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Doctorial dissertation: Bending and Mending the Neurosignature. Frameworks
of influence by flotation-REST (Restricted Environmental Stimulation Tech-
nique) upon well-being in patients with stress related ailments

Sven-Ake Bood, Department of Psychology and Law, Katlstad University,
Sweden.

Abstract.

The overarching purpose of the current thesis was to assess the long term ef-
fects of a treatment program involving flotation-REST for the experience of
pain, from the point of view of variables connected with Melzack’s neuroma-
trix theory, and to examine the extent of a potential attention-placebo effect in
connection with flotation-REST.

The first study (Paper I) aimed to investigate long-term effects of
flotation-REST four months after treatment. Seventy patients participated, di-
agnosed as having stress-related pain. Participants were randomly assigned to
either a control group or a flotation-REST group and participated in a total of
twelve flotation REST or control sessions. Results indicated that pain areas,
stress, anxiety and depression decreased, while sleep quality, optimism, and
prolactin increased. Positive effects generally maintained four months after
treatment. The second (Paper II) examined the potential effects of attention-
placebo. Thirty-two patients who were diagnosed as having stress-related mus-
cular pain were treated for a period of six weeks. Half of the patients were also
given attention for a period of 12 weeks, while the remainder received attention
for 6 weeks. Participants in both groups exhibited lowered blood pressure, re-
duced pain, anxiety, depression, stress, and negative affectivity, as well as in-
creased optimism, energy, and positive affectivity. The third (Paper III) inves-
tigated whether or not 33 flotation sessions were more effective for stress re-
lated ailments as compared to 12 sessions. Participants were 37 patients with
stress related ailments. Analyzes for subjective pain and psychological variables
typically indicated that 12 sessions were enough to get considerably improve-
ments and no further improvements were noticed after 33 sessions. Finally, the
fourth study (Paper IV) aimed to examine whether and how the combination
of therapy and flotation tank could be used to treat patients with severe stress
problems. Two women on long-term sick-leave participated in the study, which
was cartried out over a period of one year. Four overarching themes were gener-
ated: the therapeutic work model, transformation of feelings, self-insight and
meaning. These together constituted a “therapeutic circle” which after a while
transformed in to a “therapeutic spiral” of increased meaning and enhanced
wellbeing.

It was therefore concluded that flotation tank therapy is an effec-
tive method for the treatment of stress-related pain.

Key words: Attention-placebo, Burn-out, Depression, Flotation-
REST, Pain, Prolactin, Relaxation response, Stress, Therapy.
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1. INTRODUCTION
1.1 Background

1.1.1 The growing problems of stress and stress-related pain in the
Western World

During the last two centuties the development of technology has taken place at
a furious speed with increasing demands on the individual and the work
environment. People have been exposed to a society filled with increasing
amounts of information and demands resulting in more and more stress-related
strains both at work and outside (Levi, 2002), a fact that implies costs to society
at a minimum of 3-4 % of the Gross National Product (Ekman & Arnetz,
2002). Stress-related poor health has also entered into younger ages, and there is
a risk that stress in school may negatively affect children’s emotional and
intellectual development (Ekman & Arnetz, 2002). At the same time, stress-
related ill health has increased dramatically in the industrial setting, in the white
collar and blue collar domains, in the medical setting, and in the public health
sector as well as in telecommunications, information technology, and in
communication and the media (Ekman & Arnetz, 2002). The result of advances
in information technology is a more computerized work situation and reduced
physical activity (Fletcher, 1983), and a greater flow of information leading to
experiences of stress, mental overstimulation, mental exertion, a lowered mood,
a general sense of powerlessness, muscle tension, and the development of
different kinds of stress-related pain (Brattberg, Parker & Thorslund, 1996;
Johannisson, 2002; Mobily, Herr, Clark & Wallace, 1994; Norton, Asmundson,
Norton & Craig, 1999; Sjostrém, 2002). More women than men suffer from
auto-immune disorders such as chronic pain. Among the 5 % of the eldetly
population with autoimmune disorders, 2 out of 3 are women (Berkly, 1997).
Gender-related hormonal changes, which appear with increasing age, are of
special importance. Estrogen levels increase resulting in a release of peripheral
cytochines, e.g. gamma interferons, which in turn produce an increase in
cortisol (Melzack, 2001). Most likely, this fact can explain why a greater
percentage of women suffer from different types of chronic pain such as
painful autoimmune disorders, multiple sclerosis, disorders of the skin with
repercussions on the internal organs (Melzack, 2001).

In the year 2000, The Institute of Working Life
(Arbetslivsinstitutet) in Sweden conducted a study of burn-out depression. No
unified definition exists of this particular state, although there is some general

consensus that the definition includes the following symptoms: fatigue, reduced



energy, loss of self esteem, problems with the organization of daily life,
problems with memory and the processing of new information, sleep
disturbances not relieved through rest, and feelings of low-spiritedness (Bood,
Sundequist, Kjellgren, Nordstrom & Notlander, 2007; Ekstedt & Fagerberg,
2005). The above mentioned study included 4 800 individuals aged 18-64, who
were not employed. The results indicated that people who were either
unemployed or students, suffered as much from burn-out depression as those
who were gainfully employed (Arbetslivsinstitutet, 2000).

Research has also shown that monotonous, cognitive strain,
characterizing several new, tightly controlled IT jobs, often leads to mental
fatigue (Arbetslivsinstitutet, 2006). The total workload for men has increased by
12 hours per week, between 1994 and 2002, from 60 to 73.5 hours and for
women from 73 to 85 hours per week (Prevent, 20006). The increase is based on
more unpaid work where women have increased from 29.9 to 41.3 hours per
week (Prevent, 2006). Prolonged strain is often associated with a poorer
recovery and a significant sense of stress. Poorer recovery is often connected
with the consequences seen in the symptomatology of individuals with burn-
out. Burn-out depression is regarded as the last stage of stress (Maslach,
Schaufeli & Leiter, 2001; Sjukvardsradgivningen, 2004 [Medical Advisory]) and
it is seen as the result of ignoring for a long time the signals indicating that all is
not well in the body or soul. Statistics show that stress and stress-related
symptoms have increased significantly in Sweden in recent decades
(Sjukvardsradgivningen, 2004). Between 1995 and 1999, the proportion of
individuals on sick leave due to stress or other psychological strain has
increased from close to 5 % to above 7 %. The Committee on Public Health
[Folkhilsokommittén] has stated that stress is one of the greatest and fastest
growing threats to the health of the Swedish people (Sjukvirdsridgivningen,
2004).

