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Abstract: Molecular imaging (MI) an innovative and 

emerging discipline is paving new roads in the field of 

medical imaging.  This relatively new branch of nuclear 

medicine helps in visualizing biological events occurring at 

both cellular and tissue structural levels to be seen at a very 

early stage often well before they can be detected by 

conventional diagnostic procedures such as CT and MRI. 

Data obtained from conventional X ray imaging or CT 

scans usually reflect the anatomy of the region scan. 

Therefore, to correlate biological process with anatomical 

location of the body, MI devices are integrated with the 

existing CT or MRI modalities wherein computers aid in 

fusing the biological and anatomical images. Advances in 

the field of molecular biology has led to an array of new 

molecular markers being developed around the world and 

only very few have made it for clinical applications. The 

main aim of the current study was to introduce the concept 

of this new innovative imaging technique to prospective 

biomedical professionals so as to bridge the gap between 

the scientist working in laboratory setting on various 

molecular targets and how well the characteristics of these 

molecules can be utilized as probes and integrated into MI 

techniques thereby translating the findings to bedside 

patients. An extensive survey of literature was conducted 

using various database with specific keywords. All relevant 

results obtained were analyzed, summarized with proper 

emphasis on their potential advantages and limitations. The 

study also highlights future emerging MI techniques that 

need further studies to be applied clinically. Translating the 

technology utilized in vitro to an in vivo setting is 

complicated; however adoption of multi-disciplinary 

approach will essentially help in identifying new imaging 

techniques that may have the potential to revolutionize 

health care systems. 

 

Key words: (Molecular Imaging, PET, SPECT, mMRI, 

CT, Optical imaging, Ultrasound Molecular Imaging) 

Address for Correspondence 

Dr. Lakshmi Kesari Ambika 

Department of Radiology and Medical Imaging 

PO Box: 24162, Al Maqam, Al Ain,United Arab Emirates 

Tele: +971-03-7035418, Mob: +971504100534 

Email: lakshmi.ambika@fchs.ac.ae 

No funding was received in execution of this work 

The authors declare no conflicts of interest 

 

INTRODUCTION 
It was the discovery of x-rays that 

revolutionized the diagnosis and treatment of patients 

allowing physicians to visualize anatomy of the 

human body internally without any invasive 

procedure [1]. Latest advancements in the field of 

cell biology, nanotechnology and their integration 

with existing imaging modalities has helped 

physicians to probe deep seated tissues changes that 

occur within the body during a diseased state. The 

principle of MI technique is rooted on the fact that 

the biochemical activity of a normal cell changes 

during diseased state due to functional alterations 

taking place at the molecular level of the cell. These 

molecular alterations forms the basis of the disease. 

MI uses specific probes that target such altered 

pathways with the help of multiple image capture 

technique well before the disease manifest itself with 

anatomical changes that are detected by conventional 

diagnostic imaging technique such as X rays, CT or 

MRI scans [2, 9]. Thus this emerging paradigm 

detect directly or indirectly the biological state of 

cells within intact living organism at molecular level 

(1nm) and produces as an image at a macroscopic 

scale (>1NM) [3]. The potential advantages of this 

non-invasive technique is that in aids in in real time 

visualization, and measurement of biological activity 

(Quantification), monitor and record directly or 

indirectly the spatial temporal distribution of 

molecules without disturbing them.  MI provides two 

or 3 dimensional imaging with quantifications. Data 

on quantification helps in inter and intra subject 

comparisons [4]. Currently MI has wide clinical 

applications and is used in evaluating and 

management of cancer patients, patients with 

neurological diseases such as dementia and 

Alzheimer’s disease [4, 8]. In this study, an effort is 

made to introduce MI modalities currently available 

in clinical practice, their advantages, pitfalls and 

future implications. Moreover, the intension of 

conducting the study is to introduce the concept to 

basic science researchers to translate the invitro 

techniques used to visualize and study biochemical 

process  into an in vivo setting in an , noninvasive, 

manner in real time. Though, theoretically it seems 
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easy, there are many practical limitations which are 

also briefly discussed in this paper.  

