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Biofeedback assisted cue-controlled skin temperature 

training was compared to skin temperature biofeedback 

training in subjects attempting to raise the digital skin 

temperature of their dominant hand. The subjects consisted 

of 10 individuals diagnosed as having Raynaud's disease and 

of 10 subjects with cold hands without Raynaud's disease. 

Two sessions of 120 minutes duration were held 1 week 

apart. Session one consisted of 30 minutes of baseline 

monitoring, 30 minutes of self-directed warming at room 

temperature (77°F), 30 minutes of biofeedback training, 

and a maximum of 30 minutes of cue—controlled or extended 

biofeedback training. 

Session two consisted of 30 minutes of baseline 

monitoring at room temperature followed by 30 minutes of 

self-directed skin temperature warming without the aid of 

biofeedback. The subjects were also exposed to 30 minutes 

of baseline monitoring in the cool room (67°F). This was 

followed by 30 minutes of self-directed warming at cool 

temperatures without biofeedback (the cool room challenge 

task). The administration of the cool and warm room 



conditions were counterbalanced to control for order of 

presentation effects. 

The results indicated that both diagnostic groups of 

subjects could learn to voluntarily increase their digital 

skin temperature in normal room conditions over pretraining 

baseline levels. No differences for training emerged. 

Raynaud's disease subjects had significantly lower pretraining 

skin temperatures than nonRaynaud's disease subjects. Both 

diagnostic groups were unable to increase their digital 

temperatures in the cool room challenge task. However, 

research utilizing pretraining cool room challenge tasks 

(Surwit, Pilon, & Fenton, 1978) have shown that Raynaud's 

disease subjects demonstrate significantly higher post-

training than pretraining skin temperatures. 

Recommendations for future research included increasing 

the length of training and delaying cue-controlled instruction 

until patients attained stable, near average levels of periph-

eral skin temperature. The use of pretraining cold room 

baseline measures were also recommended. 
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THE EFFECTIVENESS OF SKIN TEMPERATURE BIOFEEDBACK 

WITH VERSUS WITHOUT CUE-CONTROLLED TRAINING 

This study compared biofeedback assisted cue-controlled 

skin temperature training with skin temperature biofeedback 

training in subjects attempting to raise the digital skin 

temperature of their dominant hand. In addition to class-

ification according to training, the subjects were also 

divided into two diagnostic groups. One group was composed 

of subjects with cold hands and Raynaud's disease while the 

other group consisted of nonRaynaud's disease cold handed 

subjects. The treatment and diagnostic groups were compared 

along the dimensions of amount of posttreatment digital skin 

temperature change and degree of generalization of digital 

skin temperature control to a cold room challenge task. 

Cue-controlled procedures were initially utilized as an 

adjunct to relaxation training in the treatment of anxiety and 

phobic reactions (Grimm, 1980; Lent & Russell, 1978; Russell & 

Mathews, 1975). Paul (1967) referred to this procedure as 

conditioned relaxation in which a cue word, such as calm or 

relax, is paired with a similar physiological sensation in a 

subject. According to Russell and Lent (1967) cue-controlled 

training occurs within a counterconditioning paradigm. The 

cue functions as conditioned stimulus through its contiguous 

association with a bodily sensation. After a sufficient 



number of pairings the cue induced physiological state takes 

precedence over previous anxiety provoking stimuli and sit-

uations . 

The goal of cue-controlled training was to enable the 

subject to achieve a desired physiological response to a self-

produced cue. In this study a cue-controlled training program 

was used to teach subjects with cold hands or Raynaud's dis-

ease to warm them. The cue word warm was paired with a 

physiological condition of increased warmth in the digits of 

subjects receiving cue-controlled training. In addition, an 

attempt was made to assess the effectiveness and generaliz-

ability of training with a cold room challenge task. During 

this test the experimental chamber was cooled from 26°C (77°F) 

to 20°C (67°F) (Surwit, Bradner, Fenton, & Pilon, 1979) and 

each subject attempted to raise her digital skin temperature. 

Russell and Sipich (1973) and Russell and Wise (1976) 

outlined a two stage training program for cue-controlled 

relaxation. In the initial phase the client was trained in 

muscle relaxation, while the second phase involved pairing 

the relaxed state with a specific, self-produced cue word 

such as calm or control. In stage two, while the client 

was relaxed, he was asked to attend to his breathing and to 

repeat the cue word silently with each exhalation. The 

therapist repeated the cue word aloud in synchrony with the 

client's exhalations five times. The client then continued 

alone for 15 more subvocal pairings. A second series of 20 



such pairings followed a 60 second interval in which the 

client was instructed to attend to her general feelings of 

relaxation. The client was also told to practice these pro-

cedures daily between treatment sessions. 

A number of noncontrol group case studies have been 

reported supporting the efficacy of cue-controlled pro-

cedures. Gurman (1973) successfully treated a client with 

public speaking anxiety through a combination of in vivo 

practice and cue-controlled relaxation in eight sessions 

over a 1 month period. Russell and Lent (1977) also presented 

a case report in which a combination of systematic desensi-

tization and cue-controlled relaxation were used to treat a 

client with a night driving phobia. The treatment continued 

for 12 sessions, and a follow up at 8 months posttreatment 

indicated that positive changes accrued in therapy had 

persisted. Reeves and Mealiea (1975) used EMG feedback in 

combination with cue-controlled relaxation in the treatment 

of flight phobias. They found that the biofeedback assisted 

cue-controlled relaxation procedure resulted in deeper levels 

of relaxation than noncue-assisted relaxation. 

Russell and Sipich (1973 & 1974) utilized cue-controlled 

relaxation training alone in the treatment of two test phobic 

subjects. In both cases treatment concluded at the end of 5 

weekly sessions, at which time posttreatment Interpersonal 

Anxiety Scale Scores indicated significant improvements had 

occurred. In addition, follow-up comparisons on each subject's 



subsequent school examinations revealed grade improvements. 

Deffenbacher (1976) and Deffenbacher and Snyder (1976) also 

used cue-controlled relaxation alone in the treatment of test 

anxiety. In both studies treatment lasted 5 weeks at the end 

of which all the subjects showed a significant decrease in 

self-reported anxiety, as well as improved test scores. 

Barrios (1977) documented two case studies in which cue-

controlled relaxation was used in the reduction of chronic 

nailbiting with two adults. Results indicated substantial 

increases in nail length and decreases in the frequency of the 

habit at posttreatment and at 3 month follow-up. Wells, Turner, 

Bellack and Hersen (1978) found that cue-controlled relaxa-

tion training contributed significantly in controlling the 

frequecy of psychomotor seizures in a "borderline" retarded 

female, who had been suffering from her seizure disorder 

for 19 years. Cue-controlled relaxation was utilized because 

the patient, reported that many of her seizures were preceded 

by a "tight, queasy feeling" in her stomach, followed by 

anticipatory fear of the impending seizure. 

Beck, Kaul, and Russell (1978) reported results on 10 

subjects given 4 weekly, 1 hour sessions of cue-controlled 

relaxation for dental anxiety. The authors found significant 

pre to posttreatment decreases in measures of dental anxiety, 

anxiety differential, state anxiety, and systolic blood pres-

sure. These were maintained at 4 week and 6 month follow-up 

checks. 



The results from studies utilizing control and comparison 

groups also supported the efficacy of cue-controlled procedures 

for the treatment of anxiety and phobic reactions. Cox, 

Freundlich, and Meyer (1975) compared cue-controlled EMG 

biofeedback training to nonbiofeedback cue-controlled relax-

ation training, and a medicine placebo group for the treat-

ment of tension headache. Assessment results at 2 weeks and 

4 months following treatment indicated that both the feed-

back and nonfeedback groups were equally superior to the 

medicine placebo group on all measured variables in the 

direction of clinical improvement. 

Russell, Miller, and June (1975) compared cue-controlled 

relaxation with systematic desensitization and a no treat-

ment control group for test taking anxiety. After 6 weeks of 

1 hour training sessions, the subjects were assessed on self-

report measures of anxiety, as well, as on pre and posttreat-

ment measures of academic performance. The results indicated 

that both the cue-controlled and systematic desensitization 

groups achieved significant reductions in self-reported levels 

of anxiety compared to the no treatment control group. No 

significant differences were found between the two treatment 

conditions on the measure of academic performance. 

In another study for the treatment of test taking anxiety, 

Lent and Russell (1978) compared four groups along the dimen-

sions of self-reported levels of anxiety and grade point 

averages. They found that the combined cue-controlled 



desensitization-study-skilis program was as effective as a 

systematic desensitization-study-skills program in reducing 

anxiety and improving grade point averages. Also, both these 

intervention strategies were significantly more effective 

than a no treatment control or a study-skills course alone. 

Group treatment of test phobia was also examined by 

Russell, Wise, and Stratoudakis (1976). These authors 

compared group cue-controlled relaxation to group desens-

itization and a no treatment control on self-report and 

behavioral assessment data. Following 5 weeks of training the 

results indicated that both treatment groups demonstrated 

significant improvement on the self-report and behavioral 

indices of anxiety compared to the control group. The two 

treatment groups differed significantly only in the number 

of minutes per training session. Sessions for the systematic 

desensitization groups required 45 minutes, while those for 

the cue—controlled groups were 30 minutes. 