A reduced level of psychological well being has been noted in
somewhere between every third of fourth Swedish adult (Levi, 2002). An
expansion of research domains which consider physiological and psychological
aspects of stress and pain as well as endocrinological and immunological
aspects could pave the way for new insights and new research areas, which
hopefully can open doors to a deeper understanding of the mechanisms
underlying chronic pain (Melzack, 2005). This idea, in turn, may point the way

toward new therapeutic treatments that can limit the suffering.



1.1.2 The stress response

The acute stress response, also labeled “the fight or flight response”, was
described by Walter Cannon in the 1920°s. The response was seen as the first
step in an adjustment process which regulates stress activity in both animals and
man (Cannon, 1915; Cannon, 1932). The response is a protection for the
individual and the species in their primitive and ruthless existence and primarily
protects the individual against physical danger. There is also a behavioral
component coupled with a specific re-adjustment of the autonomic nervous
system and of the hormonal system (Ekman & Arnetz, 2002; Folkow, 2002;
Kiive, Maatroos, Shlik, Toru & Harro, 2004). The purpose of the activity is to
make us alert and ready to act through various physical, bodily, and cognitive
processes. The four main reactions are (1) the vigilance reaction, (2) the play
dead reaction, (3) the alarm reaction and (4) the frustration reaction. If the
central nervous system (the CNS) determines that the situation can be
overcome, the alarm reaction, primarily, is triggered, entailing specific behaviors
and neuro-hormonal adjustments. If however the situation is deemed
overpowering, then the frustration/surrender reaction is triggered entailing a
different set of behaviors and neuro-hormonal adjustments (Folkow, 2002).
During the 1930°s, the endocrinologist Hans Selye demonstrated that stress
could lead to deleterious, bodily reactions and that prolonged states of stress
could lead to disturbances in the body’s immune system (Gazzaniga &
Heatherton, 2003; Selye, 1974). Seyle showed that the adrenal glands became
enlarged during times of stress (Ekman & Arnetz, 2002; Selye, 1974).

When we experience a situation as threatening, the autonomic
nervous system automatically triggers various bodily reactions both in the
muscles and the internal organs (Benson, 1975; Lundberg & Wentz, 2004). The
sympathetic nervous system prepares the body for either fight or flight and for
strenuous, muscular activity. The stress reaction increases the breathing and
pulse rates, increases the blood flow to the muscles and reduces activity in the
digestive tract. When the blood is re-directed from the digestive tract to the
muscles, the body becomes prepared for a taxing and dangerous job. Blood
sugar and lipids increase in the blood stream and enable the release of stored
energy reserves, necessary in strenuous and dangerous activity (Lundberg &
Wentz, 2004). The process is the result of a long, evolutionary development
where the sympathetic branch of the autonomic nervous system is activated
(Gazzaniga & Heatherton, 2003), while the parasympathetic signals restore the
bodily reactions following sympathetic activation. The hypothalamus controls

the internal processes and releases a cascade of events in the autonomic



nervous system (the ANS), as well as in the endocrine and immunological
systems (Jansen, Nguyen, Karpitskiy, Mettenleiter, & Loewy, 1995). Stress
focuses our attention, vigilance increases, the pupils widen, and the body
temperature, excitation and arousal increase. The mood changes along with
emotional displays, a reduced sense of pain, appetite and sexual desire
(Lundberg & Wentz, 2004).

In the case of acute stress reactions, changes take place in the
central nervous system (CNS), and the transmission of signals from the brain to
the body involves the autonomic netvous system, the neuro-endocrine, as well
as the neurotransmitter — neuro-peptide system, the muscular and skeletal
systems (Damasio, 1988; Turner, 2000). A variety of hormones included in
these systems, e.g. cortisol also affect the functioning of the immune cells and
thereby the entire immune system (Ekman & Arnetz, 2002). In the case of
increased stress, the level of the 3-methoxy-4-hydroxy-phenylethyleneglycole
(the MHPG-level) increases in the blood (Scheinin, Chang, Jimerson &
Linnoila, 1983), a metabolic product of norepinephrine, and functions as a
transmitter substance as well as a hormone, released during stress (Scheinin et
al., 1983; Kjellgren, 2003). The MHPG- level in the blood primarily reflects the
activity of the afferent, sympathetic (stress-related) noradrenergic nervous
system.

Other hormones such as cortisol are also released into the blood
stream during stress, and a prolonged release of the stress hormone entails
stimulation of tissues and nerves and can, over time, contribute to the
development of chronic states of pain (Nisell & Lundeberg, 1993; Sorensen,
Bengtsson, Backman, Henriksson & Bengtsson, 1995). Chronic pain may also
entail disturbed or shortened sleep (Gustafsson, 1999, 2002; McGrath, 1994;
Ro66st & Nilsson, 2002) and the activation of the stress-regulatory
hypothalamus-pituitary-adrenal axis (the HPA axis) (Akerstedt, 2002; Esch,
Fricchione & Stefano, 2003). The sympatico-adrenal-medullar system (the SAM
system) is an active defense mechanism, a system, which prepares the individual
for a fight. Signals travel from the hypothalamus straight into the sympathetic
nervous system, and by way of the adrenal cortex epinephrine, norepinephrine
and catecholeamines are released and transported in the blood stream to the
various organs in order to prepare for fight. The HPA axis is an important co-
ordinator of the endocrine and immunological regulation in the case of either
health, stress, or illness (Ekman & Lindstedt, 2002). The activation of stress by
the HPA and the SAM affects growth, reproduction, and the metabolism of
energy (Keltikangas-Jarvinen, 2000). During acute states of stress, the



production of growth hormones is stimulated, but during prolonged stress it is
halted (Ekman & Lindstedt, 2002). In the case of an acute stress reaction,
cortisol is released into the blood stream leading to a strengthening of the
ability to cope (Ghatan, 2002), and attention becomes focused on the danger.
Thus, acute stress may have positive consequences for memory during the
acute phase. Repeated and prolonged stress, however, inhibits the growth of
the dendrites of neurons in the hippocampus, the dendrites that receive and
transmit signals in the body. Over time, enduring stress leads to a bio-chemical
and physiological imbalance within several bodily systems. Cortisol is released
from the adrenal cortex and reaches the brain, and along with other stress-
related molecules it co-ordinates our ability to cope with stress. The cortisol
affects the metabolism of carbohydrates, lipids, and proteins in all the tissues of
the body (Wihrborg & Friberg, 2002).

