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Abstract 
 

Medical Imaging Techniques (MITs) are non-invasive methods for looking inside the body 
without opening up the body surgically. It used to assist diagnosis or treatment of different 
medical conditions. There are many medical imaging techniques; every technique has different 
risks and benefits. This paper presents a review of these techniques; concepts, advantages, 
disadvantages, and applications. The concerning techniques are; X-ray radiography, X-ray 
Computed Tomography (CT), Magnetic Resonance Imaging (MRI), ultrasonography, 
Elastography, optical imaging, Radionuclide imaging includes (Scintigraphy, Positron Emission 
Tomography (PET) and Single Photon Emission Computed Tomography (SPECT)), 
thermography, and Terahertz imaging. The concepts, benefits, risks and applications of these 
techniques will present with details. A comparison between these techniques from point of view, 
image quality (spatial resolution and contrast), safety (effect of ionizing radiation, and heating 
effect of radiation on the body), and system availability (real time information and cost) will 
present. 
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1. Introduction 

 
    MITs consider one of the most common medical tests with the laboratory tests (blood and 
specimen tests). Medical imaging has been undergoing a revolution in the past decade with the 
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fast development, more accurate, and less invasive devices [1]. MITs can be considered as tools 
for learning more about the neurobiology and human behaviors. The basic concept of a medical 
imaging system is shown in figure 1, it consists of a sensor or source of energy that can penetrate 
the human body, the energy pass through the body, they are absorbed or attenuated at differing 
levels, according to the density and atomic number of the different tissues, creating signals. These 
signals are detected by special detectors compatible with the energy source, then mathematically 
manipulated to create an image. The obtained images are through the energy from the human 
tissue, leading to a classification based on the energy applied to the body.    
    

             
 

Figure 1. Concept of a medical imaging system 
 
    According to the energy sources, there are many different techniques can be being used to get a 
look inside the patient. These techniques are based on a signal travelling right through a patient. 
These signals interact with the tissues of the patient. By detecting the signal coming out of the 
body an image of the inside of the patient can be made. The interesting techniques in this paper 
are; X-ray radiography, X-ray Computed Tomography (CT), Magnetic Resonance Imaging 
(MRI), ultrasonography, elastography, optical imaging, radionuclide imaging includes 
(Scintigraphy, Positron Emission Tomography (PET) and Single Photon Emission Computed 
Tomography (SPECT)), thermography, and terahertz imaging. Up to 2010, 5 billion medical 
imaging studies had been conducted worldwide [2].  
 
    Radiography started with the discovery of X-ray by Röntgen in 1895. Its medical use was 
discovered when Rontgen saw a picture of his wife's hand on a photographic plate formed due to 
X-ray. CT as an imaging technique was described by Cormack in 1963. In 1972, Hounsfield 
presented the first clinical CT scanner [3]. Since then, the clinical X-ray CT has revolutionized 
medical imaging and may be described as the greatest advancement in radiology since the 
discovery of X-ray. Research on MRI started in the early 1970s and the first MRI prototypes were 
tested in 1980. The first used for Sonography as a diagnostic tool has been presented in 1942 for 
localizing brain tumors, and its used as real-time imaging in 1965. Now the medical Sonography 
is used in the many different applications. Elastography developed in 1991 for detecting non-
uniform areas in tissue [4].  Recently, different types of Elastography (ultrasound elasticity 
imaging, magnetic resonance elasticity imaging, optical elasticity imaging or tactile imaging) 
have been applied to study tissues in a variety of different conditions.  
 
    The idea of using light as a medical diagnostic technique has been revisited in the past few 
years as a result of theoretical and experimental advances in optical spectroscopy and imaging of 
the human breast. Nuclear medicine started in 1936 when John Lawrence made the first 
application in patients of an artificial Radionuclide when he used phosphorus-32 to treat leukemia. 
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The widespread clinical use of nuclear medicine began in the early 1950s, as knowledge 
expanded about Radionuclide, detection of radioactivity, and using certain Radionuclide to trace 
biochemical processes. In the 1980s, Radiopharmaceuticals were designed for use in diagnosis of 
heart disease. The development of SPECT, around the same time, led to three-dimensional 
reconstruction of the heart and establishment of the field of nuclear cardiology. More recent 
developments in nuclear medicine include the invention of the first PET scanner. Nowadays, fully 
integrated systems such as PET/CT and MRI/PET scanners are used. Clinical thermography 
started as a diagnostic tool for different medical conditions since the 1960s. The rapidly 
developing of this technology is used to detect and locate thermal abnormalities characterized by 
an increase or decrease found at the skin surface. The Terahertz (THz) imaging started for 
biomedical use in 1995 [5], and since then imaging modality has emerged. THz is still developing 
and more research is still needed. 
 
    This paper presents a comparative study between the different medical imaging techniques, the 
concepts, benefits, risks and applications of these techniques will present with details. A 
comparison between these techniques from point of view, image quality (spatial resolution and 
contrast), safety (allergy, ionizing effect of radiation, and heating effect of radiation on the body), 
and system availability (real time information, scanning time, complexity and cost) will present. 
The paper is organized as follows; Section 2 presents the X-ray radiography imaging technique. 
Section 3 presents the X CT imaging technique. Section 4 presents the MRI technique. Section 5 
presents the Ultrasonography imaging technique. Section 6 presents the Elastography imaging 
technique. Section 7 presents the optical imaging technique. Section 8 presents the Radionuclide 
imaging technique. Section 9 presents the thermography imaging technique. Section 10 presents 
the Terahertz imaging technique. Section 11 presents a comparison between MITs. Finally, 
section 12 gives the concluding remarks. 
 

2. X-Ray Radiography 
 
    Radiography is a diagnostic technique that used the ionizing electromagnet radiation, such as 
X-ray to view objects. X-ray is a high energy electromagnetic radiation that can penetrate solids 
and ionize gas; it has a wavelength between 0.01 and 10 manometers. For medical imaging [6 - 9], 
X-ray passes through the body, they are absorbed or attenuated at differing levels, according to 
the density and atomic number of the different tissues, creating a profile. The X-ray profile is 
registered on a detector creating an image as shown in figure 2-a. The construction of the X-ray 
tube that used for medical imaging is shown in figure 2-b. Electrons are emitted by the filament 
wire when it is heated by an electric current. A rotating metal anode attracted the electrons 
providing an alternating current in the filament wire. The area of the anode from which X-ray are 
emitted is referred to as the focal spot. The used photon energies range from 17- 150 KeV, the 
choice for a particular application or tissue probed being a trade-off between acceptable radiation 
dose and achievable image contrast. Figure 3 shows some examples of X-ray images. 
 

2.1  X-Ray Radiography Benefits 
 

• Noninvasive, quick, and painless. 
• Support medical and surgical treatment planning. 
• Guide medical personnel as they insert catheters or stents  inside the body to treat tumors, 

or remove blood clots. 
 



