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Melzack # Wall 9] #HExdAdo] Ol FEHHAEEHA
=3

A9 A A71AAA=Z (Transcutaneous
Electric Nerve Stimulation: TENS) & duldo g
a0 ggo] #e, FNEY A=FE vtk &
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1) 747

AulATFAN FHH FIHE
Scale:  VAS), 485 Z9*  (Pressure Pain
Threshold' PPT), 4% power spectrum & =37k

(Visual Analogue

2 3, 95 WM FAHCE Fo3 AFe)7} glof
1 2 ATeAE 5 s e s 49
& WA E ste] Aol 3d ol 7HAE FaL
At FHHUS =, ”X‘Hi T T e A9
#o2A TENS & A&3191, e 37t fzs
© 24 sham-TENS & aﬁo}%iﬁ‘r A &#1 54



Ay AMAEXIZ0| ZMT Power Spectrum I} AEZIIX|of O|x|= P&t

A FEoE fad 2y A o 34 557 ARG A BF A7|HE BA] @3 SHA
T, gHEEZAYR, ZAX power spectrum =
TENS/sham-TENS £ #-&3}7] A3 Zof uiE= 3) FH4 EZ7% (VAS: Visual Analogue Scale)
sttt Pzt AgHoz i 2z [ Fo
Ml S oA 14T F e AANEE At 71E FHAQ S EE 100 mm scale 9] visual
HAAE k)L, HAAE A 5w EFH analog scale & 738}t
s 1/3 7919 84 5345} dEHF4IAE
A% H, A3@AAA AFAD AR nFoE FH 4) 2% power spectrum
U2 o]& oEA st ZH= Yehes Hol A ZAE9 7|28 Nicolet Viking IV electrodia-
Z (peak to peak amplitude) S =434t} o] 3 gnostic system® (Nicolet Biomedical Inc., Madison,
A& 33 WHEste 72t 2% = Hdgs Hd 79 Wisconsin, US.A.) & ©] &3ttt 3= 7|55
Z 524 %98 (Maximum Voluntary Contraction daflA] dukE e pre-gelled Ag/AgCl EHAHZ
MVC) o2 Attt 587 T4 & o3z o (Nicolet Biomedical Inc., Madison, Wisconsin,
w 2AE 7|79 949 e shadd Yeive 9 USA) & o] &3ttt 5 w2 SHTNE ¢F
& 1A MVCY 0% 58 4ASH fA34d £o7 ge 5 &AHF (active electrode) & H-2+
A o]GE7]E SHA dte] Aoz RS FT stal, o] A= 26em & AEE Fi 22w
St o o] MVCY 710% 58 A& 5 S 71% A= (reference electrode) < F&31dth 9

W 7kx 2] QAWAIZE (endurance time) ¥ ZHE 27F MVCY 0% < FASe 5 234%

power spectrum < 7]EsAo A H o)A power spectrum ¢ £7tF9<E (median frequency)

MVCY 70% 5 FAT 4 QA ™ o]eh&E7] 9} Z7+Fu429] 7]12-7] (slope of median frequency
g THA71A, A 2 F99 S=EHE3AYGAe} F shift) & Z743Fch
Y TS

A3kt

AR ol AR APros AddE APz 5) B9 71417 A= (TENS/sham-TENS)

