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The pain relieving efficacy of music listening combined

with vibrotactile cutaneous stimulation was determined.

Music with mechanical vibration (30min. session; average

amplitude of 26gm; frequency range of 60 - 600Hz.) was

applied to subjects with rheumatoid arthritis using the Music

Vibration Table (MVTTM). Scores from pain relief visual

analogue scales (VAS) and McGill Pain Questionnaires (MPQ)

were compared to groups with music alone and placebo.

ANOVA and post hoc analysis indicated that VAS scores

from music with vibration were significantly greater than

music alone or placebo. MPQ scores also indicated larger

percentages of change in pain perception for the music with

vibration condition. However, subjects receiving music alone

showed a large percentage of change on the affective

dimension of the MPQ. This investigation supports the

application of music with a controlled, measurable music

vibration for the relief of pain. The results of this study

warrant further evaluation and development of treatment

protocols using music and music vibration.
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CHAPTER I

INTRODUCTION AND PURPOSE OF THE STUDY

The utility of music for the relief of pain has been

included in the practice of music therapists for many years

in various areas of human suffering. Music has been used to

provide pain relief to many in pain during dentistry or

following surgery, and to some suffering from conditions

causing chronic pain (MacClelland, 1976; Standley, 1986;

Taylor, 1981; Zimmerman, Pozehi, Duncan & Schmitz, 1989).

Such relief has been credited in large part to the

distraction and relaxation factors of music (Brown, Chen &

Dworkin, 1989; Masler, 1986; McCaffery, 1990). These may not

be the only factors in pain relief through music. The

effects of the actual vibratory response to music may also

provide pain relief.

The human body is responsive to vibratory stimuli. This

vibrotactile sense is common among many species in the animal

kingdom. Neurological processes for this perception are

similar to other sense modalities. Receptors in the skin

respond to vibrotactile stimulation. The receptors react by

initiating an electrical potential that transmits towards the

central nervous system, eventually terminating in the cortex.

1
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The vibrotactile aspects of music in therapy have

attracted attention, but with limited scientific study

appearing in the literature (Madsen, Standley, & Gregory,

1991; Skille, 1989; Standley, 1990; Standley, 1991). Despite

the limited supporting literature, there has been much

promotion of musical vibrotactile equipment1 in recent years

to health professionals, including the music therapist.

Unfortunately, these products have been marketed with little

supporting research to verify claims of effectiveness. Also,

claims used in marketing these products often imply that

sellers are originators of some new technique and leave out

references to prior research and development.2

Chesky and Michel (1991) argued that a conceptual model

for the use of music and music vibration could and should be

developed as an extension of ongoing research in algology,

the study of pain. This body of research has shown that

1 Several devices marketed in the U.S. include; Somatron,

Betar, Genesis, Next Wave Physioacoustic Method, Vibro-

Acoustic equipment, and The Harmonic Altonator.

2 Skille (1989) claimed to have "devised" vibroacoustic

therapy in 1968, and described Petri Lehikoinen as having

completed a research project in Finland using vibroacoustic

equipment and techniques. In promotional material of Next

Wave Physioacoustic Therapy (1991, 1992), Lehikoinen alleged

to be the "originator" and referred to the same Finnish study

to support his claims. Lehikoinen's promotional material

included various citations, but did not contain any reference

to Skille.
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certain mechanical vibrations provide pain relief if applied

to the skin. Certain stimuli parameters have been identified

as most effective for pain relief. The information offers a

basis for developing stimuli parameters for music vibration.

Chesky and Michel (1991) also introduced technology

developed to generate the appropriate musical vibratory

stimuli for the relief of pain over large areas of the human

body. The technology is called Music Vibration Table

(MVTTM) .3 The MVTTM was designed and constructed by the

writer and provides control and measurement of the musical

vibratory stimuli.

The purpose of this study was to investigate the effects

of music and music vibration using the MVTTM with a specific

homogeneous pain population, i.e., people with rheumatoid

arthritis.

Background of the Study

A conceptual model for the application of music and

music vibration includes important issues related to several

disciplines. The following is an overview of pain and the

current theory of pain modulation. Modulation means

regulation, to increase or decrease the transmission of the

pain signals traveling through the body.

3 A U.S. Patent (# 5,035,235) titled, "Music Vibration Table

and System" was allowed to Kris S. Chesky on July 30, 1991.
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Pain. The International Association for the Study of

Pain (1979) defines pain as; "An unpleasant sensory and

emotional experience associated with actual or potential

tissue damage, or described in terms of such damage". Any

stimulus having an intensity that threatens the physical

integrity of tissue is called noxious (Loeser & Egan, 1989).

Characteristics of pain include discomfort and are typically

caused by noxious stimuli excited by injury, disease, or

organic disorder (Bullock, 1977). The process by which a

noxious stimulus, detected by nerve receptors, is transmitted

through the nervous system to the brain is called

nociception. Pain is also considered the conscious

perception of nociception (Perl, 1980).

As with all sensations, the existence of a stimulus is

normally a necessity but not always sufficient to evoke it.

To feel pain, a person must be awake and attending to the

sensation. Usually, but not always, noxious stimuli are

intensely attention getting.

Nociception is part of the sensory system that follows a

similar sequence of events to that of other senses.

Nociceptors, i.e., noxious stimuli sensory receptors, first

respond to a specific form of energy and then generate an

output of nerve impulses through afferent nerve fibers.

Afferent nerve fibers project nerve impulses towards the
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brain and eventually terminate in the central nervous system,

whereas efferent fibers project impulses away from the brain.

Pain is often described as acute or chronic. Acute pain

apparently serves a worthwhile physiologic purpose and

signals the presence of a potentially serious disturbance in

the body. The pain focuses attention on the injured part

which either limits motion or initiates a retrieval to

prevent further damage. Chronic pain, unlike acute pain,

appears to have little biologic function (Stimmel, 1983). It

is often very unpleasant and, therefore, considered an

emotional ordeal. The presence of chronic pain typically

causes restricted productive activities and is associated

with negative sociological and psychological disturbances.

Conceptually, the processes of nociception include the

ability for the nervous system to regulate or modulate the

pain signals as they are projected towards the brain. The

modulations are influenced by several factors including both

physiological and psychological conditions. Therefore, pain

perception is viewed as being influenced by both

physiological and psychological processes.

Gate Control Theory. The most influential theory of

pain modulation is the Gate Control Theory proposed by

Melzack and Wall (1965). These theorists suggest that a

number of structures within the central nervous system

contribute to pain perception and that the interplay between
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these structures is critical in determining if, and to what

extent a specific stimulus leads to pain.

According to Gate Control Theory, pain impulses

transmitted from nerve receptors through the spinal cord to

the brain are subject to modulation in the spinal cord,

brainstem, or cerebral cortex. The theory directs specific

attention to the active role of the dorsal horn of the spinal

cord in modulating these sensory transmissions. The theory

proposes that neural activity in the dorsal horns of the

spinal cord act like a "gate" which can increase or decrease

the amount of pain nerve impulses from the receptors to the

central nervous system.

Specifically, the theory proposes that the pain

phenomenon is determined by interactions between three spinal

cord systems: 1) the substantia gelatinosa, which functions

as a gate control system that modulates the pain signals

heading toward the brain (afferent) before they influence the

first central transmission (T) cells in the dorsal horn; 2)

the afferent signals in the dorsal column system, which act

as a central control trigger that activates selective brain

processes that influence the modulating properties of the

gate control system; 3) the T cells, which activate neural

mechanisms that comprise the action system responsible for

response and perception.
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Melzack and Wall (1965) described the figurative "gate"

to be under the influence of two aspects of the nervous

system; 1) the relative activity between large-diameter

afferent fibers and small-diameter afferent fibers and, 2)

impulses that descend (efferent) from the brain. These two

influences determine the degree to which the gate increases

or decreases sensory transmission of the pain signals.

The first influence of the gate, the relative activity

between large and small afferents, includes the influences of

alternative sensations. When noxious input travelling in

small fibers exceeds a certain threshold, neuronal mechanisms

activate and the "gate" opens, resulting in the perception of

pain. Transmissions from larger and faster conducting

afferent fibers can depolarize the neuronal mechanisms, close

the gate, and decrease the transmission of the pain signals.

This portion of the theory suggests that signals from pain

receptors interact with signals from receptors of other sense

modalities and that pain can be altered by non-noxious

stimulation, particularly of the skin. An example is the

natural reaction of an individual who rubs an injured area

after hitting it against something, or the common application

of heat or cold to relieve pain. These alternate stimuli

activate potentials from non-pain receptors, which interact

with the pain signals. Melzack and Wall (1965) suggested

three features of the noxious afferent input to be
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significant for the pain experience: 1) the ongoing neural

activity which precedes the stimulus; 2) the stimulus-evoked

activity; 3) and the relative balance of activity in large

versus small diameter afferent fibers.

Activation of the afferent inhibitory mechanisms

proposed by the Gate Control Theory have been researched

experimentally and clinically at various anatomic levels.

Specific diverse techniques to engage these processes have

included: cutaneous stimulation (Long, 1976); (TENS)

transcutaneous electrical nerve stimulation (Augustinsson, et

al., 1977; Bates & Nathen, 1980; Cauthen & Renner, 1975; Long

& Hagfors, 1975; Nolan, 1988); direct electrical stimulation

of peripheral nerves with implanted electrodes (Peled, Wexler

& Rousso, 1982); dorsal column stimulation (Wester, 1987);

brainstem electrical stimulation (Daniel, Long & Hutcherson,

:1985; Young & Chambi, 1987); acupuncture (Levitt & Walker,

1982; Shifman, 1975); electro-acupuncture (Anderson, Ericson,

Holmgren & Linquist, 1973; Sjolund & Ericksson, 1976) and ice

message (Grant, 1964; Olsen & Stravino, 1972).

The second influence of the spinal gating mechanism

emanates from efferent impulses. This aspect of the theory

was based on the idea that an enormous variety of

psychological factors influence pain. Researchers have also

shown that stimulation of the brain activates descending

efferent fibers that can influence afferent conduction at the
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earliest synaptic levels (Hagbarth & Kerr, 1954; Satoh &

Takagi, 1971; Wall, 1967).

