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I. A
S diFfeHoR § £, 5 &5, o HY2E &
s, ZF 439 WAl Z(instrinsic muscle)dt A<
(extrinsic muscle)2.2 /ot WAES & Yol
f|A]ste] 59| Ko Hslof Tofota, AL & i
Zof YAsto] o9 &9, E, g, Hgde] 244
S +H3cH(Fregosi & Lodlow, 2014). St d&= 374

5o} Q1% J& ER5H, 7 A dA0lA 7154 o
-2 F3H(Stone et al, 2018). 74 &= 74 4|

oF 21t7] @A 1A

A} ZH(anterior faucial arch)=

N

]

SA|GolE Pt & YA
A GolE ZHtettt
(Hiiemae & Palmer, 2003; Kays & Robbins, 2006;
Robbins et al., 2005). )15 &= AF7] dA A &
HY F3d< 55H o]l:’_ W Fo= 45t 2419
o] 9] ] FAZ Zholgo] LAYt
?l‘:}(] affer et al., 2015; Kahrilas
A oA &9 Ago] FESHA
= o237 SAgo] 3} A7
A& o718 4= thH(Kahrilas et

al., 1993; Youmans & Stierwalt, 2006; Youmans et
A4 ?]_'74] Zgte]] A4 2H85

QARA A &
& thFof '5’3 7|0l (Lee et al.,

A7 st gelo] o
ol e ok

]035101013 ?_}E]'(Hemtt et al., 2008) 7\1 Rig= il
5 APl et A 7s= S AIE 5
(Kang et al.,, 2013). Robbins (20052 9] A3} &
Aol SAEolA 483t 243t §9f B F
7}, 28 R} 5ol 748l AH719] ot AJo] Z71EIQ)
ot B 15}k Lazarus 5(2003)S & & T d%t
of thste] A 7ok Bl §-4E AT &4

H==
(Tongue-Pressure Resistance Training; TPRT)?| &9
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T2 B Aol 33HQ G oAk L
Sk, ol AY 942 IR A HES F)
7% P4 o) aHoR A8 4 9k olet o
2ol ST Holol Al Be] A% &F et oz
7154 279 Slat i 9 w7E0] BEE 74
Floro-motoBAHE ¥ 23 AL WA A
549 A4 H7F2(Choi et al.,, 2018), AUALR} &S
2 5o 913, 09§99, 29 5L 2 4 Ut
(Song, 2014, B4 FBoE o W72 0 229

o W9, 4% WA myE, 747|S mRHoR
ARV % 9lo] Aol Bol BEHT UrHClark et
al., 2003). Clark 52003} % 6392} A8t} B4

£ faor 74L5AAE B9 so) 2eat 747
of 417 715The] WA ATE 23 Fo] 29 ok}
£ 59 S T skl alo] &L Ao
2 Uit s A% 25 719 14eE A4
AN 774 ] 89 SHAL 3ol W
AT B Qov], BEshE mrEze] B
2 QA1) el whet A4 Zatol Tt AA 7t

xS

flo

*@EOH A7 A4 4 k= A7F UHHChoi et
. 2018).
olo] &9 7|52 Aoy HFHow =4 Y

A ]
T EE2 8T 5 e TF=0] /NLEUH
dxHo g AEFRl Aol %7 (strain gauge
manometry), & 7R A 7] (force-sensitive resistors),
HE o+ MlA(bulb pressure senson)?t -2 Q1A+
gt 7]&o] H&Eol 59 &9, A8 4 23AZ
ZA 8 (Crow & Ship, 1996; Nagao et al., 2002;
Tsuga et al., 2003). tHEZ QI HH = HAA 9 ¥
]9l lowa Oral Performance Instrument(IOP)2}+
Digital Swallowing Workstation(DSW; Model 7100;
KayPENTAX, Montvale, NJ, USA} 77 Wi &9 ¢+

S E 24 9 sy o128 4EA YKChoi et al,
2018). A4t 9 Agw SR S8 4= AN HE
Ao e77H HAT & Qtke dHE st

2’02 T
HE g4l A Ee o4 AA AAE 289 A7

3193} A&
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H1E3 ok McCormack et al., 2015; Robbins &
Hind, 2015). §3] E9 91X 149 ZAE 7|46}
flsf Qs S ARt AMAE F2FsHAY, AlA
A E(Sensor sheet)g A7l 178A17]= HHo] B
2= AHHori et al,, 2009; Ono et al., 2004). 18|11
7ol 7 %0 gk= ufQ AT A F O]x]o] AlA
£ AAsH A (Hewitt et al., 2008; Kieser et al., 2008),
%1 qugg El:lg]. ;q;qo] 15 A §x4 Hl—lg(hu et
al, 2021) 5 232l 5t 7]eE A8t T 7ido]
w7 Qe o]9} HaE A3 ALZE Shaker9
Lang(1994)2 = Al(manometer)& AH8-ste] +73 W
okt B.9j9] otelS =451 11, Trawitzki 5(2011)
2 AA} A A(manufacturer: Kratos Equipmentos
Industriais, Cotia, Sao Paulo, Brazil}& AH&slo] o
dHE& SHot¥ct. E3F Kay digital swallowing
workstation (Model 7100; Kay elemetrics, Lincoln
Park, NJ, USA)¥} Kay swallowing signals lab(Model
7120; Kay elemetrics)®] AF+E0°] AAE JoH,
Handy probe(TPS-350, Alnic, Higashihiroshima,
Japan), Sensory sheet system(Nitta, Osaka, Japen) &
o] Tt YEE HIE o & JidE AulEo] o oY
I SAYS S75k=t AREE AL AtHLenius et
al., 2009; Yoshida et al., 2007; Yoshikawa et al.,
2011).

