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, ~ ABSTRACT
The present study was des1gned to tesE‘the therapeutic effective—

ness of EEG alpha biofeedback Three hypertenSives and three

arrhythmia patients werelreferred to the study by their respective

-

physicians.
One baseline session was run before alpha conditfoning. Alpha

feedback training ran for 13 individual sessions (twp per week) for

S

the‘hypertens1ve.and arrhvthmia groups. There were 11 feedback
sessions (two per week) for the control. group

Each Session waS‘divided;int% three periods. Perio ﬁ%} eyes !

open,‘prefeedhack recording ran for two minutes; Period 2:\ eyes
closed, alpha feedback ran for 15 minutes; Period 3: eyes [open,
postfeedback recording ran for:tuo minutes~ Heart rate;vpulse

pressgre volume, and.blood pressure. were continuously monitored during

" each session. A S : : Yo

Results showed a lessening in degree of symptoms for some of the .

B patients'either uithin'each'session"og”bv the concluSion of'the final
Aséésion Hypertensives showed statistically significant drops in
'blood pressure during each feedback period . Two. of the three hyper—
tensives also had a significant decrease in blood pressure from l
baseline‘to-the final session Two of the three arrhythmia patients
showed significant.changes in their clinical symptomatology one month-c'
after the conclus1on'of the feedback program | .
Percentage alpha activity was found to correlate significantly ~7h
Ttoﬂmean arterial pressure; ﬁor.the hypertensives only.,_Nvother:_}.j,
A o o , E . = o
|
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correlations between physiological parameters were found to exist.,,
, Motivation was found to be important in determining the overall
‘therapeutic success. ‘ - : \ ' ' .
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INTRODUCTION - . . '\

Biofeedback is a term first used onl}\six years ago, and refers to
any technique using inetrugentation in which a person receives immediate
» ‘ » _ = N . .

and continuo®s information about af‘speci\fic physiologic process which is®

under control of the nervous system. Biofeedback studies have encompassed

| ' P . o » E :
“'mahy organ systems including heart rate, blood pressure, blood flow, >
® N . - 7’ ‘.

R ‘ : - . : - L%

muscle activity, skin resistance, and of immediate interest; brain- wave
\ . - . ' ' N
b ' : > e e . J . . .
‘\a tivity "‘Self—conttol’of»these functions 'has been shown to be possible

i

through biofeedback technlques (Blanchard l974)>

As a therapeutic tool Biofeedback

..adds the mlSSlng ingredient to the heélth care’ team—— .
the patient himself " 2

’
€

Rather than the'continual acceptance of pills anditfeatment from others,
. the patient can actively partake in keeping»or becoming .healthy.

Theoretical Considerations: Biofeedback, = - o2

?avlov1an and Qpeant Condltionlng ‘ )

Pavlovfs~work with dogs hnd'the‘conditiuned - reflex method of

"controlling the autonomic or involuntary nervous system, has led to the

v
"

'Eraditional belief that visceral function is beyond the’ realm of‘
¥ .
I.

voluntary control Slmilarly, Skinarian or Openant conditioning was . .-

considereq'togbe«an;effectiye tooliin'shaping behavior which involxed

- ! . " . . 2

4//somato—motof - or voluntary functions. Biofeedback has blurred these
distinctions
Rgps, a person receiving v15ua1 or audltory\feedback which is



¢ , . | 2

modulateé by some physiological process (voluntary or{invdluntary), can

- master self-control over that activigy (Barber et ak., 1972, 1973).

wEarly Human Operant Conditioni ;Experiments‘

hlthohgh the concept~of biofeedback‘conditioning‘per se’'is relativelv
Tecent, operant or,instrunental conditioning of autonomic nervous system |
éctivity had been at&empted,about:ten years earlierw
Kinmel.(l974) reported that initial work‘in Operantacznditioning of. .
“the autononic nervous ayetem in.humans‘began-around-l960; In the SOViet'
" Union, subjectS'were,trainEd to control,digital vasoconetrictionhand
vaeodilatation, Using:a:shoch—escape and'avoidance,paradigm, plus direct’
"visnal'feedback indicating changes in.vasomotor tone, subjécts-learned |
to_terminate shocks by means-of_vasodilatation. Control was possible
only whenfdirectfand real feedback wasimade available'to-the snbjects,
-, Kinmel also reviewe a‘number of articles‘pnblfshed,‘in which the
“galvanic skfh)regpogSe’égSR) had successfullv beeigconditioned. However

‘tHe skeletal involvement in GSR conditioning was. ways in-question,

A Y

’ Crider et al. (1966) found 40 percenb of his. subjects show1ng
greater than 5 mv change in skin conductance when using tonal feedback
g °Simultaneous recordings of elect;gvyographic activity (EMG), respiration'
) rate,vand heart rate showed slight indlcations that the ectodermal
1responses might be-lnfluenced.by these'physiological-parametere, A
fmechanism for ectodermal control was subsequently proposed Undet"f’
{-conditions of novelty, operant reinforcement (of ectodermal activity), , ‘
:-might result in a modified feedback loop, in which covert responses :fffb

P

produced stimuli feeding back into the submotor center, eliciting an, '
-/ ' - TN ' . o e e
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* . . <

ectodermal response, followed by a reinforcing_stimulus.

Birk (1966) attempted to resolve the question of whether control

over autonomic act1v1ty had been learned; or 1f the results were ‘simply

artifégtual resﬂlting frdh.responses mediated by voluntary muscle
h v

activity. His methodology 1nvolved partial curarization of the skeletal

muscles in one subject. GSR act1v1ty zis recorded from the right palm, -

and a reference electrode placed on the right forearm.t The subject was

1
relnforced with a 70. db tone lasting 1. 5 sec, triggered’ during a skin L

] v

Adeviation of'.l mv in the desired direction. Initial” condltioning of

‘six sessions ran over a three week period. . Curariiétion was done 20. days

T

[v3

after'the sixth‘session, and during this tine the subjectsJOnly movemeﬁt
. . : .

was a slight rolling’of'the head ResultSvshowed that both drug’ and :
non—drug sessions were 51milar 1n heightened treguency of responses, when

-

i '
cgdgingent feedback was emoloyed and that during noncontlngent reinforce-

ment.period a 51milar decze;de in resporse was noted. Birk concluded that .

a

'_the autonomic conditioning was a derivatiye of a;behaviorel response, and

that' no correlation existed between ectodermal activity and continuous
measurement of somatic activity; irrespective of. the incompleteness of’
-l ' —’ C _ ! ,-fv .

@ ) . ’ .

'curarization. oo . ‘ . ’ o : ' -

These early experlments in operant conditioning of autonomic nervous'

system activity Were sketchy, “and left many doubts as to the validity of

. ' e i

shaping autonomic activity_withoug.skeletal involvement. e

¥
A}

Operent‘Conditloning'of.Animél Autonomic‘Actiyitx_
Work on the sallvation reflex 1n dogs, and heart rate’ control in = -
curarized rats by Willer (1969), and Trowill and Miller (1967), 1ndicated
LU y

o - »
SR - . G
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more definitively that Pavlovian and instrumental conditioning could not

be theoretically separated.

'Hérlier observations indicated that salivation usually did"not occur .

L

as a result of water reward, and it was therefore agsumed that if a dog
could be taugh{ to. increase or décrease salivition using water as a

reward, this 6bndi@ioning would not be classified as classical or
Pavlovian conditioning. Results indicated that salivation could be

- ) ‘ N - N

conditioned in a statistically significant fashion; however, although no

’

e

skeletal involvement ‘was noted, the possibility could .not be ruled out.s
14
A technique first established by Trowill and Miller-.(1967) involved

heartufate,gontrol in completely curarized rats. 'Rats, while maintained

o

.“ o' ’ : . .
on' a respirator, were immobilized with d-tubocurare. Reward was

electrical stiﬁulation of the‘mediafbforébrain bundle. Criterion levels

~
0

for reward were established; either an increase or decrease in heart

A

rate. Trowill found small chénges'in ﬁeart‘rate; approximately 52_in the
desired direction. Although the change in rate was small, it iﬁdicated‘*'

(' /,‘" s . ) s . ~. . o

that the autonomic nervous system could be conditioned without subsequent
X .

interference from the skeletal musculature. -

‘Miller (1967) further®studied autonomic conditioning in rats under

complete curarizatiod. . Using a similar procedure’ as previouély' .

9 C - R : : : :
outlined; Miller divided rats into two groups: | heart rate increases,

L

and heart rate decreases, Criterion levels were fyrst established at a

/ ’

two percent change, and if after ﬂo minutes it was ot met,

i

turned on, and when criterion level was”attained, reward was turned off., -

B

'Resuits for rats rewarded for an increase in heart rate (422 to 500 beats

s

“the criterion -

level wéS’set'slighély lower. 'The reward circuit and time in sig#al were



B o 5
per minute), and those rewarded for decreasing heart rate (400 .to 316

Beats‘per minute), showed a progressive change; approximately 20%.

) Impulses from the motor cortex still might mediate the observed

changes; tﬁerefore in.order'té rule out the invblvement of the.motof

. cortex, shocks were administered to fhe rats' tails. The largést
attainable hearg rate thange.?és 10%; vérifying the lack of skeletal
involvément.‘

( Specificity of learning within the autonomic nervous_systé@i has
élsoibeen investigated by»Miller'g (1969) group. Rats were taught
diffe?entiél cohtfoi'ovér Heart’rate énd iptestinal contractions. Under-
compleﬁe-cﬁrérizacion; and diyided intQAtwo groups, intesginal contractions
weré recdrded usiﬁg a water‘filled bgiloon pla;eabapp:oximétely 4 cm

*beyond tﬁé‘anal sphintffiz/ A transducer was used to record préésugg‘

- echanges. .2
. : )

One group was rewarded for changes ‘in the firsP response, and the

&

 other group rewarded for the Sécondjresponse. Results {indicated that

\

@ifferentiél.control over autonomic activity could be ttained, and . ,

1eérning was specific;.fhereforé, leaining was not ..mpl; a genéralizéd

’q'»homeostatic mechanism.

. Usiﬁg similér»ﬁethods as alre&d& outlined; conditioning ofiﬁrain' )
| wave‘aéti;ity in catsuhad béequemonstratéd'(Miller; 1969);f Ohe grdup "
—hfwbhgé;;giééﬁarded fqr iowl&oltgge,'faSt éctiﬁity; 55& é‘seC§;d.fqrvhigh |
' . _: x‘}ol_t‘a.ge, s,lov:r gctivity;. ‘Success.ful s‘elf-.‘contro'].. ove_f fh'e ;fe_sbe’ctj.vé
‘brain fhythm was gaiﬁed; and'bgha&idrglidiffereﬁcés:qqﬁld also be .
© fdentified ;é each.of;the_£§b groqps;; | E

Miller has extenéively-éovered)the area supportiﬁg independence -
. . . ’ . . B e '
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of somato-motor and autonomic-visceral control, and others have verified .
his findings (DiCara, 1971; Pappas, 19703 Harris, 1971).