This aspect of the theory accounts for psychological

influences in the pain experience and indicates that the

psychological and physiological factors are inseparable

components of a single phenomenon. Melzack stated;

"The evidence ... shows that cognitive or higher

central nervous system processes such as attention,

anxiety, anticipation, and past experience exert a

powerful influence on pain processes. It is also

firmly established that stimulation of the brain

activates descending efferent fibers which can

influence afferent conduction at the earliest

synaptic levels of the somaesthetic system. Thus

it is possible for brain activities subserving

attention, emotion and memories of prior

experience, to exert control over the sensory

input." (Melzack, 1973, p. 160)

Three major psychological dimensions to the pain

experience have been identified as: 1) sensory -

discriminating; 2) motivational - affective; 3) cognitive -

evaluative (Melzack and Wall, 1965). Several processes such

as anticipation, attention, suggestions, cognitive processes

and previous experiences are presumed to influence each of

these three dimensions. The long history of using

psychological coping strategies to ameliorate pain indicates
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that psychological strategies apparently are effective when

subcortical and direct cortical pain modulating systems in

the central nervous system are activated (Melzack & Wall,

1982; Turk, Meichenbuam & Genest, 1983).

The subcortical modulating system apparently originates

in the limbic system and transmits projections to the

hypothalamus, midbrain, medulla, and dorsal gray matter of

the spinal cord (Fields & Hienricher, 1985; Paklovitz, 1984;

Ruda, Bennet & Dubner, 1986). This system is apparently

receptive to affect, emotions, and changes in mood (Fields,

1987). The direct cortical pain modulating system can be

provoked by cognitive distraction through dedicated

activities (Fields, 1987; Newburger & Sallan, 1981;

Paklovitz, 1984; Swendlow, 1981).

Numerous psychological techniques, particularly

cognitive coping strategies, have been developed to help pain

patients help themselves (Chaves & Barber, 1974). Fernandez

and Turk (1989) analyzed and summarized this literature and

concluded that most strategies are designed to help the

patient increase his or her internal locus of control by

directing thoughts away from the pain. These strategies

appear to fall into one of three broad categories; 1)

imagery, 2) self-statements and 3) attention-diversion

techniques.
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Some specific neuroanatomic and neurophysiological

aspects of the Gate Control Theory have been questioned

(Nathan, 1976). For instance, results of physiological

studies have established that part of the inhibitory effect

produced in spinal pain transmission neurons is post

synaptic, meaning that the pain signal continues to be

modulated even after the signal has passed through the

modulating gate in the dorsal horn (Hongo, Jankowska &

Lundberg, 1968). Researchers have also indicated that the

pain relief from stimulating the skin involves additional

mechanisms other than the inhibitory influences of large

diameter afferents over small diameter afferents in the

dorsal horn. The release of endorphins have been identified

as a contributor (Basbaum & Fields, 1985; Wolfe, 1978).

These narcotic-like substances are produced by the body and

have been found in the dorsal horns, in the pariaquaductal

grey, and in many areas of the limbic system (Snyder, 1980).

Descending spinal tracts have also been identified with both

peptide and serotonergic mechanisms that apparently inhibit

the transmission of pain being sent from the cord to the

brain. Neurons containing high concentrations of serotonin

have been found in the raphe nuclei of the brainstem and

apparently have a significant role in the control over the

transmission of pain signals to the second order neurons of

the spinothalamic pathways (Carstens, Fraunhoffer &
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Zimmerman, 1981; Simon, Lovett & Tomaszak, 1980; Sweet, 1979;

Walker & Katz, 1981).

Melzack and Wall (1982), in a critical review,

recognized that some changes to the Gate Control Theory are

necessary due to the ever increasing understanding of neuro-

chemical processes. However, they argue that the theory

itself is sound, and that the "gate' mechanism, as influenced

by afferent and efferent transmission, is a valid concept

based on electrophysiological, behavioral and clinical

observations. Furthermore, Melzack and Wall (1982)

incorporated additional changes in a revised version of the

Gate Control Theory. This revision suggested that the

original theory was incomplete in some details, but still

offered a theoretical explanation of the pain phenomenon.

Combination of efferent and afferent pathways. Most

treatments for the relief of pain can be classified as either

physiological or psychological. Physiological techniques

include most pharmaceuticals, non-invasive and invasive

physical manipulations, surgery, nerve blocks, etc.

Psychological techniques include cognitive coping skills,

behavioral modification, environmental techniques, mood

changing activities, and psychotherapy. Although many

current pain treatment centers are designed to be multi-

disciplinary in approach, most individual techniques have

been labeled physiological or psychological (Raj, 1992).
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Fernandez and Turk (1989) called for further research to

evaluate the utility of psychological pain coping strategies

as an adjunct to physiological interventions in the treatment

of chronic pain. They pointed out that psychological

techniques and physiological techniques have been isolated

from one another in research, and in clinical application.

Such techniques would be based on the operation of the

afferent and efferent system of pain modulation according to

the Gate Control Theory.

Two such techniques are mechanical vibration and music.

Vibration is a physiological technique relying on the

influences of large diameter afferents over nociception while

music listening is thought to engage psychological processes,

prompting efferent influences over nociception.

Vibration. Stimulation of the skin with mechanical

vibration for pain relief has received less emphasis than

other physiological modalities, chiefly transcutaneous

electrical stimulation (TENS). TENS is the application of

electricity onto the skin (Kane & Taub, 1975). However,

mechanical vibration at appropriate frequencies is known to

excite large diameter afferent nerves from Pacinian

corpuscles which are found in the skin, muscle spindles and

tendons (Freeman & Johnson, 1982; Johansson, Landstrom &

Lundstrom, 1982; Merzenich & Harrington, 1969; Talbot,

Darian-Smith, Kornhuber & Mountcastle, 1968). Pacinian



14

corpuscles are the mechanoreceptors responsible for human

vibrotactile sensibility.

Free nerve endings are responsible for the detection and

conscious perception of noxious stimuli. Sato and Ozeki

(1966) reported that when activated by vibration, the output

from the Pacinian corpuscle suppressed the discharge of free

nerve endings that were exposed to painful electrical

stimulus. Explained by the Gate Control Theory, vibration

activates potentials in the Pacinian corpuscles, which in

turn transmit impulses along large afferent fibers. The

augmented action in the large afferent fibers seemingly

produces an ongoing inhibition of pain transmission from

neurons in the dorsal horn of the spinal cord (Adriason,

Isybels, Handiverkin & Van Hees, 1983; Eldred, 1967; Gerhart,

Yezirrski, Giesler & Willis, 1981).

Potentials from the large diameter afferents associated

with vibration also appear to repress the release of the

neurotransmitter, substance P (Hokfelt, Ljundahl, Terenius,

Elde & Nilson, 1977; Piercey & Folkers, 1981). This

neurotransmitter is found in the substantia gelatinosa and

apparently regulates the pain impulse to the secondary neuron

in the dorsal horn (Fields, 1987, Hokfelt et al., 1977).

Experimental and clinical research has indicated that

vibration was effective in pain modulation. Experimental

studies have demonstrated that vibratory stimulation was
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capable of raising the pain thresholds of cutaneous pain

(Bini, Cruccu, Hagbarth, Schady & Trebjork, 1984; Pertovaara,

1979; Sherer, Clelland, O'Sullivan, Doleys & Canan, 1988),

muscular pain (Billini, Duranti, Galletti & Pantaleo, 1984;

Duranti, Pantelo & Billini, 1988; Pantaleo, Duranti &

Billini, 1986), and tooth pain (Ekblom & Hansson; 1982;

Ottoson, Ekblom & Hansson, 1981). These studies have

confirmed the importance of placing the vibration close to

the area of pain, that vibration was effective in changing

thresholds when the frequency of the vibration was in the

sensitivity range of the Pacinian corpuscle, and that the

pain threshold change induced by vibration continued and in

some cases increased subsequent to the vibration. Vibration

has reduced pain in post operative tooth patients with the

amount and duration of pain relief being greater as compared

to relief from heat induced experimental pain (Ekblom &

Hansson, 1984).

Experimental pain thresholds have also been raised using

vibration on people with various pre-existing pain conditions

(Lundeberg, Abrahamsson, Bondesson & Haker, 1988). These

researchers demonstrated that preferential activation of

Pacinian corpuscles was most efficacious for pain relief.

Apparently, the long term effects of vibration on dental pain

was greatest when vibration was applied for thirty minutes as

compared to short term stimulation (Lundeberg, Ottoson,
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Hakansson & Meyerson, 1983). Furthermore, it was been

demonstrated that placement of the vibration corresponded to

the associated relief of acute dental pain (Ekblom & Hansson,

1985), and that vibration near the pain was effective as

compared to vibration of acupuncture points located away from

the painful area.

Results from large clinical studies suggested that

vibration was effective with many chronic pain conditions

(Lundeberg, 1983; Lundeberg, 1984a, Lundeberg, 1984b;

Lundeberg, Nordemar & Ottoson, 1984). Outcomes indicated the

following: vibration close to the area of pain was most

effective; stimulation from 30-40 minutes was the most

effective and efficient duration of application for long term

relief; stimulation of greater skin area was more effective;

the best frequency range corresponds to the range of the

Pacinian corpuscle; treatment effectiveness was prolonged

when the stimulus was changed either in frequency or to

another modality; and vibration was more effective than

transcutaneous electrical stimulation (TENS).

Case studies utilizing vibration and TENS also

demonstrated that vibration was more effective than TENS, and

completely eliminated pain when combined with TENS (Guieu,

Tardy-Gervet, Blin & Pouget, 1990). Researchers comparing

vibration to TENS on chronic pain patients found vibration to

be more effective and preferred over TENS (Guieu, Tardy-
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Gervet & Roll, 1990). These reports also revealed that the

combination of TENS with vibration increased the pain relief

associated with either vibration or TENS alone.

The vibratory stimuli for all the above vibration

studies consisted of a non-fluctuating, single frequency,

single amplitude mechanical vibration. During the time of

treatment, the frequency or amplitude of the vibration did

not change. However, trials with several different

frequencies and amplitudes in various combinations indicated

that certain stimulation parameters were more effective than

others (Lundeberg, 1983; Lundeberg, 1984a, Lundeberg, 1984b;

Lundeberg, Nordemar & Ottoson, 1984).

Although it has been established that vibration is most

effective when the frequency of the vibration occurs within

the sensitivity range of the Pacinian corpuscle, no

investigation has considered or determined the effectiveness

of a fluctuating vibration within and over that range.

Vibration with one frequency and amplitude lasting no more

than a few minutes causes adaptation and or fatigue in the

peripheral and central neural processes responsible for

vibrotactile sensibility (Cohen & Lindly, 1938; Varrillo &

Gescheider, 1977; Wedell & Cummings, 1938).

The result of adaptation and fatigue in the Pacinian

corpuscle and related neural processes is a response

decrement from the receptor. The response decrement from
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sustained nonfluctuating vibration means less output

potential over time from the Pacinian corpuscle, therefore

less influence on small diameter afferents at the dorsal

horn. The duration and magnitude of the adaptation has been

found to be a function of the duration and intensity of the

conditioning vibration, thus, longer periods of sustained

vibration produce extended periods of depressed

responsiveness (Berglund & Berglund, 1970; Cohen & Lindly,

1938; Hahn, 1966; Wedell & Cummings, 1938).

