
How an aglossic speaker produces an alveolar-like percept without a functional tongue
tip
Asterios Toutios, Melissa Xu, Dani Byrd, Louis Goldstein, and Shrikanth Narayanan

Citation: The Journal of the Acoustical Society of America 147, EL460 (2020); doi: 10.1121/10.0001329
View online: https://doi.org/10.1121/10.0001329
View Table of Contents: https://asa.scitation.org/toc/jas/147/6
Published by the Acoustical Society of America

ARTICLES YOU MAY BE INTERESTED IN

Predicting ultrasound tongue image from lip images using sequence to sequence learning
The Journal of the Acoustical Society of America 147, EL441 (2020); https://doi.org/10.1121/10.0001328

A landmark-cue-based approach to analyzing the acoustic realizations of American English intervocalic flaps
The Journal of the Acoustical Society of America 147, EL471 (2020); https://doi.org/10.1121/10.0001345

Passive geoacoustic inversion in the Mid-Atlantic Bight in the presence of strong water column variability
The Journal of the Acoustical Society of America 147, EL453 (2020); https://doi.org/10.1121/10.0001333

Phonetic categorization and discrimination of voice onset time under divided attention
The Journal of the Acoustical Society of America 147, EL484 (2020); https://doi.org/10.1121/10.0001374

No evidence for a link between noise exposure and auditory temporal processing for young adults with normal
audiograms
The Journal of the Acoustical Society of America 147, EL465 (2020); https://doi.org/10.1121/10.0001346

Importance of phase guides from beamformed data for processing multi-channel data in highly scattering media
The Journal of the Acoustical Society of America 147, EL447 (2020); https://doi.org/10.1121/10.0001330

https://images.scitation.org/redirect.spark?MID=176720&plid=1225645&setID=407059&channelID=0&CID=414012&banID=519951227&PID=0&textadID=0&tc=1&type=tclick&mt=1&hc=7e7e30d6798a3241c86931e1e778ab1601dd31fb&location=
https://asa.scitation.org/author/Toutios%2C+Asterios
https://asa.scitation.org/author/Xu%2C+Melissa
https://asa.scitation.org/author/Byrd%2C+Dani
https://asa.scitation.org/author/Goldstein%2C+Louis
https://asa.scitation.org/author/Narayanan%2C+Shrikanth
/loi/jas
https://doi.org/10.1121/10.0001329
https://asa.scitation.org/toc/jas/147/6
https://asa.scitation.org/publisher/
https://asa.scitation.org/doi/10.1121/10.0001328
https://doi.org/10.1121/10.0001328
https://asa.scitation.org/doi/10.1121/10.0001345
https://doi.org/10.1121/10.0001345
https://asa.scitation.org/doi/10.1121/10.0001333
https://doi.org/10.1121/10.0001333
https://asa.scitation.org/doi/10.1121/10.0001374
https://doi.org/10.1121/10.0001374
https://asa.scitation.org/doi/10.1121/10.0001346
https://asa.scitation.org/doi/10.1121/10.0001346
https://doi.org/10.1121/10.0001346
https://asa.scitation.org/doi/10.1121/10.0001330
https://doi.org/10.1121/10.0001330


How an aglossic speaker produces an alveolar-like
percept without a functional tongue tip

Asterios Toutios,1,a) Melissa Xu,2 Dani Byrd,3 Louis Goldstein,3

and Shrikanth Narayanan1
1Department of Electrical and Computer Engineering, University of Southern California, Los Angeles,

California 90089, USA
2Keck School of Medicine, University of Southern California, Los Angeles, California 90033, USA

3Department of Linguistics, University of Southern California, Los Angeles, California 90089, USA
toutios@usc.edu, melissax@usc.edu, dbyrd@usc.edu, louisgol@usc.edu, shri@sipi.usc.edu

Abstract: It has been previously observed [McMicken, Salles, Berg, Vento-Wilson,
Rogers, Toutios, and Narayanan. (2017). J. Commun. Disorders, Deaf Stud. Hear. Aids
5(2), 1–6] using real-time magnetic resonance imaging that a speaker with severe congenital
tongue hypoplasia (aglossia) had developed a compensatory articulatory strategy where she,
in the absence of a functional tongue tip, produced a plosive consonant perceptually similar
to /d/ using a bilabial constriction. The present paper provides an updated account of this
strategy. It is suggested that the previously observed compensatory bilabial closing that
occurs during this speaker’s /d/ production is consistent with vocal tract shaping resulting
from hyoid raising created with mylohyoid action, which may also be involved in typical /d/
production. Simulating this strategy in a dynamic articulatory synthesis experiment leads to
the generation of /d/-like formant transitions. VC 2020 Acoustical Society of America
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1. Introduction

