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ABSTRACT

For the- purpose of advancing present knowledge about the 
therapeutic value of biofeedback for migraine headache, this study was 
conducted to investigate the relationship of skin temperature and 
electromyographic feedback to migraine headache activity and use of 
analgesics.

This study employed a single group outcome approach comparing 
pre-training and training session measurements of each subject's 
physiological responses to biofeedback therapy as well as comparing 
. headache activity and use of analgesics between pre-training and in- 
training phases.

The convenience sample consisted of nine female subjects with 
diagnosed migraine headache. The subjects took a three-week pre
training recording of their headache activity and use of analgesics 
and subsequently underwent seven weeks of training in handwarming and 
relaxation techniques.

Analysis of variance, paired t-test, and multiple regression 
were utilized to analyze the data. The findings Showed statistically 
significant decrease in headache activity and substantively signifi
cant decrease in the use of analgesics among the subj ects between \ 
pre-training and in-training phases. There were no statistically 
significant findings in the subject's ability to vasodilate, an indi
cator of increased skin temperature, and to decrease electromyographic 
. activity, an indicator of relaxation.
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CHAPTER 1

. INTRODUCTION .

As much as live to twelve percent of the population in the 
United States is estimated to be suffering from migraine headache 
(Friedman and Fraziers 1973). This disorder is characterized as a 
periodic vascular headache which is associated with "irritability and 
nausea and often with photophobia, vomiting, constipation, and diarrhea" 
(Dalessio, 1972, p. 225). Since the classic work of Wolff (1963) on the 
pathophysiology of migraine, there have been efforts to discover ways of 
alleviating the pain associated with it or to develop effective methods 
of treating it.

Ergotamine tartrate is the drug of choice for the treatment of 
acute migraine attack (Friedman and Frazier, 1973), while methygerside 
maleate may be helpful as a prophylaxis or in reducing the intensity of 
the headache (Dalessio, 1972). However, because they are potent vaso
constrictors, they can result in undesirable side effects such as nausea 
and vomiting, abdominal cramps or epigastric discomfort, diarrhea, 
paresthesias, cold extremities and claudication (Meyers, Jawetz and 
Goldfein, 1972), muscle pains in the extremities, weakness in the legs, 
precordial distress and pain, and transient tachycardia or bradycardia 
(Physicians' Desk,Reference, 1977). In addition, long-term therapy with 
methygerside maleate may cause retroperitoneal fibrosis, pleurbpulmonary
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fibrosis, and fibrotic thickening of cardiac valves (Physicians* Desk 
Reference, 1977). Besides that, as many as 20 percent of the patients 
cannot tolerate the drug (Meyers et al., 1972), Psycho therapy 
(Wickramaskera, 1973) and allergic desensitization (Sargent, Green and 
Walters, 1973) have been tried as treatments, but they have not been 
proved beneficial as long-term therapy.

The need for more effective treatment of migraine headache moti
vated Sargent, Green and Walters (1972) to undertake pioneering research 
at the Menninger Clinic, where they studied the use of autogenic 
training combined with biofeedback techniques for the treatment of 
migraine and tension headaches. The results of their research have pro
vided impetus for others to study biofeedback therapy as a method for 
treating migraine headache.

This study is an attempt to advance present knowledge of the 
therapeutic value of biofeedback for migraine headache.

Statement of Purpose 
The purpose of this study was to investigate whether vasodila^ 

tation, as evidenced by skin temperature feedback, and relaxation, as 
indicated by electromyographic feedback, were related to decreased 
migraine headache activity, as indicated by decreased headache activity 
score and decreased analgesic equivalency score.

Hypotheses
1. Hypothesis la: The mean pre-training headache activity score

will be greater than the mean in-training headache activity 
score. .
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2. Hypothesis lb; The mean pre-training analgesic equivalency
score will be greater than the mean in-training analgesic
equivalency score.

3. Hypothesis 2a: An increase in skin temperature and a decrease
in electromyographic activity from mean pre-training session 
score to mean training session score during the in-training 
phase are directly related to decreased headache activity score 
from pre-training to in-training phase.

4. Hypothesis 2b: An increase in skin temperature and a decrease
in electromyographic activity from mean pre-training session 
score to mean training session score during the in-training 
phase are directly related to decreased analgesic equivalency

. score from pre-training to in-training phase.

Definition of Terms 
The following definitions were established for the purpose of 

the s tudy:
1. . Migraine headache:■ A type of vascular headache which is asso- ■ 

ciated with nausea, vomiting, or diarrhea. Fulfillment of any 
three of the following criteria is considered adequate to make 
the diagnosis: Headache occurring with (1) anorexia, (2) photo
phobia, (3) visual symptoms (scotoma, hemianopia, blurring), or 
(4) neurologic symptoms such as tingling or numbness in hands or 
face, and (5) family history of migraine or frequent severe 
headache among first degree family members (Couch, Ziegler and 
Hassanein, 1975).
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Biofeedback therapy: The immediate and on-going presentation of
information to a person.concerning his own physiological pro
cesses . In this study, this therapy includes temperature feed
back and forearm electromyographic (EMG) feedback.
Temperature, feedback: The use of a thermometer with a digital
read-out that allows the subject to observe visually the changes 
in finger temperature.
Forearm EMG feedback; The use of a polygraph that can detect 
and record electromyographic' activity in the forearm of the sub
ject and which will allow the subject to monitor on-going 
muscular activity through an audible tone.
Headache activity score (HAS): The product obtained from multi
plying headache duration and intensity as measured by the head
ache frequency record. Thus, HAS = D x I per day. This is a 
modification of the formula used by Budzynski et al. (1973). 
Analgesic equivalency score (AES): The score obtained by
getting the sum of analgesic equivalents taken for a given head
ache per day; each ergotamine tartrate having a score of 3, each 
narcotic or barbiturate a score of 2, and each non-prescription 
analgesic a score of 1 (Medina, Diamond and Franklin, 1976).
Pre-training phase: The period prior to the beginning of the 
training. - .
In-training phase: The period covering the first up to the . 
fourteenth session of the training.
Pre-training session: The period before the subject undergoes 
actual handwarming and relaxation.



10. Training session'; The period when the subject undergoes actual 
handwarming and relaxation.

Limitations of the Study .
, • This study was delimited in the following ways:
1. This study was confined to a convenience sample of nine female 

subjects with diagnosed migraine headache..
2. The temperature of the room where the training sessions were 

held varied from 25.25 degrees centigrade to 30.35 degrees 
centigrade.

3. The pre-training phase covered only three weeks of recording of 
headache activity and use of analgesics.

4. The design of the study did not control for possible placebo- 
expectancy effect.

Rationale for the Study 
Blanchard and Young (1974, p. 587), in reviewing the research 

literature on the therapeutic efficacy of biofeedback training in clini
cal problems, indicated that while the "evidence is often interesting 
and highly provocative," there is a need for further investigations from 
which substantive conclusions on the therapeutic efficacy of biofeedback 
training can be drawn.

As part of the on-going efforts in evaluting the therapeutic 
value of biofeedback training for migraine headache, several researchers 
have conducted studies designed to establish the efficacy of biofeedback 
training in treating migraine headache. These investigations, which are 
discussed in the review of literature, have utilized procedures that
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were modifications of the technique developed by Sargent, Walters and 
Green (1973). Examples of these investigations include: Wickramaskera
(1973) in which he omitted the autogenic phrases (self-instruction) 
during laboratory sessions and home practice; Turin and Johnson (1976) 
directed their attention to investigating the placebo-expectancy compo
nent of biofeedback training; Medina et al. (1976) combined EMG and skin 
temperature; Kentsmith et al. (1976) used combined methods of concentra- 
tive meditation, biofeedback and relaxation training.

Theoretical Framework 
The general framework behind the design of this study utilizes 

the theory of operant conditioning, its underlying principles of prop
ositions, and their applications to. autonomic, or viSceral responses and 
biofeedback.

Operant Conditioning
Loomis and Horsley (1974, p. 19) define operant conditioning as 

a process which "consists of the arrangement of responses and stimuli so 
that responses occur and are strengthened or weakened (learned or 
unlearned) according to a plan or program."