1990t 58 AA7HA] TRt 5 &5
T=o] W= =T, ol ?ﬂ:rLEQ] Cal
< A BA 9 752 B
A5t} Ashirol EAte] J
EFEANY {842 Yok Aol
] 25 4 34 == get Ve &
& AAET 7lEE0] 71E Y A
o HAska it webA & A= g —Sv:% g
T=ol gt 1#E S =19 dzjet E4
Zolokal, oA o &5 2 S-S A =
of AojA dadt JEE Aotz St
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& 7]5ol oSt ARl B4 wefsty] flsh v
ok ¥2]9] =0 /= len, HE(Bulb), ¢ Al
A 59 A|A"H DA R o]ojA YTHNagao et al, 2002;
Robinovitch, 1991; Shaker et al., 1988). |+ 7]&2]
HHORE §9F YHGQ HS ofF, Y4H o o,
T AEATME ST 5 oH A &5 =F=EH
T AR&skal QItHChiba et al., 2003; Hori et al., 2005:
Nagao et al., 2002; Ono et al., 2004).

2 AFoM = AsHAZ Fofol|A AE-SHLL
9] 7154 4% HEo] A L52E 3
7Fedt =729 13 o AEE 2SI
o212 PubMed, Google scholarg Arg-5}o] AA

©™ ‘tongue strength’,

1
K= nﬁi OPO el
¥ &= S

‘tongue pressure, ‘tongue
‘tongue exercise device'?} 22 THgh
&ol& Egoto] AAstRt 1992878 20219714
T 3097t e Askigdt BEE =R 99
7158 ST A 252 80l 7 BT
A5t Bt A H A7olA ARSE RS
Ediz F7HR A B3 15719 =€ 25 A

evaluation’,

PREREE) ! 217l
i Relel BT A -647} ol

|, ”}O/\lq/“/} —41101] ’“Wg 2
ol HHAQl oA TAE  AlA(Mouthpiece with
sensor), ¥ A @ FA oj&gA o] AE &-83 78
714(Other techniques)®] =42 =74 Qo wt} 4
7 & ERote] EASHtHTable 1). £7E E7&
A, N 54, g Aot A7A] AE A==
ot BT 5= AAISHAIT

sensor sheet) 2
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1. HE MIA(Bulb sensor) #2|

1) Towa Oral Performance Instrument (IOPI)

[OPl= 4ol A4E e S4517] Sl 532
2 Robin¥} Luschei(1992)0l] 9Ja 1t= it HE=
4 S0 AHEE=H NS 2710 dAFPo =
A2 = QA Gt o] 3 7= JOPIIOPI Medical LLC,
Carnation, WA, USA= 3718 HEE HIPE .
HHLE SHME 54 37|Qcm x lem X 05cm)e] =244
g AdolH, = A5 Al HEO YRt F7|E A ¢
A Al =HRobbins et al., 2005). ©]& &<} gt A%}
Atolo] AAAIZ] & AIA7} S AAste] FFH 2
2 A 3HkPa)H TS AT & Qo] A € %
g o= &8 & Sl IOPk= 59| 7164
A o] 7hsolH, AT &5 Alol= A% Age
FEZ AT 4 AUrHAdams et al, 2013). 24 AH
of YAet W= HE 7}sl ol whet 3 otE]
=0, ole B9 & A 3ol tig A7 =
W 7Hs5teHAdams et al, 2015). IOPR= B7HAF W
AFEE 76914 992 =2 AFEE Holil @A
= of A =g AMEETHChoi et al,
2018; Mirchandani, 2019; Youmans & Stierwait,
2006). stARE QEA Q1 914 AA o A|gto] Slof
4 Ao o7 AL 4 UrH(Arakawa et

al., 2020; Takahashi et al,, 2016).

F{O" ox,

19

=0
T

2) Kay Swallow Three Air - Filled Bulb (KSA)

Kay Swallow Three Air-Filled Bulb=
Robbins 5(2005)° 23 /1dE == & 4t
A BPY BT JEE HYQLEA|ASHEA
(Videofluoroscopy Swallow Study; VFSS)2} &7 AA]
7to 2 718% 4 Q)= T Lo|tkNicosia et al., 2000).
5] ¢El2 WE7|(Kay PENTAX)] A2H A7t &
EH(silica strip)ll Y3 S HHYoshikawa et al.,
2011). 3717F ANA 3709 HERAA 13mm, 1+
8mm)= YA HSAMidline)ol ot 22 2

I

S

th, & HH = X% 5A1(Alveolar ridge)oll ¥HA]5k
H& e EYAATT dHgRgY] JIdE
(Junction)oll FAAA FEH-E S73cHRobbins et al,,
2005). Ball 5(2006)2] ¢1tof| w=d A7t AEHS
Foeh et AR 17 vt AeolAe] &4
H= FARY SAE o= vwgt 23 14 Hig
= Hralof A v 2 AFE (ICC: .86-94)
e T Y B st tHBall et al., 2000).

ket
1 H

3) JMS Tongue Pressure Measuring instrument
(TPM-01)

TPM-01-2 Yoshida 52006)°] +7% 715-9] A3
Al FAE A5k fs) Adet =Folth Hol
18mm, =°] 25mm2] Z&H (Probe)?} ¥l©] 6mm, =]
10mm®] E2tAE FEHE FHEQIH T2 HA ¢
A= 27] ¥ 19.6kPaclHd, A7 18mm, HI
3.7ml7t 24 9] 7]%&3 0] ®th(Yoshida et al., 2000).
YHAZT} & Afolo] ZEBHE JAA|7|1 FES
=45t WA oA [OPI9F fFALSHTE. ofof & =
Atol9] &4 4 g Hlwet A3 S FE9 AH
BA (=39, p 0495 U5 H(Yoshikawa et al,
2011). IOP19] EE = o2 FHE HAF 9lo]
R QA oA W S 9lv] HRo] Aurgoz

ch. ¥ TMP-01& Z2H7} o}
o] I0PI°f wlsf & oz oty
Fob . X 17519 tH(Yoshikawa et

B

2 4ol 544
=2 dZ5ef A
o] 7Fs

e

)

