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< Abstract > _ _

The purpose of this study was to inyestigate-the influnce of afferent stimuli, transcutaneous electrical nerve
stimulation and ultra sound, on the velecfrdiagnostic stndy of normal subjects.

Electrodiagnostic study was performed before and after the application of afferent stimulation of the right
popliteal fossa on 18 healthy female volunteers. After the transcutancous electrical nerve stimulation, there is
no significantly change of latencies and amplitudes of SEP, H-reflex, peroneal nerve F-wave, and sensory
nerve conduction. After the ultra sound, there is no significantly chabge. of latencies and amplitudes of SEP, H-
reflex, peroneal nerve F-wave, and sensory nerve conduction. Tibial nerve F-wave and motor nerve shows
prolonged latency after TENS and US (p<0.01).

Ultrasound may have a similar mechanism of action compared to transcutaneous electrical nerve stimulation
by having localized inhibitory effects of the peripheral nerve. However, further investigation is needed to assess
their mechanism of action and the precise relevance of stimulation modality.
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Table 1. Suhject

"""" Us TENS

Age 25.6 264

Height 160.6 161.8

Nerve length 98.8 98.3
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Table 2. Sensory and Motor Nerve Tenninal Latency

Table 3. Tibial Nerve SEP Study Before and After

TENS
. * Before TENS  Afier TENS
P37 latency (msec) 37534169  37.9612.02
amplitude (pV) 4281135 371117
N20 iatency (msec)  2039:+1.13  2093+1.23
amplitude (1Y) 1594052  138+0.56

Values are mean and SD.
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Table 4. H-reflex and F-wave Study Before and After

Before and After TENS __TENS
Before TENS - After TENS Before TENS After TENS
Peroneal Nerve (msec)  4.08+049 ~ 4.39+0.47% Peroneal F-wave latency 44134371 44.53+3.69
Tibial Netve (msec) 355+032  3.83:+0.32° Tibial F-wave latency 43544345 44.30:13.28"
Sural Nerve (msec) 3414010 ° 34610.05 Hereflex latency (msec)  25.43+1.20 25.75t1.21

Values are mean and SD.
*p<0.01

2. ZATABHIIXIN %
AN FUTHHEAL

Uixmy SEPo] W P37 Al A Al
37.53+1.69msccol ] Al F 37.9612.damseci et
Ao BANY sde YN BHL 428+ 1.75mV
oM 3.71+1.17TmVE A g o} FALA gl gl
At} &3 SEPS) P N20 FAe 22T AJ9A 20.
39+£1.13mVelA AsiE 2093+ 1.23mVE F7}eiict.
A& 1.59+0.52mVoilA 1.38+0.56mVE JL3512

Values are mean and SD
*p<0.01

4 28T NR 2EAY U
UANPHZHAL

uZ27e] 944 FAEe AFA 4.0010.60msecol| A
AFF 4.241054msec2 EA A o2 RolSA F7}
At U €49 FAe A3 3.3910.42msece]
A AFFH 3.771042msec R FARH 2 RojotA F
7veich. njEAAe] FAE 3.4010.27msecoA] 3.
46+0.28msec 2 713 AL, FARAQ el A
TH(Table 5).

_.5]_



Table 5. Sensory and Motor Nerve Tergiinal Latency

Table 7. H-refiex and F-wave Study Before and After

Before and After US _uUs .
. 'Befors US  After US ‘ Beforo US  After US
Peroncal Nerve (msec) 400060  4.24+0.54* " Peroneal F-vave latency (msec) 4345%3.59 44441360
Tibial Nerve (msec) 3394042  3.77+0.42° Tbial F-wave litency (msec) ~ 42.35+2.88 43.04+3.01°
Sural Nerve (msec) 340+027° 3464028 H-reflex latency (msec) ~ 25.17+1.25 25.21+1.50

Values are mean and SD.
*p<0.01
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Table 6. Tibial Nerve SEP Study Before and After

