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ABSTRACT
Magnetic resonance (MR) belongs to the most important diagnostic and imaging 
methods. It is derived from classic nuclear magnetic resonance that is the method 
based upon the difference between the magnetic properties of the diverse nuclei. 
However, this method, as well as the other non-invasive imaging methods, is bur-
dened by the presence of the numerous artifacts. In addition to the artifacts due to 
the patient, the artifacts due to the method and the scanning sequences exist. In this 
review the main types of MR artifacts due to the examination method and the scan-
ning sequences are presented. The characteristic properties and the physical and the 
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technical preconditions of given artifacts are given.

1. Introduction 
	 The term artifact is derived from Latin words artis 
(art) and facere (do). This undesirable „art“ is con-
cerning to the parts of the magnetic resonance im-
age that due to the distortion, adding and erasure 
of the image information cannot faithfully repro-
duce the actual anatomical structures.

2. Magnetic Resonance Image Artifacts
 2.1 Chemical Shift Artifact of the 1st kind (Type 1)
	 Hydrogen ions H+ of different molecules are af-
fected by magnetic field in varying extent. There-
fore the precession frequency of water differs from 
that of fat. The relative shift between the peak of 
water and fat is equal to 3.5 ppm. Due to this fre-
quency shift the misregistration of water/fat tis-
sues is observed. Fat/water overlap and fat/water 
separation is registered. The protons of water and 
fat positioned on the same place are assigned to 
the different pixels. The narrower are bandwidths 
the higher is the chemical shift and the separa-
tion of several pixels is observed. At the same 
time the time of acquisition is increased [1]. Type 
1 artifact due to the chemical shift is observed for 
the standard sequences exclusively along one, the 
frequency-encoding, direction. For the echo pla-
nar imaging (EPI) sequences the bandwidth in the 
direction of the phase encoding direction is due 
to the long echo sequence very narrow, therefore 
the shift between the signal from water and fat is 
along the phase encoding direction several times 
higher than that for the standard sequences. To 
reduce chemical shift artifacts of the 1st kind it is 
necessary choose the largest bandwidth possible. 
This reduces the time of acquisition and leads to a 
small signal-to-noise ratio. For EPI sequences there 
is a special scheme of data acquisition that does 
not allow substantially enlarge the bandwidth in 
the phase encoding direction. Therefore it is neces-
sary eliminate fat spins by the spectral pulse which 
saturates fat (Fig. 1).

2.2 Phase Cancellation-Artifact of the 2nd kind (Type 2)
	 Type 2 artifact is also caused by the chemical 
shift between protons of fat and water. In contrast 
to the Type 1 artifact, Type 2 artifact can be ob-
served only for gradient echo sequences. 
	 As mentioned earlier, the different Larmor fre-

quencies of fat in comparison with water causes 
a phase shift, which varies with the time of high-
frequency excitation. If the phase shift is 180°, the 
signal of volume elements containing both fat and 
water will be lower because of the partly or com-
pletely deleted magnetization components („op-
posed phase“ condition) [3]. Therefore the dark 
lines on the border areas between fat and other 
tissues can be observed (Fig. 2). The artifacts are 
visible at 1.5 T and echo time from 2.2 ms to 6.6 ms. 
The artifact Type 2 can be suppressed by the ad-
justing time of echo. At suitably chosen time of 
echo spins of fat and water are arranged in the 
same direction and the signals of both are ampli-
fied.
	 The phase cancellation-artifact of the 2nd kind 
can be used for diagnostic purposes and the ab-
dominal imaging, where organs and visceral fat 
form boundaries [4].

Fig. 1: Spin-Echo-EPI- sequence. Left: Signals from water and fat 

are shifted to several pixels due to the extremely narrow bandwidth 

in the phase encoding direction (arrows). Right: Artifacts were 

eliminated with the aid of the spectral pulse which saturates fat [2].

Fig. 2: Phase Cancellation-Artifact of the 2nd kind with gradient 

echo. Left: time of echo at which protons of water and fat are in 

phase. Right: the example of image in „opposed-phase“ [2].

2.3 Truncation (Gibb’s artifact)
	 Truncation is observed as multiple, alternating 
bright and dark lines (ringing). Obviously it can 
be seen near tissue borders having abrupt inten-



90 VOLUME 17, No. 3,  2013

sity changes. Sharp border lines cause in k space 
high amplitudes with high space frequencies. Due 
to the limited resolution of MR imaging, the image 
acquisition is always cut from high frequencies. 
Therefore, there is a periodic fluctuation of inten-
sity at the border (Fig. 3). 

EPI sequence were used (Fig. 4). Because of a long 
time of acquisition, the external lines of k space are 
scanned only with the noise [2]. 

Fig. 3: Truncation. Left: the transversal TSE-FLAIR image. Right: the 

cut of an image with the signal oscillations ongoing parallel to the 

edge, the signal of which caused truncation [2].

	 The observed effect is more pronounced for 
the lower space resolution [5]. It can be observed 
when, e.g., EPI sequences are used. The trunca-
tion artifact decreases with increased matrix, but 
does not disappear. In routine operation, the ar-
tifact can be suppressed by increasing the spatial 
resolution, and then it becomes almost undetect-
able. Increasing of the spatial resolution can be 
achieved by reducing the size of pixels due to the 
geometric structure in the image, which can be 
done by reducing the field of view (FOV) or enlarg-
ing the image matrix. Enlarging the image matrix, 
however, extends the scan time and reduces the 
signal-to-noise ratio. Alternatively, reducing the 
FOV can cause aliasing, diagonal lines break due to 
the limited resolving power. The truncation can be 
also eliminated by a filter that removes unwanted 
frequencies [6].