This definition embraces the three elements of operant condi
tioning, namely: discriminative stimulus which is positive, or stimulus 
delta which is negative; response; and reinforcement. A stimulus which 
precedes a response and signals for a particular response to occur is 
a dis criminative stimulus. When the s timulus signals for a response not 
to occur, it is a stimulus delta. A freezing outside temperature which 
serves as a discriminative stimulus for wearing thick clothing can also



function as a stimulus delta for going swimming. A stimulus that 
follows a response is called a reinforcing stimulus or a reinforcement, 
which can either be a positive reinforcer or a punisher. A positive 
reinforcer increases the probability of the response preceded by it to 
recur, while a punisher decreases the future occurrence of that 
response. A praise given by the mother to the child who is learning to 
say "Mama" will increase the likelihood of the child repeating the word, 
while a spanking will deter him from saying it in the future.

Within the context of operant conditioning, a response is called 
operant because it operates in the environment and tends to produce a 
change in that environment. This operant response is defined by the 
reinforcing stimulus rather than by the discriminative stimulus or 
stimulus- delta. Operant responses are often grouped according to some 
common characteristics, and this grouping is referred to as a response 
class. For example, the response class of listening consists of behav
iors such as listening privately to a radio, listening to a speaker in a 
public forum, and listening to a concert. This concept of grouping is 
important in operant conditioning because reinforcement does not only 
strengthen one particular operant response, but may also be capable of 
strengthening many quite different responses in the same response class 
(Brown, 1974). ,

A very important concept in operant conditioning is contingency 
of reinforcement. This refers to the premise that the probability of a 
behavior occurring in the future is contingent upon the kind of rein
forcement which immediately follows it (Carpenter, 1974). It also 
implies that a reward can only occur if some act precedes it, that is.



the reinforcement: must immediately follow the stimulus in order for the 
organism to determine the correct alternative or response that will pro
duce the desired outcome. Operant conditioning as a method of learning 
presupposes that the three events (discriminative stimulus, response, , 
and reinforcement) must occur in succession in order for learning to 
take place (Smith, 1971).

Most learning theorists traditionally hold the view that the 
foregoing principles or propositions apply only to voluntary skeletal 
responses which are mediated by the central nervous sys tern. They con
tend that these skeletal responses can be learned only, as operant 
responses, whereas the involuntary visceral responses can be learned 
only through classical conditioning.:

While theri is an extensive literature on the modification of 
visceral responses by classical conditioning (Kimble, 1961), Miller, 
DiCara and associates (as cited by Miller, 1969) have come up with 
results from their experiments on animals which demonstrate that operant 
conditioning of visceral responses is also possible.

The studies of Miller and his associates have shown that the 
essential properties of the operant conditioning of skeletal responses 
are also present in the operant conditioning of visceral responses.

One of the key characteristics of operant conditioning is the 
ability to discriminate in relation to desired stimulus situations. 
Miller and DiCara (Miller, 1969, p. 436) found this to be a capability 
of visceral learning in their discriminative training of two groups of 
rats. The results demonstrated that "discrimination can be learned so



that responses are made in the* stimulus situations in which they are 
rewarded and not in those in which they are not.”

Another property of operant conditioning is retention, or the 
possibility that the response can be remembered and recalled at a future 
time when presented the same stimulus which initiated its learning.
This was again achievable in visceral learning when DiCara and Miller 
(1968) experimented on learned changes in heart rates of rats. The rats 
were given a single training session on changing their heart rates, 
after which they were returned to their home cages for three months 
without further training. When they were tested on the same learning, 
they exhibited good retention by responding in the direction for which 
they were rewarded three months earlier. -

Indeed, in their various experiments with curafized animals con
cerning automatically mediated visceral responses, DiCara and Miller 
(1968) have shown that visceral responses are subject to operant condi
tioning. In fact, they have advanced the notion that it is highly 
probable that they can be modified by any one of the various rewards and 
punishments known to produce learning of skeletal responses.

It has been pointed out in the literature that the results of 
the studies by Miller and his colleagues have fundamental implications 
not only for theories of learning and its neurophysiological basis, but 
also for individual differences in patterns of autonomic responses and
for practical problems of psychosomatic symptoms, including the possible

(

use of operant conditioning in the therapy of such symptoms. '
The experiments with animals by Miller and associates on operant 

conditioning of visceral responses have been extended to human beings.
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These efforts have yielded some reports of successful modification of 
heart rates (Shearn3 1962) and galvanic skin potentials (Grider, Shapiro 
and Tursky, 1961) in human, beings through operant conditioning tech
niques. Shapiro et al. (1969), at the Harvard Medical School, have 
indicated that human subjects can be trained through feedback and. rein-̂ - 
forcement to modify their blood pressure. .

It has been theoretically advanced, as a result of the various 
experiments on operant conditioning of visceral responses cited above, 
that if, indeed, visceral responses can be modified by operant condi
tioning, it may be possible in effect to "train” people with certain 
disorders to get well. It has been suggested that such therapeutic 
learning should be worth trying on any symptom that is under neural con
trol, that can be monitored continuously by modem instrumentation, and 
for which a certain direction of change is clearly medically advisable.

This possibility has led researchers to try operant conditioning 
techniques on people suffering from various disorders. Employing these 
techniques, Engel and Melmon (1968) have obtained positive results in 
treating patients with cardiac arrythmias at the Gerontology Research 
Center in Baltimore; Randt and his associates (as cited by DiGafa, 1970) 
in the New York University School of Medicine have had some success in 
training epileptic patients to suppress paroxysmal spikes; Miller and 
his colleagues (as cited by DiCara, 1970) at the Cornell University 
Medical College have treated a patient with long-standing tachycardia; 
and Budzynski, Sttoyva and Adler (1970) have demonstrated the effective 
use of EMG feedback for the treatment of tension headache.
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The relative successes or encouraging results obtained from
these studies have opened up new exciting possibilities for the applica
tion of operant conditioning techniques to therapeutic education.

Biofeedback and Operant Conditioning
Biofeedback as a newly developed therapeutic technique follows 

the operant conditioning paradigm of learning whereby the reinforcing 
stimulus occurs precisely when and only if the criterion response occurs 
(Birk, 1973).

Green and Walters (1974, p. 157) define biofeedback as "the 
immediate and on-going.presentation of information to a person con
cerning his own physiological processes.” It utilizes visual and/of 
, auditory devices to show the individual what is happening to his bodily 
functions as he attempts to influence them by use of mental, emotional, 
and/or somatic visualizations (Sargent, Walters and Green, 1973). The 
reinforcement in biofeedback occurs as the individual is able to observe 
outward signs of the body’s internal responses to stimuli because they 
have been transduced electronically. These signs may be a digital read
out, a pen.recording, a sound, or a flashing light. They continuously 
feed the individual with information about bodily processes which are 
not ordinarily available to him. If the individual relates this rein
forcement to a particular response, whether physiological or psychologi
cal, over time the association will develop between the stimulus and the 
response until the individual 1earns how to consciously or subconsciously 
control this response given a particular s timulus.



CHAPTER 2

REVIEW OF LITERATURE

This chapter contains a review of literature relevant to the . 
study. The major areas covered include the pathophysiology of migraine 
headache and research studies related to its treatment: through bio
feedback techniques.

