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The Analgesic Effects of Transcutaneous Electrical Nerve
Stimulation and Interferential Currents on the Experimental Cold
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Abstract The aim of this single blind intervation study was to compare the analgesic effects of transcutaneous
electrical nerve stimulation (TENS) and interferential currents (IFC) on cold-induced pain in healthy volunteers.
Sixteen subjects completed six cycles of the cold-induced pain test. During each cycle pain threshold was
recorded as the time from immersion of the subject is hand in cold water to the first sensation of pain and
pain intensity and unpleasantness ratings were recorded using visual analogue scales. Subjects were randomly
allocated to receive each 50 Hz-TENS, 50 Hz-IFC, 100 Hz-TENS and 100 Hz-IFC. Statistical analysis showed
that four interventions elevated the cold pain threshold significantly and the difference between interventions was
not simply significant. But, no significant differences were identified in pain intensity and unpleasantness ratings.
We conclude that there were no differences in the analgesic effects of the four interventions under the present
experimental conditions. But, 50 Hz-IFC has been shown to be more comfortable than other interventions.

Key Words : Analgecia, Experimental cold pain model, IFC, TENS

1. M2 5409 % del 5 OoRl AnE 2RO AgH
I % 5% 4% BHog 7Py de] 2oln 011’/}[1-3]
A7NA=EL 2T A &4 AHA &A= oofst 2 A7|A= 2 A9 A A A 7| A= (Transcutaneous Electrical

& s
Shof] 28 U XY 43k AR 2E, B2 Ad3), 43} Nerve Stimulation; TENS)Z} 7Hdu}A5  (Interferential

"Corresponding Author : Young-Hyeon Bae
Tel: +82-10-5130-6185 email: bacyhhhh.bae@samsung.com
A 129 079 19 $HY 1249 089 07 AL 129 099 062

4045



Ftakely| sekelie A A3 A9, 2012

Currents; [FC)+= W} G4 55 ¢k
SEIT QIeiaT). TR g4 AR Aol
HIRkE Z17] 42 (source) S TRE

St v, ARG AR vEeE ol
g3 Folg Gt 24 B 24e 43R
dE A ACHSI.

S5 98t aE AP A anlEE Al

WGl wste] FEL WelE 2] ofele A4

552 s AYA 55 2R ol gatn ek 49

7k

qul

B

e ot

4 52 ol Y £5, 58 55, W2 557
0]-8-Et}H9]

Ja)A 714 ZHdak
sheq slerzat Hlm}ﬂb} =
7t Hlgh AFEe] AHEATH9-19]. L
V1A= (MR F A7 IA=S A
”Jri\ri o|-gste] 35 &3t AIE 4|
G B2 ndo] may Wzt B2 ng
% B I Fulgo w2
7 2 100 Hzo| A 21 QITH20-23].
AFH W7 55 wuleA] Faid 50 Hzo] M

HAAH7|AG7Eel B JXE B|AF Ward
AA 7]z}1,4 7}/§j_47<ie e 5 ==
= W7 §
3 A 484 st A
S
st ante § 24 Lrle Aew YeiEth 2ea
14> 100 HzE ©]-83) Johnson¥} Tabasam[25]-& 7Hdu}
AR} AR A0 S5 A7 el3t Aol
§ solsl g% A4S 2 IOk 2 55
_,z]7]- 005 2R B2 Aol BHzt Ars
fopt Aol 2 y_om oroket. 22l vt o
]5]' Shanahan £{26]2] A oA= = 73w 9}
L J7bo]| 8295k zfo|E Holx] FQkA|uk
47)2 0] PHm AR R Fol5}) B5 o1
A Z74stsct. webAl, Zdska el 27
A9 Fular 50 Hz2 55 93} a9h= =4ut
el Wrpal g A glew HdubdRel Aualdd
b 100 Hes A4So] ZJ5hAnt £2 kst
I} T AT WS
olo} o] AR W7k B weo|A 2L Frj]
£ yapsel AR AT 55 2 &
3 ulE 9t QlT gt Ll Heke A
Bp of o]l et At Fubs 50 HzoAek -5 %]
o el F347k ok 50 Hz 2 100 Hz A4
715t TR B 98 male} o =

§
i
o
e

o]
it
of

o&mlmmzo

o o

T%ﬂo@ﬁi

my o> H o
o ol

| ?ﬂ i

°

e o

T2

<

!