2
o
ox,
ol

]

"2

S

=

2. Xgt MM A|E(Resistive sensor sheet)
el

1) I-SCAN

[-SCAN Hori 5(2005)°1 23 7d=|9lom, &9
23 A4S AR FRIT 4= 9l Zoltt.
Al 74 3712 AFE TEY A4 A Ex 0.1mme]
A2 EHsrS FAgety, AAAZT 914 (Denture)
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o] FEete] 1 AAS A3 2 24, 24 948

7= FANAE &Ao] 7531thHara et al.,
2014). I-SCANO|| ARE-E A4 AJEQ} & AllA] Abo] 9]
FHBAE SR 2} AN AES &Y HE

=2 T v v

(Output level}> 43 AAMET FA SAHAT F
He Aol 2 ATAAE ERASHATH =952,
p<001). SFARE 7{Q19] 74 Z7]0f| what AlA A|EQ]

37)1& pEdjoF 5l 9]x] 59] HZH TIE 233

2 AYo| gle AF AA AE FG 7|7 Heg
ZQ3 4 9oty st cHHori et al., 2009).

2) Kyowa Electric Instrument (KEI)

KEI= Ono 5(2004)°] & &8 &4 W41 7iAst
7] Sl et =& A[oprt §le SAIAE A8
g Q= E=Folth § AR FAZE 42 6.6mm,
09mm= 7719] HAT HF 4= AAolct 4 AlA
+ 9 89 #2520 223 (Dental arch)? FY-F
(Incisive papilla), 7 &HH(Hamular notch)9] 3-8+
A 8 AE 7IWre & Wi "t 3719 AA(Ch.
1-3)= 59 J3889 A4S wet viA =, Ch 4=
A% A9 1/3 A4, Ch. 5 9% £ 1/3 A4, Ch
6-72 Ch. 4-5 ¥Itj&0] HXV\PUJF o &g A4
= ZARE 23} §9] o8 F FEoAY o] FiE
T F= W Hoh 34 398 gRlstgit & o4E

]’\ A7 4E S F2ol4 0.90%,
%% oA 0.62% % YERY Shaker 5(1988)
ol BuH § 9E FE 09%, § 7& Y F&
0.7729] 3t FAHS }Od‘:} ol AAE 7= 5%
=3UATY 7 RENA FYEE o A= &A,

o
o=
pzNe)
i

71zt A7190 digt FEE ERle o= Sl spARt AlA
A2 AL AhA 0D wro u]% ] & 5]—1 Az

_L]-;ﬂo] E.Fg—o].l;].}:_ Xﬂﬁ’j’@ ]
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3) Intraoral Pressure Measuring Device (IPMD)

[PMD= &2 A7l 539 & ¥skE H7tel7]
sl Kieser 5(2008)°1 2J3f /WL =Qict. 7 W]
ofg] X0l A|&HoE T 4= qlom, AZ o
T 28 4 Qe ol ofd 4 W9 Bt
AANA A dEE 4571 A 3mm ©lsHe] oF
< AF-TUE JEY o E AZEIUH. AlA 9]
F7E 0.508mm, 217 2.67mmZ A7]= oA 9
dES SA5t7] s 242 8719 AAE x| sk3i
A A= 25 Y, 34, A 1A olgy9
HPZAZ T} oF&o] zHzt St A A KA E wix|ske] &9

Hinteis 89 g 33Y 4 . dadel 9%
Aoj thet e £ Ao AN SPE e BT
S5h 9ol 2 Bk 4], 2oV 5 ol £79

92]9]8 $=851= Zotko] AR Q] 9 =Sl e
Ao, A7t fAok= 40l wet A1 &, d&
9] ol ¥3l: Ao £4o| 7}55tcHKieser et al.,
2008).

4) PRESsion de la LAngue (PRESLA)
PRESLAE 2]X|(Denture)oll A4E 671<] ol
£ A¥dsto] ddo] AT} 47l= B e o
golg 4~ Q= T2 MK Material Science and
Engineering C.(Jeannin et al., 2008)°l 23} HH#H A
28-S 7|40 & Mirchandani 52021)°f 9Ja 7Hd=]
Ut} PRESLAE YA & 2H&-ol= AEElA 480
7Fsstet. AlA Q] Y215 A7st7] sl F4 Axgo]
£ Ao =25k, o] A 4 Al T BAAE
T = (Palatogram)®] 912 whet AAE AYstA =
o} A 49 L= 1.5~4kPas] HHoNA &7
7FsotH, & Aol dig 4EE e A1 27
o] ez AlZksto] et @A (Positive pressure)©]
A= gEo] AAe] % 15\—6}‘:}31 Hskgie}. EoF nht
S 22 Adof BHS sk BEY & 4FolA 20
v 7t o & 49| 39t A3 sttt
(Mirchandani et al., 2021).
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3. OiIRAOAS MM (Mouthpiece with

sensor)

1) Madison Oral Strengthening Therapeutic
(MOST)

Hewitt 520088 & 49 &4 A9 AL 14
5t7] fIsto] A28 #E|(Putty)E 2 % gk MOST-1,1I
£ skl MOSTE &4 S8 49 34 AlA
(Eleastomoer strain gauge sensor)’} AX3] =29} 2
Eo] 17 4g9 7158 w5o| 7hesith A
77 BHO 9 PRAT AL of2] R|ofA FA9
A5 ES 4 A SAE & Utk B =
T9] AEol Blu A st Al Fof 7t kst
273 419 Adf 534 o 42 40~84kPa= U
EFgtal, MOST®} IOPI9] H . A3} MOST-19] 7%
[OPIETH e 4d ol é@ﬂﬁi A7k MOST-119] ot
SAMAY] QY 9| =2 AHHAE Ielsiit
(Hewitt et al., 2008). o]& Greuel =(2012)°] 93 7
7t &5 945 AEsH S7dst7] Slsl 7iAdE bRkl
o] MOSTZF A= AlA = B4 4 42 3]
S/07F BAbE 1, B4 4 e JETGAZ(hPa) D=
7|EH . skA|YE 3 E9] AbE Alo] FA% Fo] A
2 55 I Wigel Algtle] qlom, &7t o
2 A& ol5d AF 2% Ii7t A LEHA
Aol Hoxle ARE Ued 4 = Hilstgit

(Greuel et al., 2012).