Developers of commercial TENS technology (Raj, 1992)

recognized the importance of reducing the response decrement

associated with variable electrical stimulation by

incorporating automatic as well as manually adjustable

frequency and amplitude attenuators into the TENS devices

(Mannheimer, 1985; Mannheimer & Lampe, 1984; Woolf, 1984).

The purpose of the attenuators was to provide a means of

varying the electrical stimuli in order to prolong the pain

relief associated with non-fluctuating electrical stimulation

(Mannheimer, 1985, Wolfe & Gersh, 1981).

Several vibration studies showed that an increase in

stimulated skin area produced an increase in associated

analgesia (Lundeberg, 1984a, Lundeberg, 1984b; Lundeberg,

Nordemar & Ottoson, 1984). However, these studies have only

reported testing areas up to 200 squared centimeters.

Studies have also indicated that vibration was effective when
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applied close to the area of pain (Bini et al., 1984; Duranti

et al.,.1988; Ekblom & Hansson; 1982; Pantaleo et al., 1986;

Pertovaara, 1979; Sherer et al., 1988).

Vibration applied to areas away from the area of pain

was not effective because the potentials from the Pacinian

corpuscles were not entering the same dorsal root as the pain

signals. Each segment of the spinal cord is innervated by a

single dorsal root. Afferent nerve fibers from one part of

the skin are gathered in peripheral nerves and then

distributed among the various dorsal roots (Norback &

Demarest, 1986).

Sections of skin, called dermatomes, have been

identified to contain nerves associated with particular

dorsal roots (Baker & Baker, 1983; Raj, 1992). Each

dermatome contain nerve endings that project to one

particular segment of the spinal cord. For the potentials

from the Pacinian corpuscles to influence pain transmission,

they would have to enter the same dorsal root and innervate

the same dorsal horn.- Therefore, it would seem that the

application of vibration for the relief of pain would be most

effective if the vibration covered a large area, stimulating

greater numbers of Pacinian corpuscles, and included the area

of pain or the same dermatome as the pain.

The application of vibration over large areas may have

important implications for the treatment of many chronic pain
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conditions. Arthritis, for example, typically involves many

painful areas spread over much of the body. Most chronic

pain conditions are not localized in one area, such as herpes

zoster (shingles) where a virus causing pain is normally

limited to a single spinal or cranial nerve (Raj, 1992).

Therefore, activation of larger cutaneous areas might be more

effective because of the greater probability for potentials

from the large diameter afferents to.enter the same dorsal

root as smaller diameter afferents transmitting the pain

signals.

Music for pain relief. Applications of music in the

hospital setting have a history dating back to at least 1900

(Taylor, 1981). Generally, music listening for the relief of

pain has been perceived as either a distractor, or a

facilitator of emotional or mood change. Recent interest in

the study of pain has prompted some music therapists to

review the existing literature and to formulate a conceptual

basis for applications of music for the relief of pain (Brown

et al., 1989; Eagle & Harsh, 1988; Standley, 1986).

A number of studies were summarized by Brown et al.

(1989), who reviewed research in pain management and the use

of music in pain control. After reviewing the pain relieving

qualities of music, including Standley's (1986) meta-analysis

of empirical studies using music in dental/mental treatments,

the authors stated that; "Despite the revival of interest,
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the effect of music on pain perception has, nevertheless,

received scant attention in the scientific literature" (pg.

53), and "most of the clinical reports on the effect of

music on pain do not provide clear, objectively controlled

studies for determining the specific effects of music on

people experiencing pain" (pg. 54). These authors also

reviewed the various psychological strategies undertaken to

relieve pain and categorized the use of music within these

constructs; i.e., the attentional/distractive qualities of

music, and the affective/mood changing qualities. They

stated, however, that more research was needed to determine

the efficacy of these psychological therapies, including

music therapy, "to delineate which methods are best suited

for various pain problems" (pg. 53).

Eagle and Harsh (1988) postulated that music and pain

have similar ancient roots, bringing up that both were

derived from the same root word "aio". These authors also

pointed out the interesting similarity of psychoneurological

processing areas for both pain and music, particularly in the

limbic system. They also stressed the similar measurable

characteristics in the following relationships:

frequency/pitch; intensity/loudness; waveform/timbre;

duration/time; and location/localization. Consequently, the

authors stated; "Alteration of the pain and, consequently 'a

confluence of agreement' within the operation of the bodily
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parts can be brought forward by the parallel processes of

injecting music. If the vibration of music can be brought

into close resonance with the vibration of the pain, then the

psychological perception of pain is altered and eliminated"

(pg.25).

Several studies have demonstrated that music can be

effective for the relief of pain. Music has been shown to be

effective for pain associated with dental procedures

(Gardner, Licklider & Weisz, 1960; Gfeller, Logan & Walker,

1990). Some studies reported in the nursing literature have

demonstrated the usefulness of music with postoperative acute

pain patients (Loscin, 1981) and chronic pain cancer patients

(Zimmerman et al., 1989). Relief from pain using music was

shown in children receiving injections (Fowler-Kerry &

Lander, 1987) and adults undergoing laceration repair in an

emergency department (Menegazzi, Paris, Kersteen, Flynn &

Trautman, 1991).

The vibrotactile aspects of music have had very limited

research to date. A few authors have studied the effects of

music vibrotactile stimulation on the hearing impaired

(Darrow & Goll, 1989), on heart rate of healthy subjects

(Madsen et al., 1991), and on skin temperature, comfort, and

heart rate of healthy subjects (Standley, 1991). Skille

(1989) was optimistic in reporting observations of his

"vibroacoustic" method on several clinical populations. None
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of these studies have described a conceptual model for

application of music vibration, or to the appropriate neuro-

physiology literature, or have implemented a research

methodology that would seek to control or measure the

experimental stimulus. These studies are reviewed in Chapter

Two. Michel and Chesky (1990) argued that researchers in

this area need to control and measure the vibratory

stimulation in order to meet basic research requirements,

particularly in the area of pain.

Summary and Rationale

To continue the line of investigation using music and

mechanical vibration for pain relief, I sought to determine

if the combination of music with musical mechanical vibration

over large areas of skin would be effective in pain

reduction, particularly for patients with chronic pain in

many areas of their body.

If music generated the mechanical vibrations, the body

would be stimulated with continually changing vibrations.

Therefore, the skin would feel the changes in vibratory

frequency, amplitude, and location as the music changed. If

the frequency and amplitude of the mechanical vibration in

pain therapy changed continuously in location, frequency and

amplitude, the associated response decrement would decrease

as compared to a constant nonfluctuating vibratory
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stimulation. Therefore, the output potential from the

Pacinian corpuscles and the related afferents would increase

and create a greater inhibitory impact on small diameter

afferents at the dorsal horn.

Vibratory stimulation of larger cutaneous areas might be

more effective for pain relief because of the greater

probability for potentials from large diameter afferents to

be entering the same dorsal root as smaller diameter

afferents transmitting the pain signals. Vibratory

stimulation of many dermatomes is more appropriate for

conditions with pain in several areas of the body.

In addition to this physiological stimulation of the

skin, music listening would provide the patient with several

possible psychological coping strategies thought to be

associated with music listening. Therefore, this strategy

would combine both physiological and psychological

influences.

Three case studies utilizing the Music Vibration Table

(MVTTM) showed that subjects with pain benefitted from

controlled musical vibration (Chesky & Michel, 1991). The

treatment protocol for these pilot studies included pre- and

post-pain measures. All subjects reported a reduction in

their pain. However, these subjects had varied pain

conditions, they used diverse music and were stimulated with
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unequal amounts of vibration. Furthermore, the results were

not compared to the effect of music alone or placebo.

Research Purpose

The purpose of this study was to investigate the effects

of music and music vibration using the MVTTM on rheumatoid

arthritis sufferers, i.e., a population that exhibits similar

chronic pain characteristics including pain over many areas

of the body.

The specific questions were:

1) Can music and music vibration provide pain relief to a

clinical population of pain sufferers?

2) Is the pain relief associated with music and music

vibration significantly greater than that associated with

music alone or placebo?

3) Do people stimulated with music or music with vibration

differ in their music preferences as a possible variable in

the treatment process?



CHAPTER II

RELATED LITERATURE

This chapter examines the research directed at three

primary areas: 1) music for pain relief; 2) vibration for

pain relief; 3) and music and vibration. Other research

supporting methodological concerns is also presented.

Music for Pain Relief

Music has been ancillary to medicine in -hospital

practices since at least 1900 (Taylor, 1981) . Scientific

research has been done in this area showing many indications

across several populations for the use of music, including

music for the relief of pain.

Standley (1986) conducted a review of the literature and

provided a meta-analysis of empirical studies using music in

dental/medical treatments. This analysis first summarized

research studies into indication or application categories

including the presence or absence of subject pain during the

music presentation, the stated or assumed function of the

music, and effect size. The total number of studies meeting

Standley's criteria for analysis was thirty. Standley

calculated the estimated effect sizes for the thirty studies

26
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and reported a range from 3.28 to -.17 with an average of

.97. All studies in this analysis were claimed to have shown

a beneficial effect of music over non-music conditions.

Historically important and relevant to the development

of music for the relief of pain were the pioneering studies

using sound and music for pain relief. In 1959, Gardner and

Licklider reported the use of music in dentistry and coined

the term "audioanalgesia". This term meant the application

of audio (sound) for analgesia (pain relief). Gardner et al.

(1960) reported that of 5000 dental patients, 65% experienced

relief from audioanalgesia. Music was used together with

white noise and was self regulated by the patient during the

dental procedure. The authors suggested that these auditory

stimuli suppressed neural activity normally evoked by pain.

Melzack, Weisz, and Sprague (1963) studied the power of

suggestion with audioanalgesia and found inhibited pain

signals at brain stem levels when the two were used together.

However, audioanalgesia or suggestion alone proved to be

significantly less effective.

More recently, researchers (Gfeller et al., 1990)

investigated differential effects of similar procedures

between adolescents and adults undergoing dental

restorations. Adolescents were found to respond to the music

diversion procedures more than adults.
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McCaffery (1990) recognized that music, as a non-

invasive modality, can aid nurses in the pain reduction of

their patients. Studies have also showed the effects of

music with acute postoperative pain patients (Locsin, 1981),

and with chronic pain cancer patients (Zimmerman et al.,

1989).

