Effect of Neck Position on Muscle Fatigue during Shaker's Exercise

Abstract

Objective: The aim of this study is to find the influence on muscle fatigue by changing a angle of neck while
Shaker exercise. Background: Shaker exercise is commonly applied to dysphagia patients for strengthen
suprahyoid muscle (SHM) and relaxing upper esophageal sphincter. Method: Experiments were conducted by
measuring muscle fatigue with surface electromyography (SEMG) in case of neck 15° and 50° flexion, in
addition to original method. For the study 30 undergraduate students were participated as subjects. Muscle
fatigue was measured with variations of median frequency (MF) and median frequency slope (MFS) by
attaching SEMG to 3 muscles. At the same time, perceived exertion was measured by using Borg's rating of
perceived exertion (RPE). Results: A MF was increased when low angle in SHM, both male and female. It
means that muscle fatigue was significantly decreased (p<.05). RPE was significantly increased when low angle
(p<.01). Perceived exertion explained 15.2% of the variation of MF in SHM. And regression equation was, MF
in SHM = 59.918 + (4,910 * RPE). Conclusion: The outcome shows that it is possible to use the efficient
method which makes muscle fatigue decrease by reducing the angle of neck flexion. Application: The results
might contribute to develop the effective Shaker exercise method.
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1. Introduction

Holuh &4 =0] el 974 olssk= A AES Abdol2h sk (Wylie, 1989) 271+
#Y F ATV EFAQ FEo]l "ol XEFHol AR FoE SAAl gH Qo]
7Fs3tth(Kuhlemeier et al, 1993). ©]% Shaker &< A3 d MdEshe P A4HS
FAAA et A7E 75 AEE 4 dth(Hurme et al, 1999). ARl AaAt, AEshd,
FHFEILS MU Aess 2Estedl dFE F(Caryn, 2008), °lF HITALLE FFE
Ao w oy AA AU FHS FEAA FFHAAE B9 F49 AT WA VIEE
B 5 3HH(Dodds et al,, 1990). &tA %k Bl 2o #AE thAF O % Shaker &3 8w Iu=
H] % Daniels et al.(2003)2] Aol Axd2o] olFe] IFtel xpol7b vehubA ekorom,
Antinoja et al.(2009)2] Ao % Shaker FA I 2z o] FdE A oottt 3t
+Fe a¥E w7l SF AWARl FriETE o] dATEddAde HIHL FA 29 HAE
AREstal o ol= &5 2 Y el disliA= Fes] AlAlsk7] o 5 th(Baijens et al., 2010).

¥ 3 X (surface electromyography)= A B E 52 F5of oigh X1Z2 grolW el st JHE
HEEA0Z AT 5 Ark A= ot e 2§92 5FAA F4US FHste] & 25T
st EAdo® QA% Al

Gdst ol olRE s ¥ 4 Slol(Palmer, 1989) A178HA &4
gate Al AFEE 5 Qlthk(Perlman, 1993). AA] AMEet= X T3 (median  frequency)
s £5, 34T sk 4l vl st F3F Farl] Hae dERe S

[e]

o
28 A9 4S5 JYehlE AEZ ARE ®@ti(Eviatar et al, 2005). 1@ I+ FaErt
HAggoz ASs A, 11 ddo] HRFE QA ZAQIA 8 okFlE Qi ZAx B3|
o]g]7] wi&o(Dolan and Mannion, 1996) ¥ 25 #Z3sl7] sl = T3 F359 AP s
AXE T3 F 71875 WMFE AFEEoF dtth SEA B4 252 ZHEE Ty
WA B gm7p gojgte] wet 43t duA e AL ert =R A, £ AR w90l
Aasts dbd A AR o] Skt AT AT uFEyr Aol okaiA] Al " th(Knaflitz
et al., 1990). L3} AJFo] ekl AW F1F Tk Fgt ZolA A Ha I EE7F FOH FAA 9
71€717F AA7] Wil 53F 3+ 718 7](median frequency slope)i= ++ I ZE9] Qe A nZ
AF8-3F 4= Sl T}(Beattie and Eberstein, 1985).

