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ABSTRACT

Today we are in a position to image the entire body with a single MRI 

examination. This is largely attributable to the enormous technical progress in the 

field of MRI technology.

Various indications for whole-body MRI – both oncological and non-oncological –

have already been clinically evaluated. For instance, whole-body MRI can be 

deployed for patients with bone metastases as an alternative to the standard of 

reference, bone scintigraphy or in comparison with FDG-PET. Additional 

potential indications are the imaging of muscular involvement in patients with 

polymyositis and whole-body fat measurement by means of MRI to determine 

body composition. Also whole-body MR angiography has already made advances 

in routine diagnostics, on account of atherosclerosis being a widespread disease 

thus requiring extensive diagnostic attention.

Key words: Whole-body imaging, Whole-body MRI, Whole-body turbo-STIR 
MRI, Whole-body DWI & Whole-body DWIBS.
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INTRODUCTION AND AIM OF THE WORK

The term ‘WB-MRI’ was introduced as far back as 1980 and denotes the 

examination of body regions beyond the neuro-radiological domain i.e. thorax, 

abdomen or extremities. Years ago, only a single very restricted part of the body 

could be assessed within reasonable examination time. Today, however, WB-

MRI actually means imaging the whole body in one MR examination ‘from 

head to toe’ (Schmidt et al., 2007).

The introduction of whole-body magnetic resonance imaging (WB-MRI) 

has profoundly changed the diagnostic concepts for various systemic diseases. 

In clinical practice, whole-body imaging is increasingly being used as a routine 

alternative to incremental، multimodal diagnostic imaging, particularly for

comprehensive evaluation of malignant diseases. Whole-body MRI achieves 

comprehensive imaging from head to toe in one single examination. Therefore،

in common with PET-CT, WB-MRI seems in principal well suited to take the 

place of the current, often time consuming multimodal diagnosis of diseases 

with systemic or multilocular manifestations (Schmidt et al., 2010). 

In 1999 the whole-body bone marrow scanning concept was introduced 

for the first time for the screening of bone metastases and, despite the 

considerable complexity of the examination, reported advantages in diagnostic 

accuracy for MRI compared with conventional WB imaging techniques, like

skeletal scintigraphy (Steinborn et al., 1999).

Due to its lack of ionizing radiation MRI seems suitable for whole-body 

imaging, but for a long time its primary application has been the assessment of 

focal pathologies within particular organs and body parts. The most severe 

challenges of WB-MRI in the past have been long examination times, mainly 
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caused by time-consuming patient repositioning and changing of the array 

configuration (Schmidt et al., 2007).

The introduction of modern whole-body MR scanners has paved the way 

for clinically practicable and efficient WB-MRI. Moreover, innovations in 

sequence design and image acquisition have significantly reduced examination 

times with no loss of image quality. High resolution MRI of various organ 

systems with appropriate contrast and the corresponding contrast-medium

dynamics can be combined with head-to-toe anatomical coverage (Schmidt et 

al., 2010).

These technical advances enable the WB-MRI examination to be 

completed in a time tolerable to the patients from 45 to 60 min, depending on 

the protocol. Despite these encouraging findings, non-specific screening without 

adequate indication، though sometimes offered, can by no means be justified 

because of the low anticipated prevalence of disease (<2%) and the lack of 

proof of cost effectiveness to date (Schmidt et al., 2010).

In contrast, the use of WB-MRI appears promising in high-risk 

populations such as patients with diabetes mellitus, rheumatic diseases, or 

primary benign bone tumors with potential for malignant transformation.

Several studies have shown that WB-MRI is capable of high accuracy both in 

the staging of various tumor entities and in demonstrating or excluding 

recurrence. Especially metastases in the liver, the skeleton, and the CNS are 

demonstrated with greater accuracy than can be achieved with other imaging 

procedures. Because the bone marrow is imaged directly by MRI and often 

displays diffuse or multilocular involvement in multiple myeloma, WB-MRI is 

particularly sensitive to this disease; its findings are important for the prognosis

and play a substantial role in therapeutic decision making. MRI has therefore 
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been incorporated into the staging system for multiple myeloma (Schmidt et 

al., 2010).

