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from the transducer face were mC‘dS”re,d n 7 no‘rr;
mal subjects, for vowels in a standardized spéelfér
context and for dry swallows. Tongue posturesaXi_
the vowels l®| or [¢] were most similar to the E] oc-
Mum - grooving found in deglutition, wh1’c ound
curred approximately 300 ms prior to ultras yeal
evidence of initiation of the reflexive pharynged
phase of swallowing,
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Materials and Methods
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This slllL,\/‘ s, All were speakers of English. None repor o
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Instrumentalion

. " ith an Ad-
I-time ultrasound (US) images were prnduud \U‘Sl]/\; i
Re -(; Technologics Luboratories (Belleview, \,\XG - hanical
vaneed 1e corded on videotape. A 3 # mechanied
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seclor sed scanning rate of 30 frames. An :
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entire tongue to be imaged. The standott also permitted smali
natural fw movements to occur without translatimg the motion

ta the transduocer.

Speech was transduced by a cardiond microphone (Electro-
voiee, Incpand recorded on the audio track of the video record-
et The microphone signal was also recorded simultancously
as aowavelorm displivy on the video image. along with o digital
clock displaying time to 0.01 «.

Procedures

I'he subject was seated o g dental chair and the transducer
was posttioned under the pw 1o scan ma cross sectional plane,

4y degrees posterior o the perpendicular ol the lerior border

ol the mandible. Thus the base of the tongue was imaged
the velar regron. A specially designed transducer holder stabi-
frzed the altrasound transducer. i intimate submental contact,
at o constant contact foree, A head holder was then placed
around the subject’s head to brace 1t mto position. A detinled
deseripuion of the transducer holder and head holder has been
published previously (6]
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Fig, f. Cross-sectional ultrasound secetof
scans of two stages moadry swallow:
tongue surface visible just prior 1o the
retlexive swallow (fefoy, and altered
appearance ol tongue musculature
accompanied by disappearance ol the
tongue surfiee echo (right).

Fig. 2. Cross-sectional sector scan ol the
posterior tongue surtace showing Inn““f
groove. The image is inverted as it woul
appear on the scanner screen.
Measurement pomts are (o) transduee?
Face, (M) fateral tongue surtace, and ()
midsagittal tongue surbace.
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U, then to say that vowel Hive times m1
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The sequence of tasks was as Tollows.

Lo Ao
speech LUHIL\( (hwp\pw) After the speech task tor cach s
the subject was given aomeasured 10 ml ol water from a \\”'
and asked to swallow on command. Tmmediately alterwd i
asceond Tdry Tswallow was requested. This sequence was W)
to provide some control over the amount of moisture 10 !
mouth for the “dry™ swallow. For cach subject. analysts
done on sustained vowels plus two examples ol cach v
in context, and on five ol the dry swillows.

Data Analyvsis

For analysis. the videotaped ultrasound  data were I‘C\i“\\_l
fraome by Trame until o frame of interest was identified.

of interest were determined as follows. The speech \lLH']

played visually on the recorded image was used to dLIL”ﬂ
the temporal domain of the sound being analyzed. When e
was variability i tongue position within a vowel, the i
showing the most extreme grooving was chosen. Not all
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frames/s) scparating the two events. The average
time between these cvents was 305 ms.

