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The present study investigated the influence of a brief, intensive biofeedback-assisted 

imagery training regimen on psychological, physiological and neuroendocrinological 

measures of pain and stress in injury related chronic pain patients. The subjects were 36 

patients (myelography exam candidates) who were assigned to the imagery or wait-list 

control group by order of referral presentation and to formulate equivalent groups. 

Psychological tests to measure pain, stress, and mood state; physiological baselines 

(temperature and EMG biofeedback); and blood and urine samples were obtained at pretest 

and posttest intervals. A sample of Cerebrospinal Fluid (CSF) was obtained during the 

myelography procedure. Plasma and CSF levels of endogenous opioid peptides (EOP) 

including Beta-Endorphin and Met-Enkephalin, Adrenocorticotropic Hormone (ACTH), 

Corticotropin Releasing Hormone (CRH-CSF), and Cortisol (plasma) were measured. All 

subjects completing the study remained free of drugs and alcohol. 

Data were analyzed by one-way multiple analysis of variance or covariance, with 

follow-up univariate tests. 

Highly significant differences between groups were found for: psychological 

measures (posttest differences, repeated measures, and change from pre to posttest); and 

the combination of psychological and neuroendocrinological parameters (posttest 

differences). The imagery group demonstrated significantly more reductions in pain 

perception, negative mood state and stress symptomology. The overall changes in 

biochemical measures were typically in the expected direction of improvement. 



Biofeedback training effectiveness was confirmed. Significant improvements were 

demonstrated by: comparing performance by training period, baseline versus optimum 

training level measurements, self-ratings, and attainment of "criterion" biofeedback levels. 

Significant Pearson's Product-Moment Correlations revealed the following: perceived 

pain and stress were inversely correlated with EOP, but positively correlated with 

neuroendocrinological stress indicators (higher levels of ACTH, CRH and Cortisol); and 

physiological measures associated with increased relaxation were correlated with lower 

perceived pain/stress, higher EOP levels, but lower levels of ACTH, CRH and Cortisol. 

This study strongly supported research hypotheses that biofeedback-assisted 

relaxation and imagery training positively influenced psychological, physiological and 

neuroendocrinological parameters of stress and pain. 
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CHAPTER I 

INTRODUCTION 

There is considerable evidence that demonstrates an intimate relationship between 

brain, behavior and neuroimmuno-endocrinology. Clinical and experimental data indicate 

that a complex array of psychological and biological processes associated with the Central 

Nervous System (CNS), the immune system and the endocrine system are involved in the 

modulation of stress and pain. Stress and psychosocial processes including a wide range 

of negative emotions, life experiences, and state and trait personality characteristics have 

been shown to be related to functional changes in the CNS. These changes may result in 

altered interactions between the neuroendocrine system and the immune system. This 

imbalance may result in changes in immunocompetence which may in turn lead to increased 

susceptibility to disease. In addition, the onset and course of a variety of illnesses may be 

affected (Surman et al., 1986; Riscalla et al., 1982; Schleifer, Keller, & Stein, 1985; Stein, 

Schleifer, & Keller, 1986; Solomon, 1985; Ader & Cohen, 1984). 

Stress has been reported to stimulate several adaptive hormonal responses. These 

include the secretion of catecholamines from the adrenal medulla, corticosteroids from the 

adrenal cortex, and adrenocorticotropin (ACTH) from the anterior pituitary. The regulation 

of these hormones involves a complex set of biological interactions. Glucocorticoids 

regulate catecholamine biosynthesis in the adrenal medulla and catecholamines stimulate 

adrenocorticotropin release from the anterior pituitary. In addition, there is an even more 

complex interconnected network involving several other hormones. Corticotropin-

releasing factor (CRF), vasoactive intestinal peptide, and arginine vasopressin stimulate 

ACTH secretion, while somatostatin and corticosteroids inhibit ACTH secretion. Axelrod 



and Reisine (1984) stated in their review of stress hormones that these biochemicals appear 

to determine the complicated physiological responses to a variety of stressors. 

The idea that stress and emotional factors can precipitate or trigger the onset of 

disease has been a common belief of physicians and philosophers dating back to antiquity 

(Plaut & Friedman, 1981; Maddox, 1984). In fact the relationship between psychological 

factors and disease has penetrated the consciousness of lay individuals as well as a 

multitude of professionals. For example, in one of Woody Allen's movies he is reported to 

say "I don't get depressed. I grow a tumor instead" (Macek, 1982, p. 405). Calabrese, 

Kling, and Gold (1987) have reported that there is now substantial evidence that stress, 

bereavement, and depression can interfere with the proper functioning of specific 

components of the immune system. Endogenous opioid peptides have been linked not only 

to stress and pain (Wall & Melzack, 1989), but to depression and affective disorders 

(Kiser, 1979), and to immunosuppression and tumor enhancement (Liebeskind, 1985). 

The following literature review focuses on the more recent research that examines the 

effect of stress on chronic pain with a specific emphasis on studies involving the 

endogenous opioid system. A general overview of chronic pain and the endogenous opioid 

system (EOS) as it relates to pain and analgesia is presented here. Probable links between 

the CNS, endocrine, and the endogenous opioid system is briefly summarized. Current 

research in the EOS including endorphins, enkephalins, dynorphin and other related opioid 

peptides has been surveyed as it relates to the present study. Specific relevant topics 

including stress definitions, indicators and measures, stress management and biofeedback-

assisted relaxation and imagery training, description of the chronic pain population and 

possible treatment strategies and programs such as comprehensive pain and work 

hardening programs have been briefly characterized. An in-depth description of the 

structure and main components of the EOS, and the multiplicity of pain pathways and 

mechanisms will not be presented here, but can be found elsewhere (Wall & Melzack, 



1989). 

Stress 

There has been a wide variation in the conceptual definitions of stress in the medical 

and psychological literature (Glossary in Appendix A). The term "stress" has been used to 

encompass any physiolgical, psychological, or behavioral response within an organism 

elicited by stimulatory agents. These evocative agents or events are called stressors. 

However the term stress is often used interchangeably with stressor (Stein, et aL, 1986; 

Palmblad, 1981). Hans Selye (1982) defined stress as the "nonspecific (that is, common) 

result of any demand upon the body, be the effect mental or somatic" (p. 7). Stress may 

have three different meanings according to Cohen (1983): stress may signify 1) an aversive 

stimulus, 2) the specific physiological or psychological response, or 3) an interaction 

between a person and the environment. The organism's response to stress may be of a 

psychological, social, or physiological nature. Physiological responses include the 

changes in autonomic nervous system (such as in the sympathetic nervous system arousal 

in the "fight or flight" response), as well as alterations in neuroregulatory, endocrine or 

immunological function (Cohen, 1983). 

Much of the early work in stress and disease was initiated by Walter Cannon and 

Hans Selye. Cannon's experiments showed the significance of the sympathetic-adrenal 

medullary system in maintaining homeostasis in the body in response to both psychological 

and physical events (Stein et aL, 1985). In 1936, Selye (1982) reported his studies which 

linked environmental stress to the activation of the pituitaiy-adrenal cortical axis. He 

eventually described his biologic stress syndrome or general adaptation syndrome (GAS) 

which postulated that the pituitary-adrenal cortical response was non-specific in that any 

strong stimulus or stressor could produce the same pattern of responses (Stein et al., 1985; 

Ursin, 1986). 

Other studies have not substantiated the non-specific biological response to stressors, 



and have indicated that the nature of the stress condition, as well as the individual's 

perception or cognitive appraisal of the stressor may determine the particular pattern of 

response (Lazarus & Launier, 1978). Such findings emphasized the need to consider the 

specificity, intensity, and/or frequency of the stressor, as well as the specificity of the 

response. Lazarus and Launier (1978) also postulated an effect of antistressors which may 

act as positive factors to enhance health. Such antistressors may provide daily "uplifts" 

acting in opposition to daily hassles. Stress may lead to positive results, and Selye (1982) 

coined the term "eustress" for positive or beneficial stressors that are without the damaging 

consequences of harmful stress or "distress". 

A framework for the study of stress, health and illness has been proposed that would 

further define how stress is used as an experimental measure. This framework would 

evaluate stress in terms of 1) an activator in the environment, 2) the reaction to the 

activator, and 3) the consequence of the reaction. Such a framework could facilitate a 

method for evaluating the potential mediators found within the chain of events from 

activator to reaction to consequence, and possibly allow more consistency in the study of 

stress and physiological functions of the body (Stein et al., 1985). 

Self-Report Measures of Stress. Derogatis (1982) reviewed the attributes of self-

report measures and described specific instruments and their utilization in stress research. 

The desirable characteristics of the self-report measurement include the following: 1) they 

provide an economy of professional effort; 2) they easily yield to actuarial methods of 

scoring and computer based clinical analysis; 3) they tend to be cost-efficient/cost-

beneficial, brief and are highly transportable; 4) they have demonstrated sensitivity in an 

exceptionally broad range of measurement contexts; and 5) most importantly, they provide 

data about test phenomena that is derived from the test respondent himself. The structure 

and the nature of the measurement instrument is often dictated by the proposed theories in 

the area of research and resultant operational definitions. Theories of stress and measures 



of stress tend to be partitioned into three types: stimulus oriented theories, response 

oriented theories, and interactional or transactional theories (Lazaris, 1966; Derogatis, 

1982). 

Stimulus oriented theories have focused on the activating event and view stress as the 

demanding or disorganizing potential within the environmental stimulus. So measurement 

strategies have been based on characteristics of the individuals environment including life 

events and/or life changes, time demands, and external and internal noxious conditions. 

The most well-known and consistent psychological measurement approaches in the 

stimulus oriented measures has been in the life events research. Modem research in this 

area has included such tests as the Schedule of Recent Experience (SRE) (Hawkins, Davis 

& Holmes, 1957), the Recent Life Changes questionnaire (RLCQ) which integrated 13 

"productive new life change questions", and the Social Readjustment Rating Scale by 

Holmes and Rahe (1967) that included an assessment of life change units (LCUS)(Miller, 

1989). When the life events became rank-ordered by mean LCU score the scale became the 

Social Readjustment Rating Scale (SRRS) (Holmes, 1979). A modification of the SRRS is 

included in the Psychosocial Pain Inventory (PSPI), which was utilized in the initial 

assessment and screening phase of the present study. Significant life events and life 

changes, both independent of and related to the negative consequences of the patient's 

injury was determined in the interview while incorporating information obtained from the 

PSPI (Heaton, Lehman, & Getto, 1980). 

Response oriented theory has defined stress as the response of the individual to the 

events of the environment Often it is the measure of the pattern and amplitude of the 

emotional/ psychological response that is used to determine presumptive levels of stress 

(Derogatis, 1982). The response oriented theory position can credit its origination in part 

to Hans Selye (1982) and his illumination of the general adaptation syndrome. The 

response oriented model has described stress by way of response variables. It is thought 



that the response pattern is the precursor to the disease "of adaptation" symptomology that 

results. Response oriented psychological assessment is directed toward measures of 

disorganized interpersonal and social functioning (used as hallmark predictors of 

psychiatric disorders), psychological symptom inventories, mood and negative affect 

scales, cognitive abberations, and general psychological adjustment. These types of 

measurements have been accepted by investigators in this area as prima facie evidence of 

the presence of stress (Derogatis, 1982). 

The self-report instruments most widely applied as presumptive measures of stress 

are scales that measure negative affect or mood and psychological symptom inventories. 

Two prominent stress measurement instruments include the Symptom Checklist-90-

Revised (SCL-90-R)(Derogatis, 1983) and the Profile of Mood States (POMS) (McNair, 

Lorr, & Droppleman, 1971). These instruments were utilized in the present study (see 

Methods section). The SCL-90-R is a multidimensional self-report symptom inventory 

specifically designed to assess symptomatic psychological stress. The instrument is related 

to the Hopkins Symptom Checklist (HSCL) (Derogatis, Lipman, Rickels, Uhlenhuth, and 

Covi, 1974), and its current version was reported by Derogatis in 1977 and 1983. The 

SCL-90-R has proven to be very sensitive to change in a wide range of clinical and medical 

contexts. It has demonstrated excellent discriminative power in terms of the differentiation 

of states of depression, severity of symptoms between groups; and in the assessment of 

psychological distress in a number of disorders including chronic pain (Hendler, Derogatis, 

Avella, & Long, 1977), cancer (Craig & Abeloff, 1974), sleep disturbance (Kales, Kales, 

Soldatos, Caldwell, Charney, & Martin, 1980), headache (Harper & Stegler, 1978), and 

sexual disorders (Derogatis, Meyer, & King, 1981). This instrument was used 

successfully to define symptomatic stress and to distinguish treatment effects in a multitude 

of studies. It was shown to be very sensitive to differences in an assortment of meditation 

interventions in stress (Cardington, etal., 1980), as well as, in depicting coping patterns 



which discriminated long- from short-term survivors of metastic breast cancer (Derogatis, 

Abeloff, & Melsiaratos, 1979) and melanoma (Rogentine, VanKammen, Fox, Docherty, 

Rosenblatt, Boyd, & Bunney, 1979). 

Affect and mood scales represent another significant class of response oriented 

measures. Although affective states and moods tend to be more transient in nature than 

other signs of stress, measures of mood and affect have consistently been responsive to 

therapeutic change. The POMS has proven to be a sensitive response oriented measure of 

stress in a number of patient populations (McNair, Lorr, & Droppleman, 1971). 

Interaction oriented theories of stress emphasize individual differences and 

characteristics of the organism as a major mediator between stimulus factors in the 

environment and the response they invoke. This transactional approach to stress involves a 

dynamic cybernetic system which provides reciprocal feedback loops between the 

individual's cognitive, perceptual, and emotional functions and the external environment. 

Interactional oriented measures of stress focus on specific characteristics of the person and 

may tap into personality traits, coping styles, psychodynamic mechanisms of defense, and 

several other personal indices that contribute to interactional postulations regarding stress 

(Derogatis, 1982). 

Chronic Pain 

Pain devastates tens of millions of Americans each year. For many, it has threatened 

their very livelihood by squelching their hopes and desires and scarring their future. 

Chronic pain is a psychosocial-physiological problem. The perception of pain is a 

reflection of not only bodily sensations, but is layered with consuming emotions and 

cognitions (Crago, 1981; Bresler & Trubo, 1979). Thus, pain has been defined as both a 

sensory experience of actual or possible tissue damage and the associated negative 

emotional response (Merskey, 1979). The taxonomy committee of the International 

Association for the Study of Pain added the following important notes to the above 
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definition: 

Pain is always subjective. Each individual learns the application of the word 

through experiences related to injury in early life. It is unquestionably a sensation 

in a part of the body but it is also always unpleasant and therefore also an emotional 

experience. 

Many people report pain in the absence of tissue damage or any likely 

pathophysiological cause, usually this happens for psychological reasons. There is 

no way to distinguish their experience from that due to tissue damage, if we take the 

subjective repeat. If they regard their experience as painful and if they report it in 

the same ways as pain caused by tissue damage, it should be accepted as pain. This 

definition avoids tying pain to the stimulus. Activity induced in the nociceptor and 

nociceptive pathways by a noxious stimulus is not pain, which is always a 

psychological state, even though we may well appreciate that pain most often has a 

proximate physical cause (Merskey, 1979, p. 250). 

Chronic pain has been distinguished from acute pain in several ways including cause, 

diagnosis, duration, consequences of pain, and treatment expectations. Pain reported for a 

duration of over 2 months is considered to be chronic by standard definition (Gorrell, 

1978). 

Achterberg and Lawlis (1980) have characterized the treatment of chronic pain as a 

formidable challenge for health professionals that requires multidisciplinary therapeutic 

intervention. The patient's emotional involvement, stress responses, and habitual 

behavioral responses significantly contribute to chronic pain. Often, chronic pain patients 

withdraw into rigid and maladaptive patterns of thought, behavior, and interaction. They 

may develop a host of negative emotions including anxiety, depression, fear, feelings of 

helplessness and hopelessness, anger, resentment, and they may suffer a loss in self-

esteem. A vicious cycle of negative thought and expected failure can become a self-



fulfilling prophecy (Herman & Baptiste, 1981; Bresler & Trubo, 1979; Achterberg & 

Lawlis, 1980). 

Many pain sufferers have been shuffled from one medical professional to another 

without the relief of pain. Often, they have become dependent on drugs, and have been 

told "...there's nothing more that can be done for you" or "you'll have to learn to live with 

the pain". It is thought that not only are these statements inaccurate, they can have a 

damaging effect on an already depressed patient (Bresler & Trubo, 1979, p. 27). 

The exaggerated dependence on physicians and pain-killers, in addition to the release 

of personal responsibility and patient inactivity perpetuates maladaptive behavior patterns 

and an accentuated "sick role". Such patterns of behavior and interaction can be effectively 

analyzed and confronted in a group counseling context often available within a 

comprehensive pain or work hardening program. In a group situation, the individual is 

exposed to the feedback of others such that negative thoughts, feelings, attitudes, 

communication patterns, and pain behaviors can be altered (Herman & Baptiste, 1981; 

Achterberg & Lawlis, 1980). 

Because pain is a psychosocial-physiological problem, the most accepted and 

recommended approach is one that utilizes a multidisciplinary health team. This integrative 

approach helps to mobilize the body's intrinsic healing mechanisms. It emphasizes the 

need for a partnership between patient and health practitioner, where the patient accepts 

responsibility and is active in the process of rehabilitation (Achterberg & Lawlis, 1980; 

Herman & Baptiste, 1981; Bresler & Trubo, 1979; Catalano, 1987). 

Treatment 

Diagnostics. The treatment of chronic pain typically involves a standard series of 

diagnostic procedures which depend on the patient's symptomology. Such diagnostic 

procedures have included standard orthopedic examinations, X-rays of the spine or 

involved areas, myelography, discography, electromyography (EMG) nerve conduction 
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tests, magnetic resonance imaging (MRI), Computerized Axial Tomography (CAT) Scan, 

thermography, and other evaluative procedures (Catalano, 1987). 

A commonly used diagnostic procedure in chronic pain is the myelography exam. 

This is a relatively safe and painless radiologic examination, performed over 600,000 times 

a year. This procedure involves the injection of a radiopaque substance into the 

subarachnoid space either by lumbar or cisternal puncture. This allows the physician to 

observe the rise and fall of the "dye" in the spinal canal with the fluoroscope as the position 

of the patient is changed. The exam is performed under local anesthesia and takes from 30-

90 minutes (Winthrop, 1987; Frenay, 1973). The lumbar puncture involves the insertion 

of a needle into the subarachnoid space of the lumbar cord to determine cerebrospinal fluid 

(CSF) pressure and for the removal of CSF for diagnostic analyses (Frenay, 1973). 

Multimodal Treatment Programs. A health care system that employs physicians, 

psychologists, social workers, physical and occupational therapists, rehabilitation 

specialists, vocational therapists, exercise physiologists, and traditional medical personnel 

has been effective in the treatment of chronic pain. This team of health professionals offers 

a broad spectrum of treatment modalities including neurosurgery, nerve blocks, 

physiotherapy, physical and occupational therapy, pharmacologic remedies, acupuncture, 

biofeedback, breathing and relaxation instruction, hypnosis, imagery, cognitive-behavioral 

techniques, and individual and/or group psychotherapy (Linton, 1982; Achterberg & 

Lawlis, 1980). 

Work hardening and comprehensive pain programs are necessarily multimodal and 

offer the team approach in treatment In addition to the team members mentioned above, 

the injured worker will probably require the cooperative interaction of the insurance claims 

adjuster, State Board of Workers' Compensation Representative, insurance doctor, 

chiropractor, attorney, administrative law judge, employer, and worker's family and 

support group (Blankenship, 1989). The work hardening or pain program psychologist 
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provides a variety of assessment and treatment services including clinical interview and 

psychological-behavioral assessment, individual and group therapy as needed, educational 

and process groups, stress and pain management instruction, relaxation and imagery 

training, and biofeedback therapy (Linton, 1982; Achterberg & Lawlis, 1980). 

According to Blankenship (1989), work hardening programs have moved into the 

mainstream of rehabilitation medicine and now hold a prominent position in well-respected 

clinics throughout the country. Many of these facilities have been established in order to 

adequately care for individuals who have sustained a compensable injury. Work hardening 

concepts can be defined within the scope of the new field of Industrial Rehabilitation which 

includes evaluations and rehabilitation processes within a multi-disciplinary perspective. 

Patients' specific return to work problems are addressed from a medical, behavioral, 

functional, and ergonomic framework so as to motivate improved care for the injured 

individual and reduced compensation costs to the employer (Blankenship, 1989). 

Matheson (1984) described work hardening programs as highly structured productivity-

oriented treatment that have the following goals: 1) increase in physical conditioning and 

decrease in secondary impairment; 2) decrease in disability and functional limitations; 3) 

improvement in vocational feasibility and decrease in vocational handicaps; 4) improvement 

in employability; and 5) enhancement in the individual's self-management and symptom 

control. Primary treatment tools include Functional Capacity Evaluation (FCE) devices and 

work stimulation tasks. The FCE process typically incorporates the use of questionnaires, 

observations and tests which document the patient's performance with regard to physical, 

medical, behavioral, and ergonomic measures (Blankenship, 1989). This evaluation 

process and systematic application of variations in levels of difficulty and temporal 

increases in job simulation tasks help the staff determine if the worker can return to work 

safely (Blankenship, 1989; Matheson, 1984). 

Although there are many significant benefits of work hardening treatment, increased 
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employability is most frequently described by patients as the most important goal. Work 

hardening facilitates employability in the following ways: the improvement in specific work 

tolerances through conditioning, definition and clarification of work tolerances, job or tool 

modification, and symptom management. Symptom management is accomplished by the 

proper use of body posture, body mechanics, work pacing, and training in productive self-

assessment and self- and pain-management techniques. A patient normally continues in the 

program until work tolerance goals are achieved, a work tolerance plateau is reached, or 

until the client has clearly demonstrated that employment requirements will not be achieved 

(Matheson, 1984). 

Psychological Treatment: Stress and Pain Management/Biofeedback. Relaxation 

techniques and biofeedback are both used to treat many types of pain. Relaxation has been 

characterized as an integrated physiological response involving the generalized decrease in 

sympathetic nervous system and metabolic activity (Benson, 1975; Benson et aL, 1984). 

Structured relaxation techniques have included progressive muscle relaxation (Jacobson, 

1938), autogenic phrases (Luthe, 1969), meditation techniques (Benson, 1975), and 

various imagery procedures, all of which have been considered promising in the treatment 

of chronic pain (Achterberg & Lawlis, 1980). J. H. Schultz developed a standardized set 

of instructions known as autogenic relaxation which were intended to teach autonomic 

control over vascularity (Luthe, 1969). Most procedures have included basic elements of 

diaphragmatic breathing and are typically used to elicit the 'relaxation response' (Turner & 

Chapman, 1982). 

Imagery has been reported to be one of the first recorded treatments for disease. 

Achterberg and Lawlis (1980) defined imagery or visualization as the "internal experience 

of a perceptual event in the absence of the actual stimuli. The IMAGE is to be contrasted 

with a PERCEPT evoked by actual physical stimuli" (p. 27). Achterberg (1985) clarified 

that imagery is a thought process which "invokes and uses the senses: vision, audition, 
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smell, taste, the senses of movement, position, and touch" (p. 3). Imagery techniques 

have been used successfully for a multitude of clinical conditions including chronic back 

pain, Rheumatoid Arthritis, Diabetes Mellitus, alcoholism and chemical dependency, 

cancer, viral infections (Achterberg & Lawlis, 1980) and for individuals undergoing 

various surgical procedures (Holden, 1988). Many therapeutic procedures incorporate 

imagery including systematic desensitization, "coping imagery" and "stress inoculation" 

(Meichenbaum, 1977 & 1985), hypnosis and relaxation (Crawford, Wallace, Nomura & 

Slater, 1986; Hadley & Staudacher, 1989; Copelan, 1981), biofeedback training, self-

image and behavioral scripting, change of maladaptive responses and rehearsal of goal 

behavior, and rational-emotive imagery (REI) as applied to various clinical populations 

(such as chronic pain and chemical dependency) (Meichenbaum, 1977; Achterberg & 

Lawlis, 1980; Maultsby, 1978). 

Many imagery programs have recently been developed including the Positive 

Harmonic Imagery Wellness Series written by Achterberg and Lawlis (1986). Three tape 

sets included in this series, the "Stress Manager", "Pain Manager" and "Depression 

Manager" were utilized in the present research. The authors of the videotape series have 

completed preliminary studies of the effectiveness of this modality of imagery training. 

Forty two patients under hospital care viewed the "Stress Manager" videotape. Results 

indicated that 80% preferred the video approach as compared to audio relaxation tapes. All 

patients studied reported a measurable increase in relaxation (on a 1-10 scale). Eight 

subjects demonstrated an average rise in hand temperature of 8.8 degrees (an average of 3 

degrees improvement over audio-tape performance). Fifteen patients showed significant 

reductions in heart rate or systolic blood pressure (Lawlis & Achterberg, 1989). 

Thirty patients participating in two different pain programs consistently viewed the 

"Pain Manager" video-tape. Results of the study were as follows: eight reported complete 

relief from severe headaches, ten patients suffering from back pain reported complete relief, 
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all patients indicated they had a better understanding of the physiological dynamics of 

stress, pain and endorphins, and all preferred the video over just audio presentation. 

Lawlis and Achterberg (1989) reported the most impressive results were reported by 

patients training with the "Depression Manager" video-tape. All sixty patients in the study 

expressed significant positive changes concerning self-concept, life goals and beliefs, and 

mood state. At least ten patients attributed a "life change" direcdy to the depression 

imagery video-tape training program. Of the subjects that were exposed to multiple tapes in 

the series, the "Depression Manager" was the most preferred of all video and audio-tapes. 

Biofeedback is the presentation of information involving a sensory signal that 

changes in accordance with a biological process. It is a training procedure where an 

individual learns to consistently influence physiological responses that are 1) not ordinarily 

under voluntary control, or 2) normally regulated with ease but for which regulatory 

systems have broken down due to trauma or disease (Wall & Melzack, 1989; Blanchard 

and Epstein 1978). Schwartz et al. (1987) have developed a comprehensive definition of 

applied biofeedback which includes statements concerning both the process and purpose of 

biofeedback: 

As a process, applied biofeedback is a group of therapeutic procedures that utilizes 

electronic or electromechanical instruments to accurately measure, process, and 

"feed back" to persons information with reinforcing properties about their 

neuromuscular and autonomic activity, both normal and abnormal, in the form of 

analog or binary, auditory and/or visual feedback signals. Best achieved with a 

competent biofeedback professional, the objectives are to help persons develop 

greater awareness and voluntary control, by first controlling the external signal, and 

then by the use of internal psycho-physiological cues. (p. 35) 

Although the specific training procedures differ in several ways, commonly used 

biological measures include electromyography (EMG) of various muscle groups in the 



15 

body, skin temperature, pulse volume, and waveforms of the electroencephalogram (EEG). 

Feedback has been applied under numerous clinical conditions, multiple forms of 

psychotherapeutic and behavioral instruction, and presented under varying conditions of 

amplification and electronic modification (Wall & Melzack, 1989). 

Electromyography is an electrical correlate of muscle contraction. Since muscle 

contraction is a kinetic phenomenon involving force and sometimes movement, it is 

inaccessible to direct measurement, however the electrical aspect of muscle contraction can 

be measured through biofeedback. The many muscle fibers that make up a muscle are 

actuated by electrical signals carried by "motor unit" cells. This electrical activity can be 

sensed by surface electrodes placed on the skin above the muscle or with fine wire or 

needle electrodes that actually penetrate the skin and contact the motor units (Wall & 

Melzack, 1989). The rationale for relaxation and EMG training for back pain is 

straightforward since excessive muscle tension or continual muscle contraction is thought 

to be both a cause and effect of chronic back pain. A self-perpetuating cycle of pain-

tension-pain or pain-spasm-pain is created and sustained as patients react to pain and stress 

with increased bracing and muscle tension (Wall & Melzack, 1989; Catalano, 1987). 

Peripheral skin temperature is a correlate of peripheral vasoconstriction. Since blood 

vessel diameter is inaccessible in a practical sense, temperature is an indirect measure of 

peripheral vasoconstriction that can be correlated in a meaningful manner. Low peripheral 

skin temperature (vasoconstriction) is often used as a measure of sympathetic nervous 

system arousal ("stress response") while warmer temperatures are associated with 

improved relaxation (Schwartz, 1987). 

Biofeedback and relaxation treatments for pain management have been studied 

extensively. The efficacy of these treatments has been scrutinized in a number of review 

articles and books: Jacobson, A. M. 1978; Surwit and Keefe, 1978; Orne, 1979; Turk et 

al, 1979; Bresler & Trubo, 1979; Achterberg and Lawlis, 1980; Herman & Baptiste, 1981; 
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Linton, 1982; Turner and Chapman 1982; Basmajian, 1983; Chapman, 1986; and Wall and 

Melzack, 1989. Biofeedback has been utilized in the treatment of a variety of pain 

syndromes. The most widely used applications have been EMG training for tension or 

muscle contraction headaches, and skin temperature (or other vascular activity measure) for 

migraine headaches. However, biofeedback has also been applied to other pain problems 

including Raynaud's disease, Rheumatoid Arthritis, childbirth, pediatric pain, low back 

pain, neck injury, spasmodic torticollis, menstrual stress, writer's cramp, duodenal ulcer, 

phantom limb pain, pyelonephritis, post-traumatic headache, postsurgical pain (Wall & 

Melzack, 1989), many neuromuscular disorders, rehabilitation of injured athletes, 

temporomandibular joint dysfunction (TMJ), other dental disorders and myofacial pain 

(Schwartz, 1987). 

Endogenous Opioid System 

Endogenous opioids are a group of peptides which have been implicated as 

modulators in several biological systems. It has recently been discovered that both opiate 

receptors and their peptide ligands are extensively distributed throughout the CNS and in 

some peripheral sites (Evans et al., 1986). Pert, Snowman, and Snyder (1974) discovered 

that neurons in the brain contain specialized receptors that respond to opiates. Although it 

was known for several years that opioid drugs (derived from opium), were effective in pain 

control, cough suppression, and diarrhea, and that these chemicals were highly addictive; it 

was not understood why specific receptors in the brain would recognize a plant alkaloid 

such as morphine. Part of the question was answered by researchers who found 

enkephalin, which has a morphine-like structure, was synthesized in the brain (Paxton, 

1986). Hughes et al. isolated the first endogenous opioid peptides from pig brain in 1975. 

The structure of enkephalin is a mixture of two different pentapeptides (5 amino acid 

peptide chains), leucine (Leu)- and methionine (Met)-enkephalin. Hughes et al. 

synthesized these substances and found they acted as potent opiates. Leu- and Met-
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enkephalin were found to bind to opiate receptors more efficiently than morphine (Hughes 

et al., 1975). Since this initial discovery, many other opioid peptides have been discovered 

and characterized Most of these peptides mimic narcotic analgesics in biochemical tests. 

One of the most potent opioid peptides is Beta-endorphin. B-endorphin is a 31-amino acid 

peptide, die N-terminal of which is identical to Met-enkephalin. Other opioids recently 

characterized include dynoiphin, a 17-amino acid peptide and alpha-neoendorphin (a 

decapeptide). The N-terminal five amino acids of each of these peptides is identical to Leu-

enkephalin (Wall & Melzack, 1989). 

These peptide transmitters and hormones are not synthesized directly, but are derived 

by cleavage from larger precursor polypeptides which in themselves are not opiate active. 

Three opioid precursors have been identified: proopiomelanocortin (POMC or pro-ACIH-

endorphin); Proenkephalin (proenkephalin A), and prodynorphin (proenkephalin B or 

proneoendorphin/dynorphin) (Carlson, 1986; Paxton, 1986; Wall & Melzack, 1989). 

Characterization of the proopiomelanocortin branch of the opioid family came from 

the protein studies of E. Herbert, Choh Hao Li and co-workers (Kandel & Schwartz, 

1985). POMC is expressed in the pituitary gland. The release of its peptide products into 

the bloodstream is stimulated by stress. In the anterior pituitary, cleavage of pro-

opiomelanocortin gives rise to adrenocorticotropic hormone (ACTH) and B-lipotropin (B-

LPH). In the intermediate lobe of the pituitary gland, ACTH is converted to several copies 

of melanocyte-stimulating hormone (MSH) and corticotropin-like intermediate lobe peptide 

(CLIP); B-lipotropin is processed to B-endorphin (one copy per each POMC molecule) and 

Gamma-lipotropin. Humans do not possess an intermediate lobe of the pituitary and do not 

produce CLIP and MSH. However, it is thought that differential processing of peptide 

messengers occurs in both animals and humans. Beta-endorphin (BE) is the the most 

potent POMC cleavage product and shows a greater affinity for the opiate receptor than 

does morphine. B-endorphin is 48 times more potent than morphine when injected 
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intraventricularly and 3 times more potent intravenously. It is interesting to note however, 

that ACTH acts as a physiological antagonist of BE's analgesic effect B-endorphin is 

produced primarily from the cells of the anterior and intermediate lobes of the pituitary. In 

addition, it is produced in specific neurons in the hypothalamus, the thalamus, amygdala, 

and the central gray matter which contains endorphin projections from the arcuate nucleus 

of the hypothalamus (Carlson, 1986; Paxton, 1986; Wall & Melzack, 1989; Kandel & 

Schwartz, 1985). 