 
40                      H. Kasban et. al./ International Journal of Information Science and Intelligent System          (2015) 
 

  

(a) X-ray imaging concept 
 

(b) Rotating X-ray tube 

Figure 2. X-ray radiographic medical imaging 
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Knee 

Figure 3. Examples of X-ray images 
 

2.2 X-Ray Radiography Risks 
 

• Exposure to ionizing radiation, this increase the possibility of developing cancer later 
in life.  

• Tissue effects such as cataracts, skin reddening, and hair loss, which occur at relatively 
high levels of radiation exposure. 

 
2.3. X-Ray Radiography Medical Applications 
 

• X-ray radiography is used in many types of examinations such as; chiropractic, dental. 
• Fluoroscopy radiographs used for showing the movement of organs, such as the 

stomach, intestine, and colon, in the body, also can be used for studding the blood 
vessels of the heart and the brain. 

• Projectional radiographs used for determining the type and extent of a fracture, also 
used for detecting pathological changes in the lungs,  and used for visualizing the 
structure of the stomach and intestines.  

• Mammography used for diagnosing and screening of the breast tissue. 
• Bone Densitometry used for measures bone mineral content and density. 
• Arthrography used for seeing inside the joint. 
• Hysterosalpingogram used for examining of the uterus and Fallopian tubes. 
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3. X-Ray Computed Tomography 
 
    Computed Tomography (CT) [10, 12] is a diagnostic technology that combines X-ray 
equipment with a computer and a cathode ray tube display to produce images of cross sections of 
the human body. The Radiographic film is replaced by a detector which measures the X-ray 
profile. Inside the CT scanner, there is a rotating frame that has an X-ray tube mounted on one 
side and the detector mounted on the opposite side. A beam of X-ray is generated as a rotating 
frame spins the X-ray tube and detector around the patient as shown in figure (4). Each time the 
X-ray tube and detector make one complete rotation, an image or slice is acquired. As the X-ray 
tube and detector make this rotation, the detector takes numerous profiles of the attenuated X-ray 
beam. Each profile is reconstructed by the computer into a 2D image of the slice that was scanned. 
3D CT can be obtained using spiral CT [13], spiral CT acquires a volume of data with the patient 
anatomy all in one position. This volume data set can then be computer reconstructed to provide 
three dimensional (3D) images of complex structures. The resulting 3D CT images help in 
visualization of the tumor masses in three dimensions. Recently, four dimensional (4D) CT has 
been introduced to overcome problems imposed by respiratory movements. 4D CT generates both 
spatial and temporal information on organ mobility. Some examples of CT scans are shown in 
figure 5. 

                      
(a) CT scanner                                              (b) CT fan beam 

Figure 4. X-ray CT imaging 
 

                    
 

                      2D CT                                        3D CT                                    4D CT 
 

Figure 5. Example of CT scan 
 

3.1  CT Benefits 
  

• Non invasive, quick, and painless. 
• Good spatial resolution. 
• Global view of veins. 
• Distinguished by small differences in physical density.  
• Avoids invasive insertion of an arterial catheter and guidewire. 
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3.2  CT Risks  

• Exposure to ionizing radiation, this increase the possibility of developing cancer later in 
life.  

• No real time information. 
• Cannot detect intra-luminal abnormalities. 
• Cannot be performed without contrast (allergy, toxicity). 
• Less contrast resolution where soft tissue contrast is low. 

 
3.3  CT Medical Applications 
 

• Examining many parts of human body such as; brain, sinus, facial bones, dental, spines, 
cervical, hands, wrist, elbow, shoulder, hip, knee, ankle  foot, renal tract. 

• Diagnosing disease, trauma and abnormality. 
• Planning and guiding the interventional or therapeutic procedures. 
• Monitoring the effectiveness of therapy (cancer treatment). 

 

4. Magnetic Resonance Imaging (MRI) 
 
       MRI is a diagnostic technology that uses magnetic and radio frequency fields to image the 
body tissues and monitor body chemistry [14-16]. The MRI used for visualizing morphological 
alterations rests on its ability to detect changes in proton density and magnetic spin relaxation 
times, which are characteristic of the environment presented by the diseased tissue. The MR 
scanner consists of three main components; a main magnet, a magnetic field gradient system, and 
a Radio Frequency (RF) system as shown in figure 6-a. The main magnet is a permanent magnet 
generates a magnetic field. The magnetic field gradient system normally consists of three 
orthogonal gradient coils, essential for signal localization. The RF system consists of a 
transmitter coil that is capable of generating a rotating magnetic field, for exciting a spin system, 
and a receiver coil that converts a precessing magnetization into an electrical signals as shown in 
figure 6-b. The signals are measured by the MR scanner and digital computer reconstructs these 
signals into images. Examples of MRI images are shown in figures 7- a, b. Recently, a new 
procedure that uses MRI to measure the tiny metabolic changes that take place in an active part of 
the brain called functional magnetic resonance imaging (fMRI) is designed [17-24]. Example of 
fMRI image is shown in figure 7-c. 
 
4.1  MRI Benefits  
 

• Noninvasive and painless. 
• Without ionizing radiation. 
• High spatial resolution.  
• Operator independent. 
• Easy to blind and ability to measure flow and velocity with advanced technique. 
• Can be performed without contrast (pregnancy allergy). 
• Good soft tissue contrast. 

 
4.2 MRI Risks  
 

• Relatively low sensitivity. 
• Long scan and post processing time. 
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• Mass quantity of the probe may be needed. 
• No real time information. 
• Cannot detect intra-luminal abnormalities. 
• Can make some people feel claustrophobic. 
• Sedation may be required for young children who can’t remain still. 
• Relatively expensive. 

  

 
 

(a) MR scanner drawing            (b) MRI machine 
Figure 6. MRI system 

 

   
(a)  MRI (b)  MRI (brain) (c)  fMRI (brain) 

 
Figure 7. Example of MRI images 

 
4.3 MRI Medical Applications 
 

• Examining the abnormalities of the brain and spinal cord. 
• Examining the tumors, cysts, and other abnormalities in various parts of the body. 
• Examining the injuries or abnormalities of the joints. 
• Examining the diseases of the liver and other abdominal organs. 
• Knowing causes of pelvic pain in women. 
• Finding the unhealthy tissue in the body.  
• Planning the surgery. 
• Providing a global view of collateral veins. 
• Providing a global view of intra and extra cranial. 
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5. Ultrasonography 
 
    Ultrasonography is a diagnostic technology that uses high frequency broadband sound waves 
in the megahertz range that are reflected by tissue to varying degrees to produce medical images 
[25-28]. The ultrasound transducer is placed against the skin of the patient near the region of 
interest. The transducer produces a stream of high frequency sound waves that penetrate into the 
body and reflect from the organs inside. The transducer detects sound waves as they echo back 
from the internal structures of the organs. Different tissues reflect these sound waves differently 
resulting a signature that can be measured and transformed into an image. These waves are 
received by the ultrasound machine and turned into live pictures. The real time moving image 
obtained can be used to guide drainage and biopsy procedures. Doppler capabilities of the recent 
scanners allow the blood flow in arteries and veins to be assessed. Figure  8  shows three types of 
ultrasound machines and figure  9  shows some examples of ultrasound images. 
 