Shaker +&< AE Al HS Eo] Y& Axel dist FFs ol AAHo] QA
orol(Ferdjallah et al., 2000) & 57] Zt%ol met o ok A3 Fme xfol7} YA Q1A7hel
g % 297 bEA U F dvks AV AV1E Ak 71 AFellA] ghe ARAelA
o] F3 Axrl 3d v 2527} FUbska(Mirka et al,, 1998), & 259 £8S =7 8w A9
Fo| whe} +8o] =7 Y2 Bt 9ltk(Shrawan, 2001). E3 7|ERHETE FHAF]7)

270 <017](chin tuck posture)E AW F-F, HE ol AAl zolol| uwhel AFF Y]l
A7 g2t B ¥ AR vhEiichi et al, 2007), Shaker % AEAld] H5& Eo] 28&
zfole] oigk A7F M= A Aokt

A B A BAL GAF AolS thAF O R Shaker 52 AT wo] 5] ztEo] wiet
AT, AEFE2Y FHFED SdE BHS Agste], & YERE HAH
£ = 3 9 3
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2.2 Experimental equipment



¥ A% FHARS MyoSystem 1200(Noraxon Inc., Scottsdale, AZ, U.S.A)S AFESIA 1, %
A E 9]o]Ql MyoResearch XP Master edition 1.06 & AFE3te] A& ST A5 4
s 2HETE AF 1 oem, A=7Ee] A= 2 em Q1 UF§ o] =32 = (disposable bipolar
surface electrode)= AFE31%al, HA A= (ground electrode)> AF°] 1 cm <l AL
&) =3 = (disposable unipolar surface electrode)e AF&-3F3ATE A% A5 XE2FEFES 1000
Hz = 393, 73 482~ &5 ZE(finite impulse response filter)= 20 Hz °4 500 Hz ¢ HE=
52  ZE{(band-pass filter)E ARSIt A3k A F(full wave rectification) g 7}
% €3} (smoothing) ¥ ©F root mean square & AF&3F 3 Th(Park et al,, 2009). TF ¥ AL AE =
opd® 7.t A WE)o] osA 1 Zol 1024 /M9 TAE AEE WEAFA 1000 Hz &) H]EE
BED sto] ZISselth ARE FHT F o A9 E ] (average spectrum) O 2 4 53T

AAGse AEE SAs7] S AN =7s dojF wWHow xdEste b oA
L% Borg-RPE # =7} ATHCho et al, 2000). 1960 dti A2]8tAkQl Borg o <Ja 7i
HAEE 39 Zx 799 JdREE FFEA JAV =7le AAEEE dEds Jow
AAFGF FE AAetsd olgHo] gtom AAEF S AdE 2Hs= Vo] HIE
FHH(Chen et al,, 2002). H 5= by F7g0] 7hedh 20 A HE7F 9loy o] AgelM = 52
A A EE 5 da, ARV o hEeste] {dArt g4 H2E e 10 A HEE

A3} TH(Table 1).
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Table 1. Borg nonlinear 10-point scale

Point Reaction
0 Nothing at all
0.5 Extremity light
1 Very light
2 Light
3 Moderate
4 Somewhat heavy
5
Heavy
6
7
8 Very heavy
9
10 Extremely heavy
. Maximal

2.3 Procedure

A A AT A, A9, 71, 354 dhbd EAS AT

Shaker &< T34 &S Agetlon vtE 7 ZAoA] Al &ste] W& WEo] B
AL F583 So]&e 60 % F FA8t= Zo|th(Figure 1). AAS A&l A B57] 24 E
el Al 7 2 1 st om Zth= 7]E Wl HERV(AF =3 300004
Eiichi et al.(2007)2] &1+ A Mg g 2o &8l 8 9I@EH =233 1599
Hogt HEg & "ol = HjZ (AT = 500 FUFeith. 4 Axe 54

=

PEAEAR a9 o

x9SR 7 A A Ael 9Fs E 4 S Ve eFE vt Az dig a5
A= garzl7l fls) g7 gle 93 Arstdnt. Fanele] as5g dEHFor w92
el ded Ag wE i A J)oel wi A Bk Ch(Han, 2005). A =re] R ERES]=

