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Comparison of Swallowing Characteristics
In Patients with Dysphagia and Normal Controls
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Santos and Macedo-Filho (2006)

Cagliari et al. (2009)

100 dB8

FIP

Title

Sonar Doppler as an Instrument of
Deglutition Evaluation

Doppler Sonar Analysis of Swallowing
Sounds in Normal Pediatric Individuals

81dB

B2 dB

FiP

Participants

Brazilian 50 persons
(25 females, 25 males;
mean age: 32 years, 18 ~ 50 years)

Brazilian 90 persons
(45 females, 45 males;
3 groups: 2~5, 5~10, 10~15 years)

TidB

]
ﬁidHi

X .
[FI L i

55 dB

= H/W: Sonar Doppler

= H/W: Sonar Doppler

46 dB

3T dB

PppETEILE = S/W:VOX METRIA = S/W:VOX METRIA
Swallowin =  Saliva = Saliva
9 | = Liquid (10 ml of water) = Liquid (N.S.)

food (volume)

= Pasty (10 ml)

= Pasty (N.S.)

28 dB

1948

= Peak intensity

= Peak intensity

1DdB|
0,00 5 3148 6288

Measures = Peak frequency = Peak frequency
= Swallowing duration time = Swallowing duration time
= Mean = 95% C.I. = Mean £ 95% C.I.
Analysis = Gender, age, swallowing food effects

(ANOVA)
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ultrasonic Doppler sensor/f 2
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Ultrasonic Doppler sensor AF-&(F1

t4=: 2 ~ 5 MHz, Ml 7|: 94 mW/cm?, Z3: 20 mW 0|3}

Ultrasonic Doppler
Sensor

Flexible
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S1. M2 = A|AH! 7 Band & Case -
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v FYE AE U=t RSt HEE =9 ZAZ plot 7|5
v HICQ EAl = A EX(VFss)et s o U= ol o|0] ool &5t 2&EE & US

bﬁj Root Mean Square ploting...

kD PED Ham
Orlglnal Data

1,000

5000 10000 15000 20000 25000 30000 35000
Time (ms )

RMS(Root Mean Sqare)

28,730 sec 37.675 sec.

: ; ; : ; ; ; > 41 TS Exit
5000 10000 15000 20000 25000 30000 35000

Time (ms )

Orlglnal and RMS Plotlng

5000 10000 15000 20000 25000 30000 35000
Time (ms )
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S2. &4 A&} Signal Processing 7

S1. Signal rectification: (-) values — (+) values

7|12
noise

S2. Smoothing with moving average

] 1000 2000 3000 4000 GDO0 GDDD  TODD BOOD 90D
Time (ms]

Rectified signal

= Lag n =50

S3. Starting and ending point detection | /J

Peaks

ﬁ a1 1 “ 4
-E:.uu {
) Staring Ending
1801 . . g
point N, point

Cutoff ad AW ! I;,_l!,{/

[ 1] S T S —————— L T W, S A——

» Detecting slope = 0.9

S4. Peak detection

|
|
-
|

L
.
.
:

i 000 2000 300 4000 E0D0  GODD  TOO0  BOO0 9000

= Cutoff =50 ST ima )
Smoothed signal
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Original
signal

)]

File

Edit  View Insert Tools

Original Signal

0
Rectified Signal

Desktop  Window Help

Swallowing Parameter Extraction Program

3000
Time(ms)

From (ms)

To (ms)

llowing Detection

Cutoff for swallowing peaks

Slope threshold for start/end time

meters

3/3

Input:
Parameters
- Lagn

- Slope

- Cut off

Rectified
. = wing peak amplitude (mV)
signal £
J Output:
swallowing
. Time(ms quant|f|cat|0n
Smoothed Signal (ms)
measures
Smoothed = Interactive
signal adjustment
function
2800
Time(ms)
= &
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|
S1. Informed consent
(3 min)
S2. Exercise
(5 min)
< Example >
S3. Swallowing session session 1: thin liquid 1,3, 9mi
=02 39| AU
(7 min) (fE 54 5X)
L =H| 8 F4 30=
S4. Debriefing ‘ s
(5 min) Session 2: Saliva 33| 4

(U7 B 5)

‘%HI 3l B Al 30%

£o= 33| &2
(427 B4 5X)
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S3. AZI Al Demonstration
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S4. &M A} peak Amplitude
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SIAECEH1.6H) B /2l5HA ==(t=4.31, p<.001)
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S4. 2 M A} puration Time

