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Nusclê tone (?), -relaxation (?) aud -astivity ia an aquatic
ênviron|!ent.

À nêthodological introduction.

The elêctronyography of cornplêx novênents (swinning) and
sinple positions (active and passive floating) in water. can be
neasured with a teleroetric registration systên and/or ï ith an
on-line systern vith or without portable abptif ier and/or r.rith
a renote (but not têlehetrj.c) systerÍ. Indêpendent of the water
ê]êrnent and of the regislration systên used, thê eLectricaL
potenlials of a nuscle can be captured lrith different types of
electrodes, such as passivê or active surface electrodes,
intra muscular (concêntric or bipolar or rnonopolar) nêedle
electrodès, single fiber eIêctrodes, nulti-electrodes or intra
nuscular vire electrodes, Hovêvêr, it is not the registration
system, but the water element that puts a restriction on the
êl-êctrode possibil i t ies and that is rêcoghized as bêing a
rnajor technicaL abstacle in recording hunan electrj.cal, sig-
nals. Therefoiê the types of eLectrodès to bê usêd in water
are (i) the passive or classical surfacê êIectrodê (Ikai et aL
1964,  Lewi l l iê  L967,  1973,  c la rys  1983) ;  ( i i )  thê  ac t ive
(prêanplif ied) electrode (okanoto-Wolf 1975) . Since this last
lype of electrode is used in water at one occasion only and
since Jonsson and Koni (1973) found better test-retest and day
to day reliabil i ty for thê (passj.ve) surface efectrode (tablê
1) , it is obvious that our choice is arnongst thê other two
types  o f  sur facê  eLec t rodes  . . . . .

fab te  1 :  The rê l iab i l i t y  o f  sur face  & w i re  e lec t rodês .
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originaly vê usèd passive rasptype surface êlêctrodes but
thesê gave often 'rhun'r or rrartefac!Í registrations (cIarys,
1986) ; reason for which lre devefoped an active surface êl-ec-
t rode recent ly  (C la rys-PubI iê ,  l -985) .
'rIn nost existing instrunentation an input inpedancê of 10
l4egohrns or êven 1 Mêgohto is cohlllon, thus thê skin has to be
DreDared unti l thê rêsistance is doitn to less than l-00 K' or
áven fo x. respêctively. of course, thên thê inpedance between
thè êIectrodes should be measurèd ovêr the vhole frequency
band. Ho!,rever, ttre use of a high perfornancê amplif ier êIitÍ l i-
natès the pleparation of the skin and the neêd of checking thê
resistance, thus simplifying the neasuring procedurer' (cÍtêd
f ron  w in te r  e t  a l ,  1980) .
consequently to capturê a noise freê El4G signal, vte used pre-
amplif iers in the êIêctrodês thensèlvês of nore than l- gigohrn.
Thesê operational ahplif iêrs (opAÍlp) are coupled as voltagê
follower adjacent to both of the signals. À third opAhp (as
diffêrential anplif i"êr) provides an asyrnnetrical signal . i1ith

rêspect to the referencê. À fourth non inverting coupled OpÀrnp
provides an anplif ication to 10dB and a low ohn output for
branching off the eLectrodê signal. Until recently the Brus-
sêIs EMG project used nêtal rasp of sj-lvêr, buÈ I'passive" typê
of êlectràdeè; conbj.ned vith a sêries of operationaf aÍlpIi-
f i.êrs we obtain "active'r electrodes.
À finished active eLecLrode thus contains within a plexi
mouLded frarne, four opêrational amplif iers. housêd j.n a 14
p ins  dua l  in  l ine  ( type  TLo84 JFET)  and s ix  mèta l f i ln  rês is -
tancês. The 2 rnn dêep inlay of the Àg plates in the franê
alloÍs electrolyte and avoids skin artefacts.
Íhese active êlectrodes and its plêxi noulded frane is coupled
!,rith a spêciaf tripl-e conductor, containing the sj 'gnal trans-
porting conductor, two conductors for synnetrical pov"er supply
(+  and -  3 ,5  V)  and sh ie ld j .ng .
ihe advantage of the active electrode to thê classic passive
êlectrodê iè a decrease of erronêous registratj.ons. This has
bècomê an ihportant featurê sincè l.Iê have found that dêspite
thorough preóautions (different tapings and plastic varnish on
thê electrodeprotêcti.on) thê water doês decreasê the dêtecta-
blê electrici.tal output of hunan nuscle; in other words an
irnaginary identical nuscle contraction, with identical intên-
sit i wil l produce nore electricity in the air, than in thè
water  ( f igure  1-  c la rys ,  Robêaux & De lbêke L984) ,
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Figure  1 .
Identical Í\uscl-e activity in air and j.n vater
( C l a r y s  e t  a I  1 9 8 4 ) .

