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Changes in Sympathetic Nervous System Responses of Healthy Adult Women with Changes in the Stimulus Intensity of

High Frequency Transcutaneous Electrical Nerve Stimulation

Yoo-Rim Choi, PT, MS; Jeong-Woo Lee, PT, PhD'

Department of Physical Therapy, Daegu Science College; 1Department of Physical Therapy, Kwangju Women’s University

Purpose: The purpose of this study was to investigate the change in sympathetic nervous system responses of healthy
adult women with changes in stimulus intensity of high frequency transcutaneous electrical nerve stimulation.

Methods: Twenty-four healthy subjects (women) received high frequency electrical stimulation of the forearm. The

subjects were randomly assigned to one of two groups; a low intensity stimulation group (n=12) and a high intensity
stimulation group (n=12). The electrode attachment was arranged on the forearm of the dominant arm and the
electricity stimulus time was 20 minutes. Measured items included skin conductance, pulse rate, skin temperature, and

respiration rate. Each was measured at 4 times.

Results: Skin conductance and skin temperature showed significant group by time interactions, though there were no

significant group and time effects. There were no significant differences according to time, group effect, and a group

by time interaction in pulse and respiration rates.

Conclusion: High frequency and high intensity electrical stimulation may be helpful for the improvement of sudomotor
function through the activation of the sympathetic nervous system. Also, high frequency and low intensity electrical
stimulation may be helpful for the reduction of sudomotor function via inhibition of the sympathetic nervous system.

Keywords: Transcutaneous electrical nerve stimulation, Sympathetic nervous system response, Skin conductance, Skin

temperature
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(Table 1).

General characteristics of subjects

Group

Items V4
LI TENS HI TENS
Age (yr) 21.5+0.9 21.6+0.7 -0.03
Height (cm) 162.4+4.2 161.4+3.6 -0.12
Weight (kg) 57.1x7.1 52.9+6.0 -1.97
All data are mean+SD.
LI TENS: low intensity TENS
HI TENS: high intensity TENS
No significant difference was found between groups.
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Line graphs depicting relative changes

(expressed as a percentage) in skin conductance with low
intensity TENS (LI TENS) and high intensity TENS (HI
TENS). A significant time Xgroup interaction was present
(F3,66=5.32, p<0.05).
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(expressed as a percentage) in pulse rate with low
intensity TENS (LI TENS) and high intensity TENS (HI
TENS). No significant main effects and interactions were
found.
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Line graphs depicting relative changes

(expressed as a percentage) in skin temperature with low
intensity TENS (LI TENS) and high intensity TENS (HI
TENS). A significant time Xgroup interaction was present
(F3,66:5-57, p<0.0]).

4. 3B40| Bl
THE AR T o] A7k mE sk teat 2}
(Figure 4). A% A22E Q7142 A2k AF5E Z7)sic)
7} 2085E thi] Zashs S AT WE AIEe
AT A2k AT Z71617h 2085 Ak e 1
o). Jeht ZEah 2ga A7 W aFT ARE Aole] WE
g mE B0 Fol= Q.

oY

20 r
S
T 15 F
o0
g
E 10 -
O
g
g5y
&

0 r 1 1 1 ]

0 10 20 25
Minutes
—O—LITENS —e— HITENS
Line graphs depicting relative changes

(expressed as a percentage) in respiration rate with low
intensity TENS (LI TENS) and high intensity TENS (HI
TENS). No significant main effects and interactions were
found.

o

IV, 2%

AT TS B85 ol HAE 4SS B BT
462 ATste] $32d0] Yel AgET gon, FR o
3 AR/ Ave] e A0 9w Aw,

S

=
FIFS HA=A] dotHr] YefiA T
ek AREF AlZte] wE WHIkE Sk
= A7 Al e e e A 7| &
= 9 208 7K F7RkEE 258 A fHAste]
A= o] ARt FEshe A HYou, aHlE-A
A A71AT29] S oleks Hife] ke B
ok T A7 TS A= et BAgle
D RHEEE IS vA|H, A= ol uheh T QA
o) g i A0 sk
Kim 2. SRR 2ES Hanaer
Ao e B AGAAARS Ho) B B o
WASHES] 27} Fol e 277} ok st
T} Na*9] 937tof A= AAKacupuncture) S
s pdess A% Gol BAR
A F7PlE WS Helrn B
o] Slulgold Slefits %
Bo S AEAS Z7RIE
g ASAAAS A
Lo andoR FAAE O &
B, TUEAGE ADAAHAATE 0%
[e] o]

el
o

-

i)