Deffenbacher and Payne (1977) and Russell and Wise 

(1976) compared the relative effectiveness of group admin-

istered cue-controlled relaxation to group systematic desens-

itization in the treatment of speech anxiety. The results 

indicated that the two treatments led to significantly 

decreased self-reported public speaking anxiety in comparison 

to a no treatment control. There were no significant diff-

erences between the treatments. 

The use of cue-controlled relaxation as an intervention 

strategy for anxiety and phobic reactions has received support 
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through case studies and comparisons with systematic desens-

itization (Beck et al., 1978). m addition, cue-controlled 

procedures have an advantage over systematic desensitization 

m that hierarchies are not necessary (Qurman, 1973), and cue-

control can be utilized with clients who have a difficult 

time maintaining the images required in systematic desens-

itization (Russell & Sipich, 1974) 

In addition, Lent and Russell (1978) emphasized that 

many of the procedural complexities inherent in individual 

and group administered desensitization, such as the pre-

sentation and timing of hierarchy items, can be minimized 

through cue-controlled desensitization. in this technique 

hierarchy visualizations were not terminated when tension 

was signaled, and the subject used the cue-controlled res-

ponse to cope with the anxiety. This self-control procedure 

served to make the client a more active participant in his 

treatment, while reducing demands on the external source or 

therapist. Subjects who attributed successful behavior to 

their own efforts showed greater persistence in treatment 

effects than those who attributed change to an external 

source (Davison & Valins, 1969). 

Also, Goldfried and Merbaum (1973) have suggested that 

therapeutic procedures should be directed toward teaching 

the client a more general skill for reducing anxiety, and 

provide a coping technique which can be applied in a variety 

of anxiety-provoking situations: a "trans-situational" anxiety 
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management technique (Swinn & Richardson, 1971). Cue-con-

trolled procedures can be utilized in this manner (Russell & 

Lent, 1977) . In support of this both Barrios (1977, 1978a & 

b) and Beck et al. (1978) found evidence to suggest general-

ization of the cue-controlled technique to situations and 

problems other than those specifically treated. 

This study compared a biofeedback assisted cue-

controlled training program with a biofeedback procedure 

to teach subjects with cold hands or Raynaud's disease to 

warm them. Posttraining sessions were held in rooms at 

normal and cool ambient temperatures to assess the relative 

generalizability of the two training techniques. Digital 

skin temperature was examined because the literature suggested 

it had applicability in the treatment of Raynaud's disease 

(Blanchard & Epstein, 1977), in contrast to traditional 

medical-pharmacological remedies which had limited effective-

ness (Coffman, 1979) . 

Raynaud's disease is a functional disorder of the cardio-

vascular system. The physiology of this disorder is not 

completely understood (Spittel, 1972) . Its symptoms consist 

of intermittent, bilateral vasospasms of the hands, feet, 

and in rare cases of the face which result in episodic 

coldness in the hands accompanied by blueness in the fingers 

and pain in the extreities (Jacobson, Hackett, Surman, & 

Silverbert, 1973). During an attack, the affected area 

usually goes through a three-stage color change, first 



blanching, than turning cyanotic blue, and finally becoming 

bright red as the spasm is relieved and reactive hypermia sets 

in (Surwit, 1973). When this syndrome results from an identi-

fiable pathologic process, such as rheumatoid arthritis, it 

is known as Raynaud's phenomenon, rather than Raynaud's dis-

ease . 

According to Holling (1972), the fingers have a dual 

blood flow. One part composed of a capillary network func-

tions as the blood, tissue exchange system. The other net-

work made up of multiple cutaneous arteriovenous anastomoses 

(or A-V shunt flows) are responsible for general body temper-

ature regulation. These anastomoses are capable of increasing 

digital blood flow one hundred fold when vasoconstrictor tone 

is released. 

During an attack it is not known whether the spasm 

initially occurs at the arterial, arteriolur or capillary 

level (Willerson, Thompson, & Hookman, 1970). Langer and 

Corceel (1960) have suggested that anastomoses might play 

a central role in Raynaud's disease, shunting the blood away 

from the outermost layers of the skin during an attack. 

Under most circumstances capillary blood flow required 

for nutrition remains fairly steady, while the flow serving 

maintenance of body temperature fluctuates with environmental 

conditions (Coffman & Cohen, 1971). In ambient room conditions 

of 75°F the mean digital skin temperature of normal subjects 

was found to vary between 87° to 91°F (Hughes, McGraw, Cannici, 
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Vasilos, & Dubois, 1980). However, in many instances of 

Raynaud's disease the attacks may become prolonged so that 

changes that were once restricted to the A-V anastomoses, 

the thermal regulating blood vessels, now involve the digital 

capillaries and nutritional changes in the ends of the fingers 

result (Coffman & Mannick, 1972). The manifestations of 

Raynaud's disease at this stage may eventually include 

hardening and tightening of the skin on digits, cracking and 

ulceration, gangrene, and the onset of scleroderma with the 

possible loss of digital parts. 

Lewis (1949) estimated that Raynaud's disease affects 

20 percent of young people in its mildest forms. Magalini 

(1971) surmised that the disease was five times more prevalent 

among females than males, and it usually began in the first or 

second decade of life. Conventional medical treatment for the 

disease has been limited to relocation to a warmer climate, 

drugs, or sympathectomies (Surwit, 1973). Coffman (1979) 

reported results from his own research and an extensive review 

of the literature indicating that pharmacological agents may 

decrease the number and intensity of attacks in Raynaud's 

phenomenon, but usually do not produce complete relief. 

In addition, unpleasant and sometimes severe side effects 

including headaches, gastrointestinal symptoms, nausea, 

vomiting, drowsiness, dizziness, changes in cardiac rhythm, 

postural hypotension, and diarrhea were often reported with 

therapeutic doses. Sympathectomies had an unreliable success 
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rate of approximately 60% (Magalini, 1971) and had the added 

disadvantage of permanent side effects (Patton, 1965). 

Due to the unreliablitiy of medical procedures involved 

in its treatment, and its apparent functional origins, a number 

of researchers focused on isolating the conditions that elicit 

symptoms similar to those of Raynaud's disease. Efforts were 

also aimed at determining the feasibility of training voluntary 

control of peripheral skin temperature to aid in the amelior-

ation of some of these symptoms. 

Raynaud (1862) originally attributed the malady to sym-

pathetic overactivity. However, Lewis (1949) believed that 

vascular pathology and environmental temperature changes were 

the major contributing factors. Mendlowitz and Naftchi (1959) 

integrated both theories by suggesting that Raynaud's disease 

maytadichotomized into, two separate disorders. One disorder 

may occur where the vasculature is normal and vasomotor tone 

is heightened by sympathetic overreaticity. The other occurs 

where vasomotor tone is normal, but the individual has locally 

sensitive vasculature. 

Mittleman and Wolf (1939) were some of the earliest 

researchers to demonstrate a relationship between skin tem-

perature and affective state. They found that subjects who 

were under "sustained" emotional stress, who were not able to 

relax, showed significantly lower finger tip temperature than 

subjects who could relax. Graham (1955) found that significant 

forearm temperature decreases occurred in a clinical population 
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in response to attitudes of hostility, anxiety, and states of 

depression. Graham, Stern, and Winokur (1958), Stern, Winokur, 

Graham, and Graham (1961), and Graham, Kabler, and Graham 

(1962) reported that hypnotically suggesting an attitude assoc-

iated with hives resulted in hand temperature increases, while 

hypnotically suggesting an attitude associated with Raynaud's 

disease resulted in hand temperature decreases. These results 

were later replicated in nonclinical, unhypnotized subjects 

by Graham and Kunish (1965) . 

In addition, Newton and Bovard (1957) found significantly 

higher skin temperatures in subjects whose situations were 

arranged to produce positive feelings toward the experimenter. 

Both Boudewyns (1976) and Eschette (1972) found that subjects' 

skin temperatures significantly decreased under stress condi-

tions, while they increased under relaxation conditions. 

Crawford, Friesen, and Tomlinson—Keasey (1972) found signif-

icant decreases in the hand temperatures of subjects discussing 

anxiety related topics compared to those discussing pleasant 

topics. 

Surwit et al. (1979) found that subjects with Raynaud's 

disease who scored low on the Al (alienation scale) of the 

Psychological Screening Inventory (Lanyon, 1973) showed sig-

nificant improvement in self-regualtion of hand temperature in 

comparison to high scorers. They postulated that low scorers 

tended to be defeatist and poorly motivated. In a study de-

signed to test the effect of ambient room temperature, Surwit, 
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Shapiro, and Feld (1976) demonstrated that lowering a room tem-

perature from 22.5°C (72°F) to 19.5°C (65°F) decreased the 

ability of eight previously successful subjects to voluntarily 

raise their peripheral skin temperature. 

Taken overall, these studies demonstrated the interplay 

between attitudes or affective states and their accompanying 

physiological changes in the form of peripheral skin tempera-

ture. They also suggested a relationship between attitudes 

of anxiety, hostility, and stress and symptoms of Raynaud's 

disease that are likely mediated through the sympathetic 

branch of the autonomic nervous system. 

