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7] W&o E¥3 F752 gvd(Prado, et al., 2019).

= & A5S AdekE Zlsolvh ANCE BI7] @549 74 R E 9

%2 A (primary noise) o] Z*%EL Fdsl) Ato] wHithel 35 (anti—
noise) & o=F o7 FAste] A S doFloEHN Aes Addt

(Elliott and Nelson, 1993; Leitch and Tokhi, 1987).

ANCE Aol A g3l7] 93 22 Al=Fo] vk (Kaymak, et al., 2007;
Khemwong and Tangsangiumvisai, 2018; Kim, et al., 2022). 181} X3}
Ao Fzh EAe oAer] 9 FHo® AREHAY(Cho, et al, 2023)
3 (Kim, et al., 2023) A3 &5

)
T ok fieh

L& FHATIE TEel F Fo43t A& Aol EAIHUT. o] A&
o] Z g Alo] AL filtering algorithmeS 7|¥Io & wlola % =& +=HH X3
AR HaEuks A FAste] @] S=Eer desFr 0.4kHz ~

1.0kHz ASdge sgls E9A7)3 1kHz~10kHz 789 t)o 4 &= X
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2. A7 W

DR ]

A Al2Elel B g gul= ANC 715°] S8 MPOW H21 headphone
(MPOW, Seoul, Korea) (Fig. 1-A), 25 o &@AloldE AHE-3t7] 913 H
23 PC muPAD K10 (Imuz, Gyeonggi—do, Korea) (Fig. 1—-B), X 3#}2]A}2]
548 E oA desks " 2ol= mpo]AE Mamen WMIC—-5G Pro
wireless microphone (Mamen, Haiwang, China) (Fig. 1-B) & A}-&3}3it}.
AHg  2S oJEZYAo)AL  healingsound  (Healingsound, Seoul,

Korea) (Fig. 1-C)& A}-&3}it}.

S|

got=

i
e
ol

AT AR AA whE dHolHE FA sk Al Alve
Polar Verity Sense sensor (Polar Electro Oy, Kempele, Finland) (Fig. 1—
D)E AMgssi o 3" A¥=(HR, heart rate) 2% AlubH o] % (HRV,
heart rate variability) % 3%l Pulse—Pulse interval (PPi) & A4+
Polar sensor logger (Polar Electro Oy) (Fig. 2) oj=Zg]Alo] A& AFE3}5 T}

PPi= Kubios HRV Standard (Kubios Oy, Kuopio, Finland) (Fig. 3) X271

WS E3 stress index® WH3FHE T}



(A)

D)

HealingSound

Figure 1. Devices used in the research
(A) Active noise cancelling headphone (MPOW H21)

(B) Tablet PC (muPAD K10) and wireless microphone (MAMEN WMIC—
5G Pro)

(C) Dental noise insulation application (Healingsound)

(D) Heart rate sensor (Polar Verity Sense)



Polar Sensor Logger

MAIN GRAPH

Timer: 00:00:56

SDK data select:

ECG PPI PPG

ACC Gyro Magn
Settings:

Save data

ID: ADE9E624 Status: Connected Batt. level: 90%
HR60bpm PPi:644

Figure 2. Heart rate and pulse—pulse interval recording application

(Polar sensor logger)



File Info Rimii

File name: . 21208 161741 PPt ! I

Dateftime: / il

Channel label 09

Sampling rate (Hz): ‘
Data length (humin:s):  00:12:57 |
Automatic noise detection o8

None v

Edit noise segments. Ly

Mark. Remove all

Noise (h:min:s): 00:00:00 (0 %) o8f— "
Beat correction . L\
none ~[ 03 | E“ |
Corrected: - beats (~ %)
Samples for analysis 1 04l—

| A Remove

Sample 1 << > |

Start (himin:s) 00:01:44

Length (h:mins) 00:03:30 02—

Color/Label  Color | |

Beatscorrected  Uncorrected 01—

o I
00:00:00 00:0140 00:0320 00:0500

Sample Analysis Type |Sindle samples ]