Met- and Leu-enkephalin are contained within B-lipotropin and are derived from a 

common precursor, pro-enkephalin. This second branch of the opioid family was analyzed 

primarily through the work of S. Udenfriend and his collaborators. In the early stages of 

research, there was confusion in differentiating the proenkephalin from the third branch, 

prodynorphin. It was found that the genes from both branches were more broadly 

expressed than the POMC branch. Enkephalins and dynorphins exist not only in the 

pituitary, but are contained in many areas of the brain and spinal cord, and in the adrenal 

medulla. When the gene products encoding proenkephalin and prodynorphin were finally 

distinguished, it revealed that proenkephalin yields four copies of Met-enkephalin, one 

copy of Leu-enkephalin, and several other opioid peptides. Prodynorphin was found to 

produce three copies of Leu-enkephalin and a group of unique peptides called dynorphins 

(Kandal & Schwartz, 1985; Paxton, 1986). 

Shosaku Numa and co-workers were credited with precise analysis of all three opioid 

genes, and for utilizing unique amino acid sequences in a dynorphin peptide as a probe for 

the identification and differentiation of the coding sequences of the prodynorphin branch of 

opioid peptides (Kandal & Schwartz, 1985). A. Goldstein et al (1978) named the 13 

amino acid peptide dynorphin after dynamis (Greek for power) and endorphin since the 

peptide is 200 times more potent than morphine. 

The generic name for opioid peptides related to B-lipotropin is endorphin. Thus the 
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enkephalins arc considered to be a specific class of endorphins. Other endorphins include 

alpha, gamma, and delta endorphins and biologically active fragments of beta-lipotropin. 

Enkephalins have a significant role in pain blockage and studies show their plasma level is 

increased by painful stimuli. In addition, it is thought they may have a role in determining 

mood state, behavior, and mental illness (Szczudlik & Kwasucki, 1984). Enkephalins are 

found in the pituitary and the brain. They are predominantly located in areas of the brain 

associated with pain control, including the periventricular area, the periaqueductal gray, the 

midline raphe nuclei, the substantia gelatinosa of the dorsal horns in the spinal cord, and 

the intralaminar nuclei of the thalamus (Paxton, 1986; Wall & Melzack, 1989; Carlson, 

1986). 

There has been substantial progress in the understanding of the structure, 

distribution, and action of endogenous opioid peptides. Research on the effect of opioid 

peptides on brain function and behavior, as well as changes in plasma and CSF levels of 

EOP under various conditions, demonstrates a diverse set of interactions (Przewlocki, 

1984). The roles of endogeneous opioids have been studied in a multitude of contexts 

including: 1) methods of analgesia induction, 2) identification of the structures and 

mechanisms of action, 3) medical disorders and processes including pain disorders or pain 

associated with disease states, 4) stress, and 5) clinical/psychiatric disorders. Studies 

investigating methods of analgesia induction have included analgesia produced in response 

to: stress (Przewlocki, 1984), acupuncture (Price et al., 1984; Szczudlik & Kwasucki, 

1984; Sjolund et al., 1977), transcutaneous electrical stimulation (Abram et al., 1981; 

Johansson et al., 1980), hypnosis (Domangue et al., 1985), placebo (Levine et al., 1978) 

versus opioid injection (Arner & Meyerson, 1988), spinal manipulation (Payson & 

Holloway, 1984; Christian et al., 1988), and massage (Bogulawski, 1980; Day et al., 

1987). 
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Identification of the structures and the mechanisms of action of EOP in various 

conditions have begun to be elucidated, such as the involvement of opioid receptors in 

spinal mechanisms of analgesia (Przewlocki, 1984; Basbaum, 1978), the inhibitory role of 

dynorphin in seizure activity in contrast to proconvulsant action of the B-endorphin system 

and the mu receptor, and the possible role of BE and its interaction with serotonin for 

ingestive behavior (including eating disorders)(Przewlocki, 1984), 

Researchers have scrutinized the role of EOP in medical disorders or processes 

including: pain disorders or pain associated with disease states, acute and 

chronic/Intractable pain including back pain (Desiderio et al., 1987 & 1988; Mays et al., 

1981; McCain, 1989; Puig et al., 1982), cancer pain (Meyerson et al., 1978; Tari et al., 

1983), spinal trauma (Copolov, 1983), reproductive endocrinology (Dirksen & Nijhuis, 

1980) including the pain of labor and delivery (Hoffman et al.,1984; Delke et al., 1985), 

opiate and alcohol dependence (Cushman, 1987), and other stress related disorders such as 

post-traumatic stress disorder (PTSD) (Pitman et al., 1990), migraine (Simonnet et al., 

1986; Agnoli et al., 1982), chronic headache (Facchinetti et al., 1981), hypertension 

(McNeilly & Zeichner, 1989), "functional" gastrointestinal disease, diabetes and asthma 

(Copolov, 1983). 

Further, the impact of stress on EOP (Przewlocki, 1984), such as exercise stress and 

changes in endorphin levels (Petraglia et al., 1988) and the "runners' high" phenomenon 

(Kiser, 1979) have also been questioned. 

The EOS has been implicated in clinical/psychiatric disorders including: the affective 

disorders (especially major depression)(Kiser, 1979), schizophrenia (Lehmann et al., 

1979) and certain subtypes of major psychosis (Copolov, 1983; Kiser, 1979). EOP may 

be useful in antidepressant treatment (Przewlocki, 1984; Ward et al., 1984). In addition, 

endogenous opioid peptides may be linked to certain personality traits (Johansson et al., 

1980) and behaviors such as masochistic behavior (Kiser, 1979). 
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One of the most direct approaches to the search for common biological links that 

mediate pain, stress and depression have evolved from research on endogenous opioids. 

The observation that the behavioral symptoms following stressful events are similar to the 

clinical responses of patients who are withdrawing from the chronic use of opiate drugs, 

coupled with the discovery of endorphins and enkephalins, triggered the investigation of 

the possible relationships. The specific involvement of these EOPs both in analgesia 

response and the adaptation to stressful life events began to be studied (Cohen, Pickar, & 

Dubois, 1983; Beutler et al., 1986). 

Cohen, Pickar, and Dubois (1983) have identified three major research strategies that 

have been used to elucidate the role of the endogenous opioid system in the human stress 

response. The three research strategies generally involve the following: 1) direct 

measurement of EOP in body fluids as stress or pain stimuli are varied, 2) increase in the 

available EOP in the system and measuring analgesic or other behavioral results, and 3) 

utilization of narcotic antagonists to confirm opiate or opioid actions (Goldstein, 1978; 

Cohen et al., 1983). 

The first research strategy involves the direct measurement of endogenous opioid 

levels in plasma (blood) or cerebrospinal fluid (CSF) as stress levels or acute pain-

producing stimuli are manipulated experimentally or altered naturally. Many of these 

studies suggested that endorphin levels serve as stress markers and identify the 

responsivity and adaptivity of the organism for coping with acute stressors. Several 

researchers have found that in a healthy, responsive individual, endorphin levels increase 

when the individual is exposed to stress-provoking stimuli (Dubois et al., 1981; Colt, 

Wardlaw & Frantz, 1981; Naber et al., 1981). However, R. M. Cohen et al. (1983) 

indicated that under chronic or prolonged periods of stress, the organism becomes 

unresponsive to external stressors and endorphin levels become correspondingly lower. 

Kalin et al. (1985) studied the effects of acute behavioral stress (30 minutes 
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confinement stress) on plasma and CSF ACTH and B-endorphin levels in rhesus monkeys. 

They found significant elevations in plasma ACTH, Cortisol, and BE but no significant 

changes in CSF levels of these substances. Amir et al. (1980) reviewed the evidence that 

endoiphins play a role in the defensive response of the organism to stress thereby linking 

endorphins to the actions of the anterior pituitary hormone ACTH. They presented 

evidence that endorphins may function in the following ways: 1) as trophic hormones in 

peripheral target organs such as the adrenal medulla and the pancreas; 2) as part of the 

physiological mechanisms that modulate adrenalin and glucagon release in response to 

stress; 3) (enkephalins may function) in the control of the pituitary gland during stress 

thereby acting as hormone-releasing or inhibiting factors; and 4) as modulators of neural 

systems that mediate affective/ behavioral correlates of stress (Amir et al., 1980). 

The second research methodology is based upon the experimentally induced increase 

in the available EOP in the system. This is accomplished either by the administration of an 

endorphin precursor/agonist or a synthetic endorphin. In addition, electrical stimulation of 

various areas in the brain can produce analgesia for acute pain. This may be related to the 

amount of endogenous opioids available at the site of stimulation since analgesia that results 

from electrical stimulation is greatest in areas that are rich in EOP (Beutler et al., 1986). 

The most effective locations of brain stimulation appear to be contained within the 

periaqueductal gray matter and the rostroventral medulla. Mayer and Liebeskind (1974) 

observed that electrical stimulation of the periaqueductal gray produced analgesia in rats that 

was comparable to that produced by at least 10 milligrams of morphine per kilogram of 

body weight (considered a large dose). 

Stimulation of the human periaqueductal gray in chronic pain patients yielded 

naloxone-reversible pain relief and significant increases (50-300 percent) in the 

concentration of ventricular immunoreactive B-endorphin (Hosobuchi et al., 1979). 

Naloxone is a narcotic antagonist which occupies opiate receptors in the post synaptic 
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membrane, thereby blocking the action of opiates and opioids. Thus, if an observed 

analgesic effect following experimental manipulation is subsequently obstructed by 

naloxone, the previous effect can be attributed to genuine opiate or opioid action (Goldsten, 

1978; Cohen et al., 1983). Hosobuchi et al. (1979) attributed part of the response to the 

activation of BE rich diencephalic areas. Akil et al. (1978) reported that electrical 

stimulation of periventricular brain sites produced a significant decrease in persistent pain 

among patients with intractable pain and was accompanied by a significant elevation in 

ventricular enkephalin-like activity. The analgesic effect was blocked by naloxone in 80 

percent of the cases. 

Sherman and Liebeskind (1980) also found evidence that electrical stimulation of the 

medial brain stem produced pain relief and the presence of B-endorphin-like materials in the 

cerebrospinal fluid. 

The direct administration of B-endorphins and long lasting analogs of enkephalins to 

patients with intractable pain often yields a more effective and long lasting analgesia than 

the more standard administration of exogenous morphine. This group of studies 

demonstrated that the role of EOP is more comprehensive than simply representing 

indicators of stress or stress responsiveness, and points to their active role in analgesia, 

links between endogenous opioids, emotional components (such as stress reactivity and 

tolerance) and sensory components involving analgesic properties are most clearly 

understood in terms of acute pain. The role of EOP in chronic pain is much more complex 

and the interrelationships are confusing (Beutler et al., 1986). Almay, Johannson, 

Knorring, Terenius, and Wahlstrom (1978) found that endorphin levels in the CSF are 

lower in chronic pain patients as compared to normal subjects. However, this difference 

appeared to be evident only in chronic neurogenic pain; pain of psychogenic origin did not 

have the same effect. Low levels of enkephalin in CSF have also been reported in some 

cases of chronic pain. This may be suggestive of a possible dysfunction in the endogenous 
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opioid system in chronic pain sufferers. (Sjolund, B., Terenius, L. & Eriksson, M., 1977; 

Almay et al., 1978). 

Puig and collaborators (1982) compared endorphin levels in the CSF of 8 patients 

with postoperative pain, 12 patients with chronic pain, and 20 control patients with no 

history of pain. Results showed that CSF endorphin levels in the two pain groups differed 

significantly from the control group and from each other. The results of this study 

suggested a correlation between pain levels and endorphin concentration in the CSF. The 

authors warn that the influence of surgical stress and anesthesia cannot be evaluated (Puig 

et al., 1982). 

Beta-endorphin concentrations in the blood and CSF were assayed before and after 

lumbar puncture in nineteen patients with lumbosacral pains. Radzikowska et al. (1985) 

reported no statistically significant differences in B-endorphin levels before and after 

measures. The mean BE concentration in blood was about twice as high as in the CSF. 

There was no correlation between blood and CSF concentrations of BE. 

Mays et al. (1981) found that selected chronic pain patients being studied in a pain 

clinic setting gained relief of postlaminectomy syndrome (surgical removal of the lamina 

which usually accompanies a disc operation [Wall and Melzack, 1989]) by injection of 

autogenous CSF. Cerebrospinal fluid could not be obtained from these patients at the L4 

or L5 interspace of the spine, but the administration of autogenous CSF obtained at a 

higher interspace gave temporary but immediate and complete pain relief. Endorphins were 

present in these autogenous CSF samples. Thus this study revealed that CSF even from 

chronic pain patients contains analgesic substances (probably endorphins). The authors 

suggest that these findings may offer treatment ideas. 

The third strategy capitalizes on and provides further evidence that the endogenous 

opioids are similar to morphine in both biochemical structure and action. This research 
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strategy is based on the behavioral and sensory effects that result from the administration of 

narcotic antagonists such as naloxone. It has previously been stated that naloxone binds to 

opiate receptor sites, thereby blocking the action of opiates and opioids. Thus, if an 

observed experimental effect following endorphin administration is subsequently 

obstructed by naloxone, the previous effect can be attributed to authentic opiate or opioid 

action (Goldsten, 1978; Cohen et al., 1983). Several brain stimulation studies that revealed 

enhanced analgesic effect and concomitant increases in endorphin activity following 

stimulation (i.e. acute pain), have also shown that the analgesic effect is blocked by the 

administration of naloxone. Some researchers proposed that chronic pain may be 

analogous to withdrawal symptoms in patients who are addicted to endogenous opioids and 

to those individuals who have become fatigued and their EOP system is chronically 

stressed (Portnow, 1984; Van Praag & Verhoeven, 1980). 

Desiderio et al. (1987) measured total opioid peptide receptor activity in human CSF 

in patients with lower back pain via radioreceptorassay (RRA). Three clinical groups were 

found to have significantly different endogenous levels of Met-enkephalin-equivalents per 

ml of CSF. One possible interpretation of the differing RRA patterns between clinical 

categories is that a lesion exists in one or several of the opioid peptidergic systems 

(metabolism, receptors) in this particular population of lower back pain patients. Desiderio 

and collaborators (1988) also studied an atypical lower back patient's opioid 

receptoractivity in lumbar CSF and concluded that opioid peptides and opioid 

neuropeptidergic systems may be important in lower back pain. 

The role of endorphins for "placebo" analgesia and fear reduction have also been 

investigated using a narcotic antagonist Levine, Gordon, and Fields (1978) have 

suggested that endorphin activity may be responsible for the pain relief experienced by 

postsurgical dental pain subjects in a chemical placebo experiment. Subjects were 

administered a chemical placebo, given 2 pain rating scales, and then were administered 
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naloxone and asked to re-rate their pain. In the group of "placebo responders" pain 

reduction was repented after the chemical placebo was administered, while the "placebo 

nonresponders" reported no change in pain perception. Following the administration of 

naloxone, the pain ratings between the 2 groups were no longer significantly different. The 

researchers inferred naloxone reversal of endorphin activity which may have produced the 

alteration in pain perception. Thus, Levine et al. deduced that endorphins were possibly 

the most important mediator of the placebo effect. 

Paulman, Rimm, Kooken and Toledo (1982) examined whether endorphins play a 

mediating role in fear reduction in psychological placebo treatments. Twenty-seven 

undergraduate students with snake-fear were assigned to a control group or one of two 

experimental groups where they were intravenously administered either naloxone or saline 

under double-blind conditions. All groups were administered pretest and posttest measures 

including: state anxiety, self-efficacy, fear-rating, and behavioral-(snake)-approach 

measures. Following the pretest, the 2 experimental groups were given an injection of 

either saline or naloxone and then exposed to a non-specific psychological analogue 

treatment for snake-fear. Results indicated that both the experimental groups performed 

similarly and significantly better that the no-treatment controls on posttest measures of self-

efficacy, fear-ratings, and behavioral indicators (approach to a live snake). Paulman et al. 

found that in contrast to the expected endorphin model, naloxone did not block the effects 

of the non-specific "placebo" snake-fear treatment (but may have even enhanced them). 

The researchers concluded that their results did not support the hypothesis that the fear-

reducing effects of a psychological placebo are mediated by endorphin activity. 

Research into the effectiveness of psychotherapeutic treatments for pain and the 

relationship to endogenous opioid peptides has been extremely scarce. Virtually no studies 

exist in the biofeedback literature related to pain and the EOS. The effectiveness of 

hypnosis has been evaluated in a study by Domangue et al. (1985) in which self-reported 
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levels of pain, anxiety, and depression, as well as plasma levels of B-endorphin, 

epinephrine, norepinephrine, dopamine, and serotonin were measured in 19 arthritic pain 

patients before and after hypnosis designed to diminish pain. Correlations were found 

between levels of pain, anxiety, and depression and neurotransmitters. Hypnotherapy 

appeared to produce clinically and statistically significant decreases in pain, anxiety, and 

depression and increases in B-endorphin-like immunoreactive material (Domangue, et al., 

1985). 

The effect of the Lamaze childbirth procedure involving specific breathing techniques 

and relaxation on plasma BE immunoreactivity was demonstrated by Delke et al. (1985). 

Results indicated that the 26 Lamaze subjects had significantly lower plasma BE 

immunoreactivity and significantly shorter first stages of labor. It was theorized that the 

Lamaze training lead to a reduction in fear, tension, and the emotional stress of labor which 

was related to the lower BE immunoreactivity and shorter labor times. 

Bandura et al. (1988) found that perceived self-efficacy in coping with cognitive 

stressors reduced stress activation and did not lead to endogenous opioid activation, 

whereas subjects in the self-inefficacious stressed condition demonstrated increased stress 

and autonomic arousal and stress induced analgesia. This analgesia was blocked by 

naloxone. Hence, the endogenous opioid system was activated in the stress condition 

where the subject was placed in a task situation where he did not perceive adequate control 

and self-efficacy. 

Other non-medication forms of pain management treatment that were evaluated in 

terms of the EOS included acupuncture (Price et al., 1984; Szczudlik & Kwasucki, 1984; 

Sjolund et al., 1977), transcutaneous electrical stimulation (Abram et al., 1981; Johansson 

et al, 1980), placebo (Levine et al, 1978), spinal manipulation (Payson & Holloway, 1984; 

Christian et al., 1988), massage (Bogulawski, 1980; Day et al, 1987) or exercise stress 

(Petraglia et al, 1988). 
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Stress Hormones. Depression and The Imnjiune System: The Connection 

The immune system is the most frequently cited link between stress and illness 

(Kubitz et al., 1986). A number of immune system parameters involving both cell-

mediated and humoral immunity have been demonstrated to change in relation to a variety 

of stressful situations. These stressful life Circumstances have often encompassed both 

stable personality traits and fluctuating psychological states. Related studies have described 

premorbid personality characteristics and linked them to psychological depression and 

increases in the development of cancer (Thomas, Duszynski, & Shaffer, 1979; Shekelle, 

Raynor, Ostfeld, Garron, Beiliauskas, Liuj Maliza, & Paul, 1981). Major depression has 

been shown to precede immunologic disorders such as multiple sclerosis (Sandyk, R., 

1982), systemic lupus erythematosus and pemphigus vulgaris (Somorin, A. O., Agbakwu, 

S. N., Nwaefuna, A., 1981). Another series of studies demonstrated an impaired 

lymphocyte response to mitogen stimulation in depressive illness (Kronfol, S., Silva, Jr., 

Greden, J., Dembinski, S., Gardner, R., & Carroll, B., 1983), following bereavement 

(Bartrop et al., 1977; Schleifer et al., 1983), in response to examination stress (Dorian, 
! 

B.J., Keystone, W., Garfinkel, P. E., & Brown, G.M., 1984; Didriksen, Goven, and 

Butler, 1986), and stress following splashdown after Skylab missions (Kimzey, S. L., 

Johnson, P. C., Ritzman, S. E., Mengel, <1E., 1976). Changes in natural killer cell 

activity have been related to psychosocial modifiers in medical students (Kiecolt-Glaser, J., 

Garner, Speicher, Penn, Holliday, & Glaser, 1984) and loneliness in psychiatric inpatients 
| 

(Kiecolt-Glaser, Ricker, Messick, Speicher, Garner, & Glaser, 1984). Other components 

of the immune system have been altered by stress and emotional states including secretory 

IgA concentration and stressed power motivation (McClelland, Floor, Davidson, & 

Sharon, 1980), slgA secretion rate and academic stress and power motivation (Jemmott, 

Borysenko, J. Z., Borysenko, M., McClelland, Chapman, Meyer, & Benson, 1983), and 

slgA antibody and daily mood (Stone, Valdimarsdottir, Jandorf, Cox, & Neale, 1987). 
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Beutler et al. (1986) have proposed that the inability to express intense affect may provide a 

common link between depression and chronic pain. An inability to control, cope with, or 

process intense emotions may lead to further stress in terms of interpersonal relationships 

and disturbances in the body's immune system. The depletion or imbalance of amines and 

neurotransmitters and alterations in the endogenous opiate system may contribute to both 

pain and depression. 

A significant number of studies have scrutinized the relationship between stress or 

negative emotional states and immunosuppression. Grief and depression are considered 

very powerful emotions, often activated by bereavement, that can be extremely stressful to 

the individual (Riscalla, 1982; "Grief', 1983). In fact negative emotions may be 

considered internal stressors that may elicit a stress response. Holmes and Rahe (1967) 

demonstrated that individuals experiencing an elevated number of stressful life changes 

tended to manifest a greater number of physical or psychiatric symptoms. They developed 

the Social Readjustment Rating Scale to measure the relationship between stressful life 

changes and disease susceptibility. On this scale the death of a spouse is given the highest 

rating. Studies of surviving spouses have indicated that they have an increased incidence 

of death from a multitude of causes, including tuberculosis, pneumonia, heart disease and 

stroke. An estimated death toll of7,000 per year are attributable to the prior loss of a 

spouse (Holmes & Rahe, 1967; "Grief', 1983). 

A number of studies have assessed immunocompetence in clinically depressed 

individuals, and have reported associations between depression and lymphocyte function 

(Schleifer et al., 1985; Stein et al., 1985, Kronfol et al., 1986). Such studies showed a 

similarity between the immunological abnormalities seen in depression and those found in 

the bereaved and chronically stressed populations. Thus, these studies may help to 

elucidate some of the links between behavior* the CNS, and immunity (Schleifer et 

al.,1985; Calabrese et al., 1987). Kronfol et al. (1986) investigated whether impairment in 
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lymphocyte response to mitogen in patients with depressive illness is related to excessive 

secretion of Cortisol (an immunosuppressive hormone) from the adrenal gland. They 

compared lymphocyte mitogenic activity in three groups of subjects: 1) depressed patients 

with elevated 24-hour urinary free Cortisol (UFC) excretion; 2) depressed patients with 

normal UFC excretion; and 3) normal control subjects. Both of the depressed groups 

showed a significant reduction in mitogen induced lymphocyte proliferation as compared to 

normal controls. No significant correlations were found within depressed patients in terms 

of UFC excretion levels and lymphocyte mitogenic stimulation responses. The authors 

concluded that although depression is associated with impaired lymphocyte function, it 

cannot be explained simply by increased Cortisol levels in the urine. 

Other studies also reported blunted lymphocyte mitogenic responses in depressed 

patients. Schleifer et al. (1984) replicated Kronfol, Silva, Greden, and co-workers' study 

(Calabrese, 1987), and also found significantly lower lymphocyte stimulation by mitogens 

in severely depressed patients as compared to age and sex matched controls. The 

depressed subjects were included in the study if they met Research Diagnostic Criteria for 

Major Depressive Disorder, had a Hamilton Depression Scale score indicative of 

depression (18 or greater), were free of acute CM- chronic medical disorders associated with 

immune dysfunction, and were drug free. Schleifer et al. also measured the number and 

type of peripheral blood lymphocytes in hospitalized and ambulatory patients with acute 

major depressive disorders. Although the percentage of the cell types did not differ 

between the groups, the total number of T and B cells were lower in the depressed patients. 

In a series of other related studies Schleifer et al. (1985) determined that the decreased 

mitogen response in hospitalized patients with major depressive disorders was possibly 

related to the severity of the depressive symptomology. The non-hospitalized ambulatory 

patients in the study were judged to be less severely depressed according to clinical and 

Hamilton Rating Scale assessment in comparison to hospitalized patients. Other 



31 

investigations indicated that the stress of hospitalization in a psychiatric unit is not in itself a 

significant enough factor to alter mitogen responsivity or peripheral blood lymphocyte 

counts. In addition, results suggested that the changes in immune function are specific to 

depressive disorders and not a nonspecific effect related to psychiatric disturbance. 

Schleifer and colleagues speculated that alterations in immune function may be associated 

with the underlying biological processes in depression such as a neurotransmitter defect 

which could affect both the neuroendocrine and immune systems. 

Calabrese et al. (1987) also replicated Kronfol's findings of suppressed mitogenic 

responses in depressed patients and also discovered elevated plasma levels of 

prostaglandins El and E2. These substances have counter-regulatory immune-modulating 

capabilities which may directly lead to deficits in cellular immunity or they may stimulate 

the hypothalamic-pituitary-adrenal (HPA) axis and thereby indirectly mediate alterations in 

immune competence (Calabrese et al., 1987). A multitude of factors may be involved in 

mediating the associations between stress, bereavement, depression and immunity. 

Hormones of the HPA axis are the most widely studied fear their relationship to immunity. 

One of the common themes in research in this area is the relationship between 

hypercortisolism and impaired immunocompetence during stress, bereavement, and 

depression. The endocrine system is exquisitely sensitive and responsive to emotional 

states, a wide range of life experiences and stress, and has a significant and complicated 

effect on the the immune system. A wide spectrum of stressful experiences can initiate the 

release of corticosteroids (Baker et al., 1984, Calabrese et al., 1987; Stein et al., 1985). 

Psychological stress, immune function alterations, and significantly higher Cortisol 

concentrations have been found in depressed patients (Kronfol and House, 1984). Also, 

Cortisol secretion is elevated in major depressive disorders (Stein et al., 1985). 

Munck et al. (1984) emphasized the important role of glucocorticoids in immunologic 

regulation, stating that their most significant physiological effect is to suppress the immnnp. 
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system. They stated that the counteroegulatory influence of glucocorticoids on immune 

function evolved to counteract the potent inflammatory and/or immune response to injury 

that may be expected during "fight or flight" stress responses. This hypothesis has been 

supported experimentally by the finding that adrenalectomized animals that demonstrate 

experimentally induced inflammation, show significantly higher mortality rates than control 

animals. The apparent cause was attributed to the intensity of the prolonged overactivity of 

the immune apparatus (Calabrese et al., 1987). 

The extensive immunosuppressive effects of glucocorticoids appear to be most 

associated with cell-mediated immunity including the suppression of helper T cell function. 

Suppressor T cell functions appear to remain intact, again supporting the hypothesis that 

glucocorticoids have a role in counterregulation of the immune response to antigens or 

injury. In addition to being cytotoxic to lymphocytes, glucocorticoids may interrupt helper 

T cell function through a number of interrelated processes including the inhibition of 

lymphokines such as interleukin-1 (lymphocyte activating factor), interleukin-2 (T cell 

growth factor), and gamma-interferon (macrophage activating factor). Thus, decreased 

numbers of lymphocytes, lower lymphocyte mitogenic responsiveness, and abnormal 

responses to allogeneic stimulation, previously reported in studies of stress, depression, 

and bereavement could involve the inhibitory action of glucocorticoids on interleukins 1 

and 2. Other impairments in immune function demonstrated in stress and depression have 

been attributed to glucocorticoids including decreased activity of natural killer cells, and 

disruption of the functions of monocytes, neutrophils, and eosinophils (Schleifer et al., 

1985; Stein et al., 1985; Calabrese et al., 1987). Therefore, the effects of glucocorticoids 

are the result of the inhibition of many inter-connected immune system pathways. 

The regulation of immune function in response to stress, and the aforementioned 

abnormalities are not solely mediated by glucocorticoids. Keller et. al. (1983) examined 

the effect of stressors in adrenalectomized rats, sham adrenalectomized, and non-operated 
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rats and found that lymphopenia in the rat occurred in association with stress induced 

secretion of corticosteroids and can be prevented by adrenalectomy. However, it was also 

demonstrated that stress associated secretion of corticosteroids and catecholamines is not 

required for the stress-induced reduction in T cell mitogenic response. These findings 

indicated that stress-induced modulation of the immune system is a highly complex, 

multifactorial phenomenon most likely involving multiple mechanisms that need to be 

studied in more detail before firm conclusions can be made. 

Although neuroendocrine secretion mediated by the HPA axis is a specific mechanism 

by which stress and depression apparently impact the immune system, there are a number 

of mechanisms by which the CNS could influence immune parameters as well. The 

existence of neuroendocrine amine precursor uptake and decarboxylation cells located 

within various lymphoid organs demonstrate a further connection between the 

neuroendocrine and immune systems. In addition, hormones of the HPA axis suppress 

lymphocyte antigenic responsiveness via specific receptor-mediated mechanisms. 

Modifications in thyroid hormones, growth hormones, and sex steroids have been related 

to stress, and all have been observed to alter immune function. For example, growth 

hormone, insulin, and thyroxine have been shown to facilitate cellular immunity. Also a 

variety of stress-related peptides such as Beta-endoiphin are thought to play an 

immunoregulatory role in immunity. Beta-endorphin, which is co-secreted with ACTH 

from the anterior pituitary has been found to specifically enhance natural killer cell activity. 

Furthermore, the hypothalamus has been shown to modulate both humoral and cellular 

immunity. Other suggested links between the CNS and immune response include studies 

demonstrating nerve endings in the thymus, spleen, and lymph nodes; the presence of 

adrenergic and cholinergic receptors on lymphocyte surfaces; the suggestion that thymosins 

(soluble products of the immune system) may serve as "immunotransmitters" by interacting 

with the HPA and gonadal axes; and the ability of the lymphocyte to secrete an ACTH-like 
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substance following viral infection for direct stimulation of the adrenal cortex (Stein et al., 

1985; Calabrese et al., 1987; Schleifer et al., 1983 & 1985; Maclean et al., 1981). 

The information discussed so far, clearly indicates there is a strong interactive effect 

of stress, depression, and emotional/physical pain on the complex function of the immune 

system. Furthermore, the effects may be mediated via the neuroendocrine system. The 

depletion or imbalance of amines and neurotransmitters and alterations in the endogenous 

opioid system may contribute to both pain and depression. However, further investigation 

will be required to elucidate the complex interaction and diversity of communication 

between the CNS, endocrine, EOS, and immune systems. More studies will be required to 

define a specific link and to identify the biological factors responsible for the 

interconnection. 

Although several studies have found that depression, psychological stress and major 

stressful life events affect the immune system, there is also evidence that daily fluctuations 

in mood and minor life stressors alter immune responsiveness. Jandorf, Deblinger, Neale, 

and Stone (1986) and Delongis, Coyne, Dakof, Folkman, and Lazarus (1982) 

demonstrated that daily hassles and frequently occurring minor stressors may correlate with 

and predict changes in health status more than major life event stressors. Changes in mood 

state have been shown to result in altered levels of humoral immunity. 

In terms of psychological treatments, recent research has found relaxation techniques 

affect immune parameters in highly hypnotizable individuals (Hall, 1981), in medical 

students (Kiecolt-Glaser et al., 1984), in geriatric residents (Kiecolt-Glaser et al., 1985), 

university undergraduates (Jasnoski & Kubler, 1986), and in an experienced meditator 

(Smith, McKenzie, Marmer, & Steele, 1985). 

