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Guest Editorial
Toward Molecular Imaging

RECENTLY, molecular imaging has attracted great interest
and been widely recognized as a major trend of biomed-

ical imaging. According to Weissleder and Mahmood [1], “The
term molecular imaging can be broadly defined as the in vivo
characterization and measurement of biologic processes at the
cellular and molecular level.” While traditional biomedical
imaging techniques are anatomically/functionally oriented
that reflect structural features and physiological/pathological
phenomena, the purpose of molecular imaging is to detect, cap-
ture, and monitor molecular/cellular abnormalities in vivo that
cause diseases and associated symptoms. Hopefully, sensitive,
specific, and quantitative imaging of such molecular/cellular
targets would revolutionize life sciences and clinical prac-
tice from the most fundamental level, and bring enormous
healthcare benefits in the future. This special issue is an initial
response of our journal to the grand challenges in molecular
imaging. Ten papers [2]–[11] were selected from 21 submis-
sions as a snap-shot of its state of the art (The last paper [11]
was handled by Associate Editor Erik Meijering).

Small animals, including genetically engineered mice, are
popular models to study human diseases and evaluate therapies.
In the post-genome era, the genome is being linked to pheno-
typic expressions in forms and functions for development of sys-
tems biomedicine. Hence, all medical imaging modalities have
been downscaled over past several years. The resultant minia-
tures include micro-CT, micro-MRI, micro-PET, micro-SPECT,
and micro-ultrasound scanners as well as optical imagers of dif-
ferent types for small animal imaging. With molecular imaging
of small animals, physiological processes and pathologic pro-
gression can now be studied in a compressed period under con-
trolled conditions with various probes. As a result, seven papers
[2]–[5], [7]–[9] in this special issue are directly related to small
animal imaging.

As the first medical tomographic modality, X-ray CT is not
only extensively used for anatomical imaging but also impor-
tant for physiologic imaging. In the work by Krishnamurthi et
al. [2], functional micro-CT was evaluated for monitoring thera-
peutically induced changes at the cellular level. Based on a com-
partmental model, they determined the scanning protocols for
mouse contrast studies on renal blood flow, glomerular filtra-
tion rate, fractional plasma volume, fractional tubular volume,
and urine formation rate. Then, Surti et al. [3] assessed the per-
formance of a small animal 3D PET scanner. This micro-PET
camera of an axial length of 11.9 cm can achieve a resolution
of 1.9 mm and a sensitivity of 3.6% in the range of 250–665
KeV. For micro-SPECT imaging, Metzler et al. coupled a com-
mercial triple-head SPECT scanner with pinhole collimation
and external transport for high magnification and helical scan-
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ning [4]. They used this cost-effective micro-SPECT system to
image radio-labeled molecules in phantoms and animals with
a spatial resolution of 1.6 mm. Goertzen et al. replaced the
parallel hole collimators of a human SPECT scanner with a
multi-pinhole collimator array [5]. Their approach allows a bal-
ance between resolution and sensitivity, and may be improved
for dynamic in vivo imaging. Furthermore, Brzymialkiewicz et
al. tested the Cadmium Zinc Telluride detector-based 3D emis-
sion mammotomography for breast cancer studies [6]. They es-
timated signal-to-noise ratio and lesion contrast with/without a
torso phantom background. Their data show that the 3D mam-
motomography can reveal tumors of cm in diameter. As far
as optical imaging is concerned, Zacharakis et al. developed a
fluorescent protein tomography scanner working at the visible
wavelengths to image fluorescent proteins deep inside a small
animal [7]. They adopted multi-angle multi-projection illumina-
tion and highly sensitive detection strategies. Image reconstruc-
tion was based on the diffusion equation modified to accommo-
date relatively high absorption, producing sub millimeter spatial
resolution in phantoms and tissues.

In a broad sense, biomedical imaging means not only data
acquisition and image reconstruction but also image processing
and analysis. In the paper by Jan et al. [8], three imaging modal-
ities, X-ray CT, PET, and SPECT, were combined to map func-
tional/cellular/molecular images at low resolution onto the cor-
responding anatomy at high resolution for small animal studies.
For both the micro-PET-CT fusion and the micro-PET-SPECT
fusion, the maximum errors along three axes were generally less
than 0.5 mm. On the other hand, Marias et al. studied registra-
tion of fluorescent image sequences for monitoring genomics
and proteomics over time on the same small animal [9]. Their
method was based on computed surface landmarks, and com-
pensates for differences in the posture and compression/stretch
of the subject. In another hot area of molecular imaging—micro-
array image analysis, Blekas et al. described a statistical ap-
proach for mixture model analysis [10]. They devised a girding
method to localize individual spots, and assumed a Gaussian
mixture model to analyze these spots. Their methodology was
evaluated using synthetic and real data in comparison with ex-
isting techniques. It seems quite effective, flexible, and robust.
Finally, the cells, as building blocks of the life, are of partic-
ular interest. Image analysis in this area quantifies cell mor-
phology, growth, motility, and responses to perturbation. In the
paper by Dong et al. [11], the problem of counting rolling leuko-
cytes was solved using intra-vital microscopy and computer-
ized post-processing. They proposed “the gradient inverse co-
efficient of variation” and a Bayesian classification scheme to
discriminate leukocytes from their environment with a detec-
tion accuracy of 78.6%.

Despite the impressive results published in this special issue
and other peer journals, molecular imaging is still at its infancy.
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To meet the requirements of individualized molecular medicine,
current molecular imaging techniques must be dramatically
improved in sensitivity, specificity, resolution, accuracy, and
other indexes. Most importantly, issues specific to molecular
imaging must be addressed using innovative ways, related
to solution nonuniqueness, numerical instability, rather low
signal-to-noise ratio, complicated heterogeneity and dynamic
processes [12]–[14]. Although the future is difficult to predict,
we believe promising research paradigms should involve novel
probes, sensitive data acquisition, multi-modality multi-mode
fusion, advanced reconstruction methods, prior knowledge
based regularization, sophisticated image analysis, and/or
optimized system integration. There is no doubt that molecular
imaging will play an increasingly more important role in basic
and clinical research. Toward that goal, we hope that more
junior and established investigators will join us to advance this
interdisciplinary field of unprecedented promises.
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