Disturbances in the HPA axis involve a change and flattening out
of the diurnal rhythm. Cortisol levels, which are either too high or too low
across a 24-hour period, indicate a sign of ill health, sometimes seen in
individuals with depression, burn-out, fibromyalgia, or cancer (Lundberg &
Wentz, 2004). In the case of chronic stress, the catabolic function of the HPA
axis increases, resulting in a reduced release of important growth hormones
(Folkow, 2002). Studies have shown that elevated levels of cortisol inhibit
hypothalamic and pituitary activities leading to a delay in growth, emotional
deprivation, disturbances of memory and concentration (Ekman & Lindstedt,
2002; Levi, 2002; Akerstedt & Kecklund, 2002). Chronic states of stress have a
common etiology associated with sleep disturbances, somatic and psychiatric
disorders (Crombie, Davies & Macrae, 1994; Fine, Roberts, Gillette, and Child,
1994). Depression and sleep disturbances are also associated with, and correlate
with, levels of perceived stress and an elevated level of cortisol in the blood
stream (R66st & Nilsson, 2002). Even feelings of anxiety and fear dominate
during stressful situations, and a chronic activation may result in cognitive

disturbances, anxiety, and depressed mood (Lundberg & Wentz, 2004).

1.1.3 The relaxation response

Hess (1957) was the person who first described the relaxation response. When
he stimulated various areas of the hypothalamus in cats, both fight and flight
responses and a physiological reaction opposite to the stress response were
triggered. Herbert Benson described the relaxation response in 1975. He
labeled it the relaxation response (the RR) and described it as the opposite of
the physiological stress response, or the fight or flicht response (Benson, 1975).



He argued that the relaxation response is a physical state of deep rest, which
changes the physical and emotional response to stress and suggested that all
humans have a natural and inborn protective mechanism against “overstress”
allowing for a distraction of deleterious effects on the body (Setterlind, 1990). It
has been scientifically shown that regulatly produced relaxation is an effective
treatment method for a series of stress-related disturbances (Benson, 1975).
Many illnesses are caused by or worsened by stress (Linton, 1982). He argued
that regular use of various kinds of relaxation can alleviate various symptoms
and improve the possible development of illness (Benson, 1975).

The relaxation response (the RR) can be elicited through various
techniques e.g. meditation, autogenous training (Smith, 1993), Tai Chi
(Sandlund & Notlander, 2000), physio-acoustic methods (Notlander, Sandholm
& Anfelt, 1998), and biofeedback training (Setterlind, 1990). It has been shown
that relaxation is an appropriate and relevant therapeutic instrument for the
treatment of a variety of stress-related disorders and medical processes.
Relaxation has been shown to have positive effects on immunological,
coronary, vascular, and neuro-degenerative disorders as well as on several
psychological disorders (Esch et al., 2003). RR exercises and techniques have
been shown to inhibit the progression of immunological diseases (Lutgendorf,
Logan, Kirchner et al., 2000; Schulz & Kaspar, 1984). The relaxation response
has also been shown to have positive effects on blood pressure in patients with
coronary inflammation (Munro, Creamer, Haggerty & Cooper, 1988),
cardiovascular disease (Julius & Cottier, 1983), sudden cardiac symptoms
(Lawn, Verrier & Rabinowitz, 1987), pain (Linton, 1982; Melzack & Wall,
1970), cutaneous disorders (Fava, Perino, Santomastaso & Fornasa, 1989), brain
cell death (Roberts & Barnes, 1990), and infertility (Seibel & Taymor, 1985).
Uvnids Moberg (2002) argued that the body contains powerful anti-stress
systems which fight stress and increase tolerance for strain. When “anti-stress”
dominates, there is peace and quiet, and the energy is used in the anabolic
processes. The body energy is used for nutritional storage, growth, and healing
(Uvnis Moberg, 2002).

A variety of hormonal, neuronal mechanisms and mechanisms of
the central nervous system determine and transmit the activity of the anti-stress
system. Uvnis Moberg (2002) argued that closeness and support affect us more
than we think. A nursing mother becomes calmer and more socially interactive.
At the same time blood pressure and cortisol levels drop, while oxytocin and
prolactin are released to stimulate lactation, the production of milk. The

oxytocin calms, stimulates social interaction, and produces an anti-stress pattern
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(Uvnids Moberg, 2002). Through mechanisms indirectly associated with
oxytocin, the activity of the HPA axis is reduced. The activity is slowed down
because the oxytocin counteracts the effect of wvasopressin and the
corticotrophin hormone (CRH) of the pituitary and the brain stem. The release
of CRH and the adrenocorticotropic hormone (ACTH) is slowed down. At the
same time, the release of cortisol into the bloodstream is reduced, blood
pressure drops, and the anti-stress system is activated. Uvnids Moberg pointed
to two major changes which have taken place in Society. Stress has increased
and the stimulation of the calming anti-stress systems has decreased. She has
argued that the very strong association among stress, ill health, and a low sense
of well-being calls for therapies which reduce the level of stress and also
actively stimulate the anti-stress systems contained in the body (Uvnds Moberg,
2002).

