
• 

• 

DO THE EFFECTS OF REPETITIVE 

TRANSCUTANEOUS ELECTRICAL NERVE STIMULATION (TENS) 

ON EXPERIMENTAL PAIN CUMULATE OVER TIME? 

Jiaqiang Liu 

School of Physical and Occupational Therapy 

McGill University, Montreal 

March, 1994 

A thesis submitted to 

the FacuIty of Graduate Studies and Research 

In partial fulfillment of the requirements for the degree of 

Master of Science in Rehabilitation Science. 

(c) Jiaqiang Liu 



,) 1 N)I /\Ne LlU 

SUBJECT TERM 

5IJbject Categories 

THE HUMANITIES AND SOCIAL SCIENCES 
COMMUNICATIONS AND THE ARTS 
AH htlU IU/I' ()129 
",1 H"Inry 0377 
r """"" 0900 Il,,,,,,_ 0178 
fi,,,· A,I', (1357 
IFlff)rnl()tl()n ~(If>Il(f 0721 
Journol,'.", rl191 
II~H()ry *)(lf'rHl 0'39<'; 
M(J\~ (rmlfTHJIllcoftOfl', 0/08 
Mu", 0413 
"/ll'1'( il ( omllllJfIH nllon 04')9 
l 'N,I", 046~ 

EDUCATION 
(/f'flf>r(J1 

Ad,nm.< trClllOI1 

Adult Orld (onhnlJlflCJ 
A'If/cult",,,1 
A,I 
1I0I""1'}(11 "nrl M"It" uhuml 
BU\lflfJ\\ 

( onunullity ( 01l,'!]T' 
( Uf' I( l.I·lIn und In~fI U( tlOll 

(Ully <. f,ddho(xl 
Ileme"Imy 
hnufI((' 
GUldnn( fl (Ind (ntHl')"llIlCj 
H",,!!h 
/lI'lf,,·, 
HI~Io,y of 
Honw r t 1111011110 

IndlJ~tr/(,1 
llJllguŒ]p WHII,t('rohJff> 
M(J,'1t'Ill(ltl(~ 
MusIC 
l'1"lmophy 01 
l'hy''' ,,1 

uS1 'j 
0:'14 
0')11> 
0517 
(J27ï 
0782 
06!l8 
0215 
0727 
0'l18 
0524 
0277 
0519 
(,680 
0745 
05:<u 
0278 
0';21 
0279 
0280 
0572 
0998 
0521 

P,ychology 
Reading 
PIlI'qlau~ 
SClcnce5 
Socondnly 
Soc.'JI Sflf'n(r~ 
SoclOltA]yof 
Special 
Tecchp, T "'mmg 
Technology 
T est"J and Mcosuremcnt!> 
Vocnllonol 

LANGUAGE, LlTERATURE AND 
LlNGUISTlCS 
[anUl/aGe 

Gf'neral 
Anclenl 
L,ngUlf,IIcs 
MOdern 

lller"Iure 
Gt',eral 
Clm;lcol 
Comparative 
Medieval 
Mod,'rn 
Afrlcnn 
Amerlcon 
As an 
Canad,on (Engl,sh) 
(anad,on (French) 
Engllsh 
GermonlC 
la lm AmHlmn 
Middle Emtern 
Romanc!' 
SklVlc OI,d Easl European 

O~25 
0535 
0527 
071.l 
0533 
0534 
0340 
0529 
0530 
0710 
0288 
0747 

0679 
0289 
0290 
0291 

0401 
0294 
0295 
0297 
0298 
0316 
05,,1 
0305 
0352 
0355 
0593 
0311 
0312 
0315 
0313 
0314 

THE SCIENCIS AND ENGINEERING 
BIOlOGICAl SCIENCES 
ÂlJfHulturfl 

(;.. .. n .. '01 
Aqlonol1ly 
AllIl110l CultulP ond 

Nul"liall 
A,H,.,,,I Polhol0<JX 
1 oo.! ~(I(,IlU' and 

TN.hllrllt)(!y 
l "Tf" .ymHIWddllf,. 
l'I,,nl luit"", 
1'1""II'"lhol,1(1Y 
PianI Phy\lolo'lY 
R{IIHlt· M{1I10lwmellt 

W,'mll"dlllolc'!:JY 
Blok,,]Y 

l~'nf'rlll 
Anllh.lll1y 
BI{l~hlll\b(\ 

lIol""y 
CcII 
t,ol,,'lY 
~.!"l"""lo\lY 
~ 1('11('lh. ~ 

l,,,,,,ol0'l' 
Mil' "1',ol,,,!y 
Molt'lllim ~ 
NpUfOO,(ll'l1l..(' 

ù, PllllOql(lphy 
rhv;lolom 
Rodrnft(ll\ 
Vf\tt'IHllH) )( 1('llll' 

ll",IÙ\IY 
1\lophy'", 

L~"'Ilt'I(11 
M,,,,!,, ,,1 

EARTH SCIENCES 
Rll"Xll'\:X hel11l\!r\ 
,,-,t'" h('r11I~h, 

0473 
m85 

0475 
04 76 

0159 
047B 
0479 
0480 
0817 
0777 
07M, 

0306 
0787 
0308 
0309 
0379 
0329 
0353 
036Q 
07Q1 
0410 

/ 031'" ~=:~ 
043,1 
OR21 
ors 
()4 ~2 

0'86 
lFé>O 

Geodesy 
Gealogy 
GpophyslC' 
Hyclrolotly 
Mmerology 
Paleobolàny 
Paleopcoloqy 
Paieolliology 
Poleozoology 
Polynolagy 
PhY5Icol Gpag' aphy 
Phy5lcol Oceunogruphy 

HEAlTH Ai!O fNVIRONMENTAl 
SCIENCES 
Envrronmenlol SCIf~nc"', 
Heohh SCience, 

General 
Aucl,ology 
Cfll'molh"Jllpy 
Dcnllstry 
fducollon 
Hmp'I,,1 Managemenl 
Humlln Devclopmenl 
Il1llntJnology 
MptJ.cllle and Surgery 
Menlal Heallh 
NU,5Ing 
Nutrilion 
Ob,lelr 'cs ond Gyneeology 
Otcupolional Hrolth and 

Therapy 
Ophlhalma' ogy 
Polhology 

0370 
0372 
0373 
0388 
0411 
0345 
0426 
0418 
098S 
04?7 
0368 
O.tIS 

0768 

0566 
0300 
0992 
0567 
0350 
0769 
0758 
0982 
0564 
0347 
056S> 
0570 
0380 

0354 
0381 
0571 
0419 rhor mocology 

Phmll10cy 
PLY'lCol The, opy 
PubliC Hcolth 
RadlOlogy 
Rcucolioll 

~~ 
057 4 
0575 

PHILOSOPHY, RELIGION AND 
THEOLOGY 
Phdosophy 
Religion 

General 
B bl,cal SIud,es 
Clergy 
Hisiory of 
PhdosOF~Y of 

Theology 

SOCIAL SCIENCES 
Amencan jlud,es 
Anlh rapolO( y 

Archae' ;Iogy 
Cul""al 
PhyslCal 

BUSiness AdmlnlSlratlon 
General 
Accounling 
Bonklllg 
Management 
Morkellllg 

Conod,an SIud,es 
Economlcs 

General 
Agrlcullural 
Con Imerce BUSiness 
Finance 
HISto,) 
Labor 
Theory 

Folklore 
Geography 
Geronlology 
History 

General 

Speech POlhology 
Toxlcology 

Home Economlcs 

PHYSICAL SCIENCES 
Pure Sciences 
Chemlstry 

General 
Agrlcultural 
Analytlcol 
Blochem15try 
Inorgallie 
Nucfear 
Orgallic 
Pharmaceullcal 
PhYSlcal 
Pol ymer 
RaOlalion 

Mathemallc5 
f'hySics 

General 
Acoulli" 
Aslronomy and 

AstrophY5lcs 
Almospherlc SCience 
Alomlc 
EleclronlC; and Elec1r1C11y 
Elemenlary PorI Ides and 

H'gh Ene,gy 
Fluld and Plasma 
Molecular 
Nuclear 
Oplicl 
Rad,c.llon 
Sol,d Siole 

SIohsll" 

Apt>lied ScIences 
Appl,e<l MechonlCS 
Compute, SCience 

0422 

0318 
0321 
0319 
0320 
0322 
0469 

0323 

0324 
0326 
0327 

0310 
0272 
0770 
0454 
0338 
0385 

0501 
0503 
0505 
0508 
0509 
0510 
0511 
0358 
0366 
0351 

0578 

0460 
0383 
O.j86 

0485 
0749 
0486 
0487 
0488 
0738 
0490 
0491 
0494 
0495 
0754 
0405 

0605 
0986 

0606 
0608 
0748 
0607 

0798 
0759 
0609 
0610 
0752 
0756 
0611 

463 

0346 
0984 

U·M·I 
SUBJFCT CODE 
o 3 1 7 

AnClenl 0579 
Medieval 0581 
Modern 0582 
Black 0328 
Afllean 0331 
ASla, Auslral,a and Oeeoma 0332 
Canad,an 0334 
European 0335 
La"n Amencan 0336 
Middle Easlern 0333 
United Slates 0337 

Hislary of SCience 0585 
Law 0398 
Pol,tlcal SCience 

General 
Inlernollonal Law und 

Rela"ons 
PubliC Admlnlslrallon 

Recreo"on 
SOCial Work 
SOCiology 

General 
Cnmlnology and Penol ogy 
Demograpny 
Elhnle and RaCial Slud,es 
Ind,v,dual ond Famdy 

SIud,es 
Industnal and Labor 

0615 

0616 
0617 
0814 
0452 

0626 
0627 
0938 
0631 

0628 

Relalions 0629 
PubliC and SOCiol Welfare 0630 
SOCIal Siruelure aod 

Developmenl 
Theary and Melhods 

Trampo,Iolion 
Urban and Regional Plannillg 
Women's Siudies 

~ngoneellng 
General 
Aerosp'ace 
AgrlCultural 
Aulamo"ve 
Biomedical 
Chemlcal 
C.vll 
Electr".lIcs and Electneal 
Heot and ThermodynamlCs 
Hydrauhc 
Induslrlal 
Marine 
Malerlals SCience 
Mechanlcol 
Metollurgy 
Mlnong 
Nuclear 
Packagmg 
Pelraleum 
Sanltcry and MUlllclpal 
Syslem SCience 

Geolechnology 
Opera"ons Research 
Plas"es Technology 
T extde Technology 

PSYCHOLOGY 
General 
Behovloral 
etonlcal 
Developmental 
Experlmenlal 
Industrlal 
Personahty 
PhyS/ologlcol 
Psychob,olog} 
Psychometne; 
SOCial 

0700 
0344 
0709 
0999 
0453 

0537 
0538 
0539 
0540 
0541 
0542 
0543 
0544 
0348 
0545 
0546 
0547 
0794 
0540 
0743 
0551 
0552 
0549 
0765 
0554 
0790 
0428 
0796 
0795 
0994 

0621 
0384 
0622 
0620 
0623 
06'24 
0625 
0989 
0349 
0632 
0451 



-. 
DO EFFECTS OF REPETITIVE TENS ON EXPERIMENTAL PAIN 

CUMULATE OVER TIME? 

Jiaqiang Liu 

School of Physical and Occupational Therapy 

McGill University, Montreal 

March, 1994 

A thesis submitted to 

th~ Faculty of Graduate Studies and Research 

in partial fulfillment of the requirements for the degree of 

Master of Science in Rehabilitation Science. 

(c) Jiaqiang Liu 



• 

• 

ABSTRACT 

This sIlley)", '~ligated ih~ ~mmediat~ and pO":-'lhlc cU1l1ulatlVL' ell'ects 1\'spcCliVl'ly of a 

single 60 m: : ->" ,~ l,. ' and ()f W fl'peah:d (huly .lpphcatinns on SUhWCII\'l' palll sensallon 

and tlcxio' Lb)," ICLly youn.i! he'llIhy suhlecl:-. weil' randoll11y a:-,slgned ln a 'l'ENS or li 

placcho gcrup. \\!lh 1:, ' :ach. TEN~ or place ho stimulatIOn wa~ :Ipplu:d to the lumhn)

sacral rcgioll f(lf (11) !;r' 1 lH1 :,', lm 10 tn:atJnl'llt days over a two-wl'ëk rertod 111'1(1/(', elll/mg 

and after l'ENS and l' I,Hx~~. ,'-Îmulalipn 011 Day!. Day~ anu Day ((l, the FR was l'he1lnl Ily 

from bIceps fer., ' ,,--', " , r' 

l' ." 

session of 60 rnül ! " • l'lll- ~ 

. antcrJol (TA) plll'\'.;ks SuhlL'ctive palll ~l'I1~atHlIl was 

,c (V AS). Compared 10 placeho ~llInlllalion, a "lIlglc 

·tly uecrealleu th,', VAS SCOll'~ (p < (1.05) and TA FR 

areas (p < 0,(5) ohtained d~ , (;., .(Je 60 mm jJ(}sl-~timulatjoll pCI jod. Ilowl'Vl'I, tlll' /lt'lH't'('I1-

group diffcrence in the d~creas~ or th~ BF PR area dit! nol Icach ~tatl~lll'al ~lgl\Illl'i1lln', 

Aller 10 repeated daIly applications ofTENS, the rn:-~llllll1lat\()n V AS ~C()ll~." and 1'1{ areas 

of both musdes were sigml'Icantly more in1lihlted (p<O.O 1) lhan placeho :-.IJlllUlaIJlIll 

FurthermOle, th~ ~llppreS~IOn or VAS score~ dll/ll1!i and alter l'ENS wa~ IIIli.:arl y collclaled 

with that of FR arcas of hoth muscles in cach nI the J te.lltIng day.... Thl'~e lilld mg!> 

indlcatcd thal r~pcaled daily TENS apphcatlOn~ produced cumulative IIlhlhll()ry inlluenœ on 

holh suhJectlve pall1 sensation and FR over a two-week pellod. :-Ilich a gIadlial uevelopmenl 

probahly implicaled lhat plastic çhange~ could have heen lIlduced III the neural palhway. 

The similar lime course 01 the inhihitory effecls or TENS on the Iwo pain indices, whidl 

coulJ cumulate over lime, suggcst pos~ihle simllar proccssmg al ho th cortical huhjective 

pain) and spinal (FR) lcvcls . 
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ABREGE 

Cette étude a inve~ligué les effets immédiats et cumulatifs possibles. respectivement 

d'une seule applicatIOn de hO mm. ct de] 0 applications répétées journalières de SETe (sti

mulation électrique trans-cutanée) sur la sensation subjective de douleur ct sur le réflèxe de 

llexion (RF). Vingt ~ujel~ Jeunes ct en honne santé ont été assignés au halard à un groupe 

SETe ou placého, Dix apphcatil,ns de 60 min. par jour de SETC ou de stimulation placébo 

ont été données au niveau d..: !d région lombo-sacrée, sur une période de deux semaines. 