Congenital aglossia is a rare syndrome in which an individual is described as having been born
without a tongue. Less than 50 cases of aglossia or hypoglossia have been reported worldwide
since De Jussieu in 1718 discussed a case of hypoglossia in a 15-year-old Portuguese girl
(Simpson and Meinhold, 2007; Thorp et al., 2003). The subject of the present paper was a 47-
year-old (at time of recording) female with isolated congenital aglossia. Studies using electropala-
tography (McMicken et al., 2014c), cineradiography (McMicken et al., 2014b), and real-time
Magnetic Resonance Imaging (MRI; McMicken et al., 2017) have attempted to uncover the
compensatory mechanisms that the subject has developed by herself, without external training, in
order to produce, overcoming her structural deficiency, speech that has been reported as intelligi-
ble, albeit with some vowel and consonant distortions (McMicken et al., 2014a, 2012).

In particular, McMicken et al. (2017) used real-time MRI data collected by the group of
the present paper’s authors (Narayanan et al., 2004; Toutios et al., 2019) to examine the articula-
tory configurations used by this subject that allowed for intelligible perception of different conso-
nants. It was found that, in the absence of a functional tongue tip, the subject formed bilabial
closures to produce intelligible alveolar stops, such as /t/ and /d/, which would be produced by
forming apicoalveolar closures in typical speech production (McMicken et al., 2017). These bila-
bial closures created for canonical alveolars displayed an increased anteroposterior extent com-
pared to the ones employed for the productions of canonical /p/ and /b/. McMicken et al. (2017)
hypothesized (without experimental verification) that the reason for the alveolar-like percept was
that the particular shaping of the elongated constriction created a cavity that filtered transient
and frication sources during release similarly with typical alveolar plosives.

The present paper offers a re-evaluation of the same data in McMicken et al. (2017) to
further describe the articulatory strategy. The real-time MRI videos were re-examined to encom-
pass the shaping of the entire vocal tract and not just the shaping of the constriction, which was
the focus of McMicken et al. (2017). An articulatory synthesis experiment verified the criticality
of a widening of the pharynx and concomitant narrowing of the tract at the palatal region for
the production of alveolar-like formant transitions. Additionally, novel insights on the anatomi-
cal description of the subject are included based on previously unpublished T2-weighted MRI
data (T€oger et al., 2017) that were recorded in the same session as the real-time data.
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2. Anatomical description

The subject has been previously described as being born without a tongue, having instead a
wart-like tongue rudiment in the region of the tongue root, and having a hypertrophied mylo-
hyoid and base of tongue (McMicken et al., 2017). The aglossic speaker also presents with micro-
gnathism and a hypertrophied lower lip.

Figure 1 shows midsagittal slices of T2-weighted MRI data from the aglossic speaker,
and a non-aglossic 29-year-old female speaker for comparison, which enable some additional
anatomical observations. First, the aglossic speaker presents with a severely hypoplastic ante-
rior part of the genioglossus. Second, the superior longitudinal muscle, which would normally
connect directly the tongue tip to the hyoid bone, appears to be missing, which suggests that
the speaker cannot have functional control of tongue tip raising. Third, the mylohyoid/genio-
hyoid complex is proportionally more voluminous for the aglossic speaker compared to the
non-aglossic speaker (given their respective overall vocal tract dimensions), which may suggest
hypertrophy.

3. Articulatory strategy

A typical production of English /d/ involves a full closure of the vocal tract between the tongue
tip and the alveolar ridge (Fig. 2; see also multimedia file Mm. 1). Lacking a tongue tip, the
aglossic speaker has developed a compensatory strategy to produce a sound that has been
reported to be perceived as /d/ (Mm. 2) by using a bilabial closure as described in McMicken
et al. (2017): the bilabial closure that the aglossic speaker uses for the production of /d/ is quali-
tatively different from the one she uses for her production of a canonical /b/ (Mm. 3; see also
Mm. 4 for a typical non-aglosssic /b/). In particular, it has a longer anteroposterior extent, so
that the posterior end of the constriction is close to the front edge of the palate, thus roughly
approximating the constriction location of /d/ for a non-aglossic speaker.

In addition, the aglossic speaker’s /d/ is distinguished from /b/ by a widening of the
pharynx with a concomitant narrowing at the palatal region. This effect is also seen in the nor-
mal speaker’s articulation and is presumably a consequence (in typical speakers) of the fronting
of the entire tongue body (including the root) in a back vowel context in order to produce the
alveolar constriction. Stevens (2000) and Iskarous et al. (2010) have shown, both theoretically
and by statistical analysis of point-tracking data, that such fronting in back vowel contexts is
responsible for their characteristic F2 transitions that contribute to their perceptual
identification.

Mm. 1. Real-time MRI video of a production of /ada/ by the non-aglossic speaker. This is a file of type
“mp4” (543 KB).

Mm. 2. Real-time MRI video of a production of /ada/ by the aglossic speaker. This is a file of type
“mp4” (472 KB).