These findings - resulting frorn a comparative study betveen
lelenetric and conventíonal on-linè El,ÍG in air and vater
rieasurêd sinultaneously with onê single pair of passive e1êc-
trodes (figure 2) - havè very important consequencês with
regard to the interpretatlons of {whateverr nuscular activitv
in an aquatic environnent.
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stejskal (1972) statêd: rrclinical experiènce suggêsts that
postural rêflex activity of the spastic rnuscle is lèss narked
if the body is lying in waterrr.

1

l iilil{i\u
I
I

> - I -

o
o
o
o

Figure  2 .
Telenetric & conventionaL EMG Reglistration set-up star-
ting fron one pair of electrodes
(c la rys  e t  a l  1984 )  .

In our Et'Íc in air and water stuily ! 'e attributed the decrease
of electrical output of a muscle in lrater partially to the
telenêÈric registration systen. partially to the loss of
signals duê the physical presence of the vJater . .. . But what
if i t lrêrê the rnuscle itself etnitt ing less electrical activity
because of che lrater? In that case it does explain stejskalrs
statement and i-t would nean that the statê of contraction of
nuscles rnaintaining a certain posture, is differenL an arr
than in water .... in a therapeutical sênce to the advantage
of  water  (? )
ahis idêa rnight bê sustainêd by Banzêtt, Lansing and Reid
(1985) [ 'ho found that sirnilar adjustnents occur during volun-
tary respiratory naneuvres. Their naivê subjêcts whêre sêated
in a tank \. ' i th watêr of hip levêl. surface E!1G of diaphragn
(?) and intercostal nuscle was registêrêd vrith the water at
the hip and thên again aftèr raising the vater lêvel to thê
x ipho id .  In  30  o f  42  t r ia ls  thèrê  was a  subs tan t j "a l ,  fa l l  in
El.Íc pêak activity.
conbining both, our findings (clarys et aI L984) and those of
Banzett et aI (1985) , it nay crêate a better understanding of
McMi l lan 's  (1986)  r rd i f f i cu l t  concept  o f  the  body  reac t ions  to



water. being differênt to thosê whên on land'r and it .êrfáihrv
does .conf i rm h is  assunpt ion  tha t  " the  apparêht  , .  iq f , t iá l l -  

-  " - '

conctltron contributes to a Ioss of rnusclè tone comlromisingproprioceptive feêdback ! ' i th a. consequentui ià=.-ài-.putrur
relaÈionships (sic) . But what is neait lV n"=ciá iár,"r r" it
:I"1ii: 

activity? or hyperronia? or hypotonia? l lus-ie activitya E  r e s c ,  a n  p o s t u r ê ,  i n  r ê I a x a t i o n  . . . ?
Muscle [tone or tonusl is a lern used in c].inical neurolocÍv
rneaning resistance to strêtch. clinicians .àó"g"i"Ë-hyp".Ëánj..
and hypotoniar betveen thesè two pathological Étates iè nornattonê, Hypertonia is due to J.owering of tíreshotd u.rá ,.r,"a"a""rn tbê response in tonic strêtch ráflexès together r.rith cert_ain visco-êlastic properties of the musclesi nornal tone isque t'o the visco-êlastic propertiês, often írith the addition
oI normal stretch reflexês, and hypotonia is due only to the
y:":3 ?1":ti" properries of Èhe ni:3ctes twiir,in-róïJr .
I n  t he i r  l a tês t  ed i t i on  o f  rnusc fes  a l i ve ,  Basna j i an  and  Dê
Luca  (L98  5  )  p rec i se  tha t :

