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Abstract

The outcome of any treatment largely depends upon how appropriately the particular medical condition has been diagnosed. Earlier the projection radiography was the main imaging technique being utilised for radiodiagnosis of clinical conditions that would give the 2D images of a 3D structure and had narrow exposure latitude. However, with the advent of modern diagnostic techniques, such problems have been largely resolved. There are a number of imaging techniques like ultrasonography, computed tomography, nuclear medicine scintegraphy and magnetic resonance imaging that are currently available for clinical diagnosis, however, each with some beneficial and weak features. More than one technique may be used to compliment or supplement the findings of other techniques to arrive at a final diagnosis. The modern imaging diagnosis though well established in medical science is still in its infancy in veterinary practice due to heavy initial investment and maintenance costs, lack of expert interpretation, requirement of specialized technical staff and need of adjustable machines to accommodate the different range of animal sizes. The present review briefly gives an update of the development and present status of imaging techniques in veterinary medical diagnosis.
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Introduction

Imaging techniques in medical practice have contributed significantly to the progress of health care since the discovery of x-rays in 1895 (Otto, 1993; Peter, 1995). Medical imaging has gone way beyond the production of images and now has options to display, post-process, record, store, and also of transmission of images, and finally application of picture archiving and communication system (PACS). Thus, image production as earlier was the only option is now only one of many facets of advanced imaging technology (Doi, 2006). This brings together science and technology to create a visual recording of the interior body structures for biomedical research, clinical examination and medical preposition (Olsen et al., 2007). Imaging techniques help to establish a standard database of normal anatomical, physiological and functional parameters that could be used for clinical and research purpose (Thomas and Pickstone, 2007). In the clinical context, medical imaging is generally equated to clinical application of imaging techniques, which includes the x-ray diagnostics, magnetic resonance imaging (MRI), ultrasonography (USG) and endoscopy. X-ray diagnostics normally employ the ionising radiations (x-rays) including projection radiography, fluoroscopy, computed radiography, digital radiography and computed tomography. These x-ray diagnostic techniques differ from each other based on the mode of image acquisition and its storage.

Need for modern medical imaging systems

Several studies were carried out to determine the sufficiency of screen film images and low quality photo-flouroscopic diagnostic modalities in diagnosis of clinical abnormalities. It was observed that as high as 30% lesions were missed by radiologists and that too mainly by inter-observer variations (Garland, 1949 and 1959; Yerushalmy, 1955). To avoid such problems a need for highly precise and advanced imaging techniques was realised and thus modern diagnostic modalities that possess digitalized system came into existence. However, many other recent studies have reported that clinicians often miss different kinds of lesions even with modern diagnostic modalities like CT (Schmidt et al., 1994; Li et al., 2002, 2005a, Armato et al., 2002) and is comparable to the rates reported earlier (Garland 1949, 1959, Yerushalmy 1955), necessitating further advancement in clinical diagnostic imaging techniques. The problem of mis-diagnosis however, can be managed to a greater extent by utilising different imaging techniques that are complementary to each other. Many state of the art diagnostic imaging techniques have been popular in medical field for many years but veterinary practice has seen the development and introduction of new methods for diagnostic imaging only recently (Alkan, 1999; Tan, 2001; Braun, 2003; Kurt and Cihan, 2013). 

Table 1: Evolutionary history of diagnostic imaging techniques since last 50 years (Doi, 2006).

1950-60
Fluoroscopic image-intensiﬁer and gamma camera for radionuclide imaging

1960-70
Automated ﬁlm processor 
1970-80
Rare-earth screen–ﬁlm systems (advanced projection radiography), digital 
subtraction angiography, computed tomography (CT) and ultrasound 
1980-90
Computed radiography (CR), magnetic resonance imaging (MRI) and colour 
Doppler ultrasound 
1990-2000
Flat-panel detector (FPD) systems, magnetic resonance angiography (MRA), MRI 
(ultrafast), PET and tissue harmonic/contrast imaging

2000-till date
Real-time 3D ultrasound imaging used clinically, parallel MRI, PET/CT,



molecular imaging and PACS
X-ray diagnostics

Principle

The basic principle for all the x-ray diagnostics is the attenuation of x-rays after encountering any medium. X-rays are produced by bombarding a tungsten target with an electron beam within an x-ray tube (Bushberg et al., 2002). The difference in attenuation along the x-ray beam is responsible for the contrast on the radiographic image. X-rays after passing through the patient get attenuated depending upon the density and thickness of the part to be radiographed. More are the density and thickness of the body parts, greater would be the attenuation. The attenuated x-rays are then acquired and processed for the final image formation. The acquisition and final processing is what differs among the different x-ray diagnostics (Haus, 1996).
Projection radiography

Radiographic examination of the human body started in 1895 when WC Roentgen produced the first x-ray film image of his wife’s hand (Peter, 1995). Projection radiography utilizes a screen-film system kept into the film cassette that acts as the x-ray detector. X-rays while passing through the patient are being attenuated by interaction with body tissues (absorption and scatter). Attenuated X-rays transmitted through the patient bombard a fluorescent particle–coated screen within the film cassette, thus, causing a photochemical interaction that emits light rays, which expose photographic film within the cassette and produce an image pattern. The film is removed from the cassette and is developed by film processor chemicals. The final product is an x-ray image of the patient’s anatomy on a film (Singh, 1994). The developed film has 2D of several tissues superimposed on each other. Plain radiography has a poor detail of soft tissues, however, several contrast radiographic techniques have been developed to enhance the details of soft tissues during radiography.

Fluoroscopy

Upon projection radiography a particular specific part is being imaged without any information related to the motion. Fluoroscopy in contrast to projection radiography give real-time images of internal body structures by employing a constant input of x-rays but at a lower dose rate compared to that of the conventional radiography. The image of the part that is obtained under fluoroscopy is visible on fluorescent screens. Earlier the main problem with fluoroscopy was a very weak image that could not be stored. However, the development of image intensifier has helped to get better image that can be stored. An image intensifier converts the attenuated radiation into an image. Image intensifier is a large vacuum tube bearing two ends one receiving end (coated with caesium iodide), and the other one a TV camera (Deutschberger, 1955; Rosenbusch et al., 1994). However, the main drawback that limits its utilisation as diagnostic modality is its potential radiation hazard (Shope, 1996). 
Digital radiography

Digital radiography is an x-ray imaging system which differs from the traditional projection radiography in having digital x-ray detectors instead of photographic film (Widmer, 2008). The main advantage associated with the digital detectors is that the PACS can be fully implemented, images can be stored digitally and are available at anytime and anywhere. 

