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Abstract In this study, a systematic review was conducted to analyze the method of applying sEMG to evaluate
the swallowing function of the elderly at each stage of swallowing, and to help objectively measure the
swallowing stage of the older adults in clinical practice. From 2011 to 2021, 7 studies that met the selection
criteria were selected using Pubmed, Scopus, and Web of Science (WoS). As a result of this study, the older
adults and adults were divided into an experimental group and a control group and the swallowing phase was
analyzed using sEMG only for the older adults. sSEMG was used to evaluate swallowing in the oral and pharyngeal
stages, and the sEMG attachment site was attached to the swallowing muscle involved in each stage. The
collected sEMG data were filtered using a bandpass-filter and a notch-filter, and were analyzed using RMS,
amplitude, and maximum spontaneous contraction. In this study, it was found that sSEMG can be used as a tool
to objectively and quantitatively evaluate the swallowing function in stages. Therefore, it is expected that this
study will activate various studies that incorporate sEMG to evaluate the swallowing function in stages.
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AHRAE B7F67] S d3lAE HIT R FA|
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index, K-DHD[14], 4 o $219] 449 4 HEA

(swallowing quality of life questionnaire,
SWAL-QOLD)[15]°] &-&=|1 Qlch A7pE 4] AE 3
7he AEAR] A SHoA Aol o= 9] SjAAE
Tis e AHe 20 AR AR AL Q1A
Ste A AAIA- A A ol ES Bk dZd
479 GAMEE FoE Brlel=t AR o1, AT
o] Aojgh= HAAEES 2l SltHiol

olZ|gt ARMEE Hslr] i HI-EHolHA Tt
ot AARRS] ado] Al7|E o] far, T1of w4
o459 BHE QUFE S5 AR 9AE 171 4 Qe
¥ AT HAKsurface electromyography, sEMG)
7F @A AARE T QeH17) B 24T FARE 259
714 BEZ 718510 &% 75= B7Ishs WRolH
(18], Aol HAE F7ksh7] AsiA Azt #ed 2
%9 B3} AL E G oE Bk 4= QU191
AgAtoxe T ZHE FAE 47 9 599
£ 459 €5 A= 9 ¥eE S| Yol AHES
Rom20], A BA dALt A AoiE olsfst
7] 9l 259 243} S metolr] Yl #H A
T AARE ARESITH21). B 2AE AR AR 1
o] Zhkshe, BIF5A0lal HY @ FA] 47 HAR
H|g] AI7hE Aokt 4= Qo= RS 2 Sio22l.

1o A AolE Hrkstal A% SA Age
7] YA A 24 9AE Wirol Brteke A
o] ZasitH23]. A F3ERE sl w=R19] A Aofoll o
3t F870] oA Q= ARolA EH 2AE A4t
£ ARGl A 2AE B7kshe dTe 885 o]Fo
A3 QAN ZFHE AR 4 F 24
gk A= mEgh AAott wEbA B dAtte kYUY
A dAlo] 2 3 AT FAe 4 °d BY
Holl gt A 125 &3 4 A= FAR] 28

WEg gelsli, 27 ATE A 712ARE A

7HA] 1097 AR
Hlo] A& Pubmed, Scopus, Web of Science(WoS)E
A&ty HALol= “Electromyography’” AND

it
;

Mo
flo
&=
ot
o
8
&
o
=
i‘_‘-t
e
i)