Ferdjallah et al.(2000)2] Aol o] &3 oz HIFALo HAIFe €L FEioox Aol



oj=i R 23 AW lem 9% RSlo] ARSI AFFT) AL FEY] FAoIA
el A9 23 Al FANAL. FAREZY QIS 25 Tl ANKES FAr)

g
Fuge AT FE/ PHAQL 2AEd B

HolZ =2 AT

Al ZE ZpAo| A kst AEIE QA & F 5 ol FAIEHA sF el 1S o kA7IAl shaL
S3H SRR A7 ZFAAAe) mAArE EHeEA AdAEHEAE g & A
Agsant. AAE A FAFES 7] sty 27 HEV] ARE S & AAAE
Az ZAA7E FAEEA, oA, T, 2l F7HARA Fo] E7tEAE ALKH O FRlsto]
AR A dolF AAF sRY. BHE7] 74w £ME FAYgR AAsigon E ZA4ns
WAs7] A 10 o FAS AlFstd AR el 15 W olEt HEE dolE HE d A{E
7S TH(Chen et al, 2002). Al 7}A] Zt=E FabH o R ste] AES WA A9 vpRu ZFE oA

oF

UE FHOE Qldtel W Aol el AL welstel AW wAel mE ol o
oAE Fol7] A3 B AL Qo9 SR APFu

248 it 2% Ul Qb Wz Wl A9E ¥ AR g8 zZzagos
pAsgom B Fidy, B FRE 19718 SN AHgdel WINT, ATea
FAREDY JRES B4 Sk

Figure 1. Method of Shaker exercise

2.4 Statistical analysis

2 A7 A8 TA At AEFE SPSS(Verl2.008 ol &atsith A kel AnbA <l
Sy EEAFS olgd BEt BEE WA etk A A 28 857 A9
gde] we WEne PEn FFE4E Gy, 25 9FE dohur) dd F3
Fihe, 7 Fue 7187), U4 £5 AR oldBA BAST. fod Aolsl e
AF AFE AL Tukey HTS AL it Z=57] A4Re Wge] mE F3 Faeel T34
+E ARl WA= F7 BACcE 39 WAAS Feidith HolHe dAdApE Hdgow
Aol EATAR FAdS AFsH] AF FAFF av 05 =2 Al

-

3. Results
3.1 Characteristics of subjects
o) date] Anbd 54 Table 2 ¢ 2 oW RE oA A A AFE 185 kg/m’ oA 24.9
kg/m® Atol el &l F3t it

Table 2. General characteristics of the subjects

(Mean=SD)

Subjects N(%) Age(yr.) Height(cm) Weight(kg) BMI(kg/m?)
Male 13(43.3) 26.3+2.4 176.2+0.7 72.0+8.5 23.1+1.9
Female 17(56.6) 24.14£3.3 162.1+0.1 52.54£5.3 20.1+1.7
Total 30(100.0) 25.043.1 169.1+0.1 60.9+11.9 21.4+£2.4

3.2. Median frequency and median frequency slope at three muscles



T3 FaeE olgste] AT (SHM), ATSI(HM), FfET e A AdE

e WErs e dvt Table 3 7 @2tk AITAZY F Fuab AW 1 foA

goloh, 57 F4ust FAA5E F0 Fagel gl foeA dastel Wzt o

S7Fehe A0 E YEFRTHp<.05).
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Table 3 . The results of two-way ANOVA for angle and gender of MDF at three muscles(Hz)

Muscle  Angle  Gender Mean+SD N F P

SHM 15 M 104.9+15.2 13 Angle : 3.498 034"
F 95.0+27.1 17 Gender : 1.297 258
30 M 962418 4 13 AnglexGender : 0.519 597

F 91.3+£20.4 17

50 M 86.1£17.8 13

F 86.7+14.8 17
IHM 15 M 90.1+27.8 13 Angle : 0.365 .694
F 93.3+24.7 17 Gender : 0.000 1990
30 M 89.4424.6 13 AnglexGender : 0.087 916

F 87.2+20.0 17

50 M 86.3£34.1 13

F 85.5+25.4 17
SCM 15 M 106.1+11.5 13 Angle : 0.756 473
F 92.6+25.7 17 Gender : 3.917 .051
30 M 977427 8 13 AnglexGender : 0.395 674

F 91.3£21.5 17

50 M 96.5+13.8 13

F 88.5£19.6 17

“p<.05



3.3. Angle and gender of Borg's RPE
557 ZRe] Wgte] mE &5 AEe 5
ool #F AET7F FobAE Ao ®E UEstH(Table 4). Zhol gk &
15°%}F 30°, 15°%} 50°+ p<01 o= 73t F-oAS YeERH oY 3003 50094 A4
zo] 71 gLt
A7HA B57] ZtEeA e mE T34 5 AR AFe 15004 Hq 242 7.6+15 A,
8.1x0.9 A, 300014 F 27t 6.7+1.6 A, 6.5+1.2 &, 50°°14 P Z}7} 6.2+1.6 A, 5.5+1.4 HOoF
el o e wE f2o s xpol7t gllth