l I ::: !:I.?phys iotogists now agrêe rhar erêctronyosraphy shor^,sconcrusrvely thê complete rêlaxation of nornal hurnán striated
Iy :c l "  1 !  res t  (C le r Íunesen,  1 .951t  Basmaj ian ,  1952;  Ra ls ton  and! r -be ! . ,  1 .953) .  In  o ther  l ro rds ,  by  re lax ing  a  nusc lê ,  a  norna lhunan being can abotish neuronu;cular ucÉi.rity i" it. r i, i .doês not nean that therê is (or [toius'!) in skeletalrnuscle, as sone enthusiasts have cl.ainêd. It does n;an, howê_ver, that thê definit ion of trtonêr should includê both thêpassive stiffness of rÍruscufar (and fibrous) tissues and thêactivè (although not continous) contraction of nusclè inresponsê to the reactiob of the nêrvous systetn to stinuli.
Thus , .  a t -  compLetê  res t ,  a  nusc le  has  no t  ios t  i t s  tonê avaF
though therê  is  no  neurornuscutar  ac t i v i i y  i " - t i - fe . " ; ; " j ià i l "

w i th .a l . I  . th is  and prev ious  knowLedgê we can aqree w i th  McMi l_-Lan r . r  n r .s  idêa o f  tone is  our  idea o f  ac t i v iay  .  . .  than  i tindeed decreases in vatêr. Hovever if muscle tàne is according
::_Y1:!11 Ge'13),- Basnajian & De Luca (19ss) ana ^o.t ,rerrrop--
nys1orogr.sts, we have diff iculty to understand [a ]oss ofsonêthing that is alleady non elistand" ... In othár words thes taÈemênt  wou ld  no t  be  mêasurab lê .
we know Èhat thê speed lrith nhich voluntary relaxation can
occur is quitê irnpressive. Miyashita êt aI (1972) found thenean valuês for reLaxation tine ih the bicêps of nornat heal_thy adults to bê the same as those for contiaction ieaction
ttne .
Howevêr, no EI,IG record can bê found \rhich coul.d confirm thesêsituations in water ... although we assumê relaxation pertods
in. between EMG peaks during fróntcr"rf ""ir l. inq ;i;;; ;;-;;;;
norlcêcr a return to the base line at several occasions (figure
3 .  -  C la rys  eÈ a I  1983.  1984,  C la rys  1985)  and under  d i i fe ;ên t
research circunstancês and using passive rasp electrodes,
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Frgure  3 .
swinn ing  ac t iv i t y  and re laxa t ion  pêr iods
( c l a r y s  1 9 8 s ) .

Since therê is a nêêd fo! nore quatif ication, !,.e havê investi-
gated thê l"Í. pectoralis najor, the t"t. biceps brachii, thê M,
extensor digitorun, thê M. triceps, thê M. flêxor digitorurÍr
and the M. latissinus dorsi in 15 healthy subjects during theÍarro{ prone positionrr in its propulsive trajectory and during
a I 'fulIy relaxed pronê - medusa position" using activê elêc-
t rodes  . . .  In  o thêr  vords :  EMG of  a  tu rbu lên t  g t id ing  (N ico l
e t  a l  1979)  and a  grav i ty  -  buoyancy  s i tua t ion .
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Procsilules for !êagulLng actl,v. aDd lrassivq ftoating.

In order to neasure nuscle activity of conplex isotonj.c move-
nents and i.sonetric positions under field (e.g. aquatic)
circumstances different features are taken into cónsiderationl- the EMG data aquisit lon systen lrith lts electrodes should

allows total kinesiological freedon !o the subjecr; or a
novement without additional resistance t

- the set-up should allolr adaptation to the characteristics
of the fietd and novement circunstances, expecialty the
synchronisation systen lpplicable not only to svirniring but
to other sports and various novenents alsó;- the j.nfluences of the conplex skin resistance phenonena on
the signal nust be onnited by neans of ultra high inpedan-
ce amplif iels as suggesled by the ad-hoc comnitaee of the
Internatj,onal society of Elêctrophysiological Kinesiology
(Wrnter_e t  a l  1980) ,  es l rèc ia l l y  i f  an  a t tempt  to  neasurèrrtonerr is made t

- 6 or 7 nuscles should be monitored sinuLtaneously;
- the cornbined registration and data aquisit ion set-up

should be usêrs frienally.
Separately, all these features are noÈ inovative bêcause they
are actually applied in exiÊting conrnercial systems. Howeverl
combinêd. r^' ithin one sêt-up they are unigu in icinesiological
(e. g. slrrnunrng) EMG.
To allov such a combination, we integrated a rÍrultíchannel FM
lecorder. Íactive" electrodes, a regulation - arnplif icatj.on
unit and different synchronisation lnodès into onè systen uith
d i f fe ren t  poss ib i l i t i es  ( f igure  4  -C larys  -  pub l te  i985) ,
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f igure  4 .
À Írult ichannêt f 'U recorder active electrodês and a regula-
t ion  -  and anp l i f i ca t lon  Un i t
( C l a r y s  -  P u b l i e  1 9 8 5 ) .