(“Elderly” OR “Older”) AND “Swallow'S AF23tqich.  dsto] AA7|Eo] =R AL vijA]| 7o) 235
523 2437 AHS PRISMA(preferred reporting  © 8% AR 22802 28W =¢9| A7 &
items for systematic reviews and meta-analysis)s U3, HFH R THO| =25 AASIA. 3%
7l8to 2 MaYst9ict. Pubmed, Scopus, WoS dlojg  AFAF SHHoR Fie AR & HEEH 99
Wlo|AZ AMst A3 2 363/ w2o] AMEeh e o] BAXT A9 AAE 2 =02 Faf A4
2719 B8 =ES AR T, 142 A=n 252 8 oFE 2K 1)
g Records 1dentified through database searching
] (n=363)
% * Pubmed (n = 240)
‘é * Scopus (n = 47)
= * Web of Science (n = 76)
+ > | Record excluded (n = 42)
Records after duplicates removed (h = 321) ‘
Record excluded (n=213)
o * Not a review of full text (n= 89’
a v > * Not targeting the nonn}:lsald.erlv)(nﬂi)
B * Not use electromyography (n=49)
@ Records after abstract screened (n = 108)
* Pubmed (n = 45)
* Scopus (n = 35)
* Web of Science (n=28)
Full text articles excluded (n = 80)
+ = | - Insufficient study design (n = 56)
* Not relevant outcomes (n = 24)
‘é‘
g Full text articles assessed for eligibility
B (n=28)
m
¥
j; Final in a review (n=7)
Fig. 1. PRISMA Flow Diagram for Study Selection
22 == {8 A 8Kz 23 =99 X +F A HIEE £ 87t
2011%‘:“3 20219744 oF 114 B sH&A &2 dAFMe Adgd 2hES9] BHedE B7I
AA=o] Aio] &9l 7hatt A+E AR 74 A &A 718 4 =& BT RoBINS(risk of bias
Al A% 9 wjAr|EL o33 At in non-randomized studies of intervention)&
A&t A4 &2 B718] 93] Arbesman &
(1) A71& (2008)°] AT 2A 78 AA & BAS ARGt
AR olgle] e ol 2 A e 93, 29 HEY SIS B75] 915} RoBINSS
EQE R o A Fastget2s). 24 7t A3 $F 2de oA 12
- 1eQle] A THAE BH ZAE HAE o8] AAH 2, v, 2 g ddAT7 29
Bt AT g, 9 2 F JD HIFAS AT, 94 32 9d

() WA
YR o] B AT
A} £G4 gk Z2ES 47
C2AE QNS G e A7

At B 52 A, DA 4= HEAE 93? 2 AR,
A 5= Al ATt é_‘@‘ﬂ 7} 32gE T} RoBINSE

qehs, Holxe] ME|, 19 £5, oz FA|9)
29, 25 24w, 47 24, 23] 49 5 77 92e



12 3=gelstsl=2X| M133 Mbs

o 39 HIEY f¥S IR 97 A B3
(low), 5% (moderate), Y& (serious), WL A
(critical), HE -2(no information) SHAIZ A= 0]

w9 A o 9 HEY 9 A 3919
EHH0E MR ARE Fdote] A4 7 9ol
AA5HA] U= A =98 B9 2HE &S

24 ZAdt 2M diH

240 =3td 7#Hel AFES  PICO(Patient,
Intervention, Comparison, Outcome)d#< AR&5}0]
AAA o= EA5. PICOE ==2 I44 =
& AEsts v oz thAlRl, A 9 iR,
2IE AAACE AT o ARSI 2 A4
A JEols A=Y Agol s E45k3L
FA R gxdols 2H FAE FAE o8t
A A 57 I 2 g, B4 Rl s 245t
ot An= 97t 29E 7] gtos BAMsiyict

31 280 TH 47 U HISY U W} 2
£ QTOINE F 78 50 94 $22 B4
k. oA 20 S £ WG wRag A7t

85.7%(6H), =A 39 T
A7F 14.3%(1H)2] AF 202 e tHTable 1
Z).

Table 1. Quality of Selected Studies
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Study

Level of evidence

Engel-Hoek et al (2012) Level 2
Wang et al (2014) Level 2
Hiramatsu et al (2015) Level 2
Brates, & Molfenter (2021) Level 2
Endo et al (2020) Level 2
Ko et al. (2021) Level 2
Oh (2021) Levle 3
Table 2. Results of Risk Assessment of Bias in the Selected Studies
Confounding Selection of Classification Out of Missing Mgasuremgnt
Study : o : : . : : of intervention
variables participants of intervention intervention variables results
Engel-Hoek et al (2012) Low Low Critical Low Low Moderate
Wang et al (2014) Moderate Low Low Low Moderate Moderate
Hiramatsu et al (2015) Moderate Low Moderate Low Low Critical
Brates, & Molfenter (2021) Low Low Low Low Low Moderate
Endo et al (2020) Moderate Low Low Low Low Moderate
Ko et al. (2021) Low Low Low Low Low Moderate
Oh (2021) Low Low Low Low Critical Moderate
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Table 3. Characteristics of Analyzed Studies