Materials and Methods 
 An extensive literature survey was 

conducted by constructing specific query on various 

molecular imaging techniques, history, different 

strategies, safety using multiple primary online 

database retrieval systems such as PubMed, 

Molecular Imaging and Contrast Agent Database 

(MICAD), Society for Nuclear medicine and 

molecular imaging SNMMI EMBASE, MEDLINE, 

Scopus, biological abstracts, without any restricting 

to the year of publication. The general search method 

in the primary databases was to construct queries 

seeking the history of medical imaging techniques, 

review and principles of molecular imaging 

techniques, in vivo imaging, hybrid imaging, any 

alternate names in the title, abstract or indexing 

terms, and one of the following terms anywhere in 

the database were recorded. The titles and abstracts 

retrieved by each of the searches and the references 

provided by the published journals were reviewed for 

citations to potentially relevant articles. Relevant 

articles were selected, and the full text was obtained 

and examined. These publications were analyzed to 

obtain information on emerging molecular imaging 

techniques especially the application of optical 

imaging and its effect on an animal, human, or 

cellular system.  

Results: For all articles obtained from database, most 

relevant articles were selected for detailed analysis; a 

sub-set of these provided the very valuable 

information that is cited in this study. The data 

collected were summarized under sections with 

emphasis on safety of different MI techniques 

employed, their current applications and limitations 

with future implication.   

Molecular Imaging techniques and Safety: Most of 

MI procedures are relatively noninvasive and safe. 

However, in nuclear medicine, the imaging agent 

used is a radiotracer, a compound that has a 

radioactive atom, or isotope 

(Radiotracer/Radiopharmaceuticals/ Radionuclides). 

Radiotracers produce signals detected by a 

gamma camera or a positron tomography (PET) 

scanner [10, 11].  While executing these procedures, 

the investigators should rely on ALARA principle 

(As Low As Reasonably Achievable). Since, this 

field of molecular imaging is in infancy, the scientist 

working in this field should select a radiotracer that 

will provide accurate result with precision at that 

same time should select a radiotracer that has least 

amount of radiation exposure to the patient [12]. 

Examples of non-nuclear molecular imaging 

modalities discussed in this study include 

optical imaging, targeted molecular ultrasound, 

which utilizes nonradioactive probes such as light or 

sound. Magnetic resonance (MR) spectroscopy uses 

differences in magnetism to measure chemical levels 

in the body without the use of an imaging agent 

(probe). Though a variety of probes are available for 

non nuclides imaging, care should be taken in 

selecting the probe. The probe employed should be 

easily degraded and eliminated from the body with 

little side effects. It is important to realize that if any 

new technique developed, provided greater benefit in 

diagnostic imaging studies, and if the risk is in 

acceptable range, the technique should be followed 

[13]. 

Noninvasive radionuclide molecular imaging 
modalities: Positron emission tomography (PET) and 

single photon emission computed tomography 

(SPECT) are the earliest known radionuclide 

molecular imaging technique used in clinical and pre-

clinical studies. The high sensitivity, acceptable 

spatial resolution these techniques offer coupled with 

their practicality to detect tumor and foresee reaction 

to treatment have made this technique widely 

acceptable [14]. PET Scans are widely used in 

clinical setting and usually uses radioactive tracers 

like 11C, 15O, 18F, and 131I to show organ functioning.  

The principle used in this technique is that the 

radiotracer employed incorporate positron 

(antiparticle to the electron) which lose kinetic 

energy spreading around the tissue and collide with 

an electron to forms a pastorium. The pastorium 

decays into two collinear annihilation gamma rays 

which take trajectory 180° apart (annihilation), PET 

detector detects gamma rays through a scintillator, 

converts to photons using photomultiplier tube. The 

resulting electrical signal are converted into 

sinograms that are finally rebuilt into tomographic 

images [15]. The potential advantage of this scan is 

that health risks from radiation exposure are 

potentially low when compared to benefits the results 

offer. Radioisotopes are introduced to patient body 

using different methods such as swallowing, inhaling 

or by injecting them intravenously. The major 

limitation is that it require huge and expensive 

cyclotron to produce radioisotopes. These radio 

isotopes have to be instantly at the site and 

introduced to the patient as quickly as possible as 

they have very short half-life. Moreover, no long-

term consequences have been reported from such 

low-dose exposure. Few reported side effects include 

bleeding, soreness or swelling at the site of injection. 