 
 

Figure 8. Ultrasound machines 
 

 
 

Figure 9. Examples of ultrasound images 

5.1 Ultrasonography Benefits  
 

• Noninvasive and painless. 
• Without using ionizing radiation. 
• High resolution.  
• Real time information.  
• Sensitive to detect flow changes, intra and extra luminal abnormalities. 
• Ability to measure velocity. 
• Possible control of respiratory phases. 
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5.2 Ultrasonography Risks  
 

• No standardized guidelines.  
• Operator dependent. 
• Time consuming. 
• Blinding procedures are challenging. 
• Cannot perform global view of the veins. 
• Influenced by hydration status. 

 

5.3 Ultrasonography Medical Applications 
 

• Checking the development of the fetus during pregnancy. 
• Imaging most structures of the head and neck, including the thyroid and parathyroid 

glands, lymph nodes, and salivary glands. 
• Imaging the solid organs of the abdomen such as; the pancreas, aorta, inferior vena cava, 

liver, gall bladder, bile ducts, kidneys, and spleen. 
• Guiding the injecting of needles when placing local anesthetic solutions near nerves. 
• Echocardiography used for diagnosing the heart and function of heart ventricles and 

valves. 
 

6.  Elastography 
 
       Elastography is a non-invasive medical imaging technique that detects the biological tissues 
based on their stiffness (elasticity) compared to normal tissue [29, 30]. Elastography imaging may 
be ultrasound elasticity imaging, magnetic resonance elasticity imaging, optical elasticity imaging 
or tactile imaging. Ultrasound Elastography was the first technology to perform Elastography and 
is widely studied in clinical diagnostic applications to image the biomechanical properties of soft 
tissues [31-34]. MR Elastography measures the mechanical properties of soft tissues by 
introducing shear waves and imaging their propagation using MRI [35-39]. MR Elastography 
works using the gradient waveform in the pulse sequence to sensitize the MRI scan to shear 
waves in the tissue. The shear waves are generated by the electromechanical transducer on the 
surface of the skin. The mechanical excitation and the motion sensitizing gradient are at the same 
frequency. Optical Elastography is performed using of optical coherence tomography to perform 
Elastography [40-43]. To make optical coherence elastography on human subjects feasible, an 
annular piezoelectric loading transducer is designed, through it a simultaneous image can be 
obtained [44]. Tactile imaging [45, 46] is a medical imaging modality that translates the sense of 
touch into a digital image. The tactile image is a function of the pressure on the soft tissue surface 
under applied deformation. Tactile imaging closely mimics manual palpation, since the probe of 
the device with a pressure sensor array mounted on its face acts similar to human fingers during 
the examination, slightly deforming soft tissue by a probe and detecting resulting changes in the 
pressure pattern. 
  
6.1. Elastography Benefits  
 

• Noninvasive and non-ionizing radiation 
• Results are obtained immediately. 
• High precision 2D time shift based strain estimation techniques. 
• High frame rate to obtain a detailed map of the transmural strain in normal. 
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6.2. Elastography Risks 
  

• By increasing the applied pressure, the Elastography is influenced by both Elastography 
images as well as elasticity score this may lead to wrong diagnosis.  

• Suffering from medical conditions that cause stiffness in tissues affected by abnormal 
growths. 

• Low resolution. 
 

6.3 Elastography Medical Applications 
 

• Detecting and evaluating liver disease, particularly cirrhosis. 
• Investigations of the soft tissues. 
• Measuring the mechanical response of the cardiac muscle at the various phases of the 

cardiac cycle.  
• MR Elastography used for examining changes in material properties of muscle associated 

with aging.  
• MR Elastography used for diagnosing breast cancer. 
• Ultrasound Elastography used for determining the muscle material properties. 
• Ultrasound Elastography used for determining the stiffness of the plantar fascia. 
• Tactile imaging used for imaging of the prostate, breast, vagina and pelvic floor support 

structures, and myofascial trigger points in muscles. 
 

7. Optical Imaging 
 
     Optical imaging is a noninvasive technology that uses the light to show the cellular and 
molecular function in the living body. Optical imaging considered as a powerful tool for probing 
in deep tissues, where light propagates in a diffuse manner [47, 48]. The information is ultimately 
derived from tissue composition and biomolecular processes. Contrast is derived either from the 
use of exogenous agents that provide signal or from endogenous molecules with optical 
signatures. The light propagates in a diffuse manner. The interaction of light with different tissue 
components enables the visualization of tissue abnormalities or pathologic processes [49]. Optical 
imaging system that used commercially for breast cancer examination system is shown in figure 
10-a, and an example of the captured image is shown in figure 10-b.   
 

        
(a) Breast tumor imaging                                           (b) Capture image 

 

Figure 10. Optical imaging system [50] 
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7.1. Optical Imaging Benefits  
 

• Noninvasive. 
• Non-ionizing radiation. 
• The tumor characteristics can be imaged while the patient is lying in a prone position, and 

there is reasonably good coverage of most of the breast.  
• Longitudinal measurements can be made over a period of time.  
• Potential to differentiate between soft tissues, due to their different absorption or scatter. 
• Specific absorption by natural chromophores allows functional information to be obtained.  

 

7.2 Optical Imaging Risks 
  

• Low spatial resolution due to the diffusive nature of light propagation in breast tissue.  
• Sensitive to water blood concentration, blood oxygenation and lipid concentration in 

breast tissue. 
 

7.3. Optical Imaging Medical Applications 
 

• Probing hemodynamics [51].  
• Detecting tumors [52]. 
• Providing functional imaging of the brain [53].  
• Scanning the breast cancer. 
• Scanning the bone health. 
• Scanning the teeth, gums and jaws.  

 

8. Radionuclide Imaging 
 
        Radionuclide imaging or nuclear medicine is a diagnostic technology that uses small 
amounts of radioactive material to produce images of internal body. Small amounts of low level 
radioactive isotopes are given as an injection or by mouth. These isotopes are attracted to specific 
organs, bones or tissues, which absorb the radioactive material. Once an organ or tissue has 
absorbed the radioactive material, it produces emissions, which can be detected by special 
radiation detectors. The scanner works with a computer to convert the emissions into an image. 
Radionuclide imaging includes three techniques; planner Scintigraphy [54-57], SPECT [57-62] 
and PET [62-64], a comparison between these techniques is shown in table 1. 
 