|

RESULTS Q| Time-Domain |quency-namin Nonlinear Tima Varying

Time-Domain Results
Variable Value Units ER R

Mean RR* 558.03ms

SDNN 149 10ms

Mean HR* 107 52beatsimin

STDHR 26.060 beats/min

Min HR 53 581 beats/min

Max HR 138,06 beatsimin
RMSSD 168.26ms

NNxx 34

PNNxx 9.0667 %

HRV triangular index 13.926

TINN 1103ms
Stress index 45341

Figure 3. Program that converts from pulse—pulse interval to stress

index (Kubios HRV Standard)
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Figure 4. Participant wearing all devices ready for treatment
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Asg AL o ZeAcMe FRE el A

A 2g A5 ol FY Aol A AEHAS ¥ WEE T3 F7t
sttt o] =EelAe B A o EYACIA

A o]d el HAE without—ANCE thAls|A FHeFtE, ANC Fiol wh&
stress index$} fear score?] zto] Fha ARESFl o™ vhg3 o] E718131

.
Stress reduction effects
. A Stress Index (SI)
© SI (without-aNe) = ST (with-aNC)
Fear reduction effects
: A Fear Score

: Fear (without-anc) — Fear (with-anco

13



3. T4 &4

AT YAAEZHE AFEY stress index, fear score, communication
score, convenience score ° tj3] FA4 4S8 AY3H . Shapiro—Wilk
A8 AR Adste] B BEE ERIESITh Stress index 2 Wk
HkE =72 BEAMEA (repeated measures analysis of variance, repeated
measures ANOVA) = A]8)3}4] baseline, with—ANC, without—ANC 3 7}
7ol vl E AT ANC 5o W& fear score, communication score,
convenience score 3% zpolE &Rlslr] $l8] ol§ ®E t 77 (paired
sample t—test) S A|33}3 T} Pearson’ s correlation analysis & A& 3}o]

A

rlo

ANC o] @aet <izbd R F]lspolr. Ee $Al 24
M2 13 (SPSS for Windows, version 26.0; IBM Inc., Chicago, USA) &

ol gata FAA o FE> 0.05 = AAsH
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1. 2%

1 A7 gRe Qus

_|>4
A
oX,

F AT WAE 60 o®, EAE 297, oA 31l Bd d¥
< 10.32%2.184], A 1d 3+ A W 5= 3.47F1.263]0]tf. AT
thaate] Al 9 o] B A 1d 7k X3 R 39 BEd dukd

=4& thg v} 2o (Table 1),

2. A%E A& ABYSA0Y Bey BE A

el
BN
>

% 60% % 69 10%)°] A3} £ EUL W FEFS =y HHY

ol LElth e Ry, 43%0l e 2670

o
—\TLI
k>
dlo
o
it
-
4
)

2 ¥5% A9 Aoy FAPTORS TRt £ gt A4E AL

2
[
AC)
)
o
r
o

s

&3t A3 398 (65%)°] AEE HsHA H& F ol =f

o Prta walgon (W 19 = E) 387 (63%)

als
4
o
=2
kr
>

&3 oAt ko Hekqlth(Fig. 5).

3. gAaT B B4 A vl

Aohg g oZeAoIAL AHA AR wW AReA-BH 11
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communication score & 7.82% UWEFGOH X & b5 o EE Aol AES At
SRS oW T57E vh gaEdoy FAXCER FodtA= &kd
(p=0.522). Convenience scorei= *|3#& 25 o] Z Ao S AFEeA] ¢
Sk2 gl wlwste] AREHE uwf 7.22004 7.700% FUlEtglov mpxizbA|

2%

)

| 42l 79442 At (p=0.161) (Fig. 6).

o4

4, 2EHGX A5 W IEL A4 vlw

A gHkA] kS 9] baseline stress indexs= 3.732% UEMRIL. X3} X
% Al stress indext baseline®tt FAAHCR {ostA  FIISFAT
(p<0.0019). A= ofZAlolde AHESHAl k= ®Wel stress index+
8.43, A ol&EgAoldE AHESIS = 5.85% sk ZoR e
. A HE A ol Aol ] ARG of ol mE stress index zHO]= FA
Hog F23cH(p<0.0017). Fear score= 22 oJZgAlo]AS A g3s1A ¢
= A7 29794 A&Fe wf 1172 fgasdon Fo3 dyE yEEt

(p<0.0017) (Fig. 7).