TENS & 45%7F 2838k 250 thA] Qb4 Zde] oA AF o] JPAENA 15 2 HFo 7 A&HA7H

HYFadx e} FHY TFHEE 4T F MVC 500 usec o AH7AFo] HYHEE AAE

9] 0% & YASH FASHAA o|dE7]E o) Myomonitor J-4° (Myotronics Inc., Tukwila, WA,

Al A QWA et FFISE 715N USA) £ ©]&3t4 low frequency TENS & 83}

I AFATE H ol MVCe 0% 58 FAT 5 Atk EEFHEOE T P 13 FHE £k A

A HE o]dEE FHA|a, 2 E Fo oY o/ FHE AFe] Fe T FF Yolm e

TAGA %} FHA TSAEE S =A@ coronoid notch F-9Jof] F4HFE st 57 ¥

o= HELOZA sham-TENS & &% o %4 A7l A AFHES StAal, vdgHSE

A=uk 225 A A7 glo] 5% A+ 3] hairline Z3pe] SF5 ol o] Fdo Fagh H

BHgES T4 o g SHA A7 FHFFo] oA FF5& =717 A
A NES 2243 Aol A 4587 F-&3t ol

2) ¥HEZA (Pressure Pain Threshold: PPT) 279 HFAELS ATy BE 2] 5YT A

te B X 4E5 2 (Electric Algometer”, HolA @x AFHEE (0 02 F23 AH=E 452

Somedic Production AB, Stockholm, Sweden) & ©] 7+ A&

g3te] 2439tk lem” o] 9FEHLE 329 oS,

gl Al 71EH o 2R AFH (frontal site)oll & 3 SAHEM

HEAAE A&t AFor Fho =AE wo

FHs AHFAAAAL FEE] wEHd Hol 75 HAAHAFE SPSS BAZRIYE o838t -7

W] & 1/3 F9)o AW Z 40 kPa/sec 9 402 TENS 9} sham-TENS & &3S ) =74

o Agate 23] MHESHEH L 1 HiHe § 292 Ay F9o FE5AGA], 4EHFAGA 9

ARl o] gstdtt ABYES SRy Hete A W F34 534, 28 fdshe X444
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Table 1 & TENS/sham-TENS & #-&
A

4
Table NS/sham~TENS = =
3, A5AA 544 55 23 Fol &
5

A%, FABAYN, FHFAGA ) A5
WAIRE, FRF5Y s, F2E0 v 7]

Table 1. The values (mean * SD) of

visual

TENSQrsham ENS & Z& =
<= A71AM ARAe=E fdd ELI’JE T 4EE
Z+ X (PPT after fatigue) 7} <&
before fatigue) Bt} 7+A38lH ).

442 7 AHe %?—:‘1%7—}‘&?] (PPT  before
fatigue) = sham-TENS & #43}7] ®z F Ao
of ZAHoZ folst Wslr} 01919“/} TENS £ 3
&3 Folle FAAHCE fYstA FUFskAt
(p<0.001).

Y2 F9 AdHFA4Y9X (PPT  after
fatigue) &= 9A] sham-TENS = #8317 A3} &
Atolelle frofdk Wizt flloy TENS & # &3t
soe EAA0Z o84 25T (p=0000).

i

analogue scale (VAS), pressure pain threshold (PPT), median

frequency (MF) of EMG power spectrum measured before and after TENS/sham-TENS application.

significant difference (p value) between

pre post pre post pre TENS  pre TENS pre

TENS TENS  sham-TENS sham-TENS & pre & post ShagiiNS

sham-TENS TENS sham_TENS

VAS before fatigue 0 0 0 0

PPT before fatigue 1686+42.2  187.4+41.8  1704+463  1685+40.2 0.788 0.001 0.722
PPT after fatigue 13804350  170.2¢407 14058384  132.8+445 0.630 0.000 0.129
VAS after fatigue 446181  208+166  416:17.1  385:206 0.196 0.000 0.162
A PPT 307156 171212 299+178  356+139 0.829 0.010 0.210
endurance time 367+127  399+139  366:138 351137 0975 0.130 0.400
slope of MF shift 321942497 -2.827+1.725 -3.105+2.042 -2802¢1790 0811 0.249 0.324
A MF 434543373 410342498 431083037 403442542 0.957 0.619 0.567

pre TENS : before TENS application
post TENS : after TENS application

pre sham-TENS : before sham-TENS application
post sham-TENS : after sham-TENS application
VAS before fatigue : VAS before sustained fatiguing contraction
VAS after fatigue : VAS after sustained fatiguing contraction

PPT before fatigue : PPT before sustained fatiguing contraction

PPT after fatigue : PPT after sustained fatiguing contraction

A PPT : the difference between PPT before fatigue and PPT after fatigue
A MF : the difference of median frequency between beginning and end of sustained fatiguing contraction
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sham-TENS & "I—g_t:;_]_— EHE-:\E‘% E‘-ﬁ]ii %‘Q’lﬂ
FHFZIA o Wk (A PPT) o] Z7htglot &
gA=d =l A, TENS &
Z} x| ¢ Wtk (A PPT) ©]
p=0.010).

23 WL TENS A8 % o
I, R m sham-TENS 2§ & oF
oy BF SAA Fo8e YEhA &
Fske AEH 275 Tt 'E‘Zl"l""]"l‘
H3lg (A MF)S 2Rt Aol A 2k 2 A
asAn FAFHE wste] 71€7] (slope of
median frequency shift) & HZETFET Ao A
g 3A St BF BAAHCE {fo% A
ol7} YA Skt
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<A X power spectrum £42 w4 ZIZE Y
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Bule AEEH e o]&

A AZXIZ0| 2H T Power Spectrum I} QESZEodX|of O|X|= Pt

Aol o] &EHE HdF34  (mean
frequency), &34 (median frequency 1 Fu
TRt AT AR HlE ol e
1} o] & 7t &AL (noise) o] 7P € wizk
3t thE-E9] power spectrum #2419 loiA 7+
Azee A== d54 Ao