Avon/, pel/dallt ct après la stllTIulatlon SETC ou placébo lors des Jouq. Jours ct Jour 10. le 

RF a été élJclté en Mim ulant élcclI iquemcnt la plante du pied droit des sujets, et enregistré 

é1ectromyographl4uement au Illveau des musdcs hiceps fémoral (RF) ct jambier antérieur 

(lA). La scnsation ~uhjcctlve de dlluIcur a été mesurée à l'aide de l'échdle VIsuelle analogue 

(EV A). En compalalson avec la stimulation placého, une seule session de 60 min. de SETC 

a diminué signifIcatIvement les scores EV A (p<O.05) ct l'aire sous la courbe des RF du JA 

(pdU)5) ohtenus lor~ de la période de post-stimulation. Cependant, la différence entre les 

dcux glOupcs de sujets pour la diminution de l'aIre des RF du BF n'a pas atteint le seuil 

statistique. Suite à l'application répétée de JO seSSIons de SETC, les scores EVA et les aires 

de RF des deux muscles ohtenus en pré-stimulation étaient significativement plus inhibés 

(p<O.O 1) que lors de la stimulation placého. Dc plus, la suppression des scores EVA était 

COI rélée hnéai rement à celle des aires de RF des deux muscles pendant et après la SETe à 

chacun des ~ jOllls de tl'Sl. Ces résultats indiquent que l'application répétée journalière de 

SETe a plllduÎt une influellcc inhlhitril:c cumulative, tant sur la sensation subjective de 

doulcur que sur k RF, pendant une période de deux semaines. t;n tel dévcloppement 

graducl implique plOhahlement que des changements plastiques ont pu avoir été induits 

dans les voies neurales. Le patron temporel semblable de l'inhibition par la SETC des deux 

lI1dex de douleur. qui peut cumuler avec le temps, suggère que des transformations 

semhlahles ont pu survenir au niveau cortical (douleur subjective) et spinal (RF). 

ii 
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PREFACE 

This thesis incllldes, as part~, copies of two papers III 

preparation for submission to pail/. ThIS option IS III ~lccoïdancc 

with the GlIidelines Concerning Thesis Plcparation (J une 199,l) Palt 

B 3ection 2, whlch is cited bclow in full as rcquirco hy the Faculty of 

Graduate Stlldles and Researcl:, McGtil lJniversity. It has also 

obtained the approval of the Chairpcrson, School of Physical and 

OcclIpational Therapy. 

2/ Manus<.:ripts and A uthorshi p: 

Candidates have thl~ option, subject to the approval of thcir Departmcnt, 01 includ1I1g, 
as part of their the~I~, eopie~ of the text of a papcr(~) ~lIhmllted 1'(,1 puhllcati()n, or the 
clcarly-duplicated text 01 a puhltshed pap'~I(~), provllbl that the~e c()pic~ ail' houlld a~ an 
intcgral part of the thcsi~. 
- If this optIOn is chosen, connecting tt'xts, providin~ lo~kal bridges hetwccn thc 
dilTerent papers, are mandatory. 
- The thesis must Mlil conform to all other rcquiremel1l.'" or the "CiliiddIllC~ ('OIlCCI !llIlg 
Thesis PreparatIOn" and should he in a litcrary l'mm that 1~ mOlC than li mCll' collection (lI 
manuscript~ puhlished or to he puhlJ~hcd The thcsi~ nmst intitule, iI~ ~cparilte 
charters or s:!ctions: (1) a Tahle of C()ntent~, (2) a gcnclal ah~tract 111 LnJ..!lJ..,h and FIl'IICh, 
(3) ,ln introductIOn whlch clearly state~ tlte JatlOnalc and ()hiccl1vl'~ 01 the ~tlldy, (Il) a 
comprehensiv~~ gcnclal revicw of the hackground htcratulc to the "'UhJl'll or the thc..,i.." whell 
this review is applOpl1ate, and (5) a linal ovcrall conclll~ion and/of ,..,lIInm:lI y 
- AddltlOna) matellal (proccdural and design data, as well a~ de..,cnptlol1.., 01 cqulrHllcnt 
uscd) must he provlded where apl'lOpnatc and in !>ulllclenl detaJi (cg 111 appendlcè"') to 
allow a clear and prcci~e )udgcmel,t to he made or the ImpOltancc and ollglllailty 01 the 
rescaJ ch reportcc1 in the thC~I~. 
-In the case 01 mal1l1scripts co-authOlcd hy the candidate and othcl.." the ('ilmlidate i~ 
required to make an explicit statement in the thc!>is of who contrihuted tu ~udl 
work and to what extentj supervl~or~ mll~t atte~L to the aœuracy \)1 ..,uch clalm~ at the 
Ph.D. Oral Defensc. Sincc the ta..,k of the exarn1l1ers is made more dlllicliit 111 the~e C<l,"'C!>, 
it is in the candidatc's intere~t 10 make pcrfcctly dear the rc~p()n~lhilitJe~ 01 the dllferenl 
authOl" of co-authored paper~ 

\' 
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LITERA TURE REVIEW 

History of TENS 

Transcutaneous electrical nerve stimulation (TENS) IS used 

extensively in the clinic for the relief of chronic and acute pain. 

Long bcforc clcctrkal methods existed .. 0 generate electricity, man 

had learned how to use the 'naturally occurring' electricity 

thcrapelltically to relieve pain. ft is believed that the ancient 

Egyptians lIscd electric fish over painful wounds (c.f. Madigan and 

Raj, 1992). l-Iowever, the structure of their organs limits the 

amount of electricity produced. 

There were also methods to relieve pain In ancient China. One 

can find the earliest known description of using acupuncture as a 

cure for diffcrent types of pain conditions in Huan Ti Nei Ching, dating 

back from the time of the legendary l-Iuan Ti or the 'Yellow Emperor' 

(2600 BC') (c.f. Majno, 1975). A French physician, Sarlandiere, 

became interested in pain relief by acupuncture during the early 

n incteenth century. At that time in Europe, it had long been 

possible to gencrate static clectricity and to store it in condensers 

called Leyden boules. Sarlandiere developed the classical Chinese 

technique further by using acupuncture needles as electrodes to 

discharge Leyden boules. l-Ie reported good pain relief in a number 

of conditions treated with this technique (c.r. Sjolund and Erikson, 

1985). Some other man-made electrical devices, Juch as the 

galvanic CUITent. were poorly received by the medical community, 
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because of their poor quality and a reliance on patient testimonials 

for its efficacy (c.f. Lampe, 1978). 

The construction of vanous electricity machines fOi pain-Iclid 

was not developed until the end of the nineteenth cent ury. Sl'\'CI al 

such machines were patented in the V.S. and lIscd in vanous 

medical and surgical conditions such as amputatIOn, chronk hack 

pain and joint pain, tooth extraction, surgery and dclivci y of hahil's. 

Unfortunately, the electrical stimulation techniques werc ncarly 

forgonen for about one century al' ter anaesthetic agents wcre 

introduced (c.f. Kane and Taub, 1975). 

The so-called 'gate control theOl"y', IIltrodm:ed hy Melzack and 

Wall in 1965, reawakened interest in pain treatment hy elecll kal 

stimulation. The hypothesis that stimulation of \(11 gc mycl inatcd 

fibers suppresses the pain transmiSSIOn via small diametcl fihlcs led 

to the evolution of preferential stimulation of pledominantly large 

diameter fi bers 'n the dorsal column with inplantcd clectrodc 

(Shealy, 1967) and then stimulation of the pcriphcral nervc 

transcutaneously as a way of relievlng pain. Suhsequcntly, 

transcutaneous electrical nerve stimulation in its model n l'onu has 

been used extensively in the clinic for relieving chronic and acutc 

pain. 

Technical Aspects of TENS Deviees 

Before we discuss the mechanisms underlying TENS analgesia, 

let us look at some technical aspects of TENS units commonly used 

in the cHnic. 
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TENS machine used ln the clinic is usually a pulse generator 

consisting of electronic circuits and an energy source. The 

accessories compnse two or more electrodes and a corresponding 

number of electrical cables for connecting the electrodes to the 

srimulalol". The efflcacy of TENS treatment depends on many factors 

which likcly include stimulus parameters, such as the size of 

elcctrodcs, electrodc placement, waveform, pulse dUl"ation, cUITent 

intcnsity and frequcncy. 

The size of electrodes is important with regard to cunent 

dcnsity. In the c1inic, electrvdes of different sizes are available for 

diffcrcnt Sut face areas of the body parts being treated. With the 

saille ~lIrrcnt output, increasing the size of electrodes will decrease 
t 

the CUITent density. In contrast, the smaller the electrodes, the 

greater the current density will be (c.f. Mannheimer and Lampe, 

1984), but the risk of skin being burned will also increase. To 

obtain the rcquilcd cunent intensity in the tissue and to prevent the 

"kin l'rom being damaged by the CUITent, it was recommended by 

Sjolund and Eriksson (1985) that the surface electrodes should be of 

a certain size, usua:ty 10 - 15 cm2. 

Proper selection and placement of electrodes ensure more 

efficient stimulation of the nerve fibres. The electrode placement is 

usually selected based on evaluation of the dermatome where pain 

exists, so that trigger points located within the dennatome can be 

çoupled with the corresponding level of spinal cord innervation 

(Lampe, 1981). According to sorne investigators, trigger point, 

dermatomes and acupuncture points are common electrode sites for 
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TENS applicatioll to relieve chronic pain (Mannhcimcl and Lampc. 

1984; Melzack, 1975). However, Le Bars et al. (1979) noticcd that 

noxious stimuli applied to various parts of the rat hody powclfully 

inhibited the nociceptive (C fiber) l'esponse of a majOl ity of 

convergent dorsal horn neurones. Consistent with this finding flom 

animal experiment, TE NS s ti mu 1 atlon appl icd to a 1 C molt.' 

contralateral body part was found to be effective III IIlhihlting the 

lower Iimb flexion r~flex in man (Tsung and Chan, 1 9R4). Notc that 

the latter cOlild be regarded as ail objective and quantitative 

assessment of experimental palll under <.:crtain condItions (Chan and 

Dallaire, 1989). 

Over the years, vanous combinations of wave farms, pulse 

duration, freqllencies and CUITent intensities have been tl ied. Yet, it 

is still unclear what kind of waveform is the Illost effectivc one fOI 

pain relief. Accordingly, most TENS devices have hiphasic square 

wave form, variable pulse duration, amplitude and flcquency 

features (c.f. Baumgartner, 1981). 

According to the gate control theory (Melzack and Wall, 19(5), 

stimulation of large diameter group A afferent finel s should relieve 

palll. The laI ger the diameter of the nerve fibers, the less lheil 

resistance to electrical cUITent; hence the lower the currcnt 

intensity will be needcd for their activation. In other word~, low 

intensity TENS with shert pulse duration should seleclively aclivatc 

large diameter myelinated fibel s (Howson, 1(78). According 10 

Sjolund and Eriksson (1985), the most suitable pulse to activatc 

myelinated fi bers via surface electrodes is a monophasic rectangular 
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pulse with a duration of 0.05 - 0.5 msec. To ensure sufficient 

current intensity for stimulating the nerve fibers, currents of 10 - 60 

mA shou Id be applied between the surface electrodes. Of course, 

the variation in the required current intensity depends, among other 

factors, upon the distance from the skin surface to the nerve to be 

acti vated. That factor aside, the optimal stimulus parameters for 

activating large diameter nerve fibers should preferentially be low 

intensity and high frequency. 

Indeed, freqllency of TENS has been found to be another 

important paramcter which influences the efficacy of its analgesia. 

ln animal studies, Sjolund (1985) showed that, among a frequency 

range from lOto 160 Hz, 80 Hz TENS prodllced the most profound 

inhibitory cffect on the size of C-fiber-evoked flexion reflex, which 

was considered as a measure of transmission from nociceptive 

afferent fibers in the spinal cord. Consistent with the above finding, 

Johnson ct al. (1989) reported that TENS signific:antly elevated 

hllman ice pain threshold when compared with control, and that 

freqllencies between 20 and 80 Hz produced greatest analgesia, 

white frequencies below and above this level (10 Hz and 100 Hz), 

although with similar stimulation intensit:" prodllced lesser 

analgesia. A later study by the same research group demonstrated 

that contintious 80 Hz TENS produced the greatest elevation in ice 

pain thrcshold III normal healthy subjects wh en compared with 

several other pattens of stimulation (Johnson et al., 1991). Thus, 

low intensity, high freqllency TENS at 80 Hz was used in the present 

stlldies, which will be described in detail in Chapter 2 and 3. 
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However, not ail proposed mf!chanisms underlying TENS analgesia 

discussed below wholly sllpport the above concept. 

Mechanisms Underlying TENS Analgesia 

Although the mechanisms undellying TENS analgcsia arc still 

unclear, several hypotheses have been proposed so far. Thcsc 

include (1) peripheral mechanisms; (2) gate control theory; (3) 

endogenous palll control system; and (4) diffuse noxious inhihitory 

controls (DNIC). 

Peripheral Mechanisms. A pcripheral mech'lflism has becn 

proposed as one of the mechanisms underlying TENS analgcsia. This 

theOl"y suggested that peripheral nervc stllllulation could cause 

peripheral fatigue or peripheral electrogenic 

mediating fibers (Cambell and Taub, 1973). 

hlockade 01 pall1-

Ignel7.1 and Nyquist 

(1976) reported that peripheral nellrostimulation III cats altclcd the 

conduction velocity and fie amplitude of Au, AB and Ai) waves, with 

the more slowly-conducting Aù component showing the glcatest 

changes. They concluded that this direct altcl ation of periphcral 

nerve activity dis tal to the first synapse in the spinal cord might 

contribute to the pain relief observed. Consistent with these animal 

findings, Pertovaara () 980) demonstrated that high intensity TENS at 

high frequency caused human pain threshold elcvation for thcrmal 

stimuli only when thermal stimuli were applied at a sitc distal (hut 

not proximal) to the TENS electrodes. These findings suggcst that 

pain carrying fibres of the peri pheral nervous system arc subject to 

fatigue. 
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Gate Control Thcory. In the early 1960's, neurophysiological 

studies provided evidence that stimulation of low-threshold 

myelinated primary afferent fibers decreases the response of dorsal 

horn neUl"ons to small unmyelinated nociceptive fibers, whereas 

blockade of conduction in the large myelinated fibers enhances the 

nociceptive rcsponse of the dorsal horn neurons. The firing ~"If 

certain spmal cord neurons may therefore not be I~"eflected simply 

by the level of activity in nociceptive afferent input, but by the 

balance of activity between the unmyelinated nociceptive fibers and 

the myelinated afferents not directly concerned with pain. This idea 

was mtrodllced and elaborated upon by Melzack and Wall in 1965 as 

the gate control theOl"Y. 

Endogenous Pain Control Sys(crn. The endogenous pam control 

system was firstly proposed by Basballm and Fields (1978, 1984). 

Basically, it means that opioid peptides, such as enkephalin or 

dynorphin, mediate inhibition of nociceptors in the central nervous 

system. Now, there is a general agreement that high intensity, low 

fre'lllcncy acupllllctllre-like TENS (acu-TENS) involves an opiate

mediatcd pain control system, although the precise mechanisms are 

not 'lU ite weil understood. Sjolund and Eriksson (1979) observed 

that chronic pain patients receiving acu-TENS reported suppression 

of anaJgesic effects after injection of naloxone, an opiate antagonist; 

whercas those recelvmg low intensity, high frequency (called 

COll \le Il t ;Ollll 1) TENS reported no change in analgesic effects after 

naloxone injection. Cheng and Pomeranz (1979) also reported that 

naloxone hydrochloride could reverse the low frequency electro-
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acupuncture analgesic effects on the noxlous radi.mt heat respollsc 

in mice. Further evidence exists that acu- TENS, hke acupunctllll', 

produces an analgesic effect that has a slow onset and offsct, whkh 

IS consistent with the rclease of opioid substanc~s such as 

endorphins, enkephalins or dynorphins into the circulatory systcm 

(Hughes et al., 1984; He, 1987). 

ResuIts of studies concerning whether conventional l'ENS "Iso 

involves an endogenous opioid pain control system alc ,:onflicting. 