1.1.4 Problems with the elicitation of the RR

There are hundreds of methods for self-change and personal development, and
many of them have been around for thousands of years, while others were
developed during the 1970°s and 1980°s (Setterlind, 1990). For some of them
the purpose was to elicit the relaxation response, thereby reducing stress and
the activity of the autonomic nervous system. In the discussions of the effects
of the relaxation response, stress reduction and reduced activity of the
autonomic nervous system are repeatedly key features. Techniques such as
autogenous exercises (Smith, 1993), Tai Chi (Sandlund & Norlander, 2000),
various physio-acoustic procedures (Norlander, Sandholm & Anfelt, 1998), and
biofeedback (Setterlind, 1990) are some of the techniques developed to produce
relaxation. Even medical treatment aims ultimately to elicit the RR, for example
through the use of tranquilizers. However, a purely medical treatment is rarely
successful in the treatment of stress-related disorders (Lundberg & Wentz,
2004). Differentiating physical from psychological tension is difficult, as is the
treatment of each individually, given the fact that they are both elements of a
total reaction during exposure to demands and strains (Setterlind, 1990). Stress-
related disorders can, in principle, appear in isolation, such as in elevated blood
pressure (Benson, 1975), but typically the symptoms are widened and progress
with the result that a strained living situation worsens, and chronic stress
increases. This fact can produce a sense of loss of control, helplessness,
frustration, and depressed mood (Lundberg & Wentz, 2004). The individual
despairs and finds it difficult to take hold of her situation.
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In order for a relaxation technique successfully to elicit an RR, at least two
factors are necessary, according to Ben-Menachem (1977), i.e. reduced sensory
stimulation and reduced bodily movement. Here, one problem is that
individuals who are in the greatest need of relaxation exercises are often the
individuals who find it the most difficult to participate in the exercises
necessary to elicit the RR (Maslach, 1998; Norlander, 1997). Given the difficulty
of motivating stressed individuals with an incipient stress symptomatology and
diffuse pain to relax using traditional relaxation techniques, alternative
treatment and relaxation techniques must be developed. There is also a great
need to reduce the risk of drug abuse. Alcohol intoxication, for example, may
produce immediate relaxation in a stressed individual (Norlander, 1997), a fact
that may explain why anxiety and stress may pave the way for alcohol abuse. It
is not a recommendable route, given the well-documented dangers of alcohol
use. Instead, safe techniques need to be developed, techniques that both reduce
the level of stress and the activity of the autonomic nervous system, and also

activate the natural anti-stress systems in the long run (Uvnis Moberg, 2002).

1.1.5 Flotation-REST

Flotation-REST, Restricted Environmental Stimulation Technique [in Swedish
flyt-REST], is a strong candidate for being a method which effectively and
safely may elicit the relaxation response even in individuals with heavy stress
problems. In flotation-REST the individual rests in a heated “flotation tank”
containing salt water holding a water temperature of 34.7 degrees Celsius (Bood
et al., 2005; 2006; Notlander et al., 1998). The temperature in the tank is the
same as the temperature of the human skin, the purpose of which is to reduce
the tactile experience from the environment. Salt water is used to facilitate
floating, powerful enough to produce relaxation in an environment of silence
and darkness. The darkness and silence during treatment have the effect of
reducing sensory input from the external environment (Norlander et al., 1998),
and attention is instead directed at the individual’s own world of thoughts, at
the body, and at internal sensations. The individual experiences a floating, quiet,
and weightless state, sensory isolation. During such sensory deprivation,
attention and thinking become more oriented toward primary processing, more
intuitive, pictorial, and otiented toward “the here and now”. At the same time,
more abstract thoughts and thoughts focused on events in everyday day life
diminish. The thoughts take on a different time perspective, and different
patterns of thought, a different sense of the body. The bodily sensations from
the internal organs and from the vestibular system as well as the tactile and
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kinesthetic senses then appear. For many individuals it is an advantageous form
of mental and bodily relaxation, once in a while to rest in a state of primary
processes (Notlander et al., 1998).

Studies of the flotation-REST treatment have shown that
following treatment individuals exhibit reduced stress and pain from muscular
tension (Kjellgren, Norlander & Archer, 2001; Kjellgren, 2003; Turner & Fine,
1984). A recent meta-analysis (van Dierendonck & te Nijenhuis, 2005)
investigated flotation as a stress-management tool. The study included 25
articles with a total number of 449 participants and the results showed that the
flotation technique has positive effects on physiology (e. g., lower blood
pressure), well-being and performance. There were, however, some limitations
of the original studies (e. g., generally small sample sizes, lack of standardization
of the frequency and duration of the sessions) and therefore the available data
did not give any information on how many sessions of REST would be
desirable for different groups of patients. Additional studies are necessary in
order to gain greater knowledge and understanding of the physiological,
hormonal, and experiential mechanisms involved in the flotation-REST
treatment, in particular with regard to individuals who suffer from long-term
stress. It is important to relate pain, muscular rigidity, elevated blood pressure,
and a variety of hormonal states to an improved quality of life. The
rehabilitation of individuals with stress-related symptoms and disorders also
needs to be further developed and improved (Johannisson, 2002; Ekman et al.,
2002). Previous studies have also shown that the flotation-REST treatment has
positive effects on pain as well as on sleep, anxiety, and depression (Kjellgren,
2003; Turner & Fine, 1984). Additional studies have shown that pain from
muscular tension of the neck and back could be alleviated through the
flotation-REST method (Notlander, Kjellgren & Archer, 2001).

Future research on the flotation-REST technique needs to become more
strongly anchored in theory. It might, for example, be possible to link this
research to the neuromatrix theory and the relevant variables of different types
of pain, affectivity, anxiety, and depression. It is also important to examine just
how the neuromatrix can help explain both the effects of the flotation-REST
treatment and of a regularly activated relaxation response. Furthermore, long
term effects of the flotation-REST treatment have not been explored
extensively (Wallbaum, Rezewnicki, Steele & Sudefeld, 1992).
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Paper I is a study in which the effects of the flotation-REST treatment on
several different stress-related variables were assessed four months following
treatment. Greater knowledge and understanding of the importance of the
meeting of the caregiver and the patient, in connection with the treatment of
stress and pain atre also needed. In addition, we need to explore which variables
are important to healing, and what is the importance of the placebo effect and
of expectations regarding treatment. In Paper II the importance of attention
and the placebo effect for the outcome of treatment was studied. In Paper III
the effects of longer periods of flotation-REST treatment was studied. The
study investigates patients with stress related pain and other similar ailments.
The study investigate whether or not 33 flotation sessions were more effective
for stress related ailments as compared to earlier tested program with 12
sessions. Paper IV examined whether and how the combination of therapy and

flotation tank could be used to treat patients with severe stress problems.