B

>

ﬁ

e o o, <t
-

3

w

Qo

"

g

R R opX S odu
ST

1

3

g,
T o
e

P

._4r>.1

H
B r“

r>~ N

inj
_ILI 1:1|-F oN.

:Il

=S oM e
fm)—'
r>4 0_|.4
o

N
m{m

¢

N,
ﬁ>i
4
1o
_1

7wk A= 9 E5 ket fatel o) g vt
A= A9 gl AAole.

ole] 714 AA B meleld Wt 5% mele
% 932 Bkl 98l 55 X vk B SR
B% 4EE o83 4 T THE 55 mile] ujs)
2 e % Slo] 43 asiel 9T Aol B
3] o]Folx| I QIr}21,27-32]

wehd, B AT W2 55 B o] gdlel 55 ¢
8} w7} frha eldl 34 50 Hz W 100 Hz 23
AAR AT AR 5 olX, B SEg,
5 7w sl vAs Rk Hm BAlstel £5 ¢
o} AUkE AFsha A7) FRO WE At -
7 Ok A W A} ofyio] tha Hlx HAlste]
A AT e Slstas s

2, e

2.1 A X}

2 AT s A 4ol 168 o 3
gt hAkRte] AR 712 AA, Bl B4 2 sk
B2 20 A o= A EA, Al &0 Ak,

o o=
A ABHA, %312 BA7) QIR] ke = A, A==
sl 9 F7} EgFSAU AFEHARA = AL A,
2 A8 12 00 AEAN BT oFE %804 o
2 21 ohaiA], Etelu A8t B 3HAlE EAI7E 9
= R skglar, gARREA AE {“JOﬂ gt AAIE
o] 71 AF FOHE e T AT AFES o
o 978 dusicte

A AR 169 % A 8E0%), AR 8

(50%)°]%1° D% Bt Yol 25.7x1.840] 20 Z12]al o
AApel B 71E 171.0248.94 cmo]glon] ERAL
61.40+11.30 kgo|Qa, B A7 thalxte] Uuka] EXL
#® 13} g

(2 1] A7 chaxiel Qubd 54
[Table 1] General characteristics of subjects

M Mean+SD or n(%)
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[Table 3] Group-averaged pain threshold, pain intensity