Historical milestones
Table 2: Developmental history of digital radiography 

	Development
	References

	Digital subtraction angiography
	Kruger et al. (1977)

	Computed radiography (CR), storage phosphors
	Ovit et al. (1980)

	Cassette-based storage-phosphor image plates for clinical digital recording 
	Moore (1980)

	Selenium drum DR
	Neitzel et al. (1994)

	Amorphous silicon–cesium iodide (scintillator)

flat-panel detector
	Antonuk et al. (1995)

	Selenium-based flat-panel detector
	Zhao and Rowlands (1995)

	Gadolinium-based (scintillator) flat-panel detector
	Kandarakis et al. (1997)

	Gadolinium-based (scintillator) portable flat-panel detector
	Puig (2001)

	Fluoroscopy using dynamic flat-panel detector – digital subtraction angiography
	Choquette et al. (2001); Colbeth et al. (2001)


Basics of Digital Imaging

There are two types of formats that contain information viz. analog and digital formats. Most of the modern diagnostic imaging techniques like Digital radiography, Nuclear medicine, CT, MRI and Ultrasound acquire information in the form of analog or signal format. However, there are some drawbacks with this format eg. electronic noise that can distort signal and thus there is a need to convert electrical information into digital numbers as computer understands only digital numbers. So it is required to convert the image into digital, which is brought about by an analog to digital convertor (ADC). This conversion of analog signal into digital one is done in the form of binary system under which computers operate. During this conversion, however, some information loss may occur due to quantization and sampling. Quantization loss results due to continuous nature of analog signal while digital image has finite limit, thus digital image represents the rounded-off form of analog signal, though, in medical imaging these information losses are very minute (Jimenez et al., 2008).

The physical principals of digital radiography (DR) do not differ from conventional projection radiography (screen-film radiography). In DR all the conventional X-ray equipments like X-ray machine, table, grid, etc., are same. However, conventional radiography has film which serves both detector as well as storage device while in DR image is generated by digital detectors which is then is stored in digital medium (Widmer, 2008). In general, digital radiography is divided into computed radiography (CR) and direct digital radiography (DDR) (Chotas, 1999; Kotter and Langer, 2002; Mattoon and Smith, 2004; Shepard, 2006). One more digital imaging system i.e., charged coupled devices (CCD) are available which are considered with DDR hardware as image is directly sent to a computer. The main difference that exists between CR and DDR involves image acquisition and not the final result (Widmer, 2008). 

Computed radiography (CR)

CR system bears an image plate (IP), IP reader, an analog to digital converter (ADC), and a computer that process the image (Mattoon and Smith, 2004; Roberts and Graham, 2001; Pizzutiello and Cullinan, 1993). CR begins with the standard x-ray exposure of the patient to acquire the image. is the attenuated x-rays are captured with flexible image plates that contain photosensitive phosphors (containing halogens and activators) (Rowlands, 2002). Commonly used halogen in IP is barium fluorohalide which is doped with activator europium. When an image plate is exposed to X-rays, a latent image is captured together by fluorohalide crystals and activator (Roberts and Graham, 2001). The CR latent image usually dacays very fast as compared with a conventional film–screen system. It may be stable only for minutes to days depending on the type of phosphor used (Rowlands, 2002; Roberts and Graham, 2001; Pizzutiello and Cullinan, 1993). IP reader that processes the latent image consists of laser, optical scanner, photomultiplier tube, and motorized platform which produce visible light (Pizzutiello and Cullinan, 1993). The visible light is then acquired by an optical system coupled to a photomultiplier tube. The tube generates the electrical signals corresponding to the visisble light intensities (Roberts and Graham, 2001; Pizzutiello and Cullinan, 1993). The data in all the above mentioned procedures are in the form of analog system.

The analog signals are generated are first amplified and then passed through ADC where each analog signal is given a binary number corresponding to brightness (degree of attenuation) of each pixel. Brighter shade of the structures represents more X-ray attenuation and vice versa for less attenuation. The image processing steps now onwards are entirely digital and require computer softwares. These softwares manipulate the data, create histogram and identify gray scale for each pixel. Raw data image is adjusted for proper exposure of the image plate. Digital imaging software has the property of enhancing the image contrast and is done by look up table (LUT). LUT is a data that has preset pixel values and can be substituted for raw image data to increase the difference between the anatomic structures. Specific body regions have specific LUT and are selected by an operator (Widmer, 2008).

Direct digital radiography (DDR)

DDR readout the image directly barring any intermediate processing step (reader) and thus, possesses an integrated readout property. This leads to a faster image acquisition and thus, beneficial at the places with heavy case load. Direct digital detectors are categorised into flat panel and CCD detectors.    

Flat panel detectors

Flat panel detectors being rigid in nature have appearance similar to that of film screen system. These detectors are classified as direct (having image plate converting x-ray energy directly into an electrical energy) and indirect (involve two step process for converting x-rays into electrical signals). Finally the digital data that reaches to computer is processed in the same way as described for CR.   

Direct converting detectors

The direct detector is directly connected to the computer and possesses different layers viz. semi conductor, storage capacitors, thin film transistor arrays (TFT) and a glass substrate (Chotas et al., 1999; Okamura et al., 2002; Dickson, 2003). The thicker topmost photoconductive layer, commonly made up of amorphous selenium, converts X-rays directly to electrical charges. The limited spatial resolution of digital radiography is not due to photoconductive material, amorphous selenium, as it has high intrinsic spatial resolution property but is solely limited by recording and read out devices. Due to the differential charge placed across photoconductor before exposure, electrons that are released migrate perpendicularly to the nearest charge collection electrode connected to the thin film transistors. TFTs are placed beneath the photoconductor and cover entire detector surface in a matrix corresponding to pixels viewed on the computer screen. These TFTs are responsible for read out of charges collected by selenium photoconductor. Storage capacitors are present at higher level, an interface with photoconductive layer and read out electronics are at the lowest level. Read out that occurs row by row is sent to computer after analog to digital conversion (ADC).

There is another type of selenium-based direct conversion DR system known as selenium drum detector. The rotating selenium dotted drum that bears positive surface charge is exposed to X-rays. This exposure leads to development of charge pattern on the drum surface proportional to X-rays which is recorded by analog to digital convertor during rotation. Advantage of these systems is that they provide good quality images compared to those provided by screen-film or CR systems (Neitzel et al., 1994; Bernhardt et al., 1999; Veldkamp et al., 2006; Kroft et al., 2005; Fischbach et al., 2003; Ramli et al., 2005). Also the flat panel detectors can be used for mammography in humans (Zhao et al., 2003).

Indirect converting detectors

These detectors convert X-ray energy into electrical charges indirectly. Unlike that of direct converting detectors, it possesses two photoconductive layers viz. a scintillator (made up of structured or unstructured cesium iodide crystals) that is present at the top layer of flat panel below which lay a diode layer (made up of amorphous silicon). The scintillator converts X-rays into visible light which is converted into electric charges by the diode layer. The digitized image is then sent to a computer by the TFT array (pixel), providing true digital output from the detector (Mahesh, 2004). 

