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ANOVA Table

Measure Source df SS MS F Measure Source df SS MS F
Viscosity [Vc]| 1 1.080 1.080(80.8 | ** Viscosity [Vc]| 1 7,217 7217| 0.2
Ve x S 18 0.243 0.013 Ve x S 18 | 539,724| 29985
Volume [VI] | 1 0.168 0.168| 9.0 | ** Volume [VI] | 1 112,522 112522| 5.8 | *
A::pli’i':z'd‘e VI xS 18 0.339|  0.019 duration VI xS 18 | 352,796] 19600
(mV) Ve x VI 1 0.034|  0.034| 2.0 (ms) Ve x VI 1 5,872 5872| 0.5
VexVIxS | 18 0.300 0.017 VexVIxS | 18 199,791 11099
Subject[S] | 18 4.257 Subject[S] | 18 | 3,375,375
Total 193 6.963 1.572 Total 193 | 5,267,587| 379218
Viscosity [Vc]| 1 0.060 0.060| 4.6 | * Viscosity [Vc]| 1 88735| 88735.1/30.3|*
Ve xS 18 0.233 0.013 Ve x S 18 53254| 2958.6
Volume [VI] | 1 0.012 0.012| 0.9 Volume [VI] | 1 8639| 8639.5(21.5|*
2nd peak VI xS 18 0.230| 0.013 VI xS 18 7242 4023
Amplitude
(mV) Ve x VI 1 0.005 0.005| 0.5 energy Ve x VI 1 1513 1512.7| 2.9
VexVIxS | 18 0.195 0.011 VexVIxS | 18 9430 523.9
Subject[S] | 18 1.962 Subject[S] | 18 324209
Total 193 3.247 0.226 Error 118 38077 322.7
Viscosity [Vc]| 1 40,104| 40,104| 1.8 Total 193 | 540733 121106.4
Ve x S 18 414,691 23,038 (*: P<.05; *: P<.01)
peak-to-peak| \/ojume [VI] | 1 51,593| 51,593| 4.5 | *
in(t':':gal VIxS | 18 | 206,003| 11,445
(ms) Ve x VI 1 14,165 14,165 1.2
VexVIxS | 18 | 209,110 11,617
Total 193 | 4,646,565| 322,590
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1st Peak Amplitude

A Thin — thick, peak amplitude | (3 ml: 23.6%; 9 ml: 29.0%)

d 3 ml — 9 ml, peak amplitude 1 (thin: 16.4%; thick: 8.2%)

mV
0.80

0.70
0.60
0.50
0.40
0.30
0.20
0.10

viscosity

volume

15t peak amplitude Tse
. 1(18)=474,p<0.01 £(18) = 7.47, p < 0.01
0.18 mV**
0.13 mV** 052 (29.0%)
053 (23.6%) -
L 040 044
L

I

Thin Thick Thin Thick

3mL 9mL

F 2 INDUSTRIAL AND MANAGEMENT
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Ise

15t peak amplitude

mV
0.80 , t(18) = -2.49, p = 0.02 t(18) =-1.86, p = 0.08
0.09 mV*
0.70
0.60 (16.4%) 0-52
. 1L
053 A 0.04 mV
0.50 1 0%0 (8.2%) 04.4
0.40 - T |
0.30
0.20
0.10
volume 3mL 9mL 3 mL 9mL
viscosity Thin Thick
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2" Peak Amplitude

O Thin — thick, peak amplitude 9.2%|
0 3 ml — 9 ml, peak amplitude 4.4%1

mV 2" peak amplitude mV 2" peak amplitude
0.60 , Ise 0.60 4 Ise
t(37) = 2.24, p = 0.03 t(37) =-1.01, p = 0.32
0.50 0.04 mV* 0.50 0.02 mV
0.39 (9.2%) 4.4% 0.38
0.40 I ‘° 0_135 0.40 o.fa ( ﬁo) :
0.30 0.30
0.20 0.20
0.10 0.10
Thin Thick 3 mL 9mL
viscosity volume
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Number of Peaks

O Thin — thick, proportion of 2 peaks 11.1%|

0 3 ml — 9 ml, proportion of 2 peaks 7.9%1

Number of peaks Number of peaks
- number of peaks = 1 - number of peaks = 1
|:| number of peaks = 2 or more |:| number of peaks = 2 or more
100% 100%
z=-2.03, z=-1.46,
80% p=0.04 80% p=0.15
76.89 °
60% T 7o 60% 78.6% 86.5%
40% 40%
11.1%* 7.9%
L - B R
Thin Thick 3 mL 9mL
viscosity volume
=5 INDUSTRIAL AND MANAGEMENT - Ergonomic Design
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Peak-to-peak Interval