and pain unpleasantness changes from baseline
for Cycle 3-6

99 SR FATHE 2) 4w AR FdAE F P
AR Aol 27] 1, 29] HAS /|ENm dyger oo oA
ot e Tl e er= seor g a8 3 20864 0503 0984
T A= FGF7] 3, Hak A7IAS (5] 5, 6)249] A7HET]) 3 831812 73426 0.000
71zt Zpolg HIWEAS W, A= BE A= F A2 O8xAZF 252 9 10201 0901 0527
oAl T JA7F KA F7FFAALp<.0]), A7NAS == gw
Bo|A= HE AR G2t xlo|S HolX] 8FFA| Az 1= 3 11.731 0.723 0.545
ul 50 Hz MR AR 7R &7 SA =9t} 27] 39 AIZHFZD) 3 3922 1126 0326
A= 100 Hz ATAAAZZZ, 50 Hz 7HITAE, 50 Qf if;f% nEAS 9 308 082 066
Hz ZTAAH7I4S, 100 Hz AIsbs A7 0 T s 34455 1120 0323
TO 2 F5 A9 ST B YEREAL 7] 4oflA= AZHE]) 3 4238 1054 0345
100 Hz AT AAA7|A}=, 50 Hz FoAZA7|A=, 50 27 I1ExA7F 232L 9 2376  0.679 0.563
Hz ZHI9HAR, 100 Hz HSPAR A7 14T 408
[# 2] 94 5 HdoA T5 94, 5 4=, $5 E9d g
[Table 2] Pain intenstity, threshold, unpleasantness ratings changes from cold pain model
AR =2 A7A=F A A71A= 5 A71A= &
157] 27| 357] 47| 557) 657|
5 A=)
50Hz Zu| A7 A7) 2= 120 = 123 214 + 119 284 + 99" 276 + 92° 217 + 99 216 *+ 96
50Hz 7Hdupds 203 £ 99 208 = 94 276 + 112" 275 + 105 216 + 119 188 + 123
100Hz 73| Al A7) 2= 203 + 103 206 + 92 290 + 118 277 =98 207 + 102 193 + 101
100Hz 7Hdu}d s 200 + 110 211 + 113 263 + 99 257 £ 99 209 + 92 203 + 91
o AE(09)
50Hz 7T AIAA 7| A= 54 + 13 61 £ 13 60 * 1.1 55 + 14 61 + 13 58 + 15
50Hz 7HdubAE 54 + 16 55 + 14 56 + 15 57 + 13 60 = 1.6 61 + 19
100Hz 7T A1 AA7| A= 58 £ 20 6.1 £ 1.8 59 £ 24 56 £ 1.6 59 £ 19 58 £ 20
100Hz 7Hubd & 59 + 2.0 60 £ 1.7 58 £ 1.6 57 £ 15 60 £ 1.8 59 £ 19
5 H09)
50Hz 73] A7 A 7| A= 63 + 20 60 + 16 58 + 19 56 + 1.7 60 = 17 62 + 19
50Hz 7Hdu}A= 6.6 £ 2.1 65 £ 22 64 = 1.7 63 = 2.0 65 £ 1.6 6.7 + 1.7
100Hz 7 AA A 7| A= 68 + 13 66 + 18 65 + 2.1 63 + 16 66 t 21 62 = 22
100Hz 7HAubA & 70 £ 1.9 72 £ 1.6 69 £ 2.0 6.8 + 22 70 £ 1.8 70 + 2.1
Mean+SD, One-way ANOVA with Post Hoc, *p<0.05,
TENS: Transcutaneous electrical nerve stimulation, IFC: Interferential currents

4048



Al
=

et

2 Y7k 55 mdol B AR}

ok Re] A% g3 bW ; Zuk<s 50 Hzyh 100 Hz

3.2 F7IRI2 HMBA| AR} Lyls Horst
I EX 45t ME H@

1672 St % A7IR2A] 50 Hz AR 89
(50.0%), 100 Hz 7Hu}dE 50 Hz 37(18.8%), 50 Hz
AT AR 29(12.5%), 100 Hz AT AH A7
29(12.5%), A71A20] vlSairim Suteh Alte 17
(62%)=07 A7|xTo] o Wekslrhi Suaict. &
o AT B2 F 55 95 50E P wol =7
A7|AF=E 50 Hz 7HdaAF 57%8(31.3%), 100 Hz 7+
Th5 35(18.8%), 50 Hz 25447142 25(12.5%),
100 Hz AT A7) 23(12.5%), 7)2o] w2
Shohi SRR ARRE 41(25.0%)0] ik

4, 0

B ATE A W7 B mdS olgdlel B3 ¢
s} FA7h oha okeld Fukg 50 Hz 9100 Hzol %
A7 AT AR B oK), B A 9
5 Fur el nlXE e wlm £Astel B3
dsh IS AFSL AT SRl T oA}
Lol wek AR W 5wk ofie] ojs) vl £Astel
ol 71K A7) 984S SISt Bk B A
Av BE AATE AT FET) 3 Aol B