Charge coupled devices (CCD)

Charge coupled technology (Bell Laboratories, 1969) is memory hardware and are popular photodetectors due to their sensitivity to light. CCDs, being the first direct readout detectors used in digital radiography systems, are also used for number of indirect conversion diagnostic imaging applications like fluoroscopy. Due to small size and cost effectiveness, CCDs are popular in digital radiography.

CCD digital imaging system, is a light sensitive sensor for image recording, generally consists of a scintillator, optics for minification, CCD optical detector and in some cases an image intensifier. X-rays after attenuation by the patient interact with the scintillator (such as T1 doped Cesium iodide) and are converted into visible light. Due to the small size of the CCD chip compared to scintillator, an optical coupling is used to minimize the field of light that strikes the CCD chip. CCDs can be used for radiography as part of either a lens-coupled CCD system or a slot-scan CCD system to reduce the field of light. In lens-coupled CCD systems, several CCD chips array form a detector comparable to that of flat-panel detector. In order to fit the projected light on CCD chips optical lenses are used, though, this reduces the number of photons that reach to the CCD and thus leads to higher noise to signal ratio (Chotas et al., 1999). In slot-scan CCD systems (a tungsten anode placed in special x-ray tube), a collimated beam that scan the patient is linked to CCD detector array. The CCD detector chip contains a pixel matrix, polysilicongate and silicon–photosensitive-silicon layers, that develop the electric charges from light photons. Electrical charges in the pixel array are then transformed to digital format. 

Conventional radiography vs Digital radiography

Digital radiography has numerous advantages over conventional radiography. Some limitations of the conventional radiography include narrow exposure latitude of silver halide systems, need for dark room and processor maintenance, cost of X-ray film and image storage and lack of image post processing capability (Veldkamp et al., 2006). In digital radiography there is convenience of digital image format, no need of X-ray film, processor and chemicals, elimination of filling and storage of X-ray films, improvement in image quality (primarily image contrast), wide latitude for exposures, fewer repeat exposures and rapid image acquisition leading to increased throughput. A significant advantage of digital radiography is that of digital format of the image, which helps in image interpretation at a remote area via internet (teleradiology). 

Computed tomography 

Computed tomography (CT) is an imaging technology wherein X-rays are processed by computer to produce tomographic images of scanned area of an object. CT has come a long way since its public inception in 1972 (Kopp et al., 2000). The CT machines have gone through different modifications since its utilization. The machines are generally been up graded in relation to its x-ray source and detector rotations. First generation CT machines had a stationary x-ray tube and the two rotatory detector arrays that would take a scan time of 4.5 min. In second generation CT machines, fan shaped rotating detector array had a 2.5 min scan time possessing multiple detectors. Third generation CT machines had rotating source along with rotation detector array, with a scan time of 18 sec. Fourth generation CT machines possess rotating source with stationary detector array with a scan time of 2 sec. Fifth generation CT machines have stationary source and detector arrays with a scan time of 50 msec (Fox et al., 1998). First generation CT scanners were limited to head scanning only due to long scanning time. The first CT scanner capable of imaging the whole body CT scanner was first was developed by Robert Ledley and installed in 1973 at Minnesota University (Hendee, 1989).

Spiral tomography, an improved tomographic technique, allows continuous rotation wherein an object is slowly and smoothly slid through the X-ray ring to be imaged. Subsequent improvisation of helical CT lead to development of multi-slice CT wherein multiple rows of detectors are used to capture multiple cross-sections simultaneously instead of single detectors (Kalender et al., 1990; Brant-Zawadzki, 2005). In contemporary third or fourth generation scanners only a single slice at a time is acquired (Ambrust, 2007). Currently, another type of CT scanner (Cone beam CT) has been introduced for veterinary diagnostics that possesses image plate rather than detectors thus, cost effective. The image quality and resolution, being at par with the contemporary machines, but it has significantly slower image acquisition rate (Wright, 2014).   

Image formation

Unlike that in digital or projection radiography, X-ray tomographic data is generated using a rotating X-ray source.  The X-ray source rotates around the object and the attenuated X-rays are then sensed by the X-ray sensors that are positioned in the opposite direction to that of the X-ray source. Earlier scintillation detectors were used in which photomultiplier tubes were excited by cesium iodide crystals. The cesium iodide was later replaced by ion chambers containing high-pressure Xenon gas in 1980s which in turn were replaced by scintillation systems based on photodiodes instead of photomultipliers. Finally scintillation materials like rare earth garnet or rare earth oxide ceramics with more desirable characteristics are being used (Herman, 2009). 
CT being an electronic imaging technique possesses subject image information in the form of current converted from the attenuated x-rays. As the initial x-ray intensity is known, the degree of attenuation by the patient can be inferred by the transmitted intensity at the detectors and thus, by the strength of the resultant signal (Ambrust, 2007). In honour of inventor, the attenuation values are specified in Hounsfield units. The signal generated is sampled, converted into digital form by ADC and is finally processed by the computer and viewed on the screen. Contrast in CT images is due to the variable attenuation of x-rays from different tissues. As with screen film radiography, all the structures that come across the x-ray beam contribute to attenuation during CT imaging. Image display in present day CT scanners need not to be restricted to axial images as they offer isotropic/near isotropic resolution. Instead, images can be piled one upon the other by computer software to produce volume and the images may be displayed in different views (Kalender, 1990; Costello, 1996; Udupa and Herman, 2000).

Artefacts

CT Images give better representation of the object scanned, but susceptibility to a number of artifacts cannot be ruled out and are as follows 
Streak artefact

The streaks are mainly observed in CT images around the hard tissues like bone (posterior brain fossa) and are due to blocking of X-rays by such hard tissues. The streaks may be contributed to number of factors like motion, under sampling, Compton scatter, beam hardening and photon starvation and can be minimized by opting for newer image reconstruction techniques (Boas and Fleischmann, 2011; Jin et al., 2013).  

Partial volume effect

There is ‘edge blurring’ which develops due to the inability of scanner to differentiate between a low volume of high-density material (e.g., bone) and a larger volume of lower density (e.g., cartilage) (Udupa and Herrman (2000).   

Ring artefact

Ring(s) that appear in an image are perhaps the most common mechanical artefact seen in CT imaging and may be due to detector fault or individual detector element miscalibration (Udupa and Herrman (2000).   

Noise

Noise appears as grain over the image and is caused by a high noise to signal ratio. Commonly scanning of a thin slice is the cause but may also develop when an insufficient power is supplied to the X-ray tube, leading to an inadequate energy to the X-rays to penetrate the tissue (Udupa and Herrman (2000).   