From Mil}er's work, and the work of others, this‘areaiof research has
; . ‘ s pat ‘

evolved into an intense and energetic approach towards instrumental
conditioning'ofwthe human autonomic system.
DiCara (1971) states that:

.these flndings, which have profound SLgnlficance
for ‘theories of 1earn1ng and the biological basis of @‘\
learning, should lead to better understanding of the
‘causes and cure of psychosomatic disorders and of 7
Ly ' ‘the mechanisms whereby the body maintains homeostasls
' or a stable enV1ronment S :

Current Clinical Biofeedback Studies

Fromva'clinical point of view biofeedback‘studies have involvad a

number of organ systems, mostly in the area of psychosomatic dlsorders

Cardiovascular System Coz@itionlng of the cardiovascular system
has been the most exten51vely studied area 1n biofeedback and with some-

what disappointldﬁpresults (Blanchard 1974)

. Benson et al. (1971) conducted blood pressure control training !
sessions with'seVen patients suffering‘from essentlal-hypertension.
Blood pressure was monltoredly an automated constant cuff—pressure

:system;.using a standard size cuff. A microphone was placed under the

cuffy oVér.thefbrachial artery.A The cuff was 1nflated close’ to systolic

) blood pressure and any increase or decrease in systollc pressure; .-

'relative'to'each heart beat, COuld be,aSCertalned. The cuff was 1nflated

for 50 heart beats, then deflated Median systolic blood pressure Was

'”establlshed to be equal to cuff pressure when 14 to 36 Korotkoff sounds,

‘per-SOubeat‘cycle; were‘present ' If less than 14 Korotkoff sounds were
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heard, culf pressure exceeded-systolic blood pressure, and the cuff was \\\\

N

(CT\\\s degreased by 4 mm Hg for the next cycle. If more than 36 Korotkoff

sounds were heard,»cuff'pressure was lower than systolic blood pressure,

and tpe cuff was.increased by 4 mm Hét Initially 30 trials were run,
and blood pressure was determined. a
Binary:feedback (ves-no) to the.subject‘uas in'the form of lights
and tones. Benson found tnat.aithough SySFolié.biQOd pressure did not'_
Vchange significantly during the-total sessions;'it did.decréase andaverage
of 4.8 mm Hg uithin each conditioning session;
Schwartz:and Shapiroi(l973) extended this study using seven essential
: hypertensivesf.,Proportional continuous‘visual'feedback‘“as to~nnatfthe
: biood pressure was; was employed‘ Some subJectsvshowed a 5 mm Hg |
decrease in dlastollc pressure duélng the session, howerer, no overall

.idecreases in<d1a€tolic blood pressures were obseryed.. . o
Schwarta (1972)-alsoﬂexamined differentiation'and'rntegrationgof':
:1earning within the cardiouascular Systemg thus trjing ;opsubstantiatef:
Miilérmﬁ-earlier findingduith rats. The term integrétibn_referred_to$
‘.\any change df‘two physiologicalﬂprocesses occuring in the same“directionr"
Differentlation referred to a response pattern in opposite directions |
Schwartz found clear ev1dence only for diéferential control of . blood

'-pressure,(down), and heart raEe (up)

_— ~_.'. ; Blanchard (1974) cites two studies in by Miller in whlch a single g :

subject conditloned hls blood pressure to change 10 mm Hg in eithet
.dlrectlon, and another by Elder, show1ng a 20% decrease in diastolic blood§A

.pressure in 18 subJects, each was conditioned over. 8 sessions
-

Hearttrate control andvits applicationwto theAcessatiOn of ‘various
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» _ A ‘
forms of cardiac arrhythmias, has warranted a great,deal of research .

~effort, The majority of studies.are only anecdotal case reports, and
therefore are subject to considerable criticism;,which Blanchard (1974)

covers thoroughly.

Engel (1972) published'early reports of the clinical aspects of

‘heart ‘rate control. The basis for'hjﬁfinitiating the work is outlined
A 4 ' . : - .

in the following paragraph:

"By the time we began our experiments, we already had
carried out three cardiac conditioning stydies with:
normal subJects, and Miller and his colle§gues had
shown. that it was possible to operantly condition heart .
rate in the rat. Furthermore, there was exten51ve
literature that showed that the nervous system could
 play a major role in modulating the prevalence of cardiac
arrhythmias, and that  showed that temperamental '
variables affected the prevalence of many arrhythmias.
This data indicated that the nervous system exercised
-a significant role in cardiac function, and at'least
, some aspects of this nervous control were: associated
PN with volitional behavior . (1973),V T o

Engel has also reviewed the cardiodynamics, hemodynamics neural

and psychologlcal regulations in operant conditioning of . cardiac
e

function As a.result of'conditioning heart rate, Engel states that

-patients have become 1ess anxious about their arrhythmia and they have

attained ‘a sense “of mastery over themselves Although they found it
/

1difficult to obJectiVely describe how they learned heart rate control
.subJectively, generalized relaxation seems to be of prime importance.
Weiss and Engel (1971) have shown a decrease in premature ventriculard

f contractions (PVC) in five of eight patients treated Using binary

feedback in the form of 1ights and tones, sessions ran from 22 to 53

&

in number

Subsequent studies by Bleeckerand Engel (1973) examined the control



of supraventricular tachyarrhythmias. ysing a_similar'technique as
described by Weiss and Engel;Jpositive results were obtained from several

patientS'sufferingvfrom sinus’tachycardia,_paroxysmal atrial tachycardia,

I3

supraventricular tachycardia, and atrial.fibrillation;‘_In describing

the predominant comments made: by the patients} decreased anxiety about
. ’ ’ . ‘ ) N N - » N ‘_4
his heart was consistent.

-

_ Epidermal Response. Sargent (1973) has»examinedfthe'alleviation
andfprevention}of migrane and tension headaches using a combination of
autogenic phrases and biofeedback. Two Parts -were formed; one ‘focussing -

' on passive concentration and relaxation of the whole body, and .the other .-

‘group focussing on achieving warmth of the hands.” The phrases were -
-memorized before the first SeSSiqn.>‘Feedbacksconditioning,required the .
',use'of a temperature-trainer}-.Using‘thérmisters, the‘differential‘
C ¥

temperature was determined between the midforehead and the right index

finger. SubJects were seen on’ a weekly ar: blweekly basis their task

ibeing to. concéntrate on the fearned phrases, -as well as increase the
. ‘4 ot f“
temperature of their hand relative to the forehead In two to four'_ *

months; SessiOnsfwere red0ced to onCe monthly for-a mean’ of 7'7'months.v
'Results indicated -a 637 1mprovement in reducing the frequency of migrane
.- attacks, and a 33/ 1mprovement for tension headache sufferers.

L

According to Sargent,‘the mechanism involved is as follows._f?

"The symptoms of a mlgrane attack ' e mediated through v‘-'5.‘.r
. the autonomic nervous. system. and- ane' 6ften evidenced - by - e
'increased blood flow in.the head.- In musclé contraction ;‘
'headaches, one group of investigations has demonstrated _
'h,increased blood. flgw through the affected muscle. Thus, ST
both—migrane -and ‘tension. headaches must be ameliorated
by regulation. of blood flow through voluntary control of
the autonom18 nervous system.‘ e R :
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Muscular System. In a therapeutic capacity, biofeedback within the

muscular system has presented the most encouraging result qucle
NS

(EMG), feedback has been-: 1nvest1gated by a number of authors for theip

allev1ation of ten51on headaches, and the lowering of chronic anx ety

T . ¢
! . Lok

(Raskin,_1973,,Budzynsk1, 969)
| ‘Raskin'(l973)'presents a study]in which EMG therapy was

employed as a‘technique for~relaxation.training in chronic-anxiety states.
The study 1nvolved 10 subJects'.6 suffering from insomnia, and 4 suffering
from tension neadaches Conditioning focussed on a reduction of EMG _
activity in the frontalis muscles Five of the six insomnia patients
_showed improvement; whilekall 4 tension’headaChe;sufferers-showed'_
.improvenent,» - |

fPrimarily.concerned with‘tension headaches, budzynski and Stoyva.li
K (1969 1970, 1973) have presented a-series of studies in which they
_'applied EMG feedback as a,therapeutic tool
| Initially, Budzynski established three goals which biofeedback
.hshould Fulfil1: | - | |
| l, The development of increased awareness of the
2 relevant physiological function or. event |
,é' irhe,achievenentof'controlhovgr Fbgsg,fnnctions;pflh
Jd;ffThe{transfer‘or,generalization'of that‘controll.
ffrom the training state to other areas of ones o

'. life | | |

Six patlents.w1thda long incidence of tension headaChes were given

proportional tonal feedba%k indicating high or low EMG activity.. R

Training varied in duration from 4 weeks to 2 months, depending upon the

.\_

AL
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individual's_level~of headache activity. As training~progressed,'a

11

treduction'in the-frequency'of tension headaches resulted. By.the third

and fourth weeks, a significant reduction in headache frequency existed.

~

Budzynskl stressed that the core of the technique is based upon

L}

precise measurement;~and amplification of a particular respOnse,'

information feedback and shaping, and this techinique could therefore be

applicable to a variety of physiological events;“

Concurrent studies by Wickramasekera (1972) have shown reductions
\‘.

'headache frequency and 1ntensity, and as Blanchard (1974) polnts out. .

', in his review of this artlcle, EMG feedback has been demonstrated to
~

be a potent treatment package for intervention in, tension headaches,

and that home practice 18 ‘an important parameter in achieving and

4

' maintaining success,'

>Central Nervous'SyStem Conditioning central nervous system

'resanses (CNS) (in particular brain wave activity) has generated a

ngat deal of enthu31asm amongst researchers and the lay public alike,!« l;"

however, very‘few clinical studies have been conducted therapeutically
"dagglying EEG biofeedback This is in part due to some of the disappointinﬁ h
Adata collected concerning the specific brain rhythms (Blanchard N -
19745 Travis, 1975) | '

One area of EEG biofeedback in which the data seems eneburaging, :;
'?'from.a therapeutic point of view, has centered around the cessation of .
r:epileptic seizures WOrk by Sternman (1972) centers around conditioning
f;-the Sensorimotor rhythm)(SMR) which typically occurs from the central region;ff’
’fﬁof the cortex Originally working w1th cats, electrodes were placed on: the ;..l

'~:dura over the Sensorimotor region. ﬁt was observed that duriﬁg the voluntary -



training. Sternman noted that:

12

suppression.ofgmovement; 12-14 cycles per second. (cps) activity appeared,

It was felt that this activity represented a neural process of motor
'S . E

inhibition. Upon conditioning‘the’rhythm,_a'motionless posture was

maintained. Simultaneous recordings_of other phvsiological‘activity

" showed a decrease in. tonic motor'discharge;nwhile'cardiac and respiration

‘rate'became more regular. Sleep patterns»were also modified by SMR

4

",..sleep spindles were enhanced and' the number of
" motor disturbances during sleep diminlshed in SMR
trained cats. »

N

- The overall amount of time spent in sleep was reduced and a mgst significant

feedback ~Six patients with epilepsy, and-two suffering from.spinal

,-end 1e31ons, were studied over a. period of 6- j? months. Feedbatk C?A '

findingtwas that_drugAinducedeeizures were resisted;'

ProgreSS1on to human studies involved a similar procedure as that

used for conditioning cats. Rewards varied from lights to pictorial

e

¢ . X B4

sessions ran frOm 20—40 m1nutes;-3 per week. indingS'indicated.that

.7the 12- 14 cps activ1ty could be controlled when it occurred over . the.

:_=rholandic1region of.the brain. All subJects showed changes in the ,«'

"distribution of EEG, frequencies during training. Normal subjects showed

‘a reduction in occipital and central alpha activity duriﬁg SMR

P

. conditioningw Epileptic patients all showed a decrease in abnormal low .