Discussion

The displacement of the midline tongue and the
depth of the tonguc groove are comparable in
swallowing to the vowels |e| and || rather than
to the vowel |i|, which has the most cxtreme groov-
ing in speech. To utter an [i], the entire base of
the tongue is displaced anteriorly [11], widening
the pharynx and opcning the laryngeal vestibule.
The posture for the vowel 1} is thus not conducive
to facilitating rapid airway protection during the
pharyngeal phasc of swallow when the larynx is
pulled forward and under the base of the tongue.
The vowel |®|, on the other hand, has a greater
degree of pharyngeal constriction, yet still incor-
porates posterior tonguc grooving as is nceded 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 longue grooving measurcments were taken,
and cross-scctional rcal-time ultrasound scans do
not give as completc a picture as real-time sagittal
scans, but we suggest the following interpretation.
In deglutition the maximum posterior tonguc
grooving occurred an average of 305 ms before a
rapid change in appcarance of longitudinal tonguc
muscles in the cross-sectional US scans, along with
disappearance of the tongue echo. One of the most
rapid cvents in swallowing is the anterior move-
ment of the hyoid bone, which pulls the larynx
under the basc of the tongue as the bolus passcs
through the laryngopharynx and into the csopha-
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 tonguce
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 ccho from the tongue surface disappears. The
disappearance of the air/tonguc interface has also
been deseribed 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 [13]. 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.

S.L. Hamlet ¢t al.: Posterior Tongue Groovi®

The possibility of using real-time ultrasou®
scanning for biofeedback in spcech training M
been noted [14]. It appears that ultrasound sca?
ning would also hold promise for biofeedback '
certain aspects of swallowing therapy. notably th
tongue conformations for oral formation a"
channeling of the bolus. The neurologic organi?
tion for normal speech and swallowing is no dou
quite different, even for the voluntary oral st#
of swallowing. But in the beginning stages of dY
phagia therapy for poor tongue control, appro*
mations to desired function may be sought usif
whatever voluntary capabilities arc present. Speet
therapy may likewise begin training with sustain
sounds, even though the ultimate goal is contextV
speech, which represents a different task. Ult*
sound is an imaging technique that can be u¢
safely for long-term and rcpeated assessment, &'
thus is also well suited to evaluating the succ®
of training.

Acknowledgment. This work was supported in part by G
No. CA 43838 from the National Cancer Institute.

References

1. Logemann JA: Meanual for the Videoftuoroscopic Studt
Swallowing. Sun Dicgo: College-Hill Press, 1986

2. Miller AJ: Deglutition. Physiol Rer 62:129 184, 1982

3. Minific FD. Zagzebski JA, Kelsey CA, Wing TW: ul
sonic scans of the dorsal surface of the tongue. J Ac?
Soc Am 491857 1860, 1971 )

4. Hamlet SL. Bunnell 11T, Struntz BG: Articulatory asyn?’
trics. J Acoust Soc Am 79:1164 1169, 1986

5. Hamlet SL, Stone ML: Compensatory alveolar consol

production induced by wearing a dental prosthesis. J Phe

/:227 248, 1978 )

Stone M, Shawker T, Talbot T, Rich A: Cross-secti?

tonguc shape during the production of vowels. J Act

Soc Am 83:1586 1596, 1988

7. Kennedy JB, Kent RD: Anatomy and physiology of dc
tition and related functions. Semin Speech Lang 6: 257~
1985

8. Logemann JA: Eraluation and Treatment of Swallow /H&’I

orders. San Dicgo: College-Hill Press, 1983 .

. Fleming S: Treatment of mechanical swallowing disol'dt_

In Groher M (ed): Dysphagia: Diagnosis and Manuge™

Boston: Butterworth, 1984 )

Shawker T, Sonics B, Stone M: Solt tissue anaton?

the tongue and foor of the mouth: an ultrasound de™

stration. Brain Lang 21:335 350, 1984

11. Curtis DJ: Radiographic anatomy of the pharynx. I)“f
gia 1:51 62, 1986

12. Curtis DJ, Cruess DI,
in the normal  pharyngeal
19:523 5291984

13. Shawker TH, Sonics BC, Stone M, Baum Bl: Real li
ultrasound visualization 0! tongue movements during’ s
lowing. J Clin Ultrasound 11:485 490, 1983

14. Shawker TH, Sonies BS: Ultrasound hmludhdtkl
speech training: instrumentation and preliminary e
Inrest Radiol 20:90 93, 1981

6.

=

=

10.

. ~ 11
Dachman AH, Maso 1 1”d
swallow. Jnrest RY