Locsin (1981) studied the pain relieving efficacy of

music on selected post operative patients. Using the "Gate

Control Theory" as a conceptual basis, Locsin studied a

clinical population of 24 obstetric surgical patients. The

study separated a homogeneous pain population into two

groups; one with postoperative music for thirty minutes every

two hours, and one without. The duration of the condition

was for forty eight hours. The self-devised overt Pain

Reaction Scale was used to measure musculo-skeletal, verbal,

and physiological-autonomic responses. The outcome showed

that the experimental group, with music, had significant

decreases on all overt reactions, significantly lower

increases in blood pressure over forty eight hours,

significantly lower increases in pulse rates during the

second twenty four hours. No differences were found for

respiration rate. However, the group with the music used

less pain relief medication during this period.

Zimmerman et al. (1989) compared the pain relieving

effects of music combined with positive suggestion to a
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control group. Forty chronic pain patients of similar

etiology were selected to participate. All subjects had

metastatic cancer, were hospitalized, and had experienced

pain for at least six months. The pre-post design utilized

the McGill Pain Questionnaire and the VAS as measures of

pain. Significant differences in pain relief were seen in

each category of the MPQ and on the VAS for the music group.

Fowler-Kerry and Lander (1987) reported the use of music

as a cognitive strategy for 100 children receiving

injections. The researchers compared the effects of several

variables including; l)music listening, 2) music listening

with the suggestion that the procedure is effective to, 3)

suggestion alone without music and, 4) a control group. Of

the four groups, the ones with music were significantly more

effective. However, the addition of suggestion did not

increase the effects of music alone. The authors stressed

the importance of appropriate music selection for children.

Menegazzi et al. (1991) determined the ability of music

to reduce pain and or anxiety during laceration repair in the

emergency department. Thirty eight subjects were divided

into music and control groups. Patients assigned to the

music group selected an audio tape from a selection of fifty.

The Spielberger State Anxiety Inventory anxiety test was

given pre and post the repair procedure. The VAS was

administered following the repair procedure. Results showed
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the music group had significantly lower VAS scores and no

difference on the STAI anxiety test.

The above studies indicated that music listening was

effective for pain relief. Apparently, suggestions that the

music would help was also beneficial for adults but not for

children. However, as Brown et al. (1989) pointed out, only

a few clinical reports provide clear, objectively controlled

studies for determining the specific effects of music on

pain. Making replicability difficult, several authors did

not report or describe the music itself. For instance,

Loscin (1981) did not include any reference to the music used

in her study. Despite the relatively few studies and

methodological concerns in this area, there has been

agreement that music can relieve pain.

Mechanical Vibration

Experimental pain thresholds, acute pain and chronic

pain states have been depressed when mechanical vibration was

applied to the skin. As a relatively new approach,

mechanical vibration was first entered into the Textbook of

Pain (physician's reference manual for pain) in 1989 as an

alternative non-invasive pain-relieving technique. This

approach to pain therapy relies on the inhibitory nature of

large diameter afferent potentials on the potentials from

small diameter afferents. Vibrotactile stimuli is known to
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activate rapidly adapting Pacinian corpuscles. The resulting

potentials transmit to the spinal cord through large diameter

afferent nerve fibers. Apparently, these potentials inhibit

the potentials from more slowly adapting pain receptors

traveling through small diameter afferents..

Shortly following the introduction of the "Gate Control

Theory", a few researchers (Wall & Cronly-Dillon, 1960;

Melzack, Wall, & Weisz, 1963; Melzack & Schector, 1965)

showed evidence that vibration could be effective in changing

pain perception. More recently, several researchers have

evaluated the specific effects of mechanical vibration on

human pain perception. Each study supported the use of

vibration for pain relief and helped to delineate the most

efficacious stimulus characteristics. Details of the

stimulus and its related parameters such as location,

duration, frequency and amplitude have been described in the

following review. The stimulus parameters were critical in

the overall evaluation of these studies as they support the

Gate Control Theory and dictate decisions about future

applications of vibration for pain relief.

Experimental pain. The following studies showed that

vibration altered experimentally induced pain thresholds.

The subjects for these studies were all healthy and the pain

was induced by applying electricity to the body.
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Bini et al., (1984) tested the effects of mechanical

vibration and cooling on pain in 16 healthy volunteers. The

researchers determined that external vibratory and thermal

stimuli applied outside the regions of projected pain could

influence pain perception. Intraneural electrical

stimulation, using lacquer-insulated tungsten needles as

micro-electrodes, evoked the pain. The electrode was

percutaneously inserted into the medial nerve at wrist level,

with a reference needle electrode placed a few centimeters

away. A cylindrical DC motor with an eccentrically loaded

axis produced the vibratory stimulation. The vibration of

the cylinder had an amplitude of .5-1.5mm and a frequency of

200Hz.

Measures of magnitude of pain were taken by having the

subject move a mechanical lever along a scale. The scale was

divided into 5 equal-distant segments and marked 0 to 5 (zero

= no pain, 5 = maximum pain a subject could tolerate). For

nine of the 16 subjects exposed to submaximal pain

stimulation, vibration of the skin produced an instantaneous

and complete analgesia. The effect remained as long as the

vibration did, from 20 to 60 seconds. In three other

subjects, the vibration induced analgesia developed more

slowly and was not complete until after 30 seconds. Four

subjects did not experience complete analgesia within the 60

second stimulation period. Vibration within the area of
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projected pain reduced the sensation of pain more efficiently

than vibration outside that area.

Pantaleo et al. (1986) carried out experiments with 28

healthy volunteers to determine the effects of mechanical

vibratory stimulation on muscular pain threshold. Two

vibration frequencies were tested. Subjects' verbal reports,

in response to electrical stimulation were used to evaluate

the pain sensation. A measurement of current intensity

corresponding to the first report of cramp like pain and to

the occurrence of eye blink responses without habituation

indicated the pain thresholds. Rubber bands held a

cylindrical vibrator on the skin of the quadriceps tendon

below the patella on the ipsilateral side relative to the

stimulated muscle. Vibration amplitude was two millimeters

with contact surface of 5.4cm2 . The frequency of the

mechanical vibration was 110Hz. for high frequency and 30Hz.

for low frequency. The vibration stimulation at 110Hz.,

applied for 16 minutes to the skin, induced a marked increase

in the threshold for muscular pain. Evaluation of the effect

followed vibratory stimulation and continued until the

threshold assumed its control measure. Interestingly, most

cases showed that muscular pain thresholds began to rise or

continued to rise after the end of vibratory stimulation,

reaching the highest value within about 20 minutes. Higher
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frequencies (110Hz.) produced greater decreases in pain

sensation than the low frequency (30Hz.).

Pertovaara (1979) studied seven healthy adults and their

reaction to vibrotactile stimulation as a modifier of the

perception of painful electric stimuli. The researcher

sought to determine whether vibrations of Pacinian corpuscle

fibers caused the decrease in pain as opposed to other non-

Pacinian fibers and whether different amplitudes influenced

the effect. Two frequencies were used with two amplitudes

each; 1) at 240Hz. with 20 and 200 m amplitude to activate

the Pacinian fibers, 2) and vibrations of 20Hz. at 200 and

400gm amplitude activated non-Pacinian tactile fibers. An

electromechanical vibrator produced the vibration on the

dorsal surface of the right hand. Pain stimuli were

electrical pulses of lms duration. The subjects reported

when they felt pain that could be described as a pinprick.

Results showed no elevation of pain thresholds when non-

Pacinian tactile afferents were activated. However, six of

the seven subjects showed threshold elevation when Pacinian

afferents were preferentially activated. High frequency

small amplitude vibration of 240Hz. at 22gm amplitude

produced higher pain thresholds in four subjects. This study

supports the theory that the vibratory activation of Pacinian

related afferents causes inhibition of pain conducting

pathways as opposed to non-Pacinian afferents.
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Ekblom and Hansson (1982) determined that vibratory

stimulation applied to human teeth elevates the pain

threshold in adjacent teeth. This study included two men and

two woman. The stimulus frequency was either ten or 100Hz.

vibration of an intensity "not experienced as unpleasant" (p.

114). Pain was induced using a high impedance constant

current electrical stimulator with a duration of eight

milliseconds and a frequency of three hertz. The current was

increased until the subject experienced pain. During the

100Hz. conditioning stimulation, the pain threshold increased

to 1.2-1.8 times the control value. Twenty to thirty minutes

of stimulation produced maximal effect. For the 10Hz.

conditioning stimulation, the effect was similar, however,

the onset time was slower. The study concluded that

vibration of low threshold mechanoreceptors around the teeth

causes an increase in subjective pain threshold comparable to

that obtained by acupuncture or TENS.

Duranti et al. (1988) studied the effects of low

frequency, high intensity peripheral conditioning stimulation

on muscular pain thresholds in humans. The combined effects

of TENS and mechanical vibration was examined in eight

subjects during and following three stimulation periods each

lasting eight minutes. During stimulation, subjects received

TENS followed by vibration followed by TENS and Vibration.

The induced pain was evoked through electrical stimulation of
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muscle. An electrical current was applied via two nichchrome

wires (250pm) which were inserted into vastus medialis muscle

through hyperdermic needles at a depth of 2-2.5cm. The

electrodes were one centimeter apart along the longitudinal

axis of the muscle and inserted about three centimeters above

the petella. The electrical stimulus characteristics

consisted of 18ms trains of .5ms rectangular pulses at 300Hz.

every 10 seconds. The vibration stimulus probe had a surface

area of 5.4cm2 , a frequency of 110Hz. and an amplitude of two

millimeter. The vibration was applied to the skin overlying

the tendon of quadriceps muscle.

Pain thresholds in the vastus medialis muscle were

determined by current readings of the electrical stimulation

which corresponded to the occurrence of blink response

without habituation. Vibration and TENS applied separately

for eight minutes induced significant increase in muscular

pain threshold. They did not differ from each other.

However, the combination of Vibration and TENS produced

higher thresholds for four subjects.

Sherer et al. (1988) compared the effects of mechanical

vibration on cutaneous pain thresholds at two different

placement sites. Thirty healthy males were divided into two

groups; 1) with vibration applied distal to the pisiform bone

on the hypothenar, 2) with vibration applied distal to head

of the ulna on the anteromedial aspect of forearm. Cutaneous
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pain thresholds were determined by stimulating skin over

pisiform bone with a dispersive electrode placed on the upper

back. TECA CH5 Chronaxie Meter produced low voltage D.C.

current of 5ms duration with a square waves at 100Hz.

delivered once per second. The intensity was increased by

.5mA at one second intervals. Subjects were instructed to

tell the investigator when they first experienced a distinct

painful pinprick-like sensation.

Pain thresholds were first determined without vibration.

Vibration followed for three minutes after which a second

threshold measure was taken, during which the vibration

continued. Vibration stopped after five minutes. The third

threshold measure was taken two minutes after vibration

stopped. The results showed that the thresholds were higher

during and after vibration applied distal to area of

stimulation. No differences were seen during or after the

application of vibration proximal to the area of induced

pain.