’frequency discharge patterns, w1th training. This decrease was

~?;progress1ve and sustained throughout the period of training. Additionally; :

Zp

7"these subJects showed a slow central cortical alpha pattern (6 8 Cps)

to diminish All epileptics experienced an improvement in their ;_"

B

,.during performance, nd with continued training, theta activity was found
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‘i3il .
particular clinical patternsglboth grand'mal and petitvmal manifestations
vefe reduced. 'TheleWest.rates‘of clinicalbseizure activity in the” o
history ofotheir respective disorders were uniformly achieved“within
several months of initiation:of training. i .: ‘ '_ : - J
Subjectively; patients‘expressed increasedAgeneral‘awareness and an-
improvement in thenability to sustainlattention in.aCCordance with:the
'typical‘reports of a.relaxed_but alert_and focussed state of mind.during
successful performance. § | |
: In an anectodal study, Finley'(1973).states that a 13 year old-
5S“bj¢Ct~w3é able to decrease the;occurance oflclinical seizures'which ’
occurred on the,average of:8 per’hour. :Oyer'a 3 month\period;:SHR‘,
. ‘-activity increased by»652~with‘a:subsequent 10 fold reductio%&in the’rate‘ o
- of clinical seizures."TheﬁduratiQn ofgthe'seizures also shgdedia '\r | .d.' T”;
' qurease. - 2 ‘.;” _b.; | - o ﬁii_ A.’ R id-ld,\;i
o A comnon factorlin most bioﬁeedback studies has been the subJectiye - : '!'
- state of feeling relaxed Blanchard (1974) generalizes and says that
it seems possible that the biofeedback procedures

o may ‘be only elaborate methods for teaching relaxation.'
/

This may be one of the reasons why such wide spread interest in EEG

&

(‘;

alpha biofeedback has occurred

. The alpha rhythm (8 13 cps) is typically recorded during the eyes',

clOSed relaxed state (Adrian 1934 Kamiya, 1970)¢j}Subjectively, alpha R

K QQCOnditioning_has been described as a state of relaﬁ@d waieﬁulness. .The:ep'_,f..

x

')

: subJect being mentally calm, yet alert (Kamiya, 1970 chan 1972)
Although clinically applying alpha feedback has been PfOPOSed by a / J“:
,vu.;,;.number of authors (Nideffer 1972; Miller 1969 Layrence, 1972). no o
o extens’ive clinical studies have been conducted (Blanchard 1974 TrQVis,ﬁ';ffl-”“””'

>

p
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The characteristics of the alpha rhythm have been'thoroughly~
scrutiniaed since its discovery in 1926'.yet little is known_abbut’its
origin and what the alpha rhythm represents phy51ologically I
,'therefore has become increasingly 1mportant to examine the whole aspect
of the alpha rhythm before applying/}ffthérapeutically in biofeedback.
.Alpha Rhythm and Biofeedback

Historical Background anerefinition' ln 1929'Berger showed that electrical

o

‘_activ1ty could be recorded from the surface of the human scalp (Adrian, 1934)

Because of his crude equipment, and the fact that electrical activity could not
consistently«be regorded from the typical research animals used; neuro-

'physiologists tended to take Berger s results lightly Eventually.

°

Adrian and Mathews (1934) were able to record 10 Hz activity from the
LI / ‘

{('. optic nerve of the water beetle When the’ beetle was exposed to

? 111umination, the 10 Hz adt1v1ty was extinguished. Thus, the conclusiOn‘

was drawn that nervous. tiSSue was capable of generating a 10 Cps. rhythm‘
5 .
_as Berger ‘had originally proposed Abolition of this activity by sensory*p

stimulation also verified Berger s finding that the alpha rhythm

"typically recorded during the eyes closed state, could be attenuated

'

fupon opening of the eyes

EVentually, a formal definltion describing the alph 'rhythm,vas.’d

J'established%by the International Federation for Electro cephalography

,fand Clinical Veurophysiology flfﬁ.[ ‘ t:_l"-~;.,.‘ e
aom o alpha rhythm rhythm, usually with a’ frequency 8= 13
- cps in adults, most prominent in the posterior areas,’
present most” markediy when eyes: are closed, and attenuated
dur1ng attention, espec1a11y v1sual" (Lynch 1971)

Lo

Lo
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Physiological Origin. Jasper aftrd "Andrews (1938) examined the

involvement of muscle actlvity in relation to alpha activ1ty Ba31cally
agreeing with Adrian' s assumption, they felt that generation of alpha

’ activity'resulted in lO cps muscle ‘tremor. Slmultaneous recordings of
\finger tremor and brain'act1v1ty indicated a d1rect relationshlp might _
. exist between cortical potentlals and the rhythmic characteristics of
:striate muscle ” Visual and auditory stlmuli resulted 1J a suppression
of both"finger trembr and cortical act1v1ty Closer eXamlnation in.
'patholégical states (paraly51s agitans and petit mal epilepsy) rcvealed
no”correlations.- Their conclu51on was that a relationship ex1sted between
.cortical and‘subcortlcal centers in the ‘normal subject. at rest, and

this 1is reflected'in the grouplng of discharges which reach a final
common pathway The muscle tremor produded in the normal state and the

-~ - -

pathological state, result from the same center, and that a change in '
. . , .
the firing pattern at’ the cortical or subcortical level resulted in the

tremor observed . ‘- P . o A C L .
: o . . 1

Lippold (1970 1973) has somewhat modified this hypothe31s " He
.:stated that muscle actlvity generates the alpha rhythm, and in fact
:alpha activ1ty slmply was an artifact of these muscle potentials

o The follow1ng factors led to Lippold s prOpcsals

A

‘“l;. Alpha rhythm and muscle tremor tend to have the same

frequency in indiwiduals, and often have a simllar wave C

form, wax1ng and waning usually_Occurringjat:the7same¥

: . 'time'., . I
»‘{,_ 2. With increased age, tremor frequency rises in the
EMG delta activity is supplanted by the alpha rhythmﬁ7 S
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Waves for tremor frequency agaihst age and alpha
frequency against age, .coincide.,

3. When a person is falling‘asleep, or at the onset of

°

» anaesthesia, tremor and the alpha. rhythm tend tO'dis~
appear at the same time. \\ : .' | .
4, Abnbrmal tremor (5 Hz Parkinsonian Conponent) |
freouently occurs simultaneously &ith cortical activity.

Through a number of elahhrate experiments; Lippold concluded that
¢ v . v . -

- alpha results via the following.mechanismsi B .
R 1. There is a‘reflex loop.from the oculomotor nuclei
to the extraocular muscles so that the rhythm recorded .’
, N | AR AR

from the occiput is generated from these naclei.
, PHE, 15 BF m .

- . . : .‘
2, Because of the geometry of -the skull and orbit, the
extraocular muscle potentials are_emoothed_and appear -
as -waves at the occiput., - o

L

3. The tremor of the extraocular muscles may mddulate,’

"th% corneo-retinal potential which again because of - ;‘ e

e

. skull geometry is ‘recorded at-the'occ1put.‘
PR R . .
5.

Few authors agree with Lippold 's hypothesis. At the presént“time,'
the moét widely accepted explanation for the origin of the alpha rhythm

’is that it orlginates w1th1n the thalamus

RS

| Bremer (1935) found that sectioning of the brain stem, betweenethe\

‘-thalamus and mesencephalon, resulted in no. reduction of lO cps activityT

,\.

occurring frOm the thalamus and the cortex.. He prOposed that either the

j'thalamus, the basal ganglia, or the cerebral cortex, were responsible"'"w

'

':for producing the rhythmic activity. In 1958, after further experiment-

'.,‘Z",-" L e
. L4 .

Lol



. changes in the cortigram. A longitudinal incision made between the

yylocating the origin of the rhythmic activity_witnin the thalamus.

midline and intralaminar nuclei, resulted in no observable changes,'

' temperature w1th1n the thalamus, resulted in a decrea

R 17
ation, he finally hypothesized that the thalamus was specificalily
responsiple for the cortical spindle activity.

Andersen and Andersson (1968, 1971) extended‘B;emer's‘work in
. ) . ’ A

©

Using‘anaesthetized decorticate cats; abolition-9f~the’anterior third

of the thalamus resulted in a noticable change in cortical recordings

(

on the ipsilateral side. Localized‘destrﬂction of the_thalamus,-& mm

lateral ®mo the ventro posteriolateral nuclei complex,vproduced‘drastic~

s
M

- >
-

contrary to HMorison and Dempsy s (1942) midline pacemaker concept for

' spindle activ1ty

.

Cooling of the cortex resulted in a marked reduction in amplitude

of spindle activity, but no. change in frequency. Redégzéii;j50the’
[ 4

ischarge

4

frequency, and eventual abolition of spindle activit“,, Crystalline TN

. penicillln was used to affect the cortical spindle activity._ When

o

- injected into the thalamus, a dramatic reduction in frequency was

(]

observed and according to the autEors, thls reSult would be expected if

W

- a, thalamic triggering dev1ce were removed or altered ' Penicillln

1.

T M-injected spec1fically into the. ventralis posteriomedialls nuclei,‘and

the ventralis lateralis, resulted in slowing of Splndle activ1ty.

Andersen and Mason (1971) have since identified three distinct

o, v

2

patterns of pacemaker activ1ty. The activity origlnated from thej

‘u‘&ﬁ,ventro—basal dorso lateral, aﬂd medial regions Of the thalamus.

C’../ S L%

Lopes Da Sliva (1973) has also verified th1s finding :Measurfng.thalamo~. o

4
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cortico and cortico—cortico coherences, a number ofldifferent rhythms
conld be recorded indicating that several‘paCemaker Siteslexisted.
Interestingly, it was found that cortico—cortiCO coherences were génerally
greater than the’largest'thalamorcortical coherence. This suggests thatb
the‘rhythm typically‘recorded from the surface of thehscalp might'depend
‘more on intrafhemispherical conneCtions rather than inter or intra

thalamic connections.
- L Y

" While the'physiological,origin of.alpha waves requires a great deal .
e 'MA more investigation,‘variables affecting alpha activity have heen‘carefully

L

scrutinized.

© - Variables Influencing Alpha Occurance. Varions researchers. have

‘._examined,aénnmber of general features pertaining to the occurance of
‘ alpha aetiVity. | “ ' |
Phillips (1971) has izdicated that increased smoking lessens the
s .
. amount of alpha act1v1ty, while London (1970) has shown high amounts of

'alpha related to ‘high scores of hypnotic susceptability The most

frequent observation has: been the attenuation and enhancement of alpha

through mental actiVity ‘(Brown,; 1970; Kamiya, 1971; Slatter, 1960)
Slatter 1nvest1gated EEG. correlates of mental imagery A, seriea of

h s
tasks 1nvolv1ng mental multiplication ~visua1 1magery, and generalized

thinking resulted 1n the folloWLng obseiﬁiﬁﬁ’hs: Active V1sion and
. visual recall were associated w1th blockingyor attenuating alpha-..
"-?bs‘ ; | ». rhythms, alpha activ1ty was also blocked by nonspecific anxiety
Glass (1964) found/thag‘ifrors in mental arithmetic were associated3=

.with high voltage EEG alpha activ1ty, before the presentation of the

task

[ach
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De Calre (1970) attempts to categorize populatlons of alpha producers
into three groups The first group (persistent) has alpha occuring
. immediately upon c1031ng of the eyes,'and sometimes they find it
difficult to block the activity. Alpha may even ;ccur during the eyes
open state. The second and_largest group (responsive) exhibit measurable .
amounts of alpha activitv uponvclosure of the eyes.’ The third group -
(minus) 1ncludes‘only aboun 5% oi the populétion, and shows no alpha
'activity, even with the eyes closed,

Alth0ugh categorles have been established according to percentage“
of baseline alpha very few behav1oral dlstinctlons can be found
associated to these three groups. A number of authors have observed that
high anxiety states were assoc1ated with occurance of low alpha activity
.(Eskenasy, 1973; Lader, 1966; Branch 1965) Johnson and Ulett (1959)

-

found small correlations existing between. ‘the Taylor Wanifest Anxiety _
¢

Scale (Taylor, 1954) and percentage baseline alpha’ activity A high o

amount of alpha activity represented low anxiety, and conversely, low'

alpha activ1ty reflected hlgh anxiety states. Costa (1965) also found

small correlations existing between percenrage alpha and.- trait anxiety..

