
NIH/BRP: Optical Molecular Tomography for Regenerative Medicine 

NSF/MRI: Development of the Next-generation Nano-CT System for ROI-focused Scanning & Exact Interior Reconstruction 

NIH/R01: Cardiac CT — Advanced Architectures and Algorithms 

                            Work at the Present 

X-ray CT reveals internal structures of an object based on its shadows from an x-ray source. Filling in the performance gap between light and 
electron microscopies, x-ray nano-CT enables or facilitates biomedical, material, geological, industrial and other applications. However, a major 
barrier to realizing its full potential is the inaccuracy encountered when an interior region of interest (ROI) in a large object is imaged with a nar-
row beam of x-rays only through the ROI (known as “the interior problem”). Also, nano-CT demands an intensive x-ray radiation that may damage 
biological samples. To overcome these challenges, we are developing the next-generation nano-CT system with targeted scanning and interior 
reconstruction capabilities, in collaboration with the leading nano-CT company Xradia. 
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Cardiovascular diseases are pervasive at 
tremendous social and healthcare costs. 
There are urgent needs for higher fidelity 
cardiac CT with lower radiation dose. 
Based on the academic-industrial part-
nership between Virginia Tech and the 
GE Global Research Center (GEGR), we 
are defining a next generation cardiac 
CT architecture and the associated algo-
rithms, which will achieve 16cm cover-
age, 50ms temporal resolution, 20lp/cm 
spatial resolution, 10HU noise level, and 
5mSv effective dose simultaneously for 
the entire examination, with detailed 
specifications and performance evalua-
tion. This project will set the stage for 
prototyping the next-generation cardiac 
CT system in a Phase-II project. 

The most important medical challenges 
include cardiovascular diseases, stroke, 
degenerative neurological diseases, 
diabetes, arthritis, osteoporosis, kidney 
and liver failure, spinal cord injury, 
burns, battlefield trauma, and other dev-
astating conditions. Regenerative medi-
cine address these challenges using 
tissue engineering and other tech-
niques. A major barrier has been the 
inability to monitor this complex biologi-
cal process in real-time, which makes 
optimization extremely difficult.  The op-
tical molecular imaging tools has now 
allowed much better understanding of 
biological interactions at molecular and 
cellular levels in mouse models of hu-
man diseases and important clinical ap-
plications. We are integrating these two 
forefront technologies – tissue engineer-
ing and optical molecular imaging, and 
drive a paradigm shift from static assays 
of cellular function in biopsied tissue or 
2D culture models towards systematic 
analysis of 3D systems. The overall goal of this project is to develop a first-of-its-kind multi-probe multi-modal optical molecular tomogra-
phy system for regenerative medicine, and demonstrate its feasibility and merits in assessing the bioengineered blood vessels at the pre- 
and post-implantation stages in a bio-reactor system and a sheep model respectively, in collaboration with the Wake Forest Institute of 
Regenerative Medicine. 
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Biomedical potential of nano-CT: Cryo nano-CT study of a whole yeast cell, S. cerevisiae. 
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