Research in the newly emerging hybrid specialty of psychoneuroimmunology has 

explored the psychological variables that influence immune responses, the interaction 

between the CNS and endocrine system, and how these systems are integrated with other 
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physiological systems (Macek, 1982; Maddox, 1984; Kubitz et al., 1986). The present 

study explored similar interrelationships with an emphasis on stress hormones and the 

endogenous opioid system within a chronic low back pain population. The effects of 

psychotherapeutic treatment on psychological/perceptual, physiological and biochemical 

measures of stress and pain were analyzed. Subjects were evaluated for levels of stress 

(self-report of mood state and symptomology), self-reports of pain, physiological changes 

measured via biofeedback, change in the EOS (Beta-endorphin and Met-enkephalin), and 

change in stress hormones (ACIH, CRH and Cortisol) over the course of a brief but 

intensive biofeedback-assisted relaxation and imagery training program. 

Hypotheses 

The primary hypotheses addressed the influence of psychotherapeutic treatment 

(biofeedback-assisted relaxation and imagery training) on A) psychological parameters of 

pain and stress, B) neuroendocrinological parameters of pain (EOP in plasma and CSF) 

and stress (Cortisol, ACTH, and CRH); and C) physiological/biofeedback indicators of 

stress (and pain). In addition, the interrelationships and correlations between 

psychological, biochemical and physiological parameters were examined. The following 

hypotheses were employed in this study: 

T. Treatment and Psychological Parameters 

H1: Pain Perception and Self-Report Measures of Stress. Psychotherapeutic 

treatment (biofeedback-assisted relaxation and imagery training) will reduce subjective pain 

perception (as measured by Pain Drawing Grid Number and Pain Ratings on the VAS 

Pain) and psychological measures of stress (as measured by the SCL-90-R: Global 

Severity Index "SCL-GSF, Positive Symptom Distress Index "SCL-PSDI", and Positive 

Symptom Total "SCL-PST"; POMS-Total Mood Disturbance "POMS-TMD", VAS 

Anxiety and VAS Tension). 

A. There will be lower self-reported pain and stress levels in the biofeedback-
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assisted relaxation and imagery group (I) as compared to the control group (C) following 

treatment The change (reduction) in psychological measures of stress and pain from pre to 

posttest will be greater in the (I) group as compared to the (C) group. In addition, the 

imagery group will demonstrate lower self-reported symptoms and complaints as measured 

on the Brief Symptom Checklist (Symp Ck) and will have fewer requests for/and use less 

medication following the myelography exam as compared to the control group, 

n. Treatment and Neuroendocrinological Parameters 

H2: Biochemical Measures of Pain (EOP) and Stress. 

Biofeedback-assisted relaxation and imagery will affect levels of endogenous opioid 

peptides (EOP) as measured by B-endorphin (BE) and Met-enkephalin (MET). 

Neuroendocrinological parameters of stress as measured by ACTH, Cortisol (CORT), and 

CRH will also change in response to treatment. 

A. The predictions were as follows: EOP (BE and MET) in plasma should be 

relatively higher in the biofeedback-assisted relaxation and imagery training group (I) 

following treatment as compared to the control group (C). There will be a difference in 

EOP as measured by BE and MET in CSF between the imagery group (I) and the control 

group (C). (This difference should corroborate the pattern of EOP results in plasma except 

that it is expected that there will be a higher relative level of endogenous opioid peptides in 

the CSF). 

B. Biofeedback-assisted relaxation and imagery training patients will demonstrate 

reduced biochemical/neuroendocrinological measures of stress as measured by ACTH, 

Cortisol and CRH as compared to the control group (C) following treatment There will be 

a difference in ACTH and CRH in CSF between the imagery group and the control group. 

This difference should corroborate the pattern of ACTH and Cortisol results in plasma 

following treatment ((I)<(C)). 

m. Treatment and the Combination/Integration of Psychological and Neuroendocrinological 
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Parameters 

H3: Psychological and Biochemical Measures of Pain and Stress. There will be differences 

between (I) and (C) groups when the combined effects of all psychological and 

biochemical/neuroendocrinological measures of stress and pain are evaluated. 

IV. Treatment and Physiological Parameters 

H4: Biofeedback/Treatment Effectiveness. The efficacy of biofeedback (BF) 

treatment as measured by physiological indicators over the course of treatment was 

examined. The predictions were as follows: 

A. The imagery group will improve over the course of treatment in terms of 

biofeedback measures: TEMP BF: Measurements will increase from baseline (finger/hand 

warming). EMG BF: Muscle tension will decrease (measurements decrease from 

baseline). In addition, they will be able to maintain physiological levels associated with 

increased relaxation. Biofeedback treatment effectiveness was further evaluated by self-

report indicators and Pearson's correlations (see H5-D). 

V. Correlations Between Psychological. Neuroendocrinological, and Physiological 

Parameters 

H5: There will be Associations/Correlations Between: 

1.) Psychological-Perceptual Measures of Stress and Pain 2.) Neuroendocrinological 

Measures of Stress and Pain, and 3.) Physiological (BF) Measures of Stress (and Pain). 

A. Neuroendocrinological Measures of Pain and Psychological/ Perceptual Measures 

of Pain and Stress. Psychological measures of pain and stress will correlate inversely 

(negatively) with endogenous opioid peptide levels (BE and MET), such that high reported 

pain and stress will correlate with low levels of endogenous opioids and visa versa. 

B. Neuroendocrinological Measures of Stress and Psychological/ Perceptual 

Measures of Stress and Pain. Psychological measures of stress (POMS-TMD, SCL-GSI 

& PST, and VAS: Anxiety/fear and Tension ratings) and pain will be positively 
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associated/correlated with CRH, ACTH and Cortisol levels. Thus, the higher the stress 

and pain reported, the higher the level of CRH, ACTH, and Cortisol. 

C. Neuroendocrinological Parameters of Stress and Pain and Physiological Measures 

of Stress/Pain will be correlated. Higher tension, stress, and pain (related to higher EMG 

levels, lower skin temperatures) are correlated with higher CRH, ACTH, and CORT but 

lower EOP levels. 

D. Physiological Measures and Psychological Parameters of Stress and Pain. 

Biofeedback indicators of higher stress (and pain) will be positively correlated to subjective 

reports of higher stress and pain (VAS Pain, VAS Tension, and VAS Anxiety) and visa 

versa. Refer to Appendix A for a key to variables and outline of hypotheses, predictions 

and results. 
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METHOD 

Subjects 

Subjects included 36 patients with injuiy related chronic pain. This was a highly 

selective sample of low back pain patients who were scheduled for myelography by their 

physician, an orthopedic surgeon practicing at a Dallas hospital (this medical 

recommendation was completely independent of the present study). Psychological and 

pain evaluations were conducted as part of the screening method in this study. The 

inclusion criteria included the following: 1) age between 20-60 years, 2) nutritional status-

ideal weight plus or minus approximately 25%, and 3) drug-free at least 7 days before 

plasma and CSF sampling. The subjects included 19 male and 17 female patients with a 

mean age of 35.8 and a range of 20 to 60 years (with 88.9% in the age range of 24-56). 

The study sample consisted of 21 Black, 11 Hispanic, and 4 Caucasian individuals. All 

subjects were given a verbal and written explanation of their participation in the study and a 

signed Informed Consent Form was obtained (Appendix B). Treatment of participants and 

attainment of the informed consent was in accordance with the ethical standards of the 

American Psychological Association (APA) (see Principle 9, Research With Human 

Participants in the "Ethical Principles of Psychologists," APA, 1981). Individuals giving 

consent were assigned to the imagery or wait-list control group by order of referral 

presentation and to formulate 2 groups that approximated equal composition in terms of 

sex, with similar mean and variance for age, body-mass-for-height standard, type of pain, 

and time since injury. 

39 
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The wait-list control group (C) consisted of 18 subjects (8 female and 10 male), and 

the biofeedback-assisted relaxation and imagery group (I) consisted of 18 subjects (9 

female and 9 male). Results of pretreatment comparability tests indicated that the groups 

did not vary significantly in terms of age, sex, educational level, personality or clinical 

factors, nutritional status, drug and alcohol history, medical diagnosis, or time since injury 

(a more specific description can be found in the results section). All subjects completing 

the study remained free of drugs/medications (including alcohol) that are known to 

influence endogenous opioid peptides and the neuroendocrine variables measured. Urine 

drug screens (UDS) confirmed these results. 

A number of potential subjects (ss) were excluded from the study for the following 

reasons: 1) they did not meet the specific inclusion criteria and were determined to be 

inappropriate at the screening or pretest phase (21 ss total); 2) they did not speak or 

comprehend English adequately (unspecified number); 3) they did not have approval from 

their primary physician or declined to participate; or 4) were dropped during the course of 

the study due to non-compliance, no shows, or due to one of the physicians (4 ss). 

Among these patients, there were 9 with confirmed problems with alcohol and/or drugs, or 

admitted unwillingness to temporarily refrain from medication usage: 3 of these individuals 

were counselled and referred to in-patient chemical dependency/psychiatric treatment 

centers; 1 person was dropped at the time of myelography exam due to inappropriate 

behavior and the UDS showing high levels of marijuana, cocaine, and analgesics; and the 

remaining subjects were excluded at the screening or pretesting interval due to verbal 

comfirmation of narcotic or sedative usage (and were unable or unwilling to alter 

consumption). For a more specific description of subject exclusion, refer to Appendix C. 

Materials 

Psychological Measures 
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CMcal interview and Psychosocial Fain Inventory (PSFD- A standard 

clinical/behavioral interview/history and a modification of the Psychosocial Pain Inventory 

(Heaton, R. K., Lehman, R. A., and Getto, C. J., 1980) were used to obtain demographic 

information, basic medical and psychosocial history, specific pain relevant information, 

and as part of the screening method. This screening method (interview and assessment 

devise) was used to evaluate: 1) past and current medical and psychiatric related illness and 

hospitalizations, past and current alcohol and medication/drug use and abuse; 2) 

psychosocial and developmental information; 3) stress levels and life changes related to 

pain and negative consequences of injury (familial, social, personal, occupational, 

financial, legal,and personal), and 4) life changes not secondary to the pain problem. The 

inventory included a modification of Holmes and Rahe's (1967) "Social Readjustment 

Rating Scale". Advantages of this inventory included its ability to provide a reliable and 

consistent interview procedure and its objective scoring procedure which allowed greater 

comparative power. PSPI reliability scores are reported to be quite high (r=.98 for total 

Inventory scores). Validity studies demonstrated significant results. 

Modified McCov-Lawlis Pain Drawing Grid Assessment and VAS Rating System 

(modified bv this investigator). A modification of the McCoy-Lawlis Pain Drawing Grid 

Assessment (Appendix D) was used to pictorially describe and assess reported pain. The 

McCoy-Lawlis Pain Drawing provides information along six dimensions including 

realness, expansion, over-dramatization, additional areas besides the spine depicted, 

emotional components, and lack of specificity. The validity of this instrument was 

investigated in a pain clinic setting with significant results which ranged from .30 to .53. 

Reliability between scorers was .85 and grid count reliability was .97 (Achterberg & 

Lawlis, 1984). The additional rating system utilized is a visual analogue scale (VAS) with 

numerical and rating assignments for pain intensity, tension level, and anxiety/fear levels 

(modified by the investigator). 
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ninical Analysis Questionnaire (CAO\ The CAQ is a 28-scale inventory which was 

developed by Cattell (1973) to measure both normal and pathological personality factors. 

The questionnaire measures 16 normal personality traits which includes a shortened, 

clinically redirected version of the Sixteen Personality Factor Questionnaire (16 PF) and 12 

pathological clinical factors produced through factor analysis of items from the Minnesota 

Multiphasic Personality Inventory (MMPI) and other clinical scales (Anastasi, 1982). In 

eight major factor analytic studies to determine the instrument's validity significant results 

were reported in all cases. The validity and reliability were reported to range from .45 to 

.86 and .51 to .90 respectively (Krug, 1980). 

Profile of Mood States fPOMSV The POMS is an adjective rating assessment of 

present mood state. It is thought to measure transient shifts in affect or mood possibly 

reflective of environmental factors or current treatment conditions. In addition, negative 

affect has come to be accepted at face value as evidence of the presence of stress. The 

POMS is a 65-item, 5-point rating scale that measures six emotional dimensions: tension-

anxiety; depression-dejection; anger-hostility; vigor-activity; fatigue-inertia; and confusion-

bewilderment. The Total Mood Disturbance (TMD) score was used to obtain a global 

estimate of affective state. The TMD score is obtained by summing the scores across all six 

factors (weighting Vigor negatively). This is clinically valid and is reported to be highly 

reliable because of the intercorrelations among the six primary POMS factors. The test was 

developed by D. M. McNair, M. Lorr, and L. F. Droppleman in the early 1960's and has 

demonstrated good internal-consistency (near .90 or above), adequate test-retest reliability 

(r=.65 to r=.74), and similar factor structure and loadings in a number of studies (McNair, 

Lorr, & Droppleman, 1971). 

Symptom rheddist-90-Revised (SCL-90-R). The SCL-90-R is a self-report 

symptom inventory designed to measure symptomatic psychological distress. The Clinical 

Psychometrics Research Unit of Johns Hopkins University devised the SCL-90-R, which 
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evolved from and improved upon the Hopkins Symptom Checklist (HSCL). The test 

yields scores on nine primary symptom dimensions including somatization, obsessive-

compulsive symptoms, interpersonal sensitivity, depression, anxiety, phobic anxiety, 

psychoticism, paranoid ideation, and hostility. In addition, three global indices of distress 

are formulated. The Global Severity Index (GSI) combines both the number of distressful 

symptoms and the intensity of distress identified by the patient. It is the best single 

indicator of current depth of the distress or disorder. The Positive Symptom Distress Index 

(PSDI) is an intensity measure that communicates the degree to which the patient is 

"augmenting" or "attenuating" his report of symptomatic distress. The Positive Symptom 

Total (PST) indicates the number of positive symptoms (or non-zero responses) made by 

the patient thereby revealing the total number of symptoms experienced to any degree of 

severity. The inventory has shown high levels of test-retest reliability, internal-

consistency, and high convergent validity (Derogatis, 1983; Tennen, H., Affleck, G., and 

Herzberger, S., 1985). 

This instrument was chosen for the present study since a broad spectrum of 

symptoms have been attributed to the presence of stress. In addition, the test has been 

shown to be sensitive to change in a number of clinical and medical applications including 

chronic pain (Hendler, Derogatis, Avella, & Long, 1977), depression (Weissman, 

Pottenger, Leber, Rubin, Williams, & Thompson, 1977), sexual dysfunction (Derogatis, 

Meyer, & King, 1981), and stress research (Cardington et al., 1980; Horowitz, Wilner, 

Kaltreider, & Gallant, 1980). 

Brief Symptom Checklist This 20 symptom checklist (Appendix D) was designed 

by the investigator to obtain a self-report by subjects regarding the number and severity of 

physical symptoms present within 8 hours following the myelogram and at the one to two 

week follow-up session. The physical symptoms chosen represented common complaints 

and/or physiological symptoms of stress and pain. The instructions and severity rating 
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guide was modelled after the SCL-90-R (Deiogatis, 1977,1983) in order to assist the 

subjects' efficiency and accuracy in their self-report In addition, the Total Symptom 

Severity Score (TSSS) maximum is 100 allowing for easy conversion to a percentage score 

and comparisons within and between subjects. The subject utilizes a specific time period 

(which is specified by the therapist) to determine how much he or she was bothered by a 

particular symptom. 

PhysiptogfcayBiwhgmical Measures 

Electromvograph and Temperature Biofeedback Measures. Peripheral skin 

temperature was recorded via Thought Technology Ltd.: 40T temperature biofeedback units 

(Montreal, P. Q., Canada). Skin temperature recordings provided a measure of the 

relaxation response associated with vasodilation or conversely vasoconstriction (a 

sympathetic nervous system response). EMG changes were recorded via J & J EMG 

biofeedback units with standard electrode placements on the Trapezius muscles. 

CSF and Blood Samples. CSF and blood samples were collected between 9:30 AM 

and 12:00 noon by medical personnel using standard procedures. 7-10 ml CSF samples 

were collected into sterile plastic tubes using standard lumbar puncture under local 

anesthesia. 10 ml blood samples were collected into EDTA (ethylenediamine tetraacetic 

acid) vacutainers. Both samples were shipped on wet ice and processed within 60 minutes 

of collection. Plasma was separated by centrifugation (1000 x g, 15 minutes at 4°C). 

Plasma and CSF samples were aliquoted, immediately frozen and kept at -80°C until 

assayed. Samples were stored in numerically coded tubes, thereby allowing for "blind" 

analysis of the samples. 

Radioimmunoassay of EOP. ACTH. CRH and Cortisol. A detailed explanation of 

the assay materials and procedures are described in Appendix E. 

Relaxation and Imaperv/Educational Tools 

A basic series of stress management audio-cassette tapes consisting of relaxation and 
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imagery techniques were utilized during biofeedback and self training sessions. These 

included the Wellness Series Positive Imagery Programs developed by G. Frank Lawlis 

ami Jeanne Achterberg. The imagery programs utilized included the "Stress Manager", 

"Pain Manager", and "Depression Manager". Other training tapes by G. F. Lawlis 

included "Biofeedback and Relaxation Introduction" and "Progressive Relaxation". In 

addition, a taped imagery exercise designed by the investigator to reinforce elements of the 

relaxation, stress and pain management concepts learned through the Wellness Series tapes 

was utilized. Well documented, brief systematic desensitization procedures 

(Meichenbaum, 1977) were also included on the tape to help desensitize patients from the 

myelogram procedure. 

Also, a taped explanation of the myelogram procedure recorded by the investigator 

was utilized. The script and visual aides were provided within the booklet by Winthrop 

Pharmaceuticals entitled "A Step-By-Step Guide to Your Myelography Exam" (1987). All 

audio-cassette tapes of the selected Wellness Series programs/imagery tapes, the taped 

biofeedback and relaxation introduction tapes, as well as the myelogram tape were used in a 

consistent manner (described in the procedure: "Pretests" and "Specific Features for 

Relaxation and Imagery Training Group"). 

Procedure 

All patients received a standard level of care governed by their primary physician and 

allied health professionals. Inclusion in either study group did not alter necessary 

recommended therapeutic actions. All psychological tests were administered and scored 

according to standardized procedures at specific time points in the study. All data collection 

including assessment, training, and blood and CSF sampling periods took place from 9:30 

AM to 12:00 noon so as to minimize variation due to circadian rhythms. The myelography 

exam was performed in the hospital operating room according to standard hospital 
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procedures. Psychological assessment and imagery/biofeedback training procedures took 

place in the physician's office. 

Initial Screening and Assessment Period 

A written informed consent was obtained from all subjects. A standardized 

clinical/behavioral interview (accompanied with a modification of the Psychosocial Pain 

Inventory), and the CAQ was administered and utilized to insure that participants were free 

from debilitating psychopathology and to evaluate pre-treatment comparability. All patients 

were required to remain drug-free for a minimum of 7 days (with the exception of oral 

contraceptives and aspirin) before the blood and CSF samples were collected. Each subject 

was provided with a sample of 25 325 mg coated aspirin tablets of the same brand and 

stock number at the initiation of the study. Permission to utilize aspirin sparingly for pain 

relief was given. Subjects were asked to refrain from caffeine and nicotine 24 hours before 

the myelogram procedure. Urine drug screens were performed on all subjects for each of 3 

collection periods to verify compliance. Subjects were instructed to participate in passive 

pain reduction modalities such as the application of ice and heat packs, and brief massage 

therapy if necessary in an effort to assist compliance and comfort. Subjects did not utilize 

transcutaneous electrical nerve stimulation (TENS) or receive electrical muscle stimulation 

(EMS) from a physical therapist during the study. 

Pretests 

All subjects were administered psychological, pain and stress self-report measures 

including the POMS, SCL-90-R, and the Modified Pain Drawing Grid Assessment and 

VAS Rating System (refer to Figure 1, Appendix F for "Procedural Outline"). Initial 

baseline plasma and urine samples were collected at this time (set 1 and 2 collected within 

1-3 days of each other). 

A brief introduction to the biofeedback equipment was given and physiological 

baselines including peripheral skin temperature (forefinger thermistor placements) and 
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EMG (electrodes placed on trapezius muscles) were measured. Baselines were established 

giving patients time to adapt to and stabilize from changes in temperature, physical activity, 

and to adapt to biofeedback instrumentation. Subjects were asked to "sit quietly" with eyes 

open and gently gaze at some object such as a picture or plant (they were reminded to not 

"stare or examine") for a 10 minute adaptation baseline period. An additional 5 minute 

baseline was taken with the eyes closed. 

All participants were given a taped explanation of the myelography examination and 

accompanying booklet Subjects were asked to follow the audio-description with the 

written text and figures in the myelography booklet This was followed by a 5-10 minute 

question and answer period with the investigator. Individuals in the relaxation/imagery 

training group were scheduled for therapy sessions. 

Posttestrng/Pre-Mydpgram Interval 

Both the control group and the imagery group were administered the posttests 

(POMS, SCL-90-R, Pain Drawing and VAS for pain, tension and anxiety) 24 hours before 

the myelogram procedure. On the morning of the myelography exam before the procedure 

was initiated, the final urine and blood samples were collected. Also, the patient completed 

a brief VAS for pain, tension and anxiety/fear before the procedure. Biofeedback 

thermistors and electrodes were applied and baseline measurements were made. 

During the Myelogram 

During the exam, all patients were monitored with biofeedback and measurements 

recorded. Subjects were given very general, but minimal psychological support with 1 or 2 

statements to "take a deep breath and relax". The physician and medical staff were "blind" 

to which individuals had received biofeedback and imagery training. CSF samples (7-10 

ml) were obtained from all patients during the course of the procedure. The physician 

performing the myelography exam recorded significant medical findings and behavioral 

observations. A nurse recorded specific information including symptomology reported or 
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observed and requests for and utilization of pain medication while the patient was in the 

hospital after the myelogram. Vital statistics obtained for the patient were included in this 

report. Relevant information was taken from the medical chart 

Post-Myglogram Interval/Brief Symptom Check 

During the post-procedure interval (5-8 hours following the myelogram) the patients 

were re-administered the VAS pain/tension/ and anxiety rating scales, Brief Symptom 

Checklist (Appendix D), and questioned about medication requests and usage. 

Follow-up 

Following the completion of all medical and training procedures, a follow-up and 

brief symptom/status check session (approximately 1 week following the myelogram) was 

provided to debrief the patient and schedule any assistance deemed necessary. Wait-list 

control group subjects were scheduled for training sessions and imagery group members 

were evaluated as to their need for continuing therapy. All individuals were given 

appropriate testing feedback as requested upon completion of the study. 

Specific Features for Wait-list Control Group 

This group did not receive biofeedback-assisted relaxation/ imagery training before 

the myelography examination and follow-up session. Subjects were evaluated during the 

initial screening and pretest sessions as explained above. They were introduced to the 

biofeedback equipment and told that they would be monitored during the myelography 

exam. They were also given a taped explanation of the myelography examination and 

accompanying booklet. All patients were reinstructed to remain drug-free as a requirement 

of the study. Passive modalities for pain management were available to the patient 

Subjects were retested during the posttesting/pre-myelogram interval, monitored during the 

procedure, and re-assessed briefly during the post-procedure interval and follow-up 

sessions. Control group participants were offered feedback and relaxation training upon 

completion of this phase of the study. 



49 

Specific FfflfM for Relaxation and Imagery Trying Group 

Measurements were obtained as outlined above for each phase of the study. All 

patients were reinstructed to remain drug-free as a requirement of the study. Passive 

modalities for pain management were available to each patient as well as the imagery 

training. Subjects received individual biofeedback training with relaxation and imagery 

procedures that specifically addressed stress, anxiety and pain management Audio-

cassette instruction from the Wellness Series Positive Imagery Program including the 

"Stress Manager", "Pain Manager", "Depression Manager", and an imagery audio-tape 

designed by the investigator to help consolidate and reinforce elements of the 3 previous 

training tapes were utilized by each subject before the myelogram was performed. 

Temperature and EMG biofeedback measurements and VAS for pain, tension and 

anxiety/fear ratings were obtained before and after each training session. The treatment 

group participated in 10 structured imagery sessions as described below: 

Training Session 1; Biofeedback, stress and pain management introduction. General 

relaxation through progressive relaxation and stress reduction imagery and suggestions 

were provided through the "Stress Manager" audiocassette tape. Adaptation and baseline 

periods were monitored as previously described. Subjects sampled both auditory and 

visual feedback for both temperature and EMG biofeedback but utilized only visual 

feedback during the taped training session. Visual feedback was continuous throughout 

this feedback period. Room temperature was recorded each session. The patient was 

allowed to sit in a comfortable position with feet slightly elevated. Alternatively, the trainee 

was allowed to recline in a supine position with knees and head supported or elevated i 

position to maximize comfort during the taped relaxation and imagery session. 

Biofeedback measurements were systematically recorded throughout the entire session. 

Training Session 2- The "Depression Manager" provided participants with 

encouragement, positive affirmations and imagery, and suggestions for the release of 

I in a 
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negative emotions. 

Training Session 3: The "Pain Manager" promoted deep relaxation, guidance in pain 

reduction imagery and suggestions for well-being and healing. Education and symbolic 

imagery suggestions related to endorphins are highlighted in this tape. 

Training Session 4: This relaxation and guided imagery audio-tape, developed by the 

investigator, combined elements of the previous training sessions to deepen relaxation, 

enhance pain management training level and to desensitize fears of the upcoming 

myelography procedure. 

Sessions 5 and 6/Practice: Subjects were given 2 structured self-practice assignments 

with the "Pain Manager" and "Stress Manager" relaxation/imagery audio-tapes. Miniature 

temperature biofeedback devises (mini-glass thermometers) were given to patients with 

specific instructions to maintain a written log of self-practice, response to taped exercise, 

and results of self-monitoring on the equipment. A tape-listening and pain management 

practice log was given to each imagery group subject. Subjects were encouraged to 

practice techniques at least twice a day and application of skills was emphasized. 

Sessions 7-10/Repeat of Sessions 1-4: Posttests were administered (posttesting/pre-

procedure interval) approximately 24 hours before the myelogram procedure. Treatment 

posttests included the POMS, SCL-90-R, and the Modified McCoy-Lawlis Pain Drawing 

Grid Assessment and VAS Rating System. On the morning of the myelogram, 

biofeedback and relaxation training consisted of a reinforcement of session 4 (10) material 

so as to increase the effects of training during the actual myelogram procedure. Also, the 

therapist briefly guided patients in relaxation to assist in application of skills during the 

subsequent procedure. During the myelogram, the imagery group was not given any 

additional coaching and was treated identically to the control group. Procedures fen: the 

post-myelogram interval and follow-up sessions were outlined previously. 
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RESULTS 

S AS Institute Inc. Version 2 of JMP, software for statistical visualization on the 

Apple Macintosh was utilized for all statistical analyses performed in the present study 

(SAS Institute Inc., 1989). 

Descriptive Population Statistics 

Pretreatment Comparability. The two groups were compared in all relevant 

dimensions to ensure they did not differ significandy before experimental 

manipulation/treatment (thereby verifying internal validity). Results of pretreatment 

comparability tests indicated that the groups did not vary significandy in terms of age, 

sex, educational level, personality or clinical factors, nutritional status, drug and alcohol 

history, medical diagnosis or time since injury. In terms of nutritional status 

(relationships between body mass and height) 83% of the subjects were within plus or 

minus 24% of the "ideal or desired" body-mass-for-height standard (adjusted for age as 

described by Lentner, 1984). Multivariate analysis of variance was performed on the 

CAQ including 16 normal personality traits, 12 clinical factors, and number of 

dimensions with a scaled score greater than 7 (Figure 2). The F test (from Hotelling's-

T2) for group yielded a value=1.6726, with an exact E (29,6) = .3461, and significance 

level = .9752 (Appendix G, Table 1). Univariate tests, one-way analysis of variance 

(ANOVA) demonstrated no significant differences in any dimension of the CAQ with the 

possible exception of F: Impulsivity. The imagery group had a higher mean impulsivity 

score (m = 4.833, Std Error = .377) than the control group (m = 3.500, Std Error = .377). 

Although the univariate ANOVA yielded a significance level of .0174, with a non-

51 



52 

m 

i l 
5 1 81 

c o 
V 

I 
CO 

0 * 

CO 
CO 

I < 

£ 
E p 

C O 

CO 

J 
a 

5 
< N 

b j i 

E 

o ~ o « 



53 

significant overall E, the level of alpha should be adjusted considering the number of 

dependent variables in the MANOVA (ie. is not significant). 

Demographic and relevant group membership variables were analyzed by either 

Analysis of Variance or Analysis of loglikelihood (depending on the scale of 

measurement) indicating no significant differences between the imagery training group or 

control group on any factor. Analysis of Variance demonstrated no significant 

differences between the 2 groups for age, education level, mass-for-height standard, and 

time since the injury occurred (refer to Appendix G, Table 2). Nominal variable group 

differences including sex (F or M), race (Black, Caucasian or Hispanic), drug history 

(patient identified through interview criteria as having a personal or family history of 

chemical dependency or drug and/or alcohol abuse and categorized as "yes"=Y or 

"no"=N), smoking status (Y or N), and type of insurance coverage (Worker's 

Compensation^, group insurance=G, or Medicaid=M) were determined to be 

insignificant using the analysis of loglikelihood (Appendix G, Table 3). 

In addition, one-way analyses of variance were performed on pretest measures of all 

of the dependent variables evaluated in the context of research hypotheses indicating that 

there were no significant differences between groups before treatment (refer to Appendix 

G, Table 4). Frequency distributions, quantiles and moments (which include means and 

standard deviations) for all dependent variables are displayed in Figure 3 (Appendix F). 

Inferential Statistics 

L Treatment and Psychological Parameters of Stress and Pain. 

A one-way multivariate analysis of covariance (MANCOVA) was performed on 5 

dependent variables (DVs) representing psychological measures of pain and stress 

(posttest measures: PD GRDD#2, SCL-GSI#2, SCL-PSDI#2, SCL-PST#2, & POMS-

TMD#2) and with adjustments made by 5 covariates (pretest measures: PD GRID#1, 

SCL-GSI#1, SCL-PSDI#1, SCL-PST#1, & POMS-TMD#l). The multivariate test for 
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group differences in pain perception and self-reported stress was significant at .0072 (E = 

4.1218, df = 5,25). The imagery group least square means are lower than the control 

group for each posttest measure (Figure 4). In addition, £ tests for the whole model and 

the covariates PD Grid#l, SCL-PSDI#1, and POMS-TMD#l were significant (see Table 

5). 

Data from repeated measures on the Visual Analog Scales for Pain, Anxiety and 

Tension were analyzed to detect differences between the imagery and control groups over 

time (from pretest to post-myelogram). A one-way MANOVA was performed with 

"group" as the between-subjects IV and several DVs (including: VAS Pain# 1-pretest, 

VAS Pain#2-posttest, Pain Bef-Myel, Pain Myel, & Pain Aftr-Myel) produced from the 

within-subjects repeated measures variable VAS Pain. Multivariate test results indicated 

that the overall effect of the repeated measure of VAS Pain over time including test 

administration at intervals from pretest to posttest to pain before, during and after the 

myelogram was significant with P > E .0000 (E = 9.3730, df = 4,31). The multivariate 

test for group differences was significant at .0002 (E = 7.7302, df = 4,31) indicating that 

the effect of the repeated measure of VAS Pain is dependent on "group". 

Except for pretest (pretreatment) ratings on VAS Pain, the imagery group rated their 

pain perception as lower than the control group at each test period (see Figure 5 for group 

least square means). Univariate test results (ANOVA with repeated measures) are 

displayed in Table 6. These tests were significant for both the effect of Time (ie. repeated 

measures of VAS Pain over time) and Time by Group interaction (see Table 6). The 

results of the MANOVA and repeated measures ANOVA are basically equivalent SAS 

JMP MANOVA platform was launched with the contrast response design for repeated 

measures to perform the analysis. A sphericity test was utilized to test the 

appropriateness of an unadjusted univariate E test for the "within-subjects" effects. This 

utilizes the Mauchly criterion to test the assumption that the type H covariances satisfy 
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Table 5 

Multivariate Analysis of Covariance for Psychological Measures of Stress and Pain 
Between Groups (DVs-Posttest Values. Covariates-Pretest Values'! 