1o

2) Tongue Station (T-Station)

HFE Ads AEAA SoE st /EAd
§ 252 A5 £ 9= T-Station Furlan 52019)
o s /=AY F2 A TAZ A oAt
(Mouth guard)® A&sta AYo4 836t Hakd
e Ro|AES &2 2Ask= WH4lolh &9 229
Brl] QFE F4aselr] ffsf B2 v 4= e AA
4E AlSotRAoH, o|AES 74 YFOR FZolH
ASE AT A7 8430 dgd FE7T A

JJ.

AT
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At A-E A3t Ao
A AzHo] 2ol 7t s
A At} SR o] whet
AT Aol A= Y3t Aol 7t TEE A ¢
At =79 EA A HATIES AR WA
51 9] H(Protraction) 2ol A|gto] WAYs}aL, 519
7191/ (Dexterity)e| W 25 &-5(Motor coordination)
S &7ok=t] A7 ekl B st chFurlan et al,,

2019).

3) Swallow STRengthening OropharyNGeal
(SwallowSTRONG)

Wisconsin-Madison tgo] s HEE =42
MOST9] o] & A &<1 SwallowSTRONGS A5ttt
(Robbins & Hind, 2015). 7 g3t W o] 4
o8] golA, Aeka 7k Ul Wi AFA, YA
I vl 5 odet 820 aEsto] EEI . o
AA 7L G2Eo] e HEF veAnAs S
T 7IRE) AIARE 2P Qlof SA19] A%} nE
EF &4 AR disf ¥4 RYE o] 7h55tth
SwallowSTRONGS &3t 54 A3}, Aspof e}
o] #H¥ 84% AAFY, AY Al B 5=
FolotA Aok A= YErgth E3F Ao digt
=8 F=Y {7 F4(p=.001), A& F7Hp=.001),
Zo} Ato] 4] A E(p=.05), XA otA @ 7|4
(p=07)9] FHo|AE FHoo] HItE FEetgetal 2
1okt TS 271302 AlgE SWAL-QOLY A&
AN E 519 A= 1170 5 8709 FEolA f9jv]
ot A vEith

F4o]

4) Lingual Force Detection System (LFDS)

LFDS= = 7He] mRe-A7ked] A2 e A Al
AE ol d9 & &SHct= T2 Sangave &
(2008)°1 sl A=At AlA= AEIZ A HE 9]

A A gt QAA o] Fofstar, AeE 172 A&
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1.58mm2] ¥ (puck) Atelof HiX|[E}. §et HEot=

M 13mm x 8mm, T+ A2 8mm x SmmZ A=
=0, ol W& 999 AA7F 22 J o Adot=
2 Hdistolr] Hgteltt. LFDSE 7 QtollAf 414
SHA 819 A= ST o UL 7|0 A HolE e}
H| W7} 75ttt S §9] 2Lt AE S S7%
2 5 ood, A4 dAR o 2A yed A8
A & A FALA EES HEoto] AotE AAE
mpoteh 4= Qe 2 =419 AY A MM A=
(Conductance)ﬁl} gHE 24 A o] el =2 4

ATE Hella, 59 3} A8 4T qlod
AAHQ] A= g=7o] golsirt. SRR AMGE AlA=
Q1A+ (Tensile force)oi o138 Lol ARR A 2&HE
ojuf wgE 2T 4= Yrh= AlRHE o] AUtSangave

et al, 2008)

4. 7|E} 7|&(Other techniques)

1) Optopalatography (OPG)

OPG+= Wagner 5(2021)] gJsf 7Rd=lom, gt
AbEl= 9] 2 S5k Fot 24 4A dElolt
9] 2219 HAE 45171 S o1 Bk A=
4mm x 2.1mm x 1.35mm¢] Z7]0|H, o]& 19199
S g2 dHddF 2719 BEXE D

YoleE 7eko R ARt A B 9xE 77
o FYAE Tt 7, F - & o] 7} jx e

A $2E FHAL o] Fafst, Ha
U L5 52 4R AT 4 sl gl Az
Asrstol ARgect. 989 A%
283l A7} =2 AL 50| T2k

3 @AYol e AT A £
of SR R BFAA A2t 5
ohe Mol sk 22 Agshe
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tHWagner et al., 2021).

2) Tactile sensor fabricate over a plastic sheet
(TSS)

TSSE AAslRto 2 oloj oS 714 FAFEC] A&
o Aol 7A=Y d=Ee S| gt =+
= Sardini 5(2013)° 25 HL= et STHAE AIE
= Aol Fafgt g ARE N on, 6719 £2F Al
A9t 1709] dlolg AE AAR F 7719 AA7E /]
gk AlEh R EDERE EL PSS
A& o] EH7E £ol=t oot o 80kPa
A A éxé o] 7ksstal, &4 AiE T FA|9

9ltH(Sardini et al., 2013).