   Planner Scintigraphy uses a certain organs to accumulate either for a short time or permanently, 
some radioactive substances after they have been administered to a patient by mouth or by 
injection. Radioisotope such as Tc99m used within 2 hours and no later than 6 hours after 
preparation. The recommended dose of Tc99m is 20 to 25 millicurie [65]. Hydration of the patient 
before imaging is useful; it is suggested that the patient drink 4 to 6 glasses of water between the 
injection of the isotope and imaging. The time of imaging depends on age; in patients younger 
than 20 years, imaging is done 2 hours after injection, and in older patients, a 3 to 4 hour delay is 
recommended to provide better image quality. The pattern of their distribution allows some 
diagnostically useful conclusions to be drawn as to the size of the organ and its normal or 
abnormal position within the body. Figure 11-a show the basis of planner scintigraphy, and an 
example of the captured image is shown in figure 11-b.   
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Table 1. Comparison between radionuclide imaging techniques 
 

 Planar Scintigraphy SPECT PET 
Source Radioisotope generates 

gammay decay, which 
generates one photon in 
a random direction at a 
time. 

Radioisotope generates 
gammay decay. 
 

Radioisotope generates 
positron decay. 
 

Methodology Similar to X-ray, but 
uses emitted gamma 
rays from the patient, 
the photons captured in 
one direction only, 

Similar to X-ray CT, 
the photons captured in 
multiple directions,  
 

Capture projections on 
multiple directions. 
Positron decay produces two 
photons in two opposite 
directions at a time. 

Detector Anger scintillation 
camera 

Rotating anger camera 
to obtain projection 
data from multiple 
angles. 

Special coincidence detection 
circuitry to detect two 
photons in opposite 
directions simultaneously. 

      

     
 

                     (a) Basic principles                                      (b) Captured image 
 

Figure 11. Planner scintigraphy 
 
Single Photon Emission Computed Tomography (SPECT) is an imaging technique that relies on 
drugs that are labelled with atoms that emit at least one gamma ray when they decay. Since 
gamma rays are normally emitted equally in every direction, it is necessary to use a collimator in 
front of the detector that allows only the gamma rays emitted in the direction of the detector to be 
registered. In this way, the collimator defines the direction of the radiation when it is detected. By 
moving the detector completely around the patient, a 360º image is obtained. Mathematical 
methods are used to trace the emitted gamma rays back in the direction that they were emitted in 
order to produce the image. Figure 12-a show the basis of SPECT, and an example of the 
captured image is shown in figure 12-b.   
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       (a) Basic principles                                (b) SPECT brain image 

 
Figure 12. SPECT 

 
      PET is a very similar technique to SPECT in that they both provide information about the 
metabolism of a disease. Isotopes used in PET imaging are decayed by positron emission. The 
emitted positron travels only a minimal distance before it undergoes an annihilation reaction with 
the production of two photons that travel in opposite directions to one another. Localization of the 
annihilation event is achieved by placing two detectors on opposite sides of the patient. When the 
photons are detected at the same time, the position of the emitted positron can be traced back with 
a straight as shown in figure 13-a. An example of capture image using PET is shown in figure 13-
b. 
 

                        
 

          (a) Physical principles                                       (b) PET brain image 
 

Figure 13. PET 
 
       Recently, image fusion has been used for combining PET images with CT images or with 
MRI images to produce special views for capturing the information from the two different exams 
to be correlated and interpreted on one image. This gives more precise information and accurate 
diagnoses. Commercially there are three combinations; SPECT/CT [56, 66-68], PET/CT [69-71] 
and PET/MRI [72-74]. 
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8.1. Radionuclide Imaging Benefits  
 

• Provides functional information that is often highly accurate and specific. 
• Provides a global view of the system of interest. 
• Good tissue specific contrast.  
• Can check how far a cancer has spread and how well the treatment is working. 

 

8.2.  Radionuclide Imaging Risks  
 

• Use ionizing radiation and makes the patient radioactive for a variable period of time. 
• Relatively low spatial resolution. 
• High cost (equipment and isotope production). 
• Extra care required in handling radioactive materials. 
• May cause some people to feel claustrophobic, which may mean sedation is required. 

 
8.3  Radionuclide Imaging Medical Applications 
 

• Diagnosing the cancers (breast, cervical, colorectal, esophageal, head and neck, lung, 
lymphoma, melanoma, pancreatic, thyroid and others). 

• Evaluating the potential effectiveness of therapy. 
• Diagnosing the cardiovascular disease. 
• Diagnosing the Alzheimer’s disease, Parkinson's disease, dementia, epilepsy and other 

neurological diseases.  
 

9. Infrared Thermography 
 
        Thermography is a diagnostic technology that uses infrared to maps the physiological 
processes of the body. It is based on the measurement of the skin's surface temperature, where the 
temperature is dependent on the blood circulation in the outer millimeters of the skin. Infrared 
medical thermography is sensitive to detect slight, dynamic temperature changes (0,05°C) on the 
surface of the skin [75]. Clinical thermography [76, 77] is the recording of temperature to form an 
image (thermogram) of the temperature distribution on the surface of the body. An infrared 
thermography imaging system that used commercially is shown in figure 14-a. Figure 14-b show 
an example of an infrared image.  
 

 
 

(a) Infrared thermography 
 

 

(b) Infrared image imaging system 

Figure 14. Infrared thermography imaging 
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9.1 Thermography Imaging Benefits  
 

• Noninvasive.  
• Non-ionizing radiation. 
• Low cost. 
• Uniquely suited to observing dynamic physiological changes in the body. 
• Able to identify connections and causes of pain and disease at a very early stage. 
• Low processing time, a single image may contain several thousands of temperature points, 

recorded in a fraction of a second. 
 

9.2 Thermography Imaging Risks  
 

• Limited as a primary (stand-alone) breast cancer diagnostic [78, 79]. 
• By increasing temperature breast cancer cells produce nitric oxide, this oxide interferes 

with the nervous system control of breast tissue blood vessel flow by causing regional 
vasodilation in the early stages of cancerous cell growth, and enhancing new blood vessel 
formation in later stages [80].  

• Poor spatial resolution  
• Poor calibration systems. 

 
9.3 Thermography Medical Applications 
 

• Determining the areas of the body that have inflammation. 
• Breast imaging thermography offers women information that no other procedure can 

provide, but breast thermography is not a replacement for or alternative to mammography 
or any other form of breast imaging. 
 