1.1.6 The purpose of the current thesis

The overarching purpose of the current thesis was to explore the long term
effects of a documented treatment program, the flotation-REST technique for
the treatment of pain, from the point of view of variables connected to
Melzack’s neuromatrix theory, and to examine extent of a potential attention-
placebo effect in connection with the flotation-REST technique. An additional
purpose was to examine whether neuromatrix theory might offer a functional

frame for the understanding of the empirical results of the thesis.
1.2 Theotetical perspectives
1.2.1 Melzack’s perspective

The Gate Theory of Pain

In 1965, Ronald Melzack and Pat Wall published their work “Pain Mechanisms:
A New Theory of Pain” (Melzack & Wall, 1965). They argued that there exists a
gate mechanism in the spinal cord which opens and closes, or inhibits, the
transmission of pain to the brain. A sensation of pain from a physical sensation
is affected by an individual’s thoughts and emotions (Melzack & Casey, 1968).
Even cognitive, motivational, and affective aspects affect the perception of
pain, which in turn can affect the position of the gate (Melzack & Wall, 1982).
The most important feature of the theory in terms of understanding pain was
its emphasis on the central neural mechanisms (Melzack, 1999). The theory

forced medical and biological science to accept the view of the brain as an
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active system with filtering and modulating capacity (Melzack, 1999).
Phenomena such phantom pain could not be explained, but the theory was
flexible enough to include observations, up until now not known. The spinal
gate theory can in part explain the pain reducing effects of certain physio-
therapeutic treatment methods such as massage, vibration, high frequency
transcutaneous, electrical nerve stimulation (TENS), and acupuncture (Werner
& Arnér, 2000). The theory primarily emphasized the gate mechanism and the
modulation of pain signals in the spinal cord (Melzack, 2001).

The Gate Control Theory (see Figure 1) is the best known pain theory (Melzack
& Wall, 1982). It holds a primarily physiological perspective. The theory has
been shown to be incomplete, however. Pain is a complex phenomenon and a
multi-dimensional perception varying in quality, strength, duration, localization,
and discomfort (McGrath, 1994). More knowledge is needed about the
petipherally active, inflammatory processes, the modulating effects in the spinal
cord (Melzack, 2001), the association among the function of the mid-brain and
the descending pain-inhibiting functions as well as the association with
conscious perceptions. Our bodily perception includes cognitive processes
along with visual and vestibular mechanisms that need to be included in the
theory for an increased understanding of the perception of pain (Melzack,
2001). The complex and multi-dimensional character of the experience of pain
needs a more developed theory which includes the cognitive processes as well
as the importance of the limbic system for the experience of pain (Melzack,
2001). For this reason, a more elaborate and further refined theory of pain is
needed.
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Fig: 1 One explanation for the modulation of pain is the gate control hypothesis. This
hypothesis focuses upon interactions of four classes of nenrons in the dorsal horn of the spinal
cord: (1) unmyelinated nociceptive afferents (C fiber), (2) myelinated non-nociceptive afferents
(Aa | Ab ), (3) projection neurons, whose activity results in the sensation of pain, and (4)
inbibitory internenrons. The inbibitory internenron is spontaneously active and normally
inbibits the projection neuron, thus reducing the intensity of pain. It is excited by the
myelinated nonnociceptive afferent but inhibited by the unmyelinated nociceptor. The nociceptor
thus has both direct and indirect effects on the projection nenron. From Kandel, Schwarty &
Jessell, (1991 p, 392).

Projection
neuron

The neuromatrix

Ronald Melzack also developed the neuromatrix theory and it represents a
development of his original gate theory about pain (Trout, 2004). The
neuromatrix theory assumes that pain is a multi-dimensional experience,
produced by a characteristic neurosignature, i.c. a pattern of nervous impulses
generated by a significant neural network in the brain (Melzack, 2005). The
pattern is triggered by sensory input but also generates qualities of the pain
experience independent of the input. Acute pain, elicited by deleterious input of
short duration, has been examined by neurological science, and the mechanisms
of sensory transmission are generally well known (Melzack, 2005). Meanwhile,
chronic states of pain, typically characterized by intense pain without
discernible damage or pathology, remain a mystery (Melzack, 2005). Chronic
psychological and physical stresses are often associated with chronic pain,
although their associations have not been thoroughly examined. The anatomical

substrate for the bodily self, according to Melzack, is a broad network of
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neurons, consisting of a route between the thalamus and the cortex and
between the cortex and the limbic system (Melzack, 2005). The extension of the
neuromatrix developed from the more primitive systems of the brain, where the
control of the health-maintaining, regulatory systems reside (Craig, 2003). Many
areas of the brain are involved in the sensation of pain. The modern scanning
techniques, Functional Magnetic Resonance Imaging Technique (FMRI) and
Positron Emission Tomography (PET-scan) (Werner & Arnér, 2002) have
provided much new knowledge regarding the role of the vatious brain regions
for the experience of pain (Dickenson, 2002). The neural network of the
neuromatrix contains parallel somato-sensory, limbic, and thalamo-cortical
components which maintain sensorily discriminating, affective, motivational,
and appraising, cognitive dimensions in the perception of pain (Melzack, 1999;
Turk & Meichebam, 1984). The different systems of the brain involve a great
many synchronous activities and transmissions. There are hierarchical systems
and stable, intermediary forms with a hybrid quality, which characterize a truly
living system (Craig, 2002). Craig argued that the overlap between the area of
pain perception and the regions of emotional processes in the brain might
explain specific, humanly subjective qualities involved in pain (Craig, 2002). In
his opinion, the model has difficulties explaining various sensations of pain
caused by sharp points, burning heat, biting cold, painful muscles, cramping,
and pain from the internal organs (Craig, 2003).

The neuromatrix consists of an extensive network of neurons
which generate patterns, processes, and information from the passing signals,
which ultimately creates a bodily sense of a whole, a sensation of a self, and the
contents of the neurosignature. Figure 2 summarizes the factors contributing to
the pattern of experience from the neuromatrix, factors which also produce the
sensory, cognitive, affective dimensions of the experience of pain and pain
behavior (Melzack, 2001).