The above studies indicated that the experimental pain

thresholds, induced by electrical current, were raised when

vibration was applied to the skin. The analgesia was greater

when vibration was applied in the same area of projection as

the pain. Apparently, vibratory stimulation within the

sensitivity range of the Pacinian corpuscle was more

effective than vibration outside of the range, which
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substantiated the Gate Control Theory. Several pain types,

including muscle, skin and tooth were similarly affected by

the vibration. Even more importantly, as Pantaleo and

colleagues (1986) reported, the threshold change induced by

vibration continued and in some cases increased after the

vibration stops. This indicated that the mechanisms

responsible for the pain relief continued following

stimulation. The above consensus helped determine the

stimulus parameters for the development of music and music

vibration equipment by delineating frequency and amplitude

characteristics that are most effective.

Acute and experimental pain. Ekblom and Hansson (1984)

compared and quantified the pain reducing effect of vibration

on experimental and clinical acute oro-facial pain. Various

frequencies (10, 100, 200Hz.) of vibratory stimuli and

placebo were applied to the skin of post operative tooth

extraction patients and normal subjects. Noxious heat on the

facial skin was the induced pain for normal subjects. Twenty

five subjects participated. The VAS and GRS scales were

utilized to assess thresholds and pain relief. Results

indicated that 100Hz. was the most effective frequency for

both the experimental and chronic pain. The duration of pain

relief, following a half hour of vibration, was 15 to 30

minutes for the experimental pain. The clinical pain was

depressed or abolished for one to 12 hours following the same
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half hour treatment. This study indicated that acute

clinical pain was also depressed following vibration and

suggested that the amount of pain relief and the length of

pain relief was greater for acute clinical pain.

Lundeberg et al. (1988) compared experimental pain

thresholds on the skin overlying the extensor carpi radialis

longus muscles of 16 healthy subjects and 18 patients

suffering from chronic epicondylalgia. Pain thresholds were

compared before, during and after vibration stimulation.

Experimental pain thresholds were determined by electrical

stimulation applied using monopolar square wave pulses with a

duration of .2ms and frequency of 250Hz. Two carbon rubber

electrodes were placed three centimeters apart about two to

four centimeters distal to the lateral epicondyle.

Thresholds were reported verbally and on a VAS. Threshold

values in mA were obtained by measuring the current

intensities before, during and after vibration stimulation

until it reached its pre-stimulation levels. Vibration

stimulation was applied using a 4.1cm probe with an amplitude

of 500gm and frequencies of 20, 100 and 200Hz. Each

frequency was tried during different sessions. Measurements

of pain threshold were taken every 10 minutes for healthy

subjects and every five minutes for the patients.

The pre-stimulation pain thresholds were lower for

patients than for healthy subjects. Following the vibration,
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the healthy subject's pain thresholds reached about 1.1 - 1.6

times the pre-stimulation thresholds. The pain thresholds

for the patients had increased as well, increasing to about

1.2 - 2.3 times the pre-stimulation thresholds. The increase

in threshold was slower and did not last as long for the

20Hz. vibration as compared to the 100Hz. and 200Hz.

vibration. This study showed that experimental pain

thresholds could be increased using vibration on people

experiencing clinical pain. This study also determined that

preferential activation of Pacinian corpuscles was more

effective.

Acute clinical pain. Lundeberg et al. (1983) studied 33

patients with acute pain of dental origin. Vibratory

stimulus of 100Hz. was applied five times by the

investigators and several times by the patient at home. All

subjects had previously been subjected to other forms of

therapy including TENS, intracerebral stimulation,

acupuncture, nerve blocks, and analgesic medications with

minimal or no effect on their pain. In all patients except

two, vibratory stimulation reduced the pain as determined by

verbal reports and VAS scales. Complete relief was achieved

by two patients, while five patients received more than 50%

relief. Four subjects had less than 50% pain relief. The

pain relief after stimulation was brief when the stimulation

was applied for one, five, ten, or 15 minutes. A more
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lasting effect could be obtained by prolonging the

stimulation. Thirty minutes of stimulation produced between

two and ten hours pain relief, while one person had pain

relief for several days.

The above findings suggested that vibration reduced pain

in patients suffering from acute pain of dental origin. Long

term relief was achieved when the stimulus was applied for 30

minutes as compared to short periods of stimulation.

Ekblom and Hansson (1985) compared extrasegmental

transcutaneous electrical nerve stimulation (TENS) and

mechanical vibratory stimulation to placebo for the relief of

acute orofacial pain. Fifty subjects suffering from pulpal

inflammation, apical periodontitis, postoperative pain or

pericononitis participated. Subjects were divided into five

groups; 1) low frequency TENS, 2) high frequency TENS, 3)

TENS with no batteries, 4) Vibration at 100Hz. with amplitude

of 500 - 850 m., 5) placebo vibration. The vibration was

applied via a 3cm probe. The experimental stimulus was

applied to the skin over the dorsum of the hand at the HOKU

point (acupuncture point located near base of thumb)

unilateral to the painful side for 30 minutes of stimulation.

Pre-stimulation measures of pain were assessed using five

graded verbal scale, visual analogue scale (VAS) and a

graphic rating scale (GSR). During the stimulation, a

mechanical GSR with lever attached to a potentiometer was
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used for measurement. The results indicated no reports of

significant pain relief from the application of TENS or

vibration on the HOKU point. The results were minimal and

similar to those found with the placebo application.

The pain relief from vibration of the HOKU point was

shown to be minimal and comparatively much less than

vibration applied in the areas of pain. This study also

indicated that preferential vibratory stimulation of

acupuncture points, particularly when outside area of pain,

is minimally effective in reducing pain. This conclusion

further supported the Gate Control Theory because large

diameter afferents are unable to inhibit pain signals

entering dorsal roots not enervated by the afferents. In

this study, the selected HOKU point was in a different

dermatome than that of the oro-facial region. The afferent

fibers from the facial region entered a different dorsal root

than the afferent fibers from the hand. Potentials from the

large diameter afferents are therefore unable to inhibit the

pain signals in the dorsal horn because they enter different

areas along the spinal cord. In this particular situation,

the pain signal from the facial region was probably entering

the dorsal root of V3 or C2, while the afferents from the

HOKU point of the hand was entering C6.

Chronic pain. Lundeberg studied the pain reducing

effects of vibratory stimulation in different pain syndromes,
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especially chronic. His work was divided into various

strategies and was reported together in a supplemental report

(Lundeberg, 1983) as well as separately (Lundeberg, 1984a;

Lundeberg, 1984b; Lundeberg, Nordemar & Ottoson, 1984).

Subjects for this large study consisted of 135 acute

pain patients and 596 chronic pain patients. All chronic

pain patients had previous experience with other therapies

but had unsatisfactory alleviation of pain. The pre-

treatment assessment protocol consisted of a McGill pain

questionnaire, a seven grade adjective scale and a VAS.

During and after stimulation, the patients used a graphic

rating scale consisting of a lever connected to a

potentiometer. Variations in pain intensity and

characteristics over long periods where assessed by using

additional questionnaires. The subjects were asked not to

take other analgesics less than 24 hours before treatment and

not until pain had returned to normal after treatment. A

series of six pre-treatment trial sessions, using a "Somedic"

vibrator (100Hz) with a surface area of six squared

centimeters, were used to determine if vibration was

effective for the patient and to locate the optimal treatment

site for application. For treatment, the vibration

stimulation was delivered by an electro-mechanical vibrator

(Breul & Kjaer, 4809) in conjunction with a power amplifier
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(Breul & Kjaer, 2706) and measured for amplitude by a

piezoelectric accelerometer (Breul & Kjaer, 4637).

The amplitude of the vibration was kept at 300 m peak-

to-peak. Two different application pressures were used; a

light pressure and a moderate pressure. To compare different

modes of application, two sizes of applicators were used.

One had a small probe (six squared centimeters) and the other

a cushion (area 200cm2); both were covered with foam rubber.

This provided four alternate combinations to test; 1) light

pressure, small probe, 2) light pressure, cushion, 3)

moderate pressure, small probe and, 4) moderate pressure,

cushion. A placebo vibratory stimulation was provided by

disconnecting the probe of the vibrator so that a

characteristic humming sound could be heard by the subject

without vibration. Thirty seven chronic pain patients where

stimulated with nine different frequencies (20, 50, 100, 150,

200, 250, 300, 350, 400Hz.) in order to determine the most

effective frequency. The general procedures followed in this

study included four to six pre-stimulation trials with 100Hz.

The pre-trial session lasted about two hours and included

stimulation of seven or eight different points for ten

minutes each. In sessions designed to determine whether the

pain reducing effect was related to the duration of

stimulation, 48 patients were stimulated for one, five, ten,
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15, and 30 minutes. Stimulation periods of 60 to 90 minutes

were tried on 28 chronic pain patients.

Long-term home treatment in 181 chronic pain patients

included the use of a commercial 100Hz. vibrator which was to

be used on the best pain reducing site twice a day for 45

minutes a day. Patients where asked to assess their pain

before and after each stimulation. In subjects reporting an

insufficient reduction after three months of home

stimulation, high frequency TENS, low frequency TENS and cold

stimulation were also tried. Fifty one chronic pain

patients, who had not been previously subjected to TENS,

received two treatments with high frequency TENS and two

treatments with low frequency TENS. The results were used

for comparison to vibration. Other patients who had

previously been subjected to TENS were just asked to rate the

pain reducing effect of vibratory stimulation to that of

previous TENS treatments. Sixty chronic musculoskeletal pain

patients were selected to compare their "mode of choice"

stimulation to the effects of one gram of aspirin. The mode

of choice included frequency, location, and duration of

vibration stimulation, high frequency TENS, low frequency

TENS, and placebo. The many results of this study indicated

that vibration was successful in reducing pain in otherwise

hard to treat acute pain and chronic patients. Responding to

individual differences between patients was a strength in
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this study. However, it would be very difficult to

replicate. Most of the analysis was descriptive and

observational rather than the outcome of an experimental

design.

The descriptive analysis of the best pain reducing site

indicated that stimulation close to the site of pain was most

effective. However, stimulation of the antagonistic muscle

and local trigger points was also effective. Results also

indicated a clear relationship between the duration of

stimulation and the pain reduction. Stimulation for periods

of five, ten, or 15 minutes produced only brief pain

relieving effects. Stimulation for 30 or 45 minutes produced

a much longer after effect. However, vibratory stimulus for

durations longer than 45 minutes did not prolong the post

stimulatory effect. Of the 171 chronic pain patients

experiencing pain relief during the first treatment session,

all required more than ten minutes of stimulation before

reaching maximal pain reduction. Altogether, 558 out of 731

patients undergoing treatment experienced a reduction of pain

with vibration. In many subjects there was a clear relation

between the degree of reduction of pain and the intensity of

pain before the beginning of vibratory stimulation. Relief

of pain by more than 50% during stimulation was obtained from

the patients who reported moderate, or less than moderate

pain. Those patients reporting moderate to severe pain
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before stimulation, reported a reduction of pain 50% or less.