SD

3) OroPress

OroPresss= McCormack 52015)°] 2Jsfl 7 =
T2 49 HolHE FACE AST & U=FE A
ook o dg= 47| 't AA Y A7]= &I
3mm, 474 16mme], ¥ 574 W= ImmHg T
£ 0-225mmHg HHoIA =2 AL 40| 7+s
sith. Al H(Chipke 4 Hol 4] 4=8 795
dom, Ho AGe)E HoEo] 4 LAEE 4
43} g 4= Qo] HAY ¥ H(Semisolid) &A1&
1 J—V ok & A= 40| 7Fssttt
S 1HEE HAEO] 4
gt AJZHAQl mEwio] 7H5SttH(Giggins
2013). 3599 A7t BUAE LR & IEHZ 5
gt A 08619 & AFEE UEch B3 &

7o §4 A4 Fd7t 7FsotaL, bAS oA o
&g =38 ¢ At McCormack et al.,, 2015).

=
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4) Tongue Pressure Wireless Application (TPWA)
TPWAE Liu 52021)°] &l 7fdks 7]&of 7=
HE AlA Y] To] A A2 75 718t Tl
o EF5A A4S B9 S48E 48 %E'ﬂ HUE%

2T T —
ATOFE Z9] o] £ A0 A(APP)S E3] SAlo &gt
A o] }0/\14/\1— ?:]qu}ioc}:,g —Eé {%:ax_ ;(Hﬁ
9 Héﬂsﬂr W3Rt HAE 2T £ JUEE AR S
FHE HAAEASG. g2 2.5%2] 22t He]o)A]
0~1000kPa7H4] &8 4= 91, 4% A= 2A4|9
2h-Eof| A4 o] 7Hss E} A2 4 527 el

9] B¢ ‘a“é—J 6‘4 dEo] o JE T} WA
B 9452 fldf 59 482
I} TPWAE p=.772, TPM-01& p=768% &2 Abt
AE Hol= ZA0E Yeyth TPWAE AHid o= A]
Hotal mpeAu A9 ZJAREo] 7Hs517| ol 914
I A8A AR H ZHS HASE S 9lon FjolFog
Fufjsto] 7HgoA 8 4 AtHLiu et al, 2021).

Ima &

=

B A7 19904 o)F AuE ¥ 25 9
E78 BT, BAE E7L AAe] 542 1Y
sto] W AN Yl A3 AN AE Ye, vheaTA
3 AA, 715 7189 BT HHH2 Baeigd. 247
59 570 92 A 24, 48 23} A=wo}
SRS AAst] AA7HA e =150 54
BAshl,

HE AlA 9 Y2l [OPL KSA, TPM-010] Aglom,
A A BT 2% HBe] 3715 Flsle] g 34
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=] GF=ths 9ol FE3t) Arakawa 5(2020)9]
Ao 2 Hx 9o YAk £ A 4F
7 oA 77 BT 4= Slo] &8 Al 97}
Zasittal AFsH3 o, Choi 5(2018) HE $]4]
o W& & &g FA%tol Zol7k ATkl sHATHChoi
et al, 2018). KSAE= 3719 B & FA=lo] 14 9]
Aol Al 519] ¥ ZHo| 7hsoitt. IOPIS] HE 7]
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A 4= Qlo Al 9] QFF/d2 Swallow STRONGRE
E£08 511 257 S42 Y5k Aol 1, A
T 4 Woll 2Ashs A 02 AE . okA]
gk MOST-1,I1E A3t =152 A==} g7t
YZHA &2 Ao, Swallow STRONGS A}
S o= AFet A A3t 9l ¥ T-Station

I LFDS= Ashgoll BAE die= ot A 23t
ANEA GOk}, B3 heAYAY ETL FEHO
2 AL 499 S43 Wgel ARkl =
Ao A,
Z[et o2 7|=
=< 2 ARAA, &

o] Yol Mz &
A AR A2 71%g Zestel A
ZE|9ic}. OPGE HAEE o o sl gratg
Z745t= Yol TSS, OroPress, TPWAE
Ao EHskS 718j5lo] BA0g 245 £ 9t} EF
TPWAE FHZ ol&Ee]Alold ez HAZE HYEFo
7Rssit= Zo] Qi Wl 7HK] Al JdshAE Hof
oA NEL &4 "o g QA A8 71=AS AJAKSH
I Qo AR vra9] sHAZ Fo] BE XYL &F

sP7lole of#teo] mEth FA AE A2 V&S
Ztoz ojEEAold Ee EYEO| 7|55 A
o= AZARQ m=Mo] 7Rsshehs o] YUtk &
TSSE FHu HAo] hox] e Alzkslo] 417 A
dARte] BHEHe HAsksha 77 o gEo] vrow
Mojupes] et Aol ‘”E} Iy AlFEe}

5}
3}

N

=

(]

A Al

st YFEA ggtonl ¥ A7 Waw 44
ok,

2 03 59 A9 53 2 £5S AT 575
FRE Yohuy, 7 578 5% FuE 52 Sl
et A B A7) ARHoE AAH Ba)
#8jo] o|2o117) gkon], ATAEY £HY 4 I
7t 9z 157} AXIEHA eteRe Holek. ole] £ ¢

3 £5 9 249 =79 %

Ee= A 2dade E5)

A4 g3 2319 A Wb} @A o)2olHok

St

64 Therapeutic Science for Rehabilitation Vol. 11.

sk

LRI
il

e
rRpe
Sk
=
et -
A
o,
L

2 |o
rlr

o 8§ 25 9 24 E7E
Ao} Aol BT &
AR oA oot oiet Heble
27 w70] 483 &
I5}. olo] whe} 7|
1A% B8] 2w A2
A Skt £5 Q1o =

SoluA FUHOZ 2HY 4 9 £

e
Aol ATHOoZ dq 7]1—‘*‘% é%@: 2
4 % oI B
gas Aoz *}E%E]'.