Different kinds of input affect the program of the neuromatrix
and contribute to its output. Melzack pointed to important groups of input
which affect the matrix and its neurosignature (Melzack, 1999). One important
group consists of the sensory input, visual impressions, which affect the
cognitive interpretation of the situation, cognitive and emotional input from
other parts of the brain, inherent neural, inhibitory, modulating elements, and
the activity of the stress-regulatory system of the body, and cytochines such as
the endocrine, autonomic, immunological and the opioid system (Melzack,
1999, Wall & Melzack, 20006). Pain-specific neurons have their own special main

connections to the brain. The L.amina 1 neuron (i.e. a neuron active higher up
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in the brain with further connections to higher, hierarchical levels) is strongly
associated with distinct sensations, as reported by individuals who have
undergone well-defined pain tests (Craig, 2003). Pain centers, such as the
parietal-insular cortex, are important areas for the pain processes of the brain.
One area of the parietal-insular cortex receives signals from the Lamina 1
neurons via a specific relay station called the VMpo (the posterior part of the
ventral nucleus), and forwards them to the sub-cortical regions. There are
researchers, however, who question the localization of this function (Craig,
2003). With pain, there is also significant activity in a different region in the
medial, frontal cortex; the caudal, posterior region of the anterior cingulated
which controls our motivational behavior. This region is accompanied by an
activity in several sub-cortical regions, such as the amygdala, cerebellum and
striatum (Craig, 2003).

The neurosignature constitutes a continuous flow from the
neuromatrix of the bodily self projecting to the sensing, neural center, where
the stream of nervous impulses is modulated and re-shaped into a continuous
stream of changed consciousness, and on to activity in the neurons of the spinal
cord in order to produce muscle schemas and complex activities (Melzack,
2005). The four components of the new conceptual nervous system are: (1) the
neuromatrix of the bodily self, (2) the frequent process and synthesis of the
neurosignature, (3) the central perception, which converts and transforms the
flow of nervous impulses into a stream of consciousness, and (4) the activation
of an active neuromatrix which then creates patterns of movement in order to
achieve the sought after goals (Melzack, 2005). The neuromatrix is the source
of the neurosignature, organized and shaped in the neuromatrix with

continuously changing qualities.
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NEUROMATRIX BODY-SELE NEUROMATRIX
COGNITIVE-EVALUATIVE NEUROMATRIX PAIN PERCEPTION

Tonic input from brain Phasic input from Cognitive-evaluative dimension
(cultural learning, past brain (attention, ¢ Sensory-discriminative dimension
experience, personality  expectation, 4+— Motivational-affective dimension
variables) anxiety, depression) (including feelings of stress)
SENSORY-DISCRIMINATIVE |:> C ACTION PROGRAMS

Phasic cutaneaous Visceral input S |:> Involuntary action patterns

sensory input Visual, vestibular and Voluntary action patterns
Tonic somatic input other sensory input o Social communication
(trigger points, deformities) A » Coping strategies
v

MOTIVATIONAL-AFFECTIVE @ STRESS-REGULATION PROGRAMS

Hypothalamic-pituitary-adrenal system Cortisol level

Noradrenalin-sympathetic system Noradrenalin levels

Immune system Cytokine levels

Cytokines Immune system activity

Endogenous opiates; limbic system Endorphin levels

. time o o time
Ll Ll Ll Ll

Fig: 2. Factors that contribute fo the patterns of activity generated by the body-self

nenromatrix, which comprises sensory (8), affective (A) and cognitive (C) neuromodules. The

output patterns from the neuromatrix produce the multiple dimensions of pain experience as

well as concurrent homeostatic and bebavioral responses. (From: Melzack R (1999) Pain
Suppl. 6: s121-6)

The expansion of the research area of pain toward the inclusion of

endocrinology and immunology could lead to new insights and new research

involving the revelation of the mechanisms underlying chronic pain and the

possibility of new therapeutic methods which could reduce the tragedy of
severe and unnecessary suffering (Melzack, 2001). The logical extension of

Melzack’s perspective is that a regularly activated relaxation response — due to
its broad and all-encompassing character at both the somatic and the
psychological level -could affect the different systems, i.c. the neurological,
endocrine, and immunological systems, and re-organize the quality of the
neuromatrix, such that a new, qualitatively different neurosignature is formed.

Important expressions of the neurosignature could be captured with different
psychological instruments which measure degree of stress, energy, emotions,
anxiety, depression, pain etc. Various types of physiological instruments
assessing  different physiological parameters, or expressions of the
neurosignature, could also be used. Even qualitative aspects, norms, and
evaluations, such as the experience of the different dimensions of stress and

stress treatment, could be used in the delineation and interpretation of the
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neurosignature before, as well as after, treatment. According to Melzack (2005),
we do not learn from the qualities of our own experiences: our brain is built to

produce them.

1.2.2 The perspective of Bergstrém

Bergstrom viewed the brain as a bi-polar system (Bergstréom, 1990) with an
entropic and a negentropic pole. Entropic refers to disarray, chaos, mess, but
also to the power which chaos can exert in an energy field of order. The field of
energy generates energy, according to Bergstrdm. At the entropic pole, the
primitive brain stem, chaotic signals travel upward to the brain, while the
negentropic pole, the highly developed cortex, transmits orderly signals
downward. The streams of signals meet in the limbic system in the mid-brain
(MacLean, 1973). Through emotions and values, the neuro-mental self is
formed at the intersection of the two poles. The self, according to Bergstrom, is
a space with two dimensions; one real dimension depicting the sensory input
from the individual’s physical environment, and an imaginary dimension
depicting the flow of signals from the chaotic brain stem, the internal feelings
and values of the brain (Bergstrédm, 1995). The real dimension depicts what we
“know” about our physical environment, and the imaginary dimension reveals
what we “feel”, our internal existence (Bergstrom, 1990). The real/imaginary
space of the self reflects the situation in which the individual is at the time, her
environment. Bergstrom called this space “the complex number space”
(Bergstrom, 1990).

In the meeting between the two poles a “fractal Mandelbrot
space” is created (Bergstrom, 2006), where there are processes which are not
based on logical laws of Nature but on competitive dynamics, which follow
entirely different principle than logical ones as well as the chaotic states.
Lagerroth labeled them selection and collection (Lagerroth, 2006). Order is
broken down into chaos in order once again to be built up as order in
accordance with the function of creativity. The two dimensions reflect the
unconscious and the conscious (Bergstrém, 1990). Due to the fact that Man’s
self is a Mandelbrot space, the possibility of uniting imaginary aspects and real
aspects, order and chaos. Bergstrém argued that chaos is a normal feature of
Man and necessary for human life (Bergstrom, 1990). In the energy field
between conscious and unconscious processes, as well as between order and
chaos, transformations take place which continuously re-shape experience.
Bergstrom (1992) suggested that Man’s self is the result of the forces of the
conscious and the unconscious, or between order and chaos. A balance self
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requires well-developed imaginary and real processes in the brain (Bergstrém,
1992). The tension produces a creative transformation and interpretation of the
various sensations. Every sensory experience, every movement and activity
performed, will be coded into the pattern of the brain synapses, a pattern which
adjusts to our needs and the demands of the environment. This notion is also
the reason why Bergstrom became interested in Developmental Psychology and
Neurology Education, is the reason theory is used by people working with
movement training in children (Sohlman, 2000).