R

AR 7} FosHAl F7FFAAL A7 IA= (5271 5 ,6)0l14
= ZE A7IA=0] Fog ZpolE Kol GSkA|NE 50
Hz Mo 77t B8 o= 7P =4 |A= gl 3=
7] 33} 404 += 100 Hz F 74 A7|1A=9] &5 9A)7F
7V A vERal 713k Q1 uix]eE 27] 6ol A=
50 Hz ZHdabd&®7t 7P =7 vehue 719 o2 &
ot atolE Hlrk 171 5 A= ¥ FF EU
2 F71E 9 A7IR=E o3k ZolE HolA| ghsith

Ward 5{24]9] Y7+ 55 H24d& o8& 50 Hz {14
AR AHAA A7 AT vt Aol A= 1Hdat
AFet AuAAA7|AS BF T5 JA7) 712 2H
B 7] 3, 404 FostA 57t sl & A7IR=1E
of &gt Aol & HolX| pgteon 7] Sox= 23]
£ S BE gt 2] el AR
FATE gHaskoL QATHARE o Sttt
T12jal 100 Hz {Hdupd el FoA3dd714=& sl
S} Johnson and Tabasam[25]2] ¥ A= 7HdubdFe}
AT BE 55 A7} 71EAe) Sloke
o 571 3, 4ol folsbA SRR 5 A71R
ol olat Aol Mol7] L %7] 5, 6olAl 7]

(BN 14

}

ot

Aol molx) A AT AT o] 1HTHAR
wrp %7 ZAST 100 Hz olgsle] ulwgt
Shanahan[26]9] Th2 QAoAE F A4 nE B2
AR7} ZASIRA AN AR %A et
27] 3, 4014 SolslA F7SIAR TS ol
sl Z7helA) Qe 271 5, 62 §2l5 Aol g ol
%) QRIATE TR AN AAEN AT we} o
A FAs1 91o) A A BT BE 4w W 55

2L JEA 2R A4S F3 Fo) BE Flo
oI5t 2ol 2 HolA] glgron] £ A7|A2e|E §ol
3 ZjolS Molx| gkk. Te|3 WIS HAHEAo] A
5% AL 2700 02 GOt HolB kA 2
7F ole Aol 2 UEhiA) 9kela $5 4w 9 55 2

i)

B B Felg ol ephA eteH24-26],

Ward 52412 7% % Q104 ZHmART 7
A7 =R 55 93 2t Avsa & 5
QJ A4t Johnson and Tabasam[25]2] H= thAkRlo] 4=
7F Hol 4 BABH Sol4o] oFshu A 0= AT
717k0] AL & ErF53) 100 Hz IHmb RS o] g6}
71 diZolzhar shoick 2=y 2 A= A
SPARel ANAAAI AT BE 98 mut wE G
ool Ueftor} B4 2 W 55 2L folu
Aol Hol] eekm A7 Fol TR} 4
AR AR o olsk LrekhA] St
FAEE A3 2k a2l AR F7)0) w2
folat Aolg uEpgoy A4S Rl fola
Holg ol ghou], B qio] Azjolw A skt

e 484 B% mdolNe] 2uE uul, oY 55
248 0]83} Johnson¥} Tabasam[34]2] o)A+ 100
Hz AWAA71A, 100 He (AoraRA2a) giet
A7l B oA sk o] fol Aol 92
o et o 24 Ak 100 Hz 2SR} 100 Hy
ATAA A ATS Gk AT Hrt B2 A
ASHIAE 100 He ZHESHARO AR folshA] 2t
k. el ZATARSE Au AR A ¢
OJgt atol7} KA Bae[35]19) 31d 55 HH AFtollA
+ 50 Hz 9473714, 50 Hz HAJubd 7o 9fef
W7 A=TIo] B2 ) W3t ko] Relak Aolrt 213l
oF. 72213 50 Hz ZHITFARL} 50 Hy Am A A4
2 gloF WX Bet B A7k GaeAAT §9
S ook ZPSARSH A A AT o
3t zFo]7} Idtk Cheing¥} Hui-chan[33]12 & 55 &
WA 100 Hy Z048 o] g3t A A4 A7 71
HIAR 48 T 52 A7t BE gela 2715t

T A7) Sole Aol GIgloLt KHask R

Lo

4049



Ftakely| sekelie A A3 A9, 2012

7} AMAARIAT vt | A A7 2 ¢
A= TH33] 2 AE F5 EoA% 50 Hz ¥ 100
Hzo| 7Hdmhasel AnAAA/ATRE o] §o%A
gk 2 7o} tA R BE 52 gsl] Haldoln)
AT F 52 o3 94 il IHmHaRTt o 5
Uehde.