1o,
T
fo
o

r{m
1%
ol

oX,

f

o
ofN
%k
i
|o
Fu

ox, M
b
mlm

|

ik
)
ol

o >
=)

]_

"_

A

2,
ol
= _BL
;O

i v
R
_?L
ki

‘|_

N

e

o)

mlI.
;o

o
01

References

Adams, V., Mathisen, B., Baines, S., Lazarus, C., & Callister,
R. (2013). A systematic review and meta-analysis of
measurements of tongue and hand strength and
endurance using the Iowa Oral Performance
Instrument (IOPI). Dysphagia, 283), 350-369.
https://doi.org/10.1007/s00455-013-9451-3

Adams, V., Mathisen, B., Baines, S., Lazarus, C., & Callister,
R. (2015). Reliability of measurements of tongue and
hand strength and endurance using the Iowa Oral
Performance Instrument with elderly adults. Disability
and Rehabilitation, 375), 389-395. https://doi.org/
10.3109/09638288.2014.921245

Arakawa, 1., Abou-Ayash, S., Genton, L., Tsuga, K.,

Leles, C. R., & Schimmel, M. (2020). Reliability and

comparability of methods for assessing oral function:

Chewing, tongue pressure and lip force. Journal of

Oral Rehabilitation, 477), 862-871. https://doi.org/

10.1111/j00r.12976

S., Idel, O, Cotton, S. M., & Perry, A. (2000).
Comparison of two methods for measuring tongue

Ball,

pressure during swallowing in people with head and
neck cancer. Dysphagia 21(1), 28-37. https://
doi.org/10.1007/s00455-005-9008-1

Chiba, Y., Motoyoshi, M., & Namura, S. (2003). Tongue

No. 4. 2022.



pressure on loop of transpalatal arch during
deglutition. American Journal of Orthodontics and
Dentofacial Orthopedics, 1231), 29-34. https://
doi.org/10.1067/mod.2003.51

Choi, S. H,, Kim, H. H,, Choi, C. H,, Seo, H. N., & Park,
C. R. (2018). Characteristics of tongue pressures based
on swallowing tasks in Korean healthy older adults.
Audiology and Speech Research, 14(3), 194-203.
https://doi.org/10.21848/asr.2018.14.3.194

Clark, H. M., Henson, P. A., Barber, W. D., Stierwalt, J. A,
& Sherrill, M. (2003). Relationships among subjective
and objective measures of tongue strength and oral
phase swallowing impairments. American Journal of
Speech-Language Pathology, 121), 40-50. https://
doi.org/10.1044/1058-0360(2003/051)

Crow, H. C., & Ship, J. A. (1996). Tongue strength and
endurance in different aged individuals. 7he Journals
of Gerontology Series A Biological Sciences and
Medical Sciences, 51(5), 247-250. https://doi.org/
10.1093/gerona/51A.5.M247

Fregosi, R. F., & Ludlow, C. L. (2014). Activation of upper
airway muscles during breathing and swallowing.
Journal of Applied Physiology, 1163), 291-301.
https://doi.org/10.1152/japplphysiol.00670.2013

Furlan, R. M. M. M,, Santana, G. A., Bischof, W. F., Motta,
A R, & de Las Casas, E. B. (2019). A new method
for tongue rehabilitation with computer games: Pilot
study. Journal of Oral Rehabilitation, 446), 518-525.
https://doi.org/10.1111/j00r.12775

Giggins, O. M., Persson, U. M., & Caulfield, B.
(2013). Biofeedback in rehabilitation. Journal of
Neuroengineering and Rehabilitation, 1X(1), 1-11.
https://doi.org/10.1186/1743-0003-10-60

Greuel, M., Lieberthal, T., Hannenken, K., & Wong, D.
(2012). Developing a 3D model of the tongue and
mouth to assess pressure generation and predict
bolus flow when swallowing. BME DESIGN PROJECTS,
USA, University of Wisconsin-Madison. https://
bmedesign.engr.wisc.edu/projects/f12/mouth_model

Hara, M., Ishida, R., Ohkubo, M., Sugiyama, T., & Abe, S.
(2014). Effects of varying fixed lingual apex positions
on tongue pressure during straw drinking. Journal of
Oral Rehabilitation, 41(5), 374-380. https://doi.org/
10.1111/joor.12154

Hewitt, A., Hind, J., Kays, S. Nicosia, M., Doyle, J.,
Tompkins, W., Gangnon, R., & Robbins, J. (2008).

Standardized instrument for lingual pressure
measurement. Dysphagia, 231), 16-25. https://doi.
org/10.1007/s00455-007-9089-0

Hiiemae, K. M., & Palmer, J. B. (2003). Tongue movements
in feeding and speech. Critical Reviews in Oral
Biology & Medicine, 146), 413-429. https://doi.org/
10.1177/154411130301400604

Hori, K., Ono, T., Iwata, H., Nokubi, T., & Kumakura, L.
(2005). Tongue pressure against hard palate during
swallowing in poststroke patients. Gerodontology,
224), 227-233. https://doi.org/10.1111/5.1741-2358.
2005.00089.x

Hori, K., Ono, T., Tamine, K. I, Kondo, J., Hamanaka, S.,
Maeda, Y., Dong, J., & Hatsuda, M. (2009). Newly
developed sensor sheet for measuring tongue
pressure during swallowing. Journal of Prosthodontic
Research, 531), 28-32. https://doi.org/10.1016/j.jpor.
2008.08.008

Jaffer, N. M., Edmund, F. W. F. A., & Steele, C. M.
(2015). Fluoroscopic evaluation of oro-pharyngeal
dysphagia: Anatomy, technique, and common
etiologies. American Journal of Roentgenology,
2041), 49-58. https://doi.org/10.2214/AJR.13.12374

Jeannin, C., Perrier, P., Payan, Y., Dittmar, A, &
Grosgogeat, B. (2008). Tongue pressure recordings
during speech using complete denture. Materials
Science and Engineering: C, 285-6), 835-841.
https://doi.org/10.1016/j.msec.2007.10.079

Kabhrilas, P. J., Lin, S., Logemann, J. A., Ergun, G. A, &
Facchini, F. (1993). Deglutitive tongue action:
Volume accommodation and bolus propulsion.
Gastroenterology, 1041), 152-162. https://doi.org/
10.1016/0016-5085(93)90847-6

Kang, B. M., Kwon, H. C., Kim, H., & Cho, Y. N. (2013).
Effect of orofacial exercise on the swallowing
function of stroke patients. Journal of Korean Society
of Occupational Therapy, 21(3), 57-69.