In addition to eliciting symptoms similar to those of 

Raynaud's disease, a number of investigators succeeded in 

teaching voluntary control over peripheral skin temperature 

to both normal (Elder & Frentz, 1978; Keefe & Gardner, 1979; 

Lisini, 1965; Snyder & Noble, 1968; Stern & Pavloski, 1974; 

Taub & Emurion, 1976; Volow & Hein, 1971), and Raynaud's 

disease subjects (Jacobson, Manschreck, & Silverberg, 1979; 

Jacobscn, Silverberg, Hackett, & Manschreck, 1978; Surwit, 

1973; Surwit et al., 1979). Voluntary control of skin tem-

perature was also documented after instruction in hypnosis 

(Barber, 1970), as well as with relaxation training (Eschette, 

1977) . 

Taub and Emurion (1976) used a combination of relaxation 

training, direct instructions, and visual feedback over a six 

session training period to teach normal subjects to raise their 
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skin temperature. Keefe (1975) used direct instruction plus 

feedback to successfully train subjects to raise or lower their 

digital skin temperature relative to their forehead temperature 

in 12 sessions. York (1975) combined autogenic and biofeedback 

instruction over a nine session training period to teach 

migraine and nonmigraine subjects digital skin temperature 

warming. Maslach, Marshall, and Zimbardo (1972) incorporated 

hypnosis, autogenic suggestion, biofeedback training, and 

reinforcement in teaching normal subjects to increase their 

digital skin temperature. Similarly, Roberts, Newman, and 

MacDonald (1973) successfully taught normal subjects to 

increase their digital skin temperatures utilizing hypnosis 

and audiorty feedback during nine training sessions. These 

authors reported average temperature change scores of 5.37°c. 

Roberts, Schuler, Bacon, Zimmerman, and Patterson (1975) 

replicated their earlier study (Roberts et al., 1973) with 

nonhypnotized subjects who received auditory feedback. The 

authors reported that over a period of 16 experimental sessions, 

the subjects performed as well as the hypnotized subjects in 

their earlier investigation. 

Demory (1975) also utilized biofeedback to successfully 

tram psychosomatic and nonpsychosomatic headache sufferers 

to raise their digital skin temperatures. No differences were 

found in hand warming ability between the groups. In addition, 

Harris (1977) incorporated thermal biofeedback to train psycho-

somatic migraine and gastric patients to raise their digital 

temperatures in four training sessions. 
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Voluntary control of peripheral skin temperature was dem-

onstrated in children by Lynch, Hama, Kahn, and Miller (1976). 

They successfully trained children to simultaneously alter the 

skin temperatures of opposite hands in 12 sessions. This 

suggested that relatively specific control of this response 

was possible. Also, Hunter (1975) showed that learning-

disabled children were as capable of warming their hands as 

normal ones after both groups had received 15 minutes of bio-

feedback training for 5 days. 

In addition to combining training procedures, a number 

of researchers compared the differential effectiveness of 

various training techniques in facilitating skin temperature 

warming. Peters, Lundy, and Stern (1973) found feedback plus 

autogenic training was more effective than hypnosis with feed-

back in promoting skin temperature increases. 

Keefe (1976) conducted two experiments with normal 

subjects. In the first study he compared an autogenic training 

group with a control group and found significant temperature 

increases confined to the autogenic training group. In his 

second study he compared six groups that received various 

combinations of autogenic training, feedback, direct instruc-

tions to increase skin temperature, and instructions to relax. 

His results indicated that in the first three sessions only 

the feedback groups showed significant increases. However, 

at the end of the five sessions all the groups, with the 

exception of the instruction to relax group, demonstrated 
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voluntary control of peripheral skin temperature. McDonagh 

and McGinnis ,1973) also obtained similar results and found 

that feedback combined with autogenic suggestions accelerated 

absolute digital skin temperature increases in comparison to 

no feedback training in aiding subjects to increase digital 

skin temperature. 

In contrast to these results, Carlton (1973) found that 

after 20 training sessions for hand warming there was no sig-

nificant overall temperature difference between a no feedback 

instruction group and a visual feedback group. However, both 

these groups did significantly better than a no treatment 

control. Vasilos (1977) also found no significant differences 

m hand warming ability between feedback and no feedback 

groups receiving instructions, autogenic training, or relaxa-

tion training after two, 24 minute training sessions. m 

addition, Turin (1977) found no differences in temperature 

increasing ability between biofeedback, hypnotic suggestion, 

and feedback plus hypnotic suggestion groups. 

Surwit (1977) in an extension of the feedback study 

design administered either visual feedback or a combination 

of visual and tone feedback to normal subjects in two, 25 

minute training sessions. Surwit found no differences between 

groups, although both groups significantly increased their 

peripheral skin temperature above baseline levels. 

The results from studies on nonclinical populations 

suggested that control over peripheral skin temperature could 
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be obtained (Surwit, 1977; Vasilos, 1977). They also suggested 

that a variety of training strategies could be successful 

(Turin, 1977), although only Keefe (1976) reported that sub-

jects retained this ability at one and two week intervals 

following treatment. 

Voluntary control over peripheral skin temperature in 

patients with symptoms of Raynaud's disease has also been 

demonstrated. Jacobson et al. (1973) reported training a man 

with Raynaud's disease to raise the temperature of his hands 

in relation to his forehead. The duration of treatment was 

eight sessions and a combination of hypnosis, autogenic imagery, 

and feedback was used. The authors reported an increase of 

7.74°F in the temperature of both the patient's hands. 

Feamster and Hutzell (1976) successfully treated a 66 year old 

male with Raynaud's disease utilizing a combination of bio-

feedback and hypnosis. The patient's mean temperature increase 

during treatment was 7.3°F. 

Surwit (1973) also reported treating an individual 

patient with Raynaud's disease. In this case the patient had 

undergone two sympathectomies in an unsuccessful attempt to 

relieve the disorder. Treatment consisted of 50 thermal bio-

feedback sessions that resulted in an increase of basal skin 

temperature from 68°F to 78°F, as well as marked self-improve-

ment. However, the patient lost her ability to control her 

hand temperature shortly after treatment ended. 

May and Weber (1978) and Sadlacek (1978) also reported 

successfully treating individual patients with symptoms of 
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Raynaud s disease utilizing thermal biofeedback. These auth-

ors found that after 16 treatment sessions all patients 

could show at least 2°C increases in hand temperature over 

baseline levels, and the average number of painful vasospastic 

episodes were reduced from five to one a week. in another 

case report, Schwartz (1972) reported successfully treating a 

man with Raynaud's disease utilizing biofeedback of blood 

volume. The subject learned to increase blood volume in his 

big toe in 10 training sessions, and he remained symptom free 

for a year and a half before returning for booster treatments. 

Blanchard and Haynes (1975) utilized an A-B-A-B single 

case study design to test the effectiveness of thermal feed-

back as a treatment for Raynaud's disease symptoms. These 

authors reported large overall increases in skin temperature 

during feedback (B sessions) in comparison to the A sessions 

which requested the subject to make her hands warm by mental 

means. Booster feedback sessions were required at 2, 4, and 

7 months after the conclusion of the 24 week treatment period, 

and these resulted in temperature gains of 2°F, 1.6°F, and 

2.2°F respectively over pretreatment skin temperature levels. 

In a study designed to test the relative efficacy of 

two distinct training procedures, Jacobson et al. (1979) 

compared biofeedback plus relaxation to relaxation training 

alone in 12 subjects with at least a 2 year history of clin-

ically significant Raynaud's disease. The sessions consisted 

of two, 5 minute trials given twice weekly for 6 weeks. 
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Feedback was presented both auditorally and visually, and the 

changes in finger temperature were measured in the laboratory 

during each trial. The patients' clinical results were based 

on individual ratings of symptom severity 1 month and 2 years 

after treatment. The authors found that both groups demon-

strated consistent finger temperature increases and a decrease 

in symptom severity at 1 month after training. However, at 2 

year follow-up it was noticed that continued benefit was de-

pendent on regular practice of relaxation exercises. 

Surwit, Pilon, and Fenton (1978) also compared the 

efficacy of two training techniques in the treatment of 

Raynaud's disease symptoms. Patients were either given auto-

genic training or a combination of autogenic training and 

visual skin temperature feedback to learn voluntary control 

over peripheral skin temperature. Additionally, the subjects 

were divided into laboratory and home training groups. At 

the end of 6 weeks of training that included 12 sessions, all 

the subjects showed improved digital skin temperature and a 

reduction in the frequency and intensity of their symptom-

atology. The treated subjects were also able to maintain near 

normal levels of digital skin temperature for approximately 8 

minutes at 67°F and for 7 minutes at 63°F. The results indi-

cated that there were no differences between autogenic training 

alone compared to autogenic training plus biofeedback. In 

addition, there was no difference in performance between the 

home and laboratory training groups. 
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Lipp (1976) found that the type of training environment, 

laboratory versus home, had an affect on skin temperature 

training. Patients with Raynaud's disease learned to raise 

skin temperature higher in the laboratory while normal subjects 

did better with home instruction. 

The results of the research reviewed here suggested that 

digital skin temperature control could be learned by both 

normal (Elder & Frentz, 1978) and Raynaud's disease populations 

(May & Weber, 1978). This control appeared beneficial in 

reducing the severity of the symptomatology related to Raynaud's 

disease (Surwit, 1973). 