Variable Value Exact E DE Num DF Den Prob>E 

Psychological Stress & Pain MANCOVA: 

DVs: PD GRED#2, SCL-GSI#2, SCL-PSDI#2, SCL-PST#2, & POMS-TMD#2 
COVs: PD GRID#1, SCL-GSI#!, SCL-PSDI#1, SCL-PST#!, & POMS-TMD#l 

Whole Model; Approx. E 
Wilks' Lambda .0233 5.3032 30 102 .0000 
Pillai's Trace 2.2872 4.0750 30 145 .0000 
Hotelling-Lawley 7.3183 5.7082 30 117 .0000 
Roy's Max Root 3.6059 17.4286 6 29 .0000 

"Group Effect; .8244 4.1218 5 25 .0072 

Covariates; 
PD GRID#1 2.5395 12.6977 5 25 .0000 
SCL-GSI#1 .4884 2.4422 5 25 .0621 
SCL-PSDI#1 .5474 2.7371 5 25 .0418 
SCL-PST#1 .0662 .3311 5 25 .8894 
POMS-TMD#! .6002 3.0009 5 25 .0295 

Note. Multivariate Test Statistics: If the number of response function values (columns 
specified in the M matrix) is 1 or if an effect has only one EE per response function, the 
exact E test is presented. Otherwise the standard set of 4 multivariate test statistics 
including Wilk's Lambda, Pillai's Trace, Hotelling-Lawley Trace, and Roy's Max Root 
displays with approximate E tests (SAS Institute Inc., 1989). 
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the Huynh-Feldt condition (SAS, 1989). This test, done on orthonormalized components, 

yielded a non-significant chi square. Thus, it can be assumed the data satisfy the 

necessary conditions and the standard E statistic is acceptable. In addition, one-way 

ANOVAs were performed on individual dependent variables to assess the importance of 

DVs following the significant multivariate E (Table 6). 

Similarly, two one-way MANOVAs were performed with "group" as the IV and 

several DVs (including VAS#1-pretest, VAS#2-posttest, VAS Bef-Myel, VAS Myel, & 

VAS Aftr-Myel) produced from the repeated measures variable VAS Anxiety/Fear and 

the other MANOVA formulated from VAS Tension. Multivariate test results indicated 

that the overall effect of the repeated measure (see intercept, Table 7, Appendix G) of 

VAS Anxiety over time including test administration at intervals from pre to posttest to 

anxiety before, during and after the myelogram was significant at .0000 (F = 11.3858, jj£ 

= 4,31). The multivariate test for group differences was significant at .0011 (E = 5.9845, 

jjf = 4,31) indicating that the effect of the repeated measure of VAS Anxiety is 

dependent on group (imagery vs control). 

Also, the multivariate E for the effect of the repeated measure (see intercept, Table 

8, Appendix G) of VAS Tension over time (including tension ratings from pre to posttest 

to tension before, during and after the myelogram) was significant at .0000 (E = 3.5587, 

df = 4,31). The multivariate test for group differences for VAS Tension was significant 

at .0000 (E = 9.2828, df = 4,31), again indicating that the effect of the repeated measure 

of VAS Tension is dependent on group assignment (imagery vs control). At each time 

period, except for pretest ratings, the imagery group rated their level of anxiety on the 

VAS Anxiety and their level of tension on the VAS Tension lower than the respective 

control group ratings (see Figures 6 and 7 for group least square means). In addition, 

univariate ANOVAs for repeated measures were performed which confirmed these 
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Table 6 

Multivariate Analysis of Variance for DVs Produced from Repeated Measures of VAS 
Pain Over Time (VAS Pain#l. VAS Pain#2. Pain Bef-Mvel. Pain Mvel & Pain Aftr-
Mvel") Between Groups and Univariate F Tests 

Variable Value Exact F DF Num DFDen Prob>E 

VAS Pain; 

Multivariate Tests; 

Intercept (Rep Meas) 1.2094 9.3730 4 31 .0000 

Group Effect .9975 7.7302 4 31 .0002 

Univariate unadjusted Epsilon=: 

Time 1 11.8490 4 31 .0000 

Time by Group 1 5.4253 4 31 .0004 

Univariate Analysis of Variance with (1,34) DF. 

Variable Model Error Model Error 
SS SS MS m E Ratio Prob>] 

Univariate F-Tests: 

VAS Pain#l 2.2500 118.7222 2.2500 3.4918 .6444 .4277 

VAS Pain#2 14.6944 126.2778 14.6944 3.7141 3.9564 .0548 

Pain Bef-M 4.0000 95.2222 4.0000 2.8007 1.4282 .2403 

Pain Myel 30.2500 80.5000 30.2500 2.3676 12.7764 .0011 

Pain Aftr-M 35.0069 124.1806 35.0069 3.6524 9.5847 .0039 

Note. For Psychological Variables: #1 = Pretest & #2 = Posttest. 
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significant results (see Table 7 and 8, Appendix G). In each case, univariate tests were 

significant for both the effect of Time (ie. repeated measure for VAS Anxiety and for 

VAS Tension) and Time by Group interaction (see Table 7 and 8, Appendix G). The 

sphericity test performed with the VAS Tension analysis yielded a significant chi-square 

of .049 which confirmed that the errors were nonspherical. In this case, the Mauchly 

criterion is rejected and E test with the Greenhouse-Geisser (G-G) or Huynh-Feldt (H-F) 

adjusted degrees of freedom is needed (SAS, 1989). Significance levels did not change 

despite using adjusted degrees of freedom (refer to Table 8, Appendix G). One-way 

ANOVAs were also performed to explore differences between groups for each DV 

following the significant multivariate E tests. The ratings for both anxiety and tension 

were significantly lower in the imagery group during all test intervals except pretest or 

pretreatment ratings (see Table 7 and 8, Appendix G). 

The change in psychological measures of stress and pain from pre to posttest was 

analyzed by difference scores. A one-way multivariate analysis of variance was 

performed utilizing difference scores (the difference between pretest and posttest 

measures) for the following DVs: GSI-DIFF, PSDI-DEFF, PST-DIFF, TMD-DIFF, PD 

GRID-DIFF, VAS Pain-Diff, VAS Anx-Diff, VAS Tens-Diff. The independent variable 

was "Group". The multivariate group effect for psychological measures of stress and 

pain yielded a value = 1.0611 and was significant at .0059, E (8,27) = 3.5812. For all 

dependent measures, the imagery group made a greater positive change from pre to 

posttest than the control group (see Figure 8, Appendix F for difference score group least 

square means). Univariate ANOVAs were performed on individual dependent variables 

to assess the importance of DVs following the significant multivariate E- Multivariate 

and univariate E tests are displayed in Table 9 (Appendix G). 

To test the degree of change (improvement) on self-report measures following 
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treatment, data from the imagery group were analyzed by a one-way multivariate analysis 

of variance. MANOVA was performed on eight dependent variables considered 

psychological measures of stress and pain: PD GRID#, VAS Pain, VAS Anx, VAS Tens, 

SCL-GSI, SCL-PSDI, SCL-PST, and POMS-TMD. The independent variable was "Test 

Set" for the Imagery Group. The multivariate E test for PS Test Set yielded a value of 

1.038, exact E (8,27) = 3.5036, Prob > E. .0067. Since a significant multivariate E was 

obtained, one-way ANOVAs were performed on dependent measures to approximate the 

significance level related to the degree of change from pre to posttest (test set) for each 

DV. Univariate E tests are displayed in Table 10. 

Table 10 

Univariate Analysis of Variance of Pretest Vs Posttest Test Sets for Psychological 
Measures of Stress and Pain in the Imagery Group with (1.34) DF 

Variable Model Error Model Error 
SS 25 MS MS E Ratio Prob>E 

PD GRID# 684.694 10288.9440 684.6940 302.616 2.2626 .1418 
VAS Pain 49.000 119.8889 49.0000 3.5261 13.8962 .0007 
VAS Anxiety 42.250 102.5000 42.2500 3.0147 14.0146 .0007 
VAS Tension 69.444 101.7778 69.4444 2.9935 23.1987 .0000 
SCL-GSI 220.028 2658.7222 220.0278 77.6090 2.8351 .1014 
SCL-PSDI 152.111 1755.1111 152.1110 51.6210 2.9467 .0952 
SCL-PST 144.000 2256.5556 144.0000 66.3690 2.1697 *1513 
POMS-TMD 5232.111 24269.4440 5232.1100 713.8100 7.3299 .0105 

Note. Tests that the variances are equal (including O'Brien [.5], Brown-Forsythe, 
Levene, and Bartlett) yielded significance c < .05, so Welch Anova Testing Means Equal, 
allowing Std's not Equal was used. 
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In addition, the imagery group had significantly lower self-reported symptoms as 

measured by the Brief Symptom Checklist following the myelography, I (34) = 5.761 and 

Prob > 1̂1 .0000. The imagery group had fewer requests for and use of medication 

following the myelography exam. The results were as follows: only 16.7% (3 of 18) of 

the imagery group used medication, while 44.4% (8 of 18) of the control group used 

medication following the myelogram procedure. 

n. Treatment and Ngvirpgndwrinptogical Parameters of Stress and Pain, A one-

way MANCOVA was performed on two DVs representing biochemical measures of pain 

(EOP in Plasma: PL3-BE & MET) between the two groups at posttest. The pretest values 

of the DVs comprised the covariates thereby adjusting for pretreatment scores for each 

measure. The result of the multivariate test for "group" did not reach significance at the 

.05 level but did show a trend with a significance level at .09. However, the whole model 

and the covariate PL1&2-BE were significant (see Table 11). Exploratory MANCOVAs 

performed on biochemical measures of stress (ACTH & CORT), or stress and pain (EOP, 

ACTH & CORT) did not yield significant multivariate group effects (see Appendix G, 

Table 12). 

T-tests performed on EOP and biochemical measures of stress derived from CSF 

indicated that there were no significant differences between the two groups existing at the 

time of CSF sampling (posttest interval-during the myelogram) (see Appendix G, Table 

13). Further, exploration of neuroendocrinological measures on an individual basis did 

not lead to significant findings (the only one-tailed t-test that approached significance [p 

< .057] was the posttest group difference in the plasma sample of BE (PL3). 

m. Treatment and the Combination of Psychological and Neuroendocrinological 

Parameters of Stress and Pain. A one-way multivariate analysis of covariance 

(MANCOVA) was performed on 9 dependent variables (DVs) representing both 

psychological and neuroendocrinological measures of stress and pain (DVs = posttest 
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TABLE 11 

Multivariate Analysis of Covariance for Biochemical Measures of Pain (EOP in Plasma; 
BE & MET) Between Groups (DVs-Posttest Values. Covariates-Pretest Values) 

Variable Value Exact E DFNum DF Den Prob>E 

DVs: BE-PL3 (Post), MET-PL3 (Post) 
COVs: BE-PL1&2 (Pre), MET-PL1&2 (Pre) 

Multivariate F Tests; 

Whole Model: Approx. E 
.0063 Wilks' Lambda .5699 3.3535 6 62 .0063 

Pillai's Trace .4739 3.3128 6 64 .0067 
Hotelling-Lawley .6773 3.3865 6 60 .0061 
Roy's Max Root .5325 3.3865 3 32 .0031 

*Group Effect; .1677 2.5995 2 31 .0904 

Covariates; 
PL1&2-BE .4399 6.8197 2 31 .0035 
PL1&2-MET .0722 1.1197 2 31 .3392 

specified in the M matrix) is 1 or if an effect has only one £>E per response function, the 
exact E test is presented. Otherwise the standard set of 4 multivariate test statistics 
including Wilk's Lambda, Pillai's Trace, Hotelling-Lawley Trace, and Roy's Max Root 
displays with approximate E tests (SAS Institute Sic., 1989). 

measures: SCL-GSI#2, SCL-PSDI#2, SCL-PST#2, PD GRID#2, POMS-TMD#2, PL3-

CORT, PL3-ACTH, PL3-BE, & PL3-MET) and with adjustments made by 9 covariates 

(pretest measures: SCL-GSI#1, SCL-PSDI#1, SCL-PST#1, PD GRID#1, POMS-TMD#l, 

PL1&2-CORT, PL1&2-ACIH, PL1&2-BE, & PL1&2-MET). The multivariate test for 

group differences on combined measures of stress and pain was significant at .0254 (E = 

2.9724, df = 9,17). In addition, E tests for the whole model and the covariate PD Grid#l 

were significant (see Figure 9B, Appendix F). The least square means (LS Means) for 

the imagery group were lower than the control group for pain perception and for each 

posttest stress measure (with the exception of PL3-ACTH, which was slightly higher). 
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Group LS Means for EOP were higher in the imagery group as predicted (see Figure 9A). 

A one-way multivariate analysis of variance was performed on difference scores 

(the difference between pretest and posttest measures) for the combined or integrated 

effects of psychological and neuroendocrinological measures of stress and pain between 

groups. The DVs were as follows: GSI-DIFF, PSDI-DIFF, PST-DIFF, TMD-DIFF, 

PD GRID-DIFF, VAS PAIN-DIFF, VAS ANX-DIFF, VAS TENS-DIFF, BE-DIFF, 

MET-DIFF, CORT-DIFF, and ACTH-DIFF. The independent variable was Group. The 

multivariate test for the group effect yielded a value of 1.1394, exact E (12,23) = 2.1839, 

Prob > E .0519. Multivariate and univariate E tests are displayed in Table 9 (Appendix 

G). 

IV. Treatment and Physiological Parameters. The efficacy of biofeedback 

treatment as measured by physiological indicators over the course of treatment was 

examined. Multivariate analysis of variance was performed on two dependent variables 

including both biofeedback (BF) modalities: temperature biofeedback (TBF) and EMG 

biofeedback (EBF). The independent variable was "BF BL vs BEST" which provided the 

comparison of mean biofeedback baseline (BL) measurements with the associated means 

of measurements representing optimal performance levels ("BEST"). The multivariate 

test for the "BF BL vs Best" effect yielded a value of 4.9070, exact E (2,33) = 80.9659, 

Prob > E .0000. Subsequent l-tests comparing mean baseline measurements for 

temperature biofeedback (TBF BL) and for EMG biofeedback (EBF BL) with the 

associated means of measurements representing optimal performance levels per session 

(TBF HI and EBF LO) were used to further evaluate subjects' treatment response. There 

were significant differences between average baseline measurements and the average of 

optimum measurements for both temperature biofeedback (t [34] = 7.708, Prob > 111 

.0000) and for EMG biofeedback (i [34] = 9.38, Prob > 111 .0000). The overall means for 

TBF BL and TBF HI computed for imagery patients, for each session over the course of 
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biofeedback training were 87.17°F and 92.99°F respectively. Similarly, the means for 

EBF BL and EBF LO were 5.58 |J.V and 1.18 nV respectively. Mean "criterion" levels 

(defined as the optimum performance levels obtained and maintained for at least 5 

minutes for each subject during the course of training) were as follows: TBF = 96.22°F 

and EBF = 62 |iV (see Figure 3 in Appendix F for Frequency Distributions, Quantiles and 

Moments). Only one trainee was unable to reach or surpass a hand/finger wanning 

temperature of 93.5°F, however thisindividual was able to maintain a level of 92.5°F. 

Eighty-nine percent (16 of 18 ss) of imagery patients were able to maintain a criterion 

temperature of 94.1 or higher on a consistent basis during the second half of training. 

They were all able to reduce muscle tension to a EMG level of 1.5 |xV or below, with 

89% able to maintain a criterion level of 1.1 jiV or below. 

Biofeedback effectiveness was also evaluated by assessing patients' improvement of 

physiological control by comparing performance in the first half of training with that in 

the second half of training (each half of training consisted of 4 therapist monitored 

sessions and one structured practice session). Multivariate analysis of variance was 

performed on the following DVs: TBF BL, TBF HI, EBF BL, and EBF LO. The IV was 

"Training Period" with levels I or II (I represents the first half of biofeedback training and 

II the second half). The multivariate effect for "Training Period" yielded a value of 

.5014, exact F (4,31) = 3.8855, and Prob > F .0114. Results indicate that the combined 

effect of changes in baseline and training measurements for both temperature and EMG 

biofeedback is significant with respect to training period (I or II). Training period least 

square means reveal that baseline temperatures and maximum training temperatures 

increased in the direction desired both from baseline to highest temperature achieved per 

session and for these measurements relative to each other from the first half of training 

compared to the second half of treatment. In a similar manner, both EMG baseline and 
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training level means showed reductions from the first set of training sessions to the last 

set (see Figure 10A, Appendix F). Subsequent univariate tests were performed to clarify 

the importance of the DVs and the results are displayed in Table 14. 

Although room temperature was regulated during each training session, the effect of 

room temperature on temperature biofeedback results was evaluated. Multivariate 

analysis of covariance with room temperature as the covariate yielded essentially the 

identical results as above (with the covariate not significant). Mean room temperature 

was 74.7°F with a range of 73.2 to 76.7°F. Mean room temperature during the first half 

of training (74.5°) did not differ from the mean room temperature during the second half 

of training (74.9°F). In addition, biofeedback modalities were evaluated independent of 

each other over the two halves of treatment to examine if performance from baseline to 

optimal training level was significant for ss* ability to raise finger temperature and/or 

reduce muscle tension. A one-way MANOVA performed on EMG biofeedback 

measurements (DVs: EBF MI and EBF Mil) between baseline and "best" training 

measurements (IV: BF BL/BEST) yielded significant results (for the BF BL/BEST effect: 

value = 2.6333, exact E(2,33) = 43.4498, Prob > E .0000). Results indicated that ss' 

EMG biofeedback performance over both training periods changed significantly from 

baseline to their lowest EMG readings (ie. optimal measure associated with the reduction 

in muscle tension). To determine if there was a significant difference between the mean 

baseline (BL) temperature and the mean optimal training temperature measurements 

("BEST") over both periods of training, a one-way MANCOVA was performed with 

temperature biofeedback (DVs: TBF MI, TBF ME; IV: BF BL/BEST) using room 

temperature as the covariate. The multivariate test for BF BL/BEST was significant and 

yielded a value = 2.8722, exact E(2,32) = 45.9556, Prob > E .0000. Thus, subjects were 

able to significantly raise their finger temperature above baseline over the course of 

treatment (LS means are displayed in Figure 10B, Appendix F). The covariate (room 
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Table 14 

Univariate Analysis of Variance for Biofeedback Measurements fry Training PCHOd I Ys 
TT or within Each Training Period with (1.34) DF 

Variable Model 
2a 

Error 
SS 

Model m 
Error 
MS E Ratio Prob>E 

Between Training Period I vs II; 

TBFBL 60.8400 351.0600 60.8400 10.3253 

TBFHI 33.2544 232.9444 33.2544 6.8513 

EBFBL 42.9025 214.8650 42.9025 6.3196 

EBF LO 2.6406 19.2092 2.6406 .5650 

Baseline vs Optimum Measurements Within Training Period? 

Training Period I (MI): 
459.7800 342.2500 
126.8200 245.2356 

TBF-MI 342.2500 
EBF-MI 245.2356 
Training Period II (ME): 
TBF-MH 271.1511 
TBF-MH 115.2402 

124.2244 

107.2543 

271.1511 
15.2402 

13.5230 
3.7300 

3.6540 
3.1550 

5.8923 
4.8537 
6.7888 
4.6739 

25.3088 
65.7468 

74.2136 

36.5316 

.0207 
*.0371 
.0135 

*.0412 

.0000 
*.0000 

.0000 
*.0000 

Note. *Tests that the variances are equal (including O'Brien [.5], Brown-Forsythe, 

Levene, and Bartlett) yielded significance c < .05, so Welch Anova Testing Means Equal, 

allowing Std's not Equal was used. 

temperature) was significantly related to DVs, Prob > F .0091. In addition, follow-up 

one-way ANOVAs indicated that mean biofeedback changes from baseline to optimum 

temperature orEMG measurements were significant (all at the .0000 level) within 

Training Period I and within Training Period II (see Table 14). Thus, within both the first 

and second halves of biofeedback treatment (Training Period I and II) the change from 

baseline measurements to optimal performance was significant indicating positive 

improvement in terms of increased physiological control and relaxation ability. 

The change in biofeedback measurements from baseline to ss' optimum session 
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performance was averaged over the first half of training (Training Period I) and compared 

with respective change scores (IBF Diffl) for the second half of training (II). A one-way 

MANOVA with TBF and EBF change scores as the DVs and 'Training Period" as the IV 

was performed. The multivariate effect of 'Training Period" yielded a value of .2084, 

exact E (2,33) = 3.4388 and Prob > E .0440. The means for biofeedback change scores 

("BF Diff") demonstrated a greater change in both temperature and EMG biofeedback 

during Training Period I as compared to Training Period II. The overall mean change 

scores (over the entire course of training) for TBF and EBF were 5.83° and 4.4 |iV 

respectively. The means, standard deviations and range for biofeedback change scores 

for each training period and over the entire course of treatment are displayed in Table 15 

(Appendix F). 

Patients' subjective reports of pain, tension and anxiety were assessed before and 

after biofeedback training for each session and this was analyzed by a one-way 

MANOVA. The DVs included PAIN, TENSION and ANXIETY (from the VAS Scales) 

and the independent grouping variable was "Before or After Biofeedback" (BEF/AFTR 

BF). The multivariate effect of "BEF/AFTR BF" was significant yielding a value = 

1.2894, exact E (3,32) = 13.7545, and Prob > E .0000. Figure 11 shows least square 

means for pain, tension and anxiety are higher before biofeedback training as compared 

to after training. Follow-up univariate tests revealed that VAS ratings for pain, tension or 

anxiety were significantly lower following biofeedback as compared to pretraining 

ratings on the respective pain, tension and anxiety rating scales (see Table 16). 

V. Correlations Between Psychological. Neuroendocrinological, and Physiological 

Parameters of Stress and Pain. Pearson product moment correlations were utilized to 

examine relationships between biological and psychological variables. Correlation 

coefficients were obtained for biochemical measures of pain (EOP) in plasma and 

psychological/perceptual measures of pain and stress. Significant correlations were 
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Table 16 

Univariate Analysis of Variance for Pain. Tension and Anxiety Ratings 
Before Biofeedback Vs After Biofeedback Training With (1. 34) PF 

Variable Model 
SS 

Error 
S& 

Model 
MS 

Error 
m E Ratio Prob>E 

VAS PAIN 27.7378 98.6094 27.7378 
VAS TENS 52.5625 59.4325 52.5625 
VASANX 41.0667 46.1690 41.0667 

2.9003 9.5638 .0039 
1.7480 30.0698 .0000 
1.3579 30.2425 .0000 

reported at the £ .05 level. The association between pain perception/self-report stress 

variables and endogenous opioid peptides was significant in the direction predicted in 20 

variable pairs (see Table 17). It was expected that there would be a negative correlation 

between perceived stress and pain and EOP levels. Highly correlated variables included 

the posttest plasma sample of B-endorphin (PL3-BE) with pain perception at posttest 

(VAS PAIN#2), pain before the myelogram (PAIN BEF-MYEL), and pain during the 

myelogram (PAIN MYEL); and Met-enkephalin (PL3-MET) with anxiety before the 

myelogram (ANX BEF MYEL). 

Pearson product moment correlations were also utilized to examine relationships 

between neuroendocrinological/biochemical parameters of stress and psychological/ 

perceptual measures of stress and pain. The correlations between stress indicators in 

plasma and psychological stress and pain variables were significant (in a positive 

direction as predicted) in 10 variable pairs (see Table 18). Strongly correlated variables 

were pretest plasma samples of Cortisol (PL1&2-CORT) with pretest measures of the 

Symptom Checklist 90-R: Global Severity Index (SCL-GSI#1) and the Positive Symptom 

Total (SCL-PST#1), and the POMS Total Mood Disturbance score (POMS-TMD#l); and 

ACTH (PL1&2) with the Pain Drawing Grid# (PD GRID#1). 
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Table 17 

Significant Correlations Between Biochemical Measures of Pain (EOF) in Plasma and 
Psychological/Perceptual Measures of Pain and Stress 

Variable Variable Correlation 
Coefficient 

Significance 
•Level 

PAIN (EQP); PSYCH PAIN & STRESS: 

PL1-BE VAS ANX#1 -.2800 <.05 
PL2-BE VAS PAIN#1 -.3768 <.025 
PL2-BE VAS TENS#1 -.4220 <.01 
PL3-BE SCL-PST#2 -.3939 <01 
PL3-BE VAS PAIN#2 -.4733 <.0025 
PL3-BE VAS TENS#2 -.4452 <.005 
PL3-BE PAIN BEF-MYEL -.6274 <.0005 
PL3-BE PAIN M YEL -.4701 <.0025 
PL3-BE PAIN AFTR-MYEL -.4443 <.005 
PL3-BE TENS BEF-MYEL -.3716 <.025 
PL3-BE TENS MYEL -.3387 <025 
PL3-BE TENS AFTR-MYEL -.3759 <.025 
PL3-BE ANX AFTR-MYEL -.2901 <.05 
PL3-BE SYMPCK -.3645 <.025 
PL1-MET VAS ANX#1 -.3745 <.025 
PL1&2-MET VAS ANX#1 -.3309 <025 
PL1-MET VAS PAIN#1 -.3250 <05 
PL3-MET SCL-PSDI#2 -.3041 <.05 
PL3-MET TENS BEF MYEL -.2901 <05 
PL3-MET ANX BEF MYEL -.4605 <.0025 

Note: For Plasma (PL): PL1, PL2, & PL1&2 = Pretest Sets and PL3 = Posttest Set. For 
Psychological Variables: #1 = Pretest & #2 = Posttest. 

N = 36,DF = 34. 

•Significance Level based on directional hypotheses. 



75 

Table 18 

Significant Correlations Between Biochemical Measures of Stress and Psychological 
Measures of Stress and Pain 

Variable Variable Correlation Significance 
Coefficient •Level 

Biochem-Plasma: Psychological: 
.3367 <.025 PL1-CORT SCL-GSI#1 .3367 <.025 

PL1-CORT SCL-PST#1 .3132 <.05 
PL2-CORT SCL-GSI#1 .3300 <.025 
PL2-CORT SCL-PST#1 .3570 <025 
PL2-CORT POMS-TMD#l .4001 <01 
PL1&2-CORT SCL-GSI#1 .4361 <005 
PL1&2-CORT SCL-PST#1 .4428 <005 
PL1&2-CORT POMS-TMD#l .4388 <005 
PL1&2-CORT POMS-TMD#2 .3584 <025 
PL1-ACTH VAS PAIN#1 .3303 <.025 
PL1&2-ACTH PD GRID#1 .4252 <.005 
PL1&2-ACTH VAS PAIN#1 .3579 <.025 
Biochem-CSF; 
CSF-ACTH PAIN AFTR-M .3074 <05 

Psychological Variables: #1 = Pretest & #2 = Posttest. 

N = 36. DF = 34. 

•Significance Level based on directional hypotheses. 

Relevant correlations between physiological (BF) and biochemical measures for all 

subjects (N = 36), which included biofeedback baselines and measurements taken during 

the myelogram interval were significant in 4 variable pairs. Biofeedback measures 

related to physiological/autonomic arousal were associated with higher levels of 

ACTH/CRH or lower MET as is shown in Table 19. 

Correlations between physiological (BF), psychological, and biochemical measures 

were calculated for the biofeedback/imagery group (n = 18). A great number of 

significant correlations were found between biofeedback and psychological variables, 

biofeedback and biochemical measures, and between psychological and biochemical 



76 

Table 19 

Significant Correlations Between Biochemical Measures of Stress and Pain and 
Physiological (Biofeedback) Variables 

Variable Variable Correlation 
Coefficient 

Significance 
•Level 

PL2-ACTH TBF-BL#1B -.2958 <05 
PL3-MET TBF-MYLINIT .2816 <.05 
PL3-MET TBF-MYL AVR .2965 <.05 
CSF-CRH EBF-BL#1B .3582 <.025 

For Plasma: N = 36, DF = 34; For CSF-CRH & MET: N = 35, DF = 33. 
•Significance Level based on directional hypotheses. 

variables for the imagery group (see Table 20 in Appendix G). The most highly 

correlated variables between biofeedback and psychological measures included the mean 

optimal EMG biofeedback performance during the first half of training with the ss' self-

report of tension following biofeedback training during the first half of training (EBF MI-

LO with TENS AFTR BFI), the overall mean representing optimal EMG training level 

(mean EBF LO) with the mean tension level reported following biofeedback training 

(TENS AFTR BFI), and the mean optimal EBF performance during the myelography 

exam and ss' reported tension level before the myelogram (EBF-MYL LO with TENS 

BEF-M). Thus, the lower reported tension level (higher relaxation level) the lower the 

EMG measurement and visa versa. 

Biofeedback variables that were strongly correlated to neuroendocrinological 

variables included EBF MI-LO with PL2-ACTH and PL1&2-ACTH; and EBF LO with 

PL2-ACTH and PL1&2-ACTH. Generally, high physiological indicators of stress were 

associated with high biochemical indicators of stress and visa versa. 

The most significant associations between psychological and biochemical variables 

were as follows: PL1-ACTH with mean pain perception before biofeedback (PAIN BEF 
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BF), PAIN BEF BFII (ie. "Training Period 11"); and PL1&2-ACTH with mean tension 

ratings after biofeedback over the first half of training (TENS AFTR BFI). Other 

significant correlations are listed in Table 20 (Appendix G). 



CHAPTER IV 

DISCUSSION 

In this study, the effects of a brief, intensive psychotherapeutic treatment regimen of 

biofeedback-assisted relaxation and imagery training on psychological, physiological and 

neuroendocrinological parameters of pain and stress in patients suffering from chronic pain 

were assessed. Most importantly, the statistical analyses allow an evaluation of the 

influence of a non-invasive psycho-behavioral treatment program in a comprehensive 

fashion thereby allowing psychobiological interpretation of the results. Individual 

parameters of stress and pain were also elucidated. 

The results provide strong support for the hypothesis (HI) that biofeedback-assisted 

relaxation and imagery training decreases pain perception and psychological measures of 

stress including mood state and symptomology. All statistical analyses comparing the 

imagery group with the control group for psychological measures of pain and stress for 

posttest differences; repeated measures of pain, tension and anxiety ratings; and the amount 

of change from pre to posttest are highly significant Thus, the biofeedback/imagery 

training group demonstrated substantial reductions in self-reported pain perception and 

stress phenomena after treatment compared to both the control group and to their own 

pretest measures. 

Additionally, self-perception of pain, tension, anxiety and symptoms of stress were 

lower before, during and after the myelogram in the imagery group. The highly significant 

results of MANOVAs structured by DVs representing the repeated measures on the VAS 

for administrations from pretest to posttest to before, during and after the myelogram were 

also analyzed by ANOVAs with repeated measures. Since these results are in perfect 
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agreement, they allow greater confidence in the interpretation of the results. The imagery 

group also reported significantly fewer physical/ medical symptoms 5-8 hours following 

the myelography exam as compared to the control group. The myelogram provided the 

ultimate test of the patients' ability to apply their newly acquired skills for relaxation and 

self-management of stress, tension, anxiety and pain while undergoing an invasive surgical 

procedure. The patients were able to tolerate the procedure without medication (other than 

local anesthesia) before, during and in most cases following the myelogram. Only 3 of 18 

(16.7%) imagery patients requested medication following the myelogram procedure, 

whereas 8 of 18 (44.4%) control subjects used medication. A requirement of the study 

was that all participants would remain drug free at least 7 days before plasma and CSF 

sampling (which meant they were essentially drug and alcohol free for the full duration of 

the study). Screening of the urine for drugs and alcohol confirmed these results. 

Most of the chronic pain patients in this study initially reported "intolerable" levels of 

pain and were consuming pain medication on a frequent basis. The fact that they were 

willing and able to refrain from medications other than aspirin for over a month is 

noteworthy. In fact, even the control group tolerated pain without taking medication when 

given support and brief instruction from the physician and therapist to use alternative 

methods for pain management during this time period (for example, use of heat and ice 

packs, stretching exercises, common sense techniques, etc.). Also, of potential therapeutic 

value was that patients demonstrated that sedatives and narcotics are not needed for the 

myelography procedure, especially for patients who have been given a thorough 

explanation of the procedure and instruction in relaxation techniques. This information 

could be immediately incorporated in the treatment of most chronic pain cases. 

Results from the hypothesis related to psychological measures of stress and pain are 

consistent with predictions concerning physiological measures of stress (or relaxation) 

measured via temperature and EMG biofeedback (H4). It was confirmed that this regimen 
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of biofeedback treatment is effective according to physiological criteria for both systematic 

increases in finger/hand temperature and decreases in muscle tension (EMG-trapezius 

muscle) from the beginning to end of each training session and over the course of 

treatment The comparison of mean biofeedback baseline measurements with the 

associated means of measurements representing optimal performance levels are highly 

significant in statistical tests for both temperature and EMG biofeedback (whether 

considered together or as an individual treatment modality). In addition, imagery patients 

were able to maintain and enhance positive physiological changes in a progressive manner 

throughout subsequent training sessions. 