Ward 524]2] dtollA oAt 179 F 50 Hz 714
A FZ7F 129(71%), 50 Hz FITAZ A7 A= 575 (18%)
©® 50 Hz PRI A71AF A] 6 BeksA] w7
Ak ST 55 98} ATOIAE S0 Hz (M7 AF
1075(58%), 50 Hz oA A 7|2 37(18%), A7 A=
o] u|S:BtT} 4T(24%) %02 50 Hz ZHImHART} 718
%7 erdh 193 Bae[35]9] Aol dAA 14
W % 50 Hz ZHHAR7} 10%(61%), 50 Hz 4541744
PR 4T5(29%) 0.2 50 Hz 7HTh R 712 A
o W LA ST 5% 9t anelqE
50 Hz 7H3a} A5 88(57%), 50 Hz Au| A7 272+
47(29%), A7) AFZo] u]Lsle} sk 2H(14%) & 50
Hz ZHAImHR7E 7P 7 ebdeh, 22 100 Hzol
A A} ol BT 55 s el it
HE A7 g9tk 2 AT AT} L7l 50 He
g2l 100 Hz9] Xﬂ7] Z}=o] Hoksl Arel E= 25l gyt
ulim ARl 50 Hz THITHARIE 715 A] ek
3 5% 98} mToA 50 Hz (HITAReL AT AR
AT wlawst A AT{2419} BRI R 71
epge.

B Lo A] 50 Hz @ 100 Hz ZAu| A4 A7 A=} 7t
AU 25 55 AAE gol §5 Skl S5
kS YeR)ARE A7 & 55 X7t 4947
T e N D
50 Hz 2-39HA57} 71 w7 A=l e oA
Aol QAL AT Hekstal 5 9e} fat
Hol| A= 50 Hz 7R &7 71 ASEQIth

O

5. 28

AN B Q72T FAA 559Xt sk
F7bstm A7 el BE A7l folg
Aol Holx| QAN S0 Hz IHlsHAR7L Bad 0w
Vg $A fAH 2en 55 4 U 55 2y
o NEARNE Q714G B3 $o BE F7|9t R
3 2ol Hol| glghc). Tk 50 He LSRRI
P14 A 7V ek $3 g8t fuke 7bg wol
Ak SRS

& Aol A 47FA] A7 B
g w03 F5 gl Fo%t avkE u
EFSIAIRE 50 Hz ZHHuR7E A7 Folle o =
Al fARGem ol 14E: Hr|Ae] Het
S £ 98 ;9:4 01]*15 50 Hz 7Hdst 7t 744
Mssgich. Teu o2 b2 AP olgste] BE3t
sirs] QRS AT A A S B T
ArEo] HQd Aog Helth

References

[1] R. Tiktinsky, N. O. Chen, "Electrotherapy: yesterday,
today and tomorrow", Haemophilia, Vol.16, pp.126-131,
2006.

[2] T. Watson, "Current concepts in electrothera py.
Haemophilia", Vol.8, No.3, pp.413-418, 20 02.

[3] T. Watson, "The role of electrotherapy in contemporary
physiotherapy practice”, Man Ther, Vol.5, No.3,
pp.132-141, 2000.

[4] J. M. De Santana,

"Effectiveness  of

D. M. Walsh, C. Vance,

transcutaneous  electrical  nerve

stimulation for treatment of hyperalgesia and pain",
Curr Rheumatol Rep, Vol.10, No.6, pp.492-499, 2008.
[5] J. P. Fuentes, O. S. Armijo, D. J. Magee, D. P. Gross,
"Effectiveness of interferential current therapy in the
management of musculoskeletal pain:

Phys Ther, Vo0l.90, No.9,

a systematic
review and meta-analysis",
pp.1219-1238, 2010.