These studies documented that continued regular home 

practice was necessary to maintain voluntary control over 

these autonomic functions (Blanchard, Theobald, Brown, Silver, 

& Williamson, 1978; Jacob, Kraemer, & Agras, 1977; Keefe, 

Surwit, & Pilon, 1979; Schwartz & Shapiro, 1973). They also 

suggested that a number of training procedures including bio-

feedback, relaxation, and autogenic training could promote 

control of peripheral skin temperature (Keefe, Surwit, & 

Pilon, 1980) . 

However, the results were inconclusive as to whether or 

not combined training procedures (McDonagh & McGinnis, 1973) 

were more effective than individual ones (Surwit et al., 

1978). in addition, training that offered a subject specific 

strategies for raising; skin temperature, such as autogenic 

training, appeared to promote generalization to nonlaboratory 
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encountered situations (Jacobson et al., 1973). Cue-controlled 

training is designed to provide the client with a coping tech-

nique which can be applied in a variety of situations (Lent & 

Russell, 1978). 

This study compared biofeedback assisted cue-controlled 

skin temperature training with skin temperature biofeedback 

training in subjects attempting to raise the digital skin 

temperature of their dominant hand. The subjects consisted 

of people complaining of Raynaud's disease or cold hands who 

were screened and classified as having cold digital skin 

temperature. The treatment groups were compared along the 

dimensions of amount of posttraining digital skin temper-

ature change and degree of generalization of digital skin 

temperature control to a cold room challenge task. 

Method 

Subjects 

A total of 20 volunteer subjects from the Charleston, 

South Carolina, area participated in the study. There were 

18 female and 2 male subjects, and the mean age of the 

participants was 42.5 years. Their age range was 22 to 66 

years, and all subjects were caucasian. The 10 subjects 

diagnosed as suffering from Raynaud's disease had a mean age 

of 41.2 years with an SD of 16.4. These subjects received 

this medical diagnosis from the Medical University of South 

Carolina or from a private physician. The nonRaynaud1s 

disease subjects had a mean age of 43.7 years with an SD of 15.9 



22 

All subjects were either referred by a private physician, the 

Medical University, or volunteered in response to an adver-

tisement about the study (Appendix B) . 

Apparatus 

A model BFT 302 Feedback Thermometer was utilized to 

monitor digital skin temperature. A head phone coupled to 

the BFT 302 provided audio feedback to the subject. A 

switching control box permitted the investigator to deliver 

instructions to the subject through the head phones. A 

microphone in the experimental chamber allowed two-way 

communication. A Honeywell Instrument Corporation Chart 

Recorder model 155 graphed the subjects' digital skin 

temperature, as well as the ambient room temperature. 

National Geographic magazines were provided for the subjects 

to read during the baseline periods. 

All subjects were seated in a soft back leather 

reclining chair in an upright position in a temperature and 

humidity controlled sound proof room maintained by the depart-

ment of Rheumatology at the Medical University of South 

Carolina. The room was uniquely designed to allow an 

investigator to change ambient temperatures within a range 

of 32°F to 100°F, as well as alter the humidity. 

Procedure 

The 20 volunteer subjects consisted of 10 subjects 

diagnosed by a physician as having Raynaud's disease, and 

10 subjects classified as having cold digital skin temperature 
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without the presence of symptoms related to Raynaud's dis-

ease. Cold digital skin temperature was defined as digital 

skin temperature below 87°F (Hughes et al., 1980). 

The subjects were placed in one of two training groups 

once accepted for treatment. Group one received biofeedback 

training for digital skin temperature control, while Group 

two received biofeedback assisted cue-controlled training 

for digital skin temperature control. Each group had five 

Raynaud's disease subjects and five nonRaynaud's disease 

subjects with cold hands. Each subject had a yoked control 

counterpart in the other training group that was matched 

for diagnosis, sex, and number of minutes of laboratory 

training. Attempts were also made to match subjects for 

age and duration of symptoms. The subjects were not matched 

or withdrawn from vascular medication during the study, 

and no subject had a medicine change for at least 2 weeks 

prior to, or during training. 

Each subject participated in two training sessions 

spaced 1 week apart. Each session was approximately 120 

minutes in duration. Skin temperature measurements were 

recorded at 3 minute intervals. Audio feedback in the form 

of a tone was provided continuously throughout the biofeed-

back training periods. The experimental room was maintained at 

26°C (77°F) during all but the cold room baseline and cold 

challenge task trials of the study. During the cold room 

trials the temperature was held at 20°C (67°F). 
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The experimenter explained to each subject at the start 

of the first session that the aim of the study was to help 

them learn to warm the temperature of their hands through a 

specialized technique. Each subject was told that she would 

receive 60 to 120 minutes of initial study and that those 

people with skin temperatures most suitable would participate 

in a second session 1 week later. At this point subjects 

not diagnosed as having Raynaud's disease were screened 

for the presence of symptoms of the disorder. There were 

no subjects in this group who had symptoms similar to Raynaud's 

disease. Raynaud's symptoms in a subject not diagnosed as 

having Raynaud's disease would have resulted in exclusion 

from the study. Each subject also completed an informed 

consent form at this time (Appendix A). 

Session one was divided into three, 30 minute trials 

and a fourth trial with a 30 minute time limit. The first 

30 minute trial of session one consisted of baseline skin 

temperature monitoring at normal room temperature (77°F). 

The subject was seated, informed about the apparatus, and a 

temperature sensor was attached to the index finger of the 

dominant hand. She was told to sit quietly, while the 

equipment was adjusted, and the resting skin temperature 

was determined. The subject was allowed to read the maga-

zines provided. Following trial 1 trial 2 began and the 

subjects received additional instructions (Appendix C). 
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At the end of trial 2 all subjects who met the criteria 

of an average baseline skin temperature no higher than 86°F, 

and had a mean skin temperature in trial 2 of 90°F or lower 

were selected to continue in the study. The subjects that 

were not selected were debriefed at that point. 

Trial 3 consisted of 30 minutes of biofeedback training 

for hand skin temperature warming. All the subjects received 

specific instructions for this trial (Appendix D). 

At the conclusion of trial 3, trial 4 (extended training) 

began. A 30 minute time limit was placed on all subjects. 

During this 30 minute time limit each subject had to attain 

her highest trial 3 digital skin temperature. All the 

subjects met this criteria for trial 4. Also during trial 

4 half the subjects received cue-controlled training for 

hand warming, while their yoked controls received additional 

biofeedback training. 

In order to accomplish this, every subject designated 

for cue-controlled training had her trial 4 digital skin 

temperature monitored continuously. Cue-controlled training 

commenced when her trial 4 digital skin temperature was equal 

to, or greater than her maximum trial 3 temperature. When 

this maximum temperature was reached biofeedback was dis-

continued, and cue-controlled directions were given (Appendix 

E). Two cue-controlled trials were given to each subject. 

Following the second trial, skin temperature training for 

subjects in this group was concluded. 
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Every non cue-controlled training subject received the 

same amount of trial 4 extended training that her cue-

controlled partner did. However, the subjects in the bio-

feedback training group received extended biofeedback 

practice, rather than cue-controlled instruction. At the 

point in training when her yoked partner received cue-

controlled instructions, the biofeedback extended training 

subject received additional biofeedback instructions 

(Appendix F). 

At the conclusion of session one the subjects from each 

group received identical home practice instructions (Appendix 

G). In addition, each subject received the home practice 

forms to complete and return at session two (Appendices J, 

K, and L). 

Session two consisted of four, 30 minute trials, des-

ignated as trials 5 through 8. The fifth and seventh trials 

were baseline periods, and the instructions to the subjects 

during these trials were identical to those given for the 

baseline trial in session one (Appendix H). 

The sixth and eighth were self-directed temperature 

warming trials. During these self-directed temperature 

warming trials, the subjects attempted to increase their 

skin temperature without biofeedback. The subjects were 

instructed to use the technique they utilized during the 

past week to raise their digital skin temperature during 

the increase trials (Appendix I). 
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The trials in session two were arranged so that each 

subject received a baseline period at 26°C (77°F) trial 5, 

followed by a self—directed warming at the same temperature, 

trial 6. Each subject also received a baseline period at 

cool room temperature, trial 7 at 20°C (67°F). They also 

received the cold room challenge task (trial 8) following 

trial 7, at the same temperature as trial 7. The trials at 

normal and cool temperatures were counterbalanced to control 

for order effects. 

At the conclusion of session two each subject was 

debriefed and the questionnaires were collected. The 

subjects were also given instructions to continue practicing 

their skin temperature warming skills in order to maintain 

the gains they had achieved. 

Results 

Table 1 depicts mean digital skin temperatures and 

standard deviations for Raynaud 1s disease and nonRaynaud's 

disease subjects by trials. Table 2 shews mean digital skin 

temperatures and standard deviations for subjects trained 

with biofeedback alone and with biofeedback assisted cue-

controlled training by trials. 

Table 3 indicates a 2 X 3 (training X trials analysis 

of variance) with repeated measures on subjects' mean skin 

temperature recordings for session one. No significant 

differences between type of training, biofeedback alone 

versus biofeedback assisted by cue-control emerge. 
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However, significant increases in skin temperature appear as 

a function of pretraining baseline at room temperature (trial 

1), pretraining self-directed warming at room temperature 

(trial 2) , and biofeedback training (trial 3) , [f (2, 36) =• 

84.55, £ < . OOl] . 

