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Abstract 
 
The PACS concept was introduced in 1982, after twenty years of technology 
refinement, it has become an integrated component of today’s healthcare 
delivery system. In addition, PACS is in the beginning of being used as a clinical 
research tool. Among others, this presentation will describe three PACS-based 
research activities: medical imaging informatics, medical image data grid, and 
computer-assisted detection and diagnosis.  
 
 
1. PACS as the infrastructure for Medical Imaging Informatics Research 
 
PACS-based Medical Imaging Informatics 
PACS-based medical imaging informatics is to use existing PACS resources 
including images and related data for systematic large-scale horizontal and 
longitudinal clinical service, education, and research applications that could not 
be performed before because of insufficient data and unavailable tools.  Medical 
imaging informatics infrastructure (MIII) is the vehicle to facilitate the utilization of 
PACS in addition to its daily clinical service. Figure 1 shows the relationship 
between PACS and imaging informatics. Figure 2 illustrates MIII components and 
their logical relationship. Explanations as well as examples of each component in 
the infrastructure will be given during the presentation.  
  
 

� � � � �� � �	

� � � 
 � � � �� � 	

� � � � � � 	� � 
� �

� � �� � � � � �
� � �� 	 � 


�� � 
 �� 
 �
� � � � ����� �

� � � � �� ���� � �
� � �� 	 � 


� � � � 	� � � � 
 � ��� 
 	
� 	� 
 � � �� � 	� � 
 � � 



� � � �� � 	

� � � 
 � � � �� � 	

� � 
 � � 


� � � � � � � � � 	
 �� � � 
 � � �� 	

� � � �� � �	! � � � 
 �

� � � � � �� ��� � �

" 
 � � 	� � � � 	� � 	
� � � �� � 	

� � � 
 � � � �� �
� � � � � ��


� � � �� � 	
� � � 
 � � � �� �

 

Figure 1. The relationship between PACS and medical imaging informatics 
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Figure 2. MIII components and their logical relationship 

 
 
 
 
Medical Imaging Informatics Training  
Medical Imaging Informatics is a relative new academic discipline, it utilizes 
certain basic knowledge in several established fields in engineering, computer 
science, physics, and medical related specialties. Therefore, its training requires 
a different type of approach compared to the aforementioned traditional 
disciplines. We will describe a new training program supported by the US 
National Institutes of Health entitled: “Biomedical Imaging Informatics Training 
Program” (September 2005 – August 2010) in the presentation. The Objective of 
this Training Program is to provide postgraduate students, radiology residents 
and fellows, and MD/PhD students the skills necessary to become leaders in 
medical imaging informatics. This training program cross-trains radiology resident 
and fellows. and biomedical engineers in an incubator environment housing both 
clinical and research experts and laboratories in both fields. Table 1 illustrates 
the number of trainees available during the first five year training period. 
Specifics of the training will be discussed. 
 
 

Table 1. No. of Imaging Informatics Trainees Available During the First Five 
Years in the Training Program 

 
 Y1 Y2 Y3 Y4 Y5 Total 

Pre-
Doctoral 

2 3 3 3 3 14 

Post 
Doctoral 

2 3 3 3 3 14 

Total 4 6 6 6 6 28 
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2. DICOM-based Image Data Grid  
 
Data Grid basic 
Data Grid is a service in the Grid Computing technology. Several large-scale 
Data Grid architectures, such as TeraGrid and Data Replication for LIGO, have 
been established for fast movement of large amount of data among multiple 
research institutes.  
 
Fault-tolerant backup archive and disaster recovery for medical images 
A Data Grid specifically designed for clinical image backup and disaster recovery 
has been developed at the IPI Laboratory (Image Processing & Informatics), 
USC using the Globus Toolkit 4 (GT4). This Data Grid was designed to utilize the 
strengths of grid technology along with PACS (Picture Archiving and 
Communication Systems)/DICOM (Digital Imaging and Communications in 
Medicine) technology for storing and distributing clinical images. In particular, 
some PACS/DICOM resources are embedded within the five layer grid 
computing architecture: Fabric, Connectivity, Resource, Collective, and 
Applications (See Figure 3). DICOM services include Storage services, Query 
services, and Retrieve services in the DICOM protocols, which are integrated 
with other Data Grid Services shown in the shaded boxes in Figure 3. The 
presentation will illustrate how to use the Data Grid for PACS images backup and 
disaster recovery (Figure 4). The experience and knowledge learned from the 
Data Grid for clinical image recovery has been utilized to design the Data Grid 
architecture for imaging-based clinical trials. 
 

