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ABSTRACT

Objective: The present study is intended to compare swallowing characteristics between normal controls and patients with

dysphagia through quantification of the pharyngeal movement. Background: The existing diagnoses of swallowing have
been qualitatively conducted by a clinician referring to results of the VideoFluorocopic Swallowing Study (VFSS) or the

Fiberoptic Endoscopic Evaluation of Swallowing (FEES); therefore, a quantitative methodology for assessment of the
swallowing is required to diagnose dysphagia more accurately. Method: A three-step approach was applied in the study:
(1) development of a swallowing measurement device consisting of an ultrasonic Doppler sensor to measure the pharyngeal
movement, (2) establishment of five swallowing quantification measures (peak amplitude, duration, number of peaks, peak

interval, and impulse of swallowing) by a swallowing signal preprocessing, (3) evaluation of the swallowing in 120 normal

controls and 36 dysphagic patients by three-step protocol (S1. informed consent, S2. exercise, S3. swallowing session; type
and volume: dry saliva, thin liquid 1, 3, 9 ml, and thick liquid 1, 3, 9 ml). Results: Swallowing signals of normal controls
and dysphagic patients classified into 2 types (short-single: 39%; short-double: 43%) and 3 types (short-double: 58%;
long-double: 33%; long-multiple: 9%), respectively. Dysphagic patients had difficulties in swallowing of 9 ml regardless of
swallowing type. Highest peak amplitude, duration, number of peaks, average peak interval, and impulse of dysphagic
patients were 1.3 times higher ( =4.31, p <.001), 3 times longer (=-11.15, p <.001), 2 times more (¢t =-6.73, p <.001), 2
times longer (¢ = -9.23, p < .001), and 1.3 times lower (¢ = 8.94, p < .001) than those of normal controls, respectively.

Application: The swallowing characteristics of dysphagic patients can be applied to develop a diagnostic model which can

evaluate quantitatively the existence and severity for dysphagia.

Keywords: Dysphagia, Swallowing, Ultrasonic Doppler sensor, Signal processing, Quantitative evaluation

1. Introduction

A ol(AsE 23, dysphagia)= o245 Hie A
s oo Ao, At A 9 A%5E
57t stk A Aol FE HEF, 5 A 2
Uz A0 =B AR oA HAS FAY T
=5 g Aol A EHEE T (Daniels et al, 2006), W17}

ZVEE FHELE S7KMors, 2006)80] 53] 6041
o] %9159 FHEC] HTHRobbins and Barczi, 2003).

% QlL, #HH, g, d¥Hx S0l
= 21 °](Ekberg et al., 2002), 2+
Jolle] R} Fgkel ek 4w A& (5 E Folo] A

> X

ol SxF=2] 4o A e it o] FoE
QI THWilkins et al., 2007).

A Aol BrE A Ve A 34 FhES
AA ANEY v B kA 9 =dHd
9o @AVt vk 7€ A Fee FE
Q177 (pharynx) Wil tfste] Figure 13 22 H]t 2
FAl %9 FHAKVideoFluorocopic Swallowing  Study,
VFSS)?} Hjt]e WAl 3 AK(Fiberoptic Endoscopic

Evaluation of Swallowing, FEES)E F3lo] 4471l 23|
ke a1 §lthH(Langmore et al, 1988). 1#u}, H&
AolEe AR A AT Sl &) AR
abdol 7 oloF shar, VFSSe A9 AR w=E 3
FEES®] ¢ HFo= st kAol vt 439
7o) BRI Aow By th(Leeetal, 2012).



(b) Fiberoptic Endoscopic Evaluation of Swallosing (FEES)

Figure 1. Existing devices for diagnosis of dysphagia
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Figure 2. Swallowing measurement device by Lee et al.(2012)
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2. Method

2.1 Measurement of swallowing

2.1.1 Participants
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2.1.2 Apparatus
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Table 1. Age and gender distribution of normal controls
20s 30s 40s 50s 60s 70s | Total

Male 10 10 10 10 10 10 60
Female 10 10 10 10 10 10 60

Total 20 20 20 20 20 20 120

Age

(mean 239 33.2 43.1 54.2 64.2 72.2 )
+23 +32 +29 +34 +238 +2.1

+SD)

Table 2. Age and gender distribution of patients with dysphagia

20s 30s 40s 50s 60s 70s Total
Male - - 1 6 12 7 26
Female - 1 - 1 1 7 10
Total - 1 1 7 13 4 36
Age 56.1 63.7 76.3
(mean - 30 | 430 | o0 | 429 | +a4 -
+SD)
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2.1.3 Experimental procedure
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2.2 Analysis of swallowing characteristics
2.2.1 Preprocessing of swallowing signals
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Figure 3. Swallowing experiment
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Figure 4. Swallowing quantification system

2.2.2 Quantification of swallowing signals
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3. Results

3.1 Swallowing types
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Figure 5. Representative swallowing types
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3.2 Comparison of swallowing characteristics
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4. Discussion
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