Kays, S., & Robbins, J. A. (20006). Effects of sensorimotor
exercise on swallowing outcomes relative to age and
age-related disease. In Seminars in Speech and
Language, 274), 245-259. https://doi.org/10.1055/
$-2006-955115

Kieser, J., Singh, B., Swain, M., Ichim, 1., Waddell, J. N,,
Kennedy, D., Foster, K., & Livingstone, V. (2008).
Measuring intraoral pressure: Adaptation of a dental
appliance allows measurement during function.

Therapeutic Science for Rehabilitation Vol. 11. No. 4. 2022. 65



Dysphagia, 233), 237-243. https://doi.org/10.1007/
s00455-007-9126-z

Lazarus, C., Logemann, J. A., Huang, C. F., & Rademaker,
A. W. (2003). Effects of two types of tongue
strengthening exercises in young normals. Folia
Phoniatrica et Logopaedica, 554), 199-205. https://
doi.org/10.1159/000071019

Lee, J. H., Kim, H. S., Yun, D. H,, Chon, J., Han, Y. J., Yoo,
S. D., Kim, D. H,, Lee, S. A, Joo, H. L, Jin, C. K, &
Soh, Y. (2016). The relationship between tongue
pressure and oral dysphagia in stroke patients.
Annals of Rehabilitation Medicine, 404), 620-628.
https://doi.org/10.5535/arm. 2016.40.4.620

Lenius, K., Carnaby-Mann, G., & Crary, M. (2009). The
relationship between lingual-palatal pressures and
submental surface electromyographic signals. Journal
of Oral Rehabilitation, 342), 118-123. https://
doi.org/10.1111/5.1365-2842.2008.01921.x

Liu, H Y., Chen, C. H, Kuo, C. H, Feng, M. C., Chen, ]J.
H., Wang, H. W., Chen, K. C,, & Lin, C. L. (2021). A
novel tongue pressure measurement instrument with
wireless mobile application control function and
disposable positioning mouthpiece. Diagnostics,
11(3), 1-11. https://doi.org/10.3390/diagnostics1103
0489

McCormack, J., Casey, V., Conway, R., Saunders, ., & Perry,
A. (2015). OroPress a new wireless tool for measuring
oro-lingual pressures: A pilot study in healthy adults.
Journal of NeuroEngineering and Rehabilitation,
121), 1-9. https://doi.org/10.1186/512984-015-0024-6

Mirchandani, B. (2019). Study and measure of the
mechanical pressure exerted by the tongue on the
complete denture during the production of speech
and swallowing. (Doctoral dissertation). Université de
Lyon.

Mirchandani, B., Perrier, P., Grosgogeat, B., & Jeannin, C.
(2021). Accurate tongue-palate pressure sensing
device to study speech production and swallowing in
patients with complete denture. Furopean Journal of
Dentistry, 152), 302-306. https://doi.org/10.1055/
s-0040-1717002

Nagao, K. Kitaoka, N., Kawano, F., Komoda, ], &
Ichikawa, T. (2002). Influence of changes in occlusal
vertical dimension on tongue pressure to palate
during swallowing. Prosthodontic Research &
Practice, 1(1), 16-23. https://doi.org/10.2186/prp.

1.16

Nicosia, M. A., Hind, J. A, Roecker, E. B., Carnes, M., Doyle,
J., Dengel, G. A., & Robbins, J. (2000). Age effects on
the temporal evolution of isometric and swallowing
pressure. The Journals of Gerontology Series A:
Biological Sciences and Medical Sciences, 5511),
M634-M640. https://doi.org/10.1093/gerona/55.11.
M634

Ono, T., Hori, K., & Nokubi, T. (2004). Pattern of
tongue pressure on hard palate during swallowing.
Dysphagia, 194), 259-264. https://doi.org/10.1007/
s00455-004-0010-9

Robin, D. A, & Luschei, E. S. (1992). System and method
for detecting pressure of selected body parts.
University of lowa. https://iro.uiowa.edu/discovery/
delivery/0110WA_INST:ResearchRepository/1272734
061000277171#13727379550002771

Robbins, J., Gangnon, R. E., Theis, S. M,, Kays, S. A., Hewitt,
A. L, & Hind, J. A. (2005). The effects of lingual
exercise on swallowing in older adults. Journal of
the American Geriatrics Society, 5309), 1483-1489.
https://doi.org/10.1111/5.1532-5415.2005.53467 x

Robbins, J., & Hind, J. (2015). Swallow stronger and safer:
Past, present, and future of the swallowSTRONG
device. Perspectives on Swallowing and Swallowing
Disorders (Dysphagia). 242), 65-70. https://doi.org/
10.1044/sasd24.2.65

Robinovitch, S. N., Hershler, C., & Romilly, D. P. (1991).
A tongue force measurement system for the
assessment of oral-phase swallowing disorders.
Archives of Physical Medicine and Rehabilitation,

39190077V

Sangave, A., Manuccia, T., Kay, M., & Zderic, V. (2008).
Lingual force detection system. /EEE Engineering in
Medicine and Biology Society, 4844-4847. https://doi.
org/10.1109/IEMBS.2008.4650298