The Newman-Keuls1 test indicates that mean digital skin 

temperatures during trial 3 are significantly greater than 

those during trial 1 and trial 2. No significant differences 

emerge between trials 1 and 2 (see Table 4). 

Table 5 illustrates a 2 X 2 (diagnoses X trials) 

analysis of variance with repeated measures on subjects' 

mean skin temperature recordings for trials 1 and 2. 

Raynaud's disease subjects are found to have significantly 

lower overall mean digital skin temperatures than non-

Raynaud's disease subjects [f (1, 18) = 26.30, £ < .001]. 

No significant increases in skin temperature appear between 

pretraining baseline at room temperature (trial 1) and 

pretraining self—directed warming at room temperature 

(trial 2). 

A 2 X 4 (training X trials) analysis of variance with 

repeated measures on subjects' mean temperature change 

scores is illustrated in Table 6. This analysis compares 

trial 2, 3, 6, and 8 skin temperature change scores. 

The skin temperature change score for pretraining self-

directed warming at room temperature (trial 2) is obtained 

by subtracting each subject's mean pretraining baseline at 
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room temperature (trial 1) skin temperature from her mean 

trial 2 digital skin temperature. Likewise, a subject's 

skin temperature change score for biofeedback training 

(trial 3) is calculated by subtracting her mean trial 1 

temperature from her mean trial 3 skin temperature. Post-

training self-directed warming at room temperature (trial 

6) change scores are found by subtracting each subject's 

posttraining baseline at room temperature (trial 5) skin 

temperature from her trial 6 skin temperature. Posttraining 

self-directed warming at cool room temperatures (trial 8) 

temperature change scores are found by subtracting each 

subject s mean posttraining baseline at cool room temperature 

(trial 7) skin temperature from her trial 8 skin temperature. 

The results of this analysis indicates a main effect for 

trials [F (3, 54) = 53.88, p < .001}. (See Table 6). 

The Newman-Keuls1 test on overall main effects of 

trials (Table 7) indicates that trial 3 temperature change 

scores are significantly larger than those of trials 2 and 

8. Trial 6 scores are significantly greater than those 

during trials 2 and 8. In addition trial 2 scores are 

significantly larger than those of trial 8. There are no 

significant differences between trials 3 and 6. 

A 2 X 4 (diagnoses X trials) analysis of variance with 

repeated measures on subjects' mean temperature change scores 

for pretraining self—directed warming at room temperature 

(trial 2), biofeedback training (trial 3), posttraining 
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self-directed warming at room temperature (trial 6), and 

posttraining self-directed warming in a cool room, the cold 

room challenge task (trial 8) is shown in Table 8. Mean 

skin temperature change scores are calculated in the same 

manner as those for Table 6. The results indicate a main 

effect for trials [F (3, 54) = 62.93, p. < .001]. An 

interaction effect for diagnoses X trials is also noted 

fc (3, 54) = 5.52, p < .005] . 

An F test for simple interaction effects is utilized 

to examine the diagnoses X trials interaction. The F test 

for trial 8 shows that nonRaynaud1s disease subjects have 

significantly larger skin temperature change scores, which 

indicate greater skin temperature decreases on trial 8, than 

Raynaud's disease subjects \j (1, 18) =6.02, p < .025]. 

The remaining F tests for simple effects are nonsignificant 

at p < .05. The F test comparing temperature change scores 

of Raynaud's disease and nonRaynaud's disease subjects on 

trial 6 is [F (1, 18) = 3.63, p > .05], on trial 3 the result 

is [F (1, 18) = 3.76, p > .05], and on trial 2 it is [F (1, 

18) = 2.18, p > .05] . 

A Newman Keuls' test for simple main effect of trials 

on Raynaud's disease subjects (Table 9) and on nonRaynaud's 

disease subjects (Table 10) indicates that mean temperature 

change scores for biofeedback training (trial 3) are sig-

nificantly larger than those of pretraining self-directed 

warming at room temperature (trial 2). Trial 3 scores are 
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also significantly greater than posttraining self-directed 

warming in a cool room (trial 8) change scores. Post-

training self—directed warming at room temperature mean 

change scores (trial 6) are significantly greater than trial 2 

and trial 8 scores. Trial 2 mean skin temperature change 

scores are significantly larger than trial 8 scores. 

However, no significant difference is noted between trial 

3 and 6 scores. 

Table 11 indicates a 2 X 4 (training X trials) analysis 

of variance with repeated measures on subjects' mean skin 

temperatures for posttraining baseline in a normal room 

(trial 5), posttraining self-directed warming in a normal 

room (trial 6), posttraining baseline in a cool room (trial 

7), and posttraining self-directed warming in a cold room, 

the cold room challenge task (trial 8). A main effect for 

trials is significant fj (3, 54) = 37.51, p < .OOlQ. 

A Newman-Keuls' test on the overall main effect for 

trials (see Table 12) indicates that trial 8 mean skin 

temperatures are significantly lower than those of trials 

7, 6, and 5. Trial 6 skin temperatures are significantly 

higher than those on trials 5 and 7. No significant 

differences exist between trials 7 and 5. 

A 2 X 3 (training X baseline trials) analysis of 

variance with repeated measures compares subjects' mean 

baseline skin temperatures during pretraining baseline at 

room temperature (trial 1), posttraining baseline at normal 
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room temperature (trial 5), and posttraining baseline in the 

cool (trial 7) . The data in Table 13 display no sig-

nificant differences in main effects or interactions. 

Table 14 illustrates correlations for variables in 

this research that are significant at p < .01. Tables 15 

and 16 indicate mean digital skin temperatures of subjects 

across trials. Appendix F depicts a 17 X 17 correlation 

matrix for all the variables on which data was collected 

in this study. 

Discussion 

Overall, the results of the study indicate that type 

of training has no significant affect on a subject's 

ability to generalize voluntary control of digital skin 

temperature to either a cool or normal room temperature 

environment following training. Subjects who received bio-

feedback training alone performed as well as those who 

received biofeedback assisted cue-controlled training. The 

addition of cue—controlled training did not improve the 

generalizability of peripheral skin temperature control to 

posttraining self-directed skin temperature warming at room 

temperature (trial 6) or to posttraining self-directed skin 

temperature warming in a cool room, the cold room challenge 

task (trial 8). The absence of improved generalizability 

of control may relate to the premature initiation of cue-

controlled training. 
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In order to promote cue-controlled relaxation for 

anxiety and phobic reactions, cue-controlled training is not 

initiated until deep muscle relaxation is learned (Barrios, 

1978a & b). In the present study cue-controlled training 

of skin temperature was started while subjects' overall 

mean digital skin temperatures were approximately 80°F. 

This is considerably below the 87° to 91°F mean skin 

temperature levels attained by normal subjects under similar 

conditions (Hughes et al., 1980), which could be assumed to 

be an average level of peripheral vasodilation. 

In order to promote cue-controlled training of skin 

temperature, it is suggested that future research continue 

thermal biofeedback training until the patient attains 

digital skin temperatures near the average. Once this level 

is reached cue—controlled training for skin temperature 

should begin. 

The results did suggest that prior to biofeedback 

training for skin temperature warming the subjects in this 

study were unable to voluntarily increase their digital 

skin temperatures. However, during 30 minutes of biofeed-

back training both subjects with Raynaud's disease and 

nonRaynaud's disease subjects with cold hands learned to 

voluntarily increase their peripheral skin temperature above 

pretraining, normal room temperature levels. 

One week following biofeedback training and with the 

addition of home practice instruction this digital warming 
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ability did not diminish. Both diagnostic groups and 

training groups were able to increase their digital skin 

temperatures over pretraining levels in the normal room 

temperature condition during session two. 

It may be concluded then that biofeedback is a 

relatively efficient technique for teaching digital skin 

temperature control to Raynaud's and nonRaynaud's disease 

subjects. Results also demonstrate that following a short 

psriod of biofeedback training and additional home practice 

instructions subjects can increase their digital skin tem-

perature without thermal biofeedback. 

Overall, this digital warming ability did not gener-

alize to the baseline condition at normal room temperature 

in session two. However, longer thermal biofeedback 

training may result in baseline shifts in the warmer 

direction. 

The results of this study also indicate that a group 

of subjects not diagnosed as having Raynaud's disease have 

cold digits with a mean pretraining baseline skin tempera-

ture of 78.87 F. This temperature is well below the average 

skin temperature of approximately 87° to 90°F found in 

subjects in normal room conditions of 75°F (Hughes et al., 

1980). The mean skin temperature of these nonRaynaud's 

disease subjects is 4.6°F greater than the Raynaud's 

disease subjects in this study. 

Although a significant statistical difference exists 

between the pretraining skin temperatures of the two 
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diagnostic groups, self—report data from the subjects indicate 

that both suffer from similar clinical symptoms. Both groups 

complain about chronically cold hands that become a source 

of embarrassment when meeting new people. In addition, 

these subjects had occasional difficulties in comfortably 

handling cold objects for extended periods of time (e.g., 

cool drinks). 

Even though the nonRaynaud's disease group did not 

suffer from the painful vasospasms that the Raynaud's 

patients did, they clearly have significant clinical 

symptoms. This finding suggests that a population of cold 

handed subjects exists who could benefit from thermal bio-

feedback training. 