10. Terahertz Imaging 
 
     Terahertz (THz) radiation is defined as the submillimeter (1 mm - 0.1 mm) electromagnetic 
spectrum with frequencies between 300 GHz and 3 THz, and is a relatively new and expanding 
area that promises unique imaging capability. Due to the high absorption of THz electromagnetic 
radiation in the water, reflective THz imaging has distinct advantages over earlier transmission-
based systems. A commercial THz medical probe that used in particular is shown in figure 15-a. 
In THz imaging, the probe beam interacts with the sample, and the detection signal is obtained by 
combining the probe laser with the THz radiation. The image of the subject can be built up due to 
the selective absorption of the THz radiation. The detector receives the signals and by scanning 
the sample an image can be formed [81, 82]. Figure 15-b show an example of rough surface 
scattering from porcine skin.  
 
10.1. Terahertz Imaging Benefits 
  

• Safe and nonionising radiation. 
• Uniquely sensitive to the vibration modes of water. 
• THz radiation can penetrate many materials due to the long wavelength of the THz 

photons. 
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(a) THz medical probe                    (b) THz image 
 

Figure 15. THz imaging 
 

10.2. Terahertz Imaging Risks  
 

• THz detectors were characterized by poor signal-to-noise ratio and slow processing.  
• The emitters produce only incoherent and low-brightness THz radiation [81]. 
• THz sources require cryogenic operating temperatures [83].  
• Low contrast between healthy and pathological tissues. 
• Poor source performance [84]. 

 
10.3. Terahertz Imaging Medical Applications 
 

• Detecting the cancers (skin, breast and colon) [85]. 
• Imaging the tooth crown.  
• Used in medical imaging experiments on different in-vitro and some in-vivo biological 

tissues and has shown promising results in differentiating certain features in those tissues 
[86]. 

• Detecting certain polar molecules due to these molecules’ fingerprint in the Terahertz 
range of frequencies tissues [86]. 

 

11. Comparisons Between Medical Imaging Techniques 
 
        The medical applications can be compared in terms of 3 concepts; the first concept is the 
image quality that can be represented by the spatial resolution and better contrast. The spatial 
resolution refers to the spatial extent of small objects within the image. Noise refers to the 
precision with which the signal is received. The contrast refers to the difference in brightness or 
darkness in the image between an area of interest and its surrounding background. The second 
concept is the system available that can be represented by the system cost and the availability of 
real time information. The third concept is the safety that can be represented by the effect of 
ionizing radiation on the patient, and the effect of heating on the body. The comparison between 
the different MITs is summarized in table 2.  
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Table 2. A Comparison between the different MITs 
 

Imaging 
Technique 

Image quality System availability Safety 

Spatial 
resolution 

Good 
contrast Cost Real time 

information

Ionising 
radiation 

effect 

Heating 
effect 

Radiography 1 mm Soft tissues
and fluid Medium No Yes Low 

CT 0.5 mm Hard and 
soft tissue High No Yes Low 

MRI 0.5 mm Hard and 
soft tissue High No No Medium

Ultrasonography 1 mm Soft tissues Low Yes No Negligible

Elastography 200 µm Soft tissues Medium Yes No Low 

Optical 100 nm Soft tissues Low No No Medium

Radionuclide 3 mm Soft tissues High No Yes Medium

Thermography 15 µm Soft tissues Low No No High 

Terahertz 40 µm Soft tissues High No No High 
 

12. Conclusions 
 

    The paper presented a comparative study between the different medical imaging techniques, 
the concepts, benefits, risks and applications of these techniques has been presented with details. 
The concerning techniques are; X-ray radiography, X-ray CT, MRI, ultrasonography, 
elastography, optical imaging, radionuclide imaging includes (Scintigraphy, PET and SPECT, 
thermography, and terahertz imaging. A comparison between these techniques from point of view, 
image quality (spatial resolution and contrast), safety (effect of ionizing radiation, and heating 
effect of radiation on the body), and system availability (real time information, and cost) has been 
presented. The discussions show, nothing of these techniques can be individual reliable in all 
medical applications.   
 

References 
 
[1] S.  Angenent, E. Pichon and A. Tannenbaum, “Mathematical Methods in Medical Image 

Processing”, Bulletin of the American Mathematical Society, vol. 43, pp. 365-396, 2006. 
[2] C. A. Roobottom, G. Mitchell and G. M. Hughes, "Radiation-Reduction Strategies in 

Cardiac Computed Tomographic Angiography", Clinical Radiology, vol. 65, no. 11, pp. 
859-867, 2010.  

[3] G. N. Hounsfield, “Computerised Transverse Axial Scanning (Tomography): Part 1. 
Description of System”, British Journal of Radiology, vol. 46, pp. 1016-1022, 1973. 



 
54                      H. Kasban et. al./ International Journal of Information Science and Intelligent System          (2015) 
 
[4] J. Ophir, I. Cespedes, H. Ponnekanti, Y. Yazdi and X. Li, “Elastography: A Quantitative 

Method for Imaging the Elasticity of Biological tissues”, Ultrason Imaging, vol. 13, no.2, 
pp.111-134, 1991. 

[5] B. B. Hu and M. C. Nuss, “Imaging with Terahertz Waves”, Optics Letters, vol. 20, no. 
16, pp. 1716-1718, 1995. 

[6] J. Anthony Seibert and John M. Boone, “X-Ray Imaging Physics for Nuclear Medicine 
Technologists  Part 2: X-Ray Interactions and Image Formation”, Journal of Nuclear 
Medicine Technology, vol. 33, no. 1, pp. 3-18, 2005. 

[7] M. Spahn, “X-ray Detectors in Medical Imaging”, Nuclear Instruments and Methods in 
Physics Research Section A, vol. 731, pp. 57–6311, 2013. 

[8] E. L. Ritman, “Medical X-Ray Imaging, Current Status and Some Future Challenges”, 
JCPDS, International Centre for Diffraction Data, 2006. 

[9] R. L. Van Metter, “Handbook of Medical Imaging”, Physics and Psychophysics, SPIE, 
2000. 

[10] T. Claesson, “A Medical Imaging Demonstrator of Computed Tomography and Bone 
Mineral Densitometry”, Master Thesis, Department of Physics, Royal Institute of 
Technology, Stockholm, Sweden, 2001. 

[11] H. P. Hiriyannaiah and C. A. Cupertino, “X-ray Computed Tomography for Medical 
Imaging ”, IEEE Signal Processing Magazine, vol. 14, no. 2, pp. 42 - 59, 1997. 

[12] J. Xu and B.M.W. Tsui, “Quantifying the Importance of the Statistical Assumption in 
Statistical X-ray CT Image Reconstruction”, IEEE Transactions on Medical Imaging, vol. 
33, no. 1, pp. 61 – 73, 2014. 

[13] M. Jiang, G. Wang, M. W. Skinner, J. T. Rubinstein and M. W. Vannier, “ Blind 
Deblurring of Spiral CT Images”, IEEE Transactions on Medical Imaging, vol. 22, no. 7, 
pp. 837-845, 2003. 

[14] M. S. Atkins and B. T. Mackiewich, “Fully Automatic Segmentation of the Brain in MRI”, 
IEEE Transactions on Medical Imaging, vol. 17, no. 1, pp. 98-107, 1998. 