 
 
Figure 3. Five-layer architecture and the contents of the Data Grid, shaded areas 
are integrated with DICOM services developed at IPI. Application Layer software 
is designed for clinical image data recovery. See also Figure 4 caption. 
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Figure 4.  Configuration of three PACS sites data storage systems (shaded 
boxes) that comprises of image data storage resources in the Data Grid. The 
storage SAN partition P1 at each site is used for its own PACS images, whereas 
P2 becomes a shared resource of the Data Grid. Workstations outside of the 
Data Grid can access the grid for particular services. SJHC: Saint Johns 
Healthcare Center, HCCII: Healthcare Consultation Center II, University of 
Southern California (USC), IPI: Image Processing and Informatics Laboratory, 
USC. 
 
Image-based Clinical Trials 
Clinical trials play a crucial role in testing new drugs or devices in modern clinical 
practice. Medical imaging has become an important tool in clinical trials because 
images provide a unique and fast diagnosis with visual observance and 
quantitative assessment. A typical imaging-based clinical trial consists of: 1) A 
well-defined rigorous clinical trial protocol, 2) a radiology core that has a quality 
control mechanism, a biostatistics component, and a server for storing and 
distributing data and analysis results; and 3) many field sites that generate and 
send clinical trial image studies to the radiology core. Figure 5 shows a typical 
workflow of imaging-based clinical trial. With ever-increasing number of clinical 
trials, it becomes a great challenge for a radiology core which handles multiple 
clinical trials to have a robust server to administrate multiple trials as well as 
satisfy the requirements to quickly receive and distribute information to 
participating radiologists/clinicians worldwide to assess trials’ results. In this 
presentation, we will emphasize the image backup mechanism. 
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Fig. 5.  A typical workflow of imaging-based clinical trial. a: images are 

sent from Field Sites (1, 2, …, n) to a radiology core, where images are checked 
by a QC (Quality Control) WS (workstation). b: images are stored in an Image 
Server. c: the Server archives images in an Image Repository and stores 
metadata of the image in the Database. d: the images in the Repository are 
backed up (shaded). 

 
Using the Data Grid concept described above, a testbed has been set up 

in three international sites: IPI at USC, USA; the Hong Kong Polytechnic 
University; and InCor (Heart Institute) at Sao Paulo, Brazil. The three sites are 
connected with high speed international networks including the Internet2, the 
HARNET (Hong Kong Academic and Research Network), and the Brazilian 
National Research and Education Network (RNP2). Figure 6 shows the 
international Data Grid architecture to back up images from three clinical trial 
Cores. The concept, design and implementation of the Data Grid for multiple 
medical image clinical trails as well as methods of backup image data migration 
from the cores to the Data Grid will be presented.  
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Figure 6.  A three-core Data Grid architecture for clinical trials image 
backup. Cores A, B and C have similar setup. The image backup storage (e.g., 
SAN) in every radiology core is divided into two partitions P1 and P2. P1 is used 
for local backup, while P2 is contributed to the Data Grid for extra backup and 
distribution of images from other cores. Notice that the Data Grid has not 
intruded each Core’s backup operation. Images in all P1s will be discarded after 
the Data Grid is in full operation. 
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3. Combining Teleradiology and Outside Archive of Medical Images 
 
PACS and Teleradiology Combined 

Teleradiology applications and PACS can be combined together as a unified 
healthcare enterprise operation with workflow shown in Figure 7. Two major 
components in the combined model are the PACS (upper dotted rectangle), and 
the pure teleradiology model (lower dotted rectangle).   
A. Pure Teleradiology Model: Image center sends images to the expert 

center for reading as in the pure teleradiology model (Figure 7, No. 7).     
B. PACS Radiologists assist Teleradiology Reading: Outside imaging centers 

(1) send exams to PACS WSs (2) for PACS Radiologists to read, reports 
are sent to the database gateway for PACS record (3), and/or to the 
expert center (4).  

C. Expert Center radiologists assist PACS reading: PACS sends exams to 
expert center radiologists to read (5). The expert center returns report to 
the PACS database gateway (6). 

 
The combined Teleradiology and PACS model is mostly used in an enterprise 
level Healthcare system with satellite imaging centers, or in a back-up radiology 
coverage for a hospital by imaging centers. In this model, PACS and each 
imaging center keep its own images; but the reports can be shared. 
 