According to the gate control theory mcntioncd ahovc, il IS 

expected that low intensity TENS should generalc a pain relief having 

a rapid onset and offset. The latter has bccn attributcd to a nOI1-

opiate segmental inhibitory mechanism (Willer ct al., 1 ()X2). Sevel al 

researchers demonstrated that the analgesic cffects of conventional 

TENS was immediate (Sweet and Law, 1(83) or within 10 10 15 mm 

(Eriksson and Sjolund, 1976), showing a relative rapid offset aflci 

stimulation (Anders son and Holmgren, 1976; Hughcs ct al., 19H4), 

and the effects could not be blocked by the admlllistiatioll of 

naloxone (Freeman et al., 1983; Sjolund and Eliksson, 1979; Wi IIcr 

et al., 1982). However, there is abundant evidcncc showing that 

TENS analgesia has a graduai onset and offset. Chan and Tsang, 

(1987) observed that the lime to peak maximum IIlhibitory cffcct 

on the flexion reflex recorded in both the hip flexor OIF) and biceps 

femoris (BF) took 20 and 30 min respectively aftcr the 

administration of conventional TENS. Moreover, the flexion reflex 

often did not return to control values even at 40-50 min after the 

stimulation. Comparing conventional TENS (100 Hz) with acu-TENS 
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(2 Hz), Hansson and Ekblom (1983) found no significant difference 

ln the induction lime (15-30 min after stimulation) for the first 

dctectablc or maximal reduction of acute oro-facial pain between 

the two types of TENS. An inerease in endorphin in the 

eercbrospinal flu id was found ln pain-free patients who received 

eonvcntional TENS (Salar et aL, 1981). Faechinetti et al. (1984) also 

reportcd 

threshold 

a concomitant Inerease 10 nociceptive flexion reflex 

and plasma opioids foJlowing conventional TENS 

In addition, Atweh and Kuhar (1977) demonstrated stimulation. 

that primary afferent terminaIs were laden with opiate receptor 

sites. Furthermore, the analgesic effeet generated by low intensity 

TENS on the tail immersion test was found to be antagonized by 

naloxone in rats (Woolf et al, 1977). 

The rcason behind these conflicting findings is becoming clear. 

Han et al. (1991) demonstrated that whereas aeupuncture-like TENS 

(2 Hz) significantly increased met-enkephalin-arg-phe from the 

preproenkcphalin, conventional TENS (100 Hz) produced a 

signif~eallt increase of dynorphin A from preprodynoephin. These 

authon, proposed that proenkephalin-derived peptides acted on the 

III Il rcceptors; whereas preprodynorphin-derived peptides worked 

on the kappa reccptors which were relatively resistant to naloxone 

blockage (Fei et aL, 1987; Goldstein et aL, 1979; Han et al., 1984). 

Therefore, insufficient dosage of naloxone used and/or failure to 

employ specifie kappa antagonists in the previous studies (Freeman 

ct al.. 1983; Sjolund and Eriksson, 1979) could explain why they 
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failed to show that conventional TENS analgesia was naloxonc 

reversi ble. 

Diffuse Noxious Inhibitory Controls (DNIC). Diffuse Noxious 

Inhibitory Controls (DNIC) was first proposed by Le Bars and his 

colleagues in 1979. It was so termed becausc the majority of 

convergent dorsal horn neurones bcing investigatcd, wlllch rl'ccived 

input from both large diameter and C afferent fibres. were round tn 

be powerfully inhibited by noxious stimuli applied to various parts 

of the rat body. In contrast, non-noxious stlllluli were ineffective in 

this respect. Among many dtfferent forms of noxlOus stimulI 

studied, transcutaneous electrical stllllulation of the 1 at tall was 

found to be one of the most effective noxiolls stirnuli in e1icitIllg 

DNIC. DNIC strongly depressed the C fible respnnse hy 60-100% 

following supra-inhibition threshold transcutaneOlis dcctlical 

stimulation (Le Bars et ,d., 1979). Further stlldtcs IIHlic'''.ed that 

DNIC involved endogenous opiates. Le Bars ct al. (1 tJX 1) l10tlccd a 

partial reduction in the DNIC inhibitory effects with a decreasc of 

about 50% for both Au and C fibre respol1se 10 min after naloxone 

administration. Add i tional eVldence rcported from the saille 

research Iaboratory demon strated that acu pUllet UI e, appl ied a t 

either an acupoint or a non-acupoint, and nOXlOliS thellllai 

stimulation induced similar strong inhibitory effects on the C-flhrc

evoked responses of trigeminal convergent neurons, and these 

inhibitions were followed by long-lasting aftcr-effects and could he 

significantly reduced by systemic naloxone (Ding et al., 1990) . 

Moreov~r, noxious mechanical stimulus was found to increase the 
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release of met-enkephalin-like material from heterosegmental levels 

of the spinal cord, but not from the neural segments related to tne 

stimulated area of the rat body (Le Bars et al., 1987). Thus, it is 

~peculated that the involvement of endogenous opiates in DNIC 

could play an important role in pain relief by TENS treatment. 

Pain Measurements 

One more issue concerning TENS analgesia is how to evaluate 

the effects of TENS on pain sensat!on. A wide variety of approaches 

to measuring pall1 has been advocated. Among them, the visual 

llllaiogue scale as weil as the flexion reflex will be employed in this 

study, and wi Il he discussed in detai} below. 

Visual Analogue Scale (V AS): The V AS IS probably the most 

commonly lIsed approach in both clinical practice and experimental 

settings. The V AS was first described by Huskisson (1974). 

Normally, it consists of a 10-cm straight line anchored at one end by 

a label such as "no pain", and at the other end by a label such as 

"pain as bad as it cou Id be". The line may be drawll either vertically 

or horizontally. Scoring is accompli shed by having the patient mark 

thc line to indicate pain intensity, and the tine is then measured to 

thc mark on eithcl a 1- 1 0 or 1-100 scale (Huskisson, 1974, 1982). 

Scott and Husklsson (1976) obtained a correlation of 0.75 between 

a four-point descriptive scale and a VAS drawn vertically. Dowine 

(1978) also reported correlation coefficients ranging from 0.71 to 

0.78 betwccn a four-point se ale and the V AS drawn vertically or 

horizontally used 111 two samples of rheumatoid patients. 
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Correlation coefficients were found to range from 0.60 to 0.63 

between the V AS and McGill Pain Questionnalrc (Elton ct al.. 1(79) 

Other researchers have also supportcd the rcltahility and validity of 

the V AS as a sensitive measure of patn intensity and of a change III 

pain sensation (c.r. McDowcll and Newcll. 19H7, Ohnhauts and 

Adler, 1975). However, the VAS, ltke othcr suhjectlve tl1C a Slll cs, IS 

constrf\ined by its potential susceptibility to contamination hy a 

multitude of factors external to the immediate palll sensation. l'hl' 

flexion reflex descnbed below has been found to he an ohJective and 

quantitative method of measurtng cxperimcntal pain, and IlI1eally 

correlated with stimulus intensity (r = 0.(1) and \Vith V AS scores (1 

= 0.84) 111 our prevlOus study (Chan and Dallaile, 19X9). 

Flexion Reflex (FR): The FR, evoked by cither a noxlous or non

noxious stimulus, IS considcred to be a polysynaptk spinal lellex. 

Lloyd (1943) observed that the FR in cats has two components, 

namely RH and RIII. They were so termed because the eillly 

component was mediated by groHp II fihcrs and the late cOlllponent 

by the slower conducting group III fihers. Similarly, two distinct 

electromyographic (EMG) components of the 1 ower-I im h f1exol S 

have been demonstrated 1Il human subjccts upon electrical 

stimulation of the sural nerve. The first component is accoi dlngly 

termed RAIl, and has a latency between 40 10 60 Illsec. The \econd 

higher thl'eshold component is named RAIII and has a longel latency 

of 70 to 150 msec (Hugon, 1973). These findings wcrc conf illncd in 

a previous study from our laboratory upon stimulation of the 

plantar nerve in the sole of the foot (Chan and T~ang, ) 9R5). 
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ft 18 widely accepled that the RAIl response IS a tactile reflex 

which is cvoked by non-noxious stimuli; whereas the RAIII response 

has a protective, nociceptive function and is elicited by higher 

intcnsity noxious stirruli (Collins et al., 1960; Hugon, 1973; 

Sherrington, 1910; Willer, 1977). Many pain researchers are 

interested m the RAIII response, because it is mediated by group III 

fibres .. ·,Ihich also mcdiate fast pain sensation (Lloyd, 1943; Perl, 

1969). Thus, it has the same threshold as that of pain sensation 

(Hugon, 1973; Willel, 1(77). Indeed, good correlation between 

subjective pain sensation and flexion reflex in tcrms of threshold, 

amplitudes and/or arca values has been demonstrated by various 

investigators (Bromn and Treede, 1980; Ch~!l and na!laire, 1989; 

Chan and l'sang, 1985, 1987; Luu et al., 1988; Willer, 1985; Willer et 

al.. 1984). For example, Chan and Dallaire (1989) showed that both 

V AS ratings and BF FR area bore a direct linear relationship with 

stimulus mtcnslty (r = 0.91; r = 0.95, respectively) and with each 

other (1 = 0.84). Furthermore, the FR amplitude was found to be 

modnlatcd in pal allel with that of pain sensation by the same mental 

task or morphine administration (Willer et al., 1979, 1980). In 

addition, Willer (1985) reported a c1ear increase in the RAIII 

rcsponse tilleshoid arter morphine administration (0.2 mg/kg). As 

a rcsult, the FR has increasingly been used as an objective pain 

measuremcnt III experimental pain research. The methodology for 

pro\'iding quantitative measllrements of the human FR has been 

fllrthcr aefmed by Chan and Tsang (1985). It will be described in 

dctail latcr (Capter 2), since this technique will be employed in the 

prcsent stndy together with the V AS. 
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PROBLEM FORMULATION and OBJECTIVES of STUDIES 

As discussed above, the analgesic effects produccd by low 

intensity, high frequency TENS were reported by some investigators 

to be instant (Erikson and Sjolund, 1976; Sweet and Law, 19S3). 

However, one of our previous studies (Chan and 'l'sang, 19S7) 

showed that TENS produced a progressive rather than iml11cdiate 

depressing action on the flexion reflex (FR) wlllch was considercd to 

be a quantitative pain measure, and the FR depression olltlll.\'lCt! the 

stimulation for mOle than 50 min. A possible explanation fOI thcse 

contradictory results could be that TENS produces cl i IllJ l'tJ'' t rathcr 

than similar depressing influences on the FR proccssed at thc spillal 

cOrlf and subjective pain sensation processed at the cortical Icvc\. 

Therefore, the lirs! objective of our study was to cxamine whcthcr 

the antinociceptive influence of TENS on subjective pain sensation 

followed a .dmilar or dift'eren! time COlilse from that of the FR 

induced by the same maximally tolerable electrical stimulation. 

Our second question was: would the inhibitory cffects of 

repeated TENS applications on both subjective pain sensation and FR 

cumulate over time? It is known that perception of pain in humans 

involves the transmission of neural signaIs vIa many synapses 

connecting various neurons. These synapses are suhjcct to plastic 

changes (Nakata et al., 1979; Raisman and field, 1973; Starr and 

Wolpaw, 1993). Indeed, evidence is accumulating to indicate that 

even the hard-wired, monosynaptic spinal stretch reflexes can be 
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modified over time as a result of mental conditioning. Wolpaw et al. 

(1983) found that the amplitude of the spinal stretch reflex could 

be operantly conditioned to increase or decrease with respeci to the 

up- or down-training mode in monkeys. Later studies by this 

research glOUp (Wolpaw and O'keefe, 1984; Wolpaw et al., 1985) 

showed tha! the conditioned SSR change had two phases. A rapid 

initial jump, termed phase l, occurred within the first 6 hours and 

contributed to about 8% of the total changes. Phase II change 

occurred much more slowly and contributed to over 90% of the 

total change over weeks, with an average change of 2% pel' day. 

Studies on hmnans demonstrate.d similar changes as those on 

monkcys m both the time course and the magnitude of the spinal 

stretch reflex (Evatt et al., 1989; Segal et al., 1989). 

Consistent with the above findings, Levin and Chan ( 1989) 

found that 45 mm of TENS stimulation produced a significant 

prolongation of H and stretch reflex latencies In the spastic calf 

muscles, for up to 60 mm post-stimulation. They also de mon s trated , 

that repeated application of TENS for two and three weeks 

rcspectively increased the vibratory inhibition of the soleus H reflex 

(p = O.O~), and decreased the magnitude of stretch reflexes (p = 
0.05) in hcmi paretic patients (Levin and Hui-Chan, 1992). In other 

words. possible plastic changes in the stretch reflex pathway have 

been shown to OCClll' after long-term afferent conditioning in 

patients. 

AClltC change (inhibition) in the flexion reflex has also been 

reported to occur after a single session of afferent conditioning in 
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human studies (Chan and Tsang, 1987 ~ Facchinetti ct al., 1984). 

More specifically, in the majority of Il normal human subjccts, 30 

min of low intensity, high frequency TENS produced a progressive 

inhibition of the flexion reflex in biceps felnoris (BF) and tihialis 

anterior (TA) muscles. This inhibition lasted for up to 50 min after 

TENS. In contrast, placebo TENS application rcsulted in no 

significant change of the flexion reflex in all the muscles cxamincd 

(Chan and Tsang, 1987). 

In animal experiments, Chung et al. (1983) demonstratcd that 

the flexion reflex was maximally inhibited to 40.1 % and 42.7% of 

the control reflex after ] 5 min or 30 min pcripheral nervc 

stimulation in 27 decerebrate and spinal cats, ICSpccllvely. The 

post-stimulation effects lasted from less than 10 min to over one 

hour. 

Since the findings mentioned above suggest that affcrent 

conditioning can suppress the flexion reflex, and thal the spinal 

stretch reflex can be operantly conditioned to decrease, we 

speculate that repeated TENS applications ovel a period of time 

(weeks) could result in a signifieant cumulative rcduction of the 

flexion reflex. It should be note that possible long-term effc~t of 

TENS on the flexion reflex has not been investigatcd in either human 

or animal studies. 

Also as mentioned earlier, Chan and Dallairc (1989) 

demonstrated that the V AS score 18 li nearly correlated wilh the FR 

area under control conditions (Le. without any conditioning). 
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Furthermore, the FR amplitude was found to be modulated in 

parallel with that of pain sensation by the same mental task or 

morphine administration (WiJler et aL, 1979, 1980). In addition, 

Hui-Chan and Mah (1992) reported a high positive linear correlation 

betwecn the VAS and the FR during and after electroacupuncture to 

the contralateral leg alone (r=0.89) and with simultaneous 

clcctroacupuncture to the contralateral arm (r=0.9J), in subjects 

showing a decrcase ln the FR area. HO\,lever, it is not dear whether 

such a rclationship between subjective pain sensation and FR 

Icsponses will change with reference to possible cumulative effects 

of TENS. Thus, the tllinl objective of our study was to investigate 

whcthcr the linear relationship between V AS scores and FR area was 

modifiable by long-tenll TENS application. 

ln summary, the objectives of the present study were threefold: 

(1) to determine whether the influence of a single TENS application 

on subjective pa 111 sensation followed a similar or different time 

course as that of the FR; 

(2) to dctermine whether the effects of repeated daily TENS on 

subjective palll sensation and FR would cumulate over time; 

(3) to investlgate whether the relationship between subjective pain 

sensation and FR responses was modifiable by long-term 

affcrent conditioning via repeated TENS applications . 
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CHAPTER 2* 

TENS exerts a prolonged and parallel inhibition 

of electrically induced pain sensation 

and flexion reflex in man 

* This chapter is modified from a paper with the ~ame title by l'ui
Chan, C.W.Y. and Liu, J. in preparation for submission Lo e.ru.n . 
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SUMMARY 

Our previous study showed that low intensity, high frequency TENS produced a 

progres~ive and prolonged inhihitory influence on the lower limb flexion reflex (FR) in 

man. The ftrst ohjectlve of our present study was to deterrnine if the influence of TENS on 

suhjective pam sensation followcd a similar or different time course from that on the FR. 