Area of stimulation and pressure affected the pain reducing

effect of vibration. Stimulation using the 200cm2 cushion had

a better pain reducing effect than the six squared

centimeters probe for musculoskeletal pain. Seventy percent

had better results with the larger cushion. The duration of

pain relief generally increased using the cushion. More than

twice as many subjects indicated an increase in pain with the

small probe than the cushion. Moderate pressure was more

effective than light pressure for 82% of the patients.

However, those who reported an increase in pain, did so only

when stimulation was applied with moderate pressure. The

best frequency range was also determined by using several

different frequencies ranging from 20 through 400Hz. in steps

of 50Hz. The most effective frequency range was 100-200Hz.

Treatment effectiveness was also prolonged when the stimulus

was changed, either to a different frequency or to TENS and

then back again. In comparison with high or low frequency

TENS, vibration was more effective in reducing chronic

musculo-skeletal and orofacial pain and as effective in other

pain types. Placebo vibratory stimulation reduced pain in

only 35% of the patients. Vibratory stimulation was also

more effective for musculoskeletal pain in comparison with

one gm. of aspirin. Sixty eight percent of 267 patients,

referred for long term treatment with vibratory stimulation,



48

reported pain reduction. Long term use was directed to cases

of pain due to neuralgia and central pain. Vibratory

treatment of patients with tendenitis and epicodylitis was

also effective. Thirty five percent of these patients were

permanently relieved of pain by either treatment or natural

progression. Generally, patients with no signs of somatic

illness and positive psychiatric evaluation did not obtain

pain relief from vibration.

In conclusion, Lundeberg expressed optimism for

vibration as a valuable alternative measure for the treatment

of chronic pain. The outcomes of this study were

observational, considered individual differences between

subjects, and relyed on several different methodological

strategies including trial and error.

A case study of leg pain (Guieu, Tardey-Gervet, Blin &

Pouget, 1990) showed vibratory stimulation to be more

effective than TENS, and that the two modalities (vibration

and TENS) completely eliminated the pain. In this clinical

application of vibration and TENS, the subject had

extraordinary pain and had gone through many pain regimens

including treatment with morphine derivatives. Before

resorting to internal stimulation of the posterior columns,

the researchers decided to attempt pain relieving measures

using vibration and TENS. The vibratory stimulation

consisted of a 100Hz. vibrating probe with a 60cm2 area. The
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most effective site was found to be on the plantar surface of

the forefoot. Vibration was shown to have significantly

stronger effects than TENS and the combined method of TENS

plus vibration was significantly more effective than

vibration or TENS or placebo. The authors suggest that the

effectiveness of the combined treatments was due to a greater

number of afferent fibers being stimulated.

Guieu, Tardy-Gervet and Roll (1990) compared the

analgesic effects of vibration and TENS applied separately

and together on 24 subjects suffering from chronic pain.

Each patient had four sessions; 1) vibration, 2) TENS, 3)

vibration and TENS and 4) placebo. They were assigned to one

of four groups which received treatments in a different

order. Vibration stimulation was applied directly to the

painful area with a four by eight centimeter probe for

localized pain or a eight x 12cm probe for widespread pain.

The frequency was 100Hz. at an amplitude of 1mm. The TENS

electrodes were placed on the sides of the painful area with

the vibration in between the electrodes. The MPQ and VAS

were used to assess the intensity of the pain before,

immediately following stimulation, at four hours, and at 24

hours. Changes in pain level were expressed as a percentage

of the scores obtained prior to treatment.

The combined stimulation of TENS and Vibration had

greater analgesic effects than those obtained by applying
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TENS or vibration alone. The combination relieved pain both

more efficiently and in a larger number of patients. The

effect was greater even after 24 hours than the individual

treatments. Vibration was more effective than TENS while

TENS was more effective than placebo. Most patients

indicated a preference for vibration over the TENS

stimulation. The authors concluded that vibration was more

effective than TENS and when combined with TENS, increased

TENS effectiveness because it penetrated quite deeply and was

enhanced by the proximity of bone tissue. Also, the

vibration stimulation diffuses into deep skin layers,

activating more large diameter afferents, whereas the TENS

decreases sharply as it penetrates the skin layers.

Long term effects. Although the mechanisms for the

vibration related relief has been attributed to the neuronal

inhibition of the pain pathways, it may not account for the

long term relief that some patients experience. Research

studies have sought to determine whether this relief might

involve the release of endogenous opioids. The injection of

naxolone has been used to determine whether endogenous

opioids were involved in pain relief because naxolone

apparently reverses the effects of such opioids. Researchers

have investigated whether endogenous opioide release was

attributable to the long term vibration induced pain relief

(Guieu, Tardy-Gervet & Giraud, 1992; Hansson, Ekblom, Thomson
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& Fjellner, 1986; Lundeberg, 1985). Researchers, however,

concluded that the long term pain relief did not seem

attributable to endogenous opioide release because no change

in pain relief was evidenced after the naxolone injection.

Guieu et al. (1992) also suggested that met-enkephalins and

beta-endorphins were not involved in the long term relief

from vibration. The levels of these two opioids were

measured in eight chronic pain patients and one control

subject before and after 30 minutes of vibration. Samples

were taken from the cerebrospinal fluid of these subjects.

Results showed that no increase in met-enkephalin or beta-

endorphin resulted from the vibration.

In summary, research supported the use of vibration as

an alternative intervention for pain relief in various pain

conditions including experimental, acute muscle, dental,

orofacial, and several chronic pain categories. Vibration

was shown to be more effective than TENS and very effective

when combined with TENS. Distinct stimuli parameters of the

vibration have been reported to be most effective and are

analogous to the perceptual characteristics of the Pacinian

corpuscle. Although the largest area of vibration

stimulation reported was only 200cm2 , it was more effective

than smaller stimulation areas. Long term relief was

achieved maximally and efficiently when vibration was applied

for durations up to 30 minutes but not exceeding 45 minutes.



52

Apparently, the long term effects were not associated with

opiode production as measured in cranial fluid.

Music and Vibration

Very few research studies have been published on the

effects of music and musical vibration. However, there has

been growing interest in this area, especially in music

therapy.

Skille (1989) described his "VibroAcoustic" method in a

recent music therapy journal. His method included the use of

special equipment and software that emit low frequency sound

signals with special audio cassettes. According to Skille,

this method was only released to persons once proper

instruction was received, either through a six day training

session at a Trilax center, or by an accredited Trilax

trainer. The theoretical construct justifying this method

was "the sound waves create a quieting effect physically and

emotionally, causing reduction in sensory motor

hyperactivity. Awareness of a shift from outer to inner

experience occurs.....one could say that the sounds are being

pulled into the inner belly: They become the 'I-body'

experience" (pg. 65). Skille stated: "the International

Society of Vibroacoustics (ISVA) has been mainly concerned

with the pragmatic side of such phenomena, - most of the



53

publications that have been released to date are

descriptive." (pg. 65).

In an overview of findings, Skille reported successful

applications in the following areas: Rett syndrome, autism,

spastic conditions, asthma/cystic fibrosis, abdominal

pains/colic pains, cerebral palsy, digestion, neck/shoulder

pain, menstrual cramps, lumbago, stress induced depression,

sports injuries, muscle cramps, general stress discomfort,

insomnia, morbus bechterew, polyarthritis, circulatory

deficiency, emphysema, fibrositis, fibromyalgia,

parkinsonism, muscular psoriasis, multiple sclerosis, and

varicose ulcers, varicose veins. Also described were ongoing

efforts in Norway, Denmark, Finland, England, Germany, and

Estonia. The report suggested that each center was keeping

records on each patient treated: "The patient's subjective

evaluation of the results of treatment is being used as an

indicator of its effect, thus using the traditional empirical

approach to evaluation issues" (pg. 69). Unfortunately, the

report did not include results from data collection, or

describe the data collection procedures. Even though this

report did not rely on scientific research methodology, it

did suggest that the application of vibration and music was

beneficial for several clinical populations. There was also

some reference to the frequency of vibration used (30-

120Hz.) .
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Madsen et al. (1991) explored the utility of music and

vibration via the Somatron. This highly marketed device was

a product of Somasonics, Inc. The purpose of this study was

to assess heart rate change across time for musicians and

non-musicians in response to the music with vibration. Sixty

subjects participated and were subjected to two ten-minute

selections of music. For half of the subjects, the music was

altered in tempo to determine whether increases in tempo

changed heart rate. Results showed no significant

differences between the subjects.

For conceptual justification, the authors referred to

Skille's (1989) article. The other referenced material

reflected research in ergonomics and the associated effects

of whole body vibration in the work area. Confusingly, the

ergonomics discipline refers to low frequency motion (below

60Hz.) as vibration, whereas the neuroanatomy literature

refers to the same stimuli as "flutter" and designates the

term "vibration" for the frequencies above 60Hz.

Consequently, no relevant "vibration" literature was

mentioned in the attempt to understand why one would use

music and vibration for health purposes. Furthermore, no

control for the effects of music alone was in the study.

Also, there was no mention of the vibration stimulus

characteristics.
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Standley reported the effects of music and vibration on

healthy college students. This research was presented as a

poster session (1990) and in print (1991). Like the previous

study, the SomatronTM was utilized as the stimulating

apparatus. The purpose was to determine the effects of music

vs. dental drill sound, paired with or without vibration and

music on 130 healthy music majors. Measures consisted of

subjective comfort, heart rate, and skin temperature. The

subjects were divided into five groups: 1) vibration w/music

followed by drill sound; 2) vibration w/dental sound followed

by music; 3) music then drill (no vibration); 4) dental drill

followed by music (no vibration); 5) nothing. Results showed

that finger temperature was elevated in the groups with

vibration. Neither music nor the drill sound produced

consistent heart rate change with or without the vibration.

Like the prior study, there was little scientific

rationale for the use of music and vibration. Standley

stated: "It was further hypothesized that vibrotactile

stimulation would enhance the positive/negative effects of

the auditory stimuli, thereby producing even greater

differences in the dependent measures in the predicted

direction" (pg. 126). Also, this study did not mention any

vibratory stimuli characteristics or stimulus controls

between subjects.
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Michel and Chesky (1990) emphasized that it is a basic

scientific requirement to measure the stimulus in any

research, including music and music vibration. These authors

also presented a preliminary argument for the use of music

and music vibration for pain relief that had a basis in

neuroanatomy and algology.