5. AT a5 o ZFYA )Y aFe} HFE Y ARG ¥n

>
(m

A A avel ATdAE Hol: Wa4E ANCE A 8344 ¢a F

=R=13
. T

o] o] stress index® YEFE O™ R=0.753¢ <k AAAAES B YTH

tlo
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(p<0.0017, Fig. 8).

j—

0.792%

ul 9] fear score® UEFSOW R

| 7}

2

AE HAT(p<0.001"%, Fig. 8).

= HolA odstrh(Table 2)

o

A o]

=
=

o]
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Table 1. General characteristics of participants in this study

Characteristic n %

Gender

Male 29 48.3

Female 31 51.7
Age (years)

7-9 23 38.3

10 = 12 28 46.7

>13 9 15.0
Dental visits

1-2 18 30.0

3-4 23 38.3

=5 19 31.7
Total 60 100.0

18



(A)

Are you afraid of dental sounds?
25+

20

1

T
Absolutely yes

T T T T
Absolutely no No Soso Yes

©
Does ANC help during treatment?
25

204

Je==l |

T T
Absolutely no No Soso Yes

T
Absolutely yes

®

(D)

Need to protect ears from dental noise?
254

204

0

T T T T
Absolutely no No Soso Yes  Absolutely yes

Will you use ANC in the future?

254

20

0 T T
Absolutely no No

T T T
Soso Yes  Absolutely yes

Figure 5. Responses about the necessity of the dental insulation application.

The x—axis shows the answers, whereas the y—axis shows the counts of

the persons. The following questions were asked: (A) “Are you afraid of

dental sounds?” (B) “Need to protect ears from dental noise?” (C) “Does

ANC help during treatment?”

ANC=Active Noise Cancelling

19

(D) “Will you use ANC in the future?”



A B)

Communication score Convenience score
10 - 10
8 8 —’7

7.82 7.57 T 7.99 7.70
6 6
4 4
2 2
0 0
without—ANC with—ANC without—ANC with—ANC

Figure 6. Comparison of communication score, convenience score between

without—ANC and with—ANC.

(A) The communication score decreased slightly from 7.82 (without—ANC)
to 7.57 (with—ANC), but shows no significant difference (p=0.522). (B)
The convenience score increased slightly from 7.22(without—ANC) to

7.70(with—ANC), but shows no significant difference (p=0.161).

p value from paired sample t—test
Error bar: mean + standard deviation.

ANC=Active Noise Cancelling

20



A) ®

Stress index Fear score
\ . . ! 12 | c
20 * 1
E—| 10
15 8
10 6 _
4
5 é 843 5.85 2.97
gL 2
[ Juwe
0 0
Baseline without with without—ANC with—ANC
—ANC —ANC

Figure 7. Boxplot of stress index and fear score.

(A) Stress index increased from 3.73(Baseline) to 8.43 (without—ANC).
Stress reduced from 8.43 to 5.85 when ANC applied. The stress index was
higher during treatment than baseline, whether or not they were using
ANC. All these stress index values show statistically significant
differences (p<0.001%). (B) Fear score decreased from 2.97 (without—ANC)
to 1.17(with—ANC) during treatment. There was also a significant
difference in the patients’ fear score according to the presence or absence

of ANC(p<0.0017).

* p<0.05, p values from repeated measures analysis of variance (A)
# p<0.05, p values from paired sample t—test (B)

ANC=Active Noise Cancelling

21



(A) B)

14 ) 11
o
9
v R=0.753 ; _R=0.792
®e o
© on- 5 o 0
AStress 6 AFear oo .O
go%o 3 © 00700
0 @ ° oo 0 o
2 ® Q_O-o‘go (9 1| o.06000
0o & ° o000
8 &%’ 0g® 190 5 o 10 15
e (] I}
-2 3
0 5 10 15 20
50
Stress index Fear score
(No—ANC) (No—ANC)

Figure 8. Scatter plot of stress and fear reduction effects according to

dental stress and fear level.