The development of the brain’s pattern of synapses starts as eatly
as during the prenatal period, e.g. the development of hearing and the neural
systems for movement and physical sensations. There is also a powerful,
electric activity in the retina during the prenatal stage. Eyes not used become
blind (Sohlman, 2000). The vestibular system also develops as carly as during
the ninth and tenth week of gestation and is more or less complete by the fifth
or sixth month of gestation. This system facilitates keeping track of what is up
and what is down and the positioning of the head. The system becomes
stimulated when the infant is cradled and rocked (Sohlman, 2000). The brain of
the newborn infant is small. It weighs 400 grams, whereas an adult brain weighs
approximately 1.5 kilograms. The implication is that the most intense period of
growth of the brain takes place during the first few years following birth
(Sohlman, 2000). It is at this time that the nerve cells and synapses necessary for
learning and development have their growth spurt. The brain is characterized
by plasticity and is influenced by external events, in particular during childhood.
All the cells and synapses whose growth has begun can develop further
throughout life. Matti Bergstrém once said: “Once you have walked and made
paths, these paths can become highways later in life” (Sohlman, 2000). The
development of balance rests on the interaction of a series of senses; the
kinesthetic, the tactile, and the visual senses. Reflexes are also important for
development and learning. Motor ability is a prerequisite for learning (Sohlman,
2000). Several of the senses developed eatly, feelings and remaining fetal and
infant reflexes, may be re-experienced in a temporarily weightless and stimulus-

free environment, and may be examined and further developed in adulthood.

1.2.3 The primary and secondary processes

There are similarities between Bergstrém’s theory of order (the cortex) and
chaos (the brain stem) on the one hand and the classical psychological concepts
of primary and secondary processes. These concepts originate in classical

psychology. Freud used the concepts to desctibe how men’s central drives
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express themselves. He argued that the id contains drives which push to
express themselves and seek immediate and unconditional satisfaction in
accordance with the pleasure principle (Hwang, Lundberg, Roénnberg &
Smedler, 2005). The central drives, the sexual drive and the aggressive drive,
express themselves cognitively as a type of primary process thinking; a type of
thinking determined by the pleasure principle without the consideration of
logical rules or without being anchored in reality. Dreams are an example of
such thinking. Wishful fantasies such as fantasies of revenge also contain this
type of thinking. In primary process thinking such as in dreams sometimes
condensations appear (Hwang, et al., 2005). A condensation can give a person
character traits, which are a mix and a combination of many different people.
Displacements also occur. A displacement involves an individual gaining
features actually belonging to someone else.

Secondary process thinking refers to logical, problem solving,
reality testing thinking which is capable of fulfilling drives in a way adjusted to
reality, while at the same time securing life and well-being in the best possible
way (Hwang, et al., 2005). The orthodox, psychoanalytic interpretation of
primary and secondary processes has been criticized by subsequent writers, who
maintained that the two types of processes are rarely separate but appear mixed
and change into different combinations (Neisser, 1997; Noy, 1969).
Experiments on sensory deprivation have shown that under such conditions
primary process cognition is prevalent (Goldberger, 1961). Based on these
experiments, Noy defined the two types of processes: “secondary processes are
all mental processes dependent on feedback for their maintenance; primary
processes are all mental processes not dependent on feedback for their
maintenance” (Noy, 1969, p. 166).

Norlander (1997) used the concepts of primary and secondary
processes to describe the flow among conscious, preconscious, and
unconscious processes. In his work a broader model of the interaction among
the processes was used (Norlander, 1997). According to the “four perspectives
model”, the FP-model, the creative and conscious processes oscillate between
secondary and primary states. In this respect, there are major similarities to
Bergstrom’s view of the developmental processes regarding creativity as
emotions and their interpretation. According to the FP-model the oscillation is
between two states, which at the same time vary in content. Thus, the ongoing
oscillation between the different processes is also characterized by an ongoing
change in quality over time. What is chaotic, timeless is followed by order
which is followed by chaos which is followed by order of a different kind.
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According to the FP-model, the development can be described as sequences
appealing to primary or secondary processes in different ways. Norlander
(1997) described this process in sequences. The process starts with a
preparation containing secondary features followed by a primary stage labeled
incubation. The incubation is then transformed into a new phase. Again, there
are similarities to Bergstrém’s description of how the brain combines two
disparate aspects into a new insight. Notlander labeled this sequence
illumination. The new insight has features of secondary process thinking
(Notlander, 1997). The insight is then transformed into verification, also with
features of secondary process thinking. Following verification, there is order
followed by primary process thinking, the latter characterized by recovery as
well as stress- and tension reduction (Nortlander, 1997).

There are many techniques available for the facilitation of shifts
between primary and secondary processes. Some of them include humor,
hypnosis, neuro-muscular relaxation, autogenous exercises, meditation,
biofeedback training, and flotation-REST (Norlander, 1997). During flotation-
REST treatment, secondary processes diminish leading to a cognitive shift
favoring primary processes (Notlander, Bergman & Archer, 1998). The
relaxation response and the anti-stress system are also activated during the
flotation-REST treatment. These changes (in the neuromatrix) can be recorded
on psychological tests, physiological measures, and on measures of stress-
related markers in the blood (Melzack, 2001).
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2. THE PRESENT INVESTIGATION
2.1 Introduction

In this section the purpose, design, instruments, procedures, statistics, and
results of the four articles contained in the thesis will be discussed. All in all,
125 individuals, 97 women (77.6 %) and 28 (22.4 %) men, participated in the
four studies, which spanned the years 2003 (April) and 2005 (December). The
participants’ mean age was 49.42 (SD = 9.34). Of the patients 48 (38.4 %) were
diagnosed as having burn-out depression.

