explore all region points likely to be corresponding to vertebra contours.

A polar signature technique applied to vertebra region is represented in fig-
ure (7). The center point of the polar signature system is the click point. We
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(a) (b) (c)

Fig. 4. Results obtained by the region vertebra segmentation method for three X-ray
images of the spinal column in three positions: (a): flexion position, (b): reference
position, (c): extension position

Fig. 5. Graphical comparison between three cervical spine positions using a frontal
face computing by Region vertebra segmentation

Fig. 6. Example of contour points obtained by a polar signature approach
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make the radial vector turn by 360◦ around the central points with a step pa-
rameter, Δα degree. More Δα is high, more the computing time is less. But more
Δα is high, more the contour is open. In order to get a closed contour, we apply
an edge closing method to the contours obtained, a polynomial fitting to each
face for each vertebra. In deed, for a better approximation of vertebra contours,
we use a second degree polynomial fitting [10]. We achieve this 2D polynomial
fitting by the least square method, figures (8-a, 8-b).

(a) Polar signature system (b) Polar signature direction (c) Research area in Gradient intensity

Fig. 7. Polar signature applied to vertebra region

Fig. 8. (a) Contour and corners points, (b) Polynomial fitting for each vertebra face

4 Experimental Results

We apply the proposed method to a large set of X-ray images of the cervical
spinal column. We have tested the algorithm on a set of 100 images belonging
to real patients. The figure (9). shows the results obtained by applying the pro-
posed method to three X-ray images of the cervical spinal column. We notice that
the process of region selection, figure (3) gives good results and permits to iso-
late each vertebra separately in a polygonal area. On the other hand, contours
extracted with the polar signature system combined with template matching
process are given with high precision. The great advantage of our method is
the fact that segmentation results are presented by closed contours. This will
essentially facilitate the use of these results for image indexing and retrieval.
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(a) (b) (c)

Fig. 9. Results obtained by the proposed contour vertebra selection method

Fig. 10. Graphical comparison between three spine positions

Vertebral mobility is estimated by the computation of the orientation angles
belonging to each face of the contour. In table 1, we present some quantitative
measurements of the orientation angle for each vertebra face. So, we present the
orientation angles for the five vertebrae belonging to the images (a), (b) and (c)
in figure (9). This allows motion head estimation and vertebral mobility compu-
tation. The error margin by applying only region segmentation method instead
of the region vertebra segmentation combined with polar signature is shown in
table (2). The results given in table (2) are corresponding to the neutral posi-
tion and the frontal faces of vertebrae V 1 to V 5. Two graphical representation
of the angular variation between these three positions using region and contour
detection with polar signature methods are shown in figures (5) and (10). It
will be noticed that if figures (5) and (10) resemble, the error margin Delta is
rather significant. This shows the utility of an additional treatment like the polar
signature.
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Table 1. Orientation angles for the five first vetebrae in figure. 9, with Sp = 1◦

PF: Posterior face FF: Frontal face SF: Superior face IF: Inferior face

(a)

PF FF SF IF

(b)

PF FF SF IF

(c)

PF FF SF IF
V1 114.0 113.6 25.3 29.3 V1 103.8 102.0 15.6 18.5 V1 117.0 113.5 26.9 29.8
V2 107.7 106.4 26.8 25.5 V2 93.1 91.7 13.1 8.6 V2 111.5 110.5 12.7 28.2
V3 112.0 110.0 32.4 29.7 V3 101.1 90.0 15.2 8.1 V3 112.6 106.2 34.0 31.4
V4 119.5 113.8 37.2 37.3 V4 102.1 91.6 16.4 14.3 V4 112.5 99.4 23.2 24.5
V5 124.6 127.6 49.4 43.0 V5 104.3 91.7 23.5 17.9 V5 107.1 90.0 18.8 13.3

Table 2. Error margin between (R.V): frontal face detection with only region vertebra
selection method and (S.P): frontal face detection with polar signature approach

R.V + S.P. R.V. Delta
101,6 99 101,6-99=2,6
91,7 95,9 -4,2
90 94,9 -4,9

91,6 98,3 -6,7
91,7 98,1 -6,4

5 Conclusion

In this a paper, a new method of vertebra segmentation has been proposed. The
goal of this work was to propose a method for closed contours detection repre-
senting each vertebra separately. This method permits to overcome some classical
problems related to closed contours extraction. Our approach lies on three steps.
First, we proposed a region vertebra selection. This step allows the creation of
a polygonal region for each vertebra and facilitate edge detection. In the second
step we applied a polar signature to extract the effective contour of each vertebra.
Finally, we used an edge closing method exploiting a polynomial fitting. We have
applied, with good results, the method to a large set of real images. The major ad-
vantage of the polar signature is the facility and the precision of the results. But,
if the precision is obtained by increasing azimuths number, the cost in time com-
puting can be sometimes unfavorable according to images complexity. After the
contour segmentation process, we have estimated vertebral mobility. The applied
techniques have given good results to measure the mobility of cervical vertebrae.
For this, we calculated the angular variations between two consecutive vertebrae
within the same image as well to measure the angular variation of a vertebra in
several images, in particular between three cervical spine positions. In our future
works, we are aiming to develop a template matching method for all the process
of contour extraction, and also limiting to only one the number of click points
initially placed by the user. Currently we are developing a content based image
retrieval system by using the results presented in this paper.
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