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Abstract. Real-time ultrasound sector scanning 
was used to image the posterior tongue. Depth of  
tongue grooving and distance of  the tongue surface 
from the transducer face were rneasured in 7 nor- 
mal subjects, for vowels in a standardized speech 
context and for dry swallows. Tongue postures for 
the VOWels I~e/or let were most similar to the maxi- 
mum grooving found in deglutition, which oc- 
curred approximately 300 ms prior to ultrasound 
evidence of initiation of the reflexive pharyngeal 
phase of swallowing. 
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Physiological research on the mechanisms of 
speech and swallowing has existed tbr decades and 
even Uses Some common methodologies. The focus 
and research issties in the two areas are very differ- 
ent, hOWever, and this has discouraged detailed 
physiological comparisons between the two activi- ties. 

Grooving of the tongue is an example ofa ftmc- 
tional requirement common to both deglutition 
and Speech that has received relatively little re- 
search attention. Posterior tongue grooving ap- 
pears as part of  the oral phase of normal swallow- 
ing [1, 2], during which a liquid is channeled cen- 
trally and moved backward to the pharynx. Until 
recently, the grooving aspect of  tongue shaping in 
speech has been practically unexplored, with the ~ ception of descriptions of sibilants such as Isl 
l 5] .  Recent speech research utilizing coronal ul- 
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trasound scans of the tongue, [6] has revealed that 
central grooving is also present on many vowels 
anteriorly, and especially posteriorly, on the 
tongue. 

A comparison of  posterior tongue grooving for 
speech and swallowing is of  medical significance 
in the area ofdysphagia therapy. Speech is a volun- 
tary function, whereas only the initial oral stage 
of swallowing is considered to be under voluntary 
control. Posterior grooving of the tongue takes 
place as the bolus is being delivered into the phar- 
ynx and the involuntary pharyngeal phase of swal- 
lowing commences [7]. Persons who are unable ef- 
fectively to form and channel a bolus with the 
tongue may experience uncontrolled premature en- 
trance of the material into the pharynx, with the 
possibility of  aspirating before the reflexive swal- 
low occurs. In swallowing therapy, voluntary com- 
pensations are taught to a dysphagic patient [8, 
9]. Speech function or irnagery involving speech 
activity could be a useful aid in evoking appro- 
priate tongue function Ibr swallowing, if it were 
known which speech contexts most closely resem- 
bled tongue activity tbund for swallowing. 

Materials and Methods 

This study involved 7 normal subjects between the ages of 21 
and 47 years. All were speakers of l'nglish. None reported or 
were observed to have any speech disorder or swallowing diffi- 
culty. 

htslrume#tltllio## 

Real-time ultrasound (US) images were produced wilh an Ad- 

vanced Technologies Laboratories (Bellevicw, WA. USA) ultra- 
sound unit and recorded on videotape. A 3 M Hz mechanical 
sector scanner transducer was used, which had a focal depth 
of 7 cm and produced a scanning rate of 30 franaes. An acoustic 
standoff (Kitccko, 3M Co.) was attached 1o the top of the 
tra,lsducer, distancing it fronl the mandible and permilting the 
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t \ :  <',l" t t t e .~c  ~ t i h j c c l , ~ .  l " o t  + ~ t i h j c u t 5  1 a i i t l  J ,  I l l +  v o w e l  

t c  I w a s  l l l o , ~ l  , ~h l l J ] ; i i  + t o  the I t ' l l l T t l O  ,++tlI'[~.iCC I " l o ~ / l / o i /  

i\~r +\~allo~'hl+, ~o t_icitct I'or that vo~vcl ~ll'c~ +il+~o 
t+rovidcd. 