[15] E. G. Caiani, E. Toledo, P. MacEneaney, D. Bardo, S. Cerutti, R. M. Lang and V. Mor-
Avi, “Automated Interpretation of Regional Left Ventricular Wall Motion from Cardiac 
Magnetic Resonance Images”,  Journal of Cardiovascular Magnetic Resonance, vol. 8, 
pp. 427 - 433, 2006. 

[16] I. Mehmood, N. Ejaz, M. Sajjad and S. W. Baik, “Prioritization of Brain MRI Volumes 
Using Medical Image Perception Model And Tumor Region Segmentation”, Computers 
in Biology and Medicine, vol. 43, no. 10, pp. 1471-1483, 2013. 

[17] M. A. Lindquist, “The Statistical Analysis of fMRI Data”, Statistical Science, vol. 23, no. 
4, pp. 439 - 464, 2008. 

[18] S. C. Strother, “Evaluating fMRI Preprocessing Pipelines”, IEEE Engineering in 
Medicine and Biology Magazine, pp. 27-41, 2006. 

[19] B. Ng, R. Abugharbieh, X. Huang and M. J. McKeown, “Spatial Characterization of 
fMRI Activation Maps Using Invariant 3-D Moment Descriptors”, IEEE Transactions On 
Medical Imaging, vol. 28, no. 2, pp. 261-268, 2009. 

[20] T. Gautama, D. P. Mandic and M. M. Van Hulle, “Signal Nonlinearity in fMRI: A 
Comparison Between BOLD and MION”, IEEE Transactions on Medical Imaging, vol. 
22, no. 5, pp. 636 - 645, 2003. 

[21] M. Svensen, F. Kruggel and D. Y. Cramon, “Probabilistic Modeling Of Single-Trial fMRI 
Data”, IEEE Transactions on Medical Imaging, vol. 19,  no. 1, pp. 25 - 35, 2000.  



 
H. Kasban et. al. / International Journal of Information Science and Intelligent System                  (2015)              55 

 

 
 
 

[22] F. Y. Nan and R. D. Nowak, “Generalized Likelihood Ratio Detection for fMRI Using 
Complex Data”, IEEE Transactions on Medical Imaging, vol. 18,  no. 4, pp. 320 - 329, 
1999.  

[23] F. G. Meyer and J. Chinrungrueng, “Analysis of Event-Related fMRI Data Using Best 
Clustering Bases”, IEEE Transactions on Medical Imaging, vol. 22,  no. 8, pp.  933 - 939, 
2003.  

[24] S. Seshamani, X. Cheng, M. Fogtmann, M. E. Thomason and C. Studholme, “A Method 
for handling intensity inhomogenieties in fMRI sequences of moving anatomy of the early 
developing brain”, Medical Image Analysis, vol. 18, no. 2, pp. 285-300, 2014. 

[25] T. Deserno, L. Burtseva, I. Secrieru and O. Popcova, “CASAD – Computer Aided 
Sonography of Abdominal Diseases - the Concept of Joint Technique Impact”, Computer 
Science Journal of Moldova, vol. 17, no.3, pp. 278-297, 2009. 

[26] R. Ovland, “Coherent Plane-Wave Compounding in Medical Ultrasound Imaging”, 
Master thesis, Norwegian University of Science and Technology, 2012. 

[27] T. L. Szabo, “Diagnostic Ultrasound Imaging: Inside Out”, Elsevier Academic Press, 
2004. 

[28] P. Sahuquillo, J. I. Tembl, V. Parkhutik, J. F. Vázquez, I. Sastre and A. Lago, “The Study 
of Deep Brain Structures by Transcranial Duplex Sonography and Imaging Resonance 
Correlation”, Ultrasound in Medicine & Biology, vol. 39, no. 2, pp. 226-232, 2013. 

[29] S. Tyagi and S. Kumar, “Clinical Applications of Elastography: An Overview”, 
International Journal of Pharma and Bio Sciences, vol. 1, no. 3, 2010. 

[30] M. M. Doyley and K. J. Parker, “Elastography: General Principles and Clinical 
Applications”, Ultrasound Clinics, Vol. 9, No. 1, pp. 1-11, 2014. 

[31] J. Ophir, S. K. Alam, B. Garra, F. Kallel1, E. Konofagou, T. Krouskop and T. Varghes, 
“Elastography: Ultrasonic Estimation and Imaging of the Elastic Properties of Tissues”, 
Proceedings of the Institution of Mechanical Engineers, vol. 213, pp. 203-233, 1999. 

[32] A. Sarvazyan, T. J. Hall, M. W. Urban, M. Fatemi, S. R. Aglyamov and B. S. Garra, “An 
Overview of Elastography–An Emerging Branch of Medical Imaging”, Current Medical 
Imaging Reviews, vol. 7, pp. 255-282, 2011. 

[33] J. L. Gennisson, T. Deffieux, M. Fink and M. Tanter, “Ultrasound Elastography: 
Principles and techniques”, Diagnostic and Interventional Imaging, vol. 94, no. 5, pp. 
487-495,2013. 

[34] H. Rivaz, E. M. Boctor, M. A. Choti and G. D. Hager, “Ultrasound Elastography using 
Multiple Images”, Medical Image Analysis, vol. 18, no. 2, pp. 314-329, 2014. 

[35] M. Yin, J. A. Talwalker, K. J. Glaser, A. Manduca, R. Grimm, P. Rossman, J. L. Fidler 
and R. L. Ehman, "Assessment of Hepatic Fibrosis with Magnetic Resonance 
Elastography", Clinical Gastroenterology and Hepatology, vol. 5, no. 10, pp. 1207–1213, 
2007.  

[36] L. Huwart, C. Sempoux, E. Vicaut, N. Salameh, A. Laurence, E. Danse, F. Peeters, L. 
Beek, J. Rahier, R. Sinkus, Y. Horsmans and B. E. Beers, "Magnetic Resonance 
Elastography for the Noninvasive Staging Of Liver Fibrosis". Gastroenterology, vol. 135, 
no. 1, pp. 32–40, 2008.  

[37] P. Asbach, D. Klatt, B. Schlosser, M. Biermer, M. Muche, A. Rieger, C. Loddenkemper, 
et. al., "Viscoelasticity-based Staging of Hepatic Fibrosis with Multifrequency MR 
Elastography", Radiology, vol. 257, no. 1, pp. 80–86, 2010.  

[38] Y. K. Mariappan, K. J. Glaser and R. L. Ehman, "Magnetic Resonance Elastography: A 
Review", Clinical Anatomy, vol. 23, no. 5, pp. 497–511, 2010. 