Imagery patients demonstrated significant improvement over time as measured by 

comparing the first half of biofeedback training with the second half and by analyzing 

positive change or difference scores. Thus, they were able to decrease physiological 

arousal responses and enhance relaxation responses thereby warming their hands/fingers 

and reducing muscle tension over the course of training. Also, the mean "criterion" or 

optimal performance levels are clinically significant (TBF = 96.22°F and EBF = .62 jxV) 

when coupled with the therapist's assessment and the patients' perception of improvement 

Physiological changes were strongly associated with the subjects' self-reports of pain, 

tension, and/or anxiety. Clear and dramatic improvements were demonstrated in self-

ratings before biofeedback/imagery training sessions and following each relaxation period. 

Again, self-reports were strongly associated with physiological measurements. This is 

particularly evident with EMG measurements. 

Correlations between biofeedback and psychological measures for the 

imagery/biofeedback group are significant for 59 variable pairs. The most highly correlated 

variables between biofeedback and psychological measures included the mean optimal 

EMG biofeedback performance (EBF LO) during the first half of training with the 

individuals' self-report of muscle tension following biofeedback training during the same 
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time period. Highly significant correlations also exist between the overall mean 

representing optimal EMG training level and the mean tension level reported following 

biofeedback training; and the mean optimal EBF performance during the myelography 

exam and patients' reported tension level before the myelogram. The self-ratings of pain 

and anxiety both before and after biofeedback training are also significantly related to EMG 

measurements (baselines and "Best" measures) in the predicted directions and time intervals 

of training. Thus, lower reported tension, pain, and/or anxiety levels (higher self-reports 

of relaxation, comfort, and feelings of calmness) are correlated with lower the EMG 

measurement and visa versa. 

EMG is also correlated to stress symptomology such that the greater number or 

intensity of symptoms reported, the higher tension level recorded by EMG (and visa 

versa). Temperature biofeedback is significantly and negatively correlated with anxiety 

levels measured before the myelography exam. Therefore, high reported anxiety is 

correlated with low finger temperatures which is consistent with increased physiological 

arousal of the "fight or flight" response (constriction of peripheral blood vessels), while 

low anxiety iss associated with the relaxation response (warmer temperatures). 

The most interesting and potentially valuable aspect of the present study concerns 

the influence of biofeedback-assisted relaxation and imagery training on 

neuroendocrinological parameters and their associations with psychological and 

physiological parameters. The predictions set forth in hypothesis 2 were as follows: 

psychotherapeutic treatment would affect neuroendocrinological parameters of stress and 

pain such that 1) levels of endogenous opioid peptides (BE and Met-enkephalin) would be 

relatively higher in the imagery group following treatment as compared to the control group 

and 2) neuroendocrinological parameters associated with high levels of stress (ACTH, 

Cortisol and CRH) would be lower in the imagery group following treatment. The results 

demonstrate that EOPs in plasma (and BE in CSF) are relatively higher in the imagery 
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group following treatment but this difference is not statistically significant. However, a 

trend for significance is evident for the multivariate "group" effect (EOP in plasma 

MANCOVA). Mean levels of EOP decreased from pretest to posttest in both groups, but 

the imagery group levels remained higher. Further, exploration of neuroendocrinological 

measures on an individual basis did not lead to significant findings (only the directional t-

test of posttest group differences of BE in plasma approached significance). There are no 

significant differences between groups found in the exploratory MANCOVAs for 

biochemical stress / or stress and pain measures at posttest, however ACTH (in plasma and 

CSF) and Cortisol (in plasma) were lower in the imagery group following treatment as 

predicted. Also, the mean levels of ACTH and Cortisol in plasma decreased from pretest to 

posttest in both groups, but the posttest means for the imagery group are lower. The group 

differences between all CSF measures did not reach statistical significance. 

The analyses of differences between the two groups far neuroendocrinological 

parameters should be considered exploratory since it was unknown whether significance 

could be reached given the individual variation in the levels of hormones and neuropeptides 

and the relatively small number of subjects. In addition, the inability to obtain pretest 

samples of CSF (due to medical/ethical constraints) was a restriction in the design of the 

study. The relatively brief psychotherapeutic intervention may not have been powerful 

enough to change neuroendocrinological systems in such a short period of time. For 

example, neuromodulators could possibly take weeks to fully adjust to various stimuli. 

However, in light of the highly significant results in psychological and physiological 

parameters and the trends and correlations seen in the neuroendocrinological variables, it is 

likely that if the treatment were longer the therapeutic value and impact on biological 

systems would have been more dramatic. 

It was also expected that endogenous opioid peptides in the CSF would be 

relatively higher than EOP in plasma following treatment BE (in both the imagery and 
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control groups) and MET (in the control group) were slightly higher in CSF as compared to 

plasma. It was thought that the peripheral and central source of production of endogenous 

opiate peptides (EOP) would be differentially affected by treatment As the amount of acute 

stress decreases, the activity of the adrenal glands is reduced and so is the level of 

peripheral endogenous opioid peptides (measured in plasma). There is no consensus in the 

literature on how levels of EOP in CSF are affected by acute stress or pain stimuli versus 

chronic conditions of stress and/or pain. The level of EOP in the CSF was expected to be 

relatively higher than that in plasma. Thus, in a healthy responsive individual, plasma 

endorphin levels increase when exposed to stress/pain provoking stimuli, but should 

decrease as stress decreases and the activity of the adrenal glands is reduced (Dubois et al., 

1981; Colt, Wardlaw & Frantz, 1981; Naber et al., 1981). 

However, in a chronically stressed individual, such as in chronic pain patients, the 

individual may become unresponsive to external, acute-stressors and endorphin levels may 

become correspondingly lower (Cohen et al., 1983). Pain perception may be higher in 

these individuals since their EOP system is not functioning adequately. The role of EOP in 

chronic pain is much more complex than in acute pain and the interrelationships are 

confusing (Beutler et al., 1986). In certain cases, chronic pain sufferers have been shown 

to have lower levels of endorphin and enkephalin in CSF as compared to normal 

individuals (Almay et al., 1978; Sjolund et al., 1977). Relaxation training, biofeedback-

assisted stress and pain management treatment programs may allow a chronically stressed 

system to re-establish appropriate responsiveness and allow proper functioning of the 

endogenous opioid system. Reductions in chronic symptoms of stress and self-perceptions 

of anxiety, tension and pain would then be associated with relatively higher levels of 

endorphins in CSF and plasma (with the peripheral source being relatively lower). 

The investigation of neuroendocrinological parameters in combination with each 

other and with psychological parameters of stress and pain seem to be more supported by 
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the reports in the literature and by the results of this study. Therefore, it is wise to consider 

parameters of pain and stress together since EOPs, ACTH, CRH and Cortisol do not only 

increase or decrease under conditions of pain but in general under physical as well as 

mental stress. Since some of these peptides have the same precursor molecule and may 

therefore be co-regulated, it may be somewhat naive to associate pain with EOP only and 

ACTH, CRH and Cortisol with stress only. In addition, it would be impossible with 

psychophysiological treatment (or even with analgesics) to reduce pain only, without 

influencing the overall level of stress (or visa versa). 

Hypothesis 3 (H3) examined treatment effects with the combination or integration 

of psychological and neuroendocrinological parameters of stress and pain. This was 

analyzed by a comprehensive set of DVs (posttest measures), and significant group 

differences were obtained. This result was obtained by performing a MANCOVA with 

pretest measures comprising the covariates thereby adjusting for pretreatment scores for 

each measure. Thus, the imagery training group was significantly different than the control 

group following psychotherapeutic intervention when the integrated effects of 

psychological/self-report measures of stress and pain were evaluated in combination with 

neuroendocrinological measures of stress and pain. Also, the change between pretest and 

posttest measures with respect to the comprehensive set of psychological and 

neuroendocrin-ological parameters was analyzed by MANOVA and exhibited the predicted 

trend. This result confirmed the expectation that the change from pretest to posttest would 

be greater in the imagery group as compared to the control group. This change also reflects 

a reduction in the patients' psychobiological level of stress and pain. 

Research hypothesis 5 (H5), which concerned correlations between psychological, 

neuroendocrinological and physiological parameters is strongly supported, yielding a 

convincing number of meaningful and significant associations. Pearson product moment 

correlations between pain perception/self-report stress variables and endogenous opioid 
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peptides is significant in the direction predicted in 20 variable pairs (for M = 36). It was 

expected there would be a negative correlation between perceived stress and pain with EOP 

levels (the higher the BE and MET levels, the lower the stress and pain reported or visa 

versa). The most substantially correlated variables include the posttest plasma sample of B-

endorphin with perceived pain and tension at posttest; pain before, during and after the 

myelogram; and the posttest plasma sample of Met-enkephalin with anxiety before the 

myelogram. The next level of highly correlated variables included plasma BE levels at 

pretest with pain perception at pretest; and plasma BE levels at posttest with tension before, 

during, and after the myelogram, and with medical/stress symptomology following the 

myelogram. Also, Met-enkephalin is significantly correlated with anxiety and pain (for 

pretest measures); and with stress/pain symptom intensity (for posttest measures). So, the 

greater the intensity of anxiety, pain, tension and stress perceived by the patient, the lower 

the level of Met-enkephalin and/or BE (or the reciprocal relationship). The pattern of these 

results indicate that the measures of pain perception, tension and anxiety surrounding the 

time of the myelogram were most closely related to levels of BE or MET from plasma 

which were collected at the time of the myelogram (PL3). The most significant correlation 

was pain perception reported before the myelogram with the level of BE derived from the 

plasma sample collected at the same time as the pain assessment. In other words, patients 

with lower reported levels of pain had higher levels of B-endorphin in their plasma (or visa 

versa). 

Since increased levels of ACTH, CRH and Cortisol are accepted 

biochemical/neuroendocrinological parameters of stress, it was predicted that the 

correlations between these "stress indicators" and psychological stress and pain variables 

would be positively associated. Thus, as stress is reduced via biofeedback-assisted 

relaxation and imagery training, the levels of these hormones should decrease. The 

correlations for all subjects between biochemical and psychological "stress indicators" are 
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significant in 10 variable pairs. Strongly correlated variables are pretest plasma samples of 

Cortisol with pretest measures of the Symptom Checklist 90-R: Global Severity Index 

(SCL-GSI#1) and the Positive Symptom Total (SCL-PST#1), and the POMS Total Mood 

Disturbance score (POMS-TMD#l); and ACTH (PL1&2) with the Pain Drawing Grid# 

(PD GRID#1). This indicates that levels of Cortisol or ACTH in the blood are indeed 

reflective of stress and pain identified not only by the number (PST) and severity of 

physical and emotional symptoms (GSI, PD GRID#), but by negative affect (POMS) as 

well. Although the Symptom Checklist, POMS and to some extent the Pain Drawing are 

more comprehensive assessment devises that sum up the patients' self-report of negative 

physical and/or emotional symptoms (of a week's duration); specific dimension scales such 

as the VAS (which provided for the individuals' perception of pain, tension and 

anxiety/fear at the particular point in time the scale was administered), also produced a great 

number of significant correlations with biochemical and physiological measures. 

In addition, correlations between psychological and biochemical measures of stress 

and pain were calculated for biofeedback/imagery training subjects. There are a convincing 

number of significant variable pairs (35 pairs, Table 20). The most significant associations 

and the greatest number of correlations between psychological and biochemical variables 

relate pretest plasma ACTH levels with mean pain perception before biofeedback and with 

mean tension ratings after biofeedback (over the first half of training). In general, higher 

mean pain, tension, cm- anxiety ratings before (and sometimes after) biofeedback are related 

to higher pretest ACTH levels (or the inverse relationship). Also, CRH is positively 

correlated with the mean tension level before biofeedback training, and posttest tension and 

anxiety ratings. 

Significant correlations between physiological (BF) and biochemical measures were 

found when all subjects were considered for biofeedback baselines and measurements 

taken during the myelogram interval. In addition, correlations between physiological (BF) 
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and biochemical measures were calculated for the biofeedback/imagery training group. 

There are 16 significant variable pairs between biofeedback and biochemical parameters 

(imagery group). Biofeedback measures related to autonomic arousal/higher stress or 

tension level (lower temperature biofeedback measurements, higher EMG BF) are 

associated with higher levels of ACTH, CRH, and/or Cortisol or lower levels of MET 

and/or BE (or the inverse: increased relaxation level correlates with a decrease in ACTH, 

CRH, and Cortisol and an increase in EOP level). 

In summary, the present study strongly supports biofeedback-assisted relaxation 

and imagery training for the treatment of chronic pain patients. This regimen of 

psychophysiological therapy demonstrates statistical and clinical significance in terms of 

improvement in psychological measures of stress and pain, biofeedback or physiological 

criteria indicative of therapeutic change, and convincing correlations between 

psychological, physiological and neuroendocrinological parameters of stress and pain (see 

Table 21). 

The practical value and importance of this study includes documentation of 

effective, non-invasive psychophysiological treatment for chronic pain sufferers. This 

research will contribute to understanding the complex nature of chronic pain and 

emphasizes the ability of individuals to utilize effective stress and pain management 

techniques (relaxation, imagery, biofeedback, and other cognitive-behavioral strategies) to 

reduce their perception of pain and distress while developing healthy coping skills. 

Furthermore, the robustness and rapidity of positive clinical change in such a wide range of 

psychological, physical and physiological parameters demonstrates that brief, intensive 

biofeedback-assisted relaxation and imagery training programs can be generalized beyond 

the treatment of just pain patients to include a multitude of clinical or non-clinical groups. 

It is recommended that in further studies that the intensity of imagery and 

biofeedback training remain high such that participants gain new knowledge and skills 
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Table 21 

Summary of Results bv Hypothesis 

Hypothesis Rssvrtts TafrW 
Page# 

Support 
Level 

Treatment and; 

HI: Psychological Measures 

H2: Neuroendocrinol. Meas 

H3: Combination of Psych. 
& Neuroendocrin Measures 

H4: Physiological Measures 

H5: Correlations Betwn Variables: 

Highly Significant 

Not Significant 

Significant 

Highly Significant 

Highly Significant 

5, 6, 7, 8, 
9, 10, 
11, 12,13 

9 
Pg 67-69 

14,15,16 
Pg 68-73 
17, 18,19, 20 

A. Neuroendocrinol. Meas of Pain with Psych. Meas of Stress/Pain 
B. Neuroendocrinol. Meas of Stress with Psych. Meas of Stress/Pain 
C. Neuroendocrinol. Meas of Stress/Pain with Physiol. Meas Stress 
D. Physiol. Meas of Stress/Pain with Psych. Meas of Stress/Pain 

Strong 

Insuff. 

Average 

Strong 

Strong 

quickly while immediate health benefits such as a feeling of wellbeing and relief reinforce 

the development of new habits. More therapist-guided imagery training and interaction 

would most likely reinforce and strengthen positive results. Although the present study 

was very structured in the biofeedback/imagery program, the effect of the therapist could 

not be measured. However, the overall effect of the therapist was distributed consistently 

and as equally as possible in regard to all of the patients. Clinical observations from work 

with many patient groups suggests that therapeutic interaction and individualized imagery 

training is extremely powerful with or without biofeedback training. Research is needed to 

evaluate the effectiveness of imagery techniques or similar psychotherapeutic treatment 

strategies from a cross-cultural standpoint and the impact on psychological and biological 

systems with or without biofeedback training. The additive effects of the intensity of 
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training (therapy sessions 4-5 days per week plus daily home practice), longer overall 

duration of training, greater therapist interaction and a larger number of research 

participants would would be advantageous in future studies designed to scrutinize 

psychoneuroendociinological changes related to treatment 

The present research suggests important relationships between psychotherapeutic 

procedures and psychoneuroendocrine parameters of stress and pain. Research that 

corroborates the individual's ability to effect change in one's own psychophysiological, 

neuroendocrinological state gives support for non-invasive psychotherapeutic interventions 

for specific medical disorders. This empowers the individual and decreases feelings of 

"helplessness" and excessive dependency on the medical care system. 

Lastly, this study supports an interdisciplinary approach to medical treatment which 

encourages the individual to take greater personal responsibility for his or her own 

healthcare in both disease prevention and health maintenance. Furthermore, it cultivates the 

belief and attitude that the patient has the capacity to promote valuable psychobiological 

changes that are clinically significant Ultimately, this approach has substantial advantages 

for the patient the healthcare providers, the insurance carrier and society as a whole. It is 

cost-effective, it reduces the reliance on addictive medications and limits the need for 

questionable invasive medical or surgical procedures. 
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Glossary 

Adrenocorticotrophic Hormone (ACTH) Trophic hormone from the anterior pituitary that 

stimulates the adrenal cortex. 

Assay A method for measuring hormones and other biomolecules. 

Biofeedback Group of therapeutic procedures that provide information involving a sensory 

signal that changes in accordance with a biological process thereby allowing an individual 

to learn how to control certain physiological processes. 

Orcadian Rhythm A physiological rhythm that repeats every 24 hours. 

Corticotropin-Releasing Factor or Hormone (CRF/CRH) Hypophysiotropic hormone 

from the hypothalamus that stimulates the release of pituitary ACTH and MSH. 

Cortisol The major glucocorticoid in the human body. 

Effector A cell or group of cells that alter their activity in response to a nervous or endocrine 

signal (for example muscles and glands). 

Endocrine Glands Groups of secreting cells that release their product into the spaces between 

the cells and eventually into the blood or lymph. 

Electromyography The electrical correlate of muscle contraction, used in biofeedback training 

to assist the individual in controlling muscle tension. 

Endorphin A general name for peptides that are related to beta-lipotropin. 

Enkephalin Peptide hormones belonging to the endorphin family that have a role in pain 

blockage in the CNS and also inhibit intestinal motility, acid secretion and pancreatic 

secretion. 

Enzyme A protein that accelerates changes in chemical reactions. 

Epinephrine (Adrenalin) Hormone secreted by the adrenal medulla involved in stress-related 

responses. 

Glucocorticoid Adrenocortical hormone that regulates glucose production from amino acids as 
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well as protein catabolism. It is involved in anti-inflammatory activity. 

Gluconeogenesis Production of glucose from noncarbohydrate sources. 

Hormone Chemical substance produced by cells (in an endocrine gland) that is delivered to other 

cells in the body by the circulatory system where it has a specific effect 

Hypophysiotrophic Hormones Hormones produced from a specific area of the 

hypothalamus that stimulate pituitary hormone secretion. 

Hypothalamus Portion of the brain beneath the thalamus that forms the base and part of the 

wall of the third ventricle (has role as integrator of endocrine and neuroendocrine control 

systems). 

Imagery Thought process which "invokes and uses the senses: vision, audition, smell, taste, the 

senses of movement, position, and touch" which can be utilized to promote positive 

therapeutic responses (Achterberg, 1985, p. 3). 

Immunoreactivity Specific description of antigen-antibody reaction. 

Neurohormones Hormones messengers released by neurosecretory cells. 

Neurotransmitter A chemical compound released at the synapse or neuromuscular junction that 

activates the post-synaptic response (major NTs: acetylcholine, norepinephrine, serotonin, 

dopamine, and GABA). 

Pain Both a sensory experience of actual or possible tissue damage and the associated negative 

emotional response. 

Peptide Hormones Composed of a few amino acids: compared to protein hormones which are 

larger, with more amino acids. 

Precursor The biologically inactive form of an enzyme or hormone that is processed to form the 

active compound. 

Proopiomelanocortin (POMC) Large precursor molecule produced in many tissues but 

primarily by the pituitary gland. It is biologically inactive but is cleaved to yield the active 

hormones ACTH, melanocyte stimulating hormone (MSH) and the endorphins. 
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Radioimmunoassay (RIA) A method for measuring antigens such as hormones in biological 

fluids. It utilizes the specificity of an immune (antigen-antibody) reaction and radioactive 

isotopes. 

Radioreceptor Assay (RRA) Method for measuring hormones that uses specific receptors for 

protein or steroid hormones. 

Receptor A protein that binds specifically to a ligand (such as a hormone) which triggers a 

unique biological response. 

Stress Real or perceived "threat" on the organism; "non-specific—result of any demand upon the 

body, be the effect mental or somatic" (Selye, 1982, p. 7); may signify 1) an aversive 

stimulus, 2) specific physiological or psychological response, or 3) the interaction between 

the individual and the environment 

Trophic Hormones Hormones produced by the pituitary gland that affect hormone production 

in other glands (ACTH, FSH, LH, TSH). 

Note. Definitions from Paxton (1986) and other cited material within the text 
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Key to Variables 

I. Psychological Parameters: 
A. Pain Perception: 

1. Pain Drawing Grid# (PD Grid#) 
2. Visual Analog Scale for Pain (VAS Pain) 

B. Stress: 
1. Profile of Mood States-Total Mood Disturbance Scores (POMS-TMD) 
2. Symptom Checklist-90-Revised (SCL-90-R): SCL-Global Severity Index 

(GSI), SCL-Positive Symptom Distress Index (PSDI), and SQL-Positive 
Symptom Total (PST) 

3. VAS: Anxiety/fear Ratings (VAS Anx) and Tension Ratings (VAS Tens) 
4. Brief Symptom Checklist (Symp Ck) 

II. Neuroendocrinological Parameters: 
A. "Pain": 

EOP in Plasma (PL) and CSF: 
1. Beta-endorphin (BE) 
2. Met-enkephalin (MET) 

B. "Stress": 
1. ACTH (in Plasma and CSF) 
2. Cortisol (CORT in Plasma) 
3. CRH (in CSF) 

III. Physiological Parameters: Biofeedback Indicators of Stress (& Pain): 
A. Low Peripheral Skin Temperature Biofeedback (TBF) 
B. High Muscle Tension-Electromyography (EMG or EBF) 
C. Baseline (BL) vs Optimal Training Level (BEST) 
D. Training Period I or II (First vs second half of treatment) 

Outline of Hypotheses, Predictions & Results 

Descriptive Population Statistics-Pretreatment Comparability: 

A. Predictions: 
1. There will be no significant group differences before treatment on any relevant 

dimension including: demographics (age, sex & educational level), personality or clinical 
factors, nutritional status, drug and alcohol history, medical diagnosis, or time since injury. 
RESULTS: ANOVAs, Analyses of Loglikelihood, and a MANOVA on the CAQ 
dimensions confirmed that all pretreatment comparisons were NS. 

2. There will be no significant pretreatment differences on any pretest measure of 
DVs evaluated in the context of research hypotheses (see next section). 

RESULTS: All pretest/pretreatment comparisons were NS. 

Inferential Statistics: 

I. Treatment and Psychological Parameters 
Pain Perception and Self-Report Measures of Stress: 
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H1: Psychotherapeutic treatment (biofeedback- assisted relaxation and imagery training) will 
reduce subjective pain perception (as measured by Pain Drawing Grid Number (PD Grid#) and 
Pain Ratings on the VAS Pain) and psychological measures of stress (as measured by SCL-GSI, 
SCL-PSDI, SCL-PST, POMS-TMD, and VAS Anxiety and VAS Tension). 

A. Predictions: 
1. There will be lower self-reported pain and stress levels in the biofeedback-assisted 

RESTJLTS^ *ma^er^ ®rouP ® a s compared to the control group (C) following treatment 

PSYCH STRESS AND PAIN MANCOVA: 
DVs: SCL-GSI#2, SCL-PSDI#2, SCL-PST#2, POMS-TMD#2, PD GRID#2 
COVs: SCL-GSI#1, SCL-PSDI#1, SCL-PST#1, POMS-TMD#l, PD GRID#1 
Multivariate Group Effect: P>E .0072 
Sign. COVs: PD GRID#1, SCL-PSDI#1, POMS-TMD#l 

MANOVAS WITH REPEATED MEASURES FOR DIFFERENCES IN VAS PAIN, ANXIETY 
& TENSION: 

DVs: VAS#1-Pretest, VAS#2-Posttest, VAS Bef-Myel, VAS Myel, & VAS Aftr-Myel 
each for VAS Pain, VAS Anxiety, and VAS Tension. 

VAS Pain: Intercept (Repeated Meas): P > E .0000; Group Effect: P > E .0002 
VAS Anxiety: Intercept (Repeated Meas): P > E .0000; Group Effect: P > E .0011 
VAS Tension: Intercept (Repeated Meas): P > E .0000; Group Effect: P > E .0000 

2. The change (reduction) in psychological measures of stress and pain from 
RESXJLTSSt WU1 ** ® r c a l e r i n ® group as compared to the (C) group. 

MANOVA ON DIFFERENCE SCORES FOR PSYCH VARS OF PAIN & STRESS 
DVs: Difference scores = (Pretest - Posttest) including: GSI-DIFF, PSDI-DIFF, PST-
DIFF, TMD-DIFF, PD GRID-DIFF, VAS PAIN-DIFF, VAS ANX-DIFF & VAS TENS-
DIFF 
Multivariate Group Effect* P>E .0059 

MANOVA ON TEST SET FOR IMAGERY GROUP 
DVs: TEST SET OF: SCL-GSI, SCL-PSDI, SCL-PST, POMS-TMD, PD GRID, VAS 
PAIN, VAS ANX, & VAS TENSION 
Multivariate Effect for Test Set: P>E .0067 

3. The (I) group will demonstrate lower self-reported symptoms and have fewer 
reqiKsstsfor and utilization of medication following the myelography exam. 

1-TEST FOR DIFFERENCES BETWEEN GROUPS 
DVs: SympCk 
P > 111 .0000 

% Medication Requested and Utilized following the Myelogram: 
Imagery Grp: 83.3% no medication (16.7% used medication, 3 of 18) 
Control Gip: 55.6% no medication (44.4% used medication, 8 of 18) 

n . Treatment and Neuroendocrinological Parameters 

Biochemical Measures of Pain fEOP^ and Stress-
H2: Biofeedback-assisted relaxation and imagery will affect endogenous opioid peptide 



Appendix A~Continued 9 5 

(EOP) levels as measured by B-Endorphin (BE) and Met-Enkephalin (MET) and 
neuroendocrinological parameters of stress as measured by ACTH, Cortisol (CORT), and 
CRH. 

A. Predictions: 
1. EOP (BE and MET) in plasma will be relatively higher in the biofeedback-

assisted relaxation and imagery training group (I) following treatment as compared to the 
control group (C). There will be a difference in EOP as measured by BE and MET in CSF 
between the imagery group (I) and the control group (C). (This difference should 
corroborate the pattern of EOP results in plasma except that it is expected that there will be a 
higher relative level of endogenous opioid peptides in the CSF as compared to plasma 
following treatment). 
RESULTS: NS but EOP in (I) grp relatively HIGHER than (C) group. 
MANCOVA: 

DVs: PL3-BE, PL3-MET 
COVs: PL1&2-BE, PL1&2-MET 
Multivariate Group Effect: P>F .0904 

1-TAILED l-TESTS: 
CSF-BE: .4707; CSF-MET: .2639 

2. Biofeedback-assisted relaxation and imagery training ss will demonstrate 
reduced biochemical/neuroendocrinological measures of stress as measured by ACTH, 
Cortisol and CRH as compared to the control group (C) following treatment There will be 
a difference in ACTH and CRH in CSF between the imagery group (I) and the control 
group (C). This difference should corroborate the pattern of ACTH and Cortisol results in 
plasma following treatment ((I)<(C)). 
RESULTS: NOT SIGNIFICANT 

III. Treatment and the Combination of Psych, and Neuroendocrinol. Parameters 

Psychological and Biochemical Measures of Pain and Stress: 
H3: There will be differences between (I) and (C) groups when the combined effects of 
psychological and biochemical/neuroendocrinological measures of stress and pain are evaluated. 
MANCOVA OF PSYCH AND BIOCHEM (IN PLASMA) VARS OF STRESS & PAIN 

DVs: POSTTESTS: SCL-GSI#2, SCL-PSDI#2, SCL-PST#2, POMS-TMD#2, PD 
GRID#2; PL#3: CORT, ACTH, BE, MET 
COVs: PRETESTS: SCL-GSI#l,SCL-PSDI#l,SCL-PST#l,POMS-TMD#l,PD 
GRID#1, PL#1&2: CORT, ACTH, BE, MET 
Multivariate Group Effect: P >F .0254 

MANOVA ON DIFFERENCE SCORES FOR PSYCH AND BIOCHEM (IN PLASMA) VARS 
OF STRESS & PAIN 

DVs: Difference scores = FOR PSYCH VARS ([#1] Pretest - [#2] Posttest) including: 
GSI-DIFF, PSDI-DEFF, PST- DIFF, PD GRID-DIFF, VAS PAIN-DIFF, VAS TENS-
DIFF & VAS ANX-DIFF; FOR BIOCHEM VARS ([PL#1&2] Pretest - [PL#3] Posttest) 
including: CORT DIFF, ACTH DIFF, BE DIFF, & MET DIFF 
Multivariate Group Effect: P >F .0519 

IV. Treatment and Physiological Parameters 

Biofeedback/Treatment Effectiveness: 
H4 Imagery ss will improve over the course of treatment in terms of physiological/ 
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biofeedback measures. The predictions are as follows: 
A. TEMP BF: Measurements will increase from baseline (finger/hand warming). 
B. EMG BF: Muscle tension will decrease (measurements decrease from baseline). 

In addition, ss will be able to maintain physiological levels associated with increased 
relaxation ("Criterion" Levels). 

C. Biofeedback treatment effectiveness will also be evaluated by self-report 
indicators and Pearson's correlations (see H5-D: Physiological measures (BF) will be 
Correlated to Psychological measures). 

MANOVA FOR BIOFEEDBACK MEASUREMENTS (BOTH TRAINING PERIODS) 
DVs: TBF, EBF; IV: BF BL/BEST 
Multivariate Effect of BF BL/BEST: P > E .0000 

MANCOVA FOR TEMPERATURE BIOFEEDBACK 
DVs: TBF MI, TBF Mil; IV: BF BL/BEST; COV: RM T 
Multivariate Effect of BFBIVBEST: P>E .0000 
RMT: P>E .0091 

MANOVA FOR EMG BIOFEEDBACK 
DVs: EBF MI, EBF Mil; IV: BF BL/BEST 
Multivariate Effect of BF BL/BEST: P > E .0000 

MANOVA FOR TEMP AND EMG BIOFEEDBACK BETWEEN TRAINING PERIOD 
DVs: TBF BL, TBF HI, EBF BL, EBF LO; IV: TRAINING PERIOD (I OR II) 
Multivariate Effect of TRAINING PERIOD: P > E .0114 

MANOVA FOR CHANGE IN BIOFEEDBACK BETWEEN TRAINING PERIOD 
DVs: TBF D1FF, EBF DIFF; IV: TRAINING PERIOD 
Multivariate Effect of TRAINING PERIOD: P > E 0440 

MANOVA PAIN, TENSION & ANXIETY BEFORE AND AFTER BIOFEEDBACK 
DVs: VAS PAIN, TENS & ANX; IV: BEFORE OR AFTER BF 
Multivariate Effect of BEF/AFTRBF: P>E .0000 

Follow-up one-way ANOVA's on significant multivariate E tests (see appropriate Tables) 

V. Correlations Between Psychological. Neuroendocrinological, and 
Physiological Parameters 

H5 There will be associations/correlations between 1.) psychological-perceptual 
measures of stress and pain, 2.) neuroendocrinological/ biochemical measures of stress and 
pain; and 3.) between physiological indicators of stress (and pain) (Temp, and EMG 
biofeedback). The predictions are as follows: 

A. Neuroendocrinological Measures of Pain fEOPI and Psychological/Perceptual 
Measures of Pain and Stress: Psychological measures of pain and stress will correlate 
inversely (negatively) with endogenous opioid peptide levels (BE and MET), such that high 
reported pain and stress will correlate with low levels of endogenous opioids and visa 
versa. 

B. Neuroendocrinological Measures of Stress and Psychological/Perceptual 
Measures of Stress and Pain: Psychological measures of stress (POMS-TMD, SCL-
GSI/PST, and VAS: Anxiety/fear and Tension ratings) and pain (PD Grid # and VAS Pain) 
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will be positively associated/correlated with CRH, ACTH and Cortisol levels. Thus, the 
higher the stress and pain reported, the higher the level of CRH, ACTH, and Cortisol. 

C. Neuroendocrinological Parameters of Stress and Pain and Physiological 
Measures of Stress/Pain will be correlated. Higher tension, stress, (and pain) (related to 
higher EMG levels, lower skin temperatures) are correlated to higher CRH, ACTH, and 
CORT but lower EOP levels. 

D. Physiological measures will be Correlated to Psychological measures: 
BF indicators of higher stress (and pain) will be positively correlated to subjective reports 
of higher stress and pain (VAS Pain, VAS Tens and VAS Anx). 