The sl'wnd ohjective was to examine whether the linear relationship previously observed 

hetween suhJective pain estimates and FR areas was modifiable hy such prolonged (60 min) 

al"l"erent conditioning. 

Twenty young healthy suhjects were randomly assigned to a TENS or a placebo 

group, with 10 in each group. Sixt Y minutes ofTENS or placeho stimulation was applied to 

the lumhro-saeral region. The FR was elicited by electrically stimulating the sole of 

suhjeet's right foot at maxlmally tnlenlble intensity, and reeorded electromyographically 

!tom the Ip~llateral hlceps fel1101;s (BF) and tihialis anterior (TA) muscles. Suhjective pain 

~Cllsat\On was mea~ured using the visual analog seale (V AS). ANOY A and planned 

compallSOI1 te~t~ were employcd to analyœ the data ohtained before, during, and up to 60 

min lIlf('/" l'ENS (lI placeho stimulation. 

FOlII main f\l1ding~ cmergcd. Firstly, the group mean V AS score reduced 

pmgresslvdy during TENS, and reacher statistical significance dUl;ng the 4ter stimulation 

pcriod 111 the TENS (to X5.2% of control value, p < 0.(5) hut not placebo group (to 102.9%; 

p > 0.(5). S('('OIull", the group mcan TA FR arca dccreased significantly during the alter 

stimulation peïiod in hoth TENS (75.3% of control value; p < 0.01) and placebo groups 

(R!\.2%; p < 0.(5). In comparison with placebo stimulation, however, TENS did produce a 

statistically greatcr amount of mhihition (p < 0.(5). The group mean BF FR area decreased 

sigmfu:antly during the lifter stimulation pel;od in hoth TENS (78.2% of control value; p < 

0.01) and placeho groups (85.8 c,kl; p < 0.05). However, a hetween-group comparison 
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showed that TENS did not producc significantly grcalcr cffccts on BF FR area than placcho 

stimulation. Thirdly, the inhihitory intluencl! .,1 1 hNS on V AS Sl'or~S follnwed a similar 

time course as that on FR area, with post-stimulation effccts lasting over 60 min. FOI/l""'''. 

60 min ofTENS did not modify the lmcar reh~tionship hctwc~n the V AS score all,j FR 'In,'a 

and showed a correlation coefficient (r) of 0.93 and 0.95 respectivcJy for TA and HF FR 

areas. 

Our results suggest that proie·, ~ed stimulation of large diameter lïhcrs, such as 60 

min of low intensity, high frequency TENS, produœd inhthitory infllll'Ilù' 011 huth 

subjectIve pain sensatlOll and Ilcxioll rcllcx that had a sinlllar tune cOl\l"se. Such sil1ular 

cffects arc prohahly the rcsuIts of comparahlc proccssing at hoth cortical and spinal kvcls. 

The finding of a persistent post-stimulation errect is consistent Wilh prcviolls results 

showing the involvement of endogenous opioids in TENS analgesia. 

Key words: transcutaneous clcctrical nerve stimulation (TENS); flexion rellex; visual 

analog scale (V AS); subjective pain sensation; cxpcrimcntal pain 
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Introduction 

Transcutaneous electrical nerve stimulation (TENS) has been 

demonstrated to be effective ln treating a number of pain 

conditions. Sorne examples are low back pain (Fox and Melzack, 

1976; Long et aL, 1979; Marchand et al., 1993; Melzack et al., 1980, 

1983), myofacial pain (Griaff-Radford et al., 1989), rheumatoid 

arthri ti s (Mannheimer and Carlsson, 1979), and postoperati ve pain 

(Smith et al., 1986, Warfield et al., 1985). The analgesic effects 

produced by low intensity, high frequency TENS were reported by 

some invcstigators to be immediate (Sweet and Law, 1983) or within 

10 to 15 min (Erikson and Sjolund, 1976), showing a relatively rapid 

offset after stimulation (Andersson and Holmgren, 1976; Hughes et 

al., 1984). Indced, Willer et al. (1982) found that this type of TENS 

induced a rapid depression of the blink reflex, which manifested no 

post-sti mulatlon effect and was not reversed by naloxone. 

ln a previolls study using the fl~xion reflex (FR) as a quantitative 

pain Ineasure, we found the opposite: TENS produced a progressive 

l'ather th an il1lmediate depressing action that outlas ted the 

stimulation for more than 50 min (Chan and Tsang, 1987). Such 

contradictory results on the FR and subjective reports of clinical 

palll are puzzling. A possible explanation could be that TENS 

produces di!t'l'rellt rather th an si mi/ar depressing influences on the 

FR proccsscd at the spinal cord and the subjective pain sensation 

processed at the cortical level. In other words, TENS could have 

induced progressive and persistent inhibition of the FR, but 

immediate and brief inhibition of pain sensation. An alternative 
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explanation could be that clinical pain i!; different frOI1\ 

experimental pain. Thu!;, the first objective of our study was to 

examine whether the antinociceptive influence of TENS on subjective 

pain sensation followed a similar or different time course from that 

of the FR induced by the Sllme maximally tolerable electrical 

stimulation. 

Now. subjective pain sensation has been assessed uSlIlg the 

visual analog scale (V AS). The latter was found to be reliable and 

sensitive to small changes in pain (Huskisson, 1974; Scott and 

Huskisson, 1976), and highly correlated (r = 0.62 to 0.98) with 

other pain scales such as numerical rating scales, simple descriptive 

se ales and graphic rating scales (Downie et al., 197X). Of relevance 

to the present study is our own finding that the EMG area of the FR 

generated in a lower Iimb f1exor (the biceps femoris) is Iinearly 

correlated (1' = 0.84) with the s!:bjective pain sensation assessed by 

VAS scores (Chan and Dallaire, 1989). This latter finding 

eorroborated with those observed by Bromm and Treede (19XO) III 

an upper Iimb extensor, and by Willer et al. (1984) lIsing a 

numerical rating. A second question therefore arises: Is the linear 

relationship between the FR and subjective pain modifiable by 

pr 110nged afferent conditioning throllgh low intcnsity, high 

frequency TENS? 

In other words, the objecti ves of the present study were 

twofold: 1) to determine whether the influence of TENS on the 

subjective pain sensation followed a similar or differenl lime course 

as that on the FR recorded in the lower limb f1cxors; and 2) lo 
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determine whether the linear relationship between V AS scores and 

the FR was modifiable by prolonged afferent conditioning sueh as 60 

min of TENS. 

Methods 

Subjects 

Twenty-six paid, healthy university students with no existing 

ncurological and neul'omuscular disorder or pain syndrome were 

reeruited for a screening test. Twenty of them (aged 19-24, 11 

males and 9 females) who showed a stable FR over an hour of 

reeording participated In the main study. They were randomly 

assigned to cither a TENS (5 males, 5 females) or a placebo group (6 

males, 4 females). SlIbjects were advised not to take any food/f1l1id 

containing caffeine prior to the ex periment, beeallse chemieals sueh 

as caffeine had been found to blo~k the antinoeiceptive effects of 

opioids (Yashpal and Henry, 1992). None of the subjects had 

experienced TENS before, and everyone signed an "Informed Consent 

Form" approved by the local ethics committee. 

TENS llml Placeho Stimulation 

A dual channel portable TENS unit (Staodyn MAXIMA III) 

provided electrical stimu lation of 140 fl sec square pulses at 80 Hz to 

the subjcct's low baek for 60 minutes. Two skin eleetrodes 

(Staodyn Lo-back electrode) measuring 16.5 x 3.2 cm eaeh were 

placed 111 parallel over the lumbro-sacral reglOn (L4-S2) 
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paraspinally. This particular site was selected because it rcceivl's 

similar segmental innervation as the area antero-Iateral to the 

median arch of the foot (L4-S2) where the painful FR stimulus was 

applied. The intensity was adjusted to produce a tingling sensatIOn. 

and was approximately 2-3 times the sensol'y th.cshold. PI tiC t' h il 

stimulation was delivered in the saille fashion using sham 1II111s 

which were identically lookwg, but whose internai cirCUit hall 

previously been disconnected. AIl subjeets were tol<l Ihat they 

might or might not feel the stimulatIOn OVCI time. Thcse plocedllll's 

controlled psychologieal factors such as stress or subject hlllS, 

which had been shown to wfluence outcome (Willel and I\blc

Fessard, 1980). The resu hs of stimulation were asscssed lISlllg hoth 

the FR and V AS scores described below. 

FR Recording 

Details for diciting and recording the FR have been descrihed 

elsewhere (Chan and Dallaire, 1989; Chan and l'sang, 19H5, 19H7) 

They are now presented below. 

To elicit the FR, the cathode (Graphie Control Mcdi-Trace pellet 

electrode) wa1'> strapped under pressure over the arca anlel io-Iatel al 

to the median arch of the nght foot. The anode (a silver plate) was 

placed over the dorsal aspect of the foot. Once ail Ihe e1ectlode~ 

were afflxed, the subject lay eomfortably in a sCIllI-inclined position 

(Fig. 2.1). The right knee and ankle articulatIOns WCIC flxatcd hy 

partial casts in a relatively extended position to cnhance thc FR 

excitability (8axendale and Farrell, 1981; Faganel, 1973). 
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The electrical stimulation used to elicit the FR consistcd of il .\0 

msec train of 6 x 1 msec square pulses with an intelnal frequcllcy of 

200 Hz. It was delivered from a Grass S88 stimu latol via il stllllulllS 

isolation unit (Grass SIU5) and a constant ClIllcn( unit (Grass 

CCUI). The CUITent tntensity was adjusted to the InaXlIllUIll kI/el 

that the subject was able to to)erate. uSlIally ahout 4 tllncs the 

sensory threshold. ft was measured by connccting a passIve clIJ'lcnl 

probe for on-tine recording throughout the cxpcnmcntal session. 

Fig. 2.2 shows its stability over the period of FR recordlllg (scc 

Results) . 

To avoid habituation of the FR, the clcctrieal stimulatIon was 

applied with an inter-stimulus interval varying bctween 10 and lO 

sec (Dimitrijevic et al., 1972), as well as during a tonie backgroulld 

contraction of the relevant musc les (Deslllcdt and Ciodallx. 1976: 

Kearney and Chan, 1979). ft should oc noted that Ihe Jalter 

procedure has been shown to enhancc the FR (Jenllcr and Stephclls, 

1982). Subjects were in structcd to Inaintalll il constant ton 1 c 

background contraction of the ti bialis anlCIIO)' (TA) and hlccps 

femoris (BF) at around 10% of the respective Mye, aHkd hy the 

display of the fillered and smoothed EMG on an o<;ctllo<;(;ope 

(Tektronix 2213). Because It was impoJ"tant to mon 1 tOI the "ame 

type of motor neurons in tellns of iheir "Île (IIcnneman el al, 

1965), on-tine computer control via a EVCICX computcl (4X6 IBM 

compatible PC) ensured that the stimuli were delivclcd only whcn 

the subject's tonic EMG acti vit y reached the desi red Ievel ±. 15% for 

1 sec. 
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To record raw EMG activities from the TA and BF of the right 

lower extremity, bipolar surface eleetrodes (Graphie Control Med

Trace pellet eleetrode) were attaehed 4 cm apart to seratched and 

degreased skin over the respective motor points (Basmajian and 

Blumcnstein, 1980). For the BF, the ground electrode was placed 

over the lateral epieondile of the femur. For the TA, it was placed 

over the upper 1/3 bony shaft of the tibia. The EMG signais were 

ampli fied with a gain of 2,000, and band-pass filtered (10-500 Hz) 

with Disa (15 C 01) EMG amplifiers. They were then sampled on-line 

by an Everex computer at a frequeney of 4 kHz, for 100 msee prior 

to and 400 msec after the FR stimuli. For averaging purposes, 15 

rcsponse ensembles of the FR were recorded at 10 min intervals 

he(ore, and 20 min intervals dur;ng and up to one hour after 60 min 

of TENS or placebo stimulation. 

Sll/~iect;"e Pa;n Evaluat;on 

Subjcctive pain sensation was measured UStng the visual 

analogue scale (V AS), whlch eonsisted of a horizontal 20 cm line 

anchOlcd at the left end by "threshold intensity" (no pain) and the 

right end by "maximal tolerable intensity" (pain as bad as it could 

be) (Jensen et al., 1986). The V AS was attached to a linear 

potentiometer connected to the Everex computer for readout and 

storage. Each subject's sensory threshold was determined, and the 

maximal tolerable intensity aseertained by gradually increasing 

stimulus intensity until pain toleranee was reached. Immediately 

following each FR recording, the subjeet was asked to give an 

estimation of the intensity of the pain elicited by the eleetrical 
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stimulation, by moving the cursor on the V AS. Afterwards, they 

were instructed to return the cursor to the left end of the seale (i.e. 

the "threshold intensity" position). This was donc to eliminate the 

potential bias resulting from eomparison to previous estimations 

(c.r. Chan and Dallaire, 1989~ Dal1aire and Chan, 1987). 

Data Analysis 

Matlab and SPSS professional statistics packages were used tn 

analyze the EMG data and V AS scores. EMG signais were rectified, 

then FR areas were computed by integrating the areas unr4erneath 

the EMG curves over windows ranging from 40 to 200 mscc 

according to individual FR response pattens. FR arca values and V AS 

scores were pooled for each of the 3 time periods ht'.Io/"(', tllI"il/~, 

and alter TENS or placebo stimulation, and then 1101 mal ized to the 

mean of their respective control value (i.e. the pooled data obtained 

before the stimulation). The effects of 60 min of l'ENS on hoth FR 

areas and V AS scores were compared with those of placeho 

stimulation using two-way mixed design analysls of variance 

(ANOV A), followed by planned comparison post hoc tests with 

Bonferronic correction (Oison, 1987). Pcarson's correlation 

coefficient tests and linear regression analyses wcre cmployed to 

determine the relationship between V AS scores and FR arcas as a 

resuIt of TENS application. A statistical significance Icvel of p < 0.05 

was set for ail tests . 
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Resolts 

Stahility of Electrical Stimuli Eliciting the FR 

Fig. 2.2 shows that the electrical current intensity used to elicit 

the FR was stable throughout the recording period in one subject 

each from the TENS (left plot) and placebo group (right plot). Note 

the similarity in current intensity .ipplied to the se 2 sub~iects, which 

was typical of the TENS (mean = 18.6 + 1.6 mA) and placebo group 

(mean = 18.1 + 3.5 mA). 

Influence (~,. TENS and Placeho Stimulation on Sub.iective Pain 

SensatlOll 

Fig. 2.3 shows the effect of 60 mm of TENS (left plot) and 

placebo stimulation (right plot) on subjective pain sensation in one 

subject from the respective group. Each data point represents the 

mean of 15 V AS scores + 1 S.D., expressed as a percentage of the 

mean control value (average of 3 ensembles of 15 V AS scores 

recorded at 10 min intervals before stimulation). Note that V AS 

scores progressively decreased du ring TENS and reached a maximum 

value at 60 min after TENS was turned off. In contrast, placebo 

stimulation prcduced a negligible influence on the V AS scores. 