Table 4. The result of two-way ANOVA for angle and gender of Borg's RPE

Source df SS MS F P

Angle 2 57.943 28.973 12.591 000"

Gender 1 0.562 0.565 0.301 .584
Angle x Gender 2 4.873 2.432 1.290 278

"p<.01

3.4. Regression analysis median frequency and Borg's RPE

AT 53 ¥E2E 7EE B3sted 2 9%S vy B57) 72t Ads A3
7+ Fae 9ES Fuh Z5Y] Zxe wE AoAbe E=7 Fust T34 % AR
3k AR AN FHAE &% e At 3 Fu dEo] 152%S AYeta o
A AFATY 7 Fu = 59918 + (4910 F WA LEAE)E 7R AT
Bl Table 5 ¢ A BA9] p golAE o] IARTELE EAZCR FosA FHHSES

A skal Qltk(p<.01).

Table 5. The result of Regression analysis for MDF and Borg's RPE

Source DF Sum of Squares Mean Square F value P
Regression 1 5463.588 5463.588
Residual 88 30601.348 347.743 15.712 000"
Total 89 36064.937

“p<.01
4. Conclusion

B A = V|ER3IE ZF3A7]E= Shaker £EAlo] EEV]) Zhwo] wWEsr 2

xS golslaial A It Shaker &ES AlAEtE Eek AR o7 we Fatol
5o s T4t 289 HELE AnbFgoR EQlo] w7l Az FAd EE
L5 o3t Y AR st A= FRor Ao "o 259 drbE FHE A

4 &
o] g3 &9 MVA AEE FI 259 R HZo| AT AS HlwEkgith
THAEE B} 9 ool Sxow WAslE A AV|F %S BA T oA U9
45 9@ AAS A, 7eAdd WE HAbsta Awsbsd £33 2eold, ¥W 2HEE
THol= T FHTEY Vedd dAdy I F£ES AED £ JE FEHA Wyow
AFEE IR Q) TH(Luca, 1997). TR HALEE AFE-3teo] #4 Al T3 Fi4E F3to] S5
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b T, 3 T3 71871E AR S THYim et al., 2000).
B AFA T3 FIe AIFAATAAMT 557 40t FE5E S FI5 3ko] 95
AA = ROZE YRS thp<.05). ol FHFE20] e F 5 dvE 9o 22 HRERE
=ZIth= Ferdjallah et al.(2000)8] A--¢b= xfo|7h Qlow FE3d Z4wgf v|&E2e] #AE &
oA dAolN Zrrt FAESFE 2RV FAHUTEKim and Yoo, 2006) ATolE e
Aytolty, 259 AHHQ THA FF F¢ T3 FisEe HY g wAY A¥gzom
frolgt g ol Slo(Amn et al, 2001) 5 FFEH Fost St Al S T ST
J 2T A sok(Biedernamm, Forrest, & Shanks, 1991). ¥& #4d Z %9} E T 459 IAE
st Aol Amet e v A 5o AdAe=-09nE #d AETE Aees
V25 E Ay & B E7F Eth(Jang et al., 2009). ©] ¢} 2 A¥E 500K T} 1597 7 )
o M 2E7F AL AHdA $£5HE I AA IS afdoR 5 AL F St

e & F A

BoAGgas 2Eze o8 A@AQl HHERTol st RLE nwdty] 93 &%
W3 TE Born(1970)> I 22 A4S fd Ag Aol AylshAl F4o] gloj=
= ettt eEAdEE Agdoer 7= FHH
of dAet= HEE ¥ A ot TeALdEE
A 9 gAML, FAE, TERFe A= 754 gzto] TEEo yEeldE A 3Eo)7)
54 &89 ¥z R E AT £ Qe FHAR A7 vlu B4 Flo] ¢
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vgkth ole b W H Fugrr Aube 9 ReAtEst SAFcR fo%
HAE YepgRltl= o)A AT A9l ZtHYoon et al, 2010). 2 AgolA FHEH F
MEge T FIE A 152%5 AWste] W dSAE ZEal, 159004
e MEE7F GXN FRAY % ATt b =A vl Al JF&S e M 25

| e 259 o g A= W eof & Aolr}
TN FHFISE FE HE57] A% T M B2 ZFEQ 15004 V) E BEe T
Sl AT &Yool Iu yRE) drE AS o £tk wEkd 150 BE57)

i £2 %

X

R
R

[el(}

ol
1%

=,

25T 5 U= 2EALE

o oo 31
o

Fri e (o bt oft Md ot bl

_]
)

