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Comparison of the Passage Velocity of Various Foods in the
Human Pharynx by Ultrasonic Measurement
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The passage velocity of various types of food in the pharynx when healthy individuals swallowed was
measured by the ultrasonic pulse Doppler method in order to clarify the relationship between the
rheological property of each type of food and the relative difficulty of aspiration.

The food types tested were divided into two categories; one comprised food that patients with
dysphagia could aspirate easily (EA category) and the other comprised food that was more difficult to
aspirate (DA category). The mean velocity (Vumean), maximum velocity (Vuax), degree of velocity
dispersion (spectrum area: SA), and the time for swallowing (ST) in the pharynx were compared
between the two food categories.

As a result, Vuran and Vuax values for each food in the DA category were significantly lower, while
SA was significantly lower than each food in the EA category (p<<0.01). ST was 0.9-1.1 (s), but bore no
relationship with the difficulty of aspiration. The food in the EA category was statistically
distinguishable from that in the DA category by a cluster analysis.

The results show a close relationship between the passage velocity of food in the pharynx and the
difficulty of aspiration to the trachea for the food.
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Fig. 1.
The measurement point, direction of ultrasonic pulse, and
food flow are indicated. (a) Hard palate, (b) tongue, (c)
hyoid bone, (d) thyroid cartilage, (e) trachea, (f) nasal
cavity, (g) soft palate, (h) epiglottis, (i) esophagus.

The three phases of normal swallowing'’*'*”

| CRT |
1
Ultrasound | | Color Sonoprinter
Linear scan probe | | diagnostic system TCP-7700
PLF-8055T SSA-340A model | | VTR

(Toshiba Medical) | | SONY SVO-9500MD

Fig. 2. Measurement system
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Fig. 3. View of the experiment

The probe was set at an upward angle of 20° against the
neck. It was positioned against the upper part of the
collarbone, and its right and left positions were set in
accordance with the B mode figure.
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TR, trachea; ES, esophagus; CA, carotid artery. The region
marked in yellow is used in Figs. 5 and 6.

Fig. 5. Colored image taken by the ultrasonic pulse
Doppler method in the measurement region
during deep breathing

TR, trachea; CA, carotid artery.
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Colored image taken by the ultrasonic pulse
Doppler method in the measurement region
and the velocity spectrum when swallowing
oolong tea

ES, esophagus; CA, carotid artery.
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~-12dB from the mode brightness
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: v
-12dB
mode
> rean
Time (s) Brightness
= T (proportional to the number of food particles)

Fig. 7. Relationship between the velocity, time and brightness in the velocity spectrum

A: Relationship between time and velocity. B: Velocity distribution (brightness-velocity relationship) at a given time. B
shows three kinds of values for the velocity distribution at the given time in A: average value (mean), mode
value (mode) and —12 dB intensive value (—12 dB). a: line connecting “mean” at each time; b: line connecting
“—12 dB” at each time; c: outline of the velocity spectrum; S1: area under line “a,” So: area under line “c,” r time from

“w

the start of line “c” to the end.

Velocity (m/s)

Velocity (m/s)

§ thickened soln.

1s Time
Fig. 8. Examples of the velocity spectrum for each sample swallowed by the same subject

The vertical axis indicates the velocity (m/s) and the horizontal axis indicates the time (s).
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Table 1. Food samples measured by the ultrasonic pulse Doppler method
. Referance value
Category Sample Treatment before swallowing
by usual methods
Easy to aspirate ~ Oolong tea none —
(EA) Agr gel (hard)*! crushed by spoon 5.8X10* N/m? *¢

Gelatin gel (soft)*?

Pudding
More difficult Thickened soln. (3% )**
to aspirate (DA)  Yogurt
Zen-kayu**
5 bu-kayu*®

mashed by tongue (5 times)

chewed by teeth (10 times)
chewed by teeth (10 times)

4.2X10° N/m* *¢
1.6X10° N/m* **
none 9.0X10°* mPa-s*’
none 5.9X10° mPa-s**
5.5X10° mPa-s*®
1.9X10° mPa-s*®

crushed by spoon

*!lellied tea 0.8% agar, **jellied tea 2% gelatin, **oolong tea with added thickener (3%),

* 5

*'rice:water=1:6,

rice:water=1:8, *®jelly strength (reometer: 15 mmg¢ , 6 cm/min, 15C),

*Tviscosity (BM type, No4, 30 rpm, 25°C), ** viscosity (BM type, No. 3, 12 rpm, 15C), *° viscosity

(BH type, No. 7, 4 rpm, 30C).

Table 2. Physical features of the subjects

. Height Weight  Circumference of
Initials Sex  Age
(cm) (kg) the neck (cm)
AN. male 34 178 80 39
ON. male 27 176 70 39
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b:Maximum Velocity (ratio)
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Fig. 9. Ratio of the measured value obtained for each food sample to that of oolong tea (n=60)
#x: p<0.01 (vs. oolong tea). x: p<0.05, =x: p<0.01 (vs. agar gel (hard)).
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Fig. 10. Result of the cluster analysis

The foods in the EA category (oolong tea and agar gel
(hard)) were statistically distinguished from the foods in
the DA category by cluster analysis using 4 parameters
(ratio of VMEANy VMAX; SA and ST)
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