In addition, the nonRaynaud1s disease subjects showed 

significantly larger decreases in mean skin temperature 

change scores than the Raynaud's disease subjects during 

self-directed warming in the cool room (trial 8) . The 

law of initial values (Jacob et al., 1977) may explain this 

significant difference in skin temperature loss. This law 

describes a frequently found relationship between initial or 

baseline levels and the amount of change of a body function 

in response to a stimulus (i.e., a treatment procedure). 

According to this law, patients with the highest pretreat-

ment levels tend to respond with the largest reductions, or 

shew the greatest regression toward the mean. Therefore, 

the nonRaynaud's disease subjects shewed significantly 
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greater skin temperature losses in trial 8 due to their 

higher pretreatment (precold room) digital skin temperatures. 

Also, the Raynaud's disease subjects in this study had 

low digital baseline skin temperaatures consistent with 

those found by Jacobson et al. (1973) and Surwit (1973). 

However, Surwit et al. (1978) reported treating Raynaud's 

disease subjects with mean digital skin temperatures within 

the normal range of 91°F. 

Therefore, future research should investigate the 

possibility that more than one subclass of Raynaud's disease 

exists (Mendlowitz & Naftchi, 1959). One disorder may occur 

where the vasculature is normal and vasomotor tone is 

heightened by sympathetic overreactivity (Spittel, 1972) . 

The other type may occur where vasomotor tone is normal, but 

the individual has locally sensitive vasculature and a 

corresponding lower than normal digital temperature. A 

continuous low peripheral skin temperature level may also 

occur as the symptoms of Raynaud's disease persist over 

time and changes in the digital capillaries result (Coffman, 

1971) . 

The results also suggest that during a 60 minute 

exposure to cool room conditions subjects who could previously 

increase their digital skin temperature lose this ability. 

This result is similar to that demonstrated by Surwit et al. 

(1978). Taken together, both studies indicate that exposure 

to cool ambient conditions will result in peripheral 
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temperature decreases when compared to warming ability at 

normal room temperature. Research utilizing cold room 

challenge tasks should therefore include pre and posttests 

in the cold room in order to accurately assess digital 

warming under these conditions. 

However, the research is equivocal concerning the 

benefits of ability to increase digital skin temperature 

in a cool laboratory condition, and its relationship to 

reduction of clinically significant symptoms outside the 

laboratory. If future research indicates that a positive 

relationship exists between digital control in a cool labor-

atory condition and a reduction of clinical symptoms, it may 

be beneficial to utilize a transfer training procedure. 

This training procedure should allow the patient to practice 

digital warming in progressively cooler environments after 

the basic skill has been learned. This technique might 

reduce the overall amount of skin temperature loss subjects 

experience when exposed to cool environments. 

The results of the present study indicate that subjects 

demonstrate poor compliance with home practice instructions 

(Appendices 2 & 3). Only seven of the 20 subjects in the 

study returned completed home practice forms at session two. 

Over \ of the subjects interviewed stated that they did not 

practice nearly as often as recommended. Patient motivation 

and continued regular practice have been shown to be signif-

icant factors in the success of biofeedback treatment 
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(Blanchard et al., 1977; Jacobson et al., 1979; Schwartz & 

Shapiro, 1973), and enhancing subjects' proficiency in the 

application of anxiety coping skills in cue-controlled 

training (Lent & Russell, 1978). 

A strategy to promote compliance with home practice 

instructions in future research could include behavioral 

contracting. Also, phone calls by the researcher during 

the home practice period could be used to remind subjects of 

their home practice responsibilities. 

A significant positive correlation was found between 

diagnosis and digital skin temperature during all trials, but 

the cold room challenge task. This indicates that the 

diagnosis of nonRaynaud's disease was associated with higher 

skin temperatures during these trials. Significant positive 

correlations were also found between successive, consecutive 

trials. 

A significant inverse relationship was found between 

the length of symptoms of Raynaud1s disease in years and 

digital skin temperature at baseline, during pretraining 

self-directed warming at room temperature (trial 2), and 

during biofeedback training (trial 3). This suggests that 

as symptoms persist digital skin temperatures decline, and 

subjects are less able to effect temperature increases by 

means of self-control. There correlations are preliminary 

and future research should attempt to cross validate these 

findings. 
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Significant negative correlations were found between the 

diagnosis of nonRaynaud's disease and the amount of time 

practiced between sessions. This may indicate that patients 

not diagnosed with this disorder may be less motivated to 

practice outside the laboratory than those with Raynaud's 

disease. However, this correlation must be evaluated care-

fully due to the low number of respondents, and it should be 

cross validated in future studies. 

In summary, the results of this study indicate that a 

group of subjects not diagnosed as having Raynaud's disease 

had cold digits with a mean pretraining baseline skin tem-

perature of 78.87°F. This temperature is well below the 

average skin temperature of approximately 87° to 90°F found 

in subjects in normal room conditions of 75°F (Hughes et al., 

1980). The mean baseline skin temperature for Raynaud's 

disease subjects was found to be 74.2°F. The subjects with 

Raynaud's disease had significantly lower pretraining digital 

skin temperatures than nonRaynaud's subjects. 

The results also demonstrated that both subjects 

classified as having cold digital skin temperature, and 

subjects with Raynaud's disease can learn to voluntarily 

increase their digital skin temperature significantly above 

pretraining levels during 30 minutes of thermal biofeedback 

training. This ability existed at 1 week following bio-

feedback training for both diagnostic and treatment 

groups. 
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The results did not indicate that biofeedback assisted 

cue-controlled training is a more effective strategy for 

promoting digital skin temperature control to a cold room 

challenge task, than biofeedback training alone. Cue-

controlled training did not assist peripheral skin temperature 

control to a normal room temperature condition. 

Future research in this area should concentrate on 

increasing the amount of training received by the subjects. 

In addition, the effect of delaying cue-controlled instruction 

until patients attain stable, near average levels of peri-

pheral skin temperature should be assessed. The use of a 

transfer training paradigm in which subjects are exposed to 

gradually cooler ambient conditions may also be effective 

in promoting generalizability of skin temperature control to 

cold conditions. The utilization of pretraining cold room 

baseline measures is also seen as necessary to accurately 

assess digital skin temperature control in posttraining cold 

challenge task conditions. 
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Appendix A 

Informed Consent Agreement 

I' ' do hereby consent to partici-

pate in a study to evaluate several new methods for treating 

symptoms of Raynaud's disease and cold hands. The researcher, 

Mark Goldman has explained to me the details of this study, 

and I fully understand the following: In addition to 

receiving four (4) hours of study and treatment for my 

symptoms (cold hands), I will be asked to: 

a* fill out paper-and-pencil measures of the treat-

ment effects; 

b. practice some procedures learned in the laboratory 

at home during the first and second experimental 

sessions; 

c. listen to a biofeedback tone through a headphone 

that will monitor my skin temperature; 

d. keep track track of my practice efforts at home; 

e. as part of the assessment to sit in a moderately 

cool (62 to 65 F) room for 60 minutes while I 

practice raising my skin temperature. 

I understand that I will be asked to complete these 

assessment measures before, during, immediately after, and 

possible three months after completion of treatment. it 

has been explained to me that these assessment procedures 

will help me and the researcher to tell how well the treat-

ment is working. I understand that the biofeedback 
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measurement of skin temperature is painless, and that it 

involves placing a small sensor device on the index finger 

of my dominant hand. I also understand that while the 

measurements of skin temperature are being taken, I will be 

observed by a technician in the next room on a video-monitor. 

I have been informed that biofeedback and cue-controlled 

training have been found to be highly effective in the treat-

ment of this and related disorders, although, these two 

treatments have not been compared directly, as is the case 

here. 

As explained to me, the chief benefits I might expect 

from my participation are: 

a. improvement in my own symptoms of cold hands and 

associated pain; 

b. increase in a knowledge of biofeedback and my 

particular symptoms; 

c. the satisfaction of knowing that I helped in the 

advancement of scientific knowledge; of course, 

I will also be receiving free treatment as a 

result of my participation. 

I understand that there is some risk (although prob-

ably not a great deal) that during the assessment in a 

moderately cool room I might experience some slight pain in 

my fingers. I realize that in the slight chance that I do 

experience some discomfort, treatment will be immediately 

available to alleviate it. This treatment will involve 
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warming the fingers with warm packs. I also understand I am 

free to withdraw my consent for participation at any time, 

and I will be referred for more standard treatment if I 

request it at that time. 

It has been explained to me that all records will only 

be available to authorized personnel. Group data may be 

published in scientific journals, but I uderstand that my 

individual records will not be released; nor will any 

information which is released have any reference to me by 

name or by any other identifying data. 

I understand that I am involved in reserach and that the 

treatment may not be effective in all cases. However, I 

may at this time be referred for more standard treatment if 

I request it at that time. 

Mark Goldman has agreed to answer any inquiries that 

I may have concerning the procedures and has informed me 

that I might also contact the Medical University of South 

Carolina Institutional Review Board for Human Research (803/ 

4148) directly. This Board administers the agreement 

with the United States Department of Health, Education and 

Welfare covering the protection of human subjects. 