Motion artifact

This is generally observed as blurring and is caused by movement of an object being imaged. It might be reduced by using incompressible flow tomographic technique (Nemirovsky et al., 2011).
Beam hardening

A typical cupped appearance may be seen and occurs due to more attenuation of X-rays that pass through the centre of an object rather than along a path that grazes the edge. This can be corrected by filtration and by computer software software (Van de Casteele et al., 2004; Van Gompel et al., 2011; Jin et al., 2013).
Advantages of CT over radiography

CT scan has a number of advantages over the conventional radiography. Being tomographic in nature, CT allows sectional or slice oriented imaging of the area scanned, thus eliminating depth perception loss associated with radiography. This helps to get more accurate anatomic localization of the abnormality. Another advantage is that of increased contrast resolution though the spatial resolution is lower. The spatial resolution weakness is however, always overweighed the exceptional contrast resolution in images that are free of superimposed anatomy (Ambrust, 2007).

Magnetic resonance Imaging  

The magnetic resonance imaging (MRI) development can be correlated to the research of Felix Bloch and Edward Purcell who worked independently at Stanford and Harvard Universities, respectively. It was reported that a weak radiofrequency (RF) signal can be emitted by certain nuclei upon application of magnetic field which could yield information about the chemical composition of the material (Hendee, 1989). The credit for the first use of nuclear magnetic resonance as a 2D imaging technique goes to Paul Lauterbur, a chemist at the State University of New York, in 1972 (Lauterbur, 1973; Macovski, 2009). Paul Lauterbur (University of Illinois) and Sir Peter Mansfield (University of Nottingham) were awarded the 2003 Nobel Prize in Physiology or Medicine,  reflecting the importance of MRI in Medicine (Moran and Heffernan, 2010). 

Magnetic resonance imaging (MRI) as a medical imaging technique is used to investigate the anatomical and physiological function of the body tissues. The technique is widely used in medical hospitals and small animal practice for diagnosis of numerous diseases, staging of the diseases and for follow-up without the risk of exposure to ionizing radiation. 
Principle

Unlike other diagnostic imaging techniques, MRI utilises magnetic field produced by MRI scanner to generate images of a particular area or region of a patient’s body. The imaging applications are based on detecting radio frequency signals being emitted by  hydrogen atoms in the body that are excited with oscillating magnetic field. This application is as per the Faradays law of induction which states that any change in the magnetic environment of a coil of wire will cause a voltage to be induced in the coil. In other words, a current is induced in the coil if a net magnetic force or flux changes in it (Haacke et al., 1999; Pipe, 1999). During MR scanning, the magnetic field produced by hydrogen atoms is made to pass into and out of the receiver coils and thus, generating a current, which is measured as MR signal. The variation in main magnetic field is used to re-orient of the image for proper visualization. The image contrast is determined by the rate at which excited atoms return to the equilibrium state (McRobbie and Donald, 2007). Image contrast helps to differentiate anatomical structures or pathologies depending upon the potential to attain equilibrium. In every tissue/structure protons return to its equilibrium state or the decay in their induced magnetization after excitation occurs by the independent processes of T1 (spin-lattice) and T2 (spin-spin) relaxation (Johnson et al., 1997; Lauenstein et al., 2004; Brauck et al., 2008).
Spin–lattice relaxation (T1)

T1 weighted image is produced by relaxing of the spin in the transverse magnetization vector after switching off the radio frequency (RF) pulse. To create a T1-weighted image, recovering of different magnetization is first done before measuring any MR signal. This is done by changing the time between each successive RF excitation pulse (repetition time, TR). The image weighting is useful to assess the cerebral cortex, identifying fatty tissue, characterizing focal liver lesions and for post-contrast imaging (Ambrust, 2007).     

Spin-spin relaxation time (T2)

T2 relaxation though independent of T1 weighted image occurs in simultaneous to it. T2 relaxation that occurs due to loss in coherence or uniformity of precession rates of spins in the transverse plane is much faster than T1. To create a T2-weighted image, the operator waits for decay in different amounts of magnetization before measuring the MR signal and is done by changing the echo time (TE). The image weighting is useful for detecting edema, revealing white matter lesions and assessing zonal anatomy in the prostate and uterus (Ambrust, 2007).     

Application

Magnetic resonance angiography (MRA)

As the name suggests MRA is useful in evaluating the arteries in health or in diseased conditions. Various techniques are being utilised to generate arterial images like administration of a paramagnetic contrast agent (gadolinium) or a flow-related enhancement (e.g., 2D and 3D time-of-flight sequences). In both the above techniques, the image signal is mainly due to recently passed blood. Other techniques, that involve phase accumulation also known as phase contrast angiography, can also be used to generate flow velocity maps easily and accurately. Magnetic resonance venography (MRV) like MRA is used to image veins wherein the tissue is excited inferiorly and the signal is gathered in the plane immediately superior to the excitation plane (Haacke et al., 1999).

Functional MRI (fMRI)

fMRI gives the pattern of changing neuronal activity in the brain. The brain is scanned at lower spatial resolution but at a higher temporal resolution (every 2–3 seconds) when compared to anatomical T1 weighted imaging. Increases in neural activity cause changes in the MR signal via T*2 changes (Thulborn et al., 1982),blood-oxygen-level dependent generally termed as BOLD () effect. Increased neural activity as require more oxygen and is met by vascular system leading to the increased amount of oxygenated hemoglobin relative to deoxygenated hemoglobin. As the deoxygenated hemoglobin attenuates the MR signal, the vascular response thus, leads to a signal increase and is related to the activity of neurons. The BOLD effect also allows the generation of high resolution 3D maps of the venous vasculature within neural tissue.

Interventional MRI

Owing to lack of any harmful effect MRI is well-suited for interventional imaging, wherein the images are used to guide minimally invasive procedures though without using any ferromagnetic instrument. Interventional MRI is being developed as a specialised discipline in which the MRI is used in intra-operative surgical procedures (Leblanc et al., 1999). Currently specialized MRI systems are also now available that allow imaging simultaneously with the surgical procedure. However, the surgical procedure is temporarily interrupted in order to verify images for the success of the procedure (Lipson et al., 2001).    

Clinical interpretations

The tissue contrast in MRI may vary due to multifactorial causes and a standardized grey scale is not possible (Wherli and McGowan, 1996). 

No signal tissue

Substances having minimal or no hydrogen atom appear signal void such as gas, dense cortical bone, calcified areas, implanted materials or rapidly flowing blood (Lufkin, 1998). Arterial blood vessels also appear signal void on spin echo images due to faster speed of blood (Ambrust, 2007). 

