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The Roentgencinematographic Study on the Mechanism of Esophageal
Speech Following Laryngectomy.

By
Katsuhiko Fujimi

Department of Radiology, Osaka University Medical School
(Director: Prof. Dr, Hiromu Tachiiri)

The number of laryngectomized patients increases every year. For those who have undergone the
removal of their essential organ of voice and speech production and have become unable to communicate
with others, an excellent substitute voice is required. Among the various substitute phonations, esophageal
speech which needs no apparatus is most convenient and useful.

The purpose of this study was to investigate the morphological movement patterns of tongue, soft
palate, pharynx, mandible, neoglottis and esophagus by means of roentgencinematography with simulta-
neous recording of respiratory air flow during esophageal speech,

The results are as follows:

1. Air intake. From repeated observations on 40 esophageal speakers, the methods of air intake
were divided into five types: injection in inspiratory phase, injection in expiratory phase, injection in-
‘dependent of respiratory phase, direct inhalation without injection and direct inhalation followed by in-
jection.

2. Injection movement. Three types of glossal movement were found: glossal press movement,
glossomandibular press movement and glossopharyngeal press movement.

3. Morphology of the neoglottis. Tremendous individual differences in the morphological structure
of the pharyngoesophageal junction were observed. However, five different types were recognized:
simple form, simle form with subglottic space, larynx-like form, multiple formations of neoglottis and im-
complete formation of neoglottis.

4. Esophageal movement. Dynamic esophageal movement was characteristic of each air intake

method. Especially in the case of injection in inspiratory phase, the most rapid dilatation of esophagus
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was observed. In phonation, the dynamic patterns of esophageal contraction had great diversity. In

the lower part of the esophagus, passive pararell contraction was observed, accompanying elevation of

diaphragm in strong expiration while in the upper part of the esophagus, active squeezing up movement

was demonstrated.

5. By the audiological evaluations the degrees of the speech skill were estimated. The most skillful

speakers were found generally in cases using injection in inspiratory phase with glossopharyngeal press

movement and as for the neoglottis formations in cases with neoglottis of simple form or simple form with

subglottic space.
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Fig. 1 Diagram of respiratory air flow indicator
A, base plate
B. an orifice for respiratory air flow
C. pendulous plate with an iron wire
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Fig. 2 Cineradiogram trecings of a user of injection in inspiratory phase, once
injected case.

. 0)

Resting phase. No movement of tongue and hypopharynx. Contrast medium
with fluid level is seen in hypopharynx. Soft palate relaxed, air flow in-
dicator vertical.

(f. 3) Inspiration just started with the beginning of soft palate elevation.
(f. 5) Maximum inspiration. Tongue began to move forward and downward.
Soft palate further elevated. Contrast medium with fluid level is still seen.
(f. 7) Tongue further moved forward and downward. Elevated soft palate become
close to pharyngeal wall.
(f. 9) Just before injection, Maximum forward and downward movement of ton-
gue, velopharyngeal closure. Maximum inspiration continued, fluid level is
still seen.
(f. 11) Beginning of injection. Tongue moved upward, soft palate markedly ele-
vated and neoglottis open. Fluid level disappeared with the downward
displacement of contrast medium. Maximura inspiration.
(f. 13) Tongue moved upward and backward. Maximum inspiration continued.
(f. 14) Tongue further moved backward. Maximurn inspiration has ended and air
flow indicator somewhat outward displaced.
(f. 15) Final of injection. Maximum upward and backward movement of tongue,
Air flow indicator started to be blown cutward.
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Fig. 3 Injection in inspiratory phase. The rela-
tion between the planimetric change of oral
and pharyngeal area and the respiratory mo-
vement during air intake. Decrease in oral
and hypopharyngeal area which means inje-
ction, coincides with maximum inspiration.
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Fig. 4 Cineradiogram tracings of a user of injection in expiratory phase, twice injected case.

(f. 0) Resting phase. Niveau is seen.

(f. 2) Expiration started with beginning of soft palate elevation.

(f. 5) Velopharyngeal closure, maximum expiration.

