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Abstract

We present a method for extracting outer bone surfaces from a 3D CT image sequence using a novel segmentation scheme
on each image. A 3D mesh of the bone surface is then generate using the marching cubes algorithm. The new segmentation
algorithm makes use of several imaging constraints which greatly simplify the problem including : (i) the cross-sectional size
of a bone is approximately known and (ii) the geometric shape of a cross-section is approximately known. In clinical practice
using commercial CT scanners, these quantities are typically known and serve to greatly simplify the segmentation problem.
By segmenting the image data, the algorithm is capable of uniquely extracting the bone outer surface in contrast to other
methods which often include extra surfaces or surfaces with holes. This paper presents the segmentation method and shows
results for extracting tibia bone outer surfaces.

See www.ieee.org for full paper.
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1 Introduction

Advances in medical imaging have made 3D images an im-
partant 100l for planning, diagnosis and treatment of medical
problems. Yet, these images often include information that is

Figure 1: The comdnats systsm of the GT scan 3D data. Esch
image provides messuwrements. of & 3D image for a specific =
value, For the sics st positon s = 2z, the messued GTimags
provides dsciets sAmples fom &n UTKROAN CONTIUOUS Math-
‘ematical funetion I (x, , z0).

irtelevant o these tasks, Toals cap: bone sur-
faces from 3D medical data are then an important ol with
applications in contexts which require detailed knowledge of
boue outer surfaces and their mlative orintations. Two such
situations are arthopsedic surgery and kinematic analysis of
anticulating limh joints

“The importance of this problem has warmanted numerous

research papers an the subject. Ome such paper [1] uses
Color Suucture Codes CSC) 1o segment bones from CT im-
ages. Another paper by Sonka et al [2Juses 2 topolagi-
cally constrained version of the Sethian’s naw pervasive level
set method [3]. While these methods produse impressive re-
sults, an algorithm capabie of segmenting all hone strctures
remains o he defined. The methods of this paper suggest an
altemative approsch. Rather than treating segmentation as &
‘compistely unconstrained shape estimation prablem, we et
ploit bath the typical geometry of commercial imaging sys-
terus and the standard orientation of human subjects when im-

systems. This seometry be-
fwaen the sensar and the patient provices powerTul constraints
thet aid greatly in the segmentation problem. For typical com-
merical CT scanners. the imaged patients are arieated in the
device as shawn in figure |

As athers have in the past, s2gmentad images sorve as input
to 2D e
tion of the outer hane surface. The de-facto standard for this
st2p has become the *Marshing Cubes” method first outlined
by Lorensen and Cline in [4] with numerous extensions and
variants as shown in 5,

Figure 2 shows & sectionalslice of abuman kg
when imaged withi caordinste sysem specified
in fig. 1. The outer surface of the tihia and fibula appear as

high intensity velues. The measured CT e nsites refiect the
amount of x-ray radiarion shsarhed by each volume of imaged
tissue. Since the outer hane surface has higher density than
any of the surrounding soft tissue, intensities 2t these locations