215
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= StAt= YHQIELCH A A|ZH0] 2 ~ 4B "HE 71 A2 2 LIEFE(t = -11.15, p < .001)
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S4. 2 M A} Number of Peaks o

»
o

w
&

Time(ms)

w
o

N
[,

—_
Ul

—_
o

ol 1 1 1 1 L 1 L 1
2050 2100 2150 2200 2250 2300 2350 2400 2450 2500 2550
Time(ms)

Amplitude(m\V)
-
*
|
Number of peaks (unit)
N
o

o
[

o
o

DS TK 1 K3 TK9 TN1T TN3 TN9 +p<0.05

— B Xt HAOIHCH M2 peak =7t 28 HE B2 Ao =2 LEFH(t = -6.73, p < .001)
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S4. B2 M A}l peak Interval -
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S4. 2 A1} Impulse

5/5
7000
6000
S 8 5000
20} E
s / X 4000
s z mgeel
o 3000 m SR}
. //// //////////// ///// %
. ' 2 2000
Timeme) 1000
0
DS TK1 TK3 TK9 TNT TN3 TN9 ., g5
— B Xt HACIHCT B M2 =Z2k0| 158 M= 2 4O 2 LIEH(t = 8.94, p < .001)
= 22Xtz Y RIELCETKL, TN, TN3S &2 If 34 30| 22 A2 = LIEIY
= Ja012 o4 0| 371t mhel 34 20| S7tot= 40| LiEHE
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S4. ofd SO THE 2y 7T U

ROLLLLLLELLY Covariates ........... .
[ Am(|$rll I\t/l)Jde ] 20CH 30CH 40CH 50CH|60CH [ 70CH 8OCH|EH A
: Mild -1 -]5]8]4]1]19
- ; : Moderate
ngh_est peak & Severe| ~ | - 1,2 |5 |5 )| 4|17
= 2" highest peak : SHA| - |1 ]1 ] 7 13, 9]5]36
*=  Highest - 2" highest peak :
= Average peak e Factors  reeeseesees
< ) - ‘- . : E
D(uratio)n p \ G Cumulative : [ Degree of dysphagia ] :
msec i Age : logit :
\ J - H
) SR (vear) ) i model
# peaks P : _ > = 0:normal
(unit) N \ :  (ordinal
. J i Gender : ot : = 1:mild
s :  logistic
, \ G (female, male) : : :
Interval A J i regression) i . 2 moderate / severe
| (msec) ) s . ’ ,

=  Longest peak interval
= 2nd|gngest peak interval :
- . _ d hi . H —_ e
Highest - 2"d highest interval E — .ll.l;l-I:Eﬁ E?é9| )\EI
-4

0x
~
©
=
Q
O
=
o
=
=
N

=  Average peak interval

: = HE=
: [ —— ] 22l datag AFE Sl = 7 et
N o )
(MV x msec) i = 45 M2 Tt cost ratio HE
h*:? INDUSTRIAL AND MANAGEMENT Ergonomic Design
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S4. &7l Eof T B Data Cleaning

A A A= data= OF2l 2EHA BX7F HEE[0 et A E=E G
1. Jaola kXt 22O mean + 2SDE HO{LtE datas M &
2. AU EHE AU TSF A 2 HEA(CV) > 0.52 BF, 3 trialsZt2| similarity 7}
71 22 datag MA5t0f Cv <052 SA

Raw data
(100%) 1st data cleaning

- M7 7|F: mean + 2SD

- M H|&: 4%

1stcleaned data = H|AHH|= = 5%
(96%) 2nd data cleaning

-MAHZ7|E:Cv<05

- M A H|E: 1%

2nd cleaned data
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S4. A Foj| T B H- | ogistic Regression Eg.

DS Coef. SE Coef. . D Odds Lower 95% | Upper 95%
ratio C.l. C.l.