Pathophysiology of Migraine Headache 
Dalessio (1972) has characterized migraine syndrome as a 

periodic headache> usually unilateral in onset, but may become gen
eralized. It is associated with irritability, arid nausea and often with, 
photophobia, vomiting, constipation and diarrhea. Not infrequently, 
the attacks are preceded by scotoma, hemidnopia, unilateral paresthesia, 
and speech disorders. While the pain is commonly limited to the head, • 
it may include the face and the neck. Often, similar headaches may 
occur in other members of the patient’s family. '

The exact cause of migraine headache is unknown although it is 
clear that symptoms of this type of headache are mediated through the 
autonomic nervous system (Sargent, Walters and Green, 1973). Genetic 
predisposition is suggested by Friedman (Friedman and Frazier, 1973). 
Wolff (as cited by Dalessio* 1972) has proposed a neurogenic theory , 
of migraine headache which postulates that vasodilatation of the cere
bral circulation occurs whenever adequate blood supply to the brain is

12
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threatened. The cause of the threat, however, is unknown. If cerebro
vascular dilatation is great enough, the cranial arteries will dilate . 
and release a number of chemical factors producing edema and a lowering 
of pain threshold. The cranial vessels have also been implicated in the 
pathophysiology of migraine headache by other . investigators (Dalessio, 
1972). Such suggestions have arisen from the observations that "(1) the 
intensity of the headache during a migraine attack is diminished when 
the common carotid artery on the affected side is pressed upon, and 
(2) striking dilatation of the temporal arteries and veins may often be 
seen during the attack of migraine headache" (Dalessio, 1972, p. 258). 
During the pre-headache period when scotomas are reported, increased 
cerebral vasoconstriction has been found. In a chance cerebral angio
gram done on a patient prodromally and during a classic migraine attack, 
Dukes and Veith (1964) have demonstrated a diminution in the size of the 
internal carotid system with reflux into the vertebral vessels during 
the prodromal phase and blood flow returns to normal when headache sets 
in. Cerebral vasoconstriction may be a typical response to a situation 
perceived by the individual as emotionally loaded which triggers a chain 
of autonomic nervous system responses. It has been recently hypothe
sized that the autonomic nervous system plays a more important role in 
the development of migraine headache than previously supposed (Symon 
et al., 1976).

As has been stated earlier, migraine headache is characterized 
by cranial dilatation. Adams, Orton and Zilkha (1968) have studied 
temporal arteries obtained from patients during an acute attack of 
migraine and found that the tunica adventitia of the vessels have a
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marked capacity to bind noradrenaline, a vasoconstrictor. They suggest 
that such adventitial catecholamine, binding may prevent noradrenaline 
from diffusing to the vascular smooth muscle and thus allowing dilata
tion of the cranial arteries to ensue. •

Attention is also directed to the pain aspect of migraine head
ache. To date no definite explanation has been offered. Sicuteri 
(1976) advanced a theoretical assumption that pain in migraine headache 
is central in origin and is due to an interplay disorder of the inte
gration, modulation, and inhibition of pain-related structures in the 
brain stem. In this disorder, a genetic derangement of the turnover of 
neurotransmitters, in general, and of serotonin 5-hydrpxytryptamine 
(5-HT), in particular, is thought to have a fundamental role in possibly 
lowering the pain threshold. Rydewski (1976), in a study of 11 mi
grainous patients, has noted a 68 percent drop of total blood serotonin 
(5-HT) during a migraine attack and a return to pre-headache values by 
the time the pain has ceased. Appenzeller (1975) explained that experi
mental depletion of serotonin levels in some patients have markedly 
increased their response to painful stimuli.

The various migraine-type headaches, like other kinds of chronic 
headaches, are triggered by precipitating or provoking factors, namely, 
elements of stress (physical, emotional, or situational) which, given 
the predisposition, set off the actual headache process (Friedman and 
Frazier, 1973). Rompel and Bauermeister (1.972) , in a paper on the etio
logy of migraine headache, have considered emotional stress to be a 
definite factor in 89.5 percent of all cases they reviewed. Dalessio 
(1972) has cited several studies that attest to emotional stress as a



precipitating factor in migraine headache. Schildkrout and Kety (as 
cited by Sicuteri, 1976) have also confirmed that migraine attack can 
be often attributed to emotion as.evidenced by high concentration of 
serotonin . (5-HT), noradrenaline, and dopamine in the limbic system. .

Physical factors which have been suggested to precipitate 
migraine headache include: fatigue, loss of sleep, menstruation, oral . 
contraceptives, glaring or flickering light, extreme hunger, weather 
changes, alcohol and food (Friedman and Frazier, 1973). Explaining 
how food can possibly precipitate a headache attack, Hanington and 
Harper (1968) have suggested that ingestion of certain foodstuffs can 
result in an excess of tyramine in the blood stream releasing noradren
aline from the tissues which may cause selective cerebral vasocon
striction. They have further postulated that when the tissue stores of 
noradrenaline are exhausted, rebound vasodilatation occurs, affecting 
mainly the cranial vessels and thus causing the headache.

The somatic response to migraine headache, a part of the stress- 
related syndrome, is a vascular dysfunction in the head related to in
tense sympathetic output. Hand vasoconstriction is also a reflection 
of this sympathetic activation. Some studies support the notion that 
there is a difference in reactivity or vasomotor response between mi- 
graineurs and non-migraineurs. For example, Appenzeller, Davison and 
Marshall (1963) tested a group of migraine patients for reflex vasomotor 
response in the hands by heating their chests and found that the normal 
reflex vasodilatation in the hand was absent. These results were con
firmed by Elliott, Frewin and Downey (1974). Downey and Frewin (1972) 
compared the response to cold stimulus of normal subj ects and patients
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suffering from migraine headaches. The resting hand blood flow was 
found to be higher in the migraine sufferers, but when the cold stim
ulus was applied, the percentage of fall of blood flow in their hands 
was less than that of the normal subjects. Nevertheless, the reason 
for the abnormality in vasomotor response among migraineufs is still 
unknown.

Investigators have looked also into the blood volume response 
to handwarming of migraine patients versus control subjects. Price 
and Tursky (1976) conducted an experiment on a matched group of 40 
female migraine sufferers and 40 female control subjects. Their pur
poses were to find out the differences in vascular responses between 
normal and migraine subjects and to investigate the relationship 
between cephalic and digital blood volumes. The results showed that 
normal subjects increased digital blood volume over time while the 
migraine sufferers remained the same or decreased blood volume. Tem
poral blood volume increased for normal subjects and decreased for 
migraine subjects. The correlation between digital and temporal inte
gral blood volume change was found to be 0.66 for migraine subjects 
and 0.70 for normal subjects. These results confirmed previous data 
which showed differences in digital vascular responses between migraine 
sufferers and normal subjects. This study found migraine'subjects less 
able to produce digital vasodilatation than normal subj ects. Migraine 
subj ects tended to constrict their blood vessels or not to change their 
blood volume over time. These findings suggest the possibility of a 
deficiency in peripheral vascular anatomy or function or a deficiency 
in learning to control vasomotor function among migraineurs.
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. . Related Research Studies.

The first experiment on temperature feedback as a treatment for 
migraine headache was reported by Sargent, Green and Walters (1972).
The treatment process grew out of the experience of one of their sub
jects who was training to learn how to control brain waves, to reduce 
electromyographic activity in the forearm musculature, and to increase 
blood flow in the fingers as measured by skin temperature. This subject 
was also suffering from migraine headache. In this subject, a correla
tion was found between the spontaneous recovery from a migraine headache 
and an increase in blood flow in the fingers and an accompanying rise 
in finger temperature of ten degrees Fahrenheit in two minutes. Follow
ing- this experience, two other patients with migraine headaches volun-- 
teered for training in skin temperature control. One subject obtained 
relief while the other only had partial relief.

Based on this experience, Sargent, Green and Walters (1972) 
conducted a further study of headache patients in a clinical setting.
This was a pilot study utilizing 75 subjects. This sample was reduced 
to 62 on account of attrition. However, only 33 subjects were used for 
reporting as they had complete records. The subjects underwent one 
month of weekly training in temperature control using temperature feed
back and autogenic phrases (self-suggestive phrases, e.g., "My hands 
are heavy and warm."). Daily home practice and recording of headache 
activity data were also done. After the training, the subjects returned 
every one to three months for a minimum of one year. Three persons 
(one internist, using his clinical judgment, and two psychologists, 
using the patients' headache frequency records) evaluated the responses
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of the patients to the therapy. Of the 33 patients with complete data, 
29 were judged as improved (90 percent) by the internist, one psychol
ogist rated 26 as improved (80 percent), while the other psychologist 
rated 22 as improved (68 percent).

Wickramaskera (1973) used two migraine patients in his experi
mentation with temperature feedback. One of the subjects had had mi
graine headache since adolescence; the other who was 46 years old had 
had it since age 30. Both had previously received psychotherapy and 
chemotherapy several times and had been examined and treated at leading 
medical clinics, all without positive outcome. - Further, both had just 
completed electromyographic feedback training for the purpose of re
ducing the frequency of their headaches and of learning how to relax. 
They undertook ten weeks of temperature control following the procedures 
of Sargent and his associates, but omitting the autogenic phrases. It 
was noted that the frequency and intensity of the headache of the two 
patients declined as they increased their skill in warming their hands. 
During both the baseline and training periods, there were no significant 
changes in consumption of analgesic. However, at follow-up three months 
after training, both patients reported reduced consumption of analgesic 
to occasional aspirin for non-headache-related events.