_hysiological erresentatives of Alpha Activity Galin and Ornsteln ‘

‘(1972) have measured and compared left to right EEG power spectrumsf -
during verbal tasks, and various spatial tasks. Recording from T3, -:'i.
T4, and P3 4 (lO 20 svstem of electrode placement), results indicated y

_a ratio decrease for spatial tasks, and an increase in ratio for verbal
tasks, i. e‘ a characteristic pattern of activity existed for. these two

: :cognitive modes Because of the high voltage of EEG alpha activity, it

was assumed that . alpha contributes a large prOportion of the total EEG -
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;poner,‘and therefore thggfindings suggest that suppression_of alpha
occurs JVer the active hemisphere. * )
Doyle (1974) expanded this'study, in which the various frequency‘
bands were’examined;more closelyf Of the five frequency bands, alpha
seemed to be the only rhythm that showed significant‘differential
qyalities during performance of various eognitive functions: The
in\luence.of‘motor and nonmotor tasks on the'EEG.spectrum,frevealed_
iz o : .
increases in ~alpha activitv.occuring whenxattention to breathing was
performed Motor tasks all tended to depress ongolng alpha activity.
Butler (1974) and WcKee (1974) have subsequently verified these o
| findings. | - | ) | -
Wulholland (1965) presents a ClaSSlcal 1llustration in which alpha
:production is thought to represent eye movement and eve position.'
Although his results have been disproven by a number of author? (Fenwick
'1966, Nowlis, 1970, Kamiya, 1969) the su?gestion is made that some
connectlonvbetween efferent neural pathways and-alpha productidn exists{
The folloving, Table l ilIUStrates the procedure used by Wulholland
-as well ‘as, the data accumulated | |
o Both subJects Had an abundant amount of . alpha time present in the
_normal resting eyes closed state, and were thud chosen on this basis
Tasl I presents data when sub]ects sat in a dimly lit room and performed
' the follow1ng tasks.: eyes open,.eyes closed, ey s ahead, and eyes up
..ITask II found the Sub1ects blindfolded, thereby leuminating any change
in visual input as was encountered in Task I. Task III presents data ;
P : o

, from subJects sitting 1n a room with intense but diffuse light whenever :

_f‘alpha was’ present ine the EEG The fourth task made use of the after-imagej

- o
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TA’BLE 1
“PERCENTAGE ALPHA TIME, RECORDED FROM occléerL LEADS OF TWO SUBJECTS.
ALPHA PERCENTAGE VARIES, WITH VARIETY OF TASKS PERFORMED. (1) DIMLY
iLIT ROOM: (2) 'SUBJECTS BLIND?OLDED:4;3) ROOM FILLED WITH INTENSE BUT |

" DIFFUSE LIGHT: (4) AFTER-IMAGE EFFECT (MULHOLLAND, 1965).

TASK I o TASK 11
_SUBJECT - SUBJECT
% ALPHA TDME | % ALPHA TDME
1o A I . II
Eyes. Open | ' 7 »3. " Eye; Opéﬁ L '53 :} 63
Eyes Closed - 8 88 Eyes Closed 79 69
Fyes Ahead 9 4 Eyes. Ahead ' 'A._ 18 50 -
Eyés Up 8 715 Eyestp 82 53
‘/ .. N ' | ' . : aEyes co;éfeé with;a.gliﬁdfoid.' '
sk ti® . iAsx.iVC
o SUBJECT : o . susEcT
% ALPHA TIME = . % ALPHA TIME
1 B 5 S ;_'.,, " ;7- 1 ; IT°

'Eyes‘AHead | .8 41 'vEyes*Ahéad___>A.: 13- 3. f.‘ A
'Eyes Up“ff T 9 . 48,  Eyes Up o 28 - 28 L
- : T ST : S
AbROOm f111ed with 1ntense but éFollowingxexpOSpre-tO bright pa;tégn;_ -

dlffuse llght , 1
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effects in which a hright'pattern was projected onto .the suhject's eyes,
and - after closure of the eyes,.he could visualize‘the'flash for about a
minute after initial.exposure. Mulholland states that these results

; clearly indicate that eye position is a significant varlable 1in determinlng

- >the amount of alpha time. Despite the uncomfortable task of keeping

“the eyes in an upward position, the alpha occurance’ was higher than ‘the
eyes ahead position. Mulholland concluded that the classic 'eyes. open -.

‘eyes closed" test for alpha may not in fact reflect reduced visual 1nput
as had been supposed ‘but rather some possible variable as. a tendency for -
the eyes to ‘turn upwards under such conditions.»i'

Lynch (1971) has since outlined two categories that might.represent
alpha occurance. Alpha may be due to physical or somatic factors, -

A'attentional or arousal processes»
Hulholland (1973) has 51nce propOSEd that alpha occurance isv

’

attributed to three visual mechanisms——the'rtriad of acc0modation .: The

‘triad is comprised of minimization of the angle between the visual tLrget :

' ¥
and the fovea minimization of target blur and control of the pupils to

~.optimize the legsl of stimulus input The occurance of these reflexes ‘

\ »blocks the alpha rhythm D .""

Wertheim (1974) reviews recent evidence indicating that alpha

.v\activity is. d1rect1y associated to oculomotor control Blocking of
'-v‘valpha activ1ty occurs only when the visual information serves also as‘a :ﬁ"
_,monitoring pr1nc1ple in oculomotor.position control - | | |

S during hlghly predictive Visual tasks, 0culomotor
s;control might become ‘independent- of. visual information,
. even.when the sampling of this’ information remains .
-undisturbed. “Large. periods of runint rrupted alpha .

p.activity witH eyes open -are usually Essociated with a’

-.mental state of general relaXation i 1ch if prolonged
, L o S
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long: enough drift off into a state of. drowsiness or

sleep.'
. A IS

Wertheim .summarizes in‘saying that two typeskof eye-position control

exist; an external (retinal) feedback loop, and some kind of internal

control may operatefin the absence of retinal information. - This internal

control may relv on memory‘functions, probably with respect‘to prior

LY

‘efferents. The ability to block alpha via mental effort, therefore,

f

depends primarily on past related experiences.

Peper (1971) suggests that the activity which bchks alpha is‘

'related to neural -efferent activity inVOIVed in oculomotor activation

Peper found that blocking of central alpha, resulted from movement

responses.' Thls agrees with Kreitman and Shaw s (1965) detection of a .-
»small negative correlation between EMG activ1ty and centrally located

"alpha.act1v1ty. They found that subJects showed a decrease in visual B
.tracking performance when ?lpha was present._ The blockage of alpha was V:ET'

not due to the onset of light input but due to oculomotor changes. T‘

In summary, Wertheim makes a general hypothesis the ongoing

:-occipital alpha rhythm 1s attenuated desynchrOnized or blocked by

contamination of the EEG trace by electrical activity evoked during
.. activation of neural mechanisms respon51b1e for attentive oculomotor .1hijd
drbehavior while during intentive oculomotor behavior,‘the occipital |

'v‘_alpha trace remains undisturbed

Heinmann (1971) set forth the proposal that alpha actiVity may

Ll

'":reflect inhlbitory brain processes., The ongoing alpha activity represents

'f@;yone s ability to inhibit those sensory inputs which might normally block T

alpha The author cites work where sensory deprivation studies have

-

' ?bfound increasing alpha activity occurring.;, -

g .
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An increase in alpha actiyity (11-12 Hz)vwas found to)occur after
the‘annouhcemedt of an electrical shock, to be given'a-fewdseconds |
' later.. This activity has been described-as "preventative inhibition'. .
Heinmann:exposed his subiects to.a,number-of-emOtional‘words. fEEG.
.:and ECG recordings were.made-Simultaneously, A delay in_recognition:of
T.:a word . was accompanied by 1ncreasing alpha activity ‘ Alpha activity‘wds
highest betWeen the time when the information became available, but not
_reaching_consciousvawareness,.and‘as1the stimulus increased 1n intensity
a-Stepwise.recognition of_theTWOrd-began; bTherefore;lincreaSes_in alphaf‘
1actiwity may.reflectlan'increasing abilitylof thevsubject to_ignore‘l
‘otherw1se dlstracting 1nfluences | e |
Conditioning the alpha rhythm through biofeedback has added to the
:;knowledge about its characteristics of occurance, its correlates andaits ﬂ..
o : :

usefulness as; an index of homeosta51s ; R

¢

' Alpha~Condition1ng ' Schwartz (1972) has found no relationship

| A-'existing between EFG alpha conditioning and heart rate control This

"-indicated that the underlying mechanisms for: control were diffefent.

Conditioning alpha has shown some characteristic pattern changes.r"ﬂ.i'

As indiyid als become drowsy and pass into sleep, their brain rhythms tend

to change from predominantly alpha to fragmented élpha, to low amplitude 53“'3i"

-'theta, and finally delta (Budzynski 1972) Budzynski also noted a.

. -Qlconsiderable reduction in tonic muscular activitys""

| Peper (1971) attempted asymmetrical feedback ttaining of parietal -faﬂf 3

'.;“occipital alpha activity Subjects were instructed to’ keep either a tone t ["'»

lf‘on or off. The tone on was~dndicative of gross alpha asymmetry between _ -

"lfthe two hemispheres ~.Two of the six subjects were able to‘learn j[d_?-id‘
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asymmetrical controlr Peper'suggests that subjects learh:to optimize
the'conditions under whichlasymmetry occurred and to autoregulate the
unhnown processes that mediate_the-alpha rhythm.* . -3 r. y. v 5~

‘fepef's'(l972) examination of 1ocalizedvcontrol inyolyed.subjects-ﬂ

divided into two groups . Group I ‘was instructed to keep‘the tone high
o«

: pitch (high alpha), Group IT was instructed to keep theé tone low (low

alpha) One sub1ect was able to gain significant control The method

of control was through various cognitive tasks, thus substantiating

4

A Galin and Ornstein s findings of cognition and 'EEG alpha occurance.

