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Objectives: A decline in vocal function due to aging interferes with successful communica-
tion in daily life, and negatively affects the quality of life. As part of an appropriate interven-
tion for presbyphonia, adherence to regular voice exercise benefits and improves thera-
peutic effectiveness. The purpose of this study was to investigate the efficacy of oral and
pharyngolaryngeal strength training on voice using a mobile healthcare application in el-
derly women. Methods: Eleven participants performed ‘A Successful Swallowing with Ef-
fortful Training (ASSET)’ at home for eight weeks using a mobile health application. A sig-
nificant training effect was identified in seven participants (7 women, mean age=74.6£5.7
years) who performed the protocol appropriately. The effects of the training were mea-
sured by voice function evaluation and voice-related questionnaire assessment. Results:
The post-training results showed significant increases in maximum phonation time, aver-
age fundamental frequency, and cepstral peak prominence smoothed, and significant de-
creases in jitter local, shimmer local, and noise to harmonic ratio (NHR) (p <.05). Further-
more, a significant improvement was observed in the participants’ voice-related quality of
life. The long-term post-intervention evaluation showed that the improvement of NHR ob-
served in the short-term efficacy was maintained for 12-weeks post-intervention (p <.05).
Conclusion: After the oral and pharyngolaryngeal strengthening training using a mobile
application, voice function and voice-related quality of life in elderly women were improved
and the improvement of voice function was maintained in the long term follow-up. This
training protocol can be of use as an effective voice therapy for presbyphonia.

Keywords: Aging, Presbyphonia, Oral and pharyngolaryngeal strengthening training, Mo-
bile healthcare app
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2005).

o]e} o] gl whE - 28] el Wk Qlgt 54 7]
59 A3k & =3} 2/d(aging voice)e =91 &3 oll(presby-
phonia)2}al $c}H(Rosow & Pan, 2019). =014 24340l o] W&
2 4.8-29.1%0|H, Z A2 HHJA)7FHmaximum phonation time,
MPT)S] 71, 7102 i) 1) S5 W9l 9 9 2, B4l
2, 5749 Eeg, 71414 B 213/ 9] S7k XA (tremulous-
ness), v/ ¥ &, Wk 1| 9] F<l(aspiration) 5-0] 7L 57| th(Pes-
sin, Tavares, Gramuglia, de Carvalho, & Martins, 2017; Pontes et
al, 2005). '=AF-0] 54 A= AAIA, 784, 7154, AR &
o] 4o Aol F424 = A AtaE, DEE, ARRlA
FolE Welfsle 2 Qg S/d7ofoll thgt SA47F B _shhEe
ter et al., 2019).
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el Aol TR Y] B FEE HAE 4 ATHGo-
doy, Silverio, & Brasolotto, 2019). ‘=913 2444 o) & Ao 2 S
4 A WS IRk Ale o 2 Tt 540 2 (Lee Sil-
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exercise, VFE), 2] %8} &¢(phonation resistance training exer-
cises, PhoRTE), ‘52 918t -3-4J | & (Vocal Therapy for the El-
derly, VTE), At ofo]2H] Z] & (vocal aerobic treatment, VAT) 5
o] QItH(Godoy et al., 2019; Kaneko et al., 2015; Kang & Yoo, 2019;
Lu, Presley, & Lammers, 2013; Ziegler, Verdolini Abbott, Johns,
Klein, & Hapner, 2014). ZL{L} ARz o] 014 SA1A A5
2 34| YA (Kang & Yoo, 2019; Lu et al,, 2013), 34291 =
A (e, V-RQOL)Z FIHE &21%E A7 (Godoy et al., 2019;
Ziegler et al, 2014)2 ASJ5HA A2 ZAH|el, LA A

=7
o =350 A Az, o5 AR 7] Al Hl-g-ak 2 A
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2 A o d A 93t A TR OHES = EHl= R )
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delsohn maneuver)2 §&3t 974 28| 4F7]7|(effortful pro-
longed swallow, EPS), 3171 3= 30]7|(effortful pitch glide, EPG),
317 5] =8]7](effortful tongue rotation, ETR)= “LAJ% 0] 3] o1
T4 9 IR 29 AshE S22 Frh(Arakawa, Koide,
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eroux & Kahrilas, 1995). ASSETQ] &z}4] Ex= A7) 7]%9] &
oA 54 7152 Aol A 4 Sl A1E 7k