Mm. 3. Real-time MRI video of a production of /aba/ by the aglossic speaker. This is a file of type
“mp4” (471 KB).

Mm. 4. Real-time MRI video of a production of /aba/ by the non-aglossic speaker. This is a file of type
“mp4” (545 KB).

Fig. 1. (Color online) Midsagittal slices from T2-weighted MRI data [aglossic (left) and non-aglossic (right) subjects], which
offer significantly more anatomical detail than real-time MR imaging, captured while subjects lay in the scanner at a rest
position for several minutes. Structures discussed in the text are annotated.
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4. Acoustic simulation

We simulated the time-variation of plosive production by testing five dynamically changing tube
configurations corresponding to the formation and release of three different oral constrictions (typ-
ical bilabial, typical alveolar, long [i.e., spatially-extended] bilabial) with or without concurrent
pharyngeal widening and palatal narrowing, all in /aCa/ contexts. These dynamic configurations
were used as inputs to Maeda’s articulatory synthesizer (Maeda, 1982; Toutios and Maeda, 2012).

Figure 3 summarizes the dynamic vowel-consonant-vowel (VCV) configurations and the
resulting formant trajectories. The two bottom-right plots show the area function for the vowel
(a typical /a/) and the dynamics of the critical constriction degree that was input to the synthe-
sizer, both applied to all VCVs synthesized; the latter dynamics can be thought of as governing
the transition from vowel to consonant and back to vowel area functions. The other plots show
the five different consonant area functions in the simulated VCVs and the synthesized formant
trajectories of these VCVs.

C1 in Fig. 3 (see also multimedia file Mm. 5 for the synthesized VC1V audio) corre-
sponds to a typical /b/ (also the aglossic speaker’s) and C2 (Mm. 6) to a typical /d/. C3 (Mm. 7)
corresponds to the aglossic speaker’s /d/. C4 (Mm. 8) and C5 (Mm. 9) are hybrids that do not
correspond to actually observed productions. C4 shows the effect on the formants of only extend-
ing the C1 lip constriction in a posterior direction. The effect is to make F3 fall sharply at the
release of the stop, while F2 continues to rise sharply, as it does in C1. Neither of these is what is
found for alveolar stops in the context of a central low vowel of this kind, either theoretically or
empirically [see Stevens (2000)]. The high F3 during the closure is presumably due to the shorten-
ing of the front cavity. When the vocal tract is “straightened” due to anterior movement of the

Fig. 2. (Color online) Frames extracted from real-time MRI data (at 83 frames per second) of /ada/ and /aba/ sequences for
the aglossic and non-aglossic speakers. The /a/ shown was extracted after release of /b/.

Fig. 3. Dynamic VCV configurations used as inputs to the simulation and resulting acoustics. See text for details and
discussion.
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tongue (seen both in typical and aglossic /d/ production), as in C3, the formant transitions are
largely flat, consistent with observations, and modeling of /d/ in the context of a vowel of this
kind. A comparison of C5 and C3 suggests that the “extension” of the bilabial constriction does
not contribute change to the formant transitions substantially. While a detailed analysis of the
sensitivity functions of all these shapes could contribute further to our understanding, and to the
confidence in the robustness of our results, such an analysis would be of limited utility given the
non-ideal acoustic quality of the MRI data currently available.

Mm. 5. Synthesized VC1V audio. This is a file of type “wav” (31 KB).

Mm. 6. Synthesized VC2V audio. This is a file of type “wav” (31 KB).

Mm. 7. Synthesized VC3V audio. This is a file of type “wav” (31 KB).

Mm. 8. Synthesized VC4V audio. This is a file of type “wav” (31 KB).

Mm. 9. Synthesized VC5V audio. This is a file of type “wav” (31 KB).

5. Conclusion

The aglossic speaker produces differences in the articulation of labial and coronal stops, despite
a morphology that does not allow her tongue tip to form a constriction at the alveolar ridge. It
is possible that she has learned to engage her mylohoid muscles in a manner similar to typical
speakers to produce a coronal stop in an /a/ context.

Specifically it has been speculated (Epstein et al., 2002) that during normal alveolar/den-
tal articulations, the mylohyoid muscle may elevate the hyoid bone (located at the base of the
mandible and superior to the larynx), pulling the tongue toward the alveolar ridge, creating more
space in the pharynx as a result. If the aglossic speaker is engaging this mechanism, this could
result in the characteristics observed in the imaging of her productions of /d/: (i) the closure at
the lips (in conjunction with the speaker’s micrognathism and lip hypertrophy, and noting that
the lips will follow passively the jaw movement); (ii) the narrowing at the palatal region; and (iii)
the pharyngeal widening. It is the synergistic combination of all these three features that produce
acoustic patterns similar to those of typical /d/ constrictions in our acoustic simulations, and this
provides preliminary support for this analysis.
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