RESULTS: Many significantly correlated variables for each category (see Tables of 
Correlations). 
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DISCLOSURE AND INFORMED CONSENT 

I, , agree to participate in a study of individuals with 
chronic pain who have been recommended by their physician to undergo a myelography 
exam. Because I have been referred for this diagnostic procedure, I have been asked to 
volunteer to be in this study. It has been explained to me that there are naturally occurring 
pain relieving substances (endogenous opioid peptides-EOP) that are produced in the brain 
and body that have been shown to be altered by a number of factors. This study is 
designed to help evaluate non-surgical treatment modalities for chronic pain sufferers. I 
understand that in order to study changes in certain naturally occuring pain relieving 
substances (EOP), a sample of Cerebrospinal fluid (CSF) that is removed during the 
myelogram as part of the standard practice, will be analyzed for the above mentioned 
biochemicals. I understand that my physician will order blood to be drawn and analyzed as 
a normal procedure designed for my benefit and safety before the myelogram procedure. I 
agree to allow some of this blood sample to be analyzed for the biochemicals being 
determined in the present study. In addition, I consent to give 2 additional samples of 
blood (about 10 ml) for further analysis. Although the drawing of blood is considered to 
have minimal risks, I understand one such risk is a small hematoma (a swelling that 
contains blood in a space or tissue due to a break in the wall of a blood vessel). This can 
normally be treated with the addition of ointments or the application of ice and water. 

I agree to remain free of medication/drugs and alcohol (including beer, wine, and other 
forms of liquor) at least 7 days before blood is drawn and/or before the myelogram, and 
during any treatment procedures unless otherwise ordered by Dr. Bayles. In addition, it is 
requested that I refrain from caffeine and nicotine 24 hours before the myelogram. I 
consent to provide 3 urine samples for urine drug screens. My doctor and the investigators 
in this study have explained the importance of this in relation to my treatment and the 
significance of the findings. I understand that I will be offered other (non-medication) 
methods of pain reduction. 

I understand that periodically I will be expected to participate in a number of simple tasks 
including the completion of forms, checklists, and questionnaires relating to my medical 
history, perceived levels of pain and stress, knowledge, attitudes, emotions, and behavior. 
All tasks of this nature involve no risk or minimal risk and discomfort. There will be 
absolutely no charge for additional blood tests, and any testing or therapy that was not a 
standard part of your treatment plan ordered by your physician. I have been informed that I 
will be monitored with biofeedback machines to record muscle tension in my shoulders, 
and finger temperature during the myelogram and other testing or training sessions. I will 
be given the opportunity to be trained via a well-documented relaxation therapy at some 
phase of this study. 

I acknowledge that pertinent information contained in these tests and within my medical 
record will be utilized in the analysis of the study. I have been informed that all 
information will be coded to ensure confidentiality and to preserve my anonymity. Under 
these conditions, I agree that any information obtained from this research may be used in 
any way thought best for publication or education. 

I hereby give consent to Connie M. Osborne, MA CADAC to perform the aforementioned 
investigational assessment and training procedures. In addition, I understand Dr. Kenneth 
Bayles, D. O. PA will perform and supervise all medical procedures and practices. 
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Page 2: Subject's Initials 

I certify this form has been folly explained to me, that I have read it or have had it read to 
me, and that I clearly understand its contents concerning the nature of the study and its 
procedures. I will be given a copy of the information on this consent form. I also 
recognize the inherent risks and/or discomforts involved and the possibilities of 
complications that may arise. In addition, I understand the potential benefits to be expected 
from my participation. These include the following: I will be provided with thorough 
exams, feedback on test and training results, education concerning my pain condition and 
treatment options, relaxation training for pain management goals, and hopefully I will 
experience therapeutic benefits. In addition, I may gain satisfaction in knowing that I may 
be making a significant contribution to the understanding of the effects of non-invasive, 
psychotherapeutic treatments in chronic pain syndromes. 

I understand that I may withdraw my consent at any time and that my participation is 
completely voluntary. I understand that I will not be charged for tests that are performed 
for the sole purpose of the study. There will be a debriefing session where feedback and 
interpretation of tests will be given free of charge. I further recognize that my refusal to 
participate will not result in penalty or loss of benefits normally associated with treatment 

In choosing to participate in this study I hereby agree to hold harmless and release Dallas 
Family Hospital, Dr. Bayles or other attending physicians and their professional staff, 
employees and officers, the investigator (Connie Osborne) and her supervisors, and the 
University of North Texas and related personnel from any liability of whatsoever nature in 
reference to this study. I understand that in the unlikely event I suffer any adverse effects 
as a direct result of giving two samples of blood, Dr. Bayles will provide necessary and 
reasonable medical care, which I will not have to pay for. However I will not be 
compensated for any adverse effects I might suffer as a result of my participation in this 
project. 

I understand that if I have any questions or problems arise in connection with my 
participation in this study, I should contact die primary therapist and investigator Connie 
Osborne at 214-570-5106, or Dr. J.R. Butler, the University project director at 817-565-
2643. For medically related questions or problems I should contact Dr. Kenneth Bayles or 
his medical staff at 214-331-6444. With my understanding of this, having received this 
information, I voluntarily consent to the procedures designated above. 

Date: Signed: Signed: 
Subject Witness 

THIS PROJECT HAS BEEN REVIEWED BY UNIVERSITY OF NORTH TEXAS 
(UNT) COMMITTEE FOR THE PROTECTION OF HUMAN SUBJECTS (phone: 817-
565-3946 or 817-565-3940). 
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Subject Exclusion 

Exclusion at Screening or Pretest Phase 

A number of potential subjects (ss) were excluded from the study for the following 

reasons: 

1. They did not meet the specific inclusion criteria and were determined to be 

inappropriate at the screening or pretest phase (21 ss). 

a. Drugs/Medication: There were 9 patients with confirmed problems with alcohol 

and/or drugs, or admitted unwillingness to temporarily refrain from medication usage: 3 of 

these subjects were counselled and referred to in-patient chemical dependency psychiatric 

treatment centers, and 1 ss was dropped at the time of myelography exam due to 

inappropriate behavior and the UDS showing high levels of marijuana, cocaine, and 

analgesics, the remaining were dropped due to narcotic or sedative usage (and were unable 

or unwilling to alter consumption). All but the one subject, were excluded at the screening 

or pretesting interval. 

b. Other: 1 ss was excluded because she had a seizure disorder, 1 ss was admitted 

for a myelogram before study requirements were completed and therefore could not be 

included, and 2 ss did not return to treatment and could not be contacted. 

2. They did not speak or comprehend English adequately (number not determined). 

3. They did not have approval from their primary physician or declined to participate (9 

ss total: 3 ss did not have approval from their primary physician, 5 ss refused to have the 

myelogram and/or declined to participate in study, 1 ss declined because he sought another 

physician and a second opinion). 

Excluded During the Posttest/Mvelogram Phase 

1. 4 ss were dropped during the course of the study due to non-compliance, failure to 

keep appointments, or physician recommendation. 
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a. 1 ss was excluded due to drug consumption (described above), 1 ss did not show-

up for posttesting and the myelogram on 2 occasions due to marital problems and had 

reportedly left the state; 1 ss did not receive insurance approval for myelography initially 

and when his primary physician (one other than the primary collaborating physician in this 

study) was able to gain approval, the procedure was done without the investigator's 

knowledge; and 1 individual changed his primary physician before receiving the 

myelogram and subsequently received the diagnostic test elsewhere). 
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OATfc 

m o d i f i e d p a i m d r a v i n o g r i d a s s e s s m e m t & r a t t w g s y s t e m 

DRAW THE LOCATION OF T00R PAIN ON TOE BODY OUTLINES AND USE THE SYMBOLS BELOW 

BDMHP P f f l s a m n L g 
o o o o o o o 
o o o o o o 

STABBOTG 
/ / / / / / 

mum 
poaviA&t or p a h n back- . 

FRONT 
.f t PEBCOTASE or P A H D L B S - . 

B A C T 
mrnSSSSSSSSSSSmm 

l l l l 

III 
100% 

NOPAINl 
MASK TOOK PAIN ESTIMATE 

{INTOLERABLE 
PAIN 
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BRIEF SYMPTOM CHECKLIST 
(Modified by C. Osborne, MA CADAC) 

NAME;, DATE: 

INSTRUCTIONS: Below is a list of symptoms. Please read each one carefully and circle the number that best describes HOW MUCH 
THAT SYMPTOM HAS BOTHERED YOU DURING THE TIME PERIOD SPECIFIED BY YOUR THERAPIST. Please circle 
only one number and do not skip any of the items. RATE HOW MUCH YOU WERE BOTHERED BY EACH SYMPTOM 
ACCORDING TO THE FOLLOWING SCALE: 

0-NOT AT ALL (NO SYMPTOMS) 
1-SLIGHTLY (MINIMAL SYMPTOMS) 
2-MILDLY (MILD SYMPTOMS) 
3-MODERATELY (MODERATE SYMPTOMS) 
4-VERY (SEVERE SYMPTOMS) 
5-EXTREMELY (INTENSELY SEVERE SYMPTOMS) 

SYMPTOMS t RATING-HOW MUCH WERE YOU BOTHERED BY; 

l . GASTRO-INTESTINAL DISTURBANCE: 0 2 3 5 
(NAUSEA, DIARRHEA &/OR CONSTIPATION) 

2 . HEADACHE: 0 2 3 5 

3 . NASAL/SINUS CONGESTION (MUCUS, COUGH): 0 2 3 5 

4 . SLEEP PROBLEMS: 0 2 3 5 
(TROUBLE FALLING OR REMAINING ASLEEP) 

5 . ACHES AND PAIN: 0 2 3 5 

6. BREATHING DIFFICULTY: 0 2 3 5 

7 . JAW CLENCHING: 0 2 3 5 

8 . RAPID HEARTBEAT: 0 2 3 5 

9 . DIZZINESS/FAINTING: 0 2 3 5 

1 0 . FATIGUE/LOW ENERGY: 0 2 3 5 

1 1 . MUSCLE TENSION: 0 2 3 5 

1 2 . MUSCLE SPASMS: 0 2 3 5 

1 3 . NUMBNESS/TINGLING: 0 2 3 5 

1 4 . MUSCLE WEAKNESS: 0 2 3 5 

1 5 . SKIN PROBLEMS (ITCHING, RASH, ETC): 0 2 3 5 

1 6 . VISUAL PROBLEMS: 0 2 3 5 

1 7 . CHEST PAIN: 0 2 3 5 

1 8 . CHANGE IN APPETITE (DECREASE OR INCREASE): 0 2 3 5 

1 9 . CIRCULATION PROBLEMS (COLD HANDS/FEET, ETC): 0 2 3 5 

2 0 . O T H E R : 0 2 3 5 

FQR THERAPIST. 

TIME PERIOD SPECIFIED: HOURS DAYS WEEKS 

TOTAL SYMPTOM SEVERITY SCORE = TSSS a (GRAND SUM/100) = 

JMONTHS 

OR % 
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PAIN / TENSION / ANXIETY AND FEAR VISUAL ANALOGUE SCALE 

Modified by Connie Osborne, MA CADAC 

MARK YOUR PAIN ESTIMATE 
0 1 2 3 4 5 ( 7 8 9 10 

I I I I I I I I I I I I I 
NO PAIN INTOLERABLE 

PAIN 
PAIN RATINGS: 
0=N0 PAIN/ACnvrnES NOT RESTRICTED 
1=MINIMAL PAIN/ACnvrnES NOT RESTRICTED 
2=SLIGHT PAIN WITH SPECIFIC ACTIVITIES 
3=MILD PAIN WITH SPECIFIC ACTIVITIES 
4=MILD TO MODERATE PAIN WITH SPECIFIC ACTTVITIES 
5=MODERATE PAIN WITH MODERATE ACTIVITIES 
6=MODERATE TO SEVERE PAIN WITH SPECIHC ACTIVITIES 
7=SEVERE PAIN WITH MOST ACTIVnTES 
8=VERY SEVERE PAIN WITH MOST ACTIVITIES 
9=EXTREMELY SEVERE PAIN/DIFFICULT TO GET UP 
10=MAXIMUM (INTOLERABLE) PAIN/CANNOT GET OUT OF BED 

MARK YOUR TENSION ESTIMATE 
0 1 2 3 4 5 6 7 8 9 10 

I I I I I I I I I I I I I 
COMPLETELY MAXIMUM 

RELAXED TENSION 

TENSION/RELAXATION RATINGS: 
0=COMPLETELY RELAXED/COULD EASILY FALL ASLEEP 
UEXTREMELY RELAXED/MIND STILL AWARE 
2=VERY RELAXED 
3=MODERATELY RELAXED 
4=SLIGHTLY RELAXED 
5=AVERAGE/NOT OVERLY RELAXED OR TENSE/IN BETWEEN 
6=SLIGHTLY TENSE 
7=MODERATELY TENSE 
8=VERY TENSE, ESPECIALLY IN CERTAIN AREAS (NECK, SHOULDERS, ETC.) 
9=EXTREMELY TENSE, SEVERAL AREAS OF THE BODY FEEL VERY TENSE 
10=MAXIMUM TENSION TO THE POINT OF MUSCLE SPASMS 

MARK YOUR ANXIETY / FEAR ESTIMATE 
0 1 2 3 4 5 6 7 8 9 10 

I I I I I I I I I I I I I 
NO FEAR OR MAXIMUM 

ANXIETY FEAR/ANXIETY 

ANXIETY / FEAR RATINGS: 
0=ABSOLUTELY NO FEAR OR ANXIETY/COMPLETELY CALM & COMFORTABLE 
lxEXTREMELY CALM & COMFORTABLE 
2=VERY CALM & COMFORTABLE 
3=MODERATELY CALM & COMFORTABLE 
4=SLIGHTLY CALM & COMFORTABLE 
5=AVERAGE: NOT REALLY AWARE OF ANY FEAR OR ANXIETY 
6=SLIGHTLY APPREHENSIVE OR FEARFUL/MILDLY ANXIOUS 
7=MODERATELY FRIGHTENED AND ANXIOUS 
8=VERY SCARED AND ANXIOUS/FEEL NERVOUS 
9=EXTREMELY FEARFUL AND ANXIOUS/THERE ARE PHYSICAL SIGNS 

(RAPID BREATHING & HR, ETC.) 
10=MAXIMUM ANXIETY AND FEAR: ANXIETY AND PANIC ATTACK FEELINGS/FEELINGS OF 

FOREBODING/INTENSE PHYSICAL SYMPTOMS 
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Procedure for Radioimmunoassays 

Sample Collection and Preparation 

CSF and blood samples were collected between 9:30 AM and 12:00 noon by medical 

personnel using standard procedures. 7-10 ml CSF samples were collected into sterile 

plastic tubes, and 10 ml blood samples were collected into EDTA (ethylenediamine 
i 

tetraacetic acid) vacutainers (15.0 mg EDTA [K3]), both samples were shipped on wet ice 

and processed within 60 minutes of collection. Plasma was separated by centrifugation 

(1000 x g, 15 minutes at 4°C). Plasma samples were aliquoted into sterile microfuge 

tubes containing 500 KlU/ml of the proteolytic enzyme inhibitor aprotinin. After plasma 

and CSF samples were aliquoted, they were immediately frozen and kept at -80°C until 

assayed. 

geta-Endorpfrin Radioimmunoassay (RIA) 

Antiserum was raised in rabbits against synthetic human beta-endorphin (amino acids 

1-31) (Peninsula Laboratories, San Carlos, CA), affinity purified and used to coat 

polystyrene beads. This antiserum is 100% crossreactive with [Des-Tyr*, 2-Methyl-Ala^, 

and D-Ala^] human beta-endorphin and shows negligible crossreactivities with human 

beta-lipotropin, human gamma lipotropin, methionine-enkephalin, leucine-enkephalin, 

alpha/beta MSH and dynorphin. Standards consist of serial dilutions of 5 ng synthetic 

human beta-endorphin. ^I-labeled human beta-endorphin was prepared by the Iodo-

GEN method (Pierce, Rockford, ILL.). The antiserum is used at a final dilution of 

approximately 1:60,000. Reagents and samples are kept on ice during the assay procedure 

to minimize degradation of peptides. Specimens are assayed in duplicate, requiring 1,000 

fil plasma, while standards and blanks arc run in triplicate. The limit of detection for the 

assay is 10 pg/ml. Intra- and interassay coefficients of variation of the assay arc 6% and 

10% respectively (Khatami, Kiser, Gatchel, Burns, Fuchs, Altshuler, and Bhatia, 1985).. 

Met-Enkephalin RIA 
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Met-enkephalin (amino acids 1-5) levels are measured by the highly specific assay 

technology developed by Clement-Jones et aL (1980). The assay achieves its high 

specificity by taking advantage of the tendency of the carboxy-terminal methionine residue 

in met-enkephalin to undergo spontaneous oxidation to methionine sulfoxide. In the assay, 

sets of standards and all samples are exposed to oxidizing conditions prior to assay, thus 

converting the carboxy-terminal methionine residues to methionine sulfoxide. The use of 

an antiserum which recognizes the free carboxy-terminal methionine sulfoxide residues of 

met-enkephalin sulfoxide then allows highly specific met-enkephalin measurements. 

The met-enkephalin radioimmunoassay procedures are generally similar to those 

described for the beta-endorphin assay. In the met-enkephalin assay, however, met-

enkephalin sulfoxide antiserum is used. This antiserum was raised in a rabbit immunized 

with met-enkephalin sulfoxide coupled via its amino-terminal to bovine thyreoglobulin by 

the glutaraldehyde method. The antiserum shows no significant crossreactivity with 

leucine-enkephalin, human beta-endorphin, human beta-lipotropin, ACTH, alpha MSH, 

gamma lipotropin or a large number of other hypothalamic, pituitary, or gastrointestinal 

hormones. The limit of detection for this assay is 20 pg/ml. Intra- and interassay 

coefficients of variation of the assay are 10% and 16% respectively. 

An affinity purified antibody with 100% crossreactivity to Corticotropin Releasing 

Hormone (human) (amino acids 1-41), 1% crossreactivity to ovine CRH (amino acids 1-

41) and negligible crossreactivities to ovine CRH (amino acids 1-12), sauvagine, and 

urotensin are used in this assay. The limit of detection for this assay is 5 pg/ml. Intra- and 

interassay coefficients of variation of the assay are 9.5% and 13.5% respectively (Fuchs, 

1990). 

ACTHRIA 

An affinity purified antibody with 100% reactivity to ACTH (amino acids 1-39) and 
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ACIH (amino acids 11-24), 17% crossreactivity to ACTH (amino acids 1-24) and 

negligible crossreactivities to beta-MSH, beta-lipotropin (amino acids 1-91) and beta-

endorphin are used in this assay. The limit of detection for this assay is 15 pg/ml. Intra-

and interassay coefficients of variation of the assay are 7.5% and 10.5% respectively 

(Kiser, Jackson, Smith, Rees, Lowry, & Besser, 1980). 

Cortisol MA 

Cortisol is measured with a commercial RIA of Organon Technika Corporation. The 

antiserum is 100% reactive with Cortisol. 11-deoxycortisol and 21-deoxycortisol are 

10.1% and 8.9% crossreactive respectively. Crossreactivities with progesterone, 

cortisone, prednisone, and tetrahydocortisol are negligible. The minimun detectable dose 

of the assay system is 0.7 ug/dl. Intra- and interassay coefficients of variation of the assay 

are 4% and 7% respectively. 

Quality Control for RIAs 

All RIAs are involved in an ongoing program with real-time and long-term quality 

control measures. The quality of the standard curves is checked with pooled control-

standards kept at -80°C. Drifts in curve position and slope; intercept parameters at the 

twenty, fifty and eighty percent binding; zero binding and nonspecific binding are graphed 

in Levey-Jennings and Cusum charts. Assays are rejected if values exceed one standard 

deviation in Levey-Jenning charts or two sigma in Cusum charts.(Fuchs, 1990). 

Prog Screening 

Toxi-Lab is a rapid and sensitive thin layer chromatographic method for broad-

spectrum drug screening in urine. Drugs in the following groups are detected: opiates, 

amphetamines, PCP, cocaine, tetrahydrocannabinol, nicotine, caffeine, diazepam, 

barbiturates, psychotropic drugs, and analgesics (Bittekofer & Benton; 1987; Sunshine, 

1987). 
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SCL-GSI#! SCL-GSI#2 

A 
V 

A 
V 

Quantiles 

maximum 100.0% 81.000 
99.5% 81.000 
97.5% 81.000 
90.0% 76.500 

quartile 75.0% 69.000 
median 50.0% 64.250 
quaitile 25.0% 58.750 

10.0% 52.950 
2.5% 52.500 
0.5% 52.500 

minimum 0.0% 52.500 

Moments 
— y 

Mean 64.02778 
StdDev 7.76014 
Std Err Mean 1.82908 
upper 95% Mean 67.88678 
lower 95% Mean 60.16877 
N 18.00000 
Sum Wgts 18.00000 

rr — 
[Quantiles 

maximum 100.0% 81.000 
99.5% 81.000 
97.5% 81.000 
90.0% 81.000 

quartile 75.0% 70.750 
median 50.0% 64.000 
quartile 25.0% 57.000 

10.0% 51.750 
2.5% 49.500 
0.5% 49.500 

minimum 0.0% 49.500 

rf ' 1 

Moments 
V 

Mean 64.83333 
StdDev 9.65584 
Std Err Mean 2.27590 
upper 95% Mean 69.63504 
lower 95% Mean 60.03162 
N 18.00000 
Sum Wgts 18.00000 

Figure 3. Distributions, Quantiles and Moments for Psychological 
Measures (Control Group) 
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SCL-GSI#! SCL-GSI#2 

V 

75-

70-

65-

60-

55-

50-

45-

A 
V 

Quantiles 

maximum 

quartile 
median 
quartile 

minimum 

100.0% 
99.5% 
97.5% 
90.0% 
75.0% 
50.0% 
25.0% 
10.0% 
2.5% 
0.5% 
0.0% 

81.000 
81.000 
81.000 
81.000 
73.250 
64.000 
60.750 
58.300 
52.000 
52.000 
52.000 

Moments 

Mean 
StdDev 
Std Err Mean 
upper 95% Mean 
lower 95% Mean 
N 
Sum Wgts 

67.05556 
8.50240 
2.00404 

71.28368 
62.82744 
18.00000 
18.00000 

Quantiles 

maximum 

quartile 
median 
quartile 

minimum 

100.0% 
99.5% 
97.5% 
90.0% 
75.0% 
50.0% 
25.0% 
10.0% 
2.5% 
0.5% 
0.0% 

81.000 
81.000 
81.000 
74.700 
69.250 
60.500 
55.000 
51.500 
47.000 
47.000 
47.000 

Moments 

Mean 
StdDev 
Std Err Mean 
upper 95% Mean 
lower 95% Mean 
N 
Sum Wgts 

62.11111 
9.10649 
2.14642 

66.63963 
57.58259 
18.00000 
18.00000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Imagery Group) 
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SCL-PSDI#! SCL-PSDI#2 

V 

rr ' 111 1 1 

[Quantiles 

maximum 100.0% 77.000 
99.5% 77.000 
97.5% 77.000 
90.0% 70.700 

quartile 75.0% 68.000 
median 50.0% 64.250 
quartile 25.0% 60.750 

10.0% 52.180 
2.5% 52.000 
0.5% 52.000 

minimum 0.0% 52.000 

. 
Moments 

Mean 63.98333 
StdDev 6.16196 
Std Err Mean 1.45239 
upper 95% Mean 67.04758 
lower 95% Mean 60.91908 
N 18.00000 
Sum Wgts 18.00000 

[Quantiles 

maximum 100.0% 81.000 
99.5% 81.000 
97.5% 81.000 
90.0% 79.200 

quartile 75.0% 69.625 
median 50.0% 63.000 
quartile 25.0% 58.000 

10.0% 54.450 
2.5% 49.500 
0.5% 49.500 

minimum 0.0% 49.500 
J 

V v 

Moments 

Mean 64.58333 
StdDev 8.35825 
Std Err Mean 1.97006 
upper 95% Mean 68.73977 
lower 95% Mean 60.42690 
N 18.00000 
Sum Wgts 18.00000 

J 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Control Group) 
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SCL-PSDI#! SCL-PSDI#2 

A 
V n 

V 

Quantiles 

maximum 

quartile 
median 
quartile 

minimum 

100.0% 
99.5% 
97.5% 
90.0% 
75.0% 
50.0% 
25.0% 
10.0% 
2.5% 
0.5% 
0.0% 

77.500 
77.500 
77.500 
70.750 
67.500 
63.000 
59.125 
53.900 
53.000 
53.000 
53.000 

Moments 

Mean 
StdDev 
Std Err Mean 
upper 95% Mean 
lower 95% Mean 
N 
Sum Wgts 

63.27778 
6.16971 
1.45422 

66.34589 
60.20967 
18.00000 
18.00000 

Quantiles 

maximum 

quartile 
median 
quartile 

minimum 

100.0% 
99.5% 
97.5% 
90.0% 
75.0% 
50.0% 
25.0% 
10.0% 
2.5% 
0.5% 
0.0% 

81.000 
81.000 
81.000 
71.100 
63.000 
56.750 
54.000 
49.900 
49.000 
49.000 
49.000 

Moments j 

Mean 
StdDev 
Std Err Mean 
upper 95% Mean 
lower 95% Mean 
N 
Sum Wgts 

59.16667 
8.07319 
1.90287 

63.18135 
55.15199 
18.00000 
18.00000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Imagery Group) 
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SCL-PST#! SCL-PST#2 

Quantiles 
• 

maximum 100.0% 71.000 
99.5% 71.000 
97.5% 71.000 
90.0% 71.000 

quartile 75.0% 66.250 
median 50.0% 59.500 
quartile 25.0% 55.750 

10.0% 48.900 
2.5% 48.000 
0.5% 48.000 

minimum 0.0% 48.000 

[Moments 
1 1 1 ' 1 "i 

Mean 60.61111 
StdDev 7.14669 
Std Err Mean 1.68449 
upper 95% Mean 64.16505 
lower 95% Mean 57.05717 
N 18.00000 
Sum Wgts 18.00000 

[Quantiles 
A 

maximum 100.0% 71.000 
99.5% 71.000 
97.5% 71.000 
90.0% 71.000 

quartile 75.0% 66.000 
median 50.0% 62.000 
quartile 25.0% 55.750 

10.0% 47.700 
2.5% 45.000 
0.5% 45.000 

minimum 
L 

0.0% 45.000 
rr 

Moments 
4 

Mean 60.55556 
StdDev 7.98692 
Std Err Mean 1.88253 
upper 95% Mean 64.52733 
lower 95% Mean 56.58378 
N 18.00000 
Sum Wgts 18.00000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Control Group) 
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SCL-PST#! SCL-PST#2 

Z j 

A 

Quantiles 

maximum 

quartile 
median 
quartile 

minimum 

100.0% 
99.5% 
97.5% 
90.0% 
75.0% 
50.0% 
25.0% 
10.0% 
2.5% 
0.5% 
0.0% 

71.000 
71.000 
71.000 
71.000 
69.000 
62.500 
58.500 
55.200 
48.000 
48.000 
48.000 

Moments 

Mean 
StdDev 
Std Err Mean 
upper 95% Mean 
lower 95% Mean 
N 
Sum Wgts 

63.38889 
6.42732 
1.51493 

66.58510 
60.19268 
18.00000 
18.00000 

Quantiles 

maximum 

quartile 
median 
quartile 

minimum 

100.0% 
99.5% 
97.5% 
90.0% 
75.0% 
50.0% 
25.0% 
10.0% 
2.5% 
0.5% 

71.000 
71.000 
71.000 
71.000 
67.000 
48.500 

5.000 
0.000 
0.000 
0.000 
0.000 

Moments 

Mean 
StdDev 
Std Err Mean 
upper 95% Mean 
lower 95% Mean 
N 
Sum Wgts 

39.77778 
27.89804 
6.57563 

53.65107 
25.90449 
18.00000 
18.00000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Imagery Group) 



Appendix F--Continued 
121 

POMS-TMD#! POMS-TMD#2 

A 
V 

Y — > 

[Quantiles 

maximum 100.0% 120.00 
99.5% 120.00 
97.5% 120.00 
90.0% 111.90 

quartile 75.0% 74.00 
median 50.0% 34.00 
quaitile 25.0% 17.75 

10.0% 6.30 
2.5% -9.00 
0.5% -9.00 

minimum 0.0% -9.00 
.J 

Moments 

Mean 
StdDev 
Std Err Mean 
upper 95% Mean 
lower 95% Mean 
N 
Sum Wgts 

46.22222 
39.14010 
9.22541 

65.68602 
26.75842 
18.00000 
18.00000 

'A 
[Quantiles 

maximum 100.0% 129.00 
99.5% 129.00 
97.5% 129.00 
90.0% 103.80 

quaitile 75.0% 77.25 
median 50.0% 44.00 
quartile 25.0% 29.00 

10.0% 10.60 
2.5% -2.00 
0.5% -2.00 

minimum 0.0% -2.00 

r ' ' ' N 

Moments 

Mean 52.66667 
StdDev 34.94197 
Std Err Mean 8.23590 
upper 95% Mean 70.04280 
lower 95% Mean 35.29054 
N 18.00000 
Sum Wgts 

^ 

18.00000 
J 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Control Group) 
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POMS-TMD#! POMS-TMD#2 

A 
V 

Quantiles 

maximum 100.0% 107.00 
99.5% 107.00 
97.5% 107.00 
90.0% 103.40 

quartile 75.0% 73.75 
median 50.0% 46.50 
quartile 25.0% 26.00 

10.0% 13.30 
2.5% 7.00 
0.5% 7.00 

minimum 0.0% 7.00 

> 

Moments 
4 

Mean 51.16667 
StdDev 30.31453 
Std Err Mean 7.14520 
upper 95% Mean 66.24164 
lower 95% Mean 36.09170 
N 18.00000 
Sum Wgts 18.00000 

A 

[Quantiles 

maximum 100.0% 71.000 
99.5% 71.000 
97.5% 71.000 
90.0% 69.200 

quartile 75.0% 41.500 
median 50.0% 23.000 
quartile 25.0% 8.750 

10.0% 1.600 
2.5% -2.000 
0.5% -2.000 

minimum 
L. 