Hord (1972) recorded spectral activity during self regulation of

A

’alpha., Measurlng inten51ty and coherences between frontal, ‘temporal

‘and occipital leads, revealed little evidence of increases in intensity

: and frequency ranges other than alpha. Occipital alpha was f0und to be

'more coherent with frontal than temporal leads Slow frontal activity,.
: S
resulting primarily from eye movements, decreased in intensity during

'successful alpha regulation f 1:x3-

The most distinguishing feature of alpha remaiﬂs the subjective _"

description of alpha state during self--regulation._'i

Initially Kamiya (1969) attempted to see whether the alpha state."*f'

:could be . identified A single subJect was told that a be11 would ring

'instructed to keep a tone ‘on for 5 minutes indicating the presence of ”'nf

' A‘,fromttime to time, and he was,to identify whether or not he was in the‘;
'jfalpha state.. During the first day of testing the subject was correct

"507 of the timer On the second day he was correct 652 of the time,(the

This study was extended using 10 subjects The subjects were ='C

il

”ithird day 852 and by the fourth day 100% of the time-—éOO successiVe trials.icff
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alpha “Within 8 trials, 8 of the lO subjects were successful Nowlis
.Zand Kamiya (1970) conditioned 21 of 26 subJects to control alpha within
15. minuge SubJectively, ‘the alpha state was described as relaxrng,
letting go and not focu51ng on.anything : |

Brown (1970) employed the use of colored lights and describtive
words in 1dentify1ng the different EEG states ' Ba51cally'the results

3

showed that alpha was assoc1ated with pleasant feelings, an 1ncreased i&ternal
awareness, and tranquility Many other 31m11ar Subgective reports haVe':
~ been documented (Lynch 1971, Peper 1971; Videffer, 1973; Budzy1ski

ﬂ1972)

These subJective comments prek ining to the alpha state have
generated a great deal of enthusiasm towards alpna biofeedback HoWever;f;
;»as Blanchard (1974) recently p01nted ‘no studies have been qarried out '

villustrating the therapeutic value of . self-regulation of alpha. f

Nideffer (1972) has questioned whether or not EEG alpha biofeedback

o results in phy51cal relaxation in.conJunction with the associated mental

Jo

_-state If thlS is the case; Nideffer also suggests that it might be
‘possible to therapeutically apply this technique in treating psychosomatic .
.*udisorders.- There wOuld appear to be at least three ways in which )
-iSUbJECtS mlght benefit from alpha training | ‘ |
o ‘1; Should the alpha be directly related 10 physical

‘.brelaxation it can be useful in the treatment of hyper—f’

isensitive conditions and it may increase the subject s h;; »lﬁgév'?kﬁdsh'

'ability to withstand stress

Cov i If the alpha state reflects lower levels of arousal e
:'nd a relaxation of normal perceptual and cognitive' S
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control, itAmayvbe useful in a variety of ways tol
increase tolerance. . -" 3
3. Physical relaxation occuring‘in conjunction‘with

a state of '"mental calm".

.

Somatic Targets. of .Psychic Tension

It is well documented in the literature that stress and anxiety are.

Aimportant causes of‘elevatyon of .blood pressure,.occurance of irregular

. A 4

bheart rates, ten51on headaches, and migrane headaches (Branch 1965

Lader, 1966; Roblnson 1969, Plckerlng, 1968

v

_;lly, 1970)

. pszchophysiological Correlates . Lader ‘f966).has'presented a

series of graphs Figure 1. 1ndicates the relationship between different
‘ arousal levels and the affected phy81olog1cal parameter

Phy31olbgical Weasures of Anx1ety Arousal as-Lader explains,'

.

interposes between the phy51ological measure, and the: concomitant emotion.
'.7Anxiety may accompany high arousal levels and hence changes in some
psychophysiological parameters, although a hlgh index of arousal may not
necessarily be an 1ndex of . anxiety The reason for this may be twofold
h;An increase in physiological activity may be secondary to increased
"fphy51ological needs which might be OCcurrlng simultaneously, but
independently, and secondly,»arousal may cover high effect states other
l‘than anxiety If recording c0nd1tions are kept constant, and. anmiety isii“
1 determined Via pSyChologlcal/testlng, a- number of physiological reactionS“
;;ishow‘some SPeCif1Clty to anxiety.; Frontalis muscle activity tends to.be S
‘@‘consiscently higher 1n anx1ous patients Blood pressure can be labile

or chronically raised durlng anxious states, Respiration rate~i$;f":i

. »
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irregular. 'Intense anxietv' haslbeen associated with vasoconstriction;
while 'contentment' with vasodilatation. Faster EﬁG-activitv has also been.
noted during anxiety states, and alpha being‘less common in chronic'
.aHXiety states. | | |

Branch (19653 has extended the influences of anxiety as being .
i S \ _ - v
‘responsible for-a number of psychésomatic disorders. Anxiety may

significantly increese»the amount of'work required by the heart inducing
‘arrhythmias-—such as paroxysmal atrial tachycardia, premature systoles,
: atrial fibrillation and- paroxysmal ventricular tachycardia It may cause
. \ ) -

hypertension or ang1nal pain may increase. _
. <
!

Pickering (L968) states that environmental factors play a large-
part in the . pathogenesis of the severest cases of essential hypertension
'and he cites a number of articles demonstrating this

) has stated that anxiety may even be a symptom for
) S e :

hypertension (Robi son, 1969) This has been verlfied to some . extent by

&

Vlachakis et al,_(Vlachakis, 1974) Patients with labile blood pressure .

Robinson (19,

were examined under four conditions Phase A: Thirty minutes of complete

{at room temperature. “"Phase B After vasodilatation, produced
;iith electric blankets,‘a ganglionic blocking agent was R
;?hase C: Conditions of B constant, and infusion of epinephrine
\ﬁv Phase D Keeping B constant, and infusion of levarterneol
;ate.(norepinephrine base) In all four cases digital blood flow‘v
; d;pressures.nere measured Results indicated an increased |
'y,ty in the hypertensives Hypertensives did not score high on
anxiety scales,'but did show differences in- reactiye anxiety.liﬁ;.

Referring tO Malmo, the author states that when an individual w1th f];7‘1 S
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various psychomatic complaints.is‘subjected to stress, he most likely
responds'maxinally.with distutbances invthe "critical syuptom area";-
1.e. the area in which the psychosomatic complaint'was relatedw <If is

-

suggested that aniiety produces nore vasoconstriCtion than'increase in
cardiac_output in the hypertensives; whereas the'ooposite occurs in' the
'normotensive/subject. Wallin et al.l(1973) cbmments that continuous
‘monitoring of blood pressure has shown that many hypértensives react
with greater blood pressure elevations than do normotensivesbwhen'

subJected to a varlety of stimuli during normal da11y activ1ties

Treatment'of Psychosomatlc Disorders. A variety of relaxatlon

‘techniques have‘recently been used_in the treatment.of hypertension.
'.Deabler‘(l973) stateskthat attemoting to use nsychological methodology
Ainalowering blood~pressure.is of recent origin. -Hypnosis and Jacobson's
'technique for skeletal nuscular relaxation ‘were employed Twelve -

: patients,were divided'into two‘groups Six for controls;‘six for

experimental-use A 177 1owering.of.systolic hlood pressure was achieved

i

‘through hypnosis ! _ - ;': ilx/
o BenSOn (1974) 1nvest1gated the direct effectiveness of meditation _
;f‘strainlng in‘hypertensives Fourteen subjects returned every 2 3 weeks
YA':for'atvleast a year afterwlearning the technioue. Subjects also‘remained
..‘on their medication throughout the investigation.d During the premeditative. |
--control period blood pressure was 145 6 systolic, 91. 9 diastolic. During
'postmeditative experlmental periods, blood pressure averaged 135 0 ‘
5¥systolic,'87/0 diastdllc Although significant reductiond in blood

- pressure were’ attalned the long term effects of meditation have not ot

‘.ibeen.documented Benson did notice that his subJects underwent some,fv
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¥ -

behavioral changes during the duration of the experiment.

~

Rednan et al. (1974) found simple verbal instructions effective in .

eliciting relaxation responses in hypertensives.- Over five sessions;

predictable directional changes in blood pressure and heart rate occurred

“1in response to simple verbal instruction to alter cardiovascular functions. .

Patel (1973) has successfully shown reductions in,blood pressure of d

e

hyperten51ves using a combination of yoga and: galvanlc skin reflex (GSR)

-

feedback Twenty patients were used for the study. GSR. act1v1ty was

indicated by a- tone, an increase in pitch. indicating an 1ncrease in
/\ ) .

‘sympathetic activity, and decrease indicating relaxation. :Instructions
to the SUbjects were to‘concentrate on relaxation. SubJects were seen
thnée times per week for, three months, and by this time five patients

were: able to halt antihypertenslve drugs' a 33—607 reduction occurred in ~

o

seven others dean blood pressure dropped from 121 mm to 101 mm He.

Blood pressure fell by an average of 160 to 134 systolic F 102 to'86_-f
o+ .

diastolic. A twelve month fpllow—up indicated that a stat stically

’

' significant reduction in blood pressure was malntained Patel (1975)

has also run another group‘of_ZO subjects.s SubJects were matched for

-

,¥[ . age and sex, and the’ results verlfled the preVlOUS findings that blood

AN ¢
j\f | pressure could effectively be reduced through this technique. A control". e
| group was also run, and no. reductions in blood pressure were observ;dNN\\€V//i<f%
ThlS verifled prev1éus assumptions that blood pressure in hxﬁertensives o
' shows no decrease as a result of 31tting in a’ chair in an’ isolated
; chamber for a short period of time. Patel postulates that the reduction R

in blood preSSure is brought about by lower sympathetic tone, which is

. maintained by altered habitual interaction with the environment. o f-;

. . y . . . . . S . . o . - . . |
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Although alleviation of psychosomatic disorders through various

relaxation techniques, . including biofeedback, has bteen Qell_documennéd,

- the therapéufic'Valué of EEG alpha‘bibfeedback remains udpfoven.ﬁ



. METHOD

Subjects

| Three male patients with mild té moderate hypertension and three
-L”female patients suffering irom functional cardiac arrhythmias were

’ referred to the study by their respective{physicianst

’ The'hyoertensive subjects were 37, 50, and 66 yearS<of age. The
. arrhythmia natients were:45, 47; and‘60 years Old;':CompleteAhistories
‘of eachtsubject were:available for obtaining‘relevantuinfornation and :
for obtainidg accurate baselines SubJects acted as their owntcontrols
Table 2 tabulates detailed 1nformation for each patient |

Six normoten31ye male.volunteers with noLhistory of either

./reoccurring tachycardiafor highhblood pressure(were used as a.separate

control group. Ages ranged from;QS'to 50 years (S.D." = 9).

Physiological Parameters Monitored

Four physiological parameters were continuously monltored throughout
each session 3 | |

Heart rate was&recorded using 311ver-silvet.chloride disc electrodes o
Electrode jel (Beckman Instrument Inc ) was rubbed into the’ skin "
remov1ng excess'oil “An adhesive disc (polyethylene film,_adhesive coated
on both sides) was attached tor theeiectrode and the electrode cavity

- dfilled with Jel (allowing a better electrical contact between electrode

and skin surface) One electrode was placed on the ventral side of each '1”

e L 33
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forearm (LeadlI)-and a groundﬁelectrode was placed on the right wristr

Pulse- pressure volume was monitored using a digital plethysmograph
clamped to-the right ring finger (Tektronix, Inc.).

Blood pressure_was determined.us1ng an automated blood pressure-
system (Avionics:Research Productsj.' A microphone‘was placed under.a,
standard size blood pressure cuff, over the brachial artery of the left .
arm. "A pump automatically inflated the cuff to a predetermined pressure
(200 mm Hg) Upon attainlng this pressure, the cuff immedlately began to
' deflateQ_ Nhen Korotkoff sounds were detected by the microphOne,_the’

b pressure 1n the cuff illuminated the respective pressure found on. the

. face of th?nstrument (sysLolic _blood pressure) Each falling pressure '.
COntinued be 1llum1nated until - nd Korotkoff sounds were detected. -'b
The lower pressure 111um1nated represented diastolic blood pressure.

The accuracy of this system was compared to a typical sphygmo—:
manometer and found to be 95 percent accurate for both systolic and
diastolic pressures This system was’. intermlttently checked throughout
the duration of- the program | | N

Beckmanlmlnlature electrodes (ll mm diameter) nere used to detect

»-brain wave' activ1ty, electrodes attached using double adhesive collars. C

L The scalp was first prepared with alcohol Electrode Jel was rubbed

' dinto the skin for approximately 10 seconds.‘ Scalp was wiped clean...The_ﬁ
‘helectrode cav1ty was filled with jel and attached to the skin.:

Electrodes were/placed (i) 2 cm above the inion (Oz) (ii) on the
y

‘left ear (Al) (111) a“d on. the left maStOid (ground) 0z - ear activityf::f.