Some investigators were interested in knowing whether the relief 
obtained by the patients from temperature feedback training could be 
influenced by the placebo-expectancy phenomenon. Turin and Johnson 
(1976) conducted temperature feedback training on seven subjects, all 
of whom were diagnosed as having vascular headache of the migraine type. 
Their purposes were to test the effectiveness of temperature feedback



and to control for placebo-expectancy effects by training three of the 
seven subjects in handcooling for six weeks prior to six weeks of hand- ■ 
wanning. They were also told that.their migraine headache would be 
reduced. Of the three subjects who received training in handcooling, 
none showed clinical improvement until later training in handwarming, 
whereupon all three showed improvement. The other four subjects also 
improved. The negative results from handcooling and positive expecta
tions precluded the placebo-expectancy phenomenon in the use of tempera-' 
ture feedback for migraine sufferers.

Medina et al. (1976) did a retrospective study of 27 patients 
who had migraine of mixed migraine and muscle contraction headaches, and 
had received skin temperature and EMG feedback training. A patient was 
considered improved when (a) a reduction of both headache units and 
relief medication units of more than 30 percent occurred, and (b) pro
phylactic medications prescribed during post-biofeedback training were . 
unchanged from those used during the two months prior to training, or 
had been either discontinued or reduced. In 13 of 27 patients, signifi
cant reduction in the number and severity of headaches and abortive 
medications taken were noted. In the remaining patients, prophylactic 
drugs were reduced in two, unchanged in two, increased in six, and 
changed in four patients. Improvement occurred in all cases within the 
first three months. Thereafter, the level of improvement was unchanged.

In order to determine whether biofeedback had an effect not 
only on the suppression of migraine symptoms but also on the autonomic 
nervous system, Kentsmith et al. (1976) did a case study on one



migrainous patient.. They subjected the patient to the combined methods 
of concentrative meditation, relaxation procedures, and temperature 
feedback training. A sex- and age-matched control subject without 
migraine was also subjected to the same.protocol. Trainings at weekly 
interval for several months.were condncted for both subjectS and lasted 
up to one year. For the month prior to the study, the patient had a 
headache intensity duration (HID) value of 28,500 units. At the end of 
nine months, the HID level was 7,723 units. This decrease was statis
tically significant (P is less than .01) by chi-square analysis. At 
the end of two months, the patient discontinued the use of ergotamine 
and did not return to medications. The plasma dopamine-B-hydroxylase 
(DBH) activity, a measure of sympathetic nervous•system activation, 
.decreased from a maximum of 395 unit's (day 7) to a minimum of 266 units 
(day 77), a 32 percent drop. The control subject’s plasma DBH activity 
also decreased during biofeedback training; however, it was not of the 
same magnitude as that of the migrainous patient.

Adler and Adler (1976) did a five-year follow-up of patients 
with migraine and/or mixed headaches who underwent EMG and temperature 
feedback training. Based on the patients' reported headache frequency, 
the success rate for migraine patients was 81 percent. For the patients 
with mixed headaches, the success rate was 60 percent.

Summary
The above review of literature has contributed to the develop

ment of this study. An understanding of the pathophysiology of migraine 
headache and the factors which are likely to precipitate its occurrence



has provided the rationale behind the training procedures established 
for the study. The research studies reviewed above have likewise 
contributed to the identification of the problem and the formulation 
of- the purppse : f or the conduc t; of this /Study .:



CHAPTER 3

. METHODOLOGY

This chapter includes the design of the study, description of 
the convenience sample, measurement tools, method of data collection, 
procedure for training, and data analysis.

Design of the Study 
This study employed a single group outcome approach (Blanchard 

and Young, 1974) using pre-training and in-training measurements of the 
subject’s response to biofeedback therapy. The design allowed compari
sons of the headache activity and use of analgesic between pre-training 
and in-training phases as well as of pre-training and training session 
finger temperature recordings and forearm EMG activity.

Convenience Sample 
The convenience sample consisted of nine female subjects 

recruited from the community who met the following criteria: (1) Was
diagnosed by a physician as having migraine headache, (2) Fulfilled the 
criteria considered adequate by the researcher for the diagnosis of 
migraine headache as defined in Chapter 1, (3) Had no known organic 
brain condition that would have caused the headaches, (4) Between the 
ages of 14 and 60, (5) Literate in English, and (6) Agreed to partici
pate in the study as evidenced by a signed consent form for participation
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in a study as required by the Human Subjects Committee of The University 
of Arizona (see Appendix A).

Measurement Tools
1. The headache frequency record: The form used for recording 

headache activity was devised by Bakal and Kaganov (1976) as 
seen in Appendix B. The researcher added the instructions por
tion of the form.

For every migraine headache, the subject charted the loca
tion, intensity, duration, situation she was in, and the 
activity in which she was engaged at the onset and duration of 
the.headache. The type and amount of analgesic used were also 
indicated. Any additional information about the headache 
activity was written on the back of the form. Each subject was 
required to submit the frequency record form(s) weekly.

In this study, only the frequency, intensity, and the dura
tion of the headache used to determine HAS and the use of 
analgesic used to determine AES were utilized as data.

2. Measurement of finger and ambient temperature; The Digitec HT 
series 5180 thermometer with input from three thermistors was 
used to record left and right finger temperatures and ambient 
temperature. One or the other temperature was continuously 
displayed as a digital output in degrees centigrade.

The thermometer was interfaced to a computer programmed to 
give a print-out of the temperature reading from the display



counter every 30 seconds, for the ten^minute duration of 
handwarming.

3. Measurement of forearm EMG activity; Two surface electrodes and 
one ground electrode attached to the brachioradialis of the 
dominant forearm provided the input to the EMG low-level DC pre
amplifier Grass model 7 PIE. The signals received by the 
pre-amplifier were integrated by the Grass model 7 P10B inte
grating amplifier in the polygraph and a print-out of this out
put was obtained. The integrated waveforms were converted into 
an intermittent audible tone of 1,000 Hertz which the subject 
could hear. The longer the duration of the tone, the lower the 
EMG activity, hence, the more relaxed the person whs*

Method of Data Collection 
A quasi-experimental, before-after type design for one group was 

delineated. The purpose of the study was explained to each subject. 
Consent to participate was obtained in writing, and confidentiality was 
assured. A health history of migraine headache was recorded for each 
subject. Headache frequency record form (Appendix B) was provided and 
instructions were given concerning its use.

The data collection period was divided into two phases. Phase A, 
which was the pre-training period, consisted of three weeks of recording 
headache activity and use of analgesic on the headache frequency record 
form.,

Phase B, which was the in-training period, covered a total of 
seven weeks,' with twice a week of training sessions in handwarming and
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relaxation. During each training session, measurements of ambient and 
finger temperature, and forearm EMG activity were taken at baseline. At 
designated time periods during the training session and one minute after 
the training was completed, ambient and finger temperature and forearm 
EMG activity measurements were likewise taken. Recording of headache 
activity continued throughout the seven-week training period.

Procedure for Training 
The subj ect was seated on a recliner chair inside a quiet 

darkened room. The training procedure was explained at the initial 
training session. Instructions were given to attempt to raise the 
finger temperature using the visual temperature feedback and likewise to 
relax her muscles using the tone signal during the designated periods. 
The subject was also told that a tape would be played which would give 
the other training instructions..

Disc thermistors were taped to the middle finger of the sub
ject’ s right and left hands. A probe thermistor was placed at the head 
part of the couch to monitor ambient temperature since the room was not 
temperature-controlled. The skin over the brachioradialis of the domi
nant forearm was prepared for surface electrode application.. The sur
face electrodes were placed two inches apart, while the ground electrode 
was placed about three inches below them. Impedance between the skin 
and the electrode interface was checked to insure a reading of ten 
kilohms or below.

The training period was divided into four stages. Stage I, 
which lasted for three weeks or a total of six sessions, was designated
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as the intensive training period and followed the procedure described in 
the subsequent paragraphs.