I understand that I may discontinue participation at 

any time and discontinuation will in no way jeopardize my 

ability to receive treatment at this Institution now or in 

the future. I understand that Mark Goldman will contact me 

about my performance at the end of the experiment. 
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Sgnature of participant Witness 

Signature of guardian Witness 
(if applicable) 

Signature of person D a t e o f consent 
obtaining consent 
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Appendix B 

Advertisement for a Biofeedback Study 

A study is presently being conducted at the Medical 

University of South Carolina that involves teaching people 

to learn how to control their skin temperature through the 

use of biofeedback. People who believe they have cold 

hands and would like to be trained in warming them may 

participate. Also, people who have been diagnosed by a 

physician as having Raynaud's disease symptoms may partic-

ipate. Call the Department of Psychiatry and Psychology at 

803-792-3051 for more information. 
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Appendix C 

Instructions for Trial 2 

Most people are able to exercise some voluntary control 

over their autonomic bodily functions. Some people can 

alter their blood pressure or heart rate in this manner. 

Skin temperature is no exception to this. For the next 30 

minutes, I would like you to raise the skin temperature of 

your hands and fingers through any nonphysical method you 

desire. You may try one strategy or many different ones, 

as long as they do not involve any physical activity. 

Remember, try to raise the skin temperature of your hands 

and fingers as much as you can. Ready? Begin. 
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Appendix D 

Instructions for Trial 3 

The tone you will hear from this set of head phones 

indicates your skin temperature level. If the tone gets 

higher in pitch, this signifies that your skin temperature 

is lowering. On the other hand, if the tone becomes lower 

in pitch, this means your skin temperature is rising. The 

object is for you to lower the tone as much as possible and 

keep it there. I will not tell you how to do this, but it 

should be relatively easy for you to learn how to do it. 

Remember to try to lower the tone as much as possible. 

Ready? Begin. 
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Appendix E 

Instructions for Cue-Controlled Training 

Now that you have learned to raise your skin temperature, 

I will give you training that will enable you to do this 

without equipment. For this technique we will use a cue 

word, this word is warm. I want you to breathe and exhale 

slowly while saying the word warm. I will repeat the word 

with you for 5 times, and then you continue for 15 addi-

tional times. After you do that, I want you to attend to the 

feelings of warmth you have, and then after a period I will 

ask you to repeat the procedure a second time. Remember to 

breathe slowly and say the word warm to yourself as you 

exhale. Ready? Begin. 
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Appendix F 

Instructions for Additional Biofeedback Training 

Now that you have learned to raise your skin temper-

ature, I will give you further training with the apparatus 

that will enable you to improve your abilities. For this 

booster period you will again listen to the tone from the 

head phone. As you make the pitch lower during this period 

you will be improving upon your previous temperature control 

increasing abilities. Once again the object is for you to 

lower the tone as much as possible and keep it there. You 

have demonstrated that this is relatively easy for you to do, 

so you may now improve your ability with this added practice. 

Ready? Begin. 
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Appendix G 

Home Practice Instructions 

Now that you have learned to successfully warm your 

hands, I would like you to practice this skill in your 

everyday environment so that you can improve your abilities. 

Use the technique that you have learned here to raise your 

skin temperature 5 minutes before every meal, or once around 

breakfast time, once around lunch, and once about supper 

time. In addition, practice raising your skin temperature 

two other times during the day, preferably when you notice 

your hands feel cold. If at 2 hours prior to your retiring 

you have not practiced, practice once then and once immed-

iately before retiring. Do not warm your hands for longer 

than 5 minutes regardless of the results. 



51 

Appendix H 

Instructions for Baseline Trials 

For the next 30 minutes of this session I do not want 

you to raise your skin temperature. You may read from the 

magazines provided, but please try to remain as physically 

still as possible and for now do not try to alter your 

skin temperature. If at any time you feel physically 

uncomfortable please inform me through the intercom. 
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Appendix I 

Instructions for Trials 6 and 8 

Please try to warm your skin temperature as much as 

possible, for as long as possible. Use the same technique 

for raising your skin temperature that you utilized during 

the last week. If at any time you become physically uncom-

fortable please inform me through the intercom. 
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Appendix J 

Home Practice Report 

D a t e Time Number of Reason Relief 
of Day Minutes for Score 
Practiced Practiced Practicing 

Instructions: Fill in these columns every time you practice. 

Code for Relief score Column: 5, equals very warm; 4, equals 

warm; 3, equals average; 2, equals cool; 1, equals very cool. 

Remember to fill in the Relief Score Column after you 

Practice. The score in this column should correspond to the 

amount of warmth you felt in your hands after you finished 

practicing. 
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Appendix K 

Symptom Intensity Checklist 

Date Time Time Intensil 
Attack Attack Rating 
Started Ended 

Where it Who Thoughts 
Occurred was and 

there Feelings 
at during 
the the 

Time Attack 

Directions: Fill in these columns immediately following 

each cold hand attack. Remember to fill in the intensity 

rating column. The scores in this column go from one (1) to 

five (5). Five equals the most pain you have ever felt 

during an attack. One equals the least pain you have ever 

felt during an attack. 
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Appendix L 

Tobacco Use Questionnaire 

Directions: Please answer the following questions 

concerning your smoking habits. 

Name: _____ 

Do you presently use cigarettes? 

Do you presently use cigars? 

Do you presently use a pipe? 

Do you presently use any other form of tobacco? if 

your answer is yes please describe this other form of 

tobacco use in the space provided below. 

How many packs of cigarettes do you smoke a day? 

How many cigars do you smoke a day? 

How often do you smoke a pipe during the day? _ 

How often do you use tobacco in any other form during the 

day? 

If you stopped using cigarettes, how long ago did you stop? 

Y e a r s , or months . How many packs a day 

were you smoking when you stopped? 

If you stopped using cigars, how long ago did you stop? 

Years , or months . How many cigars a day 

were you smoking when you stopped? 

If you stopped using a pipe, how long ago did you stop? 

Y e a r s / or months . How often were you 
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smoking a pipe during the day when you stopped? 

If you stopped using tobacco in any other form, how long ago 

did you stop? Years , or months . How 

often during the day did you use tobacco in this other 

form? 

Approximately how many years have you used tobacco in any 

form? 
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Appendix M 

Inter-Correlation Matrix 

for all Variables on Which Data was Collected 

iables*3 A B C D E F 

A 

B -.22 

C -.21 .68 

D -.22 .54 .55 

E 

F 

G -.32 -.79* -.27 -.27 .30 

H -.36 -.80* -.36 -.37 .24 

I -.24 -.82* -.24 -.13 .28 

J -.10 .10 -.35 -.21 -.13 

K -.08 .22 -.43 -.33 -.20 

L -.17 .03 -.36 -.25 -.15 

M -.02 .02 -.22 1 • o
 

c*
 

-.14 

N .72* i—1 
C
M
 • 

! .01 

0 .17 -.23 .03 

Pa 
-.07 .12 1 00

 
00
 

*
 

.11 

Q -.04 .16 .16 .05 

Note: n - 20 for all correlations unless otherwise 
stated. 

aPoint-biserial correlation. 

Variables are defined as the following (see Appendix M 
continued). 
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Variables^ G H I J K L 

G 

H .82* 

I .76* .87* 

J .42 .48 .56 

K .39 .55 .52 .87* 

L .45 .51 .49 .81* .80* 

M .25 .26 .30 •64* .55 .66* 

N .13 .04 .05 .02 .02 .02 

0 .12 .13 .09 •04 .06 .05 

Pa 
.76* . 76a .75* .66* .68* .70* 

Q .11 .12 .10 .10 .20 .18 

A, subjects' age. 

B, length of symptoms of Raynaud's disease, n = 10. 

C, amount 
n = 9. 

of time practiced between sessions 1 and 2, 

D, average relief score for practice periods between 

E, outside temperature during session 1. 

F, outside temperature during session 2. 

G, mean digital skin temperature during trial 1. 

H, mean digital skin temperature during trial 2. 

1/ mean digital skin temperature during trial 3. 

J, mean digital skin temperature during trial 5. 

K, mean digital skin temperature during trial 6. 

L, mean digital skin temperature during trial 7. 

M, mean digital skin temperature during trial 8. 
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T_ 

Variables M N 0 Pa Q 

M 

N .02 

O .04 .39 

Pa .43 .12 .13 

Q .35 .11 .11 .20 

N, number of years of tobacco use, n = 9. 

0, number of packs of cigarettes per week smoked, 

n = 9. 

P, diagnosis of nonRaynaud1s disease. 

Q, mean digital skin temperature during trial 4. 
*jd < . 0 1 
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Table 1 

Tempera-
Standard Deviations 

Mean Skin Temperatures and 

Trial number*3 

1 2 3 5 6 7 8 

Raynaud's disease subjects 

M 74. 20 74.86 78. 23 73.14 75.89 73. 86 71. 59 

SD 2. 43 2.53 2. 71 2.39 3.75 2. 05 1. 43 

NonRaynaud' s disease subjects 

M 78. 87 80.16 84. 54 78.29 82.87 78. 77 73. 65 

SD 1. 80 2.20 3. 02 3.66 3.99 3. 13 2. 91 

All mean temperatures are in Fahrenheit degrees. 

^Trial numbers are defined as: 

1, Pretraining baseline in normal room temperature. 

2, Pretraining self-directed warming in normal room 

temperature. 

3, Biofeedback training. 

5, Posttraining baseline in normal room temperature. 

6, Posttraining self-directed warming in normal room 

temperature. 

7, Posttraining baseline in a cool room. 

