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Introduction 
The ability to rapidly visualize and efficiently interact 
with patient-specific image datasets has significant 
beneficial medical applications. These include medical 
education, pre-operative planning, image-guided 
interventions, simulation-based education, physics-based 
kinematics modeling, and finite element-based (physical 
tissue) modeling.  
 
University of California at Los Angeles (UCLA) Center 
for Advanced Surgical and Interventional Technology 
(CASIT) researchers are developing an interactive image 
visualization pipeline with these characteristics. The 
pipeline enables patient-specific image datasets acquired 
in a Digital Imaging and Communications in Medicine 
(DICOM) format from ultrasound, computed tomography 
(CT) or magnetic resonance imaging (MRI) to be 
converted into a three-dimensional (3D) deformable 
format that facilitates future simulation-based interactivity.  
 
Tools and Methods 
Patient-specific DICOM format images are first 
segmented using semi-automatic segmentation methods 
(e.g., Avizo™), and then identification codes (IDCs) are 
manually assigned to all resulting surfaces. IDCs are also 
assigned to the surfaces of a reference 3D model, and the 
final composite model is created by morphing the 
reference 3D model to the patient data by using assigned 
IDCs.  
 
The process of assigning IDCs requires anatomical 
information. The Structural Informatics Group at the 
University of Washington developed the Foundation 
Model of Anatomy (FMA) ontology that provides general 
form anatomy ontology [1]. In the FMA each entity has a 
unique IDC. Moreover, the FMA ontology is evolving 
into a standard reference for representing the anatomy of 
animals. It is designed to be understandable by human 
beings and navigable by computers [2]. The FMA's 
ontological structure provides for machine-based 
inference, enabling powerful automated computational 
tools to interface with biomedical data. 
 
A software diagram of the image visualization pipeline is 
shown in Figure 1. Initially, DICOM format images are 
imported into Mercury’s Avizo™ package 
(www.tgs.com/products/avizo.asp). Subsequently, image 
segmentation is performed using Avizo’s™ semi-
automatic segmentation tool. A stand-alone FMA 
database browser, whose development is based on the 

Foundational Model Explorer (FME) – an Internet based 
software application for viewing the content and 
organization of the FMA [3] is used to assign FMA IDCs 
to the surfaces generated by the segmentation tool. The 
FMA database browser can connect to either an Internet 
or locally installed MySQL database. The surfaces with 
assigned FMA IDCs are automatically sliced and, as a 
result, red-green-blue (RGB) image maps are created 
where each color represents a different IDC. In order to 
create realistic 3D models of the segmented surfaces, the 
FMA database browser is also used for marking the 
surfaces of the Ultimate Human Model (UHM) [4]. 
Subsequently the UHM surfaces will be morphed to RGB 
image maps by using a plug-in, which is currently in 
development for Autodesk Maya® (www.autodesk.com). 
Once morphed, the model can be further edited in Maya® 
in order to provide the 3D deliverables.   
 
Results 
This FMA database browser provides an efficient method 
to locate relevant structures as defined by the anatomy 
taxonomy of FMA and also provides a simple way to 
assign FMA IDCs. Figure 2 shows an example of the 
FMA taxonomy displayed in the FMA browser. Proximal 
phalanx of great toe is selected and its FMA IDC (43252) 
is assigned to corresponding surfaces. The graphic user 
interface (GUI) of the browser is developed in MS Visual 
C++. Selecting an item in the tree, which represents 
taxonomy, dynamically exchanges values with the FMA 
database and updates the tree. The dynamic queries have 
low memory requirements, and enable fast searching and 
updating.  
 
Conclusion 
UCLA CASIT researchers have developed a standalone 
FMA database browser which provides manual 
assignment of FMA IDCs to surfaces generated from 
patient-specific DICOM format data and to the reference 
3D model. Future work involves the implementation of 
the morphing algorithm into a plug-in for Maya®. The 
FMA database browser and morphing algorithm are key 
components of this innovative image visualization 
pipeline. 
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Fig. 1. Software diagram of the image visualization pipeline. 

             
Fig. 2. Taxonomy in the FMA database browser, left; real patient lower limb bones, middle; and the 

Ultimate Human lower limb bones, right. The numbers represent FMA IDCs assigned by using the FMA 
database browser. 