R )
o ro
T ok on
o &
=N
5
c
=}
AN 32 rfZ olN

do
2
2
oo
Ir o

. |o o

ot

K Jo do
lo
ot
N
©

8
ox ¢

S

l%l‘
O

3
o,

O
Ll

o =
oz

[e e
-0,
=)
-z
2
oot
lo
[N
k)
2
=3

[

e
o |o
o

ke o

12

H-I

o
©
~

o L
lo o
nﬂxmﬁ )
> e
o Ak o%
dif'j_
X
i3
o
~N
(o]

A
712 ArEA 28E 4 9
Wk, T F40] A7t whE
ABRA7NATS Aol 283t 7
= ZA2o& YeRth Reeves 5772 IHIE(100pps)9f AHIE
A

AT} 0229 7hed| E7ikollA Wuks
7F §ieal Harshgiet. wEbA wieke, S8ero] wske e
A3 AR A 1 a3t 5 H diReld e
= ofge Je= AHE.

IR0 ARt mE Weh= Al Akl wel e ¢
2 Aoz vepdth e 317 B4l g7 A
SR fgashes AR yepdou aRE- AR o]

WIARLE 102 ol DA R PAs7E 2087 Bl
AR BlEdhs S Eh Sandberg 02 SEI

[o

A

0

[\ )
ol ¢ M

o
>

Changes in Sympathetic Nervous System Responses of Healthy Adult Women with Changes in the Stimulus Intensity of High Frequency Transcutaneous Electrical Nerve Stimulation



et

(trapezius muscle)o] Z-83t HAAFA7A= F & Y 3
T 2o dReF] WslE At HaofA A¥lk-

=
o

T AT F 28 We BRE Skt
T A%E 59 AuAAAIAS S Wb ol B
S}tk T3 Wong} Jette” = IEQ] 1HIE, AWy, =9F
u BYAFA7A S AS i w7} ghaste] w4l Al v

> @
N

ol BRIk HarshdA], o]2fdt o] 2 AUl
Aol WA g A7 AR (sympathetic vasoconstrictor
nerve fiber) S FABAIAE HeAla AR o
@ 2eson Bolo] g AT S71ote] W super-
ficial blood vessel)©] =S 7I=AS Adsiocth webA
AR5} 2 A9 AvE HES 23 e w9
AT 2ade] ol 2% o dle] aPES

Z7HIA BABY S50 O ARLE gao 9FL F 5
A AR FRAAAIATE AL G

2 Al ofele Alow AT teby mulE 4wl
AT AFE ASLE hiinel o] LgAlAA
2 oIF 2915 50 24E R el 245 ZAHA
28 W FoS B O BeS & Aoz Azt

= oL Aol gtk ROz,

7hEE = Q] e, Fells ARAVIA At S AR
3t 7tHor Zadh Aow Yz

rf
o
s
4

5
EAEReZ] O THLE i UK e mA
S ol Aoz Azt ER Al 483 TAEARE
AR AFE DAY B8 ANA UAHom
WE)5S oA Helut QRS T 4 glont gt
Aget THE AT 9D TS ARE ARG ©
5 g 335l QAR njXX Ral AoE A

Author Contributions
Research design: Choi YR
Acquisition of data: Lee JW

Analysis and interpretation of data: Lee JW
Drafting of the manuscript: Choi YR

Research supervision: Lee JW

Acknowledgements
B A7 20099E dhraskest maolssiele] A9

= ol #E A

et

1. Moon JY, Kim YC, Park MJ et al. Cognitive assessment
in complex regional pain syndrome patients. Korean ] Pain.
2009;22(1):28-32.

2. Raja SN, Grabow TS. Complex regional pain syndrome
I (reflex sympathetic dystrophy). Anesthesiology. 2002;
96(5):1254-60.

3. Song SO, Kim SK. Therapeutic effects of stellate ganglion
block in management of upper extremity reflex sympathetic
dystrophy (RSD, CRPS type I). Korean Journal of
Anesthesiology. 1997;33(6):1176-84.

4.  Hwang TY, Park R], Kim TY et al. Influencing of electrical
stimulation to cervicothoracic sympathetic ganglion on the
temperature change of body surface. ] Kor Soc Phys Ther.
2000512(2):121-32.

5. Raj PP. Practical management of pain. 3rd ed. St Louis,
Mosby, 2000:659.

6. Gwak HJ, Son JS, Kim DK et al. The utility of upper
limb sympathetic block by modified injection technique in
stacllate ganalion block. Korean Journal of Anesthesiology.
2006;50(6):685-8.