US
Before US Afier US'
P37 latency (msec)  3647+181  3680+2.04
amplitude (uV) 5474245 . 5.15+237
N20 latency (msec)  20.06+135 ~ 2022+1.60
amplitude (WV)  2.12:+0.89 1.8610.92

Values are mean and SD.
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Values are mean and SD.
*p<0.01

Folisia] go) Algfsln . AriAge @24
&4 @ v @AM AR S B AFE AT
o] 2918 $£x9 24, 399 73, wAA3 AL,
25 9 2489 98, 289 YAR{Y 71 5EY, YA
F W &3 Hx), 33403 o) & vjuj2e] 2849 9
2 A8 98 ol AME 3 itk (Kobke ¥, 1990).
AVABAZIAF(TENS)E: E5A01& A3l ¥l
By £ AMgEE 7)1 5 iR 1 oj8d oA
& Melzaks} Walle] $E224(gate control theory)ol
A2¢ 2 9 330379 Aol o) A8D 3
o} 2 del @2aNFMe] Arabdi (conduction
blockyst 3241734 51Ms] A& (endorphins)s] A,
aRn AgAAAS 837 B2 Ych(Biedehach
F, 1991). o] 3 FRAAATLE $3E B2 §
ke 7Hd 2 Melazck®} Walle] $EEHMel $83F
A delEdAn ld. §R2EHE FFE =) @
£ Axs] AuA AT olef F2 AFER/7L A
S50} $58 Aethe ke 434 79 A3HeS ¥
07 MZolM FEsE] Aol A E Moo W
Blet 444 2S5 ¢y o 2Fe| ok sMde|
tHDenis F, 1977). B2 A=A34-& spiixe] Anial
AA7N AT 2l8f AZAGR7 AoEsol S0t 94
v anilze] AR A AT | BERR9 2RE
A3 N2 Ede] By ASe 744 Ado)

- BIPesiRthe b olth(Cottingham 5, 1985). 713 %

o8 fe04 7 E(nociceptive - tracisy= A GA RS
(spinothalamic tract)o]th(White, 1982). A5:A|FHEE
& Mo} B35 PR & WP} Chung F(1984)2 B
ARATe2 Wikl oFaME #BMH AFAIARE
& MYt 3. f8 AFNY #2834 49
& 23073ds) A, Mz, Al e oY BN =
5o A 4= slct. 24 (modulation)S AEWUA L 7
AL # YA 48 4+ U7 TENS g A



7IASNY iAoz 4¥ 45 Ack(Thomsteinsson,

1987). Campbell F(1973)2 235% AAAFE HPA

739 B=A}@(conduction block)§ ii!!t} olge 3
FNAF Ackfel BN F7ts AE9 P2, ASEH
o) WEFAE WA} 4 F(1991)e] BFUA o) @
AN BHART SENA L) ZE7I7E A A
A8, AF9 Atk FANHoR foldta) eg
HYich 287 F7l6) g sde, ARALY A
(block)o] ojjz}t 3 (hyperpolarization) <)@ Aol
231 #9ch. Bostock3} Grafeol 9)8H 20-50Hz8} .5

% 242& Ranvier nodeoll ] ¢34 Yo ¥ of.
¢ A& Z7MACT v, 2B ol eI A

T No'e) $5 37b2 Q% Ne'-K' pumpe} @4
(activity)e] F7lol 71Q9¢ Aer R} Fisher
(1991)9) QA7o] 2431 AF|ATE e ¥ Fhel 3%
71e F713ta A&, A7, Adde] Fag Hx
#2A] | central motor neuron pool®} FH-4 Aot
ASTZARE B A48 Y0} AlE ez B

St} & SERAAN dg WA @FRNE &Y

f-(unmyelinated small fiber)Q) Cub A8 3z} A of 3]
4 A2He kA erha Lasiinh ol $(1991)& wobd
o) ARG ANATE F WA WA vk
lo) A= AR BHohe HRlAL, Fuish M2 &
RS A7 F7lsRe Ae BN LA

