
Abstract—We present the development and performance 
characteristics of a free-space fluorescence tomography system. 
The imaging system can capture complete angle projections of 
photons propagating through tissue in transillumination using 
a CCD camera.  Experimental data on imaging lung cancer are 
presented. Overall, this imaging approach can offer 
unprecedented imaging performance in Fluorescence 
Molecular Tomography of small animals.  

I. INTRODUCTION

LUORESCENCE MOLECULAR TOMOGRAPHY (FMT) has a 
great potential to serve as investigational tool for small 

animal research and drug discovery. FMT comes to improve 
on several shortcomings of planar epi-illumination methods 
that use CCD cameras to image fluorescence back-emitted 
from tissues after wide-field illumination. The method is 
based on tomographic principles, coupled to the use of 
appropriate models of photon propagation in tissues [1-5] 
and can offer significantly improved imaging ability and 
quantification since it can resolve depth and account for the 
heterogeneous attenuation of light intensity by tissues, due 
to the variation of the optical properties.  

In this paper we present advances associated with the 
development of a new generation of system that enables 
high spatial sampling of photon fields propagating through 
tissues at 360° projections. The principle of operation is 
based on the use of non-contact laser illumination scanned 
on one side of the diffusive object or animal and of CCD 
cameras for photon detection. This approach operates in the 
absence of fibers or matching fluids and significantly 
improves experimental procedures and the collection 
efficiency. The feasibility of using non-contact 
measurements in FMT has been shown recently [6-9].  In 
this invited talk we demonstrate the combination of surface 
extraction and 360° projection data to tomographically 
imaging molecular signatures in small animals in the near-
infrared. In particular we discuss the imaging scanner and 
the basic theoretical mainframe to achieve 360° free-space 
fluorescence molecular tomography and showcase examples 
from phantoms and animal models of lung cancer. 
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II. THEORY

Tomographic reconstruction of fluorochrome distri-
butions is based on the normalized Born approximation [5], 
which calculates the ratio of the measured fluorescence 
intensities Ufluo(rs,rd) over the measured intrinsic intensities 
U0(rs,rd) at source position rs and detector position rd,
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Correspondingly, a forward model is calculated to predict 
photon propagation in a diffuse medium by deriving 
appropriate weight (sensitivity) functions for each virtual 
source-detector pair employed. The resulting weight matrix 
is then inverted with a randomized algebraic reconstruction 
technique (R-ART) algorithm [10]. The advantage of using 
the normalized expression in (1) is that it eliminates 
position-dependent contributions and minimizes the 
sensitivity of the reconstruction to background 
heterogeneities.  

To achieve an accurate photon propagation model in 
tissue it is important to capture the three-dimensional animal 
surface that bounds the diffusive tissue. The 3D surface 
reconstruction is done via volume carving [11] using the 
contours of the object after appropriate back-illumination 
using a photo-luminescent plate inserted behind the animal, 
on the opposite side of the CCD camera. The contours are 
acquired using our FMT scanner at 72 projections and are 
segmented via an adaptive thresholding algorithm. Using 
volume carving, an approximation to the real object is 

computed, the Visual Hull [12]. The resulting 3D model is 
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Fig. 1.  Schematic of experimental setup for 3D surface reconstruction and 
FMT.
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then meshed to a regular spaced grid and the surface is 
computed via a Marching Cubes type algorithm [13]. 

III. EXPERIMENTAL SETUP

The schematic of non-contact 360° rotation FMT system 
is shown in Fig. 1. It consists of a continuous laser diodes at 
665nm and 748nm wavelengths coupled to an optical fiber 
through appropriate switches. The light beam is collimated 
and delivered to a two mirror scanhead system that can xy 
translate and focus the beam on the object [14]. A high-
sensitivity CCD camera is placed in the opposite direction to 
record the light transmitted (or generated) through the 
object. The object is back-illuminated by a source pattern 
generated by the scanhead and the CCD camera records the 
transmitted field for every source. The object is mounted on 
a step-motor controlled rotating stage so that it can be 
illuminated from every direction and allowing for the 
acquisition of multiple projections. The rotation is also used 
to reconstruct the surface of the object from the contours of 
deferent projections when it is imaged against a 
homogenous illuminating background [15]. The intrinsic 
field that is transmitted and the fluorescence field generated 
in the object are recorded with the use of appropriate 
interferometric filters. The entire experiment procedure is 
completely automated and driven by a custom developed C 
program. Typical acquisition times for a 21 source and 15-
projection experiment are 15min and the reconstruction time 
1-2 min.  

A. Experimental measurements 
To examine basic imaging feasibility in 360° free-space 

acquisition we performed phantom and in-vivo 
measurements. Typically, the surface capture accuracy was 
found to be better than 150 microns. For image 
reconstruction, 15 projections were employed (24 deg step) 
and a source scan pattern of a 7 x 3 grid over a 2 x 0.5 cm2

area respectively. The acquired data were inverted by R-
ART after 20 iterations. 
 For in-vivo measurements an in-vivo mouse model of 
lung cancer was employed. The study was performed 
according to the procedures approved by the Massachusetts 
General Hospital. The mouse was injected with 1x106 Lewis 
Lung Carcinoma (LLC) cells intra-coastally in the right 
lung. After 7 days the mouse was injected with 2 nmols of 
Angiosence680 (Visen Medical) via tail vain injection to 
image vascularization and permeability and it was imaged 
18 hours later. During the experiment the mouse was 
anesthetized. Preliminary imaging results are presented in 
Figs. 2 and 3. The images show two areas of increased 
fluorescence concentration, one that is congruent with the 
location of the liver and one that is higher in the animal in 
the upper lung area, consistent with the location of tumor 
implantation.  

IV. DISCUSSION-CONCLUSIONS

Free-space 360° FMT has the potential to offer 
unprecedented performance over slab geometry systems or 
fluid-based or fiber-based systems. In this talk we present 
key methodological aspects and results from mouse imaging 
in regard to this new imaging approach. We currently 
validate in-vivo imaging results with correlative anatomical 

Fig. 4.  Sagittal and axial sections of the reconstruction of the lung tumor. 
Fig. 5.  3D of the reconstruction of the lung tumor. Geometry of the source 
pattern and the virtual detectors, and 3D views of the reconstructions. 
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imaging and histological evaluations. Based on these results 
we can further optimize the system design and parameters of 
operation for facilitating optimal imaging performance. In 
the future we expect to extend the applications of this 
technology to other animal models and the use of more 
elaborate fluorescence reporter technologies. 
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