[6] K. E. Nnoaham, J. Kumbang, "Transcutaneous electrical
nerve stimulation (TENS) for chronic pain", Cochrane
Database Syst Rev, Vol. 3, CD00 3222, 2008.

[7] D. M. Walsh, T. E. Howe, M. L. Johnson, K. A. Sluka,
"Transcutaneous electrical nerve stimulation for acute
pain", Cochrane Database Syst Rev, Vol. 2, CD006142.
2009.

[8] M. L. Johnson, G. A. Tabasam, "A questionnaire survey
on the clinical use of interferential currents (IFC) by
physiotherapists", In: The Pain Society of Great Britain
Annual Conference Abstracts, Pain Society of Great
Britain, 1998.

[91 B. Wolff, "The role of laboratory pain induction
methods in the systematic study of guman pain",
Acupunct Electrother Res, Vol. 2, pp. 271-305, 1977.

[10] D. A. Fishbain, C. Chabal, A. Abbott A,
"Transcutaneous electrical nerve stimulation (TENS)

Clin J Pain,

treatment outcome in long-term users",

4050



Al
=

B4 W2 55 molA] AR (bR )

2% &3 v : Fuk 50 Hzk 100 Hz

Vol.12, No.201-214, 1996.

[11] M. 1. Johnson, C. H. Ashton, J. W. Thompson, "Long
term use of transcutaneous electrical nerve stimulation
at Newcastle Pain Relief Clinic", J Royal Soc Med,
Vol.85, pp.267-268, 1992.

[12] M. L

stimulation (TENS) in the management of labour pain:

Johnson, "Transcutaneous electrical nerve
the experience of over ten thousand women", Br J
Midwifery, Vol.5, pp.400-405, 1997.

[13] J. Low, A. Reed, "Electrical stimulation of nerve and

Low J, Reed A, eds.
Explained: Principles and Practice. 2nd ed", Oxford,
United Kingdom: Butterworth-Heinemann Ltd, pp.39-116,
1994.

[14] D. Martin, "Interferential for pain control. In: Kitchen
S, Bazin S, eds. Clayton’s Electrotherapy 10E. 10th
ed", London, United Kingdom: WB Saunders Co Ltd,
pp-306-315, 1993.

[15] L. Nikolova, "Treatment With Interferential Current",
Edinburgh, Scotland: Churchill Livi ngstone, 1987.
[16] J. Reeve, D. Menon, P. Corabian, "Trans cutaneous
stimulation (TENS):
assessment" Int J Technol Assess Health Care", Vol.12,

pp.299-324, 1996.

[17] b. Savage, "Interferential Therapy", London, United
Kingdom: Wolfe Publishing Ltd, 1992.

[18] M. L
currents", Physiotherapy. Vol.85, pp. 294-297, 1999.
[19] J. O. Barr, D. H. Nielsen, G. L. Soderberg,

"Transcutaneous electrical nerve stimulation characteristics

Vol.66,

muscle. In: Electrotherapy

electrical nerve a technology

Johnson, "The mystique of interferential

for altering pain perception”, Phys Ther,
pp.1515-1521, 1986.

[20] C. Chabal, D. A. Fishbain, M. Weaver. " Long-term
transcutaneous electrical nerve stimulation (TENS) use:
impact on medication utilization and physical therapy
costs", Clin J Pain, Vol.14, pp.66-73, 1998.

[21] M. 1. Johnson, C. H. Ashton, D. R. Bousfield, J. W.
Thompson, "Analgesic effects of different frequencies of
transcutaneous  electrical nerve  stimulation on
cold-induced pain in normal subjects", Pain, Vol.39,
pp-231-236, 1989.

[22] M. Simmonds, J. Wessel, R. Scudds, "The effect of
pain quality on the efficacy of conventional TENS",
Physiother Can, Vol.44, pp.35-40, 1992.