. 'was monéaored (monopolar reading) Electrode impedence was kept below f ,

10, kilohms | In order to maintain this impedence throughout the seSSion, R
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it became necessary for subjects to-use the provided.headrest.'keeping\
Oz connection stable. This procedure was satisfactory for recording

purposes. as well as for the subJect 5 comfort

InStrumentation‘ @

»

Narcb Biofeedback Svstem Brain ‘wave activity was filtered through

the Narco Biofeedback System (Narco Medical Services) The system is a f

. solid state modular instrumentation system designed specifically for 'V
”_biofeedback and clinical application.' Filters are flat between cutoff'
;frequencies (8 - 13)-to-- 0. 5 dB An adjustable control (from 10 -~ 200
.-microvolts) inhibited artifacts before they reached subject s display :
~unit. Proportional audio feedback (i e. frequency and amplitude ' |
modulated with reference to occurance of 8 - 13 (alpha) activity greaterrf‘
;‘than 10 uv) was given via an external speaker situated 8 feet in front -
of subject. The tone ranged from lO Hz (10 uv alpha) to 10 000 Hz rj,'
(>2so uv alpha) ” | ' |

' »Gated.Electronic Timer. T'Criterion alpha aetivity (8 - 13 cpS) was ;'kf‘

h quantified us1ng an Electronic Timer (designed by Gordon Blinstou) This
Ei.device is an electronic clock with a digital display indicating minutes 'if"f
and tenths of mlnutes The displayed value was obtaine? by counting t‘:"
Ezpulses which Otcurred at a fixed rate Counting occurred whenever a

_lsignal from the Narco feedback system was applied to the input terminals

'Alpha activity greater than lO microvolts triggered the counting device.gii

- e

o Miscellaneous All physiological activity, except blood pressure,

’ 'was recorded on strip chart paper for visual inspection. A 4 channel

/\

o model SD Grass polygraph was used Paper speed was set at 15 mm/sec."ff“‘gs

Communication between the SubJeCt and experimenter was’ via an
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intercom system :

! Periodic visual observation of: heart rate, alpha activity, and
' pulse pressure volume could be done with a Hewlett Packard oscilloscopeA.

connected to the Grass polygraph

LaboratorylSetFUp

The following schematlc diagram (Figure 2) illustrates the labor-
atory set-up, Figures 3 and 4 reflect a photographic view of the

testing and experlmental chambers respectively

fggperimentathrOCedure.

At the subJect s convenience, a time was’ established at which he

h

l“would come to the labofatory This time was kept consistent throughouqii; f""

o the duration of the program SubJects were told that there would be..

'a total of 14 sessions (two per week) Each session would last 'f;i“

. approximately 45 minutes._ } R ‘fj .if“:fryif *_]:.”

The first (baSeline) session consisted ‘of a number of elements

SR a. An explanatiOn of the basic relationships between 1177
. ..+ behavioral states (i.e. chronic anxiety, and stress) -
’ :_and physiological activ1ty (heart rate, blood pressure,
_ brain wave activity). . In genmeral terms it was’ explained
“that underlying stress or .anxjeties could cause bodily
: processes to react in a variety of ways‘ ‘for- example,
- ‘heart rate may quicken or become ‘more - noticable blood
. pressure may - be. periodically elevated. :
© Recent evidence has shown that. by, producing high
“amounts of alpha brain wave activity, a. subjective
State” of relaxfulness and. mental calm has been’ reported
jWhat we . would like to detetmine is whether physical N
;.relaxation occurs concurrently with:the mental state.-.fv-,,
~ . Thus, we- ‘hope- to see a lessening in the degree or complete
"1alleviation of the respective disorder.- ’ :
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" FIGURE 3. 'TESTING CHAMBER. This chamber is 5 x. 12, sound and electrie—v A
Soallys 1solated - Chamber is dimly 1it during feedback sessions. L, o
- Digital’ plethysmograph “#2. Headrest, supporting’ head and’ securing

. 0, electrode connection; #3. Standard blood: pressure cuff 4. Electroder'ﬁ

{;for heart: rate recording (LEAD 1)y #5. Avionics preSsurometer, monitors

‘.T:;:blood ;pressure every. 3.5 minutes; external speaker (not shown) - from .V,f»»ffw
" ’Narco. Biofeedback Instrument situated 10 feet in front. of subject'

§ fIntercom (not shown) placed on. wall above and to side of subject.,u




‘TZ-FIGURE 4, EXPERIMENTAL CHAMBER This’ chamber is 9 P 12 and lncludes R
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;1}all monitdring 1nstrumentation required “#1. . Gated electronlc timer,'
. #2." Narco Biofeedback- Instrument' #3. Intercom system;; #4+. Hewlett-'
‘Packard 0$cilloscope, #5, ‘Narco’ Preampllfier (time conistant 043),,

h“,“Model '50 Polygraph::

e SubJeCt -as seen hy- experimenter through- ‘one-way mirror; #7. Gréss
' Channel 2:-hearf: rate, channel 3 filtered EEG from

:Q'Narco Feedback Instrument channel 4 pulse pressure vclume.

-




b. An explénacion of the experimental procedure. The
. following procedure was used-to increase the amount of

alpha‘actiVity;v'An instrument is used. to detect whenever

alpha activity occurs. When alpha occurs a tone is

‘emitted from a speaker situated 8 feet away.; As the
amount of alpha increases, the ‘tone proportionally
increases in frequency. Therefore, there is a two-fold .

~ task:' firstly, to get a tone on and secondly to

.ﬁincréésg“ihe sound of the tone (Travis, 1974, 1975). A

. number of initial suggestions were made; helping subjects

~ produce alpha.  .Subjects were told that they may want to’
blank‘thé}r-mind or think pleasant thoughts. They may
want to concentrate on their breathing or. experiment
with a variety of mental'actiogs.‘ Subjects were also -

- told -that they.may;notiéevan increase in saliva flow, N
fluttering of the eyelids, tingling.in the fingers or a
doss of sensory awareness. These were all indications
of complete relaxation. R o

‘c. Signing of cousenq'fofms._"

d. xAnéwering the Ié?lpffManifest'Anxiéty78céle (Téy1or,:

_ e.inUbjéctsiere'then_éh@bn-théite§tihg chamber gndlan.f,

- explanation was made of how' physiological activity would
fbe'monitoted; : Co e T oo
- f. ,fingil§,gbéséiiﬁe.(né’feédbécﬁ)’meésures of pHysiQIO;_- 

gical activity were made. : When- the eléctrodes were: attached’
th¢ experimenterJ1j‘t the_ro¢m»and estab1ished;cpntatt. 1'
B (via{intercdh)“with?the'Subjecc,.1A,twoﬁminute eyes open :

" . recording was made. . Ihe'subjeCt’wés_thehfasked'toncloSé_A,-. _
. his eyes andfrélax."Thié'ranlfd:ils"minu;epyj'Einally;f155_ s
';Lheré"yas’a;;wq*m;nute_eyés-openﬁfeéo:dLQgﬁmaﬂeﬁg:The-u;f |
. -éxperimenter then returned. to the teésting chamber and _

»fémoved-the=elegtrodesJ(aﬁp:qximatelwifive*minutes);'j;.”» Ta

'bfgsf.Finally,fafsubjeCtive;quesciénhaitefwag'fillédeu;“:5 _2"

by ‘the subject. ™ oo e T SRR

P Thejfollowiﬁg7words;wéféfuséd,ﬁbﬂdesctibé'Subjédtfé“*_'7J Ry
- -feelings at that moment. TThe appropriatg'nhmber_(l,ﬁZ; S
23, 44-5,76,.7, 8, .9) was to be .placed beside each word: . . °
f.‘ihtéréSt,‘alert,;hnnoyed;’scaréd;,dis¢out§ged;iengaged -
af;;ipﬁthought;;enthusiast;c,“irritated;jangry,~adxiou8,v"f_”'ff_
fh f"fdrbwsy,%relaxed;;tense;*pléashnt;F"Numbérj1isign£fieéflf]ﬁ'
L. slight agreement,,ahd;numheerfsighiEies1stroﬁg_r;r.ﬁfff

'f-;g[‘?.;ﬁ 'Thi§'qqé$tidnnaire-waéﬂused‘to@évélﬂate:motiVétiohfanﬂ ih;eréétt{{fﬁf_ff7: o

. throughout the duration of the program. It was also used to help eacly .

Y



42
&%ubject try to identify quantifiably how they feel at the end of "each

session.

" fSubjects' expectations and impressions towards biofeedback;has recently
been shown to be-important' in determlning the success or failure of )
Rl .
.conditioning alpha activ1ty (Hart 1968 Valle, 1975) All subjectsbwere:
i‘told to try and practicenat-home the.techniques they_had learned'inbthe_lab.
;They wereiinstructed to.sit down'about the sameltime eVery day'and try .

to go through their method of produc1ng alpha activity (for approximately;

| ':15 minutes) )
The remaining l3>conditioning Fessions followed the following
“procedure (Table 3) 'f“!f B
At the conclusion of Perg%d 3vsub3ects were asked how thep felt -
they didﬂ Hyperten51ve subJec?s were asked'to guess whether their BP
dropped or rose and were'then told-what it'was. Arrhythmia subjects Alelf’“

' were informed about their blood pressure and heart rate.

-

: , About one month after the conclusion of the experiment the arrhythe”"“

'tmia subf%cts weie asked the following questions by their physician
"‘lf Has the frequency of occurance of fluttering or '

:f farrhythmia decreased any since biofeedback7 e

2. If frequency has not decreased has severity’

{Fl;‘lvv>Do you: find yourself less anxious about the,rt,;p,ﬁq.:~175:"

- poccurance of an attack7 . GA] |

‘lﬁ- Have you become more aware of how to relax Crl

‘srﬁlijﬁmentally or physically7 :Tfﬁl 'ijféila?ﬂ;l;gpi@fﬁ”i'q

Do Any comment* ‘_’}jﬁﬁfj;_;.a-,u
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Data Analysis .

Determination of blood pressure was done by taking the average blood
pressure for each 1nd1v1dual period This pressure was then c0nverted _
to Mean Arterial Pressure by the follow1ng formula.

Mean Arterial ?ressureA

diastolic pressure’
systolic pressure

[

Pa = Pd + 1/3(Ps - Pd), where Ba-
Ps

1

| “  (from Berne & Levy, 1972)’
‘\.\ \I hd . . N . N P

Percentage alpha. time was calculated by taking the total time algha

- recorded (from gated electronic clock) and ,dividing'by,the total

time for that period (Period 1, two minutes; Period 2 15 minutes,.\

Period 3, two minutes) This was then multiplied by 100'
- Time from Electronichlock
: Total Time;for Respective Period’

x 100 ='Z‘alpha;'

It has been demonstrated that 1ntegrated alpha (i e the;poﬁer

under the waveforms) correlates about r'= 85‘with 30thof7OZ alpha

'activity. This correlation decreases to about r _45 atfhigher‘or

The Taylor Manlfest Anxiety Score was’ marked out of 50 (N = 16)

The subJective questionnaire answered at the conclusion of each

. »1session was used to indicate changes in motivation and interest through~ ;5‘[t7'

out the duration of the program,, ijectiVe data was also obtained by ‘”;

RN

'vsubtracting the evaluated number bes de each word from the seme WOrd {i_~:‘ﬁ

Q .-.,/
A

'lfof the prev1ous session, therefore, either a positiVe or negative ';L” 3

5,
v
N U :

'-Approximately‘one'month‘after,the?conclusionfoffthevprogram,'re'

B I
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'arrhyghmia patients were asked questions relevant to t‘ﬁeir; Specific
dlisord'er (given on pége 42). These Verf;al_ fesponsevs were then

tal:ulated. - | ’.