o] Aol 2L E A LA AScross-system) 32
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AFHEA ld*"ﬂ/ﬂ u| Hojl A4 P Qle. A7 712
65A] o13el A 2) §4 E= A wAIE H ARk AL 3
o] AAIA e ZAHKorean-Mini Mental State Examination, K-
MMSE; Kang, 2006) F4=7} 15 4 w8221 Jf2of| 4] A
ol &3fl QA 7150l wA7E gl 2L 4) A2 87, A &5
5 /ol 2AI7F o BE TS AR 4= Qs Aotk A€ 715
1) A8k Agko 2 2k 2} 2) 5919 % (nasogastric tube),
| AU A7 9] 2 F-% (percutaneous endoscopic gastrostomy) 5
H|77% A4 (non-oral feeding) 521 2}, 3) A2, Ao, 4
Shub] 0] SAPGORE Qlak &4 7150] A5hE Bk Afolch
H 3L JAFAF= Kim, Cho et al. (2020)3} Kim, Lee et al. (2020)
o]l FrofRt U ArHbEoltt & 119 ti A & A
of Zofatalont, o] T 3ol T TREFS vle5otial 17
o] 7= Al 54 7150l st o] 7H(o1E 7= e = 4
22 B A5k 78] Bt AL 746+ 574,
10.9 + 3.20]%] 01, KMMSEQ] it = 28.1 £ 2.180]%lck
H o L= A-8-2] 9] 8] (Institutional Review Board, No. PIEB-
2019-E024)] 2012 HFo}c}

[ed

=] 2 EZO]13]7] F-AL ASSET
Z) (EPS, EPG, ETR)S 203|# HFE5l= # o 2 oF 205
4 T AR 85 0 53], 9 33)) 7Pl A & 1203]

AL o] g3to] Maystolck FeYe] AR AR £

off 2lalf ofFofzl Ao AA1E uel Zk(Kim, Cho

A0 2 1S H|zim o] e ghon] A, ol
Z|Z] Ao Mgtk Wildenbos, Jaspers, Schijven, & Dusseljee-
Peute, 2019). ZL2JL} 2E}Q BAAlO|2RE] A7) 2| dgS o
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Lee et al,, 2020) lv:L%% ek AREAL < Eiﬁﬂoli “741—4 A==
Ml (navigation) 2] 80|42 $J3l] A8 <=4](use-sequence)t]| 2
ol ¥, olsfe] $ol4L Sisl ofolea} BlAES BT Egk

E 59] ItH(Kim, Cho etal., 2020). 365 A7 A% IA =22
EER] T2 QIE20o|= 24 A|A|(Android operating system,
version 8.1.0)2] Z4ZA] €] A SM-P580 (Samsung Electronics Co.,
Ltd., Seoul, Korea)o| A4t Z3F=] Qi) ARl = 365 A7) A7) =
2)9) 487) £ 2RES ol gafol 77 9 AT E 9] 45} 2

UL T

S AT A o9 FHl= 9] 7 9 = Figure 137+ 2T

2 YU MY

239 AR A oA 290 AoiAIEAY 1, 233 Qo
A )£ ch Aol A Q) et SR g ahgick £ A
F AR A%ntck chagRiel thetstel o) A, Fa, $
S5 52 UUSIATE & 2 A7) A BAL i o)
B8 GolE AR PG 220} U 4 Qs 5L Bl
7] $lgtolma 150) A7k Bl ealol el kS ) 4
Sl IS Haalahick e A Al BARHE AL Bistol
A7) 9 R BR0 2 o) 55 187] ES Aslgon]
AR o] TS S thAAE B 22 FspAL
ST 02 sk A9 olat A AIstoick i 4
o 7jeraz o of 3057 AaElck

o CSV (comma separated values) 34 =
313} 5 Excel (Microsoft Corp., Washington D.C., USA, version
2016) T2 IS Tl AFESHE 2 oM e T TR ES
9] 2| & £>-2(adherence) 7|52 80-120%2] =3 &= AASIT
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)

Demo-video & mirror Real-time graph
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Figure 1. Overview of 365 Healthy Swallowing Coach app.

EPS =effortful prolonged swallow; EPG =effortful pitch glide; ETR=effortful tongue rotation. This figure is licensed under a Creative Commons Attribution (CC-BY)
4.0 license (source: Kim, Lee et al. (2020), https://mhealth.jmir.org/2020/10/e19585/).