Moreover, legitimate concerns on the selection of 

probes should be considered; so as to rule out their 

possibility on inducing cancer avoiding even the low 

levels of radiation exposure from cumulative medical 

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 3 (2018) Spl. 
© Research India Publications.  http://www.ripublication.com

28

javascript:;


Page 3 of 6 
 

imaging examinations should be considered. Many 

radio pharmaceutical laboratories across the globe are 

using radio synthesizer to produce new specific 

probes. The major limitations to this field is the 

requirement of expensive shielding infra structure 

(hot cells), radio synthesizer with low duty cycles; its 

cost, space resource utilization. Very recently (16) 

ELIXYS FLEX/CHEM system developed produced 

24 new PET probes for preclinical imaging with no 

requirement for hardware configuration to switch 

from one probe to another. The results studies point 

out to the fact that the findings from these studies can 

be translated into clinical research findings. Currently 

PET imaging is used to trace malignant cells using 

FDG and 18F-fluoride. By accelerating glycolysis 

mechanism, FDG detects initiation or early stages of 

cancer. and in detect the altered blood flow in heart. 

[17] PET scans reveal areas of obstructed blood flow 

to the heart muscle indicating the possibility of 

coronary artery diseases. Information provided from 

this scan might help in deciding which procedure 

should be employed to open clogged heart arteries 

such as angioplasty or coronary artery bypass 

surgery. PET scans play pivotal role in detecting 

brain disorders like Alzheimer’s disease (AD) well 

before symptoms appear in patients. Study conducted 

by  [18] identified that in vivo imaging using PET 

scans detect abnormally folded beta-amyloid (Aβ) 

and  neurofibrillary tangles (NFTs) which is the main 

cause leading to  pathogenesis of AD. 
Single Photon Emission Computed Tomography 
(SPECT): SPECT differs from PET with regards to 

the type of radiotracer used. In SPECT, radioactive 

tracer emits gamma rays from the patient which are 

detected by gamma camera that rotates 360 degrees 

around the patients to give cross-sectional images 

which be assembled into 3 dimensional images or as 

series of thin slices. Number of PET facilities are 

limited across the world when compared to SPECT. 

Therefore, SPECT is more convenient than PET 

with regards to the number of facilities, cost, its use 

of radionuclides with a longer half-life than PET. 

Application of this technique also helps in detection 

of hidden fractures in bones and in determination of 

blockage of blood flow in cerebral and coronary 

vessels. SPECT helps in identifying areas of reduced 

blood flow in patients suffering from ischemia. 

Perfusion distribution can be determined and 

quantified using radiopharmaceuticals that will be 

retained by myocardium at rest, and in conditions of 

cardiovascular stress. Imaging is done using 201 Tl 

and the 99mTc-labeled radiopharmaceuticals like 

sestamibi or tetrofosmin [19]. The limitation of this 

technique is it has lower resolution when compared 

to PET. Advancements in hardware technology, 

image-processing algorithms, improved scintillators, 

photon transducers with better semiconductor 

technology has led to fabrication of small compact 

systems that can be customized for particular clinical 

utility. Examples include high-count sensitivity 

cardiac SPECT systems and diagnostic-quality hybrid 

SPECT/CT systems. Commercially available new 

and improved reconstruction algorithms has provided 

quick , less time consuming, fast acquisition of 

images with good quality imaging without 

compromising on diagnostic quality. Many 

preclinical small-animal SPECT systems are now 

available pushing  the limits of SPECT into the 

submillimeter range, making them even valuable MI 

tool that will be capable of providing information 

unavailable from other modalities [20] 

Molecular imaging with MRI (mMRI): mMRI has 

no ionizing radiation, noninvasive, excellent tissue 

penetration, high temporal and spatial resolution, 

provides good tissue contrast and used in serial 

studies to simultaneously acquire anatomical details 

and physiological function [21]. To perform mMRI, 

contrast agents with high specificity and high 

sensitivity are required. Image contrast produced are 

influenced by the local chemical environment around 

the atoms being imaged. Onset of ischemia can be 

measured using Diffusion-weighted imaging which 

quantifies small changes in the movement of water. 