Participation Intervention Outcome
Study Intervention Comparison .
(Age / (Age / Swgl;vxe/}lng Experimental Control Assessment Result
Number) Number) 9
- Swallowing 4 types of boluses : sEMG duration SIG
Engel-Hoek et  -619 /10 -55.1/10 Pharyngeal saliva, water, thick liquid, solid
al 2012) - Normal - Normal stage - Swallow saliva twice and swallow
5ml water and custard and lastly .
sEMG Amplitude NS
5ml pureed potato
- Swallow 6 types of bolus, 3 sEMG duration SIG
Wang et al - 596/39 -409/35  Pharyngeal ts'vrczlz va‘fr“] e?ignvtlpini )d'V
(2014) - Normal - Normal stage 9 V),
2:5:10-20ml of room temperature EMG Amolitud sSiG
water and 5ml of 0°C water s mplitude
Pre
- Sit on the chair while 3ml of SEM_G """""""""""""" SIG
. duration
cold water was poured into Post
Oral mouths and retained for a few
Hiramatsu et al - 766 /23  -299/ 23
preparatory seconds
(2015) - Normal - Normal
phase - Swallow water at once Pre
- Ate a bowl of rice topped with SEMG
chicken and eggs for 30 minutes  Amplitude SIG
Post
- Swallowing 3ml water : fast,
normal and slow sEMG duration NS
Endo et al - 705/ 30 - 40.9 / 30 Pharyngeal - Experimenter verbally instructed
(2020) - Normal - Normal stage the participant to swallow in a
single motion and to relax SEMG Amplitude SIG
immediately after swallowing
Brates, & - 722/ 15 - 255/ 15 Oral - meal consist of half of a bagel sEMG duration SIG
Molfenter _ No-rmal _ No-rmal preparatory with peanut butter, 8 baby
(2021) phase carrots and 8oz of chocolate bar SEMG Amplitude SIG
- Swallow 3 types of bolus, 2 for
each types in following order : sEMG duration SIG
water 2cc, water bce, yogurt bee
Ko et al. 2021) 64 / 20 - 43/ 20 Pharyngeal - Participant held the liquid in their
: - Normal - Normal stage mouth during examiner instructed
to swallow
- 3-minute interval between each sEMG Amplitude SIG
swallowing task
- Swallowing very hard while
squeezing the tongue in an sEMG duration NS
- 779/ 30 Oral upward-backward motion toward
Oh (2021) B No-rmal NA preparatory the soft plate
phase - Exercise for 10 min continuously
and 2 min rest before continuing SEMG Amplitude SIG

to exercise for 10 min

Note. Amp: Amplitude; ATP: Anterior tongue pressure; CG: Control group; EG: Experimental group; ET: Excursion time; IOPI: The lowa oral
performance instrument; JIT: Jitter time; LE: laryngeal elevation; MAV: Mean amplitude value; MBS: The modified Borg scale; M_Dur: Main
reflex duration; M_Pk_RMS: Main-reflex peak amplitude by root mean square; NS: No significant differences found between groups or
pre and post test; Post-LE interval: Pre_Dur: Pre-reflex duration; Pre_Pk_RMS: Pre-reflex peak amplitude by root mean square; RH
Retrohyoid muscles; sEMG: Surface electromyography: SH: Suprahyoid muscles; SIG: Experimental group showed significantly worth
results than control group or pretest; StH: Sternothyroid muscles; TOMASS: Test of masticating and swallowing solids; Tot_Dur: Total
duration; TH: Thyrohyoid muscles;
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Table 4.