8, Posttraining self-directed warming in a cool room 

(cool room challenge task). 
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Table 2 

Mean Skin Temperatures9 and 
Standard Deviations 

Trial number*3 

Biofeedback trained subjects 

M 75.74 76.82 79.94 75.00 79.04 76.07 72.50 

SD 2.86 3.71 4.19 3.49 4.81 3.49 1.57 

Biofeedback assisted cue-controlled 
trained subjects 

M 77.30 78.20 82.80 76.43 79.72 76.07 72.74 

SD 3.45 3.47 4.05 4.54 5.80 3.73 3.22 

aAll mean temperatures are in Fahrenheit degrees. 

^Trial numbers are defined as: 

1, Pretraining baseline in normal room temperature. 

2, Pretraining self-directed warming in normal room 

temperature. 

3, Biofeedback training. 

5, Posttraining baseline in normal room temperature. 

6, Posttraining self-directed warming in normal room 

temperature. 

7, Posttraining baseline in a cool room. 

8, Posttraining self-directed warming in a cool room 

(cool room challenge task). 
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Table 3 

Analysis of Variance 
Type of Training versus 

Trial 1, 2, and 3 Skin Temperatures 

Source M MS F 

Between type of training 1 57.23 1.56 

Error between 18 36.78 

Within training (trials) 2 131.63 84.55* 

Training X trials 2 3.53 2.15 

Error within training 36 1.56 

*p < .001 
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Table 4 

Newman-Keuls' test for 
Skin temperatures of trials 1, 2, and 3 

Trial Number 1 2 3 

1 0 . 0 

2 .97 0.0 

3 4.85* 3.88* 0.0 

"S. < .05 
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Table 5 

Analysis of Variance 
Diagnoses versus Trial 1 and 2 Skin Temperatures 

Source df MS F 

Between diagnoses 1 248.49 26.30* 

Error between 18 9.45 

Within diagnoses (trials) 1 9.5 3.81 

Diagnoses X trials 1 .99 .40 

Error within diagnoses 18 2.49 

*£ < .001 
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Table 6 

Analysis of Variance 
Type of Training versus Trial 2, 3, 6, and 8 

Mean Skin Temperature Change Scores 

Source df MS F 

Between training 1 1.38 .49 

Error between 18 2.79 

Within training (trials) 3 276.91 53.88* 

Training X trials 3 4.34 .84 

Error within training 54 5.14 

< .01 
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Table 7 

Newman--Keuls' Test for Mean Skin 
Temperature Change Scores 
on Trials 2, 3, 6, and 8 

number 2 3 6 8 

2 0.0 

3 3.95* 0.0 

6 2.66* 1.29 0.0 

8 4.47* 8.41* 7.12* 0.0 

"S. < .05 
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Table 8 

Analysis of Variance 
Diagnoses versus Trial 2, 3, 6, and 8 
Mean Skin Temperature Change Scores 

Source df MS F 

Between diagnoses 1 .95 .40 

Error between 18 2.36 

Within diagnoses (trials) 3 273.63 62.93** 

Diagnoses X trials 3 23.99 5.52* 

Error within diagnoses 54 4.35 

*p < .005 

* * E < . 0 0 1 
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Table 9 

Newman—Keuls1 Test for Skin Temperature 
Change Scores of Raynaud's Disease 
Subjects on Trials 2, 3, 6, and 8 

Trial number 2 3 5 

2 0
 • 

0
 

3 3.35* 0.0 

6 2.15* 1.2 0.0 

00 2.95* 6.3* 5.1* 

"R < .05 

0.0 
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Table 10 

Newman-Keuls1 Test for Skin Temperature 
Change Scores of NonRaynaud1s Disease 
Subjects on Trials 2, 3, 6, and 8 

Trial number 

2 o
 • 

o
 

3 4.61* 0.0 

6 3.31* 1.3 0.0 

00 5.99* 10.6* 9.3* 

*& < .05 

0.0 
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Table 11 

Analysis of Variance 
Type of Training versus Trial 5, 6, 

Mean Skin Temperatures 
7, and 8 

Source df MS F 

Between Training 1 4.23 .08 

Error between 18 52.56 

Within training (trials) 3 153.53 37.51* 

Training X trials 3 3.30 .81 

Error within training 54 4.09 

< .001 



71 

Table 12 

Newman-Keuls' Test for Mean 
Skin Temperatures on 
Trials 5, 6, 7, and 8 

Trial number 5 6 7 8 

5 0.0 

5 3.67* 0.0 

7 .60 3.07* 0.0 

8 3.10* 6.76* 3.70* 0.0 

*T < .05 
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Table 13 

Analysis of Variance 
Type of Training versus 

Baseline Skin Temperatures for Trials 1, 5, and 7 

S O U r C e df MS F 

Between type of training i 10.50 56 

Error between 18 30 13 

Within training (trials) 2 3.60 .49 

Training X trials 2 6.83 .26 

Error within training 36 4.90 
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Table 14 

Correlations of Variables Significant 
at £ < .01 

Variables c 

Pa -.88 

B 

H 

I 

J 

K 

L 

M 

Note, 
otherwise. 

a 

G H I J K L 

.76 .76 .75 .66 .68 .70 

.79 -.80 
C
M
 

00 • 1 

C
M
 

C
O
 • 

.87 

.56 

.87 

.80 

.66 

— ~ 20 for all correlations unless indicated 

Point-biserial correlation utilized. 

Variables are defined as: 

P, diagnosis of nonRaynaud1s disease. 

B, length of symptoms of Raynaud's disease, n = 10. 

n ^ C' am°unt of time practiced between sessions 1 and 2, 

G, skin temperature during trial 1. 

H, skin temperature during trial 2. 

I, skin temperature during trial 3. 

J, skin temperature during trial 5. 

K, skin temperature during trial 6. 

L, skin temperature during trial 7. 

M, skin temperature during trial 8. 
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Table 15 

Mean Digital Skin Temperatures3 for 
Raynaud's Disease Subjects by Trials 

Trial number*3 

Subject 1 2 3 4 5 6 7 8 

1 72.6 72.6 77.1 80.3 77.9 81.9 76.3 73.6 

2 71.9 72.7 75.8 78.7 75.2 80.3 77.2 74.1 

3 73.2 74.5 77.3 79.9 74.8 76.6 74.5 70.7 

4 72.8 72.8 76.6 81.0 73.3 78.5 75.9 71.9 

5 72.1 73.9 79.8 81.5 74.1 76.4 71.9 71.9 

6 73.7 74.0 76.3 77.9 72.1 75.7 72.1 72.1 

7 76.9 77.9 82.6 84.4 71.8 75.1 71.5 70.0 

8 75.3 75.9 79.7 81.9 71.4 73.1 72.8 70.3 

9 79.6 80.4 82.3 84.8 70.2 70.7 72.3 70.0 

10 73.9 73.9 74.8 79.0 70.6 70.6 74.1 71.3 

ote. All odd numbered subjects received biofeedback 
0!q cu®_c°ntrolled training. All even numbered subjects 

received only biofeedback training. 

aAll temperatures in degrees Fahrenheit. 
•ĵ  

Variables are defined as: 

Trial 1, pretraining baseline at normal room temperature, 

temperature?' p r e t r a i n i n g self-directed warming in normal room 

Trial 3, biofeedback training. 

Trial 4, extended training at normal room temperature. 

Trial 5, posttraining baseline in normal room temperature. 
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Trial 6, posttraining self-directed warming in normal 
room temperature. 

Trial 7, posttraining baseline in a cool room. 

Trial 8, posttraining self-directed warming in a cool 
room (the cool room challenge task). 
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Table 16 

5kin Temp< 
NonRaynaud's Disease Subjects by Trials 
Mean Digital Skin Temperatures3 for 

Trial number*3 

Subject 1 2 3 4 5 6 7 8 

11 78.7 79.5 88.9 93.4 81.0 81.0 78.7 75.6 

12 80.1 82.4 85.5 87.6 79.3 83.6 79.8 73.9 

13 80.8 83.3 87.7 90.7 82.5 90.4 81.2 70.9 

14 76.1 81.6 84.3 89.4 80.1 83.8 81.1 73.7 

15 79.0 79.3 82.0 85.4 80.6 84.2 79.0 74.6 

16 78.6 79.4 82.0 88.1 79.4 84.7 82.3 74.5 

17 79.3 79.3 84.6 86.5 71.3 76.1 74.1 70.2 

18 75.4 75.4 78.6 82.1 73.5 77.7 72.9 70.2 

19 81.1 81.3 86.0 89.3 80.1 84.8 81.1 79.9 

20 79.6 80.1 85.8 88.7 75.1 82.4 77.5 73.0 

Note. All odd numbered subjects received biofeedback 
assisted cue-controlled training. All even numbered subjects 
received only biofeedback training. 

aAll temperatures in degrees Fahrenheit. 
•ĵ  

Variables are defined as: 

Trial 1, pretraining baseline at normal room temperature. 

Trial 2, pretraining self-directed warming in normal room 
temperature. 

Trial 3, biofeedback training. 

Trial 4, extended training at normal room temperature. 

Trial 5, posttraining baseline in normal room temperature. 
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Trial 6, posttraining self-directed warming in normal 
room temperature. 

Trial 7, posttraining baseline in a cool room. 

Trial 8, posttraining self-directed warming in a cool 
room (the cool room challenge task). 
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