AAH olele HTF F2AA £ AANYE FYE o

2 A7 71%& e ada Aeyes W
& g S Agsred AT §, 1997). A
AA A7 A3 234AANMY H4& JEY
(endorphins)s] 9 gte] FEHq lon) ol ANE, 2
A9 3 A3Y AN A7\ AZ4M o] EelHn
ik, Gel @ F(1995)2) AFoNM 33} TENS 34 %
HYALS] 7]AIAlS) Wisrh ASaNc S %] ¥
ARA oz golsi dslo] 233 TENS 227t H
WAHE oAl @cta gt ol TENSY 387130] A4
S $FNAY Fie) Oy At ARtk
A& AARTEL BRAch o] A7) F(1993)8) ATFelM A
71N B3 HYALsH AR 2H R H 99} Foike) 3H87) )
do] AT oIS Vel YRR xS
HE7), AE, ARAEEE 9 HARZARLAN P
IN1 AZAE griglE dart g]-& Basiict. of
A7 AE B4 ANARE WA W2 A
€ Snigle WaHE 7HA oA ghou), A8d Bxel A

Z1ASe] Y B AATE TSR H54RHol A
E4& A% Ros #dutt.

Salar §(1980)2 ASAFAZIAT 20838 4
Y3} ARo2 o] p-AEWe] F7HE Bol7] Az,
of 90% Fole FisiHctn Bardsich. Schieppatic
AAAAANATE HY4FD ALANIHE QNS
23 {473 WS 79 A HQ) NidojgtelM e A9
o] W&o WLyt gloy d4 Aol del AU P4,
N19, P22ol M= H&o] PAUE Hadld T3 44
{cuneate nucleus)s} }&-§ ol (medial lemniscus)?] H 4
A, FolA A8 Aoz fYHUH(Nardone F,
1989), £ 3 Abbruzzese(1980), {87+ $(1990)& A
AAARNAS g BF| Fo A1 YoM AEY
4828+ $vi(lemniscus)®} 3443 (spinocorebeliar

inputs) Alejeln} Al gea g4l Ao B

o} o] E(1997)& ANAAAIIAS ¥ F2AAAE
AMY gjulle WS YoglAl el ARt RE
A9, HYAL Fote] A7 A5H R0 22X 1, E¢
HRHALS) W&o AFARG 34 AE B8 2T
AUA Aol A4l 2 Ae] MY ¥
1A E Ao ¥adyct

2 A7\A ") ¢ FEQ) 233 A RolA FEEY
st 2R RNE B0 2¢E Bol AR e
v AR 9 A8olA 2 AH87)H0] HEYE
geolct. 249k Qe AR Erlde U we
wrofla] FA<dr v-§-(longitudinal compression wave)

oz AMYE FYUF) YA s Bt g

UM ool Y& Avpgo s AFAIZIC 2ok
98 4% Azl uis) AHel ER, g
A B UE HHolE hustA ALY 4w, 4 =
o] M2 GE F5ASFE ol falo] A nyed] 49y
22 2ALXE Ao d 4ol F U ol Utk 2%
e 2 A8 9 &5 ® VM7 A=A
webd 23 A B¢ A7l @RI Dyson T,
1968 ; Duson ¥, 1978 ; Stevenson &, 1986), @& M4
o B¢ Y =g 280 A8I} 2 vlAe o
P& ey v ePAAR Vg 5 led A
o 91§ 2 e] WN2E Y EY WHFe Fh =
A cprrastsl Ajajete) aby W), AAAELTY
%71 5893 371, Ay A&y 371 MEFY)
&(cell cycling rates)2] F7}, RAERUH 13999
A3 2@l (heat shock protein) A& F @Y F