Each participant first met a pain specialist at the initial medical
examination where they were informed about the project, screened for
suitability through questionnaire 1 and underwent a medical examination, plus a
careful pain analysis, including palpation of muscle tone and a neurological
examination. Among the exclusion criteria were listed pregnancy or ongoing
breast feeding, somatic problems/illnesses requiring other types of treatment,
open wounds, manifest psychiatric symptoms, neurological disturbances,
whiplash-related disorders, manifest posttraumatic stress disorder, as well as
regular treatment with heavy opiate analgesics, signs of anxiety/fear, or
discomfort being in a restricted environment. During this interview, each
patticipant's degree of anxiety-depression was assessed using HAD. Every
participant received a leaflet with patient-oriented information about flotation-
REST, wherein (in addition to the purely practical details associated with
treatment) they were also informed that driving was not recommended shortly
after treatment (due to increased risk of transient tiredness). During this initial
contact each subject was shown around the floatarium.

Given the fact that the participants appeatred for the experiments
after varying lengths of time, they were asked once again to complete
Questionnaire 1 and the HAD-test immediately prior to the first flotation
session. This was done in order to ensure comparable baseline values. At this
time they were also asked to complete the remainder of the tests. All blood
assays were done at the Public Health Center (Kronoparken) adjacent to the
Human Performance Laboratory three days (or 72 hours) prior to the first

flotation session, and three days after the last flotation session, respectively.
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2.2 Paper I. Flotation-REST with follow-up
2.2.1 Aim

The purpose of the study was to explore whether it was possible to replicate
catlier findings of increased well-being after flotation tank therapy and to
investigate whether or not those improvements were maintained during a

follow-up four months later.

2.2.2 Design

The current study in a first step used a three-way split-plot design, where Time
with assessments before and after the treatments constituted the within-subjects
factor and where Group (Control, Flotation-REST) and Diagnosis (Non-
burnout patients with stress-related pain, burnout patients with stress-related
pain) constituted the between-subjects factors. The participants were randomly
assigned, in equal numbers, to the control (20 non-burnout patients, 15 burnout
patients) or flotation (24 non-burnout patients, 11 burnout patients) groups.
Participants in the flotation-REST group were involved in a total of twelve
flotation REST treatments (two times per week during six weeks). The control
group received the same treatment as the flotation group before and during the
experiment, but instead of floating they sat in an armchair for 45 min. In a
second step a two-way split-plot design was used on the flotation-REST group,
where the within-subjects factor now also included a 4-month follow up for the
flotation group (Treatment condition) and where Diagnosis was maintained as

the between-subjects factor.

2.2.3 Instruments

Flotation Tank

A flotation tank (Delfi, www.kikre.com, Varberg, Sweden) measuring 2700 mm
x 1500 mm x 1300 mm was used. The depth of fluid (salt water) varied between
200-t0-300 mm. The flotation tank was insulated to maintain constant air and
water temperature and to reduce incoming light and noise. The water
temperature was maintained at 34.70C and was saturated with magnesium
sulphate (density: 1.3 g/cm3). The tank was equipped with a horizontal
entrance that was easy to open and close (from inside and out) by the subject.
Between flotations, a hydrogen peroxide solution was regularly poured in, and

after this the salt water was filtered and sterilized with UV-light.
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Questionnaire 1

Before the treatment (floating in the tank) a questionnaire was provided that
estimated each subject’s self-assessed pain: intensity, frequency, duration, onset,
sleep quality, treatment as well as expetiences/symptoms of other types of
complaints. Each subject’s own descriptions of “Sleep Quality” were estimated

on visual analogue scales (0-100).

Questionnaire 2

At a final meeting directly after the seven weeks of the experimental flotation
procedure, the same questions were presented as in Questionnaire 1.
Blood measures

In the present study blood samples were taken for cortisol and
prolactin between 10 o’clock AM and 2 o’clock PM. According to laboratory
standard procedures, cortisol was measured in nanamol per liter blood serum
(nmol/L) and prolactin was measured in microgram per liter blood serum
(ug/L). Normal range for cortisol 10 o’clock is 125 — 625 nmol/L. Normal
range for prolactin concerning men is 3.5 — 18 ug/L, and for women 4.5 — 25
ug/L. Appropriate markers that are stress related as cortisol and prolactin were
analyzed. The handling of blood tests, taking blood tests and storing was done
in collaboration with Kronoparkens Health Care Center and Kemiska
laboratoriet (Kem Lab) at Centralsjukhuset in Karlstad (CSK), where the tests

were analyzed.

PAT - Pain Area Inventory

The test, which was constructed for the current thesis consists of two
anatomical images of a human being, one frontal and one dorsal. The task of
the participants was to indicate their areas of pain. A transparent, plastic film
was then placed over the areas on both figures. Each figure was divided into
833 equal-sized squares (total 1660), and the number of marked squares was
calculated. The test was validated through comparisons with other instruments
measuring total number of pain types, number of connected pain areas, most
severe pain intensity, normal pain intensity, and pain frequency which yielded
acceptable values (standardized item alpha = 0.84, R = 0.70). Test-Retest
reliability was examined through using a group of pain patients who completed

the PAI on two occasions, seven weeks apart (r = 0.92).
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SE - Stress and Enereoy

The SE instrument is a self-estimation instrument concerning individuals'
energy and stress experiences (Kjellberg & Iwanowski, 1989). It consists of two
subscales that elucidate the mood levels of the subjects on the dimensions:
'experienced stress' and 'experienced energy'. The instrument has been validated
by analyses from studies focused on occupational burdens and pressures
(Kjellberg & Bohlin, 1974; Kjellberg & Iwanowski, 1989). The SE-scale was
constructed and based on an early and much used checklist, the Mood
Adjective Check-List, constructed by Nowlis and Green (1965) and modified
further and translated into Swedish by Kjellberg and Bohlin (1974). Kjellberg
and Iwanowski (1989) reduced the list to 12 adjectives on two dimensions. It is
currently the latest version of the SE-scale (with test-retest scores of 0.73 to
0.78) and was used in the present study.

HAD - Hospital Anxiety Depression Scale

The HAD is a rating scale concerning degree of anxiety and depression, using
various published materials. It was constructed by Zigmond and Snaith (1983),
for use with physically ill people. It has since been revised to be used as a rating
scale for anxiety and depression. Its validity and reliability were examined by
Herrmann (1997). The instrument consists of fourteen statements with four
response alternatives (0 to 3), ranging from positive to negative or vice versa,
and there are seven statements regarding anxiety and seven regarding

depression.

LOT - Life Orientation Test

This test (Scheier & Carver, 1985) consists