Fig. 2.4 iIIustrates the effects of TENS and placebo stimulation 

on group means V AS scores. I:ach histogram column represents a 

mean of 10 x 45 V AS scores nO subjects; 45 trials per subject), 

expressed as a percentage of the mean control value obtained 

"t)t'ort) stimulation. Note that the group mean VAS score was 
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reduced during TENS and reached statistical significance during the 

60 min post-stimulation period III the TENS (to 85.2% of control 

value; p<0.05), but not in the placebo group (to 102.9l'k; p«).05). 

Moreover, a between-group companson revealed that l'ENS 

produced statistically greater pos t-stimulation effects on V AS scores 

than placebo stimulation (p<0.05). 

Effects of TENS and Placebo Stimulation on Flexion Reflex 

Fig. 2.5 illustrates the effects of 60 min of TENS (left plots) and 

placebo stimulation (right plots) on the TA FR responscs III one 

subject from each group. 

rp~tified FR EMG signais. 

Each plot represents the mean of 15 

Fig. 2.5 (A-C) on the left shows the contlOl 

rcsponses obtained respectively at 30, 20, and 10 min hl'./ore l'ENS. 

Fig. 2.5 (D-F) iIIustrate the progressive inhibition of the FR responses 

at 20, 40, and 60 min ;nto TENS. Intcrestingly, the FR responses 

became even more inhibited during the 3 x 20 min intervals lI/,ur 

TENS was turned off (Fig. 2.5.G-I). In contrast, placeho stllllulation 

produced only negligible inhibitory effects on the TA FR (right plots 

in Fig. 2.5). Note that there wele differences ln the FR pattens 

between the two subjects. The subjecl in lhe TENS group displayed 

an FR with a double peak, while the subject in the placeho group 

showed an FR with a single peak. Off-line calculation revealed that 

the FR in Fig. 2.5.A on the left had a latency of 60 ms and a duration 

of 110 ms (i.e. it lasted from 60 to 170 ms), while the other one on 

the right had a latency of 61 ms and a duration of 47 ms (i.e. it 

lasted from 61 to ] 08 ms). A close check of ail the subjects' data 
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showed that the two pattens of FR were found in both TENS and 

placebo groups. 

Fig. 2.6.A shows the effects of TENS and placebo stimulation on 

the TA FR area. Each histogram column represents a mean of 10 x 

45 FR arca values (10 subjects; 45 trials per subject), expressed as a 

pcrcentage of the mean control value obtained hefore stimulation. 

The group mean TA FR area was significantly decreased during the 

lifter stimulation period in both TENS (to 75.3% of control value; 

p<O.OI) and placebo groups (to 88.2%; p<0.05). In comparison with 

placebo stimulation, however, TENS did not produce a significantly 

greater amount of inhib:tion (p<0.05). 

Fig. 2.6.B shows the effects of TENS and placebo stimulation on 

the BF FR area. The group mean BF FR are a was significantly reduced 

to 78.0% of control value (p<O.Ol) during the aiter stimulation 

period In the TENS group, and to 85.8% (p<0.05) in the placebo 

group. I-Iowever, despite the tendency towards greater inhibition, a 

between-grollp comparison showed that TENS did not prodllce 

significantly greater effects on the BF FR area than placebo 

sti mu lat ion. 

Rellitio/lship hl'tweell VAS Scores and FR Arells Before, During and 

Alter TENS 

Fig. 2.7 shows the tinear regression tine drawn between VAS 

scores and FR are a values. The 9 data points in each graph were 

obtained at .~ x 10 min intervals hefore and 3 x 20 min intervals 

during and aftl'/' TENS. Each of the 9 data points represents a mean 
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of 10 x 15 trials (10 subjects with 15 trials per sllbject), and is 

expressed as a percentage of the group mean control value (average 

of 3 ensembles of 15 trials in the TENS group recordcd hefore TENS 

for the 10 sllbjects). It IS evident that VAS scores wcre highly 

correlated \Vith both TA FR area and BF FR area values. with a 

correlation coefficient (r) of 0.93 and 0.95 and a slope of 0.55 and 

0.61 respectively . 
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Fig. 2.2 Intensity of the electrical current that e!icited the FR in one subject from each of t"'e 
TENS (left) and placebo group (right). Each data point represents the mean of 15 trials 
+ 1 S.D. 
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Influence of 60 min of TENS (left plot) and placebo stimulation (right plot) on VAS scores in 2 different subjccts. 
Each data point represents the mean of 15 VAS scores ± 1 S.o .. cxpressed as a percentage of the mean control value 
(average of 3 ensembles of 15 VAS scores obtained al 10 min intef\al before stimulation). 
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Effects of TENS and Placebo Stimulation on VAS Score 
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Fig. 2.4 Effects of 60 mm of TENS (black columns) and placebo 
stimulation (stnped columns) on group means of VAS 
scores. Each column represents a meun of 10 x 45 VAS 
scores (10 subJects with 45 trials per subject) expressed as 
a percentage of the mean control value obtained before 
stimulation. 
* denotes the \\ nhm group comparison between the period 
belore and a.ttl!r. and represents p<O.05. 
# denotes comraflson between TENS and placebo group, 
and represents r<0.05 . 



• • 

.. 
2-
'" ~ 
2 
=a 
E 
< 
CI: 

"" 

Influence of 60 min of TENS and Placebo Stimulation on Tibialis Anterior FR 

TENS Placebo 
500. 81'.1'- ...., ... " ,,..::==:....:~:::.. ___ --"A:...,i 1 ft C 100, a.r.r. Placebo la B c 

150 400 

0 
o ~ ,~ ./\..F,........., ~- ~ K ....... ';- , ~~...t ,1....,. .)V~._~, 

soo 
1100 Durlnl! Placebo Il 

~ 
F 

150 

0 

, 

J,\. ~~~ ~.l lIuN.... 

400 ~A 
" 

so~Af~er TENS (; " 80. Ariel' Placebo Il 

150' 4001 

o ~ ··\......~~·i~~~i~{' ... "'Iw'1 

• Ion 0 100 200 JOO 41111 0 100 200 lOO 4011 Il lilfl 2011 300 4011 ~,~b~~I..
...~r-=' .- -r", 

1 011 1011 :lM 4110 2111' )1111 41111 
• lM 200 lOO 400 Il 11111 

Tlme (min) l1me(mln) 
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Effects of TENS and Placebo Stimulation on FR Area 
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Fig. 2.6 Effects of 60 min of TENS (black columns) and placebo stimulation (striped 
columns) on group mcans of the (A) TA and (B) BF FR area. Each column 
represents a mean of 10 x 45 FR area values (lO subjects with 45 trials per 
subject) expressed as a percentage of the mean control value obtained before 
TENS or placebo stimulation. 
'" and ** denote the within group comparison between the period before and 
after, and represent p<O.05 and p«l.Ol respectively . 
# denotcs the comparison belween the TENS and placebo group, and 
rcprescnts P<O.05. 
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Fig. 2.7 Linear regression lines drawn betv. "'en VAS scores and (A) TA and (B) BF FR areas 
obtained al 3 x 10 min intervals before and 3 x 20 min intervals during and after TENS. 
Each of the 9 data points represents a mean of ] 0 x 15 trials (10 subjects; 15 trials per 
subject) expressed as a percentage of the group mean control value (average of 3 
ensembles of 15 trials recorded before TENS for the 10 subjects). 
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Discussion 

DepressinR Efleet (~f TENS on Su/~iective Pain Sensation 

ln contrast to placebo stimulation, low intensity, high frequency 

TENS progressively depresscd the subjective pain sensation as 

measured by VAS scores during the 60 min treatment period (Fig. 

2.3). After TENS was turned off, the depressing effect further 

increased instead of recovering, and reached statistically significant 

dcprcssion during the 60 min period {~fte r TENS was turned off (Fig. 

2.4, black column). Il ShOllld be interesting to document how long 

this antinociceptive post-stimulation effect lasts. However, since 

the 2 1/2 hours of recording required by our protocol was already at 

the limit of our subjects' tolerance level, we were not in a position 

to funher prolong our post-stimulation recording period because of 

ethical considerations. 

The mechanism lIndcrlying TENS analgesia IS not entirely 

understood yet. Il is commonly accepted that TENS analgesia can be 

at least partly explained by the gate control theOl'y (Melzack and 

Wall, 1965), which states that stimulation of low threshold large 

myelinatcd primary afferent fibers can decrease the response of 

dorsal horn neurons to small nociceptive fibers. A reeent study 

from our lahoratory showed that both eonventional (i.e. low 

intcnsity, high frequeney) and aCllpllnctllre-like TENS (i.e. high 

intensity, low freqlleney) aetivatcd similar affcrent fibers, 

predominantly in the Au P range (Levin and Hui-Chan, 1993) . 

Accordingly, the stimulation parameters used in the present study 
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should likewise activate large diametcr fibers. Thus, it could bc 

argued that stimulation of large diameter fibers cou Id l'l'duce the 

transmission of pain signais by the small nociccptivc fihcrs, Icading 

to the depression of VAS scores durillg TENS stimulatIOn III tHII 

study (Fig. 2.3 and the middle shaded column of hg. :2..t). What 

th en could account for the post-stimulation cffccts obscl ycd 111 0111 

experiment? 

It is generally agreed that acupunctulc-like TENS analgcsla IS 

probably mediated by the endogenous pain Inhloltory system fllst 

proposed by Basbaul11 and Fields (197R, 19X4). Thts IS hased on 

studies which showed that acupuncturc-likc l'EN S plOduced gl adual 

onset and long-lasting analgesic effects (Andersson et ai. 1 97 ~: 

Pomeranz and Cheng, 1979), that wcre hlocked hy the 

administration of naloxolAe, an opiate antagonist (Cheng and 

Pomeranz, 1979; Sjolund and Eriksson, 1(79). Illdeed, a dilcct 

increase of opioid peptides in thc cerebrospinal f1uid «('SF) has heell 

found after acupuncture-Iike TENS by a nllmbcr of rcsearchel s (e.g. 

Sjolund et al., 1977; Han et al., 1991). 

However, low intensity, high frequency (the so-called 

conventional) TENS was used in our present study lathel than 

acupunctule-like TENS, ln thls contcxt, therc has heen ,,>o/lle 

controversies regarding thc mechanism rcspon~"hle fOI medlating 

conventional TENS analgesia. For sometime, It was thought to involve 

non-opioids systems, since a few studics had dcmonstrated that the 

analgesic effects generated by conventional TENS wcrc not hlocked 

by naloxone (e.g. Freeman et al., 1983; Sjo]und and Eriksson, 197<). 
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ln contrast. Woolf et al. (] 977) showed that the depressing effeet 

generated on the tail 
. . 
Immersion test by low intensity TENS was 

antagonizcd by naloxone in rats. Han et al. (1991) further 

demonstrated that whereas acupuncture-Iike TENS (2 Hz) 

significantly increased me t-e nkephal i n -arg- phe from the 

preproenkephalin. conventional TENS (100 Hz) produced a 

signitïcant increase of dynorphin A from preprodynoephin. These 

authors proposed that proenkephalin-derived peptides acted on the 

mu receptors; whereas preprodynorphin-derived peptides worked 

on the kapPll receptors which were relatively resistant to naloxone 

hlockage (Fei et aL. 1987; Goldstein et al.. 1979; Han et aL, 1984). 

Thcrcfore. insufficient dosage of naloxone used and/or failure to 

employ specific kappa antagonists in the previous studies (Freeman 

ct al.. 19M3; Sjolund and Eriksson. 1979) could explain why they 

failed to show that conventional TENS analgesia was naloxone 

reversible. 

As mentioned III the Introduction, sorne in vestigators have 

reported that conventional TENS produced on instant pain relief 

(Andersson et aL, 1977; Eriksson and Sjolund, 1976). In contrast, 

our present study showed that conventional TENS analgesia had a 

graduai onset and that the effect was even greater during the 60 min 

l'ost-stimulation period (Fig. 2.3 and the right black column of 2.4). 

The reason behind these conflicting findings IS not clear, but one 

possihle explanation could be that we used a longer duration of 

sti Illulation. This issue will be further discussed in the section 

below. 
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Inhibitory Effect of TENS on Flexion Re.f1ex 

As illustrated in Fig. 2.5 and Fig. 2.6.(right black column). 60 

min of TENS also produ(.,erl a progressive and prolongcd inhihition 

on both TA and BF FR, that reaehed statistical significalll:c (p<0.05 

for both muscles) during the period after TENS was turncd off. This 

result is consistent with our previous findings (Chan and Tsang. 

1987). Both studies demonstrated that TENS excrtcd a graduaI and 

prolonged inhibitory effeet on FR, and thus favOled the vicw that thc 

antinociceptive effects generated by low intcnsity. high freqllcncy 

TENS cou Id involve, at least in part, the lelease of endogenolls 

opioids. In addition tl) the evidence Illcntioned ahovc, thls 

speculation was supported by Facehinetti et al. (19g4) who found a 

concomitant increase in noeiceptive flexion reflcx thrcshold and 

plasma opioids following convention al TE NS. Furthcrmore, the 

present study showed that the FR became even more inhihitcd for up 

to an hour artel' TENS was turned off (Fig. 2.5 and 2.6), in conOast 

to our previous study which reported that the maximum inhibition 

occurred cl uri ng TENS and that the FR recovclcd somcwhat lI{le r 

TENS was turned off (Chan and Tsang, 1987). The faet that FR 

responses were further inhibited after TENS in the present study may 

be attributed to a longer duration of TENS (60 min) being lIsed an 

the present than the previous study (30 min). Galcia-Lanea et al. 

(1989) investigated the effec ts of 5 mlll of dorsal column 

stimulation (DCS) and TENS in patients with intractable pain, and 

found that the FR depression was rapidly reversed after stimulation . 

The short duration (5 min only) they used cou Id account for the 
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rapid recovery of the FR. Thus, it appeared that the longer the 

duration of TENS, the longer the post-stimulation effect. 

Our finding of a significant inhibition of the FR in both TA and 

BF muscles by placebo stimulation (p<O.05; Fig. 2.6.A and B, right 

stripped colurnns) raises an interesting point. It could be argued 

that such an inhibition may not be a pure placebo influence, that at 

least part of it could be due to the effect of repeating a constant 

stimulus over time. Il is known that the FR is subject to habituation 

(Dimitl'ijevic et al., 1972). Therefore, we had taken sorne steps to 

millimizc habituation, such as varying inter-stimulus intel'val and 

subjects hcing Instructed to maintain a constant tonic background 

contraction of the muscle being tested. Furthermore, only subjects 

showing stable FRs over an hour of recording during the screening 

test wel'e recruited for the study (see Methods). Nevertheless, our 

experimental session lasted 2 1/2 hours. 

of the FR cou Id not be entirely excluded. 

Thus, possible habituation 

This is why we included a 

placebo group ln our plOtocol design to take account of not only 

the placebo effect but also possible time effect. Whether there were 

l'eal placebo or purely time effects, findings from the present study 

did show that TENS produced a significantly greater inhibitory effect 

than placebo stimulation on the TA FR area. AIthough similar 

findings had not yet been confirmed for the BF FR area, a tendency 

for it to be more inhibited both durillg and lifter TENS than placebo 

stimulation was shown in Fig. 2.6.8 (black column). Such a lack of 

statistical significance may be due to the wide variability of BF FR 

area values and the small sample size. We speculate that the 
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difference between the effect of TENS and placebo stimulation mighl 

become significant for the BF FR area. if the duration of stimulation 

were longer. Further study is needed to confinll this conjectUlc. 