Gadolinium or iron oxide (Exogenous contrast 

agents) are used to image changes in vascularity and 

cell death [22]. There are 2 kinds of MR imaging 

agents. Ferromagnetism contrast agents are negative 

contrast agents which reduce the signal in T2-

weighted images, while paramagnetic contrast agents 

are positive contrast agents that increase the signal in 

T1-weighted images. The most representative 

negative contrast agents are superparamagnetic iron 

oxide (SPIO), ultra-small superparamagnetic iron 

oxide (USPIO), and typical positive contrast agents. 

They are small molecular weight compounds having 

a single Lanthanide chelate as signal producing 

element (e.g., gadolinium-DTPA) [23]. Application 

of a small mono-gadolinite tracer targeting integrin 

and MR molecular imaging was a promising strategy 

for evaluation of colorectal cancers associated 

angiogenesis [24]. mMRI has wide application in 

arthritis imaging. Studies using SPIO showed mMRI 

helps in early detection of areas of early 

inflammation, and even correlated well with 

treatment response, mMRI also helps in detection of 

thrombosis. Botnar and colleagues showed the 

potential for a Gd-based probe to detect acute and 

subacute thrombosis [25]. The success of mMRI 

probe depends on the validation. Validation can be 

attained only by enrolling extensive patients so that it 

can be accepted for clinical use. The validated 
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surrogate should have expected performance with 

less adversity.  

Computed Tomography Imaging (CT): Imaging 

the human body with CT scans has many advantages 

such as fast acquisition of images with time, cheap 

cost, high resolution, relative simplicity, and 

availability, excellent hard-tissue imaging. MI 

assisted CT scans, X ray absorption using elements 

with high atomic number such as Iodine. Gold, 

bismuth sulfide, composite ceramics with iron oxide 

and lanthanide materials [26] are used to improve 

image contrast. CT molecular contrast agents are 

designed to incorporate a maximum number of x-

ray–absorbing atoms into a nanoparticle, ranging 

from emulsion, liposomes, and lipoproteins to 

polymeric nanoparticles. Increasing the circulation 

time for such nano particles designed will have many 

implications for targeting of contrast agents, because 

by increasing the time of circulation enhances 

increase the chance of interaction, thereby more 

binding of a contrast agent to a target happens [27]. 

Keeping in view, limitations such as ionizing 

radiation, limited soft tissue resolution, and poor 

sensitivity CT scans provide. It is now integrated 

with existing imaging modalities such as SPECT, 

PET to provide anatomical parameters for the 

biochemical and physiological findings [28]. Micro-

CT has transformed CT imaging from organ, tissue to 

molecular level, which is playing an increasingly 

important role in preclinical researches. 