(f. 8) Just before injection. Niveau is still seen.

(f. 11) Beginning of injection. Niveau has disappeared with elevation of tongue.
(f. 14) Final of first injection.

(f. 20) Soft palate relaxed again, tongue moved downward in preparation for second injection.

(f. 24) Just before second injection.
(f. 26) Final of second injection.

-

f. 20 f 24 f 26

Fig. 5 Injection in expiratory phase. The relation between the planimetric change of oral and
pharyngeal area and the respiratory movement during air intake, Decreases in oral and phar-
yngeal area coincide with maximum expiration.
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Fig. ti Cineradiogram tracings of a user of in-
jection independent of respiratory phase, once
injectet case.

(f. 0) Resting phase. Fluid level is seen. Air

flow indicator vertical.

(f. 13) Just before the injection. Air flow indi-
cator slightly moved inward.

(f. 15) Beginning of injection. Fluid level disa-
ppeared with upward movement of ton-
gue. Weak inspiration.

(f. 22) Final of injection.
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Fig. 7 lnjection independent of respiratory phase. The relation between the planirnetric change
of oral and pharyngeal area and the respiratory movement during air intake, Decrease in
oral and pharyngeal area independent of respiratory phase.
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Fig. 8 Cineradiogram tracings of a user of di-
rect inhalation without injection.

(f. 0) Resting phase. Fluid level is seen. Air

flow indicator vertical.

Lips were open and soft palate elevated

with the start of inspiration.

Beginning of direct inhalation. Fluid

level disappeared under maximum in-

spiration. No injection movement.

During direct inhalation. Fluid level

completely disappeared.

(f. 2)
(. 4)

(f. 14)
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Fig.9 Direct inhalation without injection. The
relation between the planimetric change of
oral and pharyngeal area and the respiratory
movement, No decrease in oral and pharyngeal
area.
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Spun 4o)swyve)d

Fig. 10 Cinearadiogram tracings of a user of
direct inhalation followed by injection.

(f. 03
. 5)

(f. 10)

(f. 18)
(. 20)

(f. 23)

Resting phase. Fluid level is seen.
Hypopharynx dilated with start of in-
spiration.

Beginning of direct inhalation, Lips were
open, tongue and mandible moved do-
wnward, fluid level disappeared. Palate
remained open. Maximum inspiration.
Just before injection. Lips were closed.
Injection under maximum inspiration.
Soft palate markedly elevated.

Final of injection. Air flow indicator
started to be blown outward.
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O IS
E O\
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Fig. 11 Direct inhalation followed by injection.
The relation between the planimetric change
of oral and pharyngeal area and the respira-
tory movement during air intake.
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Fig. 12 Glossal press
(1) Just before injection.
( 2) Final of injection. Tongue moved upward.
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Fig, 13 Glossornandibular press
(1) Just before injection.
(2 ) Mandible moved upward.
(3 ) Final of injection. Tongue moved

YL/)E \ B %l:/ :
. \\ v R d

Fig. 14 Glossopharyngeal press
(1) Just before injection.
( 2) Tongue moved upward.
(3 ) Finalf'of injection. Hypopharynx was al-
most obliterated by the backward move-
ment of tongue.
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Table 1 Standard of estimating the degree of the speech skill
A B C D
Duration in the longest phonation more than more than less than less than
) gest p 1.5 sec 1.0 sec 1.0 sec 1.0 sec
n ; more than more than less than less than
Volume of the loudest phonation 95 phon 90 phon 90 phon 50 Bhen
Variation in pith in the most high-pitched m + I I
phonation
e . more than more than, more than less than
Number of words said in one phrase T—— iy 5 words A eords
Speech discrimination very good good poor verp poor
Noise + H #

Fig. 15 Measuring of the height of the eleva-
ted soft palate above the superior plane of
the hard palate.
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m, FPSIFEAL © 9.2mm, FEAYE: 8.4mm, TR
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BEREEOXE ERSHEL e KRE 0T,
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Rz & AT TAEREOLATEE LTS
b, BIRE, F&, SEEIcThicdioTh
5. FERFEENE L 2KERE L oBRY R
LRI iy, ThAR, BRI
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Table 2 The relation between the air intake
methods and the speech skill.