2.4 Blurring
	 If the k space does not contain high frequencies, 
the edge and the boundary surfaces of anatomi-
cal structures in MR image are unfocused. This is 
also the case when the number of phase encod-
ing steps is decreased to reduce the acquisition 
time of dynamic sequences. Even if an adequate 
number of phase encoding steps were selected, 
this artifact may occur. For example, if the fast im-
aging techniques such as turbo spin echo (TSE) or 

Fig. 4: Transveral TSE images with the turbo-factor of 9, 17 a 31 

(from left to right). The higher is the turbo-factor value, the more 

pronounced is the blurring [2].

	 Image blurring can be avoided only if the signal 
from the outer lines of the k space is caught. This 
can be achieved by selecting a proper scheme of 
acquisition. Sequential acquisition methods of the 
k space are better than centric ones: in sequential 
reading at least half of the high-frequency signal 
information is recorded at a short time of echo.
Another way of the artifact reduction is represent-
ed by the shorter acquisition time for the whole 
sequence of echoes. In doing so, the length of the 
sequence is reduced, while the acquisition time 
is extended. The sequence of echoes can also be 
shortened if the bandwidth is increased, which 
shortens the time of the acquisition. However, this 
procedure deteriorates the signal to noise ratio.

2.5 Crosstalk
	 If multislice acquisitions are overlapping, the 
protons belonging to the more than one slice get 
saturated. Crosstalk artifact can be prevented by 
choosing the gap between the layers, representing 
10-20% of the layer thickness, in which no excita-
tion or acquisition is carried out. The shorter is the 
high-frequency pulse, the larger gap between lay-
ers has to be selected. However, in that case there 
is a risk that small lesions in the gap may be over-
looked. 
	 The second method of the artifact removing 
consists in a procedure where layers are not ex-
cited in the order corresponding to the position of 
the layer, but the odd layers are scanned first and 
afterwards the even ones. This procedure allows 
reaching a maximal time delay between the exci-
tation of two adjacent layers. Combination of both 
methods can almost completely prevent crosstalk 
artifacts even at very small gaps between the lay-
ers (5-10% of the thickness of the layer).



Acta Mechanica Slovaca
Journal published by Faculty of Mechanical Engineering - Technical University of Košice

91

2.6 EPI – ghosting
	 When EPI sequences are used, switching and 
reading of gradients must be performed very 
quickly allowing a quick scan of k space lines. In 
doing so, eddy currents are created in the scanner 
that resist to the gradient structure. That’s why the 
signal maximum is not registered in the middle of 
the k space but at the odd steps of the phase en-
coding behind it and at even steps in front of it. 
Due to the “zigzag” lines of the signal maximum EPI 
ghosts are generated - the original structure of the 
body is shifted by half of the FOV in the direction of 
the phase encoding direction (Fig. 5).

they are not present. The partial volume artifact 
can be minimized by increasing the spatial reso-
lution. When 2D sequences are used, an attention 
must be given to the thickness of the layer. How-
ever, this procedure reduces the signal-to-noise ra-
tio. For T2-weighted sequences, particularly for EPI 
sequences, and for the gradient echo sequences 
as well, the reduction of the signal-to-noise ratio 
paradoxically leads to the smaller values than it can 
be expected from the reduced voxel. The reason 
is that an un-phasing inside the voxel, and the as-
sociated reduction of the signal, is smaller for the 
smaller voxels [8].

2.8 Saturation artifacts 
	 When high-frequency pulses with a high repeti-
tion rate are used, the longitudinal magnetization 
cannot be sufficiently restored by T1 relaxation be-
tween pulses. It can result in the fact that the effec-
tive repetition time is shorter than the repetition 
time set for the sequence. If layers or sets of lay-
ers overlap, saturation artifacts can blocks occur in 
overlapping areas. During the time of flight (TOF) 
MR angiography examination, saturation artifacts 
due to the very short times of repetition for sup-
pressing static tissue are very common. The satura-
tion artifacts in MR-TOF angiography can be avoid-
ed if a block of layers is placed perpendicularly to 
the blood vessels. If a larger volume of blood ves-
sels is to be displayed, it is appropriate to choose 
several overlapping blocks of layers instead of one 
thick block [9].
	 TONE technique represents another method of 
reducing the saturation artifacts in the thick layers 
or in case of the slow flow. In this method, a tilt an-
gle of the high frequency pulse is increased linearly 
from the proximal end to the distal end of the 3D 
block, which ensures a uniform contrast between 
the blood vessel and the background (tissue) [10].

3. Conclusions
	 In this review the main types of MR artifacts due 
to the examination method and the scanning se-
quences are presented. The characteristic proper-
ties and the physical and the technical precondi-
tions of given artifacts are given.
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Fig. 5: EPI-ghosting for Spin-Echo-EPI sequences. The displayed 

object appears as a ghost with the shift of half FOV in the phase 

encoding direction (from right to left) [2].

	 The artifact can be avoided by setting the shape 
of the gradient pulse and the time of switching 
gradients (preemphase) [7].
	 While in the past it was possible to perform this 
adjustment only manually, the new generation of 
scanners allows the correction of EPI ghosting au-
tomatically.

2.7 EPI – ghosting
	 The partial volume artifact occurs when the spa-
tial resolution is so small that several entities of 
the tissue within the volume element (voxel) are 
found. In this voxel the signal intensity is indicated 
as a weighted average of various intensities. The 
partial volume artifact occurs in 2D sequences 
mainly in the direction of the layer because of a 
large anisotropy of spatial resolution of these se-
quences. In general, a partial volume effects lead to 
the fact that the small and the low contrast struc-
tures cannot be distinguished. During the volu-
metric examination the partial volume effect leads 
to the underestimation of the lesion volume. In ad-
dition, especially when the sequences of gradient 
echoes are applied, these structures pretend that 
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