Relationship between Subjective Pain Sensation 111/d Flt'.don Rt:/lex 

As discussed above, 60 min of TENS produccd progrcssivc 

inhibitory effects on both subjective pain sensation and PR - both 

du ring and afte r the stimulation was turned off. ln other words. 

TENS appeared to produce parallel inhibition of thc two pain indices. 

This was illustrated in Fig. 2.7, which showed Ihal the dectcase of 

VAS scores was linearly correlated with both TA and BF FR area 

values before. during, and after TENS trcatment. This finding was 

consistent with that of Willer et al. (1979, 19~m), who tepotted that 

the amplitude of FR could be depressed (or facilitated) in parallcl 

with subjective pain repot t by a si ngle session of morphine or 

mental task conditioning. These findings indicatcd Ihat thc linear 

relationship observed between subjective pain sensation and FR 

under control conditions ln our previous s~lldy (Chan and Dallailc. 

1987), was not modified by a single sessIOn of aft'erent conditioning 

in normal subjects. Such inhibitory effects of TENS on suhjective 

pain sensation and FR were probably the tesults of parallel 

processing at both cortical and spinal levels. 

In conclusion, 60 min of TENS produced a similar inhibitory 

influence on both subjective pain sensation and flexion reflex that 

reached statistical significance during the post-stimulation period . 

Such parallei effects are p;obably the results of parallel proccssing 
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al both cortical and spinal levels. The finding of progressive 

anlinociccptive and long-Iast post-stimulation effects is consistent 

with prcvlous result~ showing the involvement of endogenous 

opioids in mcdiating low intensity, high frequency TENS analgesia. 
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CHAPTER 3* 

Antinociceptive Effects of TENS 

on Experimental Pain and }"Icxion Rct1ex 

Will Cumula te over Time 

* This chapter is modified from a paper with the sa me tille by Liu, 
1. and Hui-Chan, C.W.Y. in preparation for submission to e.illn. 
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SUMMARY 

Previou~ studies in our lahoratory showed that a single 30 min application of TENS 

produced a progres1>ive and prolongcd inhihition of both hiceps femoris (BF) and tibialis 

antcrior (TA) flexion reflex (FR) in the majority of the human suhjects cxamincd. In 

Chapter 2, we demonstrated that the dccrease in subjective pain sensation was linearly 

correlated witll the decrea1>C in lower limh FR area du ring and after 60 min of TENS. The 

fin" ohjcctive of our study was to dctcrminc whClhcr su ch supprcssing influencc on 

suhjective pain sensation and FR would cumulatc over a two-week period with repeated 

applIcations of daily TENS. We then set out to delineatc whether progressive changes in 

the relationship hetween suhjectivc pain sensation and FR could have resuIted from such 

long-lcnTI affcrent conditioning. 

Twenty young healthy suhjects were l'Undomly assigned to a TENS or a placebo 

group, wlth 10 in each. TENS or placeho stimulation was applied to the lumbro-saeral 

region for 60 minutes on 10 treatment days over a two-week perlod. The FR was elicited by 

clcctrically stimulallllg the sole of suhject's right foot and recorded electromyographically 

l'rom BF and TA muscles befOlt', du ring and after TENS or placebo stimulation. Subjective 

pain sensation was Illeasured using the visu al analog seale (VAS). ANOV A and planed 

comparison tests were used tn compare the data obtaincd before TENS or placebo 

stimulation on DaYI wlth those of DaylO and hetwecn the two groups. Pcarson's 

cOITclation coefficient tests and lincar rcgrcssion analyses wcrc cmployed to determinc the 

rdationship hetwccn VAS scores and FR areas on Dayt. DaY5 and DaylO. 

A signifkanl reduction of the pre-stimulation V AS control value from DaYl to 67.2% 

was found on DaylO \11 the TENS (p < 0.(1) hut not the placebo group (104.2%). For the 

TA FR area, the pre-stimulation control value was decreased l'rom DaYl to 68.6% on DaylO 

in the TENS group (p < 0.(1), hut not in the placebo group (92.5%; p >0.05). For the HF 
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FR 'lfea, both TENS and placeho stimulation significantly dcprcsscd the pre-stimulation 

controt value from DaYI to 63.8% (p < 0.(1) and 84.8% (p < O.OS) rcspectivdy on Dayto. 

In comparison with placeho stimulation. howevcr. TENS produced greater IIlhihitnry dfects 

(p < 0.01) on both VAS scores and FR areas of the two muscles examined. ln addition. thl' 

V AS scores were highly correlated with hoth TA and BF FR arl.'as. with corrl'1allon 

coefficienlli (r) of 0.93 and 0.95, 0.95 and 0.97, 0.78 and 0.68 rcspectivdy lor DaYI. Day'i. 

and DaylO. 

The above findings indicated that repeated daily TENS applÏl:ations prOlluccd 

cumulative inhihitory intluence on hoth suhjcctive pain sensation and FR over il lwo-week 

period. Such a graduaI devc10pment probahly implicatcd that plastic changes could have 

been induccd in the neural pathway. The similar crfccls of TENS on the Iwo pa1l1 imllcc!'. 

were probably the resuhs of similar proccssing at hoth cortical and spinal Icvc1s. 

Key words: transcutaneous c1cctrical ncrve stimulation (TENS); cxpcI;mcntal pain; Ilcxion 

reflex; subjective pain sensation; visual analog seale (V AS) 
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Introduction 

Perception of pain in humans involves the transmission of 

neural signais via many synapses connecting various neurons. These 

synapses could be subject to plastic changes (Nakata et al., 1979; 

RaÎsman and Field, 1973; Starr and Wolpaw, 1993) besides 

pharmaco]ogical manipulation. Indeed, evidence is accumulating to 

indicate that even the hard-wired, monosynaptic spinal stretch 

reflex can be modified over time as a resu]t of mental conditioning. 

More specifically, Wolpaw and colleagues (1983; 1985; Wolpaw and 

Carp, 1990; Wolpaw and O'Keefe, 1984) repOl'ted that both the 

spinal stretch reflex and the H reflex could be operantly conditioned 

to increase or decrease their magnitude over a training period of 

several weeks in monkeys. SimiJar changes have also been found ln 

normal human subjects (Evatt et aL, 1989; Segal et aL, 1989). In 

stead of mental training, Levin and Hui-Chan (1992) demonstrated 

that repeated daily application of TENS but not placebo stimulation 

for 3 weeks decreased the magnitude of stretch reflex ln 

hemiparetic patients. In other words, plastic changes in the stretch 

reflex pathway have been shown to occur after prolonged mental 

conditioning ln monkeys and normal humans or afferent 

conditioning in patients. 

Now, immediate changes in the flexion reflex (FR) have been 

reported to OCClll' aftel' a single sessIOn of afferent conditioning in 

both animal and human studies. Chung et al. (1983) showed that 

the flexion reflex was maximally inhibited to 40.1 % and 42.7% of 

the control value after 15 or 30 min of peripheral nerve stimulation 
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respectively ln decerebrate and spinal cats. The inhibitory effccts 

lasted from less than 10 min to over an hour aftcr tennination of 

the conditioning stimuli in 27 decerebrate and spillal cats. In 

human studies, Chan and Tsang (1987) demonstratcd that JO min 

of TENS applied to the low back produced a graduaI inhibitIOn of the 

FR in the biceps femoris (BF) and tibialis anterior (TA) muscles III 

the majority of 11 normal subjects, and the effects lastcd for up to 

50 min after TENS. Garcia-Larrea et al. (1989) rcpolted that I:R was 

depressed or suppressed by 5 min of dorsal column stimulation 

(DeS) or TENS in 11 of 2] patients with chronic intlactahlc pain. but 

the depression was rapidly reversed after stimulation. 

In view of the modifiability of the stretch lcflexes hy long-tcrm 

afferent conditioning, an interesting question arises: wOllld the 

inhibitory effect on the FR due to a single session of 'l'ENS cUlllulate 

after repeated applications over time? To our bcst knowledge, 

possible long-term effect of TENS on the FR has not hccn 

investigated in either human or animal stlldies. 

Now, subjective pain sensation, as measured by thc visual 

analog sc ale (V AS), has been found to con·etate with FR parameters 

such as threshold, amplitude and/or area values (Bromm and Seide, 

1982; Brown and Treede. 1980; Chan and Dallaire, 198<), Willer ct 

al., 1979; ] 980; 1983; ] 984). More specifically, Chan and Dallarie 

(1989) showed that VAS scores were linearly correlatcd with the FR 

areas recorded from the BF undcr control conditions (1' = O.K4). In 

the previous Chapter, we reported our finding that 60 min of TENS 

produced similar and pro]onged inhibition on both V AS scores and 
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FR areas, and that the se 2 pain indices were highly correlated for 

both the TA (r = 0.93) and the BF muscles (r = 0.95) even in the 

presence of afferent conditioning. However, it was not clear 

whether such a systematic relationship was modifiable by possible 

cumulative effects of long-term TENS application. Consequently, the 

first objective of our present study was to determine whether the 

suppressing effects of repeated daily TENS on subjective pain 

senHation and FR would cumulate over a two-week period in 

humans. We then set out to investigate whether there were 

progressIve changes in the relationship between V AS scores and FR 

areas as a result of such long-term stimulation. 

Methods 

Su/~ie('ts 

Twenty-six paid. healthy university students with no existing 

nel1rological and neuromuscular disorder or pain syndrome were 

l'ecruited for a screening test. Twenty of them (aged 19-24, Il 

males and 9 females) who showed a stable FR over an hoUt' of 

recording were sclected to complete the full study. None of them 

had ally expcrîcncc of TENS before, and cveryone signed a "Infol'med 

Consent Form" approved by the local ethic committee. 

Experimental Protoco! 

The twenty subjects were randomly assigned to either a TENS 

group (5 males. 5 females) or a placebo group (6 males, 4 females). 
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Both groups came to the laboratory to receive either convention,,1 

TENS or placebo stimulation that lasted for 60 minutes on 10 

treatment days over a two-week period. There was a two days' 

break between DaY5 and Dayt.. Stimulation outcome in the twu 

groups was assessed usmg both the V AS and the FR on the first. fifth 

and tenth treatment day. termed DaYI. DaY5 and DaYlo henccfOlth. 

Because of known circadian variation of human FR (Sandrilll ct aL. 

1986), every subject was assessed during the same pcriod of the day 

for the 3 testing sessions. 

TENS and Placeho Stimulation 

A dual channel portable TENS unit (Staodyn MAXIMA III) 

provided electrical stimulation of 140 ~sec square pulses at 80 IIz to 

the subject's low back for 60 minutes on each of the 10 trcatment 

days. Two skin electrodes (S!~odyn Lo-back electrode) Illcasuring 

16.5 x 3.2 cm each, were placed in parallel over the lumhro-sacral 

region (L4-S2) paraspi nally. This particular sIte was sclccted 

because it receives similar segmental innervation as thc area 

anterio-Iateral to the median arch of the foot (IA-S2) where the 

painful FR stimulus was applied. The intcnslty was adJlIsted to 

produce a tingling sensation and was approximatcly 2-3 limes the 

sensory threshold. Placebo stimulation was delivercd in the saille 

fashion using sham units which looked idcntical, but whose internaI 

circuit had previously been disconnected. Ali subjects were told 

that they might or might not feel the stimulation over time. These 

procedures controlled psychologieal factors sueh as stress or 
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subject bias, which had been shown to influence outcome (Willer 

and Albe-Fessard, 1980). 

FR RecordinK 

Details for elieiting and recording the FR have been deseribed 

elsewhere (Chan and Dallaire, 1989; Chan and Tsang, 1985, 1987). 

They are now presented below. 

To elicit the FR, the cathode (Graphie Control Medi-Trace pellet 

electrode) was strapped under pre~sure over the area anterio-lateral 

to the median areh of the right foot. The anode (a sil ver plate) was 

placed over the dorsal asptct of the foot. Once aIl the electrodes 

were affixed, the subjeet lay eomfortably in a semi-inclined position 

(Fig. 2.1 in Chapter 2). The right knee and ankle articulations were 

fixated by partial casts in a relatively extended position to enhance 

the FR excitability (8axendale and Farrell, 1981; Fagane1, 1973). 

The electrical stimulation used to elicit the FR consisted of a 30 

msec train of 6 x 1 msec square pulses with an internaI frequency of 

200 Hz. 1t was delivered from a Grass S88 stimulator via a stimulus 

isolation unit (Grass SIU5) and a constant current unit (Grass 

CCU 1 ). The current intensity was adjusted to the maximum level 

that the slIbject was able to tolerate, uSlIally about 4 times the 

scnsory thrcshold. It was measured by connecting a passive current 

probe for on-tille recording throughout the experimental session. 

Fig. 2.2 shows its stabitity over the pet'iod of FR reeording (see 

ResuUs in Chapter 2) . 
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To avoid habituation of the FR.. the stimulation was applied with 

an inter-stimulus interval varying between 10 and 20 sec 

(Dimitrijevic et al., 1972), 

contraction of the relevant 

Kearney and Chan, 1979), 

as we Il as d uring a ton ic hac kgwlInd 

muscles (Desmcdt and Godaux, 1976; 

It should he notcd t hat the latter 

procedure has been shown to enhance the FR (Jenner and Stephens, 

1982). Subjects were instructed to maintain a constant tonlc 

background contraction of the ti bialis anterÎol' (TA) and hiccps 

femoris (BF) at around 10% of the respective Mye, aided hy the 

display of the filtered and smoothed EMG on an osci Iloscopc 

(Tektronix 2213). Because it was important to monitot thc salllc 

type of motor neurons in terms of thcir SiLC (lIcnncman ct al., 

1965), on-line computer control via a Evclcx computcl (4X6 IBM 

compatible PC) ensured Ihat the stimuli wele dclivcred only whcn 

the subject's tonic EMG activity reached the desired lcvcl + 15% for 

1 sec. 

To l'ecord raw EMG activities from the TA and BF of the light 

lower extremity, bipolar surface electrodes (Graphic Control Mcd

Trace pellet electrode) were attached 4 cm apart to scratchcd and 

degreased skin over the respecti ve motor poi nts (Basmaj ian and 

Blumenstein, 1980). For the BF, the ground clcctrodc was placed 

over the lateral epicondile of the femur. For the TA, il was pluccd 

over the upper 1/3 bony shaft of the tibia. In an attempt to kccp 

identical sites for EMG recording on Day!, Day,; and Day 1 0, cach 

electrode location was marked on the skin usi ng a permanent ink 

pen at the end of the experiments on DaYI and Day.,. The EMU 
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signais were amplified with a gain of 2,000, and band-pass filtered 

(J 0-500 IIz) with Disa (15 C 01) EMG amplifiers. They were then 

sampled on-tine by an Everex computer at a frequency of 4 KHz, for 

J 00 msee prior to and 400 msec after the FR stimuli. For averaging 

purposes, 15 response ensembles of the FR were recorded at 10 min 

intcrvals hejorl', and at 20 min intervals du ring and up to one hour 

ajin 60 min of TENS or placebo stimulation. 

PriOJ to the FR recording, 3 maximum voluntary isometrie 

contractions (MYC) were recorded in both TA and BF muscles. The 

eleetromyoglaphy (EMG) aetivity generated by the MYCs of both the 

T A and HF will be used for normalization of the FR response. Several 

researchers have reported reproducible results with surface EMG 

rccording during Mye. Yiitasalo and Komi (1975) investigated the 

reliabllity and constancy of MYC of the rectus femoris muscle in 10 

normal subJects (aged 13-15). They found that the within-day 

reliability coefficient was 0.88 and the between-day constancy 

coefficient was 0.73. in terms of integrated EMG area reeorded by 

surfaet.' c1cctrodes at the motor point of the muscle. Therefore, we 

feel JlIstificd to nOl malizing the FR with regard to each subject's own 

Mye for comparison across subjects and/or sessions in our study. 