O Thin — thick, peak-to-peak interval 5.2%1
d 3 ml - 9 ml, peak-to-peak interval 5.9%1

Peak-to-peak interval Peak-to-peak interval

ms t(37) =-1.56, p = 0.13 ms t(37) = -2.12, p = 0.04
700.0 , 294 ms Ise 700.0 , 33.2 ms* Ise
600.0 963.8 O - 600.0 962.9 C) =
500.0 ) 500.0 ;
400.0 400.0
300.0 300.0
200.0 200.0
100.0 100.0

Thin Thick 3 mL 9 mL

viscosity volume
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Duration Time

U Thin — thick, duration time 1.4%|
d 3 ml — 9 ml, duration time 5.6%1

Duration time Duration time

ms ms

12000 4 #(37) = 0.60, p = 0.55 Ise 12000 4 {(37) = -2.79, p = 0.01 Ise
12.5 ms 49.1 ms**
1000.0 902.2 (1.4%) 889.7 1000.0 8714 (5.6%) 929.5
t = = E . - T

800.0 800.0

600.0 600.0

400.0 400.0

200.0 200.0

Thin Thick 3mL 9mL
viscosity volume
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Energy

A Thin — thick, Energy | (3 ml: 44.9%; 9 ml: 47.6%)
d 3 ml — 9 ml, Energy 1 (thin: 22.9%:; thick: 17.0%)

e Energy Ise e Energy Tse
160.0 , 160.0
£(18) = 5.01, p < 0.01 £(18) = 5.25, p < 0.01 £(18) = -4.04, p<0.01  {(18)=-1.91,p=0.07
140.0 140.0 19.3 my2es
%%
120.0 10 749 3 mv 120.0 (22.9%)' 037
100.0 84 437-9 mv2 (47.8%) 84.4 —
' 44" 44.9%) 100.0 % ! S
80.0 T B 544 80.0 I 7.9 mv2 s
60.0 l 46.5 T 60.0 46.5(17:0%) 94-
T T ™
40.0 T 40.0
20.0 20.0
viscosity Thin Thick Thin Thick volume 3mL 9mL 3 mL 9mL
volume 3mL 9mL viscosity Thin Thick
2 INDUSTRIAL AND MANAGEMENT ; Ergonomic Design
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Correlation between Measures

Q Strong correlation (r=.7)
> 18t peak amplitude2} energy (r = 0.78)

> Peak-to-peak interval} duration time (r = 0.86)

&

09
® r=0.07

4p 0.35,

1st peak 06
amplitude

*‘

0.3

2nd peak 00

amplitude ..

0.00
1200

peak-to-peak  soo
interval
400

200

energy 10w

500 1000 1500 0.3 0.6 0000 0.25 0.50 400 800 1200

duration 1st peak amplitude 2nd peak amplitude peak-to-peak
time interval




Discussion (1/4)
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Discussion (2/4)

Q =220 =28 M= 2| amplitude= 578 CH42| velocity2t H|2|(Dong et al., 2015)

O ViscosityZl 7t [l 1st peak amplitude (23.6%~29.0%), 2" peak amplitude
(9.2%), energy (44.9%~47.6%), 27l 0| 2| peak7} Z/ Tt H|E (11.1%)0| AT
« High viscosityE 7%l R HEE &2 M7 =2 of Z W0 8|5 oFd4 23 72
=AY LT AL =E Atz E

O Cagliari et al. (2009)%= bolus?| viscosity’} 7} Il peak intensity /|
4 2~(91.1~92.7 dB for water and 90.0~92.4 dB for yogurt)®t FAtet Z1tE E0 gt