Structures with different T1 and T2 intensities

Fluid when compared to solid but Juicy water based tissues (inflammatory, edematous, necrotic and most tumours) have different intensities for T1 and T2 weighted images (Tidwell, 2007). Most solid but juicy water based tissues have long relaxation times (Elster and Burdette, 2001). These lesions appear hyperintense against a background of darker normal tissues on T2 weighted image. This is the reason that the T2 weighted images are known as pathology scans (McRobbie et al., 2003). However, fat stores that appear bright on T1 weighted images may not appear dark on T2 weighted images. This is due to its short T1 relaxation rate and an intermediate T2 relaxation rates (Lufkin, 1998; Hashemi and Bradley, 1997; Elster and Burdette, 2001).  

Safety concerns of MRI 

Implants

Patient reviewing is must for MRI and the implants that a patient might carry are grouped as MR-Safe implants, MR-conditioned implants and MR-unsafe implants. MR-safe implants include non-magnetic, non-electrically conductive, and non-RF reactive implants, which do not pose any threat during an MRI procedure.

MR-Conditional implants include magnetic, electrically conductive that are safe for operations (conditions defined) in proximity to the MRI, such as 1.5 tesla field safe implants.

MR-Unsafe implants include ferromagnetic items that directly pose danger to the persons and equipment within the magnet room (ASTM, 2005).

Genotoxic effects 

So far no biological harm from even very powerful static magnetic fields has been proven (Formica and Silvestri, 2004; Hartwig et al., 2009). However, some genotoxic effects of MRI scanning have been demonstrated under in vivo as well as in vitro conditions (Suzuki et al., 2001; Simi et al., 2008; Lee et al., 2011; Fiechter et al. 2013). A recent review on safety of MRI has recommended a need for further studies as a precautionary principle (Hartwig et al., 2009). One genotoxic study had reported that MRI in comparison to techniques utilising the ionising radiations lead to comparable DNA damage. Thus, the DNA damage mechanisms though may be different but cannot be ruled out with MRI and need be elucidated (Knuuti et al., 2013)
Peripheral nerve stimulation (PNS) 

Rapid on and off switching of magnetic field gradients is supposed to cause nerve stimulation exhibited in twitching sensation especially in the extremities (Cohen et al., 1990; Budinger et al., 1991).. The peripheral nerves are possibly stimulated by magnetic field due to the gradient coils (Reilly, 1989)..Although PNS had not been a problem for the slow, weak gradients used in the early days of MRI, the strong, rapidly switching gradients used in techniques such as EPI, fMRI, diffusion MRI, etc. can induce PNS.

Pregnancy 

Although adverse effects of MRI on the foetus have not been demonstrated (Alorainy et al., 2006) but present guidelines does not recommended pregnant animal/woman to undergo MRI unless essential. This is particularly important during the organogenesis that is during the first trimester of pregnancy. During MRI scanning foetus may be more sensitive to heating and noise effects apart from other general concerns. The use of contrast medium (gadolinium based) is an off-label indication in pregnancy. It may only be used in the lowest required dose that is sufficient to provide useful diagnostic information (Webb and Thomsen, 2013).
Claustrophobia  

MRI scans can be problem for claustrophobic human patients though not in animals as scanning is done under general anaesthesia. In human beings however, availability of open or upright systems, though produce inferior scan quality, have now avoided such complicacy. 

CT scan vs MRI

CT scan is an ionising x-ray technology that relies upon the attenuation of x-rays by the tissue to be scanned while MRI is a non-ionising technology that relies upon magnetic field and radiofrequency for hydrogen mapping of the tissue. Image acquisition in CT scan occurs in transverse plane having a minimal slice thickness of 0.5mm while in MRI image can be acquired in any plane with slightly thicker slice (2.0mm). The scanning time is lower (seconds to minutes) in CT while scanning in MRI is usually slower (30-60minutes). The contrast material used is iodinated contrast media in CT and Gadolinium based paramagnetic contrast media in MRI. MRI provides great imaging details of soft tissue and CT of osseous tissue (Labruyère and Schwarz, 2013). MRI of head for disorders like neoplasms, vascular disease, intracranial pressures, cervicomedullary lesions, etc. is superior in comparison to CT scans (Brenner and Hall, 2007; Semelka et al., 2007; Evans, 2009). Exposure to ionizing radiation risk associated with CT scan is not a problem with MRI (Evans, 2009). CT scans in absence of MRI may be utilised to diagnose headache or in emergency settings when hemorrhage, stroke or traumatic brain injury are suspected (Semelka et al., 2007; Evans, 2009). CT scan of the head should preferably be avoided in emergency situations, when a head injury is minor (Haydel et al., 2000; Marion, 2005; Stiell, 2005; Andy et al., 2008). 

Nuclear medicine Imaging

Nuclear medicine scintigraphy is a diagnostic technique that requires gamma emission radioisotope (radiopharmaceutical agent). Henri Becquerel radioactivity discovery two months later too was a serendipitous (Graham et al., 1989). But it was Georg de Hevesy who applied the radioisotopes to the study of plant and animal metabolism (Hevesy, 1923), which later earned him Nobel Prize in 1943 (Moran and Heffernan, 2010). When compared to radiography, development of imaging nuclear medicine took some time and the main reason was unavailability of radioactivity detectors. In 1928 Geiger-Mueller tube were introduced that were capable to detect radioactivity though relatively insensitive (with an efficiency of appox. 2%) and still required a high dose of activity to be injected (Blahd, 1979; Edwards, 1979). In 1935, radioisotope (P-32) distribution in the animal body (rat) was first studied by de Hevesy and Chiewitz (Hevesy, 1939). The development of gamma camera by Anger leads to the significant development of scintigraphic imaging (Anger, 1958). 
A standard gamma radiation-emitting isotope should have a short physical half-life, a chemical structure suitable for better labelling of different tissues/organs, and economical as well. The most frequently used isotope, 99mTechnetium (99mTc), bears almost all the above mentioned characteristics (Balogh et al., 1999). Radiopharmaceutical agents are formulated in various physicochemical forms (radioisotope with the base material), to deliver the active atoms to the particular organ of tissue. Once localized in the tissue of interest, the gamma radiation is emitted from the radiopharmaceutical, which is detected and measured externally. The main difference between nuclear scintigraphy and other radiologic tests is that former gives functional assessment of organs whereas the latter methods give anatomical description. The advantage of assessing the function of an organ is that it helps physicians in making a diagnosis regarding the functional capacity of the particular organ. 