SIlI~iectÏ\'(' Pain E\'aluatÎoll 

Subjective Ilain sensation was measured using the visual 

analogue seale (Y AS), which consisted of a horizontal 20 cm line 

anchorcd at the left end by "threshold intensity" (no pain) and the 

right end by "maximal tolerable intensity" (pain as bad as it could 
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be) (Jensen et al., 1986). The Y AS was attached to a tincal' 

potentiometer connected to the Everex computer for readOllt and 

storage. Each subject's sensory threshold was determined, and the 

maximal tolerable intensity ascertained by gradually inereasing 

stimulus intensity until pain tolerance was rcachcd. Il11l1lcdialcly 

following each FR recording, the subject was askcd 10 givc an 

estimation of the pain intensity induccd by the c1ccll iea) 

stimulation, by moving the cursor on the Y AS. Aftcrwards, thl'Y 

were instructed to retul"Il the cursor to the left end of the scale (i e. 

the "threshold intensity" position). This was donc 10 ellininatc the 

potential bias that could result from comparison with plCVIOliS 

estimates (c.f. Chan and Dallaire, 1989; Dallaifc and Chan, ) <JX7). 

Data Analysl.\' 

Madab and SPSS professionaJ statistics packagcs were lIsed t(\ 

analyze the EMG data and VAS scores. EMG signaIs wcre Icctificd, 

then FR areas were computed by integrating the arcas undcl1lcath 

the EMG curves over windows that ranged from 40 to 200 msce 

according to individual FR response pattcns. V AS seOlcs WCIC 

pooled for each of the 3 time penods hefort', durilll-: and lIfllJr TENS 

or placebo s~lmulation on Day 1, Day) and Day 1 (), respecti vely, and 

then normalized to the mean of the pooled data ohtaincd !Jl'fore 

stimulation on Day l, FR areas were first pooled for each of the 3 

time periods hefore, during, and aiter the stimulation on Day 1, Day) 

and Dano, respectiveJy. Mean values of thesc pool cd data on cach 

of the 3 testing days were th en normalized with rcspect to the 

corresponding mean MVe EMG area values computcd over a window 
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of 100 ms. These 9 normalized FR/Mye area ratios and Y AS scores, 

Obtai ned hefore, during and alter stimulation per each of the 3 

testing days were again normalized to their corresponding value 

recorded IJl~rofl' stimulation on DaYI. Note that such normalization 

procedures permitted valid comparisons across subjects and testing 

sessions. 

The effects of 10 daily 60 min of TENS on both FR/MVe are a 

ratios (abbreviated as FR areas henceforth) and Y AS scores were 

compared with those of placebo stimulation using three-way mixed 

design analysis of variance (ANOV A), followed by planned 

companson post hoc tests with Bonferronic correction (OIson, 

1987). Pcarson's correlation coefficient tests and linear regression 

analyses were employed to determine the relationship between FR 

areas and V AS scores on Day l, DaY5 and Day 10. A statistical 

significance Icvel of p<O.05 was set for a11 tests. 

Results 

Rel'rot!ucihility (~r Maximum Voluntary Isometric Contraction 

Fig. 3.1 shows the EMG areas computed over a time window of 

100 ms during the Mye that was recorded in the TA (Fig. 3.1.A) and 

BF (Fig. 3.I.B) muscles of the TENS (black columns) and placebo 

group (stripcd columns) on the 3 testing sessIOns. Statistical 

analysis showed that there were no significant differences in these 

values hetwccn TENS and placebo group, or among the different 
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testings days for both TA and BF muscles. We thcrcforc normalil.l'd 

the FR areas to their respective MVe EMG arcas for comparisoll 

across the different groups and testing sessions (c.'" D'lta analysis 

above). 

Cumulative Elfecf.IJ of TENS 011 Suhjective Pai" SellslIfioll 

Fig. 3.2 compares the results of stimulation on the V AS SCOICS III 

a subject receiving TENS (left plots) with anothcr one rccclvlIlg 

p}acebo stimulation (right plots). Each data pottU leplescnts the 

mean of 15 VAS scores + 1 S.D., expressed as a pcrcentagc of the 

mean of the 3 ensembles of 15 V AS scores ohtai ned at 10 IllIIl 

intervals before TENS on DaYI. As leported in the preVlOliS Chapler, 

the VAS scores were progressively suppressed during 60 min of l'ENS 

but not placebo stimulation. On Day l, Day) and Day 1 (), Ihesc scoles 

were further suppressed during the (I.ller pel iod of l'ENS. Eveil mOle 

interesting is the finding that the V AS scores ohtained !Jelor(' l'ENS 

were progressively decreased from Day 1 through Day) 10 Day 1 O. In 

contrast, placebo stimulation dld not produce slIch a progressivcly 

suppressing effect on V AS scores. 

Fig. 3.3 shows the cumulative effects of l'ENS (bla<.:k <.:Ohttllllq 

and placebo stimulation (striped columns) on group mcan V AS 

scores. Each histogram column represents a mcan of 10 x 45 pl c

stimulation VAS scores (10 subjects with 45 tl ial~ pCI' suoJcct) 

obtained hefore TENS or placebo stimulation on Day 1 01 Daye; 01 

Day 10, and expressed as a percentage of the mcan pre-stimulation 

value on DaYI. Note that TENS but not the placeho ~timulatjon 
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(104.2%, p>O.05) significantly decreased the pre-stimulation VAS 

score from Day 1 to 67.2% on Day 10 (p<O.Ol). Furthermore, a 

between-group comparison showed that on DaYIO, the pre-

stimulation VAS value of the TENS group was significantly lower than 

that of the placebo group. 

Cumulative E.tfect (~f TENS on Flexion Reflex 

Fig. 3.4 illustrates the cumulative effects of 10 x daily 60 min of 

TENS (Ieft plots) or placebo stimulation (right plots) on the TA FR 

rcsponses III one suhjcct from each group. Each graph plots the 

l11ean of thrce ensembles of 15 trials (n = 45). Note that, from DaYl 

(top row) through DaY5 (middle row) to DaylO (bottom row), the FR 

rcsponses during the pre-stimulation period were progressively 

rcduced in tcrms of both EMG amplitude and area in the subject who 

received TENS (first column of left plots in Fig. 3.4). However, no 

sllch dramatic change was observed in the subject who received 

placebo stimulation (first column of right plots in Fig. 3.4). The 

difference in the FR patterns between the two subjects has been 

discllsscd in Chapter 2. These two patterns of FR were found in both 

TENS and placebo groups. 

Fig. ) .S.A shows the cumulative effects of TENS (black columns) 

or placebo stimulation (striped columns) on the group means of TA 

FR area. Each histogram column represents a mean of 10 (subjects) 

x 45 pIe-stimulation (trials) of FR area value obtained before TENS 

or placebo stimulation, and expressed as a percentage of the mean 

pre-stimulation value on DaYI. It should be noted that from DaYI to 
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D a y 10. the pre-stimulation TA FR area value was significantly 

decreased to 68.6% (p<O.OI) in the TENS group. but not in the 

placebo group (92.5%, p>O.05). A betwcen-group compal'lson 

further showed that on DaylO the pre-stimulation valuc TA FR arca 

value of the TENS group was significantly lowcr than that of the 

placebo group (p<O.Ol). 

Fig. 3.5.B shows the cumulative effects of TENS (black column) 

and placebo stimulation (stript!d column) on the group mcans of BI' 

FR area. 80th TENS and placebo stimulation slgniflcantly deplesscd 

the pre-stimulation BF FR area value from Day 1 to 6J.Rl,lf, (p<O.O 1 ) 

and 84.8% (p<O.05) respectively on Day 1 o. When compared wi th 

placebo stimulation, however. TENS produccd grcater depressing 

effects (p<O.OI) on the pre-stimulation BF FR arca. 

Changes in the Relatiollship betweell FR alld VAS 

Fig. 3.6 shows the tinear regression line drawn between VAS 

scores and (A) TA (left plots) and (B) BF (righl plots) FR arcas 

obtained from the TENS group on DaYI. Day). and DaYlo. The 9 data 

points in each of the graph were obtained al 3 x 10 min intervals 

before, and at 3 x 20 min intervals durin~ and alter 'l'ENS. Each of 

the 9 data points represents a mean of 10 x 15 trials (1 () suojects 

with 15 trials pel' subject), and is expressed as a pcrcentage of the 

group mean control value on Day 1 (i .e. average of the 3 x 15 trials 

recorded be.fore TENS on DaYI for the 10 subjccts in the TENS 

group). Note that V AS scores were highly corrclatcd with both TA 

and BF FR areas on Day l, DaY5 and Day 10, wlth correlati on 
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coefficients (r) of 0.93 and 0.95, 0.95 and 0.97, 0.78 and 0.68, and 

slopes of 0.55 and 0.61, 0.68 and 0.90, 1.05 and 1.39, respectively . 
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Fig. 3.1 Reproducibility of (A) TA Mye and (B) BF Mye EMG values rccorded in the 
TENS (black columns) and placebo group (~lripcd columns) on DaYl. DaY5 and 
Day 10. Each column repre~cnlc; a mcan of ) 0 x 3 Mye EMG arca values (1 () 
subjects wiLh 3 trials per subjccl) compulCd over a window of 1 00 m~ during the 
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Cumulative Effects of TENS and Placebo Stimulation 
on Subjective Pain Sensation over a Two Week Perio;] 
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Fig. 3.2 V AS scores progressively decrea.sed in a subject receiving 10 x daùy 60 min 
of TENS (left plots) but not ln the one recelving placebo stimulation (right 
plots). Each data point represenlS a mean of lS V AS scores ± 1 S.D., 
expressed as a percentage of the mean of 3 ensembles of 15 VAS scores 
obtamt!d at 10 min intervals before TENS or placebo stimulation on DaYl. 
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Cumulative EfTects of TENS 
and Placebo Stimulation on V AS Score 
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Fig. 3.3 Cumulative effects of TENS (black columns) and placebo 
stimulation (striped columns) on group mcan V AS scores. 
Each column represents a mean of 10 x 45 V AS scores (10 
subjects with 45 trials per subject) obtained hefori' TENS or 
placebo stimulation and expressed as a pClcentagc of the 
mean on Day!. 
* * denotes the within group comparison octwccn Day 1 and 
DaylO. and represents p<O.OI. 
## denotes the comparison between the two groups on 
DaylO. and represents p<O.OI . 
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Fig.3.4 Cumulative effecis of 10 " daily 60 min of TENS (le ft plots) and placeho stimulalion (right plols) on the TA FR 
respollscs in two diffcrcnt suhjccts. Each graph plOlS the mean of thrcc cnscmhlcs of ) 5 trials (Il == 45). Top row = 
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Fig. 3.5 Cumulative effect ofTENS (black columns) or placeho stimulation (stripcd 
columns) on group mean (A) TA and (B) BF FR arcas. Each co)umn 
represents a mean of 10 x 45 FR area values obtained be/ore ~timulation and 
expressed as a percentagc of ÛlC mean on Day). 
* and ** denote the within group comparison bctwccn DaYl and Day 10, am.' 
represent p<O.05 and p<O.OI respectively . 
## denotes the comparison between the two groups on DaylO, and 
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Influence of TENS on the Relationship between VAS 
Scores and FR Areas over a Two Week Period 
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Fig. 3.6 Linear regression lines drawn between V AS scores and (A) TA (left plots) and 
(8) BF FR areas (right plots) obtained from the TENS group on DaYl. DaY5 
and DaylO. The 9 data points in each graph were obtained at 3 x 10 min 
inter\'als before. and at 3 x 20 min intervals during and after TENS. Each of the 
9 data points represents a mean of 10 x 15 trials (10 subjects with 15 trials per 
subject) and exprcssed as a pcrccntagc of the pre-stimulation group mean 00 

DaYl. 
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Discussion 

Cumulative Effects of TENS on Su/~ie('tive Pain Sensation 

As illustrated in Fig.3.2. 10 repeated daily applications of TENS 

but not placebo stimulation progressivcly suppresscd thc V AS Sl'Orl' 

within each of the 3 testing sessions. FurthermOlc. such long-tcllll 

afferent conditioning produced a progressive inhibitory influcncl' on 

the pre- stimulation V AS scores acro,\',\' the 3 testing scssions of Day 1. 

DaY5 and DaylO. ~o~e that there was a two-day hrcak hctwccn Daye; 

and DaY6. but this break did not appear to influcncc thc gladual and 

cumulative suppressing effects of TENS on thc V AS scores. Of 

interest IS that the se cumulative cffects rcached statistical 

significance when the group mean pre-stlll1ulation V AS seOle was 

compared between Day 1 and Day JO, as weIl as across the two groups 

(Fig. 3.3). N. B. To avoid too many rcpcatcd comparisons, data on 

D aY5 had not been statistically compaled tn cithcl Day 1 or Day 10. 

Our results thus showed that repeated l'ENS hut not placeho 

stimulations over a two week period prod uced slgn i fleanl 

cumulative effects on subjective pain sensation in normal human 

subjects. To the best of our know1edge, no previous stlldies have 

ever examined the possible cumulative cffect, of long-tellll l'ENS 

application on experimental palll. At the moment, we make 110 

presumption that this result could be gcneralJzcd to ail c1inJ<;al pain 

conditions. Among other considerations, elcctrically induccd 

experimental pain is likely mediated by AB fibres, whereas chronic 

pain is probably mediated by C fibres. Ncverthcless, OUI findings 
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are ln agrl!ement with a recent clinical study. More specifically, 

Marchand et al. (1993) demonstrated that TENS but not placebo 

stimulation had a cumulative analgesic effect on low back pain. The 

mechanisms underlymg this cumulative TENS analge~,ia is not clear, 

hut such a gl adual development implicated possible plastic changes 

in the ncuronal pathway. 

Cumulative Illhihitnry Effect of TENS on Flexion Reflex 

As illustratcd in Fig. 3.4 (Ieft plots), 10 daily repeated 

applications of TENS not only progressively suppressed the TA FR 

within cach of the 3 testing sessions, but also across the sessions. In 

contrast, placebo stimulation produced negligible effects. Between

group comparisons of the group mean values showed that TENS, but 

not placebo stimulation, produced a significant inhibitory influence 

on both TA and BF FR areas (Fig. 3.5). This finding is similar to the 

cumulative effects of TENS on the V AS scores presented above. To 

our knowlcdgc, this is the first study demonstrating that long-term 

TENS conditioning had a cumulative suppressing effect on FR over 

timc. In other words. plastic changes of the flexion reflex could 

have been induced after lepetitive afferent conditioning in normal 

young Imman subjccts. 