(A) Patients with high stress index (without—ANC) have a good stress
reduction effects (p<0.001", R=0.753) (B) Patients with high fear score

(without—ANC) have a good fear reduction effects (p<0.001%, R=0.792)

* p<0.01, p values from Pearson's correlation test
R: Pearson's correlation coefficient

ANC=Active Noise Cancelling
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Table 2. Correlation coefficients between age, dental visit, stress index(without—ANC), fear
score (without—ANC), stress reduction, fear reduction

Age Dental visit Stress index  Fear score Stress Fear
(without—ANC) (without—ANC) reduction reduction
Age
Dental visit 0.112
Stress index 0.335%x 0.048
(without—ANC)
Fear score —0.198 - 0.105 — 0.153
(without—ANC)
Stress 0.010 - 0.022 0.753%x - 0.203
reduction
Fear - 0.187 - 0.161 - 0.097 0.791#x - 0.158
reduction

All values from Pearson’s correlation test
#x. Correlation is significant at the 0.01 level (2—tailed).

23



Aol Al &mrb & Fo® YERRth X 7oAk} 3
AZRe] oAbAE 9 A A 5] G abe o] EE Aol ARE friel o

i
N
N

ANCE A 83 gL 7|EA o7 2dlxF 3= primary noise
A8ki= reference microphone, Wl 339 anti—noised WAA7]+=
loudspeaker, xo]= FUEHo] o]FAAAE= FFEE  HIS= error
microphone ©& A5 th(Kuo, et al., 2006). o]H Ao Apg#
ANC d|=#2 multi-reference controller A& AFE-3F 7]7] 2
22 reference microphone®] Z+Z+e] ear cupoll o)1, thekst 422 74
ol o] Fx ASE AREste]l o @dAl a7t o] Fo X (Cheer, et

al., 2019). A& d=F2> AFH9 HA47 (1kHz) 9F 5w

of
P~
ales
o
=~
-
N

S F2 Addt= A E AFE (Kim, et al., 2022) 3 o2 A4 X3} 37 o] A]
WAstE= 153y ool 1kHz, 4kHz, 8kHz(Choosong, et al.,, 2011;

Sorainen and Rytkoénen, 2002) & s o2 zpdtd ok ol 53 o

- 24 -



o3¢ FW ambient noise® T A¥st= hybrid ANC 7]<S A48t}

(Kuo and Morgan, 1999).

o TS Fu ageE 3] AREY FHAE Ao R HAudEEY ANCE

N

ok

7] Ax Age AN 2% Age AdekA] xRz JFei A=

ok

7] AR ASE 9 W a9E HUeih

L

AR vFs A9 WslES ou|dhi= Aol (Heart rate variability,
HRV) (Berntson and Cacioppo, 2004) &= AE#H A0 ABZAQ A LEA] ALE-
2 4 A9 Michels, et al.,, 2013; Taelman, et al., 2009). Neuroimaging
mappings &3 HRVS S A5 o2 &% 7He] Ad/do] vk 2] A
(Thayer, et al., 2012) HRV Q] variation®] 2 A-$ w7ta7do] @A 3l o

high stress level® WE} 1 W2 HRV O] variation®] &S A-¢ Fuw7kal

7go]l &4d3tEo] low stress level7b U= ARAo] &

=
*
a
B

o
3

2018). o] AFAS ZAE HRVE o] €3l stress indexs =43 450

X&E 4 9t HRVE R-R interval (RRI) S E&l4 #7158 +=4d], RRio] 3

- 25 -



o>
Y
kit
1o,

(o]

A%5E 5 R wavezte]l AlIZF 7HAS om|sttd(Berntson and
Cacioppo, 2004). HoE <3 photoplethysmography? %<l Polar

Verity Sense sensor® 54 ¥ pulse—pulse intervals (PPis) 7} HRVE 37}

-{ﬂ

st= Wi/l SE AR E Y TH(Sun, et al., 2020). PPix= Auleo] d&H
peak?7te] AlZF 7140 % AWtA 0% RRi9 FU3E 4S5 2zt 2t} (Celka, et

al.,, 2020). o]2 A4 "% PPix= Kubios HRV Standard $& Z=27

fal)
ftlo
f

3l stress index® W&t} (Sahoo, et al., 2019; Tarvainen, et al., 2014).