Optical Imaging: Optical imaging relies on light 

signals emitted from fluorescent or bioluminescent 

probes. It is safe and highly sensitive. Images are 

generated by using photons of light with wavelength 

ranging ultraviolet to near infrared [29].  Image 

contrast is obtained with the use of exogenous agents 

(dyes or probes), endogenous molecules with optical 

signatures (NADH, hemoglobin, collagens) or by 

using reporter genes. There are 2 types of optical 

imaging systems used, such as Fluorescence based 

optical imaging (FOP) and bioluminescent imaging 

(BOP). In FOP technique, endogenous or exogenous 

molecules emit light when activated by an external 

light source such as laser. This laser light excites 

target molecule, which fluoresces by releasing 

longer-wavelength, lower-energy light. In contrast, 

BOP natural light-emitting protein (luciferase) is 

used to trace the movement of certain cells or to 

identify the location of specific chemical reactions 

within the body. Both these optical imaging 

techniques have been used in vivo to assay 

pharmacodynamics of therapeutic agents and aids in 

clinical trials [30]. Currently diffuse optical 

tomography (DOT), diffuse optical spectroscopy 

(DOS), Near-infrared fluorescence imaging and 

confocal microscopy are used. Application of 

Fluorescence imaging is reported in breast imaging, 

endoscopy intraoperative scanning, and in detection 

of superficial malignant skin lesions. The main 

obstacles is the low photon energies that limit the 

penetration depth to a few centimeters coupled with 

absorption and scattering of light. Besides, a major 

factor hindering its application in clinical setting is 

the lack of mainstream clinical instrumentation. 

Therefore, it is now inapt, for clinical use and is used 

for surface targets only. It has potential application in 

small experimental animal studies, where it is widely 

used for preclinical research and drug development 

[31]. 

Ultrasound Molecular Imaging: Ultrasound 

imaging using molecular probes provides good 

temporal resolution with quantitative data. Its real-

time imaging for studying and measuring anatomic 

features in noninvasive way coupled with low cost, 

and no ionizing radiation makes it a unique modality 

for diagnostic imaging and as a therapeutic tool [32] 

.For contrast enhanced ultrasound, microbubbles of 

perfluorocarbon or nitrogen gas is administered 

intravenously.  The micro bubbles affect ultrasound 

backscatter and increase vascular contrast in a similar 

manner to intravenous contrast agents used in CT and 

MRI. Microbubble shells are made of albumin, 

galactose, and lipid polymers determine how easily 

microbubbles is taken up by the immune system. The 

material for microbubble determines its time in 

circulation and elasticity. The most important part is 

the microbubble gas core which determines the 

echogenicity. Some examples of microbubbles used 

are Echovist, Albonex and Sonovue. Other promising 

ultra sound contrast agents include echogenic 

liposomes, perfluorocarbon droplets, and particles of 

gold, having density and compressibility substantially 

different from that of blood and tissue [33] .The main 

advantage in microbubble application is that it 

generates strong signals even with lower intravenous 

dosage. Microbubbles are required only in 

micrograms when compared to milligram use in MRI 

contrast agent [34] .To reduce the risk for intolerance 

of any components of contrast agent, it is important 

to use lowest level of acoustic output with shortened 

scanning time for diagnostic examination. Besides, 

microbubbles have low circulation residence times as 

they will be easily taken up by immune cells and 

transported to liver and spleen. Strict monitoring is 

required as ultrasound produces more heat with 

increase in frequency. Potential side effects of 

microbubble destruction include local 

microvasculature ruptures and hemolysis. 
Discussion and Future directions: Based on the 

summarized data, it can be concluded that every 
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molecular imaging technique has its potential merits 

and limitations. No single one is perfect enough to 

provide comprehensive information for disease 

diagnosis. This led to the emergence of 

multimodality imaging. Traditional imaging 

modalities are anatomic imaging methods that have 

low sensitivity and do not reflect the biological 

activity occurring within the functional body. Both 

Radionuclide imaging and optical imaging are 

functional imaging techniques, with low resolution, 

often lacking structural parameter. Combining 

currently available molecular imaging techniques 

with conventional imaging modalities gives rise to by 

multimodality imaging. This can provide synergistic 

advantages over the utility of any modality alone. 

This will aid practicing physicians to have more 

access to specific data of each patient which in turn 

might help clinician in customizing treatment for 

individual patients based on their biological activity 

(Personalized medicine). Basic molecular biology 

research has produced multitude of biomarkers/ 

probes which can be used for specific target in 

pathogenesis of disease. Specific probes and targets 

have lost their way to clinical practice due to the lack 

of inter disciplinary approach in research. Integration 

of basic research with various biomedical 

engineering streams may help to solve the issue. 

Scientific discoveries from the lab based animal 

models and in vitro studies need to be translated into 

to the clinical level or the patient’s bedside. This kind 

of translational research from bench-to-bedside 

approach with help in revolutionizing the present 

health care systems. 
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