£ 54 9 W AR 87 42 50 dB oJale] AAoIA] 5
Aslsick dhA oj] Shot et A Fskn At vl
k0] A2l= 10 em & FAISFFITE 0] % 905 2 = 37 2l
A] Tto] =2 SONY ECM-MS907 (SONY Corp., Tokyo, Japan)= ©]
£5}0] &5-27] SONY ICD-UX560F (SONY Corp., Tokyo, Japan)
o] =533tk 53 A I E = E(sampling rate)> 44,100 Hz,
9FA}3}(quantization)+= 16 bit= 3}ICE 4258 -4 ALZ = Praat
(Institute for Phonetic Sciences, University of Amsterdam, The
Netherlands, Windows 64-bit edition, version 6.1.16)2 ©|-8-5}¢]
A5 cH(Boersma & Weenink, 2011). 3 1ol A] 24 715 3
7He B3 fal HTAA, B fa/ 52 AR, B Q12 &
3ff o] Fol Atk
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o WSO R B falE ZE AA WSS sl5loH 33
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o Qo] #-83 o] B 4= g9lon] of
7155}t (Lee, Lim, & Choi, 2017). 7}

2
B A EL 7|8 F5h Bl XS Bt

.

TR EERe R
o 7] Aol A 24
19} 7]+ F=uh4(speak-
ing fundamental frequency, sF0), W3} 7|3 Ful=0] £ HA}

i foorre

(standard deviation of speaking fundamental frequency, sFOSD),
Helshe A EY 1] 3 E A4 (cepstral peak prominence smoothed,
CPPs)0]|t}. CPPs 4] Alof|l+= Time averaging window+= 0.02%,
Quefrequency averaging window== 0.0005%, Peak search pitch
range+= 60-330 Hz, Tolerance:= 0.05, Interpolation-> Parabolic,
Trend line quefrency range+ 0.001-0.050%, Trend type-> Expo-

nential decay, Fit method+= Robust slow= A5}

=4 2 Al 2 "ot
VHI-10 (Voice Handicap Index-10)-2 AR} 402 »

N

=54 wAIY s ST 5 e 10299 24 715 APt
B3 A& H7lo|tH(Rosen, Lee, Osborne, Zullo, & Murry, 2004).
oA = o5 ¥R gh=rojut VHI-100] 7id=o] 11 Bfd e
2} A& % 7} 9]=E]|QIcH(Yun, Kim, Son, & Choi, 2008). & &2
A, AREolR AATE Lo, T A7 AR O A =7 =
A A7} Q1A A= BR1sh] ffske] VHI-10S AARE &

HE ALESIG

olo
o0 oX

o ox ]

EAEAM

o [ty |

AFAL, AR, S22] 7)o o8k £+ IBM SPSS (Statistical Pack-

Table 1. Acoustic measures in pre- and post-training (N=7)

age for the Social Science, version 25.0) for Window *Z = 7154
Apg3to] BASISIT: A, 85 Fb0] AL 0] 88 774 W Q1

21 75 F9 F w0l £4 71 W 94 Bl 4] ol

o o

4 FolE A QLA S Belal] 98] $-4
A 7o} A bl S0l sl shels wle dhite.
2 e eqh 214 AAlsho] AV, ARE, 54 7L A A1 7

T 9 QIS T 48 &1 § MPT, FO, CPPs= 27 %o
H|gto] §-2J5HA $71eFaL(p < .05), Jitter, Shimmer, NHR-2
OJ51A 43I THp < .05). FHH FOSD, sF0, sFOSD= ¢ 7
Ot Hab7} glSATH(Table 1). &1 9 {23 Hap7} Lpehd SF
2] A3t 5 Jitter, NHRO| AP, AR, 522] 5712 Al Al 7F ¢
St W57} LFER B1H(p <.05), MPT, FO, Shimmer, CPPs= -f-
S 3L GIQITH(Table 2). 8 F& 125 & NHR2 7 Zof H]
Sho] oA skl oL (p <.05), Jitters= 23 H3F7} g1
CH(Table 3). 2 &9 215 MPT, FO0, Jitter, Shimmer, NHR, CPPs7}

( —10{v

Of
S

Variable Pre-training Post-training D
Maximum vowel /a/ phonation
MPT 10.59(9.54, 13.67) 14.08(13.70, 23.94) 018*
Vowel /a/ 5 second phonation
FO (Hz) 154.3(135.3, 191.7) 198.1(167.6, 206.9) .028*
FOSD (Hz) 1.92(1.47, 2.56) 1.53(1.29,1.76) 063
Jitter (%) 387 (.298, .676) 225(.166, .244) 018*
Shimmer (%) 4111(1.904,6.731) 2.026(1.589, 2.238) .028*
NHR .019(.007, .050) .004 (.004, .011) 018*
Passage reading
sFO (Hz) 165.5(160.9, 180.5) 172.9(164.3,182.7) 091
sFOSD (Hz) 27.81(25.10, 31.97) 27.58(20.00, 32.51) 499
CPPs (dB) 10.24(8.82,10.48) 10.67(9.67,11.12) 043*

Value are presented as median (1 quartile, 4 quartile).