sEMG Method and Analysis Method

SsEMG Method

Analysis Method

Stud i i
uay Time of Electrode placement Target Range of filter Procesglng and
Intervention muscle analyzing data
- 1 session, 15
Engel-Hoek minute(at the . - Sampling rate : 250Hz - Mean
et al (2012) beginning of the Suprahyoid area NA - 200uV amplitude range amplitude value
enrollment)
- 1 session(at the ) .
Wiggi& al beginning of the Under the chin NA SSTSOSS? filter : NA
enrollment)
Hiramatsu -1 sgss.lon(at the Skin beneath the chin to the . . . - MvC
et al beginning of the fiaht of the midline Suprahyoid - Sampling rate : 1,000Hz - Percentage of
(2015) enrollment) 9 MVC
. - Band-pass filter :
- 1 session(at the )
Endo et al beginning of the Skin beneath the chin Suprahyqd 10 BkHZ . . - RMS
(2021) enroliment) - Infrahyoid - Sampling rate : 50s in
window 1kHz
Brates. & ) Lv;/; Sci?lifttizn - Skin of the submental - Mean rest
§ . region directly under the chin amplitude
Molfenter sessions, one - NA NA
@021) week apart at midline - Mean peak
~ 1 hour duration - Lateral to midline amplitude
- Superior to the hyoid bone
and posterior to the
mandible with a Tcm interval
from the midline to target
the digastric and mylohyoid
muscle
- Bilateral superior pole of the
thyroid cartilage to target _ Bilateral
the TH muscles suprahyoid - Band-pass filter :
- 1 session(at the - Medial to the iprany p ' - Onset latency
Ko et al. S - . - Bilateral 20-500Hz .
beginning of the sternocleidomastoid muscle . : . - Duration
(2021) NP A retrohyoid - Sampling rate : 1,024Hz )
enrollment) and inferior to the thyroid ~ Thvrohvoid - Peak amplitude
cartilage to target the _ Ste\:/rnoz oid
sternohyoid, omohyoid, and 4
StH muscles behind the
mandible and in fornt of the
sternocleidomastoid muscle
to target the posterior belly
of the diagastric and
stylohyoid muscles (RH
muscles)
: ggl]?g%ogd - Band-pass filter :
0Oh (2021) - 20min/session, - Both side of the midline _ Anterio\r/ 10-500Hz RMS
2days/7weeks under the chin digastric - Sampling rate : 1,000Hz
o - Notch filter : 60Hz
muscle

Note. RMS: Root mean square; MVC: Maximal voluntary contraction; NA:

3.2 APLHYR}

4 A3t =913t GRlE APTT} hRIOE o]
B4 A7 67[28-33], kAYHE Ao BA
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Wang 5(2014)2] A+ AQstal B5F 654 o4
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Lwolo] Azl B M Jls WIS HIE B 2HE Aol 8FH o7 MAY 28 15
h AFoM e vt 79 42 Asd H ol Hisiyth B Sk A9 vl Av 28
& A S 71 28,30,33], 22 AVIe Aok UERE A frejulet Aoglotal Eistgl,
#EOII Aolg ol 3 A9 e WRH Aot UERUA ¢F2 A9 foulstA] o2 diE
[321(Table 3 ). UEh gtk EastgchTable 4 ).

34 HY ZHC 21 Y
£ AL 8 B 2870 432 TR

Bz 282 gEH I(mylohyoid), §EE%(genio
hyoid), B ¥4rZ(digastric muscle)[27], E&Y<
(suprahyoid)[28,31,32], E&FHIE(retrohyoid),
E2 I(thyrohyoid), =4 Z(sternohyoid)[28], Z&
obflX(infrahyoid)[32]°I3ltt. #2+ 9= & off&
¢ FEo FEFSAY[27,29-33], BEW A&7
olgfgw W&o 1cm 7tAo2 AL Has% 28]
(Table 4 #1).