B AFEdA ZFFo] AEH HRETL F
7VeE 24713 413 (myoelectrical signal) ¢
power spectrum & AP0 2 o] FHTE A
o] YFHAPG BN Az A& Q) F25A]
ZAE power spectrum ©] AFHPHo T WIS
doe 7o 2E EFAHY HAE=EL  (action
potential conduction velocity) ¢ #AA, 5493
B} (action potential shape) & W3, EET9
(motor unit) ¢ $A)3} (synchronization) &, S-S
2ol = (recruitment) A T°] AW, o] FoA
TARE e FAste e HYY AEEEY T
227} power spectrum o] JEE H3A 7= M F
&3 a9lojgta P A& 25FoR
fate 2o gEE st edEEE Ca
glycogen, adenosine triphosphate (ATP) ¢ 7+A49}

7‘(41:01]1—_

ZAL So] 27 So] AAE 1 e, Lindstrom 5
2 ZHo] AEHoZ FE3h= T 25U e

§_]-o] AA = 229 AL QFeFo] FFHEA Ko}
A =o} odl|A] A} A&E9 @74 oA thAL
2 AgstAA AR o2 BAS kHEo] A&
Al AAHA Eata 23 AR o] Mt 49
o st o] W AARZHTGE AMFEY] 54
o] Zu| 2o WA U5 FAg 8103 AZH
A AR W o 2 Qs Ml EW pH 7} Wo}
A Mazere] ZRAo] FAste SEAe xS
59 7+A9l ZAE power spectrum & W3IF 2
Ak ok
2 AFoM e ST Wl Fs
A 2FF ARAY FEAY T RS
TFEEYS SHFAGTL Htete V127 E %
%tk TENS/sham-TENS £ #4317 A3 & =
X A&EAHQ Z45 & ZH 27 DAsAAN F
FIe st BlE BAE o8 (19
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Ao
1>

A2 AR O ol 24EFS FRA5HA HEile
AR 9] A ZES omlete AWAIZE (endurance
time) & A4 FY42 121}, sham-TENS &
£ o= 7443 vhA TENS 3§ 3o& o7t =

(o3

7Fetaet AW AIZEe - % power spectrum 2] 5
ke wsh s EAg A9, TENS 482 A
A IFFoR % FIZE PaATe B
< #FY F Ul

Thomas © <A X power spectrum & F4]3}4]
45 FFOE oE e AAYE FAE
t} TENS 289 9sjx BL a7z oz 7Aiadt
3 3} 3L, Frucht 53 Montes Molina 5& A2t
of g TENS A8 A gtvhrt S7hehs &
#atal, ol ZYEA Yehve Fok Hst

x

ukEl= A2 A, TENS 7} 258 o7&
27t JS AASE ABRAJ] SA AE3t
A% Eble 5& o213 ZHE power spectrum
o] W3l= TENS 7} Z5A1E Y A4 w59 s}
o} giARHE S o2 FiH ZHRE LAY
71 8l @REFS STHATIA 23 REE A
AX ARE S $EH R AAFAY, &
L2 A7AFe] TFeiAE B Kol 5
st 25S A HE FAITA ST
A AT TRAC] Frbstal aHAY 25
o] 7Vl K750l AAEL, & o
I3 484 HHY7)A  (proprioceptive  feed-
back system) ¢ W3S ZASAAXN ZHZE 3|
BA 7tk Aisigdok?

%S 2Hste AY7HA HAFAR] EYAEY
oA B9 M43 A= (TENS) & 21, o] &
7hsetal, ARG o) AFEe 7)7]o|H, A F
Zhgo] glouE ALEAl FAEITE Z A gThY
A 222 Fo A AP 4 Qe EHH A7HH|
9ol d 4 ok YA o2 TENS £ 541740
S SHA XIEE gX|ojate] dAg A7) A
Zo ASARE 25 AR WMSEES o]

AR E A=F8te T5S T
52291 TENS (Conventional TENS, high
frequency TENS) & 2HIE (507100 Hz), A4 %=
(10~30mA) & AFE Z79 5] FLHA B
Axe WY delA  AZeold e A
(paresthesia-like sensation) & =72 wj71x] AF7%

70
o

2 o ofy

oo 41 >

R

fl 2 ol Mo

]_

Of

TE AEAA "o e Be Br g 15~45
B AFgezN 2 AH9 AR AR/E A5

arlg o ofEAle  Euiglel st A7
(descending inhibitory mechanism) < 43471
ot ol2l3 A= H71AF 10~208 ool &%
go] YelY A= & 20~30% A& A&Ho 557
A G397 vl wEA JERGA T &e] A &4
Zrol ol #A4ES S AEsted Wol AHEgith