During each session, the subject remained in the room for 15 
minutes before measurements were.taken. This period allowed the subject 
to become accustomed to the apparatus and her body to be acclimated to 
the room temperature.

One-minute baseline measurements of ambient and finger tempera
ture and forearm EMG were taken. Thereafter, the 23-minute tape "Arms 
and Legs Heavy and Warm" by Budzynski (1974) was played. The first ten 
minutes of the tape gave instructions for warming the right and the left 
hands for five minutes each. During this period, the subj ect worked at 
raising the finger temperature using the thermometer display as the 
feedback. Temperature readings on the display were automatically 
recorded by the computer on a print-out every 30 seconds. No recording 
of EMG was taken at this time. The next 13 minutes were devoted to 
general body relaxation with the tape continuing to give instructions on 
relaxation. The audible tone was turned on to provide the subject with 
the feedback about her relaxation state. The objective was to prolong 
the duration of the tone and the reset time interval for the integrated 
waveform. A print-out of the integrated EMG during the first and last 
two minutes of the relaxation period was obtained for data analysis.

After each training session, the researcher briefly discussed 
with the subject her overall performance during the training period.

The subject was given a copy of the tape and was instructed to 
undertake daily home practice using the techniques learned in the 
laboratory.
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Stage II covered two weeks or a total of four sessions. The 

same basic procedure described above was employed, except that the tape 
was utilized only during alternate sessions. The purpose of this was to 
start the weaning process from the use of the tape. The same rationale 
applied when the tape used for home.practice was withdrawn after the 
fifth week from the start of the training. The subject was instructed 
to continue her daily home practice.

Stage III consisted of one week or a total of two sessions. 
Instead of using the tape, the subject was instructed to work out an 
imaginary migraine headache and then to make an attempt to abort it by 
employing the handwarming and relaxation techniques learned previously. 
Concurrent feedbacks were provided during this process. Ambient and 
finger temperature and forearm EMG activity measurements were also col
lected at pre-training and training sessions.

Stage IV also consisted of one week or a total of two sessions. 
The subject employed the same procedure followed in Stage III, except 
that neither visual nor audio feedback was provided, although finger 
temperature and EMG were monitored by the researcher. The subject was 
instrueted to utilize the internal signs of warmth, tingling, and heavi
ness of the limbs as feedbacks. After the session, the researcher 
compared the quantitative measurements with the subject's verbal report 
of sensations.

For home practice during Stages III and IV, the subject utilized 
the same procedure followed in the laboratory sessions.
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. Data Analysis

Preparation of Data for Analysis
The headache activity score was computed using the formula:

HAS = duration x intensity per day. The product obtained was the sub
ject’s HAS for that particular day. The daily HAS Vs were added for each 
week to arrive at a weekly score and then divided by seven to obtain a 
mean daily average for each week. .The three-week pre-training HAS mean 
daily averages were totalled and divided by three to obtain a mean daily 
average for the three-week pre-training phase. In-training HAS was com
puted in the same way to yield a mean daily average for the six-week in
training phase. The data from the first week of training was excluded 
from the computation because the first week of the training was con
sidered as a trial period.

The analgesics used by the subjects were classified and assigned 
equivalency scores; where each ergotamine tartrate and related drug 
received a score of 3, each narcotic or barbiturate a score of 2, and 
each non-prescription analgesic a score of 1 (see Table 1). The same 
computation employed to arrive at the daily average and mean daily 
average for HAS was used for AES.

The mean EMG score was computed by counting the number of inte
grator resets over four minutes and dividing by the number of minutes to 
give resets per minute. Fraction of a reset interval was determined by 
measuring the fraction in centimeters and dividing that number by a mean 
reset measurement (in centimeters) of all resets within the next two 
consecutive minutes. For example:
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Table 1. Type of Analgesic Taken by Classification3 
Equivalency Score.

and Assigned

Type of Analgesic . Clas s ifi cation
Equivalency Score 
. : Assigned

Cope Non-prescriptioh analgesic 1
Excedrin Non-prescription analgesic 1
Extra Strength Tylenol Non-prescription analgesic .1
Empirin with codeine Narcotic 2
Demerol: Narcotic 2
Percodan Narcotic 2
Tylenol #3 Narcotic 2

Phenaphen Barbiturate 2
Fibrinal Barbiturate 2
Cafergot Ergotamine tartrate •

' ' 3

^Classification based on Physicians’ Desk Reference (1977).
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8 cm. (measurement of the fraction) . . .

-5- 32 cm. (mean measurement of all reset intervals)
= .25 cm. (value of that fraction)

If there were four full resets plus the fraction within that given 
minute, the data entered would be 4.25.

Since the objective of the temperature feedback was to increase 
hand temperature, the maximum-temperature recorded during handwarming 
session was utilized as in-’-training. data for finger temperature. Only 
the raw values of the dominant (right) finger temperature were used for
the computation since simultaneous display and recording of both right
and left finger temperatures were not possible.

Tests of the Data.
The statistics used in the study were: trend analysis, analysis

of variance, paired t-test, and multiple regression.
Trend analysis was used to determine the changes in HAS and AES 

week by week for the total sample during the pre-training and in
training phases.

Analysis of variance (Minium, 1970) was employed on the pre
training HAS and AES and the in-training HAS and AES data of the total 
sample to determine any significant differences among subjects and 
between weeks in the subjects’ headache activity and use of analgesic 
during those periods. Using the EMG difference and the skin temperature 
difference between pre-training and training sessions, analysis of vari
ance was likewise employed to determine if there were significant dif
ferences between weeks, between sessions, and among subjects.
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Paired t-tests were run to determine if statistically, signifi

cant differences existed between pre-training HAS and AES and in
training HAS and AES means for the total sample.

Multiple regression analyses were done on two sets of data. The 
first set of data consisted of the ambient temperature at pre-training 
and training sessions arid the finger temperature at pre-training and 
training sessions. In the first statistical model tested, multiple 
regression technique allowed the researcher to estimate the degree to 
which the dependent variable —  finger temperature at in-training —  was 
affected by the independent variables —  ambient temperature at pre- 
training and training sessions and finger temperature at pre-training 
session. The second set of data included the following seven variables: 
HAS pre- and in-training, AES pre- and in-training, difference in EMG 
between pre-training and training sessions, expected skin temperature at 
training session, and slope of skin temperature. In the second statis
tical model tested, multiple regression permitted the researcher to 
estimate which of the variables best predicted clinical improvement in 
headache activity. Fox (1969) said that multiple regression deals with 
variables known to be correlated and seeks to predict performance on a 
single-criterion variable from the knowledge of several predictor vari
ables . Two steps are involved in multiple regression computational pro
cess: the first is to determine the most effective combination of pre
dictors, and the second is to determine a separate regression weight for 
each predictor in order to achieve the best possible prediction.

The criterion for all tests of statistical significance was set 
at p _< .05, and for substantive significance, p _< .10 was used.



CHAPTER 4

PRESENTATION AH) ANALYSIS OF FINDINGS

In this chapter the characteristics of the convenience sample 
are described and the findings presented and analyzed in relation to the 
hypotheses stated in Chapter 1. The subjects' evaluation of the 
training conclude the chap ter.

Characteristics of the Convenience Sample 
The convenience sample in this study consisted of nine female 

subjects between the ages of 21 and 55 with a mean age of 37 years. All 
were diagnosed by their physicians as suffering from migraine headache 
and, with the exception of one, had a long history of it, ranging from 
less than one year to 38 years with a mean history of 20.1 years. The 
frequency of their headaches ranged from twice a week to once a month. 
Several of them had tried various kinds of abortive medications. A 
summary of the characteristics of the convenience sample is presented in 
Table 2.

Findings
. The data from the first Week of training were excluded from the 

computation of the results because the first week of training was con
sidered as a trial period.

32
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Table 2. Characteristics of the Convenience Sample: Age, Duration 
of Migraine Headache in Years, and Frequency of Migraine 

• Headache Attach per Month,

Subject Age3
Migraine Headache 
Duration in Years3

Frequency of Migraine 
Headache Attack per Month3

. 41 38 8
2 42 28 . 1
3 ' ' 55 33 3-4
4 24 18 ' 2
5 40 25 .3-4
6 36 13 2
7 21 v/ 1 2-4
8 29 : • 14^^ 3-4
9 47 11 1-2

^Mean age = 37 years.
^Mean duration = 20.1 years.
°Mean frequency of attack per month = 3.1.
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Trends .

