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SUMMARY 
This abstract presents a Magnetic Resonance Imaging method 
that uses tagged imaging for the visualization and 
measurement of tissue motion. Whereas the original technique 
was developed for periodic motion we have reconfigured the 
technique for sampling of arbitrary, non-periodic motion. This 
enables the technique to be of potentially considerable aid in 
biomechanical experiments where repetition of motion is 
either difficult or not possible. 
 
INTRODUCTION 
Tagged imaging [1] is a Magnetic Resonance Imaging (MRI) 
technique that induces saturated patterns in the magnetization 
prior to the imaging process. Deformation of the induced 
pattern is directly related to deformation of the imaged object 
occurring between inducement (tagging) of the saturated 
pattern and the imaging process (readout). Tagging was first 
developed for cardiac motion and as a result of this the 
technique requires a large number of repetitions to reach a 
sufficient amount of sampling. Studies have been made 
applying this technique on other types of non-periodic motion 
by forced repetition (tongue motion [2], eye motion [3]). 
However, in biomechanical applications where soft tissue 
deformation is artificially induced, often by indentation [4], 
significant repeatability constraints exist. For clinical 
applications, discomfort and health issues generally preclude a 
large number of repetitions. We propose a modification of the 
tagged MR sequence, utilizing the advancements made in MRI 
(higher field strengths, parallel imaging with multiple coils) 
and perform a complete readout of every deformed tag pattern, 
thus rendering the technique applicable to the analysis of all 
types of motion.  
 
METHODS 
The tagged MR sequence was configured to enable the 
sampling of non-periodic motion. In the case of periodic 
motion, the inducement of the tag pattern or “tagging 
prepulse” is applied at different phases during the period, each 
time sampling a very small percentage of the tagged image at 
that phase of the movement. Because of the short sampling 
intervals, this procedure gives a very high temporal resolution. 
The spatial resolution, (which is proportional to the amount of 
scan time) can be increased simply by increasing the number 
of repetitions. For non-periodic motion, the complete 
deformed saturated pattern is sampled in one sitting after the 
tagging prepulse. A delay is introduced between the tagging 
prepulse and the readout to allow for motion to occur. After 
the readout, a new tagging prepulse is applied immediately, 
thus sampling the motion continuously. This alternative way 

of sampling introduces an error caused by the motion 
occurring during the readout. Depending on the purpose of the 
research and nature of the motion (size and velocity), a 
compromise between temporal resolution and spatial 
resolution has to be made.  
 
For the purpose of proof of principle, continuously tagged 
scans were made in a healthy volunteer to sample random 
motion of the eye muscle and the tongue. Furthermore, a 
continuously tagged series was made of the complete 
abdominal area to study soft tissue deformation of the large 
and small bowel. All measurements were made with a readout 
duration of 85 ms, a prepulse duration of 5 ms and a delay 
between prepulse and readout of 200 ms. The spatial 
resolution was 3 mm isotropic. The line spacing of the tag 
pattern used was 9 mm.  
 
 
RESULTS AND DISCUSSION 
Figures 1, 2 and 3 show 2D and 3D representations of motion 
sampled with the continuously tagged imaging sequence in the 
eye muscle, the tongue and the abdominal area. The deformed 
line patterns in figure 1 show the real time motion of the eye 
muscle occurring between the tag prepulse and subsequent 
readout. Figure 2 shows a 3D reconstruction of complex 
deformation in the tongue during speech.  The 3D rendered 
surface in figure 3 was constructed from the accumulated 
motion gathered from a set of 30 deformed line patterns 
sampled during free breathing over 18 seconds.  
 

 

 
 

 

Figure 1 continously 
tagged saggital slice of the 
eye muscle.  

Figure 2: Continuously tagged 
saggital slice of the tongue. 



 

CONCLUSIONS 
The continuously tagged imaging technique enables an in 
depth analysis of 3D complex motion of any given part of the 
body. The real time nature of this method enables the 
sampling of motion types either difficult or impossible to 
repeat. Such motions include rapid eye-movements occurring 
during sleep, non-repeatable speech motions associated with 
stuttering and random motions of the bowel. The method 
could furthermore be applied to experiments in which 
hysteresis properties of tissue are relevant.  
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Figure 3: Continuously tagged coronal slice of the entire 
abdominal region. The rendered 3D surface was 
constructed from cumulative tagged measurements. The 
tagged deformation measurements show breathing motion, 
cardiac motion as well as gastric motion. 
 