- 53~



& (leakage)el F7} Fo] UTH(Baldes' F, 1958
Lehmann 5, 1982 ; Bamett 5, 1994). ¥} 8 ATH2E
stagdel B FERY, Y2 ¥ ¢ #1, 3G A
el 123 Fol Y, vILYEIRE 2EYF)
ojg A 3}e} YR FH o} Coakley, 1978).
Halle 5(1981)& 2-&3% ¥802 23 Ag4s
o} $7H&, Madsen 3} Gersten(1961)& £5-47-A¢
&£ g7k A FHE Bagc) oje £347
of iy 2&ote] A7t A9 WAL, 2E00) &

WEdst vednT 9 BAREYE vEmach

Szumski (1960} AAZA) g 24749 AIHE @
2473& de ez nhEstA 81, SR (impulse) A%
& ST AL ABAITL I, SRR 2 GALE 2
AN fet 2E 9ol Age] 28me] LYRTY
Y &o] 1, o]Zlo] 5§ ¢RI ot Lehmann
F(1958)2 2EHE H AR A &4l 92 % v}

3 A 3} (analgesic effect)@ SRRt 1= 285 oA -
4 gl Yoluke L2944 4& gHBow A

AAge) YN en Awtgcin HFBXUch Zankel
(1966} $F41H HE& s} Bojxie Ro] 7| A o
& (micromassage action)2 W& BEHE Meld a@
SEoFoletn Yo,

2 A7 E FNAAU/ AT} 28oje] Fo o
£ AT BAY 4 AN AN HhA}, AAz
FEAN A} VE Fo| Wk B ¢ AU, &
FA7e 49 A date 2efslel wkel 22Q
ARG B37} e Hew Yok ST F2A
% F3t Whgo] A3 e 23 Aol 71 Ao
2 mo} ARel 292N AAAUR WAY F&
guch. webd, Fote) AZARL, Fit vlg, WM o4 58
2% o 223 Q77 4a g Ao Alrgtt

V.&d E

A7\A o] sla e AAA Bge) AsE
€ B Hida AP LA ol Fo) Yk 1889
A% A AAE UL Sshel ANAANAH
33 2808 1535< A48n, A2 AT
ARASEES Fob R HGAL MY HLAANE A
Bl o) e A YU -

1) TENSP3} USTel 223 3 #5038
AR A=PAAE FBSUA) BAL felaA

37} S R (p<0D), T 28 Aol AT
. 2) TENSZ3 USEY 22A3 %] Ayt #
FAS = PITH N209) FAS] Foheh A& e
Jhoiient BANGeZ Rl Ak, AN F 2
el sjele AU

3) TENST3} USEe) A3 Fol HRIAIS U2
A7 Fi} $gol FA) Ade) ARoLt A2
o8 HoBA) W3ka, HINH Pk whge WA &
¢ 3718 QY. F FU9) ol = SN
Col3de) Ao FNAANARANFH g0 BT §
+8 HAehe ARALAAA JAZLHLRI, HY
A}, Fob @83 7247 Fo} wrg3 54049 Q9
FAnie) FARA LR goglE /MR B AR
o AER YR YAHNoE ey, A7 29
o AARRE FEE F2A)E Ao AlndT).

<3 1 F B>

R@E, AT 2T APy B 2
- AT, A gL el x], 17 : 76-80, 1993.

B9, e, 2338 AL AFe] KA v

3%, i A gl et A, 141 27-34, 1990.

FE 9 59 AT 0] §2ARS} WA beta-
endorphinA o]l Wizl F%, APBEFANA, 2:
145-154, 1989.

HYF, A7), 998§ EIYe) QA KA

B, AR A=), 26(9) : 1190-1196,
1997.

N7AS X &5, BEST A474243. ppl15-128.

weld, 7YY« 50Hz9| M7IAS] o3 GRUAAE
o gt g A7 FIAGAYRAA, 15 220-
225, 1991.

sy u], olof, U9 FUEF) Y FoAN0A
Ao @A AYAEAYA, 16:182-191,
1992.