The mechanisms of this plastic change a,,! n)t clear. However, 

evidencc IS acclIl1lulating to indicate th.ll neu al plastic changes 

could he duc lo morphological, physiologlc,,- and biochemical 

alternat ions in the centl al nervolls system. As early as 1911, Cajal 

suggested that prolonged 1110rphological and physiological changes 
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In synaptic connections between nerve cells eOllld oecur following 

lesions in the central nervOlls system. A rceent study (Starr and 

Wolpaw, 1993) slIggested that an operantly conditioned decrca~.c in 

the primate triceps surae H-reflex was assoclated wlth type-speciflc 

changes in motonellron synaptic COVCI ing. Spccifically, they found 

that the proportion of F-type terminaIs (f1attell~d 01 plelllOlphlc 

vesicles) increased 111 H-reflexJ, motoncurOl1s (66 ±. 5%) as 

compared to naive (control) motonculons (50 + 4(l,·), whereas the 

proportions of C-type terminaIs (postsynaptic ~UhSlIl facl' cistclns) 

decreased in H-reflexJ, motoneurons (9 ± 4~) as comp'lIed to nalve 

motoneurons (19 ± 5%). Carp ct al. (1993) Icportcd a more 

positive firing threshold and a rcduced axonal conduction velodty 

of primate motoneurons after an operant 1 y conditlOncd dec rcasc in 

H-reflex amplitude. It is not known whethcr slIllilar plastIc changes 

could have been induced in the flexion rcflcx nelllal pathway aflcl 2 

weeks of afferent condition ing as slud ied 111 OUI prescnt Ploieet. 

Further experiments are certainly necded 10 cxplolc the IlIcchanisllls 

underlying the graduai changes of the flexion reflex. 

Influence (~f TENS Oll (hl:' Re/atÎollship !J('(weell Slll~il'('(iv(' Pain 

Sensation and Flexion R~rll:'x 

As described above, rcpctitivc daily l'ENS produced similar 

inhibitory effects on subjective pain sensation and l'R. That the 

decrease in the two pain indices bore a systcmatlc Iclatioll~hip wlth 

each other IS further prcsented III Fig. 3.6. Blicfly, statistical 

analysis showed that the dccreal\e III VAS scores was 1 incally rclatcd 

to the decrease in TA and BF FR area~ on cach of Ihe 3 lesting days. 
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The high correlation coefficients on DaYI and DaY5 {r ~ 0.93) 

indicated that the Iinear relationship was not madified during the 

first 5 days of 60 min af TENS. Even after 10 days of TENS, the 

correlati on coefficients (r = 0.78 and 0.68 respectively for TA and 

BF) remained fairly high. Previous studies already showed that 

subjcct ive pai n sensatian was linearly correlated wi th FR under 

control conditions (Le. in the absence of afferent canditioning; Chan 

and Oallaire, 1989), as weil as during a mental task or morphine 

administration (Willer et aL, 1979, 1980). The results of the 

present stlldy demonstrated that such a linear relationship was 

maintained dcspitc 10 Icpeated daily TENS applications. Therefore, 

it further confinned that flexion reflex can be accepted as a gaod 

testing tool for studies addressing the understanding of paIn 

treatments in human. 

Interestingly, the slopes of the linear regressian lines between 

the V AS scores and FR areas changed progressively from Day 1 (Fig. 

3.6, top row), through DaY5 (middle row), to DaylO (bottom row). 

Sneh progressive changes of the slope could be explained by the 

difference between amount of reduction of V AS scares and FR area 

valucs dUllng two different testing periods: the first 5 days from 

D a y 1 to Day:; and the second 5 days from Day 6 to DaYlO. 

Spceifically. the VAS score were reduced by the same amaunt in the 

two periods: 16.6% during the first 5 days and 16.2% during the 

second -5 days (Fig. 3.3). On the other hand, the FR area values were 

depressed by 18.8% and 22.1 % respectively far TA and BF during the 

first 5 days. but 12.6% and 14.1 % respectively during the second 5 
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days (Fig. 3.5). In other words. it appeured that the rate of decrease 

in the FR areas was greater than that of V AS scores during the first 5 

days, then slowed down during the second 5 days: whik the rate of 

VAS scores decrease remained the saille. Il is not c1ear why the ratl~ 

of FR decrease was different during the Iwo .5-day periods. Wolpaw 

and Q'Keefe (1984) observcd thal the operantly conditioned spi nal 

stretch reflex (SSR) change had a rapid initial jllmp (phase 1) wlthin 

the fifst 6 hours, followed by a slow graduai change (phase Il). The 

authors proposed that the rapid initial jump suggcsted thal the 

monkey quickly responded to the tlaining with iln immcdiatc 

alteration in suprasegmental infl uence on the segmental arc of S S R 

pathway, whereas the phase 11 slow change indicatcd long-tcrm 

plas ticity. Based on our finding. onc cou Id argue that FR rcsponded 

quickel to the affcrent conditioning dllring the filst .5 days as 

compared to the second 5 days, but fUI thel study is necdcd lo 

investigate whether the inhibitory effects of TENS do show 2 phases 

of changes. For example, one could attribute the diffclent rate of PH 

decrease partly if not entirely to differcnt alllolint of possihtc tinlc 

and/or placebo effect on the FR area dlll ing the l wo time pcriods. 

As reported in Chapter 2, wc found that a single session of 60 min of 

placebo stimulation produced certain inhibitory effccts on FR arca 

(Fig. 2.6), but had no effect on the VAS scores (f·ig. 2.4). 

In sunlmary, rcpeti ti ve TENS applications over a two wcek 

period produced signifIcallt cumulative inhihitory cffccl on both 

subjective pain sensation and flexion reflex 111 nOllnal human 

subjects. Furthermore, the decrease in the two pain indices hore a 



• 

• 

6 1 

linear relationship with each other. The graduai cumulation of the 

supprcssing influence probably implicates plastic changes in the 

neural pathway. The similar time course of the cumulative influence 

on the two pain indices suggest that similar processing might take 

place al cortical (subjecti ve pain) and spinal (flexion reflex) levels 

as a result of long-term TENS conditioning. 
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Summary and Conclusions 

To our knowledge, this is the first study that investigated the 

possible cumulative effects of 10 repeated daily TENS applications 

on experimental pain and flexion reflex (FR) in humans. 

Prior to this study, Chan and Tsang (1987) demonstrated that 

lowcr limb FR was significantly inhibited by a single 30 filn 

application of TEN S in the majority of subjects examined, and that 

the inhibition lasted for up to 50 min ailer TENS. Subjective pain 

sensation, as measured by the visual analog scale (V AS), was 

subsequently found to be linearly correlated (r = 0.84) with FR area 

in the absence of any conditioning stimuli (Chan and Dallaire, 

1989). Thus, two questions arase: First, would the influence of TENS 

on subjective patn sensation follow a simi/ar or different course 

from that of the FR elicited by the sam e maximally tolerable 

electrical st i mulation? Secondly, was the Hnear relationship 

between the two pain indices modifiable by a single session of 

pralonged (60 min) TENS? The objectives of our first study were to 

answer these two questions (Chapter 2). Our second study (Chapter 

3) was set out to examine whether repeated daily TENS could 

produce cumulative inhibitory effect on both subjective pain 

sensation and FR over a two-week period, and to investigate whether 

therc were pr(}~res.\'ive changes 10 the relationship between 

subjective pain sensation and FR as a result of long-term TENS 

application . 
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Twenty young healthy subjects were randomly assigned to a 

TENS or placebo group, with lOin each. Low intcnsity, high 

frequency (80 Hz) TENS or placebo stimulation was applied to thl', 

lumbro-sacral region for 60 minutes on 10 treatmcnt days ovcr a 

two-week period. The FR was eHcited by clectrically stimulatillg the 

sole of subject's right foot and recorded electromyographically t'rom 

BF and TA muscles. Subjective pain sensation was Illcasured uSlllg 

the V AS. ANOVA and planned comparison tests with BonfclTonic 

correction were used to analyze the data obtaincd he/orf. dLiril/~. 

and up to 60 min after TENS or placebo stimulation. and to comparc 

the control data obtained before stimulation on Day 1 wilh t hosc of 

D a y lO of the trealment period and between the two groups. A 

summary of our findings are highlightcd below: 

On DaYl: (1) The group mean V AS score was significanlly rcduccd 

to 85.2% of control value (p<O.05) during the 60 min of 

post-stimulation period in the TENS group, but not 

placebo group (102.9%). 

(2) For TA FR area, the group mean decreased to 75J% 

of control value (p<O.Ol) during the post-stimulation 

period in the TENS group, and to 88.2% (p<O.05) in the 

placebo group. In compaflson with the placebo 

stimulation, however, TENS produced greater inh ibitory 

effect (p<O.05) on the TA FR aTea. 

(3) For BF FR area, the group mean decreascd to 78.2% 

of control value (p<O.OI) during the post-stimulation 
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period in the TENS group, and to 85.8% (p<0.05) in the 

placebo group. A between-group comparison showed 

that TENS did not produce significantly greater effect on 

the BF FR area. 

(4) Be.fore, during, and up to 60 min after TENS, the VAS 

scores and FR areas were highly correlated with each 

other, with a correlation coefficient (r) of 0.93 for TA 

and 0.95 for BF. 

A compdl'ison of the control values obtained before stim u 1 ation 

be t ween Day 1 and Day 10 revealed a significant decrease 

ln: 

(1) VAS control value to 67.2% on DaYlo in the TENS 

(p<O.O 1), but not placebo group (104.2%); 

(2) TA FR area control value to 68.6% on DaylO in the 

TENS (p<O.OI), but not placebo group (92.5%); 

(3) BF FR area control value to 63.8% (p<O.O 1) and 

84.8% (p<O,05) on DaylO respectively for both TENS and 

placebo stimulation. 

(4) In comparison wi th placebo stimulation, however, 

TENS produced greater inhibitory effects (p<O.Ol) on 

ho th V AS scores and FR are as of the two muscles 

examined . 
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(5) The V AS scores were highly correlated with both TA 

and BF FR areas in the TENS group on ail .1 tcsting days 

(Day l, 5, 10), with correlation coefficients (r) of 0.9.1 ami 

0.95, 0.95 and 0.97, 0.78 and 0.68, rcspcclively. 

In contrast to the reports of some researchcrs (Andcrsson ct al., 

1977; Eriksson and Sjolund, 1976) that low intensity. high frcqucncy 

TENS only produced instant pain relief, the ahovc findings 

demonstrated that a single session of 60 min TENS cxcrtcd 

prolonged inhibition on both subjective pain sensation and FR. Such 

a persistent post-stimulation efrect is consistent with our prcviollS 

result (Chan and Tsang, 1987) and other sludies (Facchinctti, ct al., 

1984; SalaI' et al., 1981) which showed the illvoivelllcnt of 

endogenous opioids in TENS analgesia. Note thal a shortcr dllration 

of TENS could have accounted for sOllle of those stlldies (Ciarcia

Larrea et al., 1989) which faited to show a prolongcd ~ffcct of TENS. 

Between Day 1 and Day 1 0, the inhibitory erreet of l'ENS on 

subjective pain sensation and FR were found to follow li similal time 

course. Such predominantly pat'allel effects on the two pain indices 

were probably due to similar processing at both cortical and spi nal 

levels, as a result of long-term afferent condilioning via Icpeatcd 

TENS applications. 

The most interesting finding in our study was thal 10 daily 

repeated TEN S application s prod uced si gni fieantl y greatcr 

cumulative inhibitory effect on both subjecti ve pain sensation and 

FR over a two-week period than placebo stimulation. Such a graduai 
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development probably implicated that plastic changes could have 

been induced 10 the neural pathway by long-term afferent 

conditioning. 

Results from this stuC:y ma) provide clinicians wÎth sorne more 

theoretical bases for repeating TENS applications in the treatment of 

pain condi tions. S uch a strategy could be considered for pain 

patients who do not respond to the first couple of TENS treatments, 

since TENS may produce cumulative analgesic effects over time. On 

the other hand, we caution that the results of this study should not 

be generalized to ail c1inical pain conditions, because electrically 

indllced experimental pain is likely mediated by AB fibres. For 

ex ample. the induced sensation is obviously different from the 

"qllality" of chronic pain which is usually mediated by C fibres. 

ftl conclusion, this is the first study which demonstrated that 

repcated TENS applications produced simil.lf and cumulative 

inhibitOl y influences on both subjective paia~ sensation and flexion 

reflex over a two week period. Such a graduaI development 

indicatcd that plastic changes could have been induced in the neural 

pathway. The tinear relationship between the decrease in V AS and 

FR area that persisted from Day! to DaylO of stimulation suggested 

that comparable processing and plastic changes could have 

occurred at both cortical and spinal levels. Further studies are 

nccdcd to investigate how long (probably in tenns of hours) the 

post-stimulation effects of 60 min of TENS may persist; and how 

long (probably in tenns of days) the cumulative effects of the 10 

daily rcpcatcd TENS will last without further conditioning. 
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Informed Consent Form For Pain Study 

1 ........... ......... ........... ......... understand the following 

explanation of this research study and consent to participate in the 

experiment. 

(a) Purpose and Design of the Study 

The purpose of this study is to determine the possible effects of 

transcutaneous electrical nerve stimulation (TENS) on the subjective 

pain sensation and the flexion reflex, m an attempt to understand 

mechanisms of TENS analgesia. After an oricntation, the experiment 

will consist of 10 sessions within two consecutive wceks. with tluee 

sessions (day l, daY5 and day 10) lasting approximately two to tlllee 

hours each and the l'est an hour each. 1 am informed that the l'ENS 

will be applied on my low back for 10 times on 1 () weekdays. and 

each TENS "treatment" session will last for 60 min. The stimulation 

will not be painful. 1 know 1 will be tested on day l, day5 and day 1 O. 
Each of the three testing sessions will start with flve maximum 

voluntary contractions of my right leg muscles. 1 am also awal e lhat 

1 shall receive electrical stimulation, which will be within Illy pain 

tolerance, to the sole of my right foot. The elcctrical a<.:tivilY 

elicited in my right leg muscles will be Iccordcd with surface 

electrodes. The skin underlying the electrodcs will he shaved and 

cleaned prior to applying the elcctrodes. Imrllcdiatcly following 

each test electrical stimulation, 1 will estimate the intensity of each 

stimulus by moving a cursor along a horizontal sçalc. This testing 

procedure wiH be repeated p.-ior to, during and up to one hou.. after 

60 min of TENS on ex periment daYI, daY5 and daYIO. 

(b) Disadvantages of Participation in the Study 

The main discomfort will be that the electrical stimuli to my 

sole of right foot may cam~e pain sensation, but its intensity will be 
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wi thin my pain tolerance. In the oeeasional subjects, possible side

effects eould be local skin allergie reactions and irritations. 

(c) Advantage of Participation in the Study 

Thcre are no personal benefits to be gained from participating 

in thcse experiments, except for a sman payment for participation in 

the study. However, the results from this study will contribute to 

our undcrstanding of how eleetrical eonditioning of the nerve fibers 

could influence human pain perception and flexion reflex. 

(d) 1 nqu iries Concerning the Study 

1 have bcen informed that the experiment will be condueted by 

ML Jtaqiang Li u under the supervision of Dr. C.W. Y. Hui-Chan. In 

addition, 1 have been assured that ail my personal data will be 

l:onfidentlal 1 understand that any inquiries that 1 may have about 

this study will be answered. 1 can direct my questions to ML Liu 

and/or Dr. Hui-Chan who can be reaehed at the Sehool of Physical 

and Occupational Therapy, McGill University, 3630 Drummond St., 

Montreal, QlIcbec, H3G 1 Y5 or via telephone at (514) 398-5035. 

(e) Withdrawal from the Study 

1 understand that my participation 10 this research experiment 

IS strictly voluntary, and that 1 may withdraw at any time. 1 am toid 1 

am entitlcd to keep a copy of this consent form for my future 

references. 

Signature of Subject: .......................... . Date: 

W itncss: .............................................. . Date: 

1, Jlaqwng Liu, hereby certify that have explained to the above 

mentioned subject the purpose, methods and potential risks 

involved 111 the stlldy, and he/she has the option of withdrawing 

from the experiment at any time . 

Signature: ........................................... . Date: ................................ . 
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