AmZAbel A A3 &gl FXE =2t 69 (10%) 9] 7] Ht v

o= 9.541Z uehd WA e ol 10.34 Buks tha SHA yEbsT

Ni

Ag 2 ol FeAelde]l AHAR A ol Hol FFelw Argeatn A
T b Awe o 97l oF 65%% Uehdty ol At zxee] 2
bt

B

o
=

TAEE A o AR A3 A olEEAlolde] w8

ojflo] ARH A G A oAEFY AL X I AFS AdsA| N, Q1A
A Hae FoS AeshA] oFal =k wolaE Fall kAo FEEC
2 AdEo PraEs FHATIEE AAHAY. mebq ANCE 48353
< @ communication score’} 7|AE Flojgta odetgl oyt AAZE 2

m gk Zpol7b gldvh. 1 o2& B4 scaling A YARLREO F AT =

- 26 -



ANCE

| —
R

Ho]x] o3ttt ANC headphones

=

=

Convenience score
ol

S

14
-

o)
o
=
R

B

2ol A

73]

3

=

)
-
4
e

FLS
o

headphone?] AZAX o] Fof &
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—
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oy
o

Al =AX A =

3] HE

e

o

%

g Alo] o]

3L
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o]

A8

i =23

9]

A

T—

T

] stress index

ANC oF-of #A glo] A

pj

3]
k=

A=A

=2 =
L Py

1=
pid

1 Avtz A3 A

o= A

e A HERRT

ANC A&} HHE Afold

] stress index”} WA YERSH (Fig. 7).

EeX
=

<

S 5Row t}

washout time

F7A] &2

-

=z

=

S

Itk AE9

ol
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)
Al

155 A

A

H A
= ol fear score’} A YEFSTH(Fig. 7). 234 o®2 A3}

°©

A

=

=

ANC

N
)

+
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o
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5
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ANC7F A 2]
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AL dotdazr ok AT Al Aoll= yol7t ofdd AotdFE iE Ae
o ZAE7t AA =AA £ YJoEZ ANCO 37t =& Zojgta oAFXA

g Yol ANCO &9l o] gl Ao et ¥ wE A4 ®

(A

AT vebd 2B gl gk A avkes g4 ANC glol A #A
A9l stress ¥ fear w2 4o AAAAE R (Fig. 8). 5 ANCSE]
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Abstract

A Study on the Effectiveness of Dental Sound Insulation

Application in Pediatric Patients

Sang Kyu Han

Department of Dental Science

The Graduate School, Yonsei University

(Directed by Professor Je Seon Song)

This study was conducted to evaluate the effectiveness of a dental sound
insulation application for dental treatment in pediatric patients in reducing

stress and fear. Additionally, it investigated the impact of the application
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on communication between dentists and patients, as well as the
convenience of dental treatment.

From April 2022 to March 2023, a total of 60 children and adolescents
aged 7 to 16 years were enrolled. All participants received dental
treatment with an ultrasonic scaler, and the dental sound insulation
application was randomly applied.

When using the application, the stress index was lower at 5.85 compared
to 8.43 when not using it, showing a statistically significant difference.
Furthermore, the dental fear score was lower when using the application
(1.17) compared to not using it (2.97), with a statistically significant
difference. There was no significant difference in communication between
dentists— patients and the convenience of dental treatment based on the
presence or absence of the dental sound insulation application.

This study, the first to evaluate the application of active noise cancelling
system in pediatric dental treatment, demonstrated significant reductions
in stress and fear. [t suggests that the dental noise cancelling system could
be used as one of the behavior guidance methods, particularly for pediatric

patients who typically find dental treatment difficult.

Key words: Dental noise, active noise cancelling, stress index, dental fear
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