FEi4 9129 : 3 A BANGAFTH vjqAFAFe)
A71Q2 G FAlf v G Ao By
], 21 : 696-702, 1997.

o128 1 AAAR WIAF o] FEAA A rlAe Y.

MR TR Mt R A g4l 1988.

o) A7l, A7AT o] PP RAANA e UAY T
ZAZ A oA B8 A]. 20 : 939-944, 1996.

o}A7), 7<), W F 1 AZIAFA 87t QAo vl

54~



V(1) A7 BN W) oEge A,

17 ; 235-243, 1993.

Y 9 3¢ : AP fxle] HolM YR 24 B
TENS 2§ 3 @iglo] ciet &, g4 ge)esix),
15 : 513-521, 1991. : :

28, AT AR AZIAT ) MR RLAH
o vizle 4%, WEAWAUAA, 17: 348-353,
1993. '

THE, AV, FYY : 2F:0 Foa A7NF3A)
B7} HYRAo vl falo] g |7, A
288, 19 : 601-606, 1995.

Abrams S, Asiddao R, Reynilds A :‘Increased skin .

temperature during Transcutaneous electrical nerve
stimulation, Anesth Analg, 59 : 22-25, 1980.
Baldes EJ, Herrick JF, Stroebel CF : Biological effects
of ultrasound, Am J Phys Med, 37 : 111-120, 1958.
Bament SB, Ter Haar GR, Ziskin MC et al : Cument

status of research on biophysical effects of

ultrasound, Ultrasound in Med & Biol, 20 : 205-218,
1994. -
Biedebach M : Electrotherapy and the sympathetic
nervous system, J Therapy Rehab, 4 113941, 1991,
Bostock H, Grafe P : Activity dependent excitability
changes in normal and'_demyelinaled rat spinal oot
axons, J Physiol, 365 : 239-257, 1995.

Bourke DL, et al : TENS reduces halothane requirment

during hand surgery, Anesthesiology, 61 : 769-772,
1984. )

Campbell G, Taub A : Local analgesia from
percutancous electrical stimulation : a peripheral |

mechanism, Arch Neurol, 28 : 347-350, 1973..

Chung JM, Fang ZR, Hori Y : Prolonged inhibition of
Primate Spinothalamic Tract Cells' by peripheral
nerve stimulation, Pain, 19 : 259-275, 1984.

Coakley WTP : Biophysical cffects of ultrasound at
therapeutic intensitics, Physiotherapy, 64 : 166-169,
1978. '

Cooperman A et al . Use of Transcutaneous electrical
nerve stimulation in the control of postoperative
pain, Am J Surg, 133 : 185, 1977.

Cottingham B, Phollips PD, Davies GK, et al : The-

effect subcutancous nerve stimulation on pain

associated with ostcoarthritis of the hip, Pain, 22

243-248, 1985, ' '
Denis S, Mclzak R : Pain-signaling in the dorsal and

ventral spinal cord, Pain, 4 : 97-132, 1977.

Dyson M, Pond JB, Joseph J, Warwick R : Stimulation

of tissuc regeneration by means of uvitrasound, Clin
- Sci, 35 © 273-285, 1968.

Duson M, Suckling J : Stimulation of tissue repair by
ultrasound : survey of mechanisms involved,
Physiotherapy, 64 : 105-108, 1978.

Fisher MA : Inhibition motor neuron discharge by
peripheral nerve stimulation : an Fresponse analysis,
Muscle Nerve, 14 1 120-133, 1991.

Gersh MR : Electrotherapy in rehabilitation. Philadelphia

: FA! Davis Company, 1992.

Halle JS, Scoville CR, Greathouse DG : Ultrasound
effect: of the conduction latency of the superficial
radial nerve in man, Phys Ther, 61 : 345-350, 1981.

Jeans ME : Relief of chronic pain by brief, intense

*  Transcutaneous electrical nerve stimulation @ A
double-blind study. In Bonica JJ, et al(eds):
Advances in Pain Research and Therapy. New York,

" NY, Reven Press, 13 : 601-606, 1979.