0.0% -2.000 
j 

f( \ 
Moments 
Mean 27.05556 
StdDev 22.55313 
Std Err Mean 5.31582 
upper 95% Mean 38.27090 
lower 95% Mean 15.84021 
N 18.00000 
Sum Wgts 18.00000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Imagery Group) 
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PD GRID#1 PD GRID#2 

n w 

-f 

[Quantiles 

maximum 100.0% 66,000 
99.5% 66.000 
97.5% 66.000 
90.0% 46.200 

quartile 75.0% 29.000 
median 50.0% 24.000 
quartile 25.0% 12.750 

10.0% 10.400 
2.5% 5.000 
0.5% 5.000 

minimum 0.0% 5.000 

y i 
Moments 

"*N 

Mean 24.11111 
StdDev 14.07914 
Std Err Mean 3.31849 
upper 95% Mean 31.11246 
lower 95% Mean 17.10976 
N 18.00000 
Sum Wgts 

L 
18.00000 

Quantiles 

maximum 100.0% 52.000 
99.5% 52.000 
97.5% 52.000 
90.0% 43.900 

quartile 75.0% 27.750 
median 50.0% 22.000 
quartile 25.0% 11.000 

10.0% 9.000 
2.5% 9.000 
0.5% 9.000 

minimum 0.0% 9.000 

f f 

Moments 
—N 

4 

Mean 22.77778 
StdDev 12.42652 
Std Err Mean 2.92896 
upper 95% Mean 28.95730 
lower 95% Mean 16.59825 
N 18.00000 
Sum Wgts 18.00000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Control Group) 
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PD GRID#1 PD GRID#2 
80-

7 0 -

u 
V V 

Quantiles 

maximum 100.0% 80.000 
99.5% 80.000 
97.5% 80.000 
90.0% 62.000 

quartile 75.0% 40.250 
median 50.0% 25.000 
quartile 25.0% 15.000 

10.0% 10.900 
2.5% 10.000 
0.5% 10.000 

minimum 0.0% 10.000 

Moments 
— \ 

4 

• 1 i 

Mean 31.16667 
StdDev 19.42482 
Std Err Mean 4.57847 
upper 95% Mean 40.82634 
Iowa 95% Mean 21.50699 
N 18.00000 
Sum Wgts 18.00000 

> 1 ' 1 1 1 
[Quantiles 

maximum 100.0% 65.000 
99.5% 65.000 
97.5% 65.000 
90.0% 47.000 

quartile 75.0% 35.250 
median 50.0% 17.500 
quartile 25.0% 11.750 

10.0% 9.900 
2.5% 9.000 
0.5% 9.000 

minimum 0.0% 9.000 

1 
Moments 

Mean 22.44444 
StdDev 15.09664 
Std Err Mean 3.55831 
upper 95% Mean 29.95178 
lower 95% Mean 14.93711 
N 18.00000 
Sum Wgts 18.00000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Imagery Group) 
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VAS PAIN#1 VAS PAIN#2 

A 
V A 

Quantiles 

maximum 100.0% 10.000 
99.5% 10.000 
97.5% 10.000 
90.0% 10.000 

quartile 75.0% 9.000 
median 50.0% 7.500 
quartile 25.0% 6.000 

10.0% 3.900 
2.5% 3.000 
0.5% 3.000 

minimum 0.0% 3.000 

[Moments 

Mean 7.22222 
StdDev 1.95706 
Std Err Mean 0.46128 
upper 95% Mean 8.19544 
lower 95% Mean 6.24901 
N 18.00000 
Sum Wgts 18.00000 

r 

[Quantiles 

maximum 100.0% 10.000 
99.5% 10.000 
97.5% 10.000 
90.0% 9.100 

quartile 75.0% 8.000 
median 50.0% 6.500 
quartile 25.0% 5.750 

10.0% 3.900 
2.5% 3.000 
0.5% 3.000 

minimum 0.0% 3.000 

Moments 

Mean 
StdDev 
Std Err Mean 
upper 95% Mean 
lower 95% Mean 
N 
Sum Wgts 

6.66667 
1.87867 
0.44281 
7.60090 
5.73243 

18.00000 
18.00000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Control Group) 
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VAS PAIN#1 VAS PAIN#2 

A 
V A 

V 

[Quantiles 

maximum 100.0% 10.000 
99.5% 10.000 
97.5% 10.000 
90.0% 9.100 

quartile 75.0% 9.000 
median 50.0% 8.500 
quartile 25.0% 7.000 

10.0% 4.800 
2.5% 3.000 
0.5% 3.000 

minimum 0.0% 3.000 

Moments 
L 

Mean 7.72222 
StdDev 1.77584 
Std Err Mean 0.41857 
upper 95% Mean 8.60532 
lower 95% Mean 6.83912 
N 18.00000 
Sum Wgts 18.00000 

A 

[Quantiles 

maximum 100.0% 8.0000 
99.5% 8.0000 
97.5% 8.0000 
90.0% 7.1000 

quartile 75.0% 7.0000 
median 50.0% 5.5000 
quartile 25.0% 4.0000 

10.0% 1.9000 
2.5% 1.0000 
0.5% 1.0000 

minimum 0.0% 1.0000 

Moments 
V j 

Mean 5.38889 
StdDev 1.97451 
Std Err Mean 0.46540 
upper 95% Mean 6.37078 
Iowa 95% Mean 4.40699 
N 18.00000 
Sum Wgts 18.00000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Imagery Group) 
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VAS TENS#1 VAS TENS#2 

A 

Quantiles 

maximum 

quartile 
median 
quaitile 

minimum 

100.0% 
99.5% 
97.5% 
90.0% 
75.0% 
50.0% 
25.0% 
10.0% 
2.5% 
0.5% 
0.0% 

10.000 
10.000 
10.000 
10.000 
9.000 
8.000 
6.000 
5.000 
5.000 
5.000 
5.000 

Moments 

Mean 
StdDev 
Std Err Mean 
upper 95% Mean 
lower 95% Mean 
N 
Sum Wgts 

7.61111 
1.75361 
0.41333 
8.48316 
6.73906 

18.00000 
18.00000 

r f 

[Quantiles 
maximum 100.0% 9.0000 

99.5% 9.0000 
97.5% 9.0000 
90.0% 9.0000 

quartile 75.0% 8.0000 
median 50.0% 8.0000 
quartile 25.0% 6.0000 

10.0% 3.9000 
2.5% 3.0000 
0.5% 3.0000 

minimum 0.0% 3.0000 

Y \ 
Moments 

V A 

I ... 11 

Mean 7.00000 
StdDev 1.81497 
Std Err Mean 0.42779 
upper 95% Mean 7.90256 
lower 95% Mean 6.09744 
N 18.00000 
Sum Wgts 18.00000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Control Group) 
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VAS TENS#1 VAS TENS#2 

A 
V 

Quantiles 

maximum 100.0% 10.000 
99.5% 10.000 
97.5% 10.000 
90.0% 10.000 

quartile 75.0% 9.000 
median 50.0% 8.500 
quaitile 25.0% 7.000 

10.0% 5.800 
2.5% 4.000 
0.5% 4.000 

minimum 0.0% 4.000 

Moments 
4 

Meat 8.11111 
StdDev 1.60473 
Std Err Mean 0.37824 
upper 95% Mean 8.90912 
lower 95% Mean 7.31310 
N 18.00000 
Sum Wgts 18.00000 

Quantiles 

maximum 

quartile 
median 
quaitile 

minimum 

100.0% 8.0000 
99.5% 8.0000 
97.5% 8.0000 
90.0% 8.0000 
75.0% 7.0000 
50.0% 5.5000 
25.0% 4.0000 
10.0% 2.9000 
2.5% 2.0000 
0.5% 2.0000 
0.0% 2.0000 

N 
Moments 
Mean 5.33333 
StdDev 1.84710 
Std Err Mean 0.43536 
upper 95% Mean 6.25187 
lower 95% Mean 4.41480 
N 18.00000 
Sum Wgts 

L 

18.00000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Imagery Group) 
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VAS ANX#1 VAS ANX#2 

A 
V 

A 
V 

Quantiles 

maximum 

quartile 
median 
quartile 

minimum 

100.0% 
99.5% 
97.5% 
90.0% 
75.0% 
50.0% 
25.0% 
10.0% 
2.5% 

0.0% 

10.000 
10.000 
10.000 
9.100 
7.250 
6.500 
5.000 
3.900 
3.000 
3.000 
3.000 

lr 1 

Moments 

Mean 6.27778 
StdDev 1.84089 
Std Err Mean 0.43390 
upper 95% Mean 7.19323 
lower 95% Mean 5.36233 
N 18.00000 
Sum Wgts 18.00000 

Quantiles 

maximum 100.0% 8.0000 
99.5% 8.0000 
97.5% 8.0000 
90.0% 8.0000 

quartile 75.0% 7.2500 
median 50.0% 7.0000 
quartile 25.0% 5.0000 

10.0% 3.8000 
2.5% 2.0000 
0.5% 2.0000 

minimum 0.0% 2.0000 

Moments 

Mean 6.33333 
StdDev 1.60880 
Std Err Mean 0.37920 
upper 95% Mean 7.13337 
lower 95% Mean 5.53330 
N 18.00000 
Sum Wgts 18.00000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Control Group) 
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VAS ANX#1 VAS ANX#2 

A 
V 

[Quantiles 

maximum 100.0% 10.000 
99.5% 10.000 
97.5% 10.000 
90.0% 8.200 

quartile 75.0% 8.000 
median 50.0% 6.500 
quartile 25.0% 5.000 

10.0% 4,800 
2.5% 3.000 
0.5% 3.000 

minimum 0.0% 3.000 
J 

Moments 

Mean 6.50000 
StdDev 1.61791 
Std Err Mean 0.38135 
upper 95% Mean 7.30457 
lower 95% Mean 5.69543 
N 18.00000 
Sum Wgts 18.00000 

A 

[Quantiles 

maximum 100.0% 7.0000 
99.5% 7.0000 
97.5% 7.0000 
90.0% 6.1000 

quartile 75.0% 6.0000 
median 50.0% 5.0000 
quartile 25.0% 2.7500 

10.0% 1.0000 
2.5% 1.0000 
0.5% 1.0000 

minimum 0.0% 1.0000 
J 

1 

Moments 

Mean 4.33333 
SldDev 1.84710 
Std Err Mean 0.43536 
upper 95% Mean 5.25187 
lower 95% Mean 3.41480 
N 18.00000 
Sum Wgts 18.00000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Imagery Group) 
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PL1&2-BE PL3-BE 

V 

[Quantiles 

maximum 100.0% 47.285 
99.5% 47.285 
97.5% 47.285 
90.0% 46.326 

quartile 75.0% 43.096 
median 50.0% 40.233 
quartile 25.0% 36.632 

10.0% 31.315 
2.5% 29.970 
0.5% 29.970 

minimum 0.0% 29.970 

Moments 

Mean 
StdDev 
Std Err Mean 
upper 95% Mean 
lower 95% Mean 
N 
Sum Wgts 

39.80083 
4.85502 
1.14434 

42.21516 
37.38650 
18.00000 
18.00000 

Quantiles 

maximum 100.0% 45.140 
99.5% 45.140 
97.5% 45.140 
90.0% 43.511 

quartile 75.0% 38.217 
median 50.0% 35.655 
quartile 25.0% 29.400 

10.0% 28.240 
2.5% 26.260 
0.5% 26.260 

minimum 
L 

0.0% 26.260 

rf 

Moments 
V > 

Mean 34.76278 
StdDev 5.43696 
Std Err Mean 1.28150 
upper 95% Mean 37.46650 
lower 95% Mean 32.05906 
N 18.00000 
Sum Wgts 

L. 

18.00000 

Figure 3. Distributions, Quantiles and Moments for 
Neuroendocrinological Measures (Control Group) 
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PL1&2-BE PL3-BE 

A 
V 

ft ! U 1 
[Quantiles 

maximum 100.0% 49.935 
99.5% 49.935 
97.5% 49.935 
90.0% 49.476 

quaitile 75.0% 43.587 
median 50.0% 39.495 
quaitile 25.0% 37.701 

10.0% 35.105 
2.5% 28.670 
0.5% 28.670 

minimum 0.0% 28.670 

V 
[Moments 

• 

Mean 40.55500 
StdDev 5.24558 
Std Err Mean 1.23639 
upper 95% Mean 43.16355 
lower 95% Mean 37.94645 
N 18.00000 
Sum Wgts 18.00000 

Quantiles 

maximum 100.0% 50.130 
99.5% 50.130 
97.5% 50.130 
90.0% 49.014 

quaitile 75.0% 45.993 
median 50.0% 38.290 
quartile 25.0% 31.750 

10.0% 27.874 
2.5% 27.280 
0.5% 27.280 

minimum 0.0% 27.280 

Moments 

Mean 38.41500 
StdDev 7.83675 
Std Err Mean 1.84714 
upper 95% Mean 42.31210 
lower 95% Mean 34.51790 
N 18.00000 
Sum Wgts 18.00000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Imagery Group) 
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PL1&2-MET PL3-MET 

80 

A 
V V 

[Quantiles 

maximum 100.0% 124.57 
99.5% 124.57 
97.5% 124.57 
90.0% 123.00 

quartile 75.0% 113.26 
median 50.0% 100.43 
quaitile 25.0% 89.13 

10.0% 78.90 
2.5% 69.69 
0.5% 69.69 

minimum 0.0% 69.69 

R it .i 
Moments 

4 

Mean 100.9661 
StdDev 15.5766 
Std Err Mean 3.6714 
upper 95% Mean 108.7121 
lower 95% Mean 93.2201 
N 18.0000 
Sum Wgts 18.0000 

[Quantiles 
J 

maximum 100.0% 156.55 
99.5% 156.55 
97.5% 156.55 
90.0% 152.25 

quartile 75.0% 113.36 
median 50.0% 100.91 
quaitile 25.0% 82.41 

10.0% 63.08 
2.5% 44.01 
0.5% 44.01 

minimum 
L 

0.0% 44.01 
J 

Moments 

Mean 98.9789 
StdDev 28.0218 
Std Err Mean 6.6048 
upper 95% Mean 112.9137 
lower 95% Mean 85.0441 
N 18.0000 
Sum Wgts 18.0000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Control Group) 
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PL1&2-MET PL3-MET 

A 
V 

I 

A 
V 

Quantiles 

maximum 100.0% 129.16 
99.5% 129.16 
97.5% 129.16 
90.0% 124.43 

quartile 75.0% 119.91 
median 50.0% 101.53 
quartile 25.0% 91.85 

10.0% 86.03 
2.5% 79.59 
0.5% 79.59 

minimum 0.0% 79.59 

Moments 

Mean 103.5228 
StdDev 14.7928 
Std Err Mean 3.4867 
upper 95% Mean 110.8790 
lower 95% Mean 96.1665 
N 18.0000 
Sum Wgts 18.0000 

[Quantiles 

maximum 100.0% 154.15 
99.5% 154.15 
97.5% 154.15 
90.0% 153.57 

quartile 75.0% 141.94 
median 50.0% 108.05 
quartile 25.0% 75.38 

10.0% 52.54 
2.5% 48.07 
0.5% 48.07 

minimum 0.0% 48.07 

Moments 
V 

Mean 105.7333 
StdDev 36.6806 
Std Err Mean 8.6457 
upper 95% Mean 123.9740 
lower 95% Mean 87.4926 
N 18.0000 
Sum Wgts 18.0000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Imagery Group) 
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PL1&2-ACTH PL3-ACTH 

A 
V 

A 
V 

Quantiles 

maximum 100.0% 43.555 
99.5% 43.555 
97.5% 43.555 
90.0% 40.688 

quartile 75.0% 39.030 
median 50.0% 36.505 
quartile 25.0% 32.425 

10.0% 29.322 
2.5% 28.620 
0.5% 28.620 

minimum 0.0% 28.620 

Moments 

Mean 35.69167 
StdDev 4.29463 
Std Err Mean 1.01225 
upper 95% Mean 37.82732 
lower 95% Mean 33.55601 
N 18.00000 
Sum Wgts 18.00000 

J 

[Quantiles 

maximum 100.0% 43.990 
99.5% 43.990 
97.5% 43.990 
90.0% 42.145 

quartile 75.0% 39.368 
median 50.0% 35.280 
quartile 25.0% 31.820 

10.0% 29.080 
2.5% 27.730 
0.5% 27.730 

minimum 0.0% 27.730 

(r-

Moments 

Mean 35.32833 
StdDev 4.61880 
Std Err Mean 1.08866 
upper 95% Mean 37.62520 
lower 95% Mean 33.03147 
N 18.00000 
Sum Wgts 18.00000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Control Group) 
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PL1&2-ACTH PL3-ACTH 

A 
V 

40-

35-

30-

25-1 

Quantiles 

maximum 100.0% 43.950 
99.5% 43.950 
97.5% 43.950 
90.0% 42.469 

quartile 75.0% 39.599 
median 50.0% 35.955 
quailile 25.0% 32.634 

10.0% 31.424 
2.5% 30.880 
0.5% 30.880 

minimum 0.0% 30.880 

R i - . 
Moments 

4 

Mean 36.38944 
StdDev 4.08998 
Std Err Mean 0.96402 
upper 95% Mean 38.42333 
lower 95% Mean 34.35556 
N 18.00000 
Sum Wgts 18.00000 

[Quantiles 
A 

maximum 100.0% 46.580 
99.5% 46.580 
97.5% 46.580 
90.0% 43.493 

quartile 75.0% 40.288 
median 50.0% 34.660 
quartile 25.0% 30.557 

10.0% 28.376 
2.5% 27.350 
0.5% 27.350 

minimum 0.0% 27.350 
J 

/ s \ 

Moments 

Mean 35.36611 
StdDev 5.58889 
Std Err Mean 1.31731 
upper 95% Mean 38.14538 
lower 95% Mean 32.58684 
N 18.00000 
Sum Wgts 18.00000 

J 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Imagery Group) 
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PL1&2-CORT PL3-C0RT 

A 
V A 

V 

[Quantiles 

maximum 100.0% 14.930 
99.5% 14.930 
97.5% 14.930 
90.0% 13.526 

quaitile 75.0% 12.690 
median 50.0% 11.580 
quaitile 25.0% 10.253 

10.0% 7.587 
2.5% 7.470 
0.5% 7.470 

minimum 
L 

0.0% 7.470 

V 

Moments 
V v 

Mean 11.20417 
StdDev 2.05772 
Sid Err Mean 0.48501 
upper 95% Mean 12.22744 
lower 95% Mean 10.18089 
N 18.00000 
Sum Wgts 18.00000 

Quantiles 

maximum 100.0% 15.710 
99.5% 15.710 
97.5% 15.710 
90.0% 15.116 

quartile 75.0% 13.227 
median 50.0% 10.175 
quartile 25.0% 8.488 

10.0% 7.205 
2.5% 7.070 
0.5% 7.070 

minimum 0.0% 7.070 

Moments 
> 

\ 

Mean 10.75222 
StdDev 2.66476 
Std Err Mean 0.62809 
upper 95% Mean 12.07737 
lower 95% Mean 9.42708 
N 18.00000 
Sum Wgts 18.00000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Control Group) 
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PL1&2-CORT PL3-C0RT 

A 
V A 

Quantiles 

maximum 100.0% 14.345 
99.5% 14.345 
97.5% 14.345 
90.0% 13.886 

quartile 75.0% 12.636 
median 50.0% 11.050 
quartile 25.0% 9.693 

10.0% 9.370 
2.5% 8.655 
0.5% 8.655 

minimum 0.0% 8.655 

Moments 
" > 

Mean 11.22778 
StdDev 1.67605 
Std Err Mean 0.39505 
upper 95% Mean 12.06126 
lower 95% Mean 10.39430 
N 18.00000 
Sum Wgts 18.00000 

A 

o 1 [Quantiles 
4 

maximum 100.0% 14.870 
99.5% 14.870 
97.5% 14.870 
90.0% 14.663 

quartile 75.0% 13.503 
median 50.0% 10.255 
quartile 25.0% 7.263 

10.0% 6.348 
2.5% 6.150 
0.5% 6.150 

minimum 0.0% 6.150 
A 

> V 
1 

Moments 
v V 

Mean 10.23278 
StdDev 3.12234 
Std Err Mean 0.73594 
upper 95% Mean 11.78547 
lower 95% Mean 8.68009 
N 18.00000 
Sum Wgts 18.00000 

A 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Imagery Group) 



Appendix F—Continued 
139 

CSF-BE CSF-MET 

V 
A 
V 

Quantiles 

maximum 100.0% 60.660 
99.5% 60.660 
97.5% 60.660 
90.0% 56.853 

quartile 75.0% 49.185 
median 50.0% 43.630 
quartile 25.0% 34.807 

10.0% 28.290 
2.5% 27.930 
0.5% 27.930 

minimum 
L 

0.0% 27.930 

> 

Moments 
4 

\ 

Mean 42.74333 
StdDev 9.59883 
Std Err Mean 2.26247 
upper 95% Mean 47.51669 
lower 95% Mean 37.96998 
N 18.00000 
Sum Wgts 18.00000 

[Quantiles 
A 

maximum 100.0% 145.48 
99.5% 145.48 
97.5% 145.48 
90.0% 137.79 

quartile 75.0% 129.02 
median 50.0% 101.14 
quartile 25.0% 86.01 

10.0% 79.18 
2.5% 71.94 
0.5% 71.94 

minimum 0.0% 71.94 
J 

Moments 

Mean 106.1917 
StdDev 22.2349 
Std Err Mean 5.2408 
upper 95% Mean 117.2487 
lower 95% Mean 95.1346 
N 18.0000 
Sum Wgts 18.0000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Control Group) 
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CSF-BE CSF-MET 

A 
V 

Quantiles 

maximum 100.0% 60.850 
99.5% 60.850 
97.5% 60.850 
90.0% 58.807 

quartile 75.0% 56.717 
median 50.0% 40.265 
quartile 25.0% 31.235 

10.0% 29.891 
2.5% 29.270 
0.5% 29.270 

minimum 0.0% 29.270 

( 1 

Moments 

Mean 43.00667 
StdDev 11.60338 
Std Err Mean 2.73494 
upper 95% Mean 48.77686 
lower 95% Mean 37.23647 
N 18.00000 
Sum Wgts 18.00000 

> 

[Quantiles 

maximum 100.0% 142.31 
99.5% 142.31 
97.5% 142.31 
90.0% 139.83 

quartile 75.0% 122.20 
median 50.0% 92.72 
quartile 25.0% 82.38 

10.0% 75.13 
2.5% 69.83 
0.5% 69.83 

minimum 0.0% 69.83 

Moments 
V 4 

i M ^ 

Mean 101.3353 
StdDev 22.7774 
Std Err Mean 5.5243 
upper 95% Mean 113.0463 
lower 95% Mean 89.6243 
N 17.0000 
Sum Wgts 17.0000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Imagery Group) 
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CSF-CRH CSF-ACTH 

P 
V 

A 
V 

[Quantiles *i 

maximum 100.0% 51.930 
99.5% 51.930 
97.5% 51.930 
90.0% 49.626 

quartile 75.0% 43.427 
median 50.0% 36.115 
quartile 25.0% 27.868 

10.0% 21.046 
2.5% 20.380 
0.5% 20.380 

minimum 0.0% 20.380 

Moments 

Mean 35.72556 
StdDev 9.35736 
Std Err Mean 2.20555 
upper 95% Mean 40.37883 
lower 95% Mean 31.07228 
N 18.00000 
Sum Wgts 18.00000 

[Quantiles 
A 

maximum 100.0% 48.310 
99.5% 48.310 
97.5% 48.310 
90.0% 40.300 

quartile 75.0% 38.390 
median 50.0% 35.230 
quartile 25.0% 23.615 

10.0% 20.665 
2.5% 20.620 
0.5% 20.620 

minimum 0.0% 20.620 
j 

Moments 
V A 

Mean 32.22889 
StdDev 8.01086 
Std Err Mean 1.88818 
upper 95% Mean 36.21257 
lower 95% Mean 28.24521 
N 18.00000 
Sum Wgts 18.00000 

J 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Control Group) 
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CSF-CRH CSF-ACTH 

A 
V 

45-

35 

30 

25 

20 

Quantiles 

maximum 100.0% 52.360 
99.5% 52.360 
97.5% 52.360 
90.0% 51.688 

quartile 75.0% 46.750 
median 50.0% 39.510 
quartile 25.0% 27.850 

10.0% 22.758 
2.5% 20.670 
0.5% 20.670 

minimum 0.0% 20.670 

' r i 

Moments 
4 

Mean 38.10353 
Std Dev 10.06346 
Std Err Mean 2.44075 
upper 95% Mean 43.27766 
lower 95% Mean 32.92940 
N 17.00000 
Sum Wgts 17.00000 

J 

rr A 

[Quantiles . 

maximum 100.0% 57.440 
99.5% 57.440 
97.5% 57.440 
90.0% 55.622 

quartile 75.0% 38.430 
median 50.0% 27.920 
quartile 25.0% 20.575 

10.0% 20.244 
2.5% 20.190 
0.5% 20.190 

minimum 0.0% 20.190 

v — \ 1 \ 
Moments 

Mean 31.06722 
Std Dev 12.71089 
Std Err Mean 2.99598 
upper 95% Mean 37.38816 
lower 95% Mean 24.74628 
N 18.00000 
Sum Wgts 18.00000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Imagery Group) 
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TBF BL TBF HI 

91 

90-

89-

V 

Quantiles 

maximum 

quartile 
median 
quartile 

minimum 

100.0% 
99.5% 
97.5% 
90.0% 
75.0% 
50.0% 
25.0% 
10.0% 
2.5% 
0.5% 
0.0% 

90.450 
90.450 
90.450 
90.405 
89.262 
87.450 
85.525 
82.890 
81.900 
81.900 
81.900 

[Moments 

Mean 
StdDev 
Sid Err Mean 
upper 95% Mean 
lower 95% Mean 
N 
Sum Wgts 

87.16667 
2.48880 
0.58662 

88.40431 
85.92902 
18.00000 
18.00000 

/ 

Quantiles 

maximum 100.0% 96.750 
99.5% 96.750 
97.5% 96.750 
90.0% 95.220 

quartile 75.0% 94.688 
median 50.0% 93.175 
quartile 25.0% 91.600 

10.0% 90.260 
2.5% 89.000 
0.5% 89.000 

minimum 0.0% 89.000 

f, 
Moments 
Mean 92.99444 
StdDev 2.02389 
Std Err Mean 0.47704 
upper 95% Mean 94.00090 
lower 95% Mean 91.98799 
N 18.00000 
Sum Wgts 18.00000 

Figure 3. Distributions, Quantiles and Moments for Physiological 
Measures (Imagery Group) 
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TBF MI-BL TBF MI-HI 

(Quantiles 
A 

maximum 100.0% 90.400 
99.5% 90.400 
97.5% 90.400 
90.0% 90.220 

quartile 75.0% 89.425 
median 50.0% 86.250 
quartile 25.0% 84.175 

10.0% 79.620 
2.5% 74.400 
0.5% 74.400 

minimum 0.0% 74.400 

Moments 
V J 

Mean 85.86667 
StdDev 4.00191 
Std Err Mean 0.94326 
upper 95% Mean 87.85676 
lower 95% Mean 83.87657 
N 18.00000 
Sum Wgts 18.00000 

j 

Quantiles 

maximum 100.0% 96.200 
99.5% 96.200 
97.5% 96.200 
90.0% 95.300 

quartile 75.0% 94.300 
median 50.0% 92.900 
quartile 25.0% 90.650 

10.0% 86.830 
2.5% 82.600 
0.5% 82.600 

minimum 0.0% 82.600 

Moments 

Mean 92.03333 
StdDev 3.32123 
Std Err Mean 0.78282 
upper 95% Mean 93.68493 
lower 95% Mean 90.38173 
N 18.00000 
Sum Wgts 

L. 

18.00000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Imagery Group) 
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TBF MII-BL TBF MII-HI 

80 

A 
M 

A 
V 

Quantiles 

maximum 100.0% 91.400 
99.5% 91.400 
97.5% 91.400 
90.0% 90.680 

quartile 75.0% 89.900 
median 50.0% 89.000 
quartile 25.0% 87.575 

10.0% 85.580 
2.5% 81.800 
0.5% 81.800 

minimum 0.0% 81.800 

r, 
Moments 

Mean 88.46667 
StdDev 2.15297 
Std Err Mean 0.50746 
upper 95% Mean 89.53731 
lower 95% Mean 87.39602 
N 18.00000 
Sum Wgts 18.00000 

Quantiles 

maximum 100.0% 97.300 
99.5% 97.300 
97.5% 97.300 
90.0% 96.040 

quartile 75.0% 94.775 
median 50.0% 94.450 
quartile 25.0% 92.800 

10.0% 91.920 
2.5% 90.300 
0.5% 90.300 

minimum 0.0% 90.300 

[Moments 
v 

Mean 93.95556 
StdDev 1.63463 
Std Err Mean 0.38529 
upper 95% Mean 94.76843 
lower 95% Mean 93.14268 
N 18.00000 
Sum Wgts 18.00000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Imagery Group) 
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EBF BL EBF LO 

V A v 
Quantiles 

maximum 100.0% 10.250 
99.5% 10.250 
97.5% 10.250 
90.0% 8.135 

quartile 75.0% 7.012 
median 50.0% 5.175 
quartile 25.0% 4.450 

10.0% 3.085 
2.5% 2.500 
0.5% 2.500 

minimum 0.0% 2.500 

F 

Moments 
" "V 

Mean 5.57500 
StdDev 1.87932 
Sid Err Mean 0.44296 
upper 95% Mean 6.50956 
lower 95% Mean 4.64044 
N 18.00000 
Sum Wgts 18.00000 

[Quantiles 
4 

maximum 100.0% 2.8500 
99.5% 2.8500 
97.5% 2.8500 
90.0% 2.4450 

quartile 75.0% 1.3250 
median 50.0% 1.0150 
quartile 25.0% 0.6725 

10.0% 0.5900 
2.5% 0.5000 
0.5% 0.5000 

minimum 0.0% 0.5000 
J 

"1 
Moments 

V / 
Mean 1.17583 
StdDev 0.65401 
Std Err Mean 0.15415 
upper 95% Mean 1.50106 
lower 95% Mean 0.85060 
N 18.00000 
Sum Wgts 18.00000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Imagery Group) 
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EBF MI-BL EBF MI-LO 

A 

[Quantiles 
14 

1 

maximum 100.0% 11.900 
99.5% 11.900 
97.5% 11.900 
90.0% 11.450 

quaitile 75.0% 8.175 
median 50.0% 6.100 
quartile 25.0% 4.550 

10.0% 3.430 
2.5% 2.800 
0.5% 2.800 

minimum 0.0% 2.800 

[Moments 

Mean 6.66667 
StdDev 2.55066 
Std Err Mean 0.60120 
upper 95% Mean 7.93507 
lower 95% Mean 5.39826 
N 18.00000 
Sum Wgts 18.00000 

Quantiles 

maximum 100.0% 4.0000 
99.5% 4.0000 
97.5% 4.0000 
90.0% 3.2800 

quartile 75.0% 1.7750 
median 50.0% 1.1000 
quartile 25.0% 0.7000 

10.0% 0.6620 
2.5% 0.5000 
0.5% 0.5000 

minimum 
v _ 

0.0% 0.5000 

[Moments 
"V 

Mean 1.44667 
StdDev 0.97679 
Std Err Mean 0.23023 
upper 95% Mean 1.93241 
lower 95% Mean 0.96092 
N 18.00000 
Sum Wgts 18.00000 

J 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Imagery Group) 
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EBF MII-BL EBF MII-LO 

A 
V n 

V 
Quantiles 

maximum 

quartile 
median 
quartile 

minimum 

100.0% 
99.5% 
97.5% 
90.0% 
75.0% 
50.0% 
25.0% 
10.0% 
2.5% 
0.5% 
0.0% 

8.7000 
8.7000 
8.7000 
8.6100 
6.8250 
3.6000 
2.6750 
1.8800 
0.8000 
0.8000 
0.8000 

> V 
. . . 

Moments 

Mean 4.48333 
StdDev 2.47654 
Std Err Mean 0.58373 
upper 95% Mean 5.71488 
lower 95% Mean 3.25179 
N 18.00000 
Sum Wgts • 18.00000 

j 

Quantiles 

maximum 

quartile 
median 
quartile 

minimum 

100.0% 
99.5% 
97.5% 
90.0% 
75.0% 
50.0% 
25.0% 
10.0% 
2.5% 
0.5% 
0.0% 

2.0000 
2.0000 
2.0000 
1.7300 
1.0250 
0.7500 
0.5950 
0.5000 
0.5000 
0.5000 
0.5000 

^ 

rr 

Moments 
V J 

J 

Mean 0.90500 
StdDev 0.41933 
Std Err Mean 0.09884 
upper 95% Mean 1.11353 
lower 95% Mean 0.69647 
N 18.00000 
Sum Wgts 18.00000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Imagery Group) 
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CRIT TBF CRIT EBF 

A 
V 

[Quantiles 

maximum 100.0% 99.000 
99.5% 99.000 
97.5% 99.000 
90.0% 99.000 

quartile 75.0% 97.225 
median 50.0% 96.700 
quartile 25.0% 94.650 

10.0% 93.400 
2.5% 92.500 
0.5% 92.500 

minimum 
L 

0.0% 92.500 

Moments 

Mean 96.22222 
StdDev 1.76120 
Std Err Mean 0.41512 
upper 95% Mean 97.09804 
lower 95% Mean 95.34640 
N 18.00000 
Sum Wgts 18.00000 

[Quantiles 

maximum 100.0% 1.5000 
99.5% 1.5000 
97.5% 1.5000 
90.0% 1.4100 

quartile 75.0% 0.6250 
median 50.0% 0.5000 
quartile 25.0% 0.4000 

10.0% 0.3000 
2.5% 0.3000 
0.5% 0.3000 

minimum 0.0% 0.3000 

>" 11 "• 

Moments 

Mean 0.61667 
StdDev 0.35521 
Std Err Mean 0.08372 
upper 95% Mean 0.79331 
lower 95% Mean 0.44002 
N 18.00000 
Sum Wgts 18.00000 

.J 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Imagery Group) 
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RM T 

76.0-

73.5-

73.0-

A 
V 

Quantiles 

maximum 100.0% 76.700 
99.5% 76.700 
97.5% 76.700 
90.0% 76.385 

quaitile 75.0% 75.363 
median 50.0% 74.500 
quartile 25.0% 74.262 

10.0% 73.695 
2.5% 73.200 
0.5% 73.200 

minimum 0.0% 73.200 

J- V 

Moments 
Mean 74.70833 
StdDev 0.88122 
Std Err Mean 0.20770 
upper 95% Mean 75.14655 
lower 95% Mean 74.27012 
N 18.00000 
Sum Wgts 18.00000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Imagery Group) 



Appendix F-Continued 
151 

RM T AVER I RM T AVER H 

lA 
2 

V 

[Quantiles 
4 

maximum 100.0% 77.100 
99.5% 77.100 
97.5% 77.100 
90.0% 76.110 

quartile 75.0% 75.800 
median 50.0% 74.400 
quartile 25.0% 73.875 

10.0% 72.360 
2.5% 72.000 
0.5% 72.000 

minimum 0.0% 72.000 

Q 
Moments 

1 1 1 

Mean 74.53889 
StdDev 1.33070 
Std Err Mean . 0.31365 
upper 95% Mean 75.20062 
lower 95% Mean 73.87715 
N 18.00000 
Sum Wgts 

L. 

