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Recent biomechanical modeling studies have proposed that sound variants or alternations 

may be associated with physiological preferences, such as muscle-induced stress and strain of the 

tongue surface [1,2]. But the account of physiological preference was largely based on simulation 

results, while in vivo measurements on the articulatory apparatus (e.g., the tongue) remain sparse. 

A recently developed technique of ultrafast imaging captures up to thousands of ultrasound 

images per second, making it possible to analyze the mechanical waves that travel through the 

scanned tissues [3,4]. By calculating the amplitude and velocity of this mechanical wave, the 

stiffness of the scanned tissues can then be estimated (a method known as ultrasound 

elastography). Miura et al. [5] employed ultrasound elastography with ultrafast imaging to 

estimate the stiffness (hardness, in their term) and pressure of the tongue when external forces 

were applied. However, it is yet to be determined whether the stiffness of the tongue may be 

different during phonation, or vary during productions of different sounds. 

We used ultrasound passive elastography with ultrafast imaging to capture the state of the 

tongue during vowel articulation. One native speaker of Mandarin participated in data collection. 

The speaker produced multiple repetitions of Mandarin [a], [i], and [u] vowels, all in high level 

tone. Each vowel vocalization lasted for 4 ~ 5 seconds. During each vocalization, a roughly 100 

ms long ultrasound video was captured at a frame rate of 3k to 9k fps. Ultrasound ultrafast 

imaging allowed us to track the propagation of the mechanical waves produced by the intrinsic 

vibrations of the vocal folds through the tongue tissues. We then measured the wave amplitude, 

propagation velocity, and the associated stiffness of the tongue, as well as spectral properties of 

the mechanical waves such as vibration frequency. Additionally, acoustic recordings were carried 

out in parallel with ultrasound data collection. The acoustic fundamental frequencies (F0) of 

vowel vocalizations were calculated for cross comparison. 

Our results show that the frequencies of the mechanical waves measured at the tongue 

match with those measured from acoustic recordings (Fig. 1), affirming that the vibrations of the 

vocal folds propagate mechanical waves all the way through the tongue. This suggests that the 

vocal folds can serve as an intrinsic source of vibration, suitable for shear wave estimation and 

quantification of tongue stiffness using ultrafast imaging. The propagating velocities of the 

mechanical waves also differ for each vowel (Fig. 2, bottom), indicative of vowel-dependent 

local tongue stiffness. Taken together, the findings of the current study demonstrate the viability 

of ultrasound passive shear wave elastography for examining speech production. This technique 

could be a promising tool for probing into the detailed physiological operations of the speech 

apparatus during articulation, and potentially further account for patterns of sound combinations 

or changes. 
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Fig.1 Correlations between estimated ultrasound vibration frequency (y axis) and recorded acoustic F0 frequency (x 

axis, both in Hz) at two different locations of the midsagittal tongue. The B-mode images indicate where the 

ultrasound vibration frequency was obtained. 

 
Fig.2 Mechanical vibrations of tongue tissues at the intersection of the blue and orange lines in the B-mode images 

(top left) were submitted to spectral analysis (top right). Shear wave velocities were calculated for each vowel and 

visualized in M-mode images (bottom). 
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