Janko M, Trontelj JV : Transcutaneous electrical nerve
stimulation ©* A microncurographic and peripheral
study, Pain, 9 1 219-230, 1980.

John ES, Law JD: Analgesia with peripheral nerve
stimulation : Absence of a peripheral mechanism,
Pain, 15 : 55-70, 1983.

Jette, D.U : Effect of different forms of Transcutancous
electrical perve stimulation om experimental pain,
Phys Ther, 66(2) : 187-192, 1986.

Kramer JF : Ultrasound : Evaluation of its mechanical
and thermal effects. Arch Phys Med Rehabil, 65 :
223-227, 1984.

Kaada B : Vasodilation induced by Transcutaneous
electrical nerve stimulation in peripheral ischemia
(Paynaud's phenmenon & diabetic polyncuropathy),
Eur Hert J, 3 : 303-314, 1982,

LeBars D, Dickenson AH, Besson JM : Diffuse noxious
inhibitory control (DNIC) : | effects on dorsal horn
convergent neurons in the rat, Pain, 6: 283-304,
1979,

" Lehmann JF, Brunaer GD, Stow RW : Pain threshold

mecasurements after therapeutic application of
ultrasound, microwaves and infrated, Arch Phys
Med Rehabil, 39 : 560-564, 1958.

Lehmann JF, de Lateur BJ: Therapeutic heat. In:

- 55 -



Lehmann JF, editor. Therapeutic heat and. cold. 3rd
ed. Baltimore : Williams ‘& Wilking; pp404-562,
1982. '
Madsen PW, Gersten JW : Effect of ultrasound on
conduction velocity of peripherhl nerves; Arch phys
Med Rehabil, 42 : 645:649, 1961. -

Mayer DJ, Price DD, Rafii A Aniagonism of

acupuncture analgesia in man by narcdtic antagonic
naloxone, Brain Res, 121 : 368-372, 1977,

McCarthy, J.A,, and Zigenfus, R.W : Tianscutancous
electrical nerve stimulation : An adjunct in the pain
management of Guillain-Barre syndromb, Phys Ther,
58(1) : 23-24, 1978. i :

Melzack, R., Vetere, P., and Finch, L : Transcutancous
electrical ncrve stimulation for Jow back pain, Phys
Ther, 63(4) : 489-493, 1983, :

Melzack R, Wall PD : Pain mechanism : a new theory,
Science, 150 : 971-979, 1965. :

Moore, DE., and Blacker, H.M : How f effective is
TENS for chronic pain?, Am J Nursing, 83 : 1175-
1177, 1983. S

Oh SIJ: Clinical Electomyography ; Nerve conduction

-studies. 2nd ed, Baltimore : Williams & Wilkins,
1993.

Salar- G, Job, Mingrino S : Cortical evoked responses
and transcutaneous. electrotherapy, Neurology, 30 :
663-665, 1980.

Smburg, F.L. and Carter-Baker, S.N.: Transcutaneous
electrical nerve stimulation for post-laparotomy pain,
Phys Ther, 63(2) : 188-193, 1983.

Stevepson JH, Pang CY, Lindsay WK, Zuker RM :
Functional, mechanical, and biochemical assessment
of ultrasound therapy on tendon healing in chicken
toe, Plast Reconstr Surg, 77 : 965-970, 1986.

Szumski AJ : Mechanisms of pain relief as a result of
-therapeutic application of ultrasound, Phys Ther Rev,

. 40: 116-119, 1960.

Thorsteinsson G : Chyonic pain : Use of TENS in the
elderly, Geriatrics, 42 © 75-82, 1987.

-White, J.C and Sweet, W.H : Pain, its mechanisms and

ncurosurgical control. Thomas. Springfield, IL, 1955.

Zankel HT : Effect of physical 'agcnts on motor
conduction velocity of the ulnar nerve. Arch Phys
Med Rehabil, 47 : 787-792, 1966.

-~ 56~