A|B|C|D

Injection in inspiratory )
ﬂ$e H : 5|11 | 1| 3
Injection in expiratory 3| 2
phase

Injection independent of 1] 2 5
respiratory phase i
Direct inhalation without 9 _2_
injection

Direct inhalation followed 1 9

by injection

Total 5116 910

Table 3 The relation between the injection
movements and the speech skill.

|a|B]|c|D|Total
Glossal press 41 3| 3| 10
Glossomandibular s
press 1) 6 1 8
Glossopharyngeal
press 4| 6| 3| 5| 18 ]

A EVRBEKEAEZTROoTE Y, AEOEFL
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EAEBIAEO X 5 sEEe A8 s h 1o
B, FEA % 177 5 366 i DT, BIEFIN L E
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l,ﬁ@ﬁ&%k$057ﬁﬁlmomf,ﬁl
BRIATERTD =2 = LEABIAD = =26, FEAKED
R EHEEAE R OB LR A BIE T 5 &, FIEARE
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Fig. 16 The rate of decrease in the oral pha-
ryngeal area measured from cineradiogram
tracings.

glossal
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Table 4 The relation between the air intake
methods and the noises.

Glosso- | Neoglo

=" Stomal

palatal | ttic :

| noise noise L0ISe
Injection in
_inspiratory phase + f -
Injection in
expiratory phase H + N
Injection indepen-
dent of respiratory H - —
phase
" Direct inhalation D T
without injection B + tt
Direct inhalation
followed by injection| = ‘H“

NTHEREEA, HTFHEADKE W (F16).
FEOTHEMHAEAS XOFTHEA 22 FF T »
5.
FOBEFEFE Tr 22K R « O 2 BEHR3
B8, Thicik3fELRDL.

a) HEOEME (“FYoFvy”)

b) {EEFLEENEE (“7—-27—")

) JENHEE (“e=a2—r=2-")
ThHote. ThbOPE FLGERBEITNT
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Fig. 17 Injection in inspiratory phase, once injected case. The relation between the planimetric
change of upper esophageal area and the respiratory movement during air intake and phonation
of vowel [a/ phonated as long as possible.
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Fig. 18 Injection in inspiratory phase, three times injected case. The relation between the plani-
metric change of upper esophageal area and the respiratory movement during air intake,
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Fig. 19 Injection in expiratory phase, four times injected case. The relation between the planimetric
change of upper esypnageal area and the respiratory movement during air intake.
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Fig. 20 Injection independent of respiratory phase, twice injected case. The relation between
the planimetric change of upper esophageal area and the respiratory movement during air

intake.
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Fig. 21 Direct inhalation without injection. The relation between the planimetric change
of upper esophagel area and the respiratory moverent during air intake and phonation

of vowel /[a/.
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Fig. 22 Direct inhalation followed by injection. The relation between the planimetric change of
upper esophageal area and the respiratoy movement during air intake and phonation of vowel/a/.
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Fig. 23 The same case as in Fig. 17. The relation between the planimetric change of upper
esophageal area and the respiratory movement during air intake and phonation of vowel fa/

phonated as loud as possible,
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Fg. 24 The same case as in Fig. 17. and Fig. 23 The relation between the planimetric change
of upper esophageal area and the respiratory movement during air intake and phonation of

vowel fa/ phonated as high-pitched as possible,
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Fig. 25 Morphology of neoglottis.
. simple form
. simple form with subglottic space
. larynx-like form
. multiple formation of neoglottis

5. imcomplete formation of neoglottis
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Table 5 The relation between the morphology
of the neoglottis and the speech skill.

A ‘ B|C|D
Simple form 2 ‘ 311
Simple form with |
subglottic space 3[12| 4] 1
Larynx-like form. 1] 1 | 1
Multiple formations of ‘_? 4
neoglottis __.i
Imcomplete formation of | | 4
neolottis |
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