Figure 1 (page 35) shows, a week by week daily average of pre- 
training headache activity score (HAS ) and analgesic equivalency score
(AES' ) and in-training headache activity score (HAS, ) and analgesic
 a .  P  . - • ■

equivalency score (AES^) for the total sample.
. For all Subjects, the mean daily average for HAS for week one3-

was 2.40, week two 7.70, and week three 5.69. The mean daily average 
for. HAS^ for week one was 2.01, week two 1.09, week three 1.53, week 
four 2.11, week five 2.70, and week six 0,27. The mean daily average 
for AES for week one was 0.67, week two 1.17, and week three 0.68. The 
mean, daily average for AES^ for week one was 0.34, week two 0.73, week 
three 0.56, week four 0.56, week five 1.09, and week six 0.11.

The' results also showed that the mean difference between pre
training and training session electromyographic activity (EMGD) during 
the six-week in-training phase was 0.01 integrator reset per minute 
(standard deviation or S.D. = 0.39) and the mean difference between pre- 
training and training session skin (finger) temperature (STD) during the 
six-week in-training phase was 0.00 degree centigrade (S.D. = 1.01).

Analysis of Variance
Two-way analysis of variance Was used to determine if there were 

significant differences in HAS^, HAS^, AES^, and AES^ among subjects and 
between weeks. The results as shown in Table 3 indicated that during
the pre-training phase when no training was given, for HAS the obtained
. ' ■ '■ . ■ ■ ' ' ■ ■ : ■ a ■ ‘ value of F for between weeks was 1.51 (p <_ .25) while among subj ects the
obtained F value was 0.60 (p _< .77) .
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Table 3. Pre-training Headache Activity Score (HASa): Two-way 

Analysis of Variance.

Source of 
Variation

Sum of 
Squares.

. Degrees of 
Freedom

Mean
Square F

Significance 
of F

Main Effects 333.39 10 33.34 . 78 .65
Weeks: 128.94 V 2 : v 64.47 1.51: .25
Subjects 204.45 ' 8 25.56 .60 : .77

Explained 333.39 10 33.34 00 .65
Residual 685.52 16 42.85
Total 1018.90 26 39.19

T'/hen training was in progress, for HAS^ (Table A) the obtained 
F value for between weeks was 0.84 (p <_ .53) and for among subjects, the 
obtained value of F was 0.85 (p .56).

Table 4. In-training Headache Activity Score (HAS^): Two-way 
Analysis of Variance.

Source of 
Variation

Sum of 
Squares

Degrees of 
Freedom

Mean
Square F

Significance 
of F

Main Effects 85.63 13 6.59 . 85 : ,6i
Weeks . 32.69 ■■ 5 6.54 .84 .53
Subjects ' 52.94 8 6.62 .85 .56

Explained 85.63 13 6.59 .85 .6!
Residual 310.46 40 7.76 .
Total 396.09 53 7.47 .
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During the pre-training phase when no training was given, for 

AESa (Table 5) the obtained F value between weeks was 1.04 (p _< .38) and 
for among subjects, the obtained value of F was 2.68 (p _< .04).

Table 5. Pre-training Analgesic Equivalency Score (AESa): Two-way
Analysis of Variance. ■

Source of 
Variation

Sum of 
Squares

Degrees of 
Freedom

Mean 
Square F

Significance 
of F

Main Effects ... 14.55 10 1.45 2.35 .06
Weeks 1.28 . - 2 .64 1.04 .38
Sub j ects 13.26 8 1.66 2.68 .04

Explained 14.55 10 . 1.45 2.35 .06
Residual 9.88 16 .62
Total • 24.43 . 26 . 94

When the training was in progress, the obtained F value for AES^ 
(Teble 6) between weeks was 0.66 (p <_ .66) and among subjects, the 
obtained value of F was 2.53 (p/</.03).

Three-way analysis of variance was also employed to determine if 
there were statistically significant differences between weeks, between . 
sessions, and among subjects in EMG difference (EMGD) which was com
puted by subtracting the mean EMG at training session from the mean EMG 
at pfe-training session —  and Skin (finger) temperature difference 
(STD) — ' which was computed by subtracting the mean maximum skin temper
ature at training session (ST ) from the expected skin temperature 
(STE)« A chi-square type procedure was used to determine STE.
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Table 6. In-training Analgesic Equivalency Score (AES-̂ ) : Two-way 

Analysis of Variance.

Source of . 
. Variation

Sum of 
Squares.

Degrees of 
: Freedom

Mean
Square ■ F

Significance 
of F

Main Effects 36.26 13 2.79 1.81 .08
Weeks 5.08 ' 5 1.02 .66 .66
Subjects 31.18 8 3.90 2.53 .03

Explained 36.26 13 2.79 1.81 .08
Residual 61.57 40 ■' 1.54
Total: 97.83 53 1.85

Table 7 shows that for EMGD the obtained F value for betwee
weeks was 1.84 (p < -11); for between sessions, the obtained value
was 1.59 (p _< .21); and for among subjects, the obtained F value was 
4.45 (p < .001).

Table 7. Electromyogram Difference (EMGD): Three-way Analysis of
Variance.

Source of 
Variation

Sum of 
Squares

Degrees of 
Freedom

Mean
Square F

Significance
of F

Main Effects 19.72 14 1.41 3.30 .001
Weeks 3.92 . 5 .78 1.84 ■ .11
Sessions .68 1 ' .68 1,59 .21
Subjects 15.18 8 1.90 4.45 .001

Explained 19.72 14 1.41 3.30 .001
Residual 39.23 92 .43
Total 58.95 106 .56



For STD as seen in Table 8, the obtained F value for between 
weeks was 2.69 (p <_ .03); for between sessions, 0.95 (p <_ .33); and 
among subjects, 4.86 (p <_ .001).

Table 8. Skin (Finger) Temperature Difference (STD): Three-Way
Analysis of Variance.

Source of 
Variation :

Sum of 
Squares

Degrees of ' 
. Freedom

' Mean Significance 
Square # of F •

Main Effects . 40.37 14 2.88 3. 86 .001
v Weeks 10.06 5 2.01 2.69 .03

Sessions .71 1 • . 71 .95 .33
Subjects 29.09 8 3,64 4.86 .001

Explained 40.37 14 0000CM 3.86 .001
Residual : 68.78 92 . 75
Total : 109.15 106 . 1.03

Paired T-Test
To determine if there were any significant differences in head

ache activity score and analgesic equivalency score between the pre
training and in-training phases, paired t-test was employed. A t-value 
of -3.54 (degrees Of freedom or df = 8, one-tail p jc .004) was obtained
between HAS ■ and HAS. v Between AES and AES. ,. the obtained t-value a b a b
(df = 8, one-tail p < .07) was -1,67.

Multiple Regression
To estimate the extent to which the dependent variable -- skin 

(finger) temperature at training session (ST^) —  was affected by the
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independent variables —  ambient temperature at pre-training session
(AT ), ambient temperature at training session (AT ), and skin temper- . ps ts
ature at pre-training session (ST ) —  multiple regression wasps
utilizedo The correlation matrix in Table 9 shows. a correlation between
ST and ST_ of 0.38 (p ~ .00); between AT and ST , 0o 28 (p = v ps ts . ps ts i
and between AT and AT. , 0.45 (p = . ps ts

Table 9. Correlational Matrix: Ambient Temperature at Pren
training Session (ATpg) and Training Session 
(ATts) and Skin Temperature at Pre-training 
Session (STpS) and Training Session (ST%g).

STps ' STts ATps ' ;; ATts

STps .38* -.11, -.03

ST.ts - .28* .08

ATps — .45*

ATts

^Significant at p = .00; all other T) > .05.