7. Han Y], Choi H. Hematoma in neck after stellate ganglion
block. Journal of the Korean Pain Society. 1994;7(2):270-2.

8. Cheon IS, Kim JI, Ban JS et al. Clinical experiences of
stellate ganglion block therapy. Journal of the Korean Pain
Society. 1993;6(2):204-7.

9. Seo SK, Cho WS, Lee JW et al. Effects of auricle electric
stimulation on pain, gait and balance in the old aged with
knee joint disease. ] Kor Soc Phys Ther. 2008;20(2):11-7.

10. Cho IS, Jang JS, Kim K et al. The effect of EMG-stim
on upper limb function in chronic stroke patients. ] Kor
Soc Phys Ther. 2009;21(2):1-8.

11. Lee HM, Chae YW. Influence of microcurrent therapy I

interleukin-1 expression in rheumatoid arthritis rats. ] Kor

Soc Phys Ther. 2009;21(2):103-8.

TflE ZOMAMI RS XSZ=0 e ooy nziigy 989l Hat



J Kor Soc Phys Ther 2010;22(1):61-66

12.

13.

14.

15.

16.

17.

18.

19.

20.

Oh HJ, Kim JW, Kim MS et al. The effect of microcurrent
stimulation on histological structure of wound in rat. ] Kor
Soc Phys Ther. 2008;20(1):67-73.

Kim JH. The inhibition of hypertension-related response
by 178-estradiol and the increase of 17B-estradiol activity
by electrical stimulation. ] Kor Soc Phy Ther. 2009;21(2):
109-16.

Gersh MR, Wolf SL, Rao VR. Evaluation of transcutaneous
electrical nerve stimulation for pain relief in peripheral
neuropathy. Phys Ther. 1980;60(1):48-52.

Kim TY, Park JS, Lee JW et al. Clinical electrophysiology.
Seoul, Epublic, 2009:185.

Park JS. Transcutaneous electrical nerve stimulation on
sympathetic nerve activity in delayed onset muscle soreness.
J Kor Soc Phys Ther. 2002;14(1):109-15.

Park RJ, Lee MH, Kim DH. The effects of interferential
current therapy on sympathetic nerve system in senile patients.
J Kor Soc Phys Ther. 2003;15(2):111-22.

Park RJ. The effects of transcutaneous electrical nerve
stimulation and microampere electrical nerve sitmulation
on sympathetic tone in healthy subjects. ] Kor Soc Phys
Ther. 1997;9(1):51-7.

Cramp FL, McCullough GR, Lowe AS et al. Transcutaneous
electric nerve stimulation: The effect of intensity on local
and distal cutaneous blood flow and skin temperature in
healthy subjects. Arch Phys Med Rehabil. 2002;83(1):5-9.
Indergand HJ, Morgan B]. Effect of interference current
on forearm vascular resistance in asymptomatic humans. Phys

Ther. 1995;75(4):306-12.

21.

22.

23.

24.

25.

26.

27.

Cramp AF, Gilsenan C, Lowe AS et al. The effect of high-
and low-frequency transcutaneous electrical nerve stimulation
upon cutaneous blood flow and skin temperature in healthy
subjects. Clin Physiol. 2000;20(2):150-7.

Reeves JL 2nd, Graff-Radford SB, Shipman D. The effects
of transcutaneous electrical nerve stimulation on experimental
pain and sympathetic nervous system response. Pain Med.
2004;5(2):150-61.

Kim IH. Autonomic and skeletal muscle ressponse to
non-electrical cutaneous stimulation. Journal of the Korean
Pain Society. 1994;7(2):307-14.

Youn DH, Na CS. Effect of acupuncture st36 on skin
temperature, galvanic skin response and heart rate in humans.
The Korean journal of meridian and acupoint. 2003;20(3):
29-34.

Westeyn T, Presti P, Starnery T. Action GSR: a combination
galvanic skin response-accelerometer for physiological
Tenth IEEE
international symposium on wearable computers (ISWC
2006). 2006:129-30.

Sandberg ML, Sandberg MK, Dahl J. Blood flow changes

in the trapezius muscle and overlying skin following

measurements in active environments.

transcutaneous electrical nerve stimulation. Phys Ther.
2007;87(8):1047-55.

Wong RA, Jette DU. Changes in sympathetic tone associated
with different forms of transcutaneous electrical nerve
stimulation in healthy subjects. Phys Ther. 1984;64(4):
478-82.

Changes in Sympathetic Nervous System Responses of Healthy Adult Women with Changes in the Stimulus Intensity of High Frequency Transcutaneous Electrical Nerve Stimulation