35 HOJE 47 U 24 Wy
B9 TR ASE 59 245 vols B4 e
789 A7 % 6He Aol Atk 0h(202)9)

Ao A= = EE|(band-pass filter; 10-500Hz),
60Hz =22 E(notch filter)E AME3lo] 335t
1000Hz& A1EHste] dHlolHE A%sitH27]. Ko
520219 AolliE HYEZ2H (band-pass filter;
20-500Hz)2 AR&sto] 43k 1024Hz2 A=Y
5lo] Hjo|ElE A& TH28]. Engle-Hoek 5(2012)9)
Aol A= 250HzE HlolEE AT &, 2004V
amplitude range® 7|5t tH29]. Hiramatsu 5
(2015)9] AFolAE 1000HzZ HlolEHE A =Ys}
%3, Endo 5(2021)2] 7ol HH5agH (band-
pass filter; 10Hz-5KHz)E AR&-5to] 35191, 50%
window WollAl 1KHz2 AE3HHT}. Wang $5(2014)9]
Ao A= et el (band-pass filter; 20-400Hz)
£ AREste] HlolEE Syskeinh

B AT HARE ol &8l 4 BAE Btk fls
:E‘ﬂ :LX%E A]§9,] H]Eg} 71-E_§’_ H&]-a],oﬂq.[zg_aa]
6H O] FH A= 6541 mITte] AJR19] Aol Uehdt
By AL A59] ¥Eel FEE 654 0]Al9] 109
A4 ved W ZAE ASE HwsHh
Oh(2021)9] Z&°lr= 65A1 o] Q19 9 A=
429k EA40) o]-&5t3l=tl, AHxlol oot 5ol
B4 HF9 2455 et A |Yugt 29491

=

£ dFoAe kY A4 dAE Bk g
IR B AT AANE ARG
EAEHh 201195 2021870 4 :}74]6’ nﬂ7}
SP7] flsll 9 2= HARE AR A9 AR At
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3t BHES
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AV vt €7 G, =919 71L 2 Wi ae
1iolgle} 41 71 RER L
slov] olz <ls) 424 %%L o150l Fopay
231 222 o, 654] olg =13t 654] et 4l
ARE TS AL FATS L 4 T B A7
oA bl olglel The Aol g =212 T
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of AT & A= B RO, 35 AL
Ao 1) A kS AL Uk =S oz
& @77t BRF Zold.

A A B 99 B 2R AAE A8
o AT B4 A3} A% dA% 7 A 4L
Hhsl7] g8 EH 2AE AAE A8ERLE T &
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ATH36L. QIF BAY A4S W AT &4
Yol7h 91 GHO HoPrk BAIS Bk 915 &4
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74 WA A0S WA AFIAE S4olR
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StAY SAE AFshetl 2EEHE 523 240,
A7E £EE S4Eo] 7E2 FUHE HeAe
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AT A= FHE o83t BrPF axolg= A
Aol A YeRGTH36). o]E vl R ¥ A%
BAE AFDAL} A=TA 9 4 BrIsk]e] J4%
TFUE & 5 ATk

Y AT HAY A= B RY= 4 9A 2
4Fdo]| Hofehs 2550 R 8 FAdigastric
muscle), &8 mylohyoid), BEE%geniohyoid)
I} 2 282 BEHTL Y& 0E A o|E o,
W S8 (thryohyoid)Q] &3 Aol dold 4%
F5E W ASA o] 5SS AFEAS A
Ao Fofst= FHOE FAo| £E0] LA o]
FO|R|A] ok& A9, AR BEH-TF9 A5o] U
ofubz] grol gRlo] S 9J3o] =olA|A HTH35!.
EFelo] WAsHA =W H4, 2= HEH 59 AAH &
Aot 4o A Astel 22 EAVE A EA8T 4 Sl
[6). TtA Ao Fofols 252 B7RITHE 9=
osl=dl ExAA Aol o FE.

B ZAE HAFSA F, HolHE 5] HsiAl
7HO AFoM= oY S LES} notch filterE At
£513lth. lolg 249 lojAe 2Hk JEEZ B7t
Stz WRIQl RMS®F 59 5 AEE WUicke
MVCE AH&3HGith RMSSF MVCE 47 5% 255
o] B4 &5 = WYch] faol ARSEE 24
HHolti37]. B ZHE HAF 4359 242 315
tloe 9] o4 wgkol wet deE= WHo] gefAe
e 1T o, A7 FHo wet 74 S Y
ofoF 3k & 4= QU ESH W ZHT AAF ZAE
EA517] Yol £ ZAHE A5 HIEe FTE 654
u)qk /391 654 ol k=S Hlwste] EAI5H3I. 7HY
=EoAE I 2HE 459 Wke} ko] HIE
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