MPT=maximum phonation time; FO=average fundamental frequency; FOSD = standard deviation of fundamental frequency; Jitter=jitter local; Shimmer=shimmer local;
NHR=noise to harmonic ratio; sF0=speaking fundamental frequency; sFOSD =standard deviation of speech fundamental frequency; CPPs=cepstral peak prominence

smoothed.
*p<.05.
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Table 2. Acoustic measures in pre-, post-training and follow-up (N=5)

Variable Pre-training Post-training Follow-up p
Maximum vowel /a/ phonation
MPT 10.10(8.40, 12.13) 14.01(13.26, 24.51) 16.33(10.81, 26.90) 091
Vowel /a/ 5 second phonation
FO (Hz) 138.0(132.0,194.9) 198.1(151.5,217.3) 192.8(147.3,216.8) 449
Jitter (%) .387(.326, .734) 225(.194, 283) .328(.235, .423) 041*
Shimmer (%) 4.372(2.021,8.235) 2.026 (1.428,2.189) 2.888(1.819, 3.540) 074
NHR .033(.007,.091) .004 (.004, .008) .007 (0.004, .020) 015*
Passage reading
CPPs 10.45(9.19, 11.33) 10.67(9.51, 11.98) 10.01(8.61, 10.60) 165

Value are presented as median (1 quartile, 4 quartile).

MPT=maximum phonation time; FO=average fundamental frequency; Jitter=jitter local; Shimmer=shimmer local; NHR=noise to harmonic ratio; CPPs=cepstral peak

prominence smoothed.
*p<.05.

Table 3. Acoustic measurement in pre-training and follow-up (N=5)

Variable Pre-training Follow-up p
Vowel /a/ 5 second phonation
Jitter (%) 387(326,.734)  .328(235,.423) 138
NHR .033(.007,.091)  .007(004,.020) .043*

Value are presented as median (1 quartile, 4 quartile).
Jitter=jitter local; NHR=noise to harmonic ratio.
*p<.05.

7WAd=em, o] F NHR| 74lo] &1 Fi= 125 F7H4] 4]

74 9 A 222 8} £ F VHI0 SHE=0, 14}
95 =0, 4AH2 95 = 1)0] T AE 5 =2, INFE9I5=2,4
AFE914 =50 Bl5te] ol Whatthp=.025). % E A5
&4 el 4] o] =gk

w8} 18] A &4 7L 1dEe) bR, TN,
R P P R
QA AAolol et 2 Basteh 14Ee] 1 9 A
29 5 SR SA Ao Bolshe 28-S Hste]l kil
o &4 7152 FAAIZ 4 ek ofu) T B3-S Hehstsp] 9]
Al 0] F2l &) BeAo]r mujel Yol 4
$98 ol o ATAQ Seto] B 4 ek ofo] £ AT 7
7o) 1% A0 2 el WAlo] ofZ iAol 4 o] g3t
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MPT7}fof5HA 57131 3itt EPGe} o] 42

Lol 5 i3t frAlete T S et
Ao WA AEES 272 4= Qlth(Lu et al,, 2013). =
OgPde 2 gk A A 5= wol7| IpAI7) Eeke SA2
AX] 8 (o], LSVT, VEE) & MPT7} §-2|5}A 271519 cHGorman,
Weinrich, Lee, & Stemple, 2008; Lu et al., 2013). =535} 718t 42
choFst WA 7O 2 LA 244 249X 29F TE] ASSET-
Shuke] Hhg 7| et ohE AWl Ad)ol et Eelst Aulyt el

& 76l ol FPGE A 5 14 AT AA0i)

! mlm

01
e

U=
o
=

=

u{o fljo

E}(Desjardins, Halstead, Simpson, Flume, & Bonilha, 2020). EPG
5 W I S 0L & BE ohlel S0} ek
S EERELROEELEEREE LSRR S
B4 5iek 2 EPGE 5 5 W4 1 2451o] 297 8 o
& Zlole o] 2 53 MPT7H 57k Aolek

EFHEPSE MPT 7)o 93-S 0|28 4 Qlck A TS 5
3 MPT7| Z7|3ith= Adial+t= ¢lott U7 |H(pushing meth-
od)} o] O[EH 0 2 HE T AGAHE FTT) BAE
7?‘3]3} TS oz Qlel] FlojA AW 15 Ao yiE =
S 5712 4= QJtH(Fujimaki et al,, 2017). EPSE

o
RYFF 24T £330 0| £
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a4 ol

A, 22 3 10 oje) 7)1 Fakd) olab otct 9
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