N = l-olr

oy o2 W

-

o

FOOC i RO Sk 2w Qb

r
N

o
3

‘]

(e}

—_—

re
tlo 2,

z el

_10
1 et

X o] 2= o] 71—1:§

T A= S B N = =
of AellA o] WS ALsittd J|E FA¥ AR AR dokE Eoleke] EAlE
Jo% A5 F s Fow dddn
Ao At omeE Ao A 7 il
2 9] Wil 4uFelt = BATE Uy
15710 Ago] MU AR A4 gL 9
e A, 4B, APHBL, FAFESY
SAEE B4 4 A% wF 2% Fu o
gomw AT 242 98 FAFWEGE As 289 54
Folok & Zolrh AA &
FAE Aol &%

e UsSs o
=

AU
o 1 4 N
)
il
=)
b
K-
=3

¢
il

Arprh oepskd 2a 9 Haus
o HgAA %3] BAZeNANA
A B4E oo o FH
o

o2,

=3
Lo fo

=]

2ol 2 ol il Y
T o

4

—L
7o) A7 oled ARYS

. 2=
e St AT ASH R ojojxof & Flot
References

Ann, E.B., Anne, B.L., David, G., Nihatm, O. and Solomonw, Z., Test apparatus and experimental
procedure for position specific normalization of electromyographic measurement of distal upper extremity,
Clinical Biomechanics, 16(7), 576-585, 2001.

Antinoja, J., Easterling, C., Farquharson, J., Grande, B., Kelly, A., Kern, M. and Stangl, M.C., A
randomized study comparing the Shaker exercise with traditional therapy : a preliminary study. Dysphagia,
24(4), 403-411, 2009.

Baijens, R.S., Iris, Z., Jolien, G.J., Kruis, V.D. and Laura, W.J., Biomechanical analysis of hyoid bone



displacement in videofluoroscopy : A systematic review of intervention effects. Dysphagia, 17(2), 256-268,
2010.

Beattie, B. and Eberstein, A., Simultaneous measurement of muscle conduction velocity and EMG power
spectrum changes during fatigue. Muscle & Nerve, 8(9), 768-773, 1985.

Beith, 1.D. and John, E.K., Can activity within the external abdominal oblique be measured using real time

ultrasound imaging? Clinical Biomechanics, 22(9), 927-979, 2007.

Biedernamm, H.J., Forrest, W.J. and Shanks, F.L., Power spectrum analyses, of electromyographic
activity discriminators in the differential assessment of patients with chronic low back pain. Journal of
Spine, 16(10), 1179-1184, 1991.

Born, G., Perceived exertion as an indicator of somatic stress. Scandinavian Journal of Rehabilitation
Medicine, 2(7), 92-98, 1970.

Caryn, E., Does an exercise aimed at improving swallow function have an effect on vocal function in the
healthy elderly? Dysphagia, 23(3), 317-326, 2008.

Chen, M.J., Fan, X. and Moe, S.T., Criterion-related validity of the Borg ratings of perceived exertion
scale in healthy individuals : a meta-analysis. Journal of sports Sciences, 20(11), 893-899, 2002.

Cho, J.H., Lim, S.K. and Lee, K.E., Relationship between ratings of perceived exertion and cardiorespiratory function
during graded exercise test. The Korean Journal of Exercise Nutrition, 4(2), 73-83, 2000.

Daniels, S., Dikeman, K., Easterling, C., Grande, B., Kazandjian, M., Kern, M. and Shaker, R., Rehabilitation of
swallowing by exercise in tube-fed patients with pharyngeal dysphagia secondary to abnormal UES opening.
Gastroenterology, 122(1), 1314-1321, 2003.

Dodds, W.J., Logemann, J.A. and Stewart, E.T., Physiology and radiology of the normal oral and

pharyngeal phases of swallowing. The American Journal of Roentgenology, Radium Therapy, and Nuclear
Medicine, 154(2), 953-963, 1990.

Dolan, P. and Mannion, A.F., Relationship between myoelectric and mechanical manifestations of fatigue
in the quadriceps femoris muscle group. European Journal of Applied Physiology and Occupational
Physiology, 74(5), 411-419, 1996.