 
  
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. PACS (top) and Teleradiology (bottom) Combined Model: Radiologists 
at PACS and at imaging centers can support each other. 
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PACS and Teleradiology in an Enterprise Operation Using the Data Grid 
PACS and teleradiology combined model described in Figure 7 can be extended 
to the enterprise level PAC systems and teleradiology operation. This model 
becomes popular in today’s enterprise healthcare delivery system. Data Grid 
concept can be used to consolidate images/data obtained from both PAC 
systems and teleradiology operation into one unified image/report archive system 
for storage and distribution shown in Figure 8. Research and Development of 
using the Grid Computing technology for Enterprise level PACS and teleradiology 
combined model is still in its infancy. 

Figure 8. Enterprise level large-scale PACS and teleradiology combined model 
using the Grid Computing technology. The center of the figure is the grid 
computing infrastructure consisting of the Data Grid with the DICOM standard 
and IHE workflow profiles. The Data Grid handles the image and reports, and 
other grid computing resources take care of the workflow and management. The 
top row is the enterprise PACS consists of 1,…, N PAC systems. The bottom row 
depicts the pure teleradiology model with 1,…, M operations. 
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3. PACS-based CAD 
 
CAD software can be in a stand-alone CAD workstation, or be integrated in the 
PACS as PACS-based CAD. We describe a software toolkit for the integration of 
CAD results in the PACS workflow. 
 
Integrating PACS with CAD 
 
CAD-PACS© is a software toolkit using DICOM and IHE designed for the 
integration of CAD results with PACS workflow. This presentation will describe its 
general architecture; and methods of integration, implementation, and evaluation. 
This CAD software toolkit can be used in a standalone CAD workstation, a CAD 
server, or installed in a PACS workstation. Figure 9 shows the architecture of the 
CAD-PACS© which has two versions DICOM-SCTM and the DICOM-IHETM. The 
former uses the DICOM Screen Capture (SC) service which is simple but with 
limitation for clinical research. The latter uses the DICOM Structured Report (SR) 
and several IHE Workflow Profiles, the methodology is elegant and is the correct 
way of integrating CAD with PACS for enhancing future PACS research 
capability. Figure 10 describes the integrated CAD in the PACS workflow. 
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Figure 9. CAD-PACS© with two versions: DICOM-SCTM and DICOM-IHETM.  

PPM (post-processing manager) 
 

 
Figure 10. Locations of the four modules (shaded) of DICOM-IHETM in the CAD 
and PACS, and the integrated CAD results in the PACS workflow. 1. CAD 
Requests; 2. Query CAD worklist, work item claimed; 3. Retrieve images; 4. 
Worklist purpose procedure step (PPS) in PPM in process; 5. CAD results; 6. 
Work item PPS completed; 7. Retrieve images/CAD results. 
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An Example - Bone Age Assessment of Children 
 
Bone age assessment for children has been based on the 1950 Greulich and 
Pyle Atlas (G & P) from a homogeneous population. With today’s diverse 
ethnicities in the US and around the world, the atlas may no longer be a good 
reference. A digital hand atlas as a CAD tool integrated with PACS will be 
described in this presentation. 
 

We have collected 1,400 children hand images from normal Caucasian 
(CA), African American (AA), Hispanic (HI), and Asian (AS); male (M) and female 
(F), ranging from 0 – 18 years. The validation of normal was determined with 
three standards: body mass index, Tanner Maturity Index, and chronological vs. 
skeletal age from the 1940 Brush Foundation Study. Each image was read by 
two to four pediatric radiologists. A CAD (computer-aided diagnosis) based on 
phalangeal and carpal bone growth has been developed to assess the bone age. 
50% of the collected images were used for training the CAD, and the other 50% 
for evaluation. The data from 0 – 18 years was separate into eight categories 
(CAM, CAF, AAM, AAF, HIM, HIF, ASM, and ASF) for comparison. These data 
together with the CAD algorithm form the basis of the digital hand atlas. Figure 
11 describes the workflow of using the digital hand atlas in the PACS 
environment for bone age assessment of children. The presentation will 
elaborate the methodology and the significance of such CAD-PACS integration 
 
 

Figure 11. The workflow (numerals) of using the digital hand atlas with CAD 
integrated in the PACS environment for bone age assessment (BA) of children. 
 
 
4. Summary 

With the large amount of image data accumulated in each PACS, we can take 
advantage of this resource to investigate innovative clinical service, research and 
education using the concept of imaging informatics. In this presentation we 
describe three current PACS-based research agendas: medical imaging 
informatics, Data Grid, and computer-assisted detection and diagnosis. 