 
56                      H. Kasban et. al./ International Journal of Information Science and Intelligent System          (2015) 
 
[39] C. Schmitt, E. Montagnon, A. H. Henni, Q. Shijie and G. Cloutier, “Shear Wave Induced 

Resonance Elastography of Venous Thrombi: A Proof-of-Concept”, IEEE Transactions 
on Medical Imaging, vol. 32, no. 3, pp. 565 – 577, 2013. 

[40] G. Schmitt, “OCT Elastography: Imaging Microscopic Deformation and Strain of Tissue”, 
Optical Express, vol. 3, no. 6, pp. 199-211, 1998.  

[41] D. Sampson, K. Kennedy, R. McLaughlin and B. Kennedy, “Optical Elastography Probes 
Mechanical Properties of Tissue at High Resolution”, Biomedical Optics & Medical 
Imaging, SPIE, 2013. 

[42] X. Pan, J. Gao, S. Tao, K. Liu, J. Bai and J. Luo, “A Two-Step Optical Flow Method For 
Strain Estimation In Elastography: Simulation And Phantom Study”, Ultrasonics, 2013. 

[43] B. F. Kennedy, K. M. Kennedy, D. D. Sampson, “A Review of Optical Coherence 
Elastography: Fundamentals, Techniques and Prospects”, IEEE Journal of Selected 
Topics in Quantum Electronics, vol. 20, no. 2, 2014. 

[44] B. F. Kennedy, T. R. Hillman, R. A. McLaughlin, B. C. Quirk and D. D. Sampson, “In 
Vivo Dynamic Optical Coherence Elastography Using A Ring Actuator”, Optical Express, 
vol.17, no. 24, pp. 21762-21772, 2009.  

[45] T. Hoshi, M. Takahashi, T. Iwamoto, and H. Shinoda, “Noncontact Tactile Display Based 
on Radiation Pressure of Airborne Ultrasound”, IEEE Transactions on Haptics, vol. 3, no. 
3, pp. 155-165, 2010. 

[46] M. I. Tiwana, S. J. Redmond and N. H. Lovell “A Review of Tactile Sensing 
Technologies With Applications in Biomedical Engineering”, Sensors and Actuators A: 
Physical, vol. 179, pp. 17-31, 2012. 

[47] A. Garofalakis, G. Zacharakis, H. Meyer, E. Economou, C. Mamalaki, J. Papamatheakis, 
D. Kioussis, V. Ntziachristos, and J. Ripollcts, “Three-Dimensional In Vivo Imaging of 
Green Fluorescent Protein–Expressing T Cells in Mice with Noncontact Fluorescence 
Molecular Tomography”, Molecular Imaging, Vol. 6, no. 2, pp. 96–107, 2007. 

[48] A. Saouli, K. Mansour, “Application of the Finite Elements Method in Optical Medical 
Imaging”, Mediterranean Microwave Symposium, pp. 117-121, Hammamet,  2011. 

[49] A. G. Yodh and B. Chance, “Spectroscopy and Imaging with Diffusing Light”, Physics 
Today, vol. 48, no. 3, pp. 34–40, 1995. 

[50] A. Corlu, R. Choe, T. Durduran, M. A. Rosen, M. Schweiger, S. R. Arridge, M. D. 
Schnall and A. G. Yodh, “Three-Dimensional In Vivo Fluorescence Diffuse Optical 
Tomography of Breast Cancer In Humans”, Optical Society of America, vol. 15, no. 11, 
pp.  6696-6716, 2007. 

[51] J. P. Culver, T. Durduran, D. Furuya, C. Cheung, J. H. Greenberg, and A. G. Yodh, 
“Diffuse Optical Tomography Of Cerebral Blood Flow, Oxygenation And Metabolism In 
Rat During Focal Ischemia”, Journal of Cereb Blood Flow, vol. 23, no. 8, pp. 911–924, 
2003. 

[52] V. Ntziachristos and B.Chance, “Probing physiology And Molecular Function Using 
Optical Imaging: Applications to Breast Cancer”, Breast Cancer Research, vol. 3 no. 1, 
pp. 41–46, 2001. 

[53] D. A. Benaron, S. R. Hintz, A. Villringer, D. Boas , A. Kleinschmidt, J. Frahm, C. Hirth, 
H. Obrig, J. C. van Houten, E. L. Kermit, W. F. Cheong and D. K. Stevenson, 
“Noninvasive Functional Imaging of Human Brain Using Light”, Journal of Cereb Blood 
Flow Metab, vol. 20, no. 3, pp. 469–477, 2000. 



 
H. Kasban et. al. / International Journal of Information Science and Intelligent System                  (2015)              57 

 

 
 
 

[54] S. Klutmann, K. H. Bohuslavizki, S. Kroger, C. Bleckmann, W. Brenner,  J. Mester and 
M. Clausen, “Quantitative Salivary Gland Scintigraphy”, Journal of Nuclear Medicine 
Technology, vol. 27, pp. 20-26, 1999. 

[55] Z. Lee, M. Ljungberg, R. F. Muzic and M. S. Berridge, “Usefulness and Pitfalls of Planar 
Scintigraphy for Measuring Aerosol Deposition in the Lungs: A Monte Carlo 
Investigation”, Journal of Nuclear Medicine, vol. 42, no. 7, pp. 1077-1083, 2001. 

[56] O. Kraft and M. Havel, “Sentinel Lymph Node Identification in Breast Cancer - 
Comparison of Planar Scintigraphy and SPECT/CT”, Open Nuclear Medicine Journal, 
vol. 4, pp. 5-13, 2012. 

[57] A. Larsson, “Corrections for Improved Quantitative Accuracy in SPECT and Planar 
Scintigraphic Imaging”, Print & Media, Sweden, 2005. 

[58] S. Kulkarni, “Image Quality in MAP SPECT Reconstructions”, PhD thesis, Electrical and 
Computer Engineering, Stony Brook University, 2009. 

[59] E. G. DePuey, “Advances in SPECT Camera Software and Hardware: Currently 
Available and New on the Horizon”, Journal of Nuclear Cardiology, vol. 19, no. 3, 
pp.551-581, 2012. 

[60] M. T. Madsen, “Recent Advances in SPECT Imaging”, Journal of Nuclear Medicine, vol. 
48, no. 4, pp. 661-673, 2007. 

[61] T. Marin, M. M. Kalayeh, F. M. Parages and J. G. Brankov, “Numerical Surrogates for 
Human Observers in Myocardial Motion Evaluation from SPECT Images”, IEEE 
Transactions on Medical Imaging, vol. 33, no. 1, pp. 38-47, 2014. 

[62] A. Rahmima and H. Zaidib, “PET versus SPECT: Strengths, Limitations and Challenges”, 
Nuclear Medicine Communications, vol. 29, no. 3, pp. 193-207, 2008. 

[63] H. A. Razak, N. Abdul Rahim and A. J. Nordin, “Dual Time Point Imaging of FDG 
PET/CT in a Tuberculous Spondylodiscitis”, Biomedical Imaging and Intervention 
Journal, vol. 6, no. 2, 2010. 