HhHol AWE=-173% TENS (low frequency
TENS) & A¥E (05~10 Hz), 273 = (30~80mA)
o] ARZ AstA A=3te 2 A o] A2 fFallr&A
T} TEHATE ST WA= &
20~30% A3 Foll e&Eo] Yehta A5 F
2~6A12F A= A&H HlwH AFaHrt =87
YEPA T B2 & A 7ko] Dol T EE5S X535t
=4 ®o] A&-3t}. B-endorphin 72 WEH|A o}
AA o Eular}t 9lo] A naloxone & & 1 37}
atdE = Qo o] e AFaH fodx 255 9
A7 A4 BAEES F7HAIF17] Wil low
frequency TENS & 2% E #x}o] X 54 % &3}
Holgta HiuxHa Ut

Sabino & TEAPNAN FAHFFTLE s F
9] 249 high frequency (130 Hz) TENS ¢} low
frequency (10 Hz) TENS & &3 23 5% 5%
o] Z+Aa "t 3k} low frequency TENS = &5
A7 BS oY AFHAL FEFOZ Ui
H A olHA Y frElE 53 VMR EAFS B
At 53] A7ASS dDstr] A S4HTS
FH9e W Ee AL3 Aedx FFol 7
of, o= Q3 AH A= AXA717] o1F
919 BF2A = TENS 7t EH4AY = &
1359 tHY Wieselmann-Penkner 5-& TENS
gt o] AHA A=o] AAZTORE 3§
S 4oA ZZL HHEAQ
.

=2 o Ho l";

_,d
fr 2

i)

=420
o] AP AFEI AT FES FIHAA
% (interstitial edema) 3} 3| A=43 AL
TEAAAN TS oSN 71
1 &9t Kamyszek S& 2
low frequency TENS & 2|83}
I o]shdE| S A AT oA
Hegtka sgok?

2ol 59 FEXHNE, YA 55
wH7IAe S48 252 A gAY
2 59 Z47)4 9ol TENS ¢ A2 o|gh&
Foll= FHAY (hypnosis), &84 A (exter-
oceptive suppression), ¥FtHA}= (counterirritation),
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- ABSTRACT -

The Effects of Transcutaneous Electric Nerve Stimulation (TENS) on the EMG Power
Spectrum and Pressure Pain Threshold (PPT)

Cheul Kim, D.D.S.,M.S.D., Moon-Soo Park, D.D.S.M.S.D.,Ph.D.

Department of Oral Medicine and Diagnosis & Research Institute of Oral Science College of Dentistry,
Kangnung National University

This investigation was carried out to evaluate the effect of Transcutaneous Electric Nerve Stimulation (TENS) to
experimentally induced masticatory muscle pain and muscular fatigue. Twenty-nine healthy volunteers (18 men and 11
women, aged 26.1+4.7 years) without past history or present symptoms of temporomandibular disorders were participated
in this study. All of the subjects were randomly assigned to experimental group and control group, after at least 3 days
interval, two groups were reassigned conversely. Subjects assigned to experimental group were received TENS and
others assigned to control group were received sham-TENS therapy for 45 minutes, respectively. The changes of Visual
Analogue Scale (VAS), Pressure Pain Threshold (PPT), and EMG power spectrum were measured on the masseter
muscle both before and after sustained fatiguing contraction in each group. The major findings of this study are as
follows :

1. PPTs and median frequencies of masseter muscles were significantly decreased after sustained isometric contraction
resulting in muscular fatigue.

2. In experimental group received TENS therapy, PPTs measured both before and after occurrence of experimentally
induced muscular fatigue were significantly increased.

3. In experimental group received TENS therapy, the changes of PPTs during sustained isometric contraction resulting
in muscular fatigue were significantly decreased.

4. In experimental group received TENS therapy, VAS measured after occurrence of experimentally induced muscular
fatigue was significantly decreased.

5. Although there were not statistical significances, endurance time was increased in experimental group received TENS
therapy and decreased in control group received sham-TENS therapy.

6. In experimental group received TENS therapy, the changes of median frequencies were the less decreased and the
slope of median frequency shift was the more increased during endurance time than in control group, however, there
were not statistical significances.

Key words: EMG power spectrum, Masticatory muscle pain, Muscular fatigue, Pressure Pain Threshold, Transcutaneous
Electric Nerve Stimulation, Visual Analogue Scale
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