[23] M. Tulgar, O. Tulgar, H. Herken, "Psychop hysical
responses to experimentally induced heat and cold pain
before, during, and after transcutaneous electrical nerve

stimulation", Neuromodulation, Vol.6, pp.229-236, 2003.

4051

[24] A. R. Ward, S. Lucas-Toumbourou, B. McCarthy, "A
comparison of the analgesic efficacy of medium-frequency
alternating current and TENS", Physiotherapy, Vol.95,
No.4. pp.280-288, 2009.

[25] M. 1. Johnson, G. Tabasam, "A double blind placebo
controlled investigation into the analgesic effects of
interferential currents (IFC) and transcutaneous electrical
nerve stimulation (TENS) on cold induced pain in
healthy subjects", Physiother Theory Pract, Vol.l5,
pp.217-233, 1999.

[26] C. Shanahan, A. R. Ward, V. J.

"Comparison of the analgesic efficacy of interferential

Robertson,

therapy and transcutaneous eletrical nerve stimulation”,
Physiotherapy, Vol.92, pp.247-253, 2006.

[27] C. C. Chen, M. 1. Johnson, "Differential frequency
effects of strong nonpainful transcutaneous electrical
nerve stimulationon experimentally induced ischemic
pain in healthy human participants", Clin J Pain. Vol.27,
No.5, pp.434-441, 2011.

[28] G. Tabasam, M. 1. Johnson, "Electrotherapy for pain
relief: does it work? A laboratory-based study to
examine the analgesic effects of electrotherapy on
cold-induced pain in healthy individuals", Clin Effect
Nurs, Vol.3, pp.14-24, 1999.

[29] C. H. Ashton, I. Ebenezer, J. Golding, "Effects of
acupuncture and transcutaneous electrical nerve
stimulation on cold induced pain in normal subjects", J
Psychosom Res, Vol.28, pp.301-308, 1984.

[30] R. Gracely, "Studies of pain in human subjects. In:
Wall PD, Melzack R, editors. Textbook of pain",
Edinburgh: Churchill Livingstone, pp.385-407, 1999.

[31] R. stephenson, M. I. Johnson, "The analgesic effects of
interferential therapy on cold-induced pain in healthy
subjects: A preliminary report", Physiother Theory
Pract, Vol.11, pp.89-95, 1995.

[32] N. E. Walsh, L. Schoenfeld, S. Ramaurthy, "Normative
model for cold pressor pain", Am J Phys Med Rehabil,
Vol.68, pp.6-11, 1989.

[33] G. L. Cheing, C. W. Hui-chan, "Analgesic effects of
transcutaneous  electrical nerve  stimulation and
interferential currents on heat pain in healthy subjects",
J Rehabil Med, Vol.35, No.l, pp.15-19, 2003.

[34] M. L G. Tabasam, "A

investigation into the hypoalgesic effects of different

Johnson, single-blind
swing patterns of interferential currents on cold-induced
pain in healthy volunteers", Arch Phys Med Rehabil,
Vol.84, pp.350-357, 2003.

[35] Y. H. Bae, "The analgesic effects of transcutaneous



Ftakely| sekelie A A3 A9, 2012

electrical nerve stimulation and interferential currents on
the experimental ischemic pain model: Frequency 50
Hz", Korea Academia-Industrial cooperation Society,
Vol.13, No.6, pp.2617-2624, 2012.

Hi & S (Young-Hyeon Bae) [A3]¥]

20124 24 : ARgdstm Ea)x|

235l (o]shakAk 2 R)

2004 109 ~ 200749 6% : =

TEAE Y BRI EA

20074 79 ~ 200749 129 :

st gyl Ax=77}e

shlE S X EA}

20074 129 ~ 20099 3¢ : =

HAAE YA 9 Ao

st )X #2A

® 20099 3¢¥ ~ &R : AMIASHY At EeE)A|
24}

1=
<A Hop

EYARAEAL 2EAA, A, Ax= gl 5A)

4052




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