Music Vibration Table (MVTM)

Chesky and Michel (1991) presented a detailed conceptual

model for the use of music and vibration with a foundation in

neurology, anatomy/physiology, psychology, and algology.

Also, Music Vibration Table (MVTTM) equipment was presented as

a research tool to extend the existing vibration for pain

relief literature and as means to control and measure

critical dimensions of the music and vibration stimulus. The

objective in developing the MVTTM was to provide a vibrating

stimulus that would preferentially activate the Pacinian

corpuscle with controllable and measurable frequencies and

amplitudes.

Because prior studies using vibration have shown that

preferential stimulation of the Pacinian corpuscle was

effective for pain relief and that the receptor has a large

diameter a fferent associated with it, the MVTTM was designed

to vibrate over the response range of the receptor.

Vibration induced effects upon vasodialation and
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vasoconstriction in the skin have been shown to be a function

of amplitude (Skoglund, 1989). Therefore, the critical

dimensions have been derived from the research literature

relative to the function of amplitude and frequency upon

vasodialation and response characteristics of the Pacinian

corpuscle.

The MVTTM has the capability to vibrate a subject using

pure tones and or music. The frequency range and relative

spectral distribution is adjustable and can exceed the

spectral sensitivity of the Pacinian corpuscle. Amplitude

ranges are also adjustable. The adjustability was designed

as a part of the MVT'M for flexibility in future research.

The many complex combinations of frequency distributions and

amplitude ranges offer the researcher many variables to

isolate and manipulate. It was believed that experimental

designs utilizing these controls might foster a better

understanding of the responses to such stimulation while

meeting the basic requirements of a measurable stimulus.

Receptors. Receptors have been classified as cells

specialized and normally functioning to transduce

environmental stimuli into nerve impulses. The signal

generated by a receptor cell has been identified as a

receptor potential. The nerve cell whose fiber connects a

sensory receptor to the central nervous system is called a
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primary afferent neuron. A primary afferent neuron with the

sensory receptors of all it's branches form a sensory unit.

There has been general distinctions made between the

kinds of receptors and the sensations with which they are

associated. Willis and Grossman (1977) divided all receptors

into four categories: special (vision, gestation, olfaction,

balance), superficial (touch, temperature, pain), deep,

(position, deep pain), and visceral (hunger, nausea, visceral

pain). Guyton (1986) listed five different basic types of

sensory receptors: 1) mechanoreceptors, which detect

mechanical deformation of the receptor or of cells adjacent

to the receptor; 2) thermoreceptors, which detect changes in

temperature (some receptors detecting changes in temperature,

some receptors detecting cold and others warmth); 3)

nociceptors, which detect damage in the tissues, whether it

be physical damage or chemical damage; 4) electromagnetic

receptors, which detect light on the retina of the eye; 5)

chemoreceptors, which detect taste in the mouth, smell in the

nose, oxygen in the arterial blood, carbon dioxide

concentration, and perhaps other factors that make up the

chemistry of the body. Otteson's (1983) list of sensory

receptors labeled the visual cells in the retina as

photoreceptors.

Numerous subclasses of mechanoreceptors and

thermoreceptors have been located in and next to the skin and
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in the connective tissue. Each type of receptor has been

determined highly sensitive to one type of stimulus and non-

sensitive to stimulus detected by other receptors. The

central nervous system recognizes stimuli for what they are

because the different sense organs transduce different kinds

of stimuli and that the central connections of different

kinds of afferent neurons vary according to their

specialization.

Receptor units have been classified according to

responding rate, conduction velocities and overall diameter

of the mediating afferent nerve fibers. A wide range of

fiber types include the fast transmitting fiber whose

diameter is large, and the slowly transmitting fiber whose

diameter is small. Nerve fibers have been measured in

diameter from 0.2 to 20 microns. The larger diameter fiber

has the greater conduction velocity. According to Guyton

(1986), the range of conduction velocities is between 0.5 m/s

to 120m/s, equivalent to slow walking pace and revolving

propellor respectively.

Pacinian corpuscle. The Pacinian corpuscle receptor has

been identified as one of many highly specialized

mechanoreceptors which detect mechanical displacement of

skin. Being very large, five to 12 micrometers in diameter,

and easily dissected, the Pacinian corpuscle has been studied

in detail. This mechanoreceptor apparently responds



60

extremely fast to minute and rapid deformations of tissue,

and has been found throughout subcutaneous and intramuscular

connective tissue. It has a low threshold and responds to

extremely slight deflections of skin. A central

nonmyelinated tip of a nerve extends through its core.

Surrounding this fiber are many concentric capsule layers,

similar to onion skin. Compression on the corpuscle indents

or distorts the central core of the fibre, creating a

receptor potential that induces a local circuit of current

flow that transmits along the nerve fibre. The mediating

fibre (AS fibre) of the Pacinian corpuscle conducts

velocities up to 72m/s.

The Pacinian corpuscle has been classified as rapidly

adapting (Konietzny & Hensel, 1977; Ottoson, 1983) . It

apparently stops firing within milliseconds after a stimulus

is applied and is ready to .fire again when the stimulus is

removed. This rapid chain of events allows the Pacinian

corpuscle to detect vibration at high rates. They adapt so

rapidly that they have been identified to follow high

frequency rates of stimulation; between 60 and 500Hz. (Guyton,

1986), in the range of 60-300Hz.(Talbot et al., 1968), and

can follow 500Hz. or even higher frequencies (Burgess, Petit

& Warren, 1968; Hunt, 1961).

The amplitude threshold was often less than one

micrometer (Roland & Nielson, 1980). However, the thresholds
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for various frequencies has been described with peak

sensitivity between 200 - 500Hz. with a "U" function, similar

to loudness curves for hearing (Hollins, Goble, Whitsel &

Tommerdale, 1990; Johansson et al., 1982; Mountcastle,

LaMotte & Carli, 1972; Talbot et al., 1968)

Response decrement associated with non-fluctuating

stimuli. Characteristics of all sensory receptors include

that excitation thresholds and output potentials change as a

function of time and are sensitive to the monotony of a

stimulus. As a stimulus is applied to the receptor over

time, the subsequent impulse transmission declines to a

progressively lower rate. Adaptation, habituation and

fatigue processes have been identified to be responsible for

these response characteristics. These processes,

particularly adaptation, have been researched relative to

vibration sensitivity.

Stimulation periods of vibration on the skin no more

than a few minutes have been shown to result in fatigue or

adaptation in the vibration sensitivity. Fatigue has been

described (Bullock, 1977) as a state of depressed

responsiveness due to sustained activity and requires

appreciable recovery time. The transmissions eventually

falter and have been attributed to depletions of the stores

of transmitter in the nerve terminals during intense and

sustained stimulation (Ottoson, 1983). Several researchers
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have shown that these reactions result in decreases of

perceived intensity and elevation of detection thresholds

(Cohen & Lindley, 1938; Verrilo & Gescheider, 1977; Wedell &

Cummings, 1938). Researchers have also shown that adaptation

increases as a function of the duration and intensity of the

vibration (Berglund & Berglund, 1970; Cohen & Lindley, 1938;

Hahn, 1966; Wedell & Cummings, 1938). O'Mara, Rowe and

Tarvin (1988) measured extracellular activity from cuneate

nuerons in the brain stem of cats. They directly measured

the response decrement and the time course of recovery of

cuneate neurons following various vibratory conditioning

stimuli applied to exposed receptors in the footpads. Using

a 300Hz. vibration at an amplitude of less than 10pm, the

response rate lowered to 30% of its starting level within

lOsec. It reached a maximum after 20-40sec. and was

approximately 10-15% of initial response rate. The degree of

the response decrement and the time course for recovery were

dependant on the intensity of the adapting vibratory

stimulus.



CHAPTER III

METHODOLOGY

Research Purpose

The purpose of this study was to investigate the effects

of music and music vibration using the MVTTM on a rheumatoid

arthritis population that exhibited similar chronic pain

characteristics.

The specific questions were:

1) Does music and music vibration provide pain relief to a

clinical population of pain sufferers?

2) Is the pain relief associated with music and music

vibration significantly greater than that associated with

music alone or placebo?

3) Do people stimulated with music or music with vibration

differ in their preference towards the music?

Location

All research procedures took place in the Department of

Psychiatry and Human Behavior in room #332, building Medical

Education One of the Texas College of Osteopathic Medicine in

Fort Worth, Texas. This study was approved by the

63
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Institutional Review Board of University of North Texas and

the Texas College of Osteopathic Medicine (see Appendix)

which satisfied all requirements for subject confidentiality

and safety.

Subjects

All subjects (N = 27) for the current study had

rheumatoid arthritis. Each was pre--screened to meet the

criteria established by the American Rheumatism Association

(1987) and to exhibit a functional class level of II or III.

For classification purposes, a person is said to have

rheumatoid arthritis if he or she has satisfied at least four

of the following criteria: 1) morning stiffness, 2)

arthritis of three or more joints, 3) arthritis of hand

joints, 4) symmetric arthritis, 5) rheumatoid nodules, 6)

serum rheumatoid factor, 7) and radiographic changes. For

subjects in this study to meet criteria, items 1 through 4

had to be present for at least 6 weeks.

Subjects were excluded from this study if they had a

heart pacemaker, overt depression, were under 18, had a

recent history of confounding medical intervention, or any

other medical condition that might put the subject at risk.

Subject recruitment, pre-assessment and selection was

conducted by Bernard Rubin, D.O., through the Internal

Medicine Clinic of the Texas College of Osteopathic Medicine,
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a branch of the University of North Texas system. As

volunteers, subjects did not receive any type of incentive or

financial compensation. The purpose of the study was

explained to the subjects using a Texas College of

Osteopathic Medicine Institution Review Board-approved

informed written consent form (see Appendix). Each subject

read and signed the consent form before participating in the

study.

Subjects selection. A particular target population for

this study was selected for several reasons. It was desired

to minimize differences between subjects with varying pain

syndromes, and to select a pain population that exhibits

homogeneous pain characteristics and fits the rationale for

the use of music and music vibration.

The rationale for the use of music and music vibration

includes the concept of stimulation over many dermatomes as

compared to limited areas. Therefore, to test this position,

a pain population exhibiting pain in many areas of the body

was selected.

The pain experience includes sensory, affective, and

evaluative dimensions. The proposed treatment includes

physiological and psychological influences. Most chronic

pain states have a strong emotional component, particularly

when the condition is considered incurable. Therefore, a

chronic pain population was selected.
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Rheumatoid arthritis. Rheumatoid Arthritis (RA)

patients represent a particular pain population that have

been shown to exhibit consistency between pain profiles.

Researchers have indicated that there was a substantial

commonality to the pain experience of arthritis which could

be seen across patients (Burkhardt, 1984; Charter, Nehemkis,

Keenan, Person, Prete, 1985; Wagstaff, Smith & Wood, 1985).

