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In this paper we propose a strategy to solve the problem of
recovering the 3-D shape of anatomical structures from single
X-ray images, i.e., the problem of Shape from Radiological
Density (SFRD). In order to overcome the noninvertibility of
the process of image generation, we formulate a minimal set
of physical assumptions that are used to constrain SFRD and
to transform it into a well-posed problem. Our shape recovery
strategy requires the solution of four problems: (a) linearization
of the process of X-ray image generation, (b) image segmenta-
tion, (c) estimation of a map of the local thickness of each
anatomical structure of interest, and (d) recovery of the 3-D
shape of each structure from its boundaries and thickness map.
In this paper we assume that problems (a) and (b) have already
been faced, and propose a solution for problems (c) and (d).
Experimental results on synthetic images, X-ray images of
phantoms, and real radiograms are reported. © 1997 Academic Press

1. INTRODUCTION

The recovery of the three-dimensional shape of anatomi-
cal structures is one of the most important problems in
the field of medical imaging as the quantitative, computer-
based assessment of such a shape and its changes play an
important role in clinical and research studies on a number
of diseases.

A frequently studied class of solutions to this problem
consists of performing the regional segmentation of a big
enough sequence of tomographic (e.g., MR, CT, or echo-
graphic) images and stacking the segmented slices (some-
times with interpolation) to obtain volumetric representa-
tions of the 3-D shape of the imaged structures [1-6].
Alternatively, detailed surface representations can be ob-
tained from the boundaries of the structures of interest
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detected in each slice by means of surface fitting or interpo-
lation methods [7-15]. Surface fitting approaches can also
be used for the recovery of the approximate shape of an
anatomical structure from a small set of tomographic or
radiographic images when the boundaries of such a struc-
ture or other surface landmarks (obtained, for example,
by matching fiducial points in different views) are avail-
able [16-19].

The above-mentioned methods use the output data of a
segmentation or a feature-matching algorithm as geometric
constraints for the recovery of 3-D shape. However, in the
case of X-ray projective imaging, an additional, important
source of 3-D information is available: the selective absorp-
tion of X-ray photons by the different tissues being imaged.

Such a source of information is used, for example, in
computed tomography for the reconstruction of a density
image from a complete set of projections on the grounds
of Radon’s theorem [20]. Unfortunately, when the number
of projections available is small, image reconstruction be-
comes an extremely ill-posed problem that can be (approx-
imately) solved only with the formulation of a set of strong
assumptions about the structures in the scene [21-23].

A typical assumption formulated when a very small num-
ber (2-4) of projections is available is that only a single
structure is present in the scene.! The additional hypothe-
ses that the structure has a constant density, that the rest
of the imaged volume is empty and/or that the cross sec-
tions of the structure respect predefined constraints allow
the reconstruction of such a structure. For example, the
assumption that most of the imaged volume is empty allows
for 3-D reconstruction of vessels from a very small number

"It should be noted that, under the hypothesis of a single structure in
the scene, the reconstruction of an image representing the density of a
structure is actually equivalent to the regional segmentation of a cross
section of such a structure and, thus, the reconstruction of several parallel
slices is equivalent to instantiating a 3-D volumetric shape representation.
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only for cave structures injected with iodine dye (in such
a case, after linearization, a preinjection image can be
subtracted from the postinjection one). Actually, most of
the methods described in literature have been applied to
cardiovascular structures.

The strong assumptions described above prevent the ap-
plicability of these methods to most anatomical structures
of diagnosticinterest. In addition, the requirement of having
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FIG. 2. Action of boundary points (a) and thickness data (b).




























