.~ N
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RESULTS

The purpose of the experimental design was to observe any changes
in patients"clinical symptoms, percentage alpha activity or whether
any intra-or inter relati%nships ex1sted between phy31ological and

subjectlve data

-

Change in Percentage Alpha and .in Sessional

Subjective Evaluatlons
) [

’

The meahvpercent 'cfiteripn alpha' emitted by each of the three

g;oubs (cbntrol, hypertensive,_arrhythmia) is given in Table 4 (also

| graphically illuStrated in Figures‘6, 7, and 8).

The normotensive (control) and hypertensive grbups~shpwed .

Controls: .  Period 1; 52 - 552
! s ' . .
. ) Period 2; 692 - 842
" Period 3; 132 - 597
Hypertehsives{j ~ Period 1; 40% - 48% _
R )  Period 2; 70% - 93% N

 Period 3; 32% - 68%
Arrhythmia:  ° Perdod 1; 7% - 12%
'Period 2; 35% - 35%
Period 3; 167 - 15%

iy

o

46 . v' E v ' e.e'v
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FIGURE 6. " Centrol Grbuﬁ“ The 1ower graph glves “the mean changes on

'subgectlve questlonnalres ‘given ‘at the ‘end of ‘each’ session.f The upper :i_l

'.graph 111ustrates mean-. percentage crlterlon alpha actiV1ty for. each
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"Period 1 ——
 Period 3 o—o .
100 ;

90 |

30 b

Mean Percentage’ Alpha’ Activity

14}

:Meen CHange on Sub1ectivc"
Ouestionnaire

s

102 03 4 5 607 89,10 11 12 - b

"_!' Se§si6ﬂ:‘_”

”'FIGURE 7 f Hyperten51ve Group., The 1ower graph gives the mean changes on]

vl7subjective questlonnalres piven at the: end of ‘each’ session. The upper

. -graph illuscrates mean percentage criterlon alpha activity for each
'-perlod : - . » . T J,._ o



51

P

Period I' e—
Period 2 e——=s

wol .. Period 3 o—o’
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O
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‘HeédeChahgé oh.SubjeetiveJ‘
Questionnaire .
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";1{5‘**

:‘SeSSioﬁf*) 3

'7FIGURE 8. Arrhythmla Group. The lower graph gives the ‘mean changes on¢5:"
,.subjective questionnaltes given at the end: of .each session., The upper “f“

- graph illustrates mean- percentage criterion alpha activ1ty for each
.period T : : v ‘
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These increases tended to level off as thelsessions progressed.

| The arrhythmia~group followed a different pattern of change. There
was an initial increase_in alpha percentage (sessions~1—6) andvthen h
it began to decline,iback-towardsvthe originalpbaseline_of session 1.

This difference from theICOntrol group was statistically significant"

for all three perlods (Period 1: t = 4.6; df ='13; p<.001; Period 2:

1 02 at = 135 p<. 400; Period 31t e 5.7 df’='13;“p< 001).

The. mean change in subjective evaluations for each group are given

in Table 5

The. arrhythmia group registered the least amount of change per

session (7 6), which is significantly different from the other two

. groips (t = 2.81; df = 135 p< 025)

Those words which reflected subJect motivation and 1nterest -

(interest, enthusiastic) remained constant (9 rating) for all subjects K
- ‘except hypertensive subject WL (progressive drop from 9 to 4 after tf

_session 7) and arrhythmia subject MP (progressive drop from 9 to 5

hE

- during sessions 9 14) When examining the therapeutic effectiveness

Relationships Between Percent Alpha and

P; : p<.10 Period 2 r 9;- 56 p~¢05 Period 3 T. = —.51 p< 85)

' *~,-0ther Physiological Parameters

'3. Plotting mean percentage alpha activity and mean arterial pressuref? .

. i

‘vﬁa statistically significant inverse relationship (Period l. r =o— 49;ifi'

‘sof alpha training, we see these two individuals benefiting the least.;~-:g__-*i

:i“against the total number of sessions (Figures 9 10 and 11), revealstj).i -



TABLE 5

MEAN SUBJECTIVE EVALUATIONS FOR EACH OF THE YHREE GROUPS

THE MEAN SCORF (X) PER SESSIOV IS ALSO INDICATED

53
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3 hypettensive patients Hean arterial pressure and percentage alpha ~fjff R
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s

" These correlations were found to exist for the hypertensive patients

only;’-_ o | S

| No -other associations between alpha and_the'Other'physiolOgical
parameters seem'to prevail; ‘Blood preSSurevand heart rate varied
only.slightly in the.control andlarrhythmia’groups

Pulse pressure volume was found to be an inconsistent measure

and no quantifiable or qualifiable 1nformatlon could be extracted

Changes in Clinical-Symptoms Resulting from'Alpha Training °

The three hyperten31ve subjects show, 1n some cases, a statistically

significant drop in blood pressure when comparing periods 1 and 231 and

. 3, ‘and 2 and 3.

“TABLE 6

STATISTICAL CALCULATIONS FOR DECREASES IV BLOOD PRESSURE BETWEEN COMPARED_‘ -

PERIODS OF HYPERTENSIVES ' PROBABILITIES ARE. IN. BRACKETS

_ ubjec : -"‘-V.A ' _ - ’f " Periods Compared*
C o - S l:Z, 13 - o 2=3
IR S : o .83 (x.500) 3. 00-(<. (<. 010) 3.40 (<.005)
WL ‘ U 1,30 (£.200)° 2.20 (<. 050) ~. 2.60’(<.025)

EC - . 6.79 (<.001) _31 (<. 010) S
“ﬂ*mgp-tailed tfteSt. e
At the conclusion ofthe session (period 3), all three subjects

'showed a significant drop, from baseline, in their blood pressure.

Table 7 shows the difference in mean arterial pressurerfoqm}ach '

‘ sessiop, the average drop in preSsure per sessioh and the average f 7

rZ-pencentage drop per session

i In only one instance is there an. increase in arterial pressure.:g/

'[ ,Subject EC shows a slight increase (+2) from Period 2 (feedback) tofc"?pf

R
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Period 1 &‘ —

Period 2 ———
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FIGURE 12 Hypertensive SubJect ‘{M Mean artex%iagl pressure for Period B
-1, Prefeedback Period 2 Feedback Period 3, ‘Postfeedback .
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Period’d (post—feedback);l

. Figures 12,'13, and 14 also show the session to session patterns
of change in arterial pressure.v When agaluating the-overall‘therapeutic
',value'offthe program, subjects ﬁMland ECﬂshow.definite downward changes
from baseline session 1. WL shows novsuch change;_his blood pressure
is very erratic_from.sessionﬁto session, and this is especiallj'evident
in Feedback feriod‘Zl

Because patient s medical records were available; a number of

h baseline measures ‘were obtained  Table 8 tabulates the actual baseline’
blood.pressures and compares it to the final Ulood pressure readings

Y

(Se531on 14) r

MM and EC showed slgnificant decreases in blood pressure from
_baseline measures to readings at the conclusion of alpha training.'
program (HM' t.= 8.%; df = 2' p<.025r EC¢ ‘t 4 8 df = 2; p< 05)
A MM had a 5% decrease in systolic pressure ‘and an 18/ decrease ‘in
diastoliC»preSSure. EC showed 12% ‘decrease systolic and 17Z decrease '_i
diastolic ‘WL had little 1mprovement his blood preSSureJremaining _
clinically qu1te high His largest drop was a SZ decrease systolic.‘A

No objective measures could be extracted from the‘arrhythmia
patients' data. - It was impOrtant .therefOre to obtain complete.f
isubjective responses from the patients relating to their specific
disorder | Table 9 gives their responses to relevant questions givenr:
one month after the conclusion of biofeedback training.» o
EM stated that she becamelless anxious about the occurance of an. <ji

’ attack of tachycardia. She also stated that at home she could terminate

heart - flutter after about 2= 3 minutes where before commenc1ng feedback ’
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training an,attack wo%ld usually-last.l/Z hourt
| AP was able to prevent the occurance of tachjcardia while at home.
‘Her ‘responses were SLmilar ‘to EM in that she felt less anxious.aboutv
,aA attack occurlng. _'.f | . O f
All three arrhythmia patients felt that they were more aware of
how to relax mentally and phys1cally MP however, when answering
the relevant questions, felt that no. change in her disorder occurred

At the conclus1on of the conditioning, there was no reduction in

',medication
N
. . ’ -l . ’ ‘ . ' -/’, '
.Subjective Comments During Alpha Conditioning

4

Both experimental and control groups expressed throughout the %

training that they became more aware of how they felt physically. If

during one session their percentage alpha was slightly lower, they

stated that physically they did not feel.as relaxed This was very
: - . ) /\ SN

.interesting because generally subjects could not. remember how well they“'

' did quantitatively on the previous sessiOn. R

-

Towards the final se351ons, hypertensive subjects were getting

’better at guessing their blood pressure even’ before the session began

Arrhythmia patients ceased to mention that their fluttering was .

notiqpable o f.;- !

Hypertensive subJect MM stated that he never- felt better in all

3

1'fhe years he had high blood pressure (18 years) :A-'h‘,ﬂ:ji - ;j”_eﬂ,f‘

When asked how they controlled their alpha activity "try to o

v"'blank one s’ mind" was the mpst frequent comment All subjects statEd “”'2

'that producing alpha required some effort it was not just spontaneous

Y
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.upon.cloeure.of the eyeé:e

Although WL and Mé seemed-to_loSe:interest.(as_evident by
'subjective.questionnaires); no negative responees were made throughout
the proéram. Cenerally when subjects did pcorly in one se331on they
1wou1d seem remotivated for the next session |

When looking at trait anxiety (as determined by the Taylor Manifest
V Anxiety Score) and how it related to subjective evaluation, success |
of alpha condltioning or change in clinical symptoms, no.relationshipe

were found and this was probably a result of low subgect numbera.



DISCUSSION

In discussing the results; a number of important questions are.
lfanswered concerning alpha enhancement research, of which the most
’_encouraging are those related to the therapeutic effectiveness of alpha v
‘conditionlng. x

Through multisessional alpha feedback training,bsubjects suffering
”from essential hypertens1on and those with functional cardiac arrhythmia
Ashowed changes in their respective clinical symptoms. The therapeutic
;value of - alpha conditioning is illustrated by the. fact ‘that some of
these patients showed favorable changes occuring in their réspective<
{ ; disorder either within each session, by the end . of session 14 (final
vfeedback session), or both T :dlﬁ': S f{,v |

Generally, the observed responses by the hypertensives were in

=3keeping with other documented findings, that through relaxation techniques,’

. e c :
E ”significant decreases 1n the elevated blood pressure occur towards a

| more homeostatic level (Deabler 1973 Benson, 1974 Patel 1975) Subjects B

e

. .MM and EC showed Statistically s1gnificant drops in blood pressure (140/95 -

: 130/80 and 185/110 - 145/91, respectively) from baseline to session 14

' These final blood pressures were also clinically normal. Although one

fisubject (WL) showed no change in his clinical symptoms from baseline ‘f] “1.‘

t ‘,A.measures to session 14 his blood pressure did drOp significantly within

‘.-_,"_l/each session.' This would indicate that one se’on did not influence

‘ﬁ.‘".’ o ‘. ..

j_another, however, the technique at the time was an effective therapeutic “_.'”'ﬂ

ﬁ{;tooi’ Although subjects MM and EC showed a progressive downward change '5;dlj>