The active flóating - or - the roedusa pogition - or - rêlaseil
buoyanêy.

Thê subjêcts propulsês himself fron the sríinming pool vall and
raw LMG and I  inear  enve lope are  reg js te red  f roh  tbe  hornênt ,
thê  fu l l y  e r rêc têd  prone pos i t ion  is  reached un t i l  ' , f loa t ing
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s tand s t i -11 Í .
For al1 muscles, and for all subjects investigated an activity
with variable intênsities vras mêasured over the fulI distance
of the active floating (figurê 5.). The intensity of the EMG
showêd no constanqy, nor in arnplitude, nor in time (distance)
and there ! 'as no rêlation bet!,reen the EllG activi.tv and the
decreas ing  ve loc i ty  a f tê r  the  push-o f f .

P U S H  O F F G L I D I N G

Figure  5 .
Raw EMG of 7 rnuscles during Push-off and turbulent g1i-
ding through thè rrater.

obviously the nuscular activity found is an internèdiate state
between restand activity, cornbining relaxation and the rnainte-
nance of posture or attÍtude (stretch).

The pasgivê floating - or - the nealuga pogition - or - relaxeal
buoya4cy.

Àt the end of the turbutent qliding, thê subjècts arê asked to
float "at the spot'r with arns and legs spread. but fully re-



laxed (apart fron holding thê rêsPirati-on) during the regist-
ra t ion .
"Ín thousands of electlomyograns on nornal nuscLes there has
been complete and alnost instantaneous relaxation lthên thê
subjêct Ëas been ordered to rêIax. l lowever, a snall nurnbêr of
noríal subjects do have great diff iculty in rêIaxing quickly
(Basna j ian  & Dê Luca 1985) .
' iconptéte rêst[ requires sonê qualif ication. À nontra]- person
a"". '""t cornpletelf relax all his rnuscles at oncê, buÈ reali-
sing the losè of rnuscular el-ectrj 'city in the.lrater and rêali-
sin! tfre absencê of EMG potentials at rêst, it is not surpri-
sin! tnat we have founil no EMG at all i  in othêr words: a
"ó.óf.t" silencê for all huscles and all subjects, herêwith
coniinning the findings of Leavitt and Beasley (1964) and
Biêrtoan and Ralston (1965) n.
Repeatèd EMG studies of recunbent posture in air have dêrnon-
stiated beyond the shailow of a doubt that rêsting musclês
exibit no ireurornuscular activity and there Ís no randon acti-
vity of notor units in a resting nusclê to provlde what is
oftèn hazeLy called huscular tone (Basnajian l-955) ' In thê
lrater, vere thê electrical signal dêcreases (clarys et aI,
1984) it iE however diff icult to separate relaxation and
unvoiuntary contractions, bêcause sone nuscles wil l rêspond
imnrediately to any change endangerÍng the loss of balancê or
buoyancY.
uusèulai Ítonêr is a useful eoncept only if ve keêp i-n tnind
that at rest a muscle relaxes rapidly and complêtely' Thia has
now been conrnon knowledge arnonq neurophys iologists for rnore
than a decade. If one kêeps onêrs hand off a resting nornal
nuscl.e, it shows no norê neuronuscuLar activity than ohê with
it. ,,"..r" cut. Ín fact, it shot{s less becaugê the fibers of
denervated nuscle êngàge j 'n many fine randon contractions
invisible through thè èkin but detected by êIectromyography as
trfibri l lation potêntiaLs'r, The r0usc1ês in lolder notor nêuron
denêrvation actually exhibit very finê invisible contractions
whilê nornal restin-g nuscles exhibit conplête neuronuscular
silence (Thêsê fibri l lations are not to bê confused !' i th

fasciculàtion, the coarse contractions of rnoÈor units visible
through the skin and aLso often called fibri l lations by older
nêuro log is ts )  (Basna j ian  & de  Luca 1985) .
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