Principle

The principle of nuclear medicine scintigraphy is based on detection of radiations by the gamma camera. Gamma photon upon interaction with a thallium doped sodium iodide detector material loses energy in the form of excitation. The incident gamma photon can be partially (Compton Effect) or totally (photoelectric effect) absorbed with latter being the actual phenomenon typical to the gamma-ray emission site. The photons generated are collected by the photocathode of a photomultiplier tube (Anger, 1958). The secondary light photons generated in the crystal after interaction with the incident gamma radiations are detected by a photomultiplier tube (PMT) and are converted to electrons. The electrons are accelerated and multiplied by ten dynodes and finally collected by an anode where electrical impulse, proportional to energy level of photons, is generated. The output signal amplitude after amplification by the PMT is measured, digitized and finally stored. Unlike the light, the gamma rays cannot be focussed by lenses and a special kind of collimator is used to direct them towards the crystal (Anger, 1964). The final scintigraphic image corresponds to the distribution of radioactivity on the crystal detector and gives the physiological activity of the tissue. 
Now-a-days, advanced nuclear imaging techniques like whole body and single photon emission computer tomography (SPECT) use SPECT-camera. In SPECT the computer moves the detector to give better picture resolution, sensitivity and 3D radiopharmaceutical distribution. 
Indications for Scintigraphy 

Skeletal scintigraphy is the most commonly per​formed scintigraphy (or bone scanning) procedure in veterinary practice. It offers high sensitivity for detecting early disease, and the ease of evaluation of the entire skeleton (or a region) makes it an ideal tool for screening cases of obscure or occult lameness. However, Scintigraphy can be used to look at a variety of organ functions including brain, heart, lung, kidney, liver, thyroid etc (George and Taylor, 2004; Hindie et al., 2007; Scarsbrook et al., 2007; Clifford, 2008).

Limitations 

The major limitation with nuclear imaging is of the large dosage of radionuclide (Moran and Heffernan, 2010). Apart from dose to the patient, it may not detect the early stages of metastatic disease and myeloma (Schimdt et al., 2009). Low spatial resolution and commonly encountered false positives due to degenerative disease or trauma are other few limitations. Thus, whole-body imaging in nuclear medicine often remains confined to specific organ imaging or of tumors (Moran and Heffernan, 2010).

Diagnostic Ultrasound
Ultrasound is high frequency sound wave (>20 KHz) that is used to produce the image of the body. For diagnostic purposes, frequency range usually ranges from 2 to 10 MHz, though higher frequencies are used in advanced techniques. Sound waves are longitudinal waves wherein the direction of travel of particles within the wave occurs similar to that of the wave. As the sound wave is mechanical energy, it requires the medium to propagate unlike that of the light and radio waves. 

Ultrasound transmits energy by alternating regions of rarefaction (low pressure) and compression (high pressure) (Powis, 1986; Bushberg et al., 2002). Each wave has an associated speed of travel (velocity), wavelength and frequency. Velocity is the rate at which sound travels through an acoustic medium and is determined by physical density and hardness of the transmitting medium (Bushberg et al., 2002). Velocity increases as stiffness increases provided the physical density remains constant. As a general rule the velocity of sound waves through solids, liquids and gases is highest, lower and lowest, respectively. Wavelength is the distance travelled by a sound wave in one cycle and is measured in millimetres in diagnostic ultrasound. Its importance lies in the image resolution and higher the wavelength lesser will be image resolution. Frequency is the number of cycles (combination of compression and successive rarefaction) a wave travels per second. The relationship of above mentioned three factors is as under

Velocity (V) = Frequency (F) × Wave length (λ)

In general the speed of sound through soft tissues is taken as constant value (appx. 1540 m/s), so the wavelength and frequency are inversely related to each other. 

Ultrasound wave interaction with the tissues

The ultrasound beam produced in the form of pulse from the piezoelectric crystal is returned back to the tissues in the form of an echo. This phenomenon of sound wave production in the form of a pulse and its echo returning back is referred to as pulse echo principle. As the sound wave interacts with the tissue interface, the sound wave may be reflected, refracted or scattered depending upon the differences in acoustic impedance of the tissues. Acoustic impedance is the resistance to the flow of sound through a medium, affected by the density and stiffness of the medium and is independent of the frequency as given below 

Acoustic impedance (Z) = Tissue density (D) × Velocity (V)

The amplitude of returning echo corresponds to the difference in acoustic impedance. If large difference exists between different tissues, larger reflection of the sound waves occurs and lesser waves get transmitted. Conversely, if no difference in acoustic impedance exists between the tissues no echo is formed. 

Among the most commonly encountered medium/tissue, gas and bone has largest difference in acoustic impedance. These interfaces reflect almost all the sound waves and little of negligible amount of sound waves pass through them. Though the speed of sound increases as the density of the medium increases but due to inability to compress or rarefy the sound wave in bone, impedance to sound transmission is high. This total reflection of sound waves at these interfaces creates a shadow below and thus, speed of sound in bone or gas filled lung is not clinically important. In order to do better scanning, it is therefore essential to apply a coupling gel between the tissue and transducer to prevent trapping of air.

When a patient is scanned it is must to keep the transducer perpendicular to the tissue as the angle of incidence of sound waves should be 90 degrees to the reflector surface. Angle of incidence is the angle at which sound waves encounters the medium/tissue. When a sound wave is kept perpendicular to the tissue surface, the reflected sound wave returns back in a reverse direction (180 degrees) and reaches the transducer. If the angle of incidence is not perpendicular, angle of reflection equals the angle of incidence and if the sound wave strikes the reflecting surface farther than 3 degrees, it is quite likely that the echo will not reach to the transducer.  

When a sound wave travels through the medium, it gets attenuated, which is determined by the distance travelled and frequency of the sound wave. Attenuation is higher in high frequency wave and increases as the distance travelled is increased.  Attenuation involves three components viz. reflection, absorption and scattering. The reflection occurs when the sound wave encounters the tissues of different acoustic impedance and is responsible for producing the image after returning back to the transducer. This reflection would decide the intensity of the image. Greater is the amount of reflected sound waves reaching the transducer, brighter would be the image. Absorption, the main component of attenuation in soft tissues occurs due to conversion of sound wave’s mechanical energy into heat energy, though it is relatively low with diagnostic ultrasound amount. Scattering occurs as the sound wave encounters small, irregular surfaces. It increases with the increase in frequency of the sound wave. Scattering occurs mainly within the parenchyma of organs and is responsible for their texture in the image (Bushberg et al., 2002).
Ultrasound generation and detection

In diagnostic ultrasound, piezoelectric crystals present in transducer are used to convert electrical energy into sound waves and then upon echo sound waves are converted back to electrical energy (Kremkau, 1998). A typical transducer emits sound waves for less than 1 % of the scanning time and receives the same for more than 90 % of the scanning time (Herring and Bjornton, 1985; Nyland et al., 2002), but cannot send and receive sound waves at the same time (Curry et al., 1990). Transducers are available in different shapes.  Selection of a transducer for scanning depends upon its physical properties and anatomic structure to be imaged. There are mainly two types of transducers available, mechanical and electronic, depending upon the presence or absence of moving parts. In mechanical transducers actual movement of a single or multiple crystals determines the coverage of the volume of the tissue (Nyland et al., 2002). The crystals, immersed in acoustic coupling medium, move back and forth or rotate within the transducer head. These type of transducers produce sector images. Electronic transducers (array transducers) are composed of several small elements with various arrangements. Transducer elements may be arranged in curved line (Convex array), line or rectangle (linear array) or concentric rings (annular array) (Kremkau, 1998). Electronic transducers do not possess moving parts and also do not need coupling gel, and the images of different shapes are produced by electronically firing the elements in various sequences. It is the most commonly used transducer in ultrasound machines. 