‘f'.;;‘; hf:f:f:t.fh]}}}T'lﬁjj‘jrh;ﬁljl%,eiffg;ﬁ g}r



'.of essential hyperten31on is that the blood pressure is labile

e
~and co sistent data a relatively easy task, especially when trying to

“-_an attack Vo detectable physiological reasons could be found for any

in their blood pressure from se331on to session, a significant drop in

-.blood pressure still- resulted within each 1ndiv1dual session. Blood

pressures remained low after the feedback period 1ndicating that the

changes were not solely dependent upon the tonal feedback. Therefore,

A

the tone- seems to be used only as an indicator of how successful

- subJects were at relaXing

8

Interestingly, MM showed less erratic changes in blood pressure
from Sesslon 7 in’ fact his blood pressure was not as labile.. This is
a significant result in itself as one of the defining characterastics

Objective measures from the hypertensive subjects made accurate '

!Eluate changes in clinical symptoms. The arrhythmia patients, on

fthe ‘other hand,possessed no quantifiable measures Even when subjects
’complained of heart fluttering during the sessions, no- detectable
'changes‘in the ECG were observed The problem with two of the
Jlarrhythmia subJects (EM and AP) wass that this fluttering increased
anx1ety towards the occurance of a. serious attack of tachycardia and
"'eventually~an attack occurred 1 The third subject (MP) stayed away
*~i,from all stimulants (coffee, alcohol) and was also careful about certain

. physical actions (lv1ng on her right side at night) for fear of initiating

0-' ‘

:.h;of the attacks of tachycardia ‘ The disease state solely seems ‘to be-' V
related to the 1ndividual s psychic state‘. In order to evaluate the . i'film':
"»:ntherapeutic effectiVeness of alpha conditioning as accurately and

:'consistently as possible, direct questions pertaining to their disorder'

w0
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‘were asked‘ These‘questions yere given one month after_the conclusion
of session 14, and by this time it was hoped that if gny experimenter~

B subject interaction ex1sted, 1t would have little effect now.f":i(

v

" The results ‘show a- definite change in symptoms for two of the :
three patients. The two patients showing a lessening in the degree of
anxiety ahout'an attack.» Onevpatient&(AP) was able to_prevent-the occur—';

ance of an~attack while the other’patient'(EM)<was'able totlimit‘heart,

.flutter from 1/2 hour to 2 3 minutes. SubJect MP indicated that there_

was no decrease in her anxiety about an attack. This was probably because

: she was convinced the attacks were due to physical stimukants only.

This decrease in anxiety was also evident in the hypertensive .

group - As the sessions progressed, subjects became more accurate at

guessing their blood pressure. This sense of knowing how the blood

fpressure or heart reacts no doubt increased the chances of 5uccess of -

,'training.vv-

. (8
\ .

WL and MP were the only subjects who showed a.decrease in

motivation and enthusiasm ‘as feedback training proceeded This

supports previous findings that success in biofeedback training, and
'specifically autoc0ntrol of alpha, was reflected by subjects motivation fl

.1and expectations (Hart, 1968 Yalle, 1975) :,(ipd : :'f;'”';ﬂ h';"hl”

Travis (1975) questions the effectiveness of alpha conditioning f' :

in chronic disease states.. Subjects MM and AP had long histories of

o ' /-
, their respective disorder (18 and 40 years, respectively) It would

I

i f"therefore seem that the treatability of the disease (providing there was_f?:f_f

"“?no organic cauSe) would depend on’ whether due to structural changes. a s;fz g

..l

"»jfnew homeostatic level had been attained or whether the physiological



activity fluctuated:periodically"from normal ranges.

.If alpha'conditioning was effective tor tworvery dissimilar disease
'states, thenithe.question arises as to what extent can alpha training
be applied therapeutiCally.

.'According.to Dr: E..Green (1972)rabout BOZ.of all.human ailments
are psychosomatic ‘in or1g1n ‘or at.least have a psychosomatic component
-'Even 1f this estimate is- high, the opportunities for applying alpha
feedback trainingcseem.unlimited Nideffer s (1972) question, relating
‘;to whether physical relaxation results from. alphaoconditioning, seems -
'dto have been answered. However, is this change a.generalized relaxation
response or does it pertaln only to the autonomic nervous system and
'dnot somatic act1v1ty7 Budzynski s (1972) finding of a small negativev.
correlation between (frontalis) EMG. actlvity and alpha occurance would
-therefore support'a generalized relaxation concept |

Blanchard (1974) p01nts out ‘that to date the available data does
not support the therapeutic application of . biofeedback. ..

Relaxation and calmness seem to be general comments stated during
most biofeedback training (outlined in the literature review) .Fhé
;_question arises, is this subJective state a reSult of the direct control o
;i:over physiologlcal act1V1ty or does this state describe what SubJects
h:are actually 'learning and as a. result physiological changes occur7
Our results in conJunction with other findings may help fn answering-v
-~:this'question'and how it relates to therapeutic success ='5"

A great deal of success 1n treatihg essential hypertension has been

L gained through various relaxation techniques As outlined 1n the y”

."‘1iterature review and again earlier in the discussion, these methods'fvih

IR
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invalve meditatibn, hypnosisj?yoga andbGSR feedback training. Instead
of_controlling blood;pressure’directly (Schwartz,.l972), subjects

are tanght.relaxation methodshand hence to recognize relaxed states;
as a‘result their blood pressure.drops tdwards a more hdmeostatic

level. Conditioning the EEG alpha rhythm resulted- in mental clamness

and physical relaxation and as a'result blood pressure dropped towards _

a normal range and heart fluttéring became 1ess.prevalent._

Although a great deal“of documented research supports the

conditionability of the autonomic nervous system, it would seem. that

4

greater therapeutic success is gained through}attackingybhilrootof

the problem i.e., ‘anxiety. The decidingifactor,in‘déterminlng;the’

therapeutic effectiveness of biofeedback may lie in the relationship

between the etiology'of-the disease stateg(anxiety) and‘the,Canerned.“‘

‘somatic target

AR

When applyidg biofeedback techniques tojvarious disease states,

the results in many cases:uncovers more abou

zthe nature of the
0 R A .

phy31ological system and their relation to cognltion.
The findings of this study add further information about the
characteristics of essential hypertension and cardiac arrhythmia.

1

A significant cor‘!lation between mean arterial pressure and

alpha percentage does not necessarily meaﬁ @ dependent upon the P

' other If alpha conditioning results in physical relaxation then ‘

yood

| the relatlonship between the two is eXpected. f‘

s’ﬁ These findings, however add little new information about alpha'nt

L e

.



and what it represents physiologically.
The present attitudes, as outlined in“the literature reuiew,
support one of the.two following views. |
1. tAlpha activity reflects inhibitory brain processes.
2. Alpha activ1ty is an ongoing homeostatic rhythm
- occurring when those stimuli that normally attenuate the
rhythm‘are blocked.

‘A recent article by Orne and Paskew1tz (1975) would support
statement 1. In their study shocks were given to subjects during alpha
conditionfng sessions. V Even though subJects expected the shocks, they
were still able to increase alpha den31ty This would suggest that

subjects were actively 1nhibit1ng the reception of shocks, as reflected

‘by ‘the increased alpha activity

Upon- closure of the’ eyes, alpha act1v1ty occurs in 954 of the :

;pOpulatlon Therefore, it would. seem that a decrease in . ‘sensory input

allows ongoing alpha act1V1ty to occur
¢

Unfortunately, our reSults add little support to. either view Alpha :

,may represent 1nh1b1tory brain processes suppressing those external

L6

-(environmental) factors 1hich normally attenuated alpha and eventually

T

~ cause elevatlon of blood pressure ' On the other hand," thi;,hlocking

(.
of sensory input may occur at. another level (possibly subcortical)

‘ﬁ allowing alpha to occur

 The arrhythmia group shows completely different alpha conditioning

'than the normoten51ve or hypertensive groups It is not immediately :
Japparent why they show an 1nit1al increase in alpha activity and ‘then f.’:f

”‘-a gradual decrease towards baseline StresS'and.excitement influéncei B



physiological activity along similar patternS. It is possible that & e

initially alpha occurance Was.influenced by psychic states refleCtiné

-

tension and anxiety. As the sessions proéressed subjects became ‘mbre
: . , o e

aware of how to condition alpha: It is possible that” at one point the
enthusiasm was enough to-affectaphgsiological activity similar to that
" of stress.. Subjects’ enthusiasm renained high (physiologically o
suppressing alpha)- ahd subjectiyely subjects 'still felt a sense of
accomplishmentthus derivihg therapeutic value'(seelpage‘27).
Whplthfs responSe‘is specitic to the‘arrhythmia group isvohscure;
.although'it:nay answer a recent question brought up by Travis (1975):

. PAre there differénces between (diagnOStlc) groups 1n
success-of alpha enhancement7” : _

1;_This would therefore.lead to the suggestion that_the'therapeutic
.. value fsvnot_solelyvdependent upon~theﬂ}uantity of "alpha production,
but the recognltaon of the alpha state._ A. ‘ ' .

o

High alpha states certainly seem to reflect 1ncreased self ~awareness’
This is supported by the f§§t that arrhythmla subjects scored less -
subjective change per session on their subJective huestionnaires. ‘The

-control and hypertensive oroups seemed more perceptive in evaluating
changes in mental .and physibal states. During high alpha states,

l'»subjects would be allowed‘@he opportunity to become more aware of
interhal environmental changes,instead of;having to cope’ and,igterpret S 35J,
.the constant\bombardment of ea%§rnal st/muli This would explain why dc' im'
hrtensives became more accurate at guessing their b]ood pressure o o

.

' and the arrhythmia patients became less anx1ous about fluttering and

tachycardia.

Through dlsc1p11ne and biofeedback relaxation techniques, subJects

» od’" ‘
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could become more familiar with conscious perception of . their internal -

times of need.

°

74

environment and thus learn to maintain a state of homeostasis at
: . * R .

>

®

A

Our results in conjunction with findings outlined in the literature

review lead to a number of suggestions for future reseatch.

-

within each session because; as illustrated earlierlﬂéspecially

1. _Adequate control groups .are necessary to rule out>

the placebo effect. It would be useless te run yoke controls

N

K . Ky

'with the hypertensive subjects, drops in blood pressure are’

i L .

’A;aintained'after the feedback session and from session to

session. A more accurate approach would be to run a patient

contrql‘group in conjunction with the experimental treatment

group. Then,; after the conclusion of the program, the control

group can be, conditioned " This method has recently.been‘used

by Patel (1975) and found to be effective.' From an ethical

standpoint,‘cliniclans.may question.this. ocedure questioning

whether it is prOper‘to withhold treatment from patients in order

order to estahlish placebo effects.

e

2. Thé greatest percentage increases in alpha were

-gobserved in-periods'l ‘and 3. When high percentages of alpha

» were produced (period 2). little change was prevalent from

¢ ! °

’ session t0'seSSion.- It has been observed that strong

P .

i coherences ex13ttwithin ‘the cortex in the production of alpha

v '(Hord 1972) Therefore, as we condition alpha we not only ;

. ’.-.

-see increases 1n percentage but also increases in the amount

»
5

'}'of regional activitv (i e..increase in voltage or amplitude)‘f

(,'-\" R K . . >

s v E\', - . L | . ] . . )
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" For data ?nalysis, integrated alpha would‘be a more

v

accurate measure. . | o

'3, It would be useful to extend alpha feedback | ;o

conditioning to other disease states and also monitor'mdre
» : . ’

. ojgan systems (EMG, GSR, respiration) in an attempt to

verify a generalized relaxation COnceﬁt.
4. Map topographically movement of alpha during .
conditioning sessions. Hbrd (1972) did spectral analysis .

during alpha codditioning,'however, he states only that

" alpha is the only rhythm that increases-and secondly thag

¢ . _ : .
strong coherences exist, between frontal and ogcipital alpha.

~——
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