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Introduction:  Dynamic MR is a potentially powerful tool in vocal tract imaging, including the assessment of soft-palate motion.  However, in 
general, real-time studies either have low temporal resolution [1,2] or have used advanced spiral techniques [3,4].  Alternatively gated techniques 
have been used to achieve frame rates of up to 59fps but require repetition of the test phrase up to 256 times [5].  Repetition results in subject fatigue 
and inter-repeat variations in the phonation contribute to degradation of the images.  Adaptive averaging techniques have been used in MR coronary 
artery imaging [6] and cholangiography [7] to improve the quality of studies acquired repeatedly and rapidly without cardiac or respiratory gating.  
Such techniques produce a similarity measures between each image and a reference.  For coronary artery imaging only similar images are averaged, 
thus effectively retrospectively gating data to a cardio-respiratory phase.  Here we develop this technique for the dynamic imaging of the soft-palate 
during ungated repeated speech tasks and use it to improve the quality of rapid low SNR images. 
 

Methods:  The technique is schematically represented in figure 1, when the number of adaptive averages is A.  As the technique is retrospective and 
currently implemented offline in Matlab (The Mathworks, Natick MA), any series of dynamic speech images acquired in real-time can be used as 
input.  A region of interest (ROI) is defined on one reference image to cover the soft-palate and its expected range of motion.  The ROI is copied to 
all other images in the series and each ROI is compared to each other ROI using the correlation coefficient.  The result is a matrix of correlation 
coefficients.  The images corresponding to the A highest values in each row (or column) of the correlation matrix (where A is usually the number of 
repetitions of the test phrase) are averaged to improve image quality in the final dynamic images.  As acquisitions are ungated there are no 
restrictions on the timing of the repeated test phrase.   

 

Test data:  Mid-sagittal images of the upper 
vocal tract were acquired at 3.0T (Philips 
Achieva) using a real-time T1w gradient echo 
sequence (flip angle 15°, TE/TR=0.96/2.1ms, 
SENSE factor 2.3, 2.1×2.1×10.0mm3 spatial 
and 71ms temporal resolution).  A healthy 
subject repeatedly counted from 1 to 5 during 
the acquisition and simultaneous audio was 
recorded (FOMRI II, Optoacoustics) for 
reference.  Adaptive averaging was performed 
with 2 and 5 averages for data acquired during 
the first 2 and 5 repetitions of the test phrase 
respectively. 

 

Results:  Example images are shown in figure 2, without averaging, with 2 and with 5 adaptive 
averages.  Intensity-time plots generated from intensity profiles drawn through the soft-palate 
(marked on the images in the first column in red) are also shown.  Adaptive averaging improves 
image quality in the soft-palate.  SNR in a short section of the intensity-time plots increased from 4.7 
in the original images to 7.2 and 10.9 with 2 and 5 adaptive averages respectively.  Provided they are 
of sufficient duration, real-time acquisitions of non-repeated speech tasks may also be improved with 
this technique, based on the limited number of anatomical configurations of the palate during speech.  
Figure 3.a shows one frame between the words “six” and “seven” from a real-time acquisition 
(similar parameters to the acquisition used for in figure 2, steady-state free-precession sequence, 
3.0T), performed while the subject counted from 1 to 10, said “za-na-za”, “zu-nu-zu”, “zi-ni-zi” and 
sustained “Ah” and “ee” vowel sounds (total duration ~35s).  Figure 3.b shows the same frame with 
adaptive averaging (3 averages), demonstrating improved image quality. 
 

Discussion:  Adaptive averaging is a retrospective technique that can be used to improve the quality of real-time MR 
imaging of repeated speech tasks.  In contrast to traditional gated techniques used for dynamic speech imaging, 
adaptive averaging does not restrict the speed or timing of the test phrase.  As the technique is applied 
retrospectively, no sequence modifications are required and the original data is always available should the results be 
unsatisfactory. One disadvantage of the technique is that structures not moving in phase with the soft-palate, 
including the lips and tongue are often blurred.  Larger ROIs which include these additional structures, i.e. covering 
from the lips to soft-palate, can improve image quality overall, but add additional blurring to the original structure of 
interest (the soft-palate).  This may be addressed in future implementations with multiple ROIs covering independent 
dynamic structures.  Further work will also include assessing the potential improvements in image quality obtained 
by rejecting some repetitions of the test phrase and comparing image based correlations to audio based similarity 
measures. 
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Figure 3:Adaptive averaging 
without repetition 

Figure 2:  Adaptive averaging example 

Figure 1: The adaptive averaging  
technique 
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