Hart and Huskinsson (1972) described the extreme pain and

discomfort over prolonged periods of RA patients as being

more intense than most other conditions. Painful joints were

described as one of the first symptoms associated with RA,

thus management of the pain was considered of primary medical

concern (Gibson & Clark, 1985).

Other than the strong sensory perception of the pain,

this population has also exhibited strong emotional and

evaluative factors. In a study using the McGill Pain

Questionnaire, Burkart (1984) found strong evidence for

sensory, affective and evaluative components in RA patients.

Charter et al. (1985) found that the affective component of

pain was greater than the sensory component, suggesting the

importance of emotional factors in RA related pain.

Measures

Several assessment tools were selected to measure the
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subjects pain perception. A Pain Relief Visual Analogue

Scale (VAS) was used as a direct measure of pain relief. The

McGill Pain Questionnaire (MPQ) was used to measure pre-

treatment present pain intensity (PPI) for pre-comparisons

between groups, and pre and post-pain states as defined

across the sensory, affective, evaluative, and miscellaneous

dimensions of the pain experience.

Pain relief VAS. The Pain Relief Visual Analogue Scale

(VAS) was used as a direct measure of pain relief. It

consisted of a 10cm straight line representing a continuum of

amount which enabled the subject to express the degree of

pain relief in such a way that it could be given a numerical

value (see Figure 1). The anchor points for the pain relief

VAS represent no pain relief and complete pain relief. Pain

relief was determined by asking the subjects to mark the

relative amount of pain relief on the continuum.

Figure 1

Pain Relief Visual Analogue Scale (VAS)

No Pain Complete

Relief Pain Relief

Note. The VAS scale represents a continuum of pain relief.
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McGill Pain Questionnaire. In this study, the MPQ was

used to determine the pre-treatment present pain intensity

(PPI) and to identify which category and what percentage of

the pain experience changed during treatment. The PPI (part

2) was used for pre-treatment present pain intensity, while

the verbal descriptors (part I) were used to identify the

category and the percentage of change across each pain

category. The MPQ has been determined to be a reliable and

valid measurement of pain and was designed to measure several

dimensions of the pain experience.

Music preference VAS. A Music Preference VAS was

designed by the author and used to determine how much the

patient liked or disliked the musical selections used during

treatment. The scale was not intended as a measure of

comparison to some other music. The words liked a lot and

did not like were the anchor points to a 10cm horizontal

line. The patient was instructed to score this VAS similarly

to the pain relief VAS. Extensive reliability and validity

confirmations for this measure have not been done because the

tool played a minor role in the outcome of this study. The

purpose of this assessment tool was only to control for

possible unforeseen issues caused by preference differences

relative to the music used during the experimental

conditions.
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Reliability and validity. VAS scales are often used in

clinical trials designed to establish the pain relieving

value of some treatment. It has been successfully used with

rheumatoid arthritis patients as a weekly measure of relief

in response to medication for durations up to six months

(Huskisson, Jaffe, Scott & Dieppe, 1980).

The Pain Relief VAS measure was designed and intended to

measure pain relief directly, as opposed to the method of

measuring absolute pain on different occasions. Measuring

pain relief directly has been recommended over measuring

absolute pain on two occasions (Eggegrecht, Bautz, Margit,

Brenig, Pflingsten & Franz, 1989; Huskisson, 1974; Huskisson,

1983). Huskisson (1974) examined this issue and concluded

that measuring pain relief directly was superior because of

three important reasons. First, the magnitude of the

response does not depend on the initial pain severity and all

patients start from the same baseline. The scale begins for

everyone at a common level of "zero" for "no pain relief" and

has the same potential for change within the scale.

Secondly, it is not necessary to assume that differences in

different parts of the scale are equal. Thirdly, it is more

usual for a patient to express himself in terms of pain

relief; i.e., "my pain is a little better" rather than "my

pain is now moderate". Scott and Huskisson (1979) showed

that when using separate pre and post measures of pain as a
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measure of pain relief, patients tend to over estimate their

previous pain state. Studying 92 patients with rheumatic

pain, comparisons by these researchers were made between

assessments carried out without showing patients the initial

scores and again after the scores had been shown to them.

Results showed that patients significantly over-estimated

their pain severity when previous scores were not available

to them.

The pain relief VAS is a simple, robust, sensitive, and

reproducible instrument. The scale has been evaluated

extensively. Reliability has been studied and has included

such studies as the possible effects of pharmaceuticals on

visual-motor abilities of patients (Revill, Robinson, Rosen &

Hogg, 1976). This study showed highly significant

correlation between subjects' initial score of pain relief

and that of five minutes (r = .994) or 23hrs. (r = .976).

Measured memory of ratings on VAS showed highly significant

correlation between initial random rating, at five min. (r =

.95) or 24hr (r = .95). Also, this study accounted for

visual-motor effects due to drugs. No significant

differences were seen between the mean scores or variances of

the ratings of one fifth along a 15cm line whether the

subject had pethidine or not.

Traditional scales for measuring pain relief include

simple descriptive scales (Downie, Laetham, Rhind, Wright,
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Branco & Anderson, 1978). However, these scales were found

to be insensitive to small degrees of change (Huskisson,

1983). Wolff (1978) states that the VAS is also superior to

the descriptive type because the average patient had

difficulty conceptually with several categories. Consistent

patient preference of the VAS over the numeric and adjective

scales was also found (Kremer, Atkinson & Ignelzi, 1981).

However, the VAS scale has been shown to be difficult for

some older people. Kremar, Atkinson, and Ignelzi (1982)

suggested the mean age for failure was 75.3 years and the

mean age for completion was 54.4 years old.

The VAS has demonstrated validity by comparison to other

measures since scales tapping the same dimension would be

expected to be highly correlated. Seventy four patients were

used to compare the VAS and a four point visual ratings scale

(VRS) with few differences found between the scales (Joyce,

Zutish, Hrubes & Mason, 1975). Woodford and Merskey (1972)

found high correlations between the VAS and numeric rating

scale in a study with 43 patients. Reading (1982) studied

101 patients with post-episiotomy pain and also found high

correlations. Downie et al. (1978) compared four scales

(VRS, numerical, horizontal, and vertical forms of the VAS)

that were administered to 100 patients in a balanced order.

High correlations ( all exceeding .6) between the scores were

reported. In a drug potency study, Ohnhaus and Adler (1975)
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concluded that the VAS was more reflective of what the

patient was actually feeling as compared to the VRS.

The MPQ, developed by Melzack (1975), was designed to

offer subjects the opportunity to describe their pain on a

number of dimensions. This pain assessment tool was

considered to be the most widely used (Chapman, 1985). The

MPQ was also the most extensively tested multidimensional

subjective scale available for pain measurement (Syrjala &

Chapman, 1984; Reading, 1983).

Part one of the MPQ represents systematized verbal

description by imposing an organization of pain adjectives,

thereby quantifying the language of pain. The descriptive

words are divided into four categories including sensory,

evaluative, affective and miscellaneous. Part two is a

present pain intensity (PPI) measure using a six point

adjective scale: zero = no pain; one = mild; two =

discomforting; three = distressing; four = horrible; five =

excruciating. Two body diagrams depicting the front and back

of the body aid the patient to pictorially locate the pain.

Several investigators have confirmed the essential

factor structure of the MPQ. Since Melzack and Torgerson

(1971) developed the pain descriptors, the number of factors

found for the words has been from four to seven and depends

on the populations and methods used. Investigators have

consistently reported a sensory dimension, an affective-
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evaluative dimension, and a mixed sensory-and affective

dimension without definitive support for a separate

evaluative dimension (Baily & Davidson, 1976; Byrne, Troy,

Bradley, Marchisello, Geisinger, Van der Keide & Preito,

1982; Crockett, Parkachin & Craig, 1977; Leavitt, Garron,

Whistler & Sheinkop, 1978; McCreary, Turner & Dawson, 1981;

Reading, 1979; Reading, 1982; Turk, Rudy & Salovey, 1985).

Lowe, Walker, and MacCallum (1991) conducted a direct test of

the theoretical structure of the MPQ through multi-sample

confirmatory factor analysis using data from 185 women

experiencing labor pain and 195 women experiencing post

operative pain. Results of the analysis indicated that the 3

factor, oblique model originally proposed by Melzack provided

the most parsimonious representation of the data across both

samples.

Graham, Bond, Gerkovich and Cook (1980) studied

reliability and consistency of the MPQ in two groups of

cancer patients. The consistency of pain descriptors between

the first two administrations yielded a consistency index of

75%. The consistency decreased to 66% and then increased to

80% over weekly assessments. Melzack (1975) reported a

similar average of 70.3% over three daily administrations to

TEN cancer patients. Klepac, Dowling, and Hauge (1981) found

similar findings in evaluating laboratory pain. Hunter and

Philips (1981) studied the ability of 16 patients to remember
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their pain resulting from a neuro-surgical procedure and to

report it consistently, using the MPQ. Pain recall was

assessed after one day then five days. Results showed high

consistency in score profiles among the three occasions.

Research findings support the MPQ's validity. An

approach to assess validity has been to examine the

efficiency of the questionnaire in distinguishing between

patient groups. Several unique patterns of response have

been obtained for various acute and chronic pain syndromes

including arthritis, labor, pelvic pain, cancer, low back,

and headaches (Dubuisson & Melzack, 1976; Hunter & Philips,

1981; Kremer et al., 1981; Reading, 1979; Reading & Newton,

1977). Results from the MPQ have also been shown to relate

to analgesia requirements (Reading, 1979). Several

correlations have been obtained showing favorable comparisons

to linear rating scales (Reading, 1980), diary-card ratings

of headache intensity and duration (Hunter & Philips, 1981)

and visual ratings scale (Reading, 1982).

The above evidence, along with positive conclusions from

several critical reviews, indicated that the MPQ represented

a reliable, valid tool for assessing pain. The MPQ has been

the most widely used and recognized descriptive measurement

device of its kind. Therefore, it was selected for this

study in conjunction with the VAS.
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Equipment

The music selections were played on a Magnavox Compact

Disk (CD) player. The output from the CD player was wired to

the MVTTM amplification system. The CD player output was also

wired to sound reinforcement equipment consisting of a

Pioneer stereo receiver and amplifier # SX - 737. Outputs

from the receiver were connected to external speakers. The

lab was designed with speakers built into the ceiling to

provide the subject with external ambient sound which the

subject was instructed to adjust in terms of loudness if so

desired. A loudness control was installed on the MVTTM next

the subjects right hand.

The Music Vibration Table (MVTTM). The MVTTM consists of

a base table with a vibrating membrane (table top surface)

and a computerