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Abstract 
As veterinary practice advances globally, the outcome of most treatments depends largely upon appropriate 
definitive diagnosis. Over the years projection radiography was the main imaging technique being utilised for 
radio-diagnosis 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 
scintigraphy and magnetic resonance imaging that are currently available for clinical veterinary diagnosis. Each 
with its strengths and weaknesses. More than one technique therefore, 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 developed countries across the globe, it is yet to be embraced or remains in its infancy stage in 
veterinary curriculum and practice in Nigeria; due to heavy initial investment and maintenance costs, lack of 
professionals, requirements of specialized skilled technical staff to manage the machines and the need for 
adjustable machines to accommodate the different species of animal. This study presents a brief review and 
update of the development, challenges and status of a diagnostic imaging technique – Magnetic Resonance 
Imaging in veterinary medical curriculum and practice in Nigeria. 
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Introduction 
Medical imaging was far from the minds of Dr. Felix 
Bloch and Dr. Edward Purcell in 1946, when each 
independently discovered how to measure magnetic 
resonance (Bloch et al., 1946; Purcell et al., 1946), the 
breakthrough that led several decades later to 
Magnetic Resonance (MR) imaging. The goal of all 
imaging modalities is to aid in visualization of normal 
anatomical and patho-physiological conditions. 
Clinical Veterinary MR imaging started approximately 
30 years ago, primarily as a result of veterinarians 
negotiating access, usually out of hours, to scanners 
in sympathetic local human hospitals. Early 

applications of most veterinary MR studies were of 
the canine head and brain (Goldstein et al., 1985; 
Kraft et al., 1989; Moore et al., 1991; Karkkainen et 
al., 1991; Dennis, 1993; Grahn et al., 1993). Today 
applications have broadly expanded to include spinal 
and orthopaedic conditions (Karkkainen et al., 1993; 
De Risio et al., 2009). In recent years, there has been 
a rapid increase in the availability of magnetic 
resonance imaging. It is now public knowledge that 
diagnosis of brain diseases in dogs and cats is most 
accurate when MR modality is applied. Thus, MR 
imaging has become the choice modality in the 
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diagnosis of most orthopaedic conditions and a one 
stop shop for diagnosis of most chronic equine 
lameness. MR imaging reveals the brain with greater 
clarity than ever before, and ante mortem diagnosis 
of neurologic conditions, such as intracranial 
neoplasia (Kraft et al., 1997; Garosi et al., 2001; 
Cerda-Gonzalez et al., 2009), has become increasingly 
common. In spine studies, MR imaging reveals 
conditions that hitherto could not be accurately 
diagnosed ante mortem and this has facilitated the 
study of their pathophysiology for example 
syringohydromyelia and fibrocartilaginous embolism 
(Couturier et al., 2008; Cerda-Gonzalez et al., 2009). 
In many veterinary practices, MR imaging has largely 
replaced myelography because it is non-invasive and 
provides superior anatomic detail for surgical 
guidance; however, despite these advances and 
benefits, it has been difficult to introduce MR imaging 
into the typical veterinary student curriculum and 
practice in Nigeria. This is demonstrated by a lack of 
knowledge of the cumbersome softwares and system 
application programmes, poor computer competency 
on the part of the diagnostic imaging technicians and 
a need to administer prolong anaesthesia for effective 
restraints of veterinary patients. The current status of 
veterinary clinical practice and diagnostic modalities 
are not moving towards the exigency of the need to 
incorporate and embrace MR imaging. Over and 
beyond cost of power, machines and manpower 
development for the sustainability and improved 
usage of MR imaging techniques is extremely thin. 
The aim of this article is to review MR imaging, 
discuss the indications and applications in veterinary 
medicine and highlight the need to incorporate it into 
veterinary medical practice and veterinary curriculum 
in Nigeria. 
 
Basic Principles of MRI 
Current clinical applications for MRI rely on 
visualization of the hydrogen atoms’ nucleus. This 
physical property was previously known as nuclear 
magnetic resonance, that is, the hydrogen atom 
nuclei resonance. The word nuclear does not refer to 
radioactivity, but to the nucleus of the atom. This 
modality is what today has become known as MR 
imaging. The basic physical principle is that a moving 
electrical charge produces a magnetic field. The size 
of the magnetic field is dependent on the speed of 
movement (magnetic movement) and the size of 
charge. While the hydrogen nucleus has a small 
electric charge it spins very fast. These physical 
attributes, in consonance with the abundance of the 
hydrogen nucleus within the body tissues, produce a 
detectable magnetic field. Magnetic field strengths 
are measured in units of gauss (G) and tesla (T). One 

tesla is equal to 10,000 gauss (Kraft et al., 2007; 
Labruyère & Schwarz, 2013). The earth’s magnetic 
field is approximately 0.5G. The strength of MR is 
similar to the electromagnets used to pick up large 
heavy scrap metal. Materials can be ferromagnetic, 
paramagnetic, supra-paramagnetic, or diamagnetic. 
Ferromagnetic materials generally contain iron, 
nickel, or cobalt. These materials can become 
magnetized when subjected to an external magnetic 
field. In MR images, these materials cause large 
artefacts characterized by the properties of signal 
and distortion of the image. These artefacts can be 
seen in MR images even when the ferromagnetic 
substances are too small to be seen on conventional 
radiography (Labruyère & Schwarz, 2013). MR 
imaging has undergone continuous technological 
improvement and a large number of scientific papers 
describing features of diseases in animals have been 
published, contributing greatly to the advancements 
in clinical veterinary medicine. One big advantage to 
MR imaging is that it is a non-invasive medical 
procedure. Nothing is inserted in a patient’s body, 
no dyes are swallowed, and no contrast agents are 
injected, except under special circumstances. 
Moreover, patients are not exposed to ionizing 
radiation, as is the case with X-ray and computed 
tomography (CT) imaging. “Unlike other imaging 
modalities, which essentially have one tool, MRI is a 
big toolbox,” (Gavin & Bagley, 2009; Labruyene & 
Schwarz, 2013). Choosing what kind of MRI to use 
may depend on whether a specific disease involves 
changes in blood flow, metabolism, structural 
anomalies, or particular interactions with 
therapeutic drugs. “The only difficulty with MRI is 
deciding which tool to use (Gavin & Bagley, 2009). 
 
Low-field-strength MRI 
These systems use a permanent magnet with a field 
strength of approximately 0.25 Tesla. The magnetic 
field is created between two horizontal discs 
allowing a relatively open access for the patient. This 
can be advantageous for the scanning of equine 
patients or large body parts of other animals. Low 
field systems have relatively low purchase price and 
maintenance; as they have no specific requirements 
for electric supply and cooling and also require 
inexpensive magnetic shielding. They also have a 
small footprint and the low magnetic field which is a 
bonus from a safety perspective. The image quality 
of current low-field strength systems is good for 
most body parts, but it is not excellent; because of 
the relatively small usable magnetic field, long body 
parts, such as the spine, need to be imaged in many 
small segments for which the animal needs to be 
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repositioned. This increases the total examination 
time (Kraft et al., 2007; Labruyère & Schwarz, 2013). 
 
High-field-strength MRI 
These systems use superconducting magnets with a 
typical field strength of 1-1.5 Tesla. Their external 
appearance is similar to CT scanners (Plate I). A large 
cylindrical gantry composed of electromagnets super 
cooled with liquid helium creates the magnetic field. 
Superconducting magnets can achieve very high field 
strengths of up to 9 Tesla. The long enclosed tubular 
space for the patient creates challenges for 
monitoring and can be a limitation for large animal 
MR imaging. For instance, with most high-field-
strength MR imaging units, it is not possible to fit in 
the equine neck or stifle. High-field-strength MR 

imaging units are very expensive to purchase and 
maintain, require ample space, expensive magnetic 
shielding and three phase power supply. However, 
the image quality is excellent for most body parts, 
longer body parts can be imaged without 
repositioning, and a wide range of functional 
imaging is possible. High-field-strength MR imaging 
scanners are more suited for advanced techniques, 
such as MR angiography (Labruyère & Schwarz, 
2013; Kraft et al., 2007). Special sequences have also 
been developed to identify particular pathology, 
such as the diffusion-weighted imaging (DWI) used 
in the Characterisation of ischemic strokes (Warach 
et al., 1992; Warach et al., 1995; Fisher et al., 1995; 
Warach et al., 1996; Marks et al., 1996; Lutsep et al., 
1997; McConnel et al., 2005; Nemanic et al., 2006). 

 

 

 

 Unlike CT, no ionising radiation hazards are 
associated with MR imaging. So far, no health risks 
from strong magnetic fields have been identified and 
the procedure is regarded as safe for patients and 
operators. However, due to the strong magnetic 
field, any metallic device in the vicinity of the 
scanner can turn into a dangerous projectile. Vigilant 
monitoring of all personnel and patients for metal 
objects and implants is therefore mandatory with 
high-field-strength MR imaging units. This also 
means that anaesthetic and monitoring equipment 
must be non-ferrous and MR-compatible if they are 
to be positioned near the scanner. In most 
anatomical regions, MR imaging is a suitable cross 
sectional imaging techniques, should the choice arise 
however, MR imaging is superior for investigations 
of the central nervous system pathology (Pomper et 
al., 1999). Note that higher image quality is obtained 
with high-field-strength MR imaging scanners. The 
images from MRI are cross sections of the brain or   

Plate I: The external appearance of high-field-strength 
MRI scanner Photo courtesy: Anon (2016) 

 

 
Plate II: Multiplanar imaging (a) sagittal (b) dorsal (c) transverse sectioning in MR imaging (Photo courtesy: Yapei, 
2015) 
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Plate III: Multiplanar reconstruction (MPR) is the computer technique that allows the images to be reformatted in 
any plane (a) sagittal (b) transverse (c) dorsal (Labruyère & Schwarz, 2013)  

 

 

 
Plate IV: Transverse MRI images of the brain of a dog with a histologically confirmed brain tumour 
(oligodendroglioma) 
The brightness of the tumour and the contrast to the neighbouring brain tissue varies between the T2-weighted 
image (a) FLAIR (b) T1-weighted image (c) and T1-weighted image post-contrast (d) 
The use of multiple MRI sequences helps to localise the lesion in the frontal lobe and characterises its fluid-filled 
nature. Photo courtesy: Anon (2016) 
 

body, thin slices of tissue, like slices of bread from a 
loaf. Computer programs can be used to assemble 
These image slices into three dimensional datasets 
(Plate II and Plate III). The computer power needed 
for this fast analysis, which was unavailable a few 
years ago, now fits on a desktop. Most of the time, 
however, veterinary radiologists analyze these 
images slice by slice (Plate IV). 
 
MR imaging use in some specific organ system 
Central nervous system: The use of cross sectional 
imaging in the investigation of brain diseases has 

revolutionised neurology and neuroradiology. Due to 
its high tissue contrast capability, MRI has become 
the diagnostic imaging technique of choice to 
evaluate the brain parenchyma (McConnel et al., 
2005; Nemanic et al., 2006; Cerda-Gonzalez et al., 
2009; De Risio et al., 2009). 
 
Vascular lesions: Cerebrovascular accidents or 
‘strokes’ are characterised by an area of ischemia 
with or without haemorrhage. Ischemic infarcts 
most commonly affect specific vascular territories. 
Haemorrhagic strokes can have a varied appearance,
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primarily based on the duration of the haemorrhage 
and alteration in blood haemoglobin (Garosi et al., 
2001). Diffusion-weighted MR imaging sequences 
allowing the mapping of water molecules can aid in 
the diagnosis of infarcts. Gradient echo MRI 
sequences are commonly used for the diagnosis of 
haemorrhage (McConnel et al., 2005; Mai et al., 
2010). 
 
Inflammation: Inflammatory brain diseases can 
affect the brain parenchyma (encephalitis) or 
meninges (meningitis) and can be divided into 
infectious inflammatory and non-infectious 
inflammatory diseases (Li et al., 2002; Li et al., 2005). 
They produce highly suggestive changes on MRI, 
such as mass effect, contrast enhancement and 
perilesional oedema. Because of its high contrast 
resolution and the use of specific sequences, such as 
Fluid-attenuated Inversion Recovery (FLAIR), MR 
imaging is far superior for the evaluation of brain 
oedema and subtle periventricular lesions 
(McConnel et al., 2005; Cerda-Gonzalez et al., 2009). 
 
Spinal diseases: The use of MR imaging for 
investigation of spinal cord disease in acutely 
paraplegic patients is superior to conventional 
radiography, myelography and CT. MR imaging is 
more sensitive when the disc lesion is not 
mineralised (De Risio et al., 2009; Labruyère & 
Schwarz, 2013). Presence of small intra-parenchymal 

lesions is much better recognised on MRI without 
the inherent risk of myelography (Couturier et al., 
2008). 
 
Skull and splanchnocranium: MR imaging is equally 
useful in the investigation of the orbit, nasal cavities, 
sinuses and ears. MRI allow clear visualisation of the 
palpebral region, the anterior and posterior 
segments of the eye, the retrobulbar structures, and 
the zygomatic salivary glands (Cerda-Gonzalez et al., 
2009). Abnormalities of the optic nerve, such as 
optic neuritis, are readily identified. Due to the large 
amount of fat in the orbital region, MRI fat-
suppressed sequences, such as Short Tau Inversion 
Recovery (STIR) also called short T1 inversion 
recovery, are particularly useful to demonstrate the 
extent of an orbital neoplasm (Kraft et al., 2007; 
Couturier et al., 2008; Labruyère & Schwarz, 2013). 
Rostral meningeal enhancement is better 
demonstrated with MRI (De Risio et al., 2009). This 
can be helpful to detect the early signs of 
intracranial involvement of nasal neoplasia. (Plate 
IV). 
 
Extremities: The use of MRI in small animal 
musculoskeletal diseases is still in its early days 
compared to its use in horses (Barrett et al., 2009). 
The size of small animal joints is a limiting factor 
when the acquisition of images is performed with 
low-field-strength MR imaging. The MR image 

 
 

 

 

 
Plate V: Transverse plane MRI image T2-weighted 
sequence of a normal dog at the level of the tympanic 
bullae. The cochlea of the inner ears are visible as hyper 
intense signals (arrows), and have the shape of a duck. 
Photo courtesy: Anon (2016) 

 Plate VI: Sagittal plane proton weighted MR image 
of the stifle of a dog. The normally hypointense 
cranial cruciate ligament is no longer visible and is 
replaced by thick, hyperintense and heterogeneous 
material (arrows) consistent with incomplete 
cruciate ligament rupture. Photo courtesy: Anon 
(2016) 
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anatomy and standard patient positioning are still in 
the process of being described. Finally, while MR 
imaging is the gold standard for investigation of 
early sport injuries in horses, athletic injuries are not 
commonly presented in dogs and cats. To date, the 
shoulder and the stifle joints are the most common 
extrimities examined with MR imaging (Kraft et al., 
2007; Young et al., 2011; Labruyère & Schwarz, 
2013). Reports on biceps and supraspinatus tendon 
pathology, neoplasia, cranial cruciate ligament 
discontinuity and meniscal injuries have been 
published (Kraft et al., 2007; Barrett et al., 2009). MR 
imaging is also more sensitive for the detection of 
subtle bone marrow changes. It is greatly utilised in 
the investigation of neoplasia, in particular for 
surgical planning. MR imaging is very well suited for 
the diagnosis of brachial plexus diseases (Labruyère 
& Schwarz, 2013). 
Whole body imaging: Recently, whole body MRI 
protocols have been described for cancer staging in 
animals with a sufficient image quality to detect 
mass lesions, pulmonary infiltration, 
lymphadenomegaly and lesions of the appendicular 
skeleton (Kraft et al., 2007)(Plate VI). 
 
Challenges of MR imaging in Veterinary practice in 
Nigeria 
Despite the adequacies of MR imaging, embracing 
this modality in veterinary practice and curriculum in 
Nigeria seems difficult. Epileptic power supply in the 
country remains a major setback that cannot be 
overlooked if the modality were to be embraced. 
This is further heightened by the fact that the 
techniques involved are specific and need 
specialized training, specialized software, and 
professional computer capability by today’s 
standards. Again, administering of prolonged 
anaesthesia for veterinary patients for effective 
handling during the imaging procedure must be 
considered. If it were to be done off-site the need 
for an accompanying veterinary anaesthesiologist 
becomes important. Therefore, cost implications 
become a major focus and this outweighs the need 
in practice especially as most private veterinary 
practices are small and patient size is limited. The 
government established clinics, institutions of 
veterinary learning (Veterinary teaching hospitals) 
have not adopted this all important diagnostic 
modality either due to cost on the one hand or a lack 
of adequately trained and competent personnel to 
drive the processes on the other. There are no 
information on the availability of an MRI scanner in 
any of the government owned veterinary 
establishments or any of the institutions currently 
engaged in the residency training programme across 

the country either for diagnostic, teaching or 
research purposes. The current residency 
programme of the Postgraduate College of 
Veterinary Surgeons of Nigeria highlights MR 
imaging techniques in its curriculum; however, due 
to non-availability of the MR imaging 
machines/scanners in the diagnostic imaging centres 
of the institutions currently engaging resident 
veterinarians in training; the result is that residents 
have to primarily negotiate access, usually out of 
hours, to scanners in sympathetic human teaching 
hospitals. The result is usually limited exposure and 
the outcome is poor knowledge and little or no skill 
acquisition. Training opportunities overseas are 
difficult to access not only because the veterinary 
graduates from Nigeria would have to go through a 
long and repeated process of board certification 
before they can get enrolled for the residency 
programme that would give them the required 
exposure to clinical applications of this imaging 
modalities in veterinary practice. 
Recently, in the developed economies there has 
been a rapid increase in the availability of magnetic 
resonance imaging (MRI) modality. Previously, this 
modality was only available in universities or large 
referral institutions. Today, first opinion practices 
are acquiring low field MR scanners, and mobile 
imaging units make this advanced imaging 
modalities readily accessible to the veterinary 
profession.  
While there are great opportunities of MRI market in 
the developing world, there are also huge challenges 
before us. They include uncertain outcome of 
healthcare system reforms, lack of properly trained 
personnel, and high cost. Shortage or absolute lack 
of properly trained staff is another severe challenge 
to the rapid growth of MRI in veterinary clinical 
applications and research. While veterinary 
radiologists are few and those who are interested in 
newer imaging methods are even fewer, some are 
acquiring the necessary skills informally and this 
does little to highlight such efforts. The dilemma for 
Nigeria’s veterinarians who are interested in MRI is 
that many of them have limited knowledge of MR 
physics and limited experience in MRI clinical 
applications and research due to the exclusion of 
these in the training curriculum. Study for advanced 
degree program of MRI is almost non-existent in 
Nigeria’s universities. Some MRI concepts and 
practices common in the developed countries are 
not as familiar to the Nigerian veterinarians and 
professionals. However the diagnostic imaging 
community needs to work hard to build up training 
programs and degree programs for MRI at 
universities and research institutions, so as to catch 
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up with the rapid development of the imaging 
science. 
While quality is an important factor for advanced 
medical equipment like MRI scanners, affordability is 
often-times even more important. The living 
standards are still low in the developing world 
including Nigeria. It is difficult for veterinary medical 
institutions or centres to charge patients for MRI 
examination at the same level as that in the 
developed countries if they were available. But at 
the same time, the market prices of MRI scanner 
remain the same no matter whether it is used in 
Nigeria, China, or in USA. As such, it is more difficult 
for an institutions to recoup its investment on MRI 
scanners. The need however, outweighs the cost – 
the need for the development and advancement of 
knowledge, for adequate and precise diagnosis and 
for meeting up with the trends in modern medical 
imaging techniques.    
 
Need for Modern Medical Imaging Systems in 
Veterinary practice 
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; 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/MRI (Li et 
al., 2002; Li et al., 2005; Armato et al., 2002) and is 
comparable to the rates reported earlier 

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 the medical field for many years but veterinary 
practice has seen the development and introduction 
of new methods for diagnostic imaging only recently 
(Alkan, 1999; Braun, 2003; Kurt & Cihan, 2013).  
 
The Future: PET Scan 
Positron emission tomography (PET) is becoming 
increasingly available as an imaging modality in 
veterinary medicine (Hansen et al., 2011). PET is a 
nuclear medicine imaging technique that detects 
gamma rays indirectly emitted by a positron-
emitting tracer, the fluorodeoxyglucose (FDG) 
(KouKourakis et al., 2008). FDG is an analogue of 
glucose that is metabolised by high-glucose- using 
cells, such as neoplastic cells. By combining PET 
information and MR imaging, it becomes possible to 
correlate metabolic and anatomic information on 
the same image (Hansen et al., 2011). PET/MRI may 
eventually become the gold standard for cancer 
staging in our canine and feline patients (Kraft et al., 
2007). 
In conclusion, while the world advances in the 
modalities of diagnostic imaging from MR imaging to 
PET-MR imaging veterinarians in Nigeria can only 
hope that in the near future these challenges would 
be surmounted and that they too can move 
progressively along with the trends in advancing 
diagnostic technology. More than thirty years down 
the lane veterinarians in Nigeria are yet to have a 
feel of the current trends in this changing advancing 
technology. 
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