Number of peaks

15t peak amplltude I ;
m SE 2nd peak amplitude Ener Ise
080 #(18) = 4.74,p < 0.01 {(18) = 7.47, p< 0.01 816\(/) P P Ise mv2 gy more
0. 18 mV - 160.0
0.70 043 mV* 0§2 (29.0%) 050 #(37) = 2.24,p=0.03 1400 #18) = 5.01, p< 0.01 (18) = 5.25, p< 0.01 100%
080 | 053 (23.6%) l : 0.04 mv* 1200 103.749-3 mv2+ -2.03,
0.50 T 0.44 0.39 (9.2%) ! 37.9 mv2** T (47.6%) 80% p ~0.04
0.40 -
040 l 4 0.40 I ™ n_f': 100.0 84[A (44.9%) T l
80.0 o
030 0.30 60%
500 l 465 544 87.9%
0.20 0.20 400 i I
. . o
0.10 40%
010 200 1. 1/
. . . . . . 20%
sssssss ty|  Thin Thick Thin Thick o ) ) ) A °
||||||| ty Thin Thick Thin Thick
volume 3mL 9mL Thin Thick volume 3mL omL
. I

IIIIIII
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Discussion (3/4)

0 VolumeO| 7} [Mf 1st peak amplitude (8.2%~16.4%), PP interval (5.9%),
duration (5.6%), energy (17.0%~22.9%), 27l O] 49| peak7} LA St H| & (7.9%)0|
S 7t8t (15t peak amplitude2t energy= thin liquidOll A 2t £-2|&H)

QO Peak amplitude®} energy7t SmLELCtOmLY If =QEH A2 O B2 42 A7|7]
flofl o Zet ez o 78S SAHJ7| YZL =2 Atz E

O Peak-to-peak intervaldl duration0| 71 A2 XtAA 2 T4

Peak-to-peak interval

Duration time
ms (37)=-2.12,p=0.04 ms

700.0 33.2ms* Ise 1200.0 €37)=-2.79,p=0.01 Ise
(5.9%) 596.1 49.1 ms*
600.0 562.9 - 1 1000.0 o714 (5.6%) 9205
. pl :
500.0 £
800.0
400.0
15t peak litud Ise Ener Ise 600.0
v peak amplitude Ve aqy 300.0
080 ,( f(18)=-2.49,p=0.02) ((18)=-1.86,p=0.08 160.0 2000 400.0
« 18)=-4.04,p<0.01 | #18)=-1.91,p=0.07
070 009 V" 62 o0 || 19 o e P 100.0 200.0
060 (16.4%) 08 1200 19.3mvze . -
: ol 0.04 mv : (229%) 7
050 040 (8.2%) 044 100.0 84[.4 41 3mL 9mL 3mL 9mL
040 £ 7.9mv2
! 80.0 : mo 54.4 volume volume
030 60.0 4.5(17.0%) 7%
020 100 T L Number of peaks
0.10 20.0 [ number of peaks = 1
[ number of peaks = 2 or more
volume 3 mL 9mL 3mL 9mL volume 3mL 9mL 3mL 9mL 100%
viscosity Thin Thick viscosity Thin Thick z=-146,
80% p=0.15
— @ — @
60% 78.6% e
40%
7.9%
it 20% e
Y ENGINEERING, POSTECH 23 Technology Lab
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Discussion: Comparison of Swallowing Durations

= AF0A FYE= "l "Ha & Al Zk(thin liquid: 902.2+149.3 ms; thick liquid:
889.7+163.8 ms)= Cagliari et al. (2009)2} Nascimento et al. (2015)2} Al

O Microphone= AFE % Santamato et al. (2009)2} Youmans & Stierwalt (2005)2t=

AHOIZE AR S

Duration (ms)

s Sample size Measurement Bolus
tudy .
(age range, years) device (volume) mean SD
, water (3 ml, 9ml) 902.2 149.3
Present study 24 (23 ~ 49) ultrasonic Doppler
yogurt (3ml, 9ml) 889.7 163.8
water (2.5 ml) f;“nf;?é:gg%)o N/A*
Cagliari et al. (2009) 30 (10 ~ 15) ultrasonic Doppler
male: 920.0
yogurt (2.5 mi) female: 8100 || VA
water + barium 832 5 N/A
Nascimento et al. . (5 ml, 10 ml) '
30 (29 ~ 77) videofluoroscopy )
(2015) honey + barium 936.0 N/A
(5 ml, 10 ml) '
water (10 ml — 438.1 | 1096
Santamato et al. 60 (> 18) microphone ( )
(2009) yogurt (10 ml) 564.2 168.2
' water (5 mi 490.0 130.0
Youmans & Stierwalt 97 (20 ~ 79) microphone (5 ml)
(2005) honey (5 ml) 550.0 110.0
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for your attention!
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