Constant(1) 6.514 0.903 7.21 <.001 - - -
Constant(2) 8.703 0.994 8.75 <.001 - - -

Age - 0.062 0.014 -4.40 <.001 0.94 0.91 0.97
Highest amplitude -0.044 0.030 -1.47 0.143 0.96 0.90 1.01
Duration time - 0.005 <0.001 - 9.58 <.001 0.99 0.99 1.00
Impulse <0.001 <0.001 3.37 <.001 1.00 0.99 1.00
logit(P{Y < 1}) = 6.514 — 0.062 X Age + -+ 0.001 X Impulse p <.05

logit(P{Y < 2}) =8.703 — 0.062 X Age + --- + 0.001 X Impulse

e6.514—0.062 XAge+---+0.001xImpulse 8.703—-0.062xAge+---+0.001xImpulse

e
Py = 1 + ¢6514-0.062xAge++0.001xImpulse P; = 1 + 8.703-0.062xAge++0.001xImpulse Py P;=1-P,—P,
TN 1 Coef. SE Coef. . 0 Od(_:is Lower 95% | Upper 95%

ratio C.l. C.l.
Constant(1) 9.069 1.422 6.38 <.001 - - -
Constant(2) 12.131 1.585 7.65 <.001 - - -
Age - 0.065 0.019 - 3.37 .001 0.94 0.90 0.97
Highest amplitude - 0.065 0.035 -1.88 0.06 0.99 0.88 1.00
Duration time - 0.005 <0.001 -6.53 <.001 0.99 0.99 1.00
Number of peaks -1.539 0.327 -4.71 <.001 0.21 0.11 0.41
Impulse 0.001 <0.001 4.21 <.001 1.00 1.00 1.00
logit(P{Y < 1}) = 9.069 — 0.065 x Age + ---+ 0.001 X Impulse p<.05

logit(P{Y < 2}) = 12.131 — 0.065 X Age + --- + 0.001 X Impulse

9.069—-0.065xAge+---+0.001xXImpulse 12.131-0.065xAge+---+0.001 xXImpulse

e
1+ 9.069-0.065xAge+--+0.001xImpulse

e
~ 1 + e12.131-0.065xAge++0.001xImpulse

P1= PZ —P1 P3:1—P1—P2

INRIISTRIAI ANPA MANAGEMENT L et
Estimated category = category i having the highest P; P4, P,, P3 = probability of being normal, mild, moderate/severe

2002



S4. o Yol THE 2 ©HE TE

O DS2F TN 10 CHo ZF A B A XO| 33| MU T M ZIE7F HCF A EHHEE

Z0H2 Meye

_ Actual T, Predicted degree Final
ubject degree ra DS TN 1 predicted
degree
1 0 0
0)
1 2 0 0
(Normal) ()
3 0 0
1 0 0
1
2 2 0 1
(Mild) 1
3 0 1
5 1 0 1
3 (Moderate 2 1 2 2
&S
evere) 3 2 2
% INDUSTRIAL AND MANAGEMENT —d, i
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*

1} =H .
S4. A ZHof| T @™ performance
| . Performance (%)
No.| Model Confusion matrix Se(r:;mjv)ity Se(r:r?gig/)ity Specificity Accuracy
_ SNEES
VT vema | e | e
1| DS |+ ™| 120 2 3 59 57 | 100 91
g wild 0 9 3
A = Moderate O 6 8
_\’S & Severe
_ SRS
I voma [ e [ e
2 | TNL |5 | 120 0 1 76 93 | 100 @ 97
:j Mild 0 13 0
T o 4 13
151 SNEES
n= . Moderate
Normal Mild
DS & Severe
ormal
3| o+ |0 120 0 0 50 100 @100 @ 95
TN1 ’g Mild 0 10 0
T om0 7 14

=, INDUSTRIAL AND MANAGEMENT o/ i -mild- = . . - sabispe
YY) ExGnecRING. PoSTECH X Cost ratio — normal:mild:moderate&severe = 0.40:0.35:0.25 Tathnalogy LaD.
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Discussion

kg Xt oty &4 89 Xt e A /™
Amplitude 1.6 > 1
Duration 1 < 2~4
# peaks 1 < 2
Interval 1 < 2
Impulse 1.5 > 1

H EHo|L 238 o2 25t X Yo| Hetk| 7] miZoi,
=
=

SO 2M &7|= AlZH0] ZO{X|= A2 AR E

Q A Eoj HZE normal, mild, 12|11 moderate/severe2 THEHZH 4= Qe D 7|8t
(sensitivity = 100%, specificity for mild = 76%, specificity for moderate/severe = 93%, accuracy = 97%)

2+ 910 YoM S8 AL

OF

= = 1mi2 7|H o Jol| =

o2 J|C|E

=1
=

fuj
i

(=]
=

m

AL
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£% @17

O &3 S8 ALES 48 S0 A= 7[sd Hs

Solving
difficulty
In realstime

At lunchtime Occurring
difficulty
in swallowing

Heteh Xz YHO| Ao 2 HEX[0f, & Fofj X7t 24
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