Diagnostic imaging of muscle disease (e.g., polymyositis or muscle 

dystrophy) represents a challenge as it requires high-resolution whole-body 

coverage of soft tissue structures to adequately assess the pattern, distribution, 

and extent of the disease. CT, scintigraphy and ultrasound are not suitable for 

this purpose as all these modalities lack sufficient soft tissue contrast, spatial 

resolution or large FOV imaging options. MRI, with its precise delineation of 

fat, muscle, and bone is an ideal candidate for imaging of systemic muscle

disease. Moreover, substantial dose exposure in a predominantly younger 

patient cohort commonly affected by muscle diseases can be avoided (Farber 

& Buckwalter, 2002).

Aim of the work

The aim of study is to evaluate the role of whole-body MRI in various 

oncological and non-oncological indications.
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MRI examinations are traditionally limited to areas, which can be 

covered by the MR field of view (FOV). These are typically less than 50 cm. 

certain investigations however require a larger volume of the patient to be 

covered, e.g.: examinations of the spinal column, MR angiography (MRA) 

examinations of the pelvis-leg region or whole-body MRI metastasis search. 

Strategies for enlarging the effective MRI image area are developed for these 

examinations (Goyen, 2007).

Hardware

Generally, the useable FOV of an MR scanner is essentially defined by 

three hardware groups and their related parameters: 

1. The main magnet with its homogeneity over the imaging volume.

2. The gradient system with its linearity over the imaging volume.

3. The radiofrequency (RF) system with its RF signal homogeneity and signal 

sensitivity over the imaging volume (Goyen, 2007).

Main magnet

The magnet of a whole-body MR scanner should have a high main 

magnetic field strength to provide sufficient equilibrium magnetization and 

therefore a high potential signal-to noise ratio (SNR) for good image quality. 

MRI at field strengths above 1.0 Tesla or better yet 1.5 Tesla is currently 

viewed as the standard and is increasingly being supplemented with 3 Tesla 

systems in clinical use. The homogeneity of the basic magnetic field over the 

examination volume should be as high as possible to ensure low image 

distortion and high signal homogeneity. The homogeneous examination volume 

should be as large as possible to capture the full extent of the patient’s body 

without artifacts and distortions. The cylindrical design with the following  
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dimensions of the magnet aperture:160 cm length with a 60 cm diameter is 

conformant with all these requirements and therefore currently represents the 

most frequently occurring magnet design (Goyen, 2007) (Fig.1).

Fig.1 Modern 1.5 Tesla whole-body MR scanner with cylindrical design (“Avanto”, Siemens 
Medical Solutions, Erlangen, Germany) (Goyen, 2007).

Gradients

A fast gradient slew rate combined with a high gradient amplitude are the 

prerequisites for short repetition and echo times (TR and TE) and thus for fast 

imaging and coverage of a large examination volume in the shortest possible 

time. A high degree of gradient linearity over a large area is required to keep 

image distortion in and around the imaging FOV to a minimum (Goyen, 2007).
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RF system

A radiofrequency system suitable for whole-body MRI is characterized 

by RF excitation with a homogeneous signal excitation over as large an 

examination volume as possible. Here it is important that the excitation flip 

angle remains as constant as feasible, as the image contrast is fundamentally 

influenced by this parameter. Large cylindrical volume coils, like the RF whole-

body coils fitted inside the magnet tunnel, are used here as they fulfill this 

requirement. In terms of signal reception, homogeneous RF signal reception 

over as large an examination region as possible is on the list of requirements; 

however, homogeneity plays a lesser role here compared with signal sensitivity, 

as inhomogeneous reception intensity only affects the brightness distribution 

over the volume, but not the underlying image contrast (Goyen, 2007).

In regard to the homogeneous volume, the whole-body RF coil offers an 

advantage here. However, for signal reception and maximum SNR attainable 

with such a large volume coil, is extremely limited. Hence, diverse concepts 

with RF surface coils have come into use. Surface coils are placed directly over 

the examination region and receive signals from the immediate vicinity of the 

examination volume. At the same time, these coils detect the unavoidable noise 

from a relatively limited region, so that the potential SNR attainable with these 

coils is relatively high. At the same time, the disadvantage of surface coils lies 

in their severely restricted sensitivity range. Several coil elements of this type 

are required to cover larger anatomical regions they can be combined together 

as phased-array surface coils (Goyen, 2007).

Phased-array coils allow optimization of the SNR while extending the 

region for signal reception. A prerequisite for exploiting the advantages inherent 

in this type of coil technology is a large number of RF receivers to which the 