Two main basic shapes of ultrasound images include sector and rectangular. Sector images are often produced by transducers having small contact area (small footprint) and rectangular images are produced by transducers with large footprint. For thoracic imaging sector transducers are beneficial than linear ones as the image is acquired through a small contact area of intercostal spaces. For abdominal or other soft tissue structures transducer selection depends upon sonologist’s preference. 

Image display

There are three modes of echo display viz. A mode, B mode and M mode. B and M modes are most commonly used for ultrasonography (Gugjoo et al., 2014). A mode imaging is generally restricted for eye imaging. The most commonly used format for imaging is B mode while M mode is most commonly used for echocardiography. B mode images are collection of dots corresponding to strength of the returning echoes.  (Herring and Bjornton, 1985; Rantanen and Ewing, 1981). Dots are being displayed on black background, with brightest dot corresponding to stronger returning echoes. Depth of the structure that is returning echoes is represented by the depth of dots relative to the transducer. M-mode is most commonly used in echocardiography to quantitatively evaluate the function of cardiac chambers as well as valves. M-mode imaging region is selected by a cursor on the B mode image with depth of the image being displayed on vertical axis and time on horizontal axis. 

Image interpretation

Image on the screen is read by its echogenicity with brighter structure represented by hyperechoic and darker structure as anechoic. Structures with same echogenicity are isoechoic. Liquids generally appear black (anechoic) and bone or air as bright (hyperechoic). Soft tissue has different degrees of echogenicity.

Artefacts

Although in ultrasonography, artefact may sometime enhance the evaluation, as in fluid-filled structures but normally should be prevented. Few of the common artefacts of sonography are listed below (Tod Drost, 2007).

Mirror images 

These artefacts are produced by highly reflective surfaces and are commonly encountered when liver is imaged against the highly reflective surfaces like diaphragm/lung (Tod Drost, 2007). 
Reverberation 

These are multiple hyperechoic foci that occur at regular intervals on the image. These are encountered at highly reflective surfaces when there is bouncing back and forth of the sound waves between transducer and reflective surface. Commonly it is seen in abdominal sonography of intestinal gas. 

Acoustic shadowing and acoustic enhancement 

These are regions of increased and decreased echogenicity distal to high reflective and low attenuation areas, respectively. Physical acoustic shadowing is common at soft tissue/bone or soft tissue/air interfaces while pathological shadowing is seen with calculi (renal, cystic or cholecystic). Acoustic enhancement is seen distal to fluid filled structures (gall/urinary bladder). 

Side lobe and grafting lobe 

Side lobe and grafting lobe artefacts are secondary sound beams that arise in different direction than the primary sound beams. These artefacts can arise from all the available transducers while grafting lobe can arise from array transducers. Both these lobes result in an error in positioning of the returning echo. As these lobes are weaker than the primary sound beams, they must encounter the highly reflective surface in order to be noticed. 

Doppler sonography

Doppler sonography applies the principle of Doppler shift, which implies an apparent change in the pitch or sound wave frequency with the change in the positioning of the reflector. This effect is named after an Austrian mathematician and Physicist, Johann Christian Andreas Doppler, who proposed this effect in 1842. In sonography, most common reflector is red blood cells (Bushberg et al., 2002). The Doppler shift is difference in frequency between the incident sound waves and reflected waves (Gugjoo et al., 2014). Doppler frequency shift being recorded in Hertz is in audible range compared to sonographic frequency recorded in Megahertz. Maximum Doppler effect is obtained when sound beam is parallel to the moving reflector. However, practically sound waves are rarely parallel to the blood flow direction. So in order to correct the effect of angulation, Doppler angle is used in various calculations (Nyland et al., 2002).

Doppler modes

There are four Doppler modes viz. continuous-wave Doppler, pulsed-wave Doppler, colour Doppler and power Doppler. In continuous wave Doppler two separate crystals are used wherein one continuously emits sound waves and other continuously receives echoes (Bushberg et al., 2002). Due to continuous sampling much higher velocities can be recorded with continuous wave Doppler, which makes it highly accurate for measuring Doppler shift. The main problem with continuous wave Doppler is that it measures all Doppler shifts that comes along the path of the sound wave and thus, differentiation of blood flow velocity from different vessels is not possible. In pulsed wave Doppler, same crystal is used to send as well as to receive the sound waves (Bushberg et al., 2002). Generally pulsed wave Doppler is used in combination with B mode, known as Duplex Doppler (Bushberg et al., 2002; Nyland et al., 2002; Gugjoo et al., 2014). With B-mode, a particular vessel is selected for Doppler interrogation and an electronic gate (region of frequency sampling) is positioned over the blood vessel. This gate helps in receiving echoes from particular region on the basis of time taken for sound waves to reach the structure and for echoes to return back to the transducer. Due to the feature of selection of particular vessel, it can be used to evaluate blood velocity in a single vessel. Both the continuous and pulsed wave Doppler produce spectral tracing, that records velocity and direction of blood flow as a function of time. Spectral tracing can be broad or thin depending upon the character of flow velocity. If there is large range of blood flow velocity within the sample area, spectral tracing would be broad while if homogenous blood flow velocity is present, spectral tracing would be thin. Colour Doppler, a variation of pulsed wave Doppler (Bushberg et al., 2002; Nyland et al., 2002; Gugjoo et al., 2014), records blood flow velocity at multiple areas within an image and then the velocities are colour coded. Red and blue colour is commonly used for colour Doppler with former representing the blood flow towards the transducer while latter represents the flow away from transducer, though it may vary. Colour Doppler is angle dependant and at 90 degrees the Doppler shift recorded is zero. The main limitation with colour Doppler is that mean velocity is displayed and only limited maximum velocity can be displayed (Nyland et al., 2002). Power Doppler analyzes total strength of Doppler signal but without direction (Bushberg et al., 2002). It creates a colour map of the Doppler shift where hugeness and brightness represent the power of the Doppler signal. The main benefit of power Doppler compared to colour Doppler is that it can detect very low velocity blood flow, is independent of Doppler angle and is not prone to aliasing artefact (Rubin et al., 1994). 