18.00000 

Quantiles 

maximum 100.0% 76.900 
99.5% 76.900 
97.5% 76.900 
90.0% 76.720 

quartile 75.0% 75.775 
median 50.0% 75.000 
quartile 25.0% 73.925 

10.0% 73.230 
2.5% 72.600 
0.5% 72.600 

minimum 0.0% 72.600 

ft 
Moments 

V 4 

Mean 74.87778 
StdDev 1.25302 
Std Err Mean 0.29534 
upper 95% Mean 75.50089 
lower 95% Mean 74.25467 
N 18.00000 
Sum Wgts 18.00000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Imagery Group) 
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PAIN BEF BF PAIN AFTR BF 

A 
V V 

[Quantiles 
-I 

maximum 100.0% 8.2500 
99.5% 8.2500 
97.5% 8.2500 
90.0% 8.1600 

quartile 75.0% 7.4250 
median 50.0% 6.2000 
quartile 25.0% 4.6000 

10.0% 3.5950 
2.5% 3.5500 
0.5% 3.5500 

minimum 
L. 

0.0% 3.5500 
..J 

ff [Moments 

Mean 6.05000 
StdDev 1.58002 
Sid Err Mean 0.37241 
upper 95% Mean 6.83572 
lower 95% Mean 5.26428 
N 18.00000 
Sum Wgts 18.00000 

Quantiles 

maximum 100.0% 7.1500 
99.5% 7.1500 
97.5% 7.1500 
90.0% 6.9250 

quartile 75.0% 5.8000 
median 50.0% 4.5000 
quartile 25.0% 2.7250 

10.0% 1.5450 
2.5% 1.0500 
0.5% 1.0500 

minimum 
L. 

0.0% 1.0500 

ff 
Moments 

4 

"•1 

Mean 4.29444 
StdDev 1.81771 
Std Err Mean 0.42844 
upper 95% Mean 5.19837 
lower 95% Mean 3.39052 
N 18.00000 
Sum Wgts 18.00000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Imagery Group) 
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TENS BEF BF TENS AFTR BF 

A 
V [A 

V 
be 

[Quantiles 

maximum 100.0% 7.7500 
99.5% 7.7500 
97.5% 7.7500 
90.0% 7.6150 

quartile 75.0% 6.8500 
median 50.0% 5.8000 
quartile 25.0% 4.4375 

10.0% 3.9100 
2.5% 3.1000 
0.5% 3.1000 

minimum 0.0% 3.1000 

Moments 

Mean 5.82500 
StdDev 1.37084 
Std Err Mean 0.32311 
upper 95% Mean 6.50670 
lower 95% Mean 5.14330 
N 18.00000 
Sum Wgts 18.00000 

[Quantiles 

maximum 100.0% 6.4000 
99.5% 6.4000 
97.5% 6.4000 
90.0% 5.8150 

quartile 75.0% 4.0375 
median 50.0% 3.1250 
quartile 25.0% 2.3625 

10.0% 1.9950 
2.5% 1.9500 
0.5% 1.9500 

minimum 0.0% 1.9500 
rr """~N 

Moments 

Mean 3.40833 
StdDev 1.27155 
Std Err Mean 0.29971 
upper 95% Mean 4.04066 
lower 95% Mean 2.77601 
N 18.00000 
Sum Wgts 18.00000 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Imagery Group) 
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ANX BEF BF ANX AFTR BF 

A 
4.5-

4.0-

1.5-
A 

[Quantiles 
, 

maximum 100.0% 6.8000 
99.5% 6.8000 
97.5% 6.8000 
90.0% 6.7550 

quaitile 75.0% 5.8500 
median 50.0% 5.3000 
quaitile 25.0% 3.9875 

10.0% 3.2200 
2.5% 2.0500 
0.5% 2.0500 

minimum 0.0% 2.0500 

[Moments 
4 

Mean 5.02500 
StdDev 1.25537 
Std Err Mean 0.29589 
upper 95% Mean 5.64928 
lower 95% Mean 4.40072 
N 18.00000 
Sum Wgts 18.00000 

Quantiles 

maximum 100.0% 5.4000 
99.5% 5.4000 
97.5% 5.4000 
90.0% 4.5900 

quaitile 75.0% 3.5250 
median 50.0% 2.5250 
quaitile 25.0% 2.1125 

10.0% 1.7400 
2.5% 1.6500 
0.5% 1.6500 

minimum 0.0% 1.6500 

f( 

Moments 
4 

Mean 2.88889 
StdDev 1.06765 
Std Err Mean 0.25165 
upper 95% Mean 3.41981 
lower 95% Mean 2.35796 
N 18.00000 
Sum Wgts 18.00000 

J 

Figure 3. Distributions, Quantiles and Moments-Continued 
(Imagery Group) 
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4 0 0 VAS ANX-DIFF VAS TENS-DIFFVAS PAIN-DIFF PD GRID-DIFF GSI-DIFF PSDI-DIFF PST-DIFF TMD-DIFF 
YRespooses 

Overall Meant VAS ANX-DIFF VAS TENS-DIFF VAS PAIN-DIFF roGWMMFF 
1.05555556 1.88888889 1.47222222 5.19444444 

GSI-DIFF 
2.06944444 

PSDI-DIFF 
1.76388889 

PST-DIFF TMD-DIFF 
10.3888889 

VAS ANX-DIFF VAS TENS-DIFF VAS PAIN-DIFF' PD GRID-DIFF ' GSI-DIFF PSDI-DIFF PST-DIFF TMD-DIFF 

GP VAS ANX-DIFF VAS TENS-DIFF VAS PAIN-DIFF PD GRID-DIFF 
C -0.0555556 I 0.61111111 1.66666667 
I 116666667 ZT777777f 

GSI-DIFF 
-0.8055556 

233333333 1.72222222 

PSDI-DIFF 
-0.5833333 
4.11111111 

PST-DIFF 
0.05555556 
3.83333333 

TMD-DIFF 
-2.7777778 
23.5555556 

Figure 8. Difference Score Group (GP) Least Square (LS) Means Across 
Y Responses for Psychological Measures of Stress and Pain 
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[ttMa Modal j 

Taat Valua Appro*. F OF 1 DF Dan Prob»F 
WNrf Lambda 0.0017674 2.1568 90 125.56 0.0000 
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Figure 9B. MANCOVA for Psychological and Neuroendocrinological 
Parameters of Stress and Pain Between Groups (DVs: SCL-GSI#2, SCL-
PSDI#2, SCL-PST#2, PD GRID#2, POMS-TMD#2, PL3-CORT, PL3-
ACTH, PL3-BE & PL3-MET; COVs: Pretest Measures) 
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Table 1 

Multivariate Analysis of Variance of the CAP Scales and Univariate Tests 
for Pretreatment Comparability Assessment Between Groups 

MANOVA of the CAQ: A, B, C, E, F, G, H, I, L, M, N, O, Ql, Q2, Q3, Q4, Dl, D2, D3, 
D4, D5, D7, Pa, Pp, Sc, As, Ps and No. of Dimensions With Sten Score Greater Than 7 

Test Name Value Exact E DFNum DF Den Prob>E 

ETest 1.6726 .3461 29 6 .9752 

Note. The F test (from Hotelling's-T2) 

Univariate Analysis of Variance Summary Table for the CAQ Scales 

Source DF MS E Ratio P >E 

A: Warm 
Model 
Error 
C Total 

1 
34 
35 

1.0000 
105.5556 
106.5556 

1.0000 
3.1046 .3221 .5741 

B: Intelligence 
Model 
Error 
C Total 

1 
34 
35 

1.7778 
87.2222 
89.0000 

1.7778 
2.5654 .6930 .4110 

C: Emotional Stability 
Model 1 
Error 34 
C Total 35 

.2500 
180.5000 
180.7500 

.2500 
5.3088 .0471 .8295 

E; Dominance 
Model 
Error 
C Total 

1 
34 
35 

.1111 
96.1111 
96.2222 

.1111 
2.8268 .0393 .8440 

F; Impulsivity 
Model 
Error 

1 
. 34 

16.0000 
87.0000 

16.0000 
2.5588 6.2529 .0174 

C Total 35 103.0000 
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Table 1 (Continued) 

Univariate Analysis of Variance Summary Table for the CAQ Scales 

Source EE §3 MS E Ratio E>E 

G; Conformity 
Model 
Error 
C Total 

1 
34 
35 

1.0000 
142.0000 
143.0000 

1.0000 
4.1765 .2394 .6278 

H: Boldness 
Model 
Error 
C Total 

1 
34 
35 

5.4444 
105.5556 
111.0000 

5.4444 
3.1046 1.7537 .1942 

I: Sensitivitv 
Model 
Error 
C Total 

1 
34 
35 

.1111 
129.7778 
129.8889 

.1111 
3.817 .0291 .8655 

L: Suspiciousness 
Model 
Error 
C Total 

1 
34 
35 

10.0278 
152.9444 
162.9722 

10.0278 
4.4984 2.2292 .1446 

M; Imagination 
Model 
Error 
C Total 

1 
34 
35 

4.6944 
142.0556 
146.7500 

4.6944 
4.1781 1.1236 .2966 

N: Shrewdness 
Model 
Error 
C Total 

1 
34 
35 

4.0000 
124.8889 
128.8889 

4.0000 
3.6732 1.0890 .3041 

0; Insecurity 
Model 
Error 
C Total 

1 
34 
35 

.0278 
100.7222 
100.7500 

.0278 
2.9624 .0094 .9234 

Ql: Radicalism 
Model 
Error 
C Total 

1 
34 
35 

2.2500 
105.3889 
107.6389 

2.2500 
3.0997 .7259 .4002 
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Table 1 (Continued) 

Univariate Analysis of Variance Summary Table for the CAQ Scales 

W 5£ MS FRaBo E > F 

02; Self-Syfficigncy 
Model 1 .2500 .2500 
Error 34 93.3889 2.7447 .0910 .7647 
C Total 35 93.6389 

Q3: Self-Discipline 
Model 1 .0278 .0278 
Error 34 121.6111 3.5768 .0078 .9303 
C Total 35 121.6389 

Q4: Tension 
Model 1 .6944 .6944 
Error 34 148.2778 4.3611 .1592 .6924 
C Total 35 148.9722 

Dl: Hypochondriasis 
Model 1 1.7778 1.7778 
Error 34 92.7778 2.7288 .6515 .4252 
C Total 35 94.5556 

D2: Suicidal Depression 
Model 1 .1111 .1111 
Error 34 168.1111 4.9444 .0225 .8817 
C Total 35 168.2222 

P3; Agitation 
Model 1 7.1111 7.1111 
Error 34 151.4444 4.4543 1.5965 .2150 
C Total 35 158.5556 

D4: Anxious Depression 
Model 1 .6944 .6944 
Error 34 108.0556 3.1781 .2185 .6432 
C Total 35 108.7500 

D5: Low Energy Depression 
Model 1 .4444 .4444 
Error 34 96.4444 2.8366 .1567 .6947 
C Total 35 96.8889 
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Table 1 (Continued) 

Univariate Analysis of Variance Summary Table for the CAQ Scales 

Source 32: 55 MS E Ratio E>E 

D6: Guilt and Resentment 
Model 1 
Error 34 
C Total 35 

5.4444 
136.5556 
142.0000 

5.4444 
4.0163 1.3556 .2524 

D7: Boredom and Withdrawal 
Model 1 
Error 34 
C Total 35 

Pa: Paranoia 
Model 
Error 
C Total 

1 
34 
35 

1.7778 
131.7778 
133.5556 

4.0000 
162.5556 
166.5556 

1.7778 
3.8758 

4.0000 
4.7811 

.4587 .5028 

.8366 .3668 

Pp: Psychopathic Deviation 
Model 1 
Error 34 
C Total 35 

Sc: Schizophrenia 
Model 1 
Error 34 
C Total 35 

.2500 
120.5000 
120.7500 

3.3611 
201.6111 
204.9722 

.2500 
3.5441 

3.3611 
5.9297 

.0705 .7922 

.5668 .4567 

As: Psvchasthenia 
Model 1 
Error 34 
C Total 35 

6.2500 
140.7222 
146.9722 

6.2500 
4.1389 1.5101 .2276 

Ps: Psychological Inadequacy 
Model 1 .2500 .2500 
Error 34 118.0556 3.4722 
C Total 35 118.3056 

.0720 .7901 

#>=7: Number of Sten Scales Greater than or Equal to 7 
Model 1 .2500 .2500 
Error 34 390.5000 11.4853 
C Total 35 390.7500 

.0218 .8836 
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Table 2 

One-wav Analysis of Variance Summary Table for Pretreatment 
Comparability Assessment Between Groups (Imagery vs Control) 

Source DF MS F Ratio P > F 

Age: 
Model 1 42.2500 42.2500 
Error 34 3,817.3889 112.2760 .3763 .5437 
C Total 35 3,859.6389 

Education; 
Model 1 7.2900 7.2900 
Error 34 73.0900 2.1497 3.3912 .0743 
C Total 35 80.3800 

% + or - Ideal Weight: 
Model 1 529.5370 529.5370 
Error 34 16,943.7930 498.3470 1.0626 .3099 
C Total 35 17,473.3300 
*Num 1 1.0626 .3129 
*Denom 23.94 

Time-Date of Iniurv (POD: 
Model 1 56.2500 56.2500 
Error 34 638.4722 18.7786 2.9954 .0926 
C Total 35 694.7222 

Note. Tests that the variances are equal (including O'Brien [.5], Brown-
Forsythe, Levene, and Bartlett) yielded significance £ < .05, so Welch 
Anova Testing Means Equal, allowing Std's not Equal was used. 
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Table 3 

Analysis of Loglikelihood for Pretreatment Comparability Assessment 
Between CfrQWS (Imagery vg CQnfrQl) 

Source DE -Loglikelihood Test Chi 
Square 

E>£M 
Squ 

fe* (M/F); 
Source 1 
Error 34 
C Total 35 

.055757 
24.841958 
24.897714 

Likelihood 
Ratio 
Pearson 

.112 

.111 
.7384 
.7385 

Race (B/C7H); 
Source 2 
Error 32 
C Total 34 

.629340 
32.520345 
33.149685 

Likelihood 
Ratio 
Pearson 

1.259 
1.247 

.5329 

.5361 

Drug History (Y/N); 
Source 1 
Error 34 
C Total 35 

.055757 
24.841958 
24.897714 

Likelihood 
Ratio 
Pearson 

.112 

.111 
.7384 
.7385 

Smoke (Y /N): 
Source 1 
Error 34 
C Total 35 

.278354 
25.399114 
27.373471 

Likelihood 
Ratio 3.949 .1389 
Pearson 3.778 .1512 

Insurance (C/G/M :̂ 
Source 2 
Error 32 
C Total 34 

1.974357 
32.520345 
33.149685 

Likelihood 
Ratio 
Pearson 

1.259 
1.247 

.5329 

.5361 

Note. Total loglikelihood is a measure of spread, called uncertainty; and 
according to the SAS Institute Inc. (1989) is analogous to a corrected to a 
sum of squares for an interval response. 
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Table 4 

One-way Analysis of Variance for all Pretest Measures Between Groups 
(Imagery vs Control) 

Variable Model Error Model Error Sign. 

SS MS MS E Ratio ofE 

Univariate E Tests with (1,34) DF. 

Pain Measurement; 
PDGRID#1 448.028 9,784.278 448.028 287.773 1.5569 .2206 
VAS Pain#l 2.2500 118.7222 2.2500 3.4918 .6444 .4277 
PL1&2-BE 5.1189 868.4841 5.1189 25.5436 .2004 .6572 
PL1&2-MET 58.8289 7,844.7749 58.829 230.729 .2550 .6169 

Stress Measurement; 
SCL-GSI#1 82.5069 2,252.6806 82.5069 66.2553 1.2453 .2723 
SCL-PSDI#1 4.4803 1,292.5961 4.4803 38.0175 .1178 .7335 
SCL-PST#1 69.4444 1,570.5556 69.4444 46.1928 1.5034 .2286 
POM-TMD#l 220.0280 41,885.6390 220.0300 1,225.4600 .1795 .6744 
VAS Anx#l .4444 102.1111 .4444 3.0033 .1480 .7029 
VAS Tens#l 2.2500 96.0556 2.2500 2.2852 .7964 .3784 
PL1&2-ACTH 4.3820 597.9204 4.3820 17.5859 .2492 .6209 
PL1&2-CORT .0050 119.7371 .0050 3.5217 .0014 .9701 

Note- For measurements from plasma: PL1&2 = Average of PL1 and PL2 (used as 
pretest level); For Psychological Variables: #1 = Pretest 
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Table 7 

Multivariate Analysis of Variance for DYs Produced from Repeated 
Measures of VAS Anxiety Over Time (VAS Anx#l. VAS Anx#2. Anx Bef-
Mvel. Anx Mvel & Anx Aftr-MveD Between Groups and Univariate F Tests 

Variable/Test Value Exact E DF Num DF Den Prob>E 

VAS Anxietv: 

Multivariate Tests: 

Intercept (Rep Meas) 1.4691 11.3858 4 

Group Effect .7722 5.9845 4 

Univariate Unadjusted Epsilon=: 

Time 1 14.2376 4 

Time by Group 1 5.6416 4 

31 

31 

136 

136 

.0000 

.0011 

.0000 

.0003 

Univariate Analysis of Variance with (1,34) DF. 

Variable Model Error Model Error 
S£ MS m E Ratio Prob>E 

Univariate F Tests: 

Anxiety; 

VAS Anx#l .4444 102.1111 AAAA 
• 1 1 1 1 3.0033 .1480 .7029 

VAS Anx#2 36.0000 102.0000 36.0000 3.0000 12.0000 .0015 

Anx Bef-M 16.0000 81.0000 16.0000 2.3824 6.7160 .0140 

Anx Myel 72.2500 91.3889 75.2500 2.6879 26.8796 .0000 

Anx Aftr-M 34.0278 72.7222 34.0278 2.1389 15.9091 .0003 

Note. For Psychological Variables: #1 = Pretest & #2 = Posttest. 



170 

Table 8 

Multivariate Analysis of Variance for DVs Produced from Repeated 
Measures of VAS Tension Over Time (Tens#l. Tens#2. Tens Bef-Mvel. 
T<?n§ Mygl & Tens Affr-Myel) Between Qtwps and Univariate F Tests 

Variable/Test Talue" Exact E DFNum DFDen 

YAS Tension; 
Multivariate Tests; 
Intercept (Rep Meas) 3.5587 27.5799 4 
Group Effect: 1.1978 9.2828 4 

Univar Q-Q or H-F Epsilon=; 
Time: 
Univar G-GEpsilon .8045 23.3315 3.218 
Univar H-F Epsilon .9246 23.3315 3.699 
Time by Group: 
Univar G-G Epsilon .8045 9.4573 3.218 
Univar H-F Epsilon .9246 9.4573 3.6985 

31 
31 

109.41 
125.75 

109.41 

125.75 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

Univariate Analysis of Variance with (1,34) DF. 

Variable Model Error Model Error 
S£ S£ MS MS F Ratio Prob>E 

Univariate F Tests: 
Tension: 
VAS Tens#l 2.2500 96.0556 2.2500 2.2852 .7964 .3784 
VAS Tens#2 25.0000 114.0000 25.0000 3.3529 7.4561 .0099 
Tens Bef-M 25.0000 86.2222 25.0000 2.5359 9.8582 .0035 
Tens Myel 69.4444 75.5556 69.4444 2.2222 31.2500 .0000 
Tens Aftr-M 72.2500 88.7222 72.2500 2.6095 27.6875 .0000 

Note. For Psychological Variables: #1 = Pretest & #2 = Posttest. 
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Table 9 

MANOVAs of Difference Scores for Psychological Measures of Stress and 
Pain and for the Combination of Psychological and Neuroendocrinological 
Measures of Stress and Pain Between Groups and Univariate F Tests 

Variable/E Test Value Exact E DF Num DF Den Prob>E 

•MANOVA of Psychological Measures: 

Group Effect: 1.0611 3.5812 

**MANOVA of Psvch. and Biochem. Measures: 

Group Effect: 1.1394 2.1839 12 

27 

23 

.0059 

.0519 

*Psvc i!9RR?5?iEiB & GSI-DIFF, PSDI-DIFF, PST-DIFF, TMD-DIFF, PD GRID-DIFF, 
VAS PAIN-DIFF, VAS TENS-DIFF & VAS ANX-DIFF 

••Biochemical DVs: BE DIFF, MET DIFF, CORT-DIFF & ACTH-DIFF 

Univariate E Tests of Difference Scores with (1,34) DF. 

Variable Model 
_SS 

Error 
s s 

Model 
.MS 

Error 
MS F Ratio Prob>F 

Psychological Measures: 

Psvch. Stress Diff 
GSI-DIFF 297.563 1379.014 
PSDI-DIFF 198.340 2429.403 
PST-DIFF 128.444 913.444 
VAS TENS-DIFF 28.444 161.111 
VAS ANX-DIFF 44.444 107.444 
TMD-DIFF 6241.000 29859.556 
Pain Perc, Piff 
PD GRID DIFF 448.028 3789.611 
VAS PAIN-DIFF 26.694 110.278 

Neuroendocrinological Measures: 

Biochem. Stress Diff (PL#1&2 - #31: 
ACTH-DIFF 3.920 1651.822 
CORT-DIFF 2.654 383.198 
EOP Diff fPL#l&2 - #3V 
BE DIFF 75.589 2158.481 
MET DIFF 158.592 49074.030 

297.5625 
198.3403 
128.4440 
28.4444 
44 

624L0000 

448.0280 
26.6944 

3.9204 
2.6542 

75.5885 
158.5920 

40.559 
71.453 
26.866 
4.739 
3.160 

878.220 

111.459 
3.244 

7.3365 
2.7758 
4.7809 
6.0028 

14.0641 
7.1064 

4.0197 
8.2302 

.0105 

.1049 

.0358 

.0196 

.0007 

.0117 

.0530 

.0070 

48.583 .0807 .7781 
11.271 .2355 .6306 

63.485 1.1907 .2829 
1443.350 .1099 .7423 
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Table 12 

Exploratory MANCOVAs for Biochemical Measures of Stress and Pain 

Variable/E Test Value Exact E DFNum DF Den Prob>E 

•Biochem Stress and Pain MANCOVA: 

Multivariate F Tests; 
Whole Model; Approx. F 
Wilks' Lambda .3993 1.4431 20 90.5 .1233 
Pillai's Trace .7446 1.3724 20 120 .1495 
Hotelling-Lawley 1.1689 1.4903 20 102 .1010 
Roy's Max Root .8266 4.9599 5 30 .0020 

Qroyp Effect; .2236 1.5096 4 27 .2273 

Covariates: 
PL1&2-CORT .1400 .9453 4 27 .4531 
PL1&2-ACTH .0795 .5368 4 27 .7099 
PL1&2-BE .4174 2.8172 4 27 .0449 
PL1&2-MET .1816 1.2257 4 27 .3232 

•Note. IV: Group (Imagery vs Control) 
DVs: PL3-CORT, PL3-ACTH, PL3-BE, PL3-MET (POSTTESTS) 
COVs: PL1&2-CORT, PL1&2-ACTH, PL1&2-BE, PL1&2-MET (PRETESTS) 

Variable/E Test Value Exact E DFNum DFDen Prob>E 

••Biochem Stress MANCOVA: 

Multivariate F Tests: 
Whole Model: Approx. F 
Wilks'Lambda .8921 .6069 6 62 .7238 
Pillai's Trace .1092 .6158 6 64 .7169 
Hotelling-Lawley .1195 .5974 6 60 .7312 
Roy's Max Root .1059 1.1294 3 32 .3519 

Group Effect: .0079 .1231 2 31 .8846 

Covariates: 
PL1&2-CORT .0936 1.4510 2 31 .2498 
PL1&2-ACTH .0261 .4046 2 31 .6707 

**Note. DVs: PL3-CORT, PL3-ACTH (POSTTESTS) 
IV: Group (Imagery vs Control) 
COVs: PL1&2-CORT, PL1&2-ACTH (PRETESTS) 
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Table 13 

t-Tests Biochemical Measures of Stress and Pain in CSF Between Groups 

Variable Mean 
(C) fD 

SE 
(C) (I) 

1-Test DE Significance 
•Level 

BE 42.74 43.01 2.51 2.51 .0742 34 .4707 

MET 106.19 101.34 5.30 5.46 .6382 33 .2639 

ACTH 32.23 31.07 2.50 2.50 .3280 34 .3225 

CRH 35.73 38.10 2.29 2.35 .7244 33 .2370 

*Significance level based on directional hypotheses. 

Table 15 

Means for Biofeedback Change Scores for Each Training Period and Over 
the Course of Treatment 

Training TBFDIFF EBFDIFF 
Period Mean StdDev Max Min Mean StdDev Max Min 

Training I 6.167 2.297 10.3 2.2 5.220 1.912 9.9 2.3 
Training n 5.489 1.531 8.7 3.0 3.578 2.253 8.1 0.0 
Overall 5.828 1.954 10.3 2.2 4.399 2.221 9.9 0.0 
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Table 20 

Significant Correlations Between Variables in the Biofeedback/Imagery 
training Group (n = 18) 

Variable Variable Correlation Significance 
Coefficient •Level 

Biofeedback; Psychological: 
.4849 <.025 EBFMI-BL TENS BEF BFI .4849 <.025 

EBFMI-BL TENS AFTR BFI .4292 <.05 
EBFMI-BL ANX AFTRBFI .4071 <.05 
EBFMI-BL SCL-PST#2 .5423 <.025 
EBFMI-LO PAIN BEF BFI .5341 <.025 
EBFMI-LO PAIN AFTR BFI .5769 <.01 
EBFMI-LO PAIN BEF BFH .5251 <.025 
EBFMI-LO PAIN BEF BF .5558 <.01 
EBFMI-LO PAIN AFTR BF .4051 <.05 
EBFMI-LO TENS BEF BFI .5551 <.01 
EBF MI-LO TENS AFTR BFI .6518 <.0025 
EBFMI-LO TENS BEF BFH .4173 <.05 
EBFMI-LO TENS BEF BF .5428 <01 
EBFMI-LO TENS AFTR BF .5717 <.01 
EBFMI-LO ANX AFTRBFI .5491 <.01 
EBF MH-BL PAIN AFTR BFI .4194 <.05 
EBFMH-BL TENS AFTR BFI .4818 <.025 
EBFMH-BL TENS AFTR BF .4988 <.025 
EBFMH-LO TENS BEF BFI .4404 <.05 
EBFMH-LO TENS AFTR BFI .5424 <.025 
EBFMH-LO TENS BEF BF .4060 <.05 
EBFMH-LO TENS AFTR BF .4493 <.05 
EBFMH-LO SCL-PSDI#2 .4277 <.05 
EBFMH-LO SCL-PST#2 .4344 <.05 
EBFBL PAIN BEF BFI .4042 <.05 
EBFBL PAIN AFTR BFI .4418 <.05 
EBFBL PAIN BEF BHI .4368 <.05 
EBFBL PAIN BEF BF .4419 <.05 
EBFBL TENS BEF BFI .5098 <.025 
EBFBL TENS AFTR BFI .6088 <.005 
EBFBL TENS BEF BF .4797 <.025 
EBFBL TENS AFTR BF .4952 <.025 
EBFBL ANX AFTRBFI .5337 <.025 
EBFBL ANX AFTR BF .4342 <.05 
EBFBL SCL-PST#2 .5111 <.025 
Continued: 
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Table 20 (Continued) 

Variable Variable Correlation Significance 
Coefficient •Level 

Biofeedback: Psychological: 
EBFLO PAIN BEF BFI .5097 <025 
EBFLO PAIN AFTR BFI .5589 <.01 
EBFLO PAIN BEF BFH .5178 <.025 
EBFLO PAIN BEF BF .5394 <.025 
EBFLO PAIN AFTR BF .4003 <05 
EBFLO TENS AFTR BFI .6606 <0025 
EBFLO TENS BEF BFH .4024 <.05 
EBFLO TENS BEF BF .5355 <.025 
EBFLO TENS AFTR BF .5710 <01 
EBFLO ANX AFTR BFI .5035 <.025 
EBFLO ANX AFTR BF .4356 <.05 
EBFLO SCL-PST#2 .4359 <.05 
EBF-#8LO-M PAIN BEF-M .4043 <.05 
EBF-#8LO-M PAIN BF-M .4744 <.025 
EBF-#8LO-M TENS BF-M .5711 <01 
EBF-#8LO-M ANX AFTR-M .4934 <.025 
EBF-MYLINIT TENS BEF-M .4190 <05 
EBF-MYL AVR TENS BEF-M .4186 <.05 
EBF-MYL LO TENS BEF-M .6755 <.0025 
EBF-MYL LO TENS MYEL .5953 <005 
TBF-#8HI-M ANX BEF-M -.5138 <025 
TBF-MYL INIT ANX BEF-M -.4360 <.05 
TBF-MYL AVR ANX BEF-M -.4074 <.05 
TBF-MYL HI ANX BEF-M -.4605 <.05 

Biofeedback: Biochemical: 
TBFMI-BL PL1-CORT -.4305 <05 
TBFBL PL1-CORT -.4130 <05 
TBFMH-BL PL3-BE -.4004 <.05 
EBFMI-BL PL1&2-ACTH .4696 <025 
EBFMI-BL PL2-BE -.4008 <.05 
EBFMI-BL CSF-CRH .4298 <05 
EBFMI-LO CSF-CRH .5174 <.025 
EBF MI-LO PL1-ACIH .4152 <.05 
EBFMI-LO PL2-ACTH .7076 <.0005 
EBFMI-LO PL1&2-ACTH .7165 <0005 
EBF BL PL1&2-ACTH .5973 <005 
EBFLO PL2-ACTH .6886 <.0025 
EBFLO CSF-CRH .4734 <.025 
EBFLO PL1&2-ACTH .6875 <.0025 
EBF-MYL LO PL3-ACTH .4174 <05 
EBF-MYL LO PL3-CORT .4540 <.05 
Continued: 

<.05 
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Table 20 (Continued) 

Variable Variable Correlation Significance 
Coefficient *Level 

Psychological; Biochemical: 
PAINBEFBF PL1-ACTH .6765 <.0025 
PAIN AFTR BF PL1-ACTH .5317 <025 
PAIN BEF BFI PL1-ACIH .5331 <.025 
PAINBEFBFn PL1-ACTH .7496 <0005 
PAIN AFTR BFH PL1-ACTH .5786 <01 
PAIN AFTR BFI PL2-ACTH .4761 <.025 
PAINBEFBF PL1&2-ACTH .6219 <.005 
PAIN AFTR BF PL1&2-ACTH .5276 <.025 
PAIN BEF BFI PL1&2-ACTH .5912 <.005 
PAIN AFTR BFI PL1&2-ACTH .5538 <01 
PAINBEFBFn PL1&2-ACTH .5936 <.005 
PAIN AFTR BFH PL1&2-ACTH .4041 <.05 
TENS BEF BF PL1-ACTH .5273 <.025 
TENS AFTR BF PL1-ACTH .4687 <.025 
TENS AFTR BFI PL1-ACTH .5233 <025 
TENS BEF BFH PL1-ACTH .5789 <01 
TENS AFTR BFI PL2-ACTH .5679 <.01 
TENS AFTR BF PL2-ACTH .4687 <.025 
TENS BEF BF PL1&2-ACTH .4339 <.05 
TENS AFTR BF PL1&2-ACTH .6126 <.005 
TENS AFTR BFI PL1&2-ACTH .6974 <.0025 
TENS BEF BFH PL1&2-ACTH .4109 <•05 
TENS BEF BFI CSF-CRH .4625 <.05 
TENS BEF BF CSF-CRH .4758 <.025 
ANX AFTR BF PL1-ACTH .5358 <.025 
ANX AFTR BFI PL1-ACTH .5533 <01 
ANX AFTR BF PL1&2-ACTH .5091 <.025 
ANX AFTR BFI PL1&2-ACTH .5752 <01 
VAS PAIN#1 PL1-ACTH .5006 <.025 
VAS PAIN#1 PL1&2-ACTH .4997 <025 
POMS-TMD PL2-ACTH .4437 <.05 
VAS TENS#2 CSF-CRH .4315 <.05 
VAS ANX#2 CSF-CRH .4455 <.05 
PAIN AFTR-M PL3-MET -.4282 <.05 
ANX BEF-M PL3-MET -.4010 <05 

For Psychological Variables: #1 = Pretest & #2 = Posttest. 

n = 18, DF = 16 

•Significance Level based on directional hypotheses. 

= Posttest Set. 
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