Sardini, E., Serpelloni, M., & Fiorentini, R. (2013). Wireless
intraoral sensor for the physiological monitoring of
tongue pressure. [n 2013 Transducers & Eurosensors
XXVII, 1282-1285. https://doi.org/10.1109/Trans
ducers.2013.6627010

Shaker, R., Cook, 1. J., Dodds, W. J., & Hogan, W. J. (1988).
Pressure-flow dynamics of the oral phase of
swallowing. Dysphagia, 32), 79-84. https://doi.org/
10.1007/BF02412424

66 Therapeutic Science for Rehabilitation Vol. 11. No. 4. 2022.



Shaker, R., & Lang, I. M. (1994). Effect of aging on the
deglutitive oral, pharyngeal, and esophageal motor
function. Dysphagia, 94), 221-228. https://doi.org/
10.1007/BF00301914

Song, Y. (2014). Characteristics of maximal tongue and lip
strength and tongue endurance scores according to
age and gender in healthy Korean adults. Phonetics
and Speech Sciences, &2), 97-106. https://doi.org/
10.13064/KSSS.2014.6.2.097

Stone, M., Woo, J., Lee, J., Poole, T., Seagraves, A., Chung,
M., Kim, E., Murano, E. Z., Prince, J. L., & Blemker,
S. S. (2018). Structure and variability in human tongue
muscle anatomy. Computer Methods in Biomechanics
and Biomedical Engineering. Imaging & Visualization,
&5), 499-507. https://doi.org/10.1080/21681163.2016.
1162752

Takahashi, M., Koide, K., Suzuki, H., Satoh, Y., & Iwasaki,
S. 1. (2016). Evaluation of reliability of perioral muscle
pressure measurements using a newly developed
device with a lip piece. Acta of Bioengineering and
Biomechanics, 181), 145-153. https://doi.org/10.
5277/ ABB-00319-2015-02

Trawitzki, L. V. V., Borges, C. G. P., Giglio, L. D., & Silva,
J. B. (2011). Tongue strength of healthy young adults.
Journal of Oral Rehabilitation, 38(7), 482-486.
https://doi.org/10.1111/7.1365-2842.2010.02182.x

Tsuga, K., Hayashi, R., Sato, Y., & Akagawa, Y. (2003).
Handy measurement for tongue motion and
coordination with laryngeal elevation at swallowing.
Journal of Oral Rehabilitation, 3010), 985-989.
https://doi.org/10.1046/7.1365-2842.2003.01077.x

Wagner, C., Stappenbeck, L., Wenzel, H., Steiner, P.,
Lehnert, B., & Birkholz, P. (2021). Evaluation of a
non-personalized optopalatographic device for
prospective use in functional post-stroke dysphagia
therapy. [EEE Transactions on Biomedical
[Engineering, 641), 356-365. https://doi.org/10.1109/
TBME.2021.3094415

Yoshida, M., Groher, M. E., Crary, M. A., Mann, G. C.,
& Akagawa, Y. (2007). Comparison of surface
electromyographic (sEMG) activity of submental
muscles between the head lift and tongue press
exercises as a therapeutic exercise for pharyngeal
dysphagia. Gerodontology, 242), 111-116. https://
doi.org/10.1111/;.1741-2358.2007.00164.x

Yoshida, M., Kikutani, T., Tsuga, K., Utanohara, Y.,

Hayashi, R., & Akagawa, Y. (2006). Decreased tongue
pressure reflects symptom of dysphagia. Dysphagia,
21(1), 61-65. https://doi.org/10.1007/s00455-005-
9011-6

Yoshikawa, M., Yoshida, M., Tsuga, K., Akagawa, Y., &
Groher, M. E. (2011). Comparison of three types of
tongue pressure measurement devices. Dysphagia,
263), 232-237. https://doi.org/10.1007/s00455-010-
9291-3

Youmans, S. R., & Stierwalt, J. A. (2006). Measures of tongue
function related to normal swallowing. Dysphagia,
21(2), 102-111. https://doi.org/10.1007/s00455-006-
9013-z

Youmans, S. R., Youmans, G. L., & Stierwalt, J. A. (2009).
Differences in tongue strength across age and gender:
Is there a diminished strength reserve? Dysphagia,
24(1), 57-65. https://doi.org/10.1007/s00455-008-
9171-2

Therapeutic Science for Rehabilitation Vol. 11. No. 4. 2022. 67



Abstract

A Literature Review of Tongue Movement and
Measurement Tools for Dysphagia

Kim, Jin-Yeong, B.H.Sc., O.T., Son, Yeong-Soo , M.S., O.T,,
Hong, Deok-Gi , Ph.D., O.T.
"Davinci Hospital, Occupational Therapist
"BS Brain Rehabilitation Hospital, Rehabilitation Center, Occupational Therapist

“Dept. of Occupational Therapy, Wonkwang University, Professor

Objective : This review aimed to provide information for clinical application by confirming the
principles and characteristics of the tool through a review of tongue movement and measurement
tools for patients with swallowing disorders.

Results : We identified 15 tools used as tongue exercises and measurement tools in the field of
dysphagia. According to principle, the tools were classified as either a bulb sensor, resistive sensor
sheet, mouthpiece with sensor, or other techniques. The bulb sensor was easy to use but had
limitations in fixing the position when measuring tongue pressure. The resistive sensor sheet could
be measured at a more stable position than the bulb sensor. A mouthpiece with a sensor could
be used in an individual's oral cavity such that the position was fixed when measuring the tongue
pressure. Other techniques had the advantage of being wireless and capable of sensing light.

Conclusion : Based on this literature review, it is necessary to facilitate the selection of the best
tool for quantitative tongue measurement in dysphagia. The review can also be used to develop

a Korean tongue movement tool model that can be used in hospitals and community centers.

Keywords : Dysphagia, Tongue exercise, Tongue measurement
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