Eiichi, S., Jeffrey, B., Koichiro, M., Michio, Y., Mikoto, B., Ritsuko, S. and Palmer, J.B., What is the chin-
down posture? A questionnaire survey of speech language pathologists in japan and the united states.
Dysphagia, 22(3), 204-209, 2007.

Eviatar, E., Gabriel, C.H., Segal, S. and Vaiman, M., Rectified and filtered surface electromyography of
continuous drinking in healthy adults. Laryngoscope, 115(1), 68-73, 2005.

Ferdjallah, M., Shaker, R. and Wertsch, J., Spectral analysis of surface EMG of upper esophageal
sphincter opening muscles during head lift exercise. Journal of Rehabilitation Research and Development,
37(3), 335-340, 2000.

Hagg, T., Kemp, B. and Kramer, C.G., Real time measurement of muscle fatigue related changes in
surface EMG. Medical & Biological Engineering & Computing, 25(6), 627-630, 1987.

Han, S.W., The effect of forward walking and backward walking on quadriceps muscles with treadmill
inclination: surface electromyographic analysis, Journal of the Korean Academy of University Trained
Physical Therapists, 12(1), 63-70, 2005.

Hurme, P., Laukkanen, A.M. and Sonninen A., The external frame function in control of pitch, register
and singing mode : radiographic observation of a female singer. Journal of Voice, 13(3), 319-340, 1999.

Jang, W.S., Kim, S.M., Kang, S.H. and Kim, N.H., A Study of relationship between EMG activation of thigh
muscle(rectus femoris, vastus iateralis muscles) and knee angle during bicycle exercise, The Institute of
Electronics Engineers of Korea, 46(4), 315-321, 2009.

Kim, H.Y., Shin, C.H., Jin, J.K., Validity of RPE-13 as optimal exercise intensity. Korean Journal of Exercise
Physiology, 6(1), 33-44, 1997.

Kim, T.Y., Yoo, K.S., Influence of the knee angles on the electromyographic activities and fatigue of the
ankle muscles in healthy subjects. Korean Journal of Orthopedic Manual Therapy, 12(1), 16-26, 2006.

Knaflitz, M., Luca, C.J. and Merletti, R., Myoelectric manifestations of fatigue in voluntary and
electrically elicited contractions. Journal of Applied Physiology, 69(5), 1810-1820, 1990.

Knutson, L.M. and Soderberg, G.L., A guide for use and interpretation of kinesiologic electromyographic
data. Physical Therapy, 80(5), 485-498, 2000.

Kuhlemeier, K.V., Lynch, C., Palmer J.B. and Tippett, D.C., A protocol for the videofluorographic
swallowing study. Dysphagia, 8(3), 209-214, 1993.

Luca, C.J., The use of surface electromyography in biomechanics. Journal of Applied Biomechanics,

13(2), 135-163, 1997.

Mirka, G., Psihogios, T. and Turville, K.J., The effects of video display terminal height on the operator: a
comparison of the 15 and 40 recommendations. Applied Ergonomics, 29(4), 239-246, 1998.

Palmer, J.B., Electromyography of the muscles of oropharyngeal swallowing : basic concepts.



Dysphagia, 3(4), 192-198, 1989.

Park, K.N., Won, J.H., Lee, W.H., Chung, S.D., Jung, D.H. and Oh, J.S., Effects of contraction of abdominal
muscles on eletromyographic activities of superficial cervical flexors, rib cage elevation and angle of
craniocervical flexion during deep cervical flexion exercise. Journal of the Korean Academy of University
Trained Physical Therapists, 16(3), 9-16, 2009.

Perlman, A.L,. Electromyography and the study of oropharyngeal swallowing. Dysphagia, 8(4), 351-355, 1993.

Shrawan, K., Cervical strength of young adults in sagittal, coronal and intermedic planne. Clinical
Biomechanics, 16(5), 308-388, 2001.

Wylie, J.D., The Physiology of Swallowing. Dysphagia, 3(4), 171-178, 1989.

Yim, S.H., Park, H.S. and Kim, H.W., Assessing muscle tensions during VDT works with surface
electromyography, Korean Journal of Occupational Environmental Medicine, 12(4), 524-536, 2000.

Yoon, C.J., Chae, W.S. and Kang, N.J., Comparative analysis of fatigue on muscle activities and physiological
variables during ergometer test, Korean Journal of Sport Biomechanics, 20(3), 303-310, 2010.