r{'l]13 th i rd  i'~cittii+c " studied ~vltl~ re~t'+ccl to >,+t, l i l- 
Io~vht7 was the t / in /n7 reklt ion,~hip hel+vecn the r id -  
co l+ran+o 5hovq{tt~< mttx i l l la l  lt+ll~t.ic+ +l++t'+\'lll~U " ; i l id 
tile o l / ,~C l  O1  lhe rapid L ' J l D I l + g  i l l  +il'+Jl+t':.li++.iilr O1' 

t l l l t ~O l ' l ) ' iV i  7 lC i117 t l+  l l l t l ~ C I C ~ ,  T h i ~  t{'+~%c wet.'-+ c ~ i l c t l -  

lalcd I'ronl the n tn i lbcr  t>l ~ideu }+r~inles (at +tl) 
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frames/s) separating the two events. The average 
time between these events was 305 ms. 

Discussion 

The displacement of  the midline tongue and the 
depth of  the tongue groove are comparable in 
swallowing to the vowels le[ and I~el rather than 
to the vowel l il, which has the most extreme groov- 
ing in speech. To utter an lil, the entire base of  
the tongue is displaced anteriorly [11], widening 
the pharynx and opening the laryngeal vestibule. 
The posture for the vowel Ill is thus not conducive 
to facilitating rapid airway protection during the 
pharyngeal phase of swallow when the larynx is 
pulled forward and under the base of  the tongue. 
The vowel It el, on the other hand, has a greater 
degree of  pharyngeal constriction, yet still incor- 
porates posterior tongue grooving as is needed for 
central containment and channeling of  the bolus. 

We do not have independent validating evi- 
dence to tell when in the sequence of  swallowing 
our tongue grooving measurements were taken, 
and cross-sectional real-time ultrasound scans do 
not give as complete a picture as real-time sagittal 
scans, but wc suggest the following interpretation. 
In deglutition the maximum posterior tongue 
grooving occurred an average of  305 ms before a 
rapid change in appearance of  longitudinal tongue 
muscles in the cross-sectional US scans, along with 
disappearance of the tongue echo. One of the most 
rapid events in swallowing is the anterior move- 
mcnt of  the hyoid bone, which pulls the larynx 
under the base of the tongue as the bolus passes 
through the laryngopharynx and into the esopha- 
gus. In normal swallows, the rapid forward move- 
ment of  the hyoid ends an average of  267 ms after 
the barium bolus moves over the base of  the tongue 
and begins its vertical descent into the pharynx 
[12]. The change in appearance of the longitudinal 
tongue and floor of  mouth muscle is consistent 
with strong contraction of muscles attaching on 
the hyoid bone. At approximately the same time 
as the muscular appearance in the image changed, 
the echo from the tongue surface disappears. The 
disappearance of  the air/tongue interface has also 
been described for sagittal ultrasonic scans of  swal- 
lowing. This occurs as the tongue and palate make 
direct contact during the stripping action and as 
the hyoid moves forward and upward I131. Thus 
we are suggesting that the maximum grooving of  
the posterior tongue occurred an average of 305 ms 
prior to when the minimal bolus for a dry swallow 
was propelled into the pharnyx and the larynx was 
pulled under the base of the tongue. 

The possibility of  using real-time ultrasoUO~ 
scanning for biofeedback in speech training h~ 
been noted [14]. It appears that ultrasound scg~ 
ning would also hold promise for biofeedback i 
certain aspects of swallowing therapy, notably tl~ 
tongue conformations for oral formation a0' 
channeling of the bolus. The neurologic organiZ~ 
tion ['or normal speech and swallowing is no dour 
quite different, even for the voluntary oral sta~ 
of  swallowing. But in the beginning stages of  dY ! 
phagia therapy for poor tongue control, appr0X: 
mations to desired function may be sought usi~ 
whatever voluntary capabilities arc present. Speer 
therapy may likewise begin training with sustaioC 
sounds, even though the ultimate goal is contextU: 
speech, which represents a different task. UItr 
sound is an imaging technique that can be use 
safely for long-term and repeated assessment, a0 
thus is also well suited to evaluating the sucCr 
of  training. 
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