Multiple regression was likewise employed on all dependent and 
independent variables in order to allow the researcher to determine 
which of the variables could best predict clinical improvement in head
ache activity. Table 10 shows the correlation and probability matrix 
for all seven variables. Correlations between EMGD and skin temperature 
slope (STS), EMGD and STE, STE and STS, and HAS^ and AES^ were not 
deemed meaningful and therefore were not computed. Of the variables
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analyzed, only AES. and AES, showed statistically significant correla-

3. D
tion (r = ,77, p _< .02).

Table 10. Correlation and Probability Matrix for the. 
Independent and Dependent Variables.

EMGD STE STS HAS. a. HAS,b AESa . AESb

EMGD a a -.52 -.12 .26 .09
(.50)b (.12) (.79) . (.35)

STE ■ _a -.26 . .28 -.36 -.15
(.29) (.28) ,(.34) (.24)

STS .35 . .04 .04 -.23
(.35) (.72) (.69) (.31)

HASa .01
(.65)

CM 
O

 
CO 

CM
i ^ -.06

(.20)

HASb .30
(.43)

__a

AES .77a (.02)

AESb

Not computed.
bProbability level.

Analysis of Findings

Hypothesis la
■ The mean pre-training HAS will be greater than the mean in

training HAS. There were three statistical techniques used to test this



hypothesis, namely: trend analysis, analysis of variance, and paired
t-test.

The trend analysis, as illustrated in Figure 1 (page 35), showed 
that there was no definite trend in HAS between weeks during both pre
training and in-training phases. However, there was a decrease of 3.65
HAS in the six-week mean daily HAS. from the three-week mean daily HAS .d a
The two-way analysis of variance employed on HAS^ and HAS^ data showed 
that there were no statistically significant differences between weeks 
and among subjects in HAS either during the pre-training or in-training 
phase. The paired t-test done on the same data yielded statistically 
significant decrease (p <_ .004) in HAS between the pre-training and. in- 
.training phases. .Based on these findings, the above hypothesis was 
supported.

Hypothesis lb
The mean pre-training AES will be greater than the mean in- 

training AES.
The trend analysis done on AES and AES., as illustrated ina b

Figure 1, showed that there was no definite trend in AES between weeks 
during both pre-training and in-training phases. However, there was a 
decrease of 0.30 AES in the six-week mean daily AES^ from the three-week 
mean daily AES^.

The pre-training AES data which were subjected to a two-way 
analysis of variance showed statistically significant difference 
(p <_ .04) among subjects in AES but not between weeks. There was also
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statistically significant difference (p <_ .03) among subjects in AES but 
not between weeks during the in-training phase.

The paired t-test employed on the AES^ and AES^ data revealed a 
substantively significant decrease (p < .07) in AES between the pre
training and in-?training phases.

Based on the above results, it can be stated that there was no 
discernible change between the pre-training and in-training use of 
analgesic among the subjects.

Hypothesis 2a
An increase in skin temperature and a decrease in EMG activity 

from mean pre-training session score to mean training session score 
during the in-training phase are directly related to decreased headache 
activity score from pre-training to in-training phase.

The initial step in testing this hypothesis involved determining 
to what extent the increase in skin temperature during the training ses
sions was influenced by ambient temperature since there was a maximum 
difference of 5.15 degrees centigrade between the mean ambient tempera
ture at pre-training and training sessions. Preliminary analysis showed 
that the increase in skin temperature during the training sessions was 
significantly affected by ambient temperature at pre-training session 
(r = .38, p = .00) as well as by skin temperature at pre-training/ 
session (r = .28, p = .00).

Adjustment to the skin temperature at training session was made 
by computing for expected skin temperature (STE) and skin temperature 
slopes (STS).
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The skin temperature data (STE and STS) and EMGD were subjected

to multiple regression analysis with HAS and HAS, data. The results
■ . a, d

showed that there was no significant correlation between skin tempera
ture and HAS and HAS, nor between EMGD and HAS and HAS,. Therefore,a b a b
the relationship as stated in the above hypothesis was not substantiated. 

Hypothesis 2b
An increase in skin temperature and a decrease in EMG activity 

from mean pre-training session score to mean training session score 
during the in-training phase are directly related to decreased analgesic 
equivalency score from pre-training to in-training phase.

The skin temperature data (STE and STS) and EMGD were subjected 
to multiple regression analysis with AES^ and AES^ data. The results 
showed that there was no significant correlation between skin tempera
ture and AES and AES, nor between EMGD and AES and AES, . Therefore,a b a b
the above hypothesis was rejected.

Subjects * Evaluation of the Training 
Individual subjects had verbally or in writing expressed clini

cally significant benefits derived from the training. Their verbal per
mission was secured to have portions of their evaluation included in the 
writing of this study.

One subject who had headache twice a week and had tried several 
abortive medications wrote:

The biofeedback program has worked wonders for me. At this 
point I cannot tell if it is the handwarming skill or the deep 
relaxation techniques that have been more helpful in reducing 
the number of migraine headaches so drastically. I do the hand- 
warming and deep relaxation several times each day as a
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preventive measure especially when I get involved in a stressful 
situation. In case a headache sneaks on while I am sleeping or 
too busy to do anything about it, I use the handwarming as soon 
as possible and as many times as needed before it goes away.
The handwarming is now shortened to a minimum and I feel 
tingling in both hands within a minute after starting to think 
about it. The skill did not develop until the very end of the 
course mainly because I could not find any good imagery in the : 
beginning. I thought of hot stoves and immediately saw the 
temperature drop as I "burnt" myself. The hot sun was not good 
enough either. I finally came up with the idea that my hands, 
were flames, that they were, so hot that my middle fingers would 
b u m  a hole on a piece of paper. Now I only tell myself that my 
hands are hot after taking a deep breath and adjus ting the body 
in a relaxing position and the fingers start tingling almost 
right away. I have only but one case of a severe migraine head
ache since I started the course, that is, a migraine that would 
earn a five on the scale. It came on during sleep, probably 
because of eating too fatty and salty foods for lunch. . . .  I 
survived a very unpleasant night with severe nausea by taking 
only two Tylenols and doing a lot of handwarming which helped my 
chills considerably. I was especially impressed with the fact 
that it was possible to suppress the nausea and thus save myself 
from the never-ending agony of being sick along with the 
excruciating pains of the migraine headache.

My whole life has truly been changed through this program.
I had not realized before how much I tended to worry about 
getting headaches in unsuitable situations. Now I feel I have 
obtained some sort of control over my life which I never had 
before. I have quit worrying about a lot of things as the 
course went along. The relaxation seems to give one a better 
perspective on the trivialities of one's problems. Irrigation 
and tenseness are gone after only five to ten minutes of the 
bliss the deep relaxation gives. I feel healthier and happier 
than ever before with this new skill and I can consider doing 
types of work I did not dare consider before because of the 
threat of hampering headaches.

The biofeedback training has also helped control other types 
of pain. When I sprained a toe during vacation, it hurt so 
badly that I almost screamed but instead I immediately did ray 
handwarming and relaxation. By thinking of my fingertips, my 
mind got too busy to concentrate on the pain in the toe. I have 
also used the relaxation training for physical training. I use 
it while I jog and seem to be able to run faster and longer than 
most people in the exercise group. One does not tire that easily 
while one is in the particular state of mind that the training 
has taught. . . .



I am extremely grateful that I was given the opportunity to 
participate in the experiment. It was the most worthwhile 
learning that I had ever participated in. I only wish I had 
been able to do this much* much earlier in life. The sense of 
control means an unbelievable relief and I do not have to worry 
about side effects of medication (which is very important to 
me). Thanks for letting me be in the project.

The subject:who used to get a headache every weekend when she 
would drive out of town commented that she had deferred a headache twice 
when driving and had actually aborted one. She thought that she had 
definitely fewer headaches considering that her life situation had not 
changed significantly. "The interesting thing is the tremendous aware
ness of how we can control body function. I had in the past accepted 
this as a concept but have now internalized it."

Another subject was also very pleased with the new skill that 
she had acquired. She wrote:

The past two months have been "miracle" months for me. . . .
I honestly thought I would always have those horrible headaches.
Now I find that I am not powerless and that to some extent, I 
can control them, instead of them controlling me as they have 
for the past 19 years of my life. I have to admit I was skepti
cal at the beginning of our sessions. I figured nothing else 
had ever given me any relief —  so why would biofeedback. But 
as time passed and I began to get results from my handwarming, I 
realized how wrong I had been, and how fortunate I was to be 
included in your s tudy.