Artefacts of Doppler sonography

In pulsed wave Doppler, aliasing results when pulse repetition frequency (PRF) is very low and on spectral tracing a portion of the tracing appears on the opposite direction and thus displayed on wrong side of base line (Bushberg et al., 2002; Nylan et al., 2002). In colour Doppler, it is seen as addition of colour from opposite side of the colour scale. To correct the aliasing, PRF should be increased and sampling rate needs to be twice the highest frequency as the returning blood flow (Nyland et al., 2002). The other way to decrease the aliasing in spectral tracing is by changing the base line. Range ambiguity occurs when PRF is too high such that all the returning echoes are not received before the next pulse is sent (Nyland et al., 2002). This results in interpretation of lagging echoes being closer to transducer than they actually are. This leads to production of Ghost images, though generally not interfering with image interpretation.

3D and 4D ultrasound

3D and 4D ultrasounds are medical ultrasound techniques that provide three-dimensional images of the part to be scanned. The main difference in 3D and 4D ultrasound is of time; former providing delayed images while the latter provides real time images. 3D ultrasound was first developed by Olaf Von Ramm and Stephen Smith at Duke University in 1987 (Von Ramm and Smith, 1984). 
Principle

Unlike that of the 2D ultrasound in which the sound waves are sent and received in straight direction, the sound waves in 3D/4D are sent at different angles. The returning echoes are processed by computer program in such a way to give three-dimensional image volume especially of the fetus, and are comparable to CT scan machine image construct. Clinical use of this technology is an area of intense research activity especially in fetal anomaly scanning (Benacerraf et al., 2005; Benoit and Chaoui, 2004; Krakow et al., 2003) but there are also popular uses that have been shown to improve fetal-maternal bonding (Ji et al., 1997)

Tissue harmonic imaging

Tissue harmonic imaging (THI) is a new grey scale sonographic imaging technique that can provide superior quality image compared to conventional sonography (Tranquart et al., 1999). Images are derived from the higher frequency, especially second harmonic sound, as the ultrasound pulse passes through the body tissue (Muir and Carstensen, 1980; Staritt et al., 1985, 1986). In THI, the conventional echoes generated from the tissues are eliminated and only harmonic frequencies are used to form the image (Tranquart et al., 1999). On theoretical basis, THI offers number of benefits over pulse-echo imaging viz. increased penetration without the loss in detail, improved contrast resolution, reduced noise and clutter, better lateral resolution, thinner slices, and reduced artefacts (side lobes, reverberations) (Shapiro et al., 1998; Tranquart et al., 1999).

Ultrasonography vs radiology

Ultrasonography in contrast to conventional x-rays examinations distinguishes well between soft tissues and is preferred for soft tissue examinations like abdomen including the obstetrical applications. In relation to skeletal tissue (bone) and pulmonary tissue, ultrasonography is least preferred as the sound waves cannot pass through the air/gas and the bony tissue. This also restricts the application of ultrasound in the brain examination except in young ones where fontanels are still open.

Endoscopy

The word endoscopy is derived from the Greek word endoscopesis, which means to watch inside carefully (Antoniou et al. 2012). Thus endoscopy is a type of input device with a miniature wireless video camera that sends images to monitor inside structures of the body without any surgery. Though endoscopic examinations had been performed since the 5th century BC, the term endoscopy was first encountered in medical manuscripts in 19th century AC, following the evolution of novel instruments and artificial light (Antoniou et al. 2012). Earlier in its development, the technique was limited by its capability to reach deep inside due to absence of flexible endoscope. Later in 1960s, discovery of fiber optics revolutionized the capability of endoscopy to visualize almost all the structures deep inside the body with relatively small and painless devices (Nordqvist, 2009). Currently, many different kinds of endoscopes have been developed that help to image almost all the internal body structures. Most commonly used are are lighter with a small video camera on the end that puts pictures on a computer screen. Endoscopes may be stiff or flexible and can vary in length and shape. Now-a-days endoscopy is one of the important diagnostic and surgical tools being used in zoological medicine (Burrows and Heard, 1999). 

Endoscopy is performed by inserting the endoscope in the particular area unlike the imaging tests, like x-rays and CT scans which used radiations for imaging. Endoscopes can get pictures of the body parts they can reach. But some types of endoscopy can also be used to help get better, more detailed information employing ultrasounds (Lecoindre and Chevallier, 1997) and are used to find the stage (extent) of cancer. Endoscope may be put in the mouth, anus, or urethra or may be put through small incision made in the skin.

Components of an endoscope

An endoscope normally comprises a rigid or flexible tube, a light source, generally outside the body, to illuminate the organ under inspection. Generally the image from the objective lens to the eye piece is transmitted via optical fibre system. It may be a relay lens system (rigid endoscopes) or a bundle of fiberoptics (fiberscope). Modern instruments now have the additional channels for insertion of medical instruments and options for video storage of the procedures.
Table 3: Endoscopy for different body structures

	Endoscope/procedure
	Body entrance
	Body structure scan

	Arthroscope/arthroscopy
	Skin incision
	Joints

	Bronchoscope/bronchoscopy
	Mouth/nose
	Trachea and bronchi 

	Colonoscope/colonoscopy
	Anus
	Colon and large intestine

	Cystoscope/cystoscopy
	Urethra
	Bladder 

	Enteroscopeenteroscopy
	Mouth/anus
	Small intestine

	Esophagogastroduodenoscope/

esophagogastroduodenoscopy
	Mouth
	Esophagus, stomach and duodenum

	Hysteroscope/hysteroscopy
	Vagina
	Uterus 

	Laparoscope/laparoscopy
	Abdominal skin incision
	Abdominal/pelvic cavity

	Laryngoscope/laryngoscopy
	Mouth/nose
	Larynx 

	Thoracoscope/thoracoscopy
	Chest skin incision
	Thoracic cavity


The main limitation associated with endoscopy is need of anaesthetising the animal. It’s also limited in its application in assessing the motility of the organ (Simpson, 1993).
Availability of imaging techniques in Veterinary Practice
Over the last 2 decades, use of advanced imaging modalities, such as CT and MRI, has become more frequent in veterinary medicine especially in developed countries. However, the developing countries, like India, still have dearth of such advanced techniques in veterinary practice. In regular veterinary practice, survey radiographs and ultrasound are primary imaging modalities being easily available, cost effective and without any need for general anaesthesia which may be a limitation in advanced imaging. However, CT and MRI play an essential role especially in cases where anaesthesia has no deleterious effect and cost is not a factor. The main reason for limited availability of advanced imaging in veterinary practice include the heavy initial expenses which are difficult to recover in general veterinary practice, maintenance costs, lack of expertise for interpretation, requirement of specialized training and technical staff and need of adjustable machines to accommodate the range of animal sizes (Ibrahim et al., 2012; Wright, 2014). There are several reports on the application of human CT and MRI set ups for diagnostic imaging in animals. As the awareness among the animal owners is increasing there would be more demand of such advanced diagnostic imaging modalities in veterinary practice. It is expected that some of the advanced diagnostic imaging facilities would be available at least at veterinary teaching and research Institutes in near future. 
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