[64] B. Bendriem and D.W. Townsend, “The Theory and Practice of 3D PET”, Kluwer, 1998. 
[65] N. Nikpoor, “Scintigraphy of the Musculoskeletal System”, Library of Congress 

Cataloging-in-Publication Data, 2009. 
[66] H. A. Jacene, S. Goetze, H. Patel, R. L. Wahl and H. A. Ziessman, “Advantages of Hybrid 

SPECT/CT vs SPECT Alone”, Open Medical Imaging Journal, vol. 2, pp. 67-79, 2008.  
[67] International Atomic Energy Agency, “Clinical Applications of SPECT/CT: New Hybrid 

Nuclear Medicine Imaging System”, Vienna, Austria, 2008. 
[68] M. H. Carstensen, M. Al-Harbi, J. L.Urbain and T. Z. Belhocine, “SPECT/CT Imaging of 

the Lumbar Spine in Chronic Low Back Pain: A Case Report”, Chiropractic & Manual 
Therapies, vol. 19, no. 2, 2011.  

[69] O. Omur, Y. Baran, A. Ora and Y. Ceylan, “Fluorine-18 Fluorodeoxyglucose PET-CT for 
Extranodal Staging of non-Hodgkin and Hodgkin Lymphoma”, Journal of the Turkish 
Society of Radiology, 2013. 

[70] S. J. Straat, H. Jacobsson, M. E. Noz, B. Andreassen, I. Naslund and C. Jonsson, 
“Dynamic PET/CT Measurements of Induced Positron Activity in A Prostate Cancer 
Patient After 50-MV Photon Radiation Therapy”, EJNMMI Research, vol. 3, no. 6, 2013. 

[71] N. E. Makris, R. Boellaard, E. P. Visser, J. R. de Jong, B. Vanderlinden, R. Wierts, B. J. 
van der Veen, H. J. N. M. Greuter, D. J. Vugts, G. A. M. S. van Dongen, A. A. 
Lammertsma, and M. C. Huisman, “Multicenter Harmonization of 89Zr PET/CT 
Performance”, Journal of Nuclear Medicine, 2014. 



 
58                      H. Kasban et. al./ International Journal of Information Science and Intelligent System          (2015) 
 
[72] C. Catana, Y. Wu, M. S. Judenhofer, J. Qi, B. J. Pichler and S. R. Cherry, “Simultaneous 

Acquisition Of Multislice PET And MR Images: Initial Results With A MR-Compatible 
PET Scanner”, Journal of Nuclear Medicine, vol. 47, pp. 1968–1976, 2006. 

[73] M. S. Judenhofer, C. Catana, K. Swann, S. Siegel, W. Jung, R. Nutt, S. R. Cherry, C. D. 
Claussen and B. J. Pichler, “Simultaneous PET/MR Images, Acquired with a Compact 
MRI Compatible PET Detector in a 7 Tesla Magnet”, Magnetic Resonance in Medicine, 
vol. 65, no. 1, pp. 269-279, 2011. 

[74] B. J. Pichler, A. Kolb, T. Nagele, and H. P. Schlemmer,  “PET/MRI: Paving the Way for 
the Next Generation of Clinical Multimodality Imaging Applications”,  Journal of 
Nuclear Medicine, vol. 51, no. 3, pp. 333- 336, 2010. 

[75] J. Kerr, “Review of the Effectiveness of Infrared Thermal Imaging (Thermography) for 
Population Screening and Diagnostic Testing of Breast Cancer”, NZHTA Tech Brief 
Series, vol. 3, no. 3, 2004. 

[76] B. B. Lahiri, S. Bagavathiappan, T. Jayakumar and J. Philip, “Medical Applications of 
Infrared Thermography: A Review”, Infrared Physics & Technology, vol. 55, no. 4, pp. 
221–235, 2012. 

[77]  C. Hildebrandt, K. Zeilberger, E. F. J. Ring and C. Raschner, “The Application of 
Medical Infrared Thermography in Sports Medicine”, Chapter 14 in Book: An 
International Perspective on Topics in Sports Medicine and Sports Injury, 2012.  

[78] F. Arena, C. Barone and T. DiCicco, “Use of Digital Infrared Imaging in Enhanced Breast 
Cancer Detection and Monitoring of the Clinical Response to Treatment”, Proceedings of 
the 25th Annual International Conference of the IEEE Engineering in Medicine and 
Biology Society, vol. 2, pp. 1129-1132, 2003. 

[79] J. F. Head and R. L. Elliott, “Infrared Imaging: Making Progress in Fulfilling Its Medical 
Promise”, IEEE Engineering in Medicine & Biology Magazine, vol. 21, pp. 80-85, 2002. 

[80] M. Anbar, L. Milescu, A. Naumov, C. Brown, T. Button, C. Carty and K. Al Dulaimi, 
“Detection of Cancerous Breasts by Dynamic Area Telethermometry”, IEEE Engineering 
in Medicine & Biology Magazine, vol. 20, pp. 80-91, 2001. 

[81] E. Berry, G. C. Walker, A. J. Fitzgerald, N. N. Zinov'ev, M. Chamberlain, S. W. Smye, R. 
E. Miles and M. A. Smith “Do in vivo terahertz imaging systems comply with safety 
guidelines”, Journal of Laser Applications, Vol. 15, no. 3, pp. 192-198, 2003. 

[82] E.R. Mueller, “Terahertz Radiation: Applications and Sources”m Industrial Physicist, vol. 
9, no. 4, pp. 27–29, 2003. 

[83] C. Balocco, S. R. Kasjoo, X. Lu, Z. Linqing, Y. Alimi, S. Winnerl, P. Bao, Y. Luo, L. Kin 
and A. M. Song, “Novel Terahertz Nanodevices and Circuits”, IEEE International 
Conference on Solid-State and Integrated Circuit Technology, pp. 1176-1179, Shanghai, 
November 2010. 

[84] A. Stylianou and M. A. Talias, “Nanotechnology Supported THz Medical Imaging”, 
F1000 Research, 2013. 

[85] Z. D. Taylor, R. S. Singh, D. B. Bennett, P. Tewari, C. P. Kealey, N. Bajwa, M. O. Culjat, 
A. Stojadinovic, J. Hubschman, E. R. Brown, and W. S. Grundfest, “THz Medical 
Imaging: in vivo Hydration Sensing”, IEEE Transactions on Terahertz Science and 
Technology, vol. 1, no. 1, 2011. 

[86] B. Davoudi, “Comparative Study and Analysis of THz Pulse and Continuous-wave 
Imaging towards Medical Application” M. Sc. Thesis, University of Waterloo, 2009. 

View publication statsView publication stats

https://www.researchgate.net/publication/274634575