The subject who was able to raise skin temperature about two 
degrees centigrade within the first five minutes reduced her pre
training headache activity score from 10.29 to 1.17 during the in
training phase. She felt very good about being able to control her 
headaches. "I don't think I will have headaches any more."

Five other subjects reported having been able to ward off the 
onset of migraine headache a few times when they did the technique soon
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enough dr when they did not wake'up with the headache. Moreover, they
gained other benefits such as improved self-discipline, improved night
time sleep, and increased ability to concentrate, to relax, and to
differentiate between states of.relaxation and tension.

J



CHAPTER 5

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

This chapter contains a summary of the purpose, methodology, . 
sampling, and analysis of findings of the study. Conclusions and 
recommendations follow the summary section.

Summary
This study was: conducted to investigate whether skin temperature 

and EMG feedbacks were related to decreased headache activity and use of 
analgesic among subjects with migraine headache.

The theoretical framework behind the design of the study used 
the theory of opefant conditioning, its underlying principles or prop
ositions, and their applications to autonomic or visceral responses 
and biofeedback. . ,

The convenience sample consisted of nine female subjects re
cruited from the community who had been diagnosed as having migraine 
headache. Their ages ranged from 21 to 55 years with a mean age of 
37 years. The group had a mean average of 20.1 years of migraine head
ache history. Several of them had tried all kinds of abortive medi
cations without satisfactory relief

A single group outcome approach comparing pre-training and 
in-training measurements of the subj ect1s physiological responses to 
biofeedback therapy was employed. For three weeks prior to the in
training phase, the subjects recorded their headache activity and use
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of analgesic in a headache frequency record provided by the researcher. 
Following this period, the subjects underwent seven weeks (twice a week) 
of •training in handwarming and relaxation using the tape "Arms and Legs 
Heavy and Warm" by Budzynski (1974). Temperature from the middle finger 
of. the dominant hand was monitored by an electronic thermometer with a 
digital display counter which provided continuous feedback to the sub
ject. The Grass model B polygraph with an integrating amplifier moni
tored the EMG from the brachioradialis of the dominant forearm which 
indicated the subject's state of relaxation. Electromyogram feedback 
was provided by an intermittent audible tone which corresponded with 
the integrator reset interval. Part of the training was the daily home 
practice of the techniques learned in the laboratory but without the 
use of feedback equipment throughout the in-training phase.

The data gathered during the pre-training and in-training 
phases were subjected to appropriate statistical analyses. Trend 
analysis done on the headache activity scores and analgesic equivalency 
scores during the pre-training and in-training phases showed no definite 
trend in HAS and AES during those periods. Paired t-test performed on 
the same dafa yielded statistically significant decrease in HAS from 
the pre-training to the in-training phase. The same statistical anal
ysis employed between AESa and AES^ revealed substantively significant 
decrease in AES during the in-training phase.

Multiple regression analysis that was used to test whether 
increase in skin temperature and decrease in EMG were directly related 
to decreased HAS and AES showed very low correlations which were not 
significant at .05 level among the variables.
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. In addition to the significant findings in HAS and AES, sum- 

mative evaluations made by individual subjects gave evidence of clini
cally significant decrease in headache activity and use of analgesic 
as a result of the training. '

Conclusions
the findings of the study supported the first two stated hypoth

eses, that is: that the mean pre-training HAS was greater than the
mean in-training HAS, and that the.mean pre-training AES was greater 
than the mean in-training AES. However, the findings were unable to 
substantiate that increased skin temperature and decreased EMG. activity 
were directly related to decreased HAS and AES. Further, based on the 
individual subject's summative evaluation, there were clinically signif- 
leant benefits derived from the training in terms of decrease in 
headache activity and use of analgesic.

The insignificant correlation between the dependent variables—  

HAS and AES— and the independent variables— skin temperature and EMG 
activity--indicated that for this group of subjects and in this study, 
biofeedback probably did not influence the subjects’ headache activity 
and use of analgesic as measured in the study.

Recommendations
The following recommendations for further study are suggested:

1. A study using two groups of subjects— one group utilizing the 
procedure employed in this study, and a control group utilizing 
the same procedure but without feedback— is recommended.



A sample, larger than the size used in this study is highly 
advisable. For better statistical results, a sample of 30-50 
is recommended. .
The training sessions should be conducted in a temperature- 
controlled laboratory with the level of temperature significantly 
below biological limits.
There is wide intra-individual variability in headache activity 
among migraine sufferers. In view of this, a longer pre-training 
period of recording of headache activity and use of analgesic 
will enable the researcher to get a more representative profile 
of the subject's headache activity.
Post-training data should be collected after the completion of 
the training period and compared with the pre-training data.
In the handwarming procedure, simultaneous warming of both hands 
may be preferrable to warming them one at a time since the 
objective of the training is to be able to warm both hands 
instantly in the event of a headache.
The subjects should be assisted in finding the most suitable 
imagery which can be utilized in handwarming early in the 
training.



APPENDIX A 

SUBJECT CONSENT'FORM
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SUBJECT'S CONSENT

This is to inform you of a study "Skin Temperature and Electro
myographic Feedback As Related to Migraine Headache Activity and Use of 
Analgesics" being conducted by Miriam S. Tayabas, R.N. at The University 
of Arizona College of Nursing annex, 1216 E. Helen St., Tucson, Arizona.

The purpose of this study is to investigate the relationship of 
skin temperature and electromyographic feedback to migraine headache 
activity and use of analgesics. The investigator will interview me for 
medical history related to my migraine headache. She will teach me 
general relaxation and handwarming techniques and record each session 
my temperature on both hands and tension in the muscle of my dominant 
forearm. These measurements will be made by sensors taped to my skin 
and attached to an electronic recorder. The sessions will be one hour 
in duration, conducted twice weekly for seven weeks or a total of four
teen sessions within a seven-week period. I will also do daily home 
practice with handwarming and general relaxation.

While no detrimental effects are anticipated to arise from the 
activities, I am aware that there exists the possibility of transient 
fatigue, changes in blood pressure, fainting, and disorders of the 
heart beat which may be rapid or slow\ However, these reactions will 
be counteracted by tensing and stretching of the extremities before 
arising.

The instruments have been checked by Biomedical Engineering, 
and OSHA safety standards for human subjects have been met. For the 
safety of the subject and the operator, I will be electrically isolated 
from the machine and the machine electrically isolated from the wall.

The cost of this therapy to me is only my time and travel.
The benefits I may obtain are reduction in the frequency of 

migraine headache attacks and knowledge of a technique in alleviating 
a migraine headache in the event of its onset. The learning may bene? 
fit other persons as well as myself.

I understand I am free to ask questions and seek clarification 
at any point in time. I can withdraw from the study at any time and 
without ill will or risk to my relationship with my doctor..

The information which is obtained during this study will be 
treated as privileged and confidential and will not be released or 
revealed to any person without my express written consent. The infor
mation obtained, however, may be used for statistical purposes, and 
so published without divulging my identity.
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X have read the above "Subject’s Consent". The nature, demands, 

risks, and benefits of the project have been explained to me. 1 under
stand I may ask questions and I am free to withdraw at any time without 
ill will. I am aware that my doctor has consented to my being asked to 
participate in the study. Therefore, I consent to participate.
Subjact's signature, . , ........; Date.. ............
Investigator's signature 

(as . witness)
Date



APPENDIX B

HEADACHE FREQUENCY RECORD'FORM '

Permission for use of the Headache Frequency Record form was 
granted by Donald Bakal and Judith Kaganov.
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AM

T
I
M
E

0
F

D
A
Y

PM

Code-...... ....... ......
INTENSITY

12, n 1 2 3 4 , 5 Situation.

10

12

2
4

10

12

Acr.1v1f.y-

Date

Analgesic

HEADACHE FREQUENCY RECORD

INSTRUCTION:
•Use as many location 
numbers to describe 
your headache.

•Write the location 
numbers in appropriate 
cell that indicates 
time & intensity:
0 (no pain) to 5 
(severe pain).

♦Indicate situation 
you are in, your 
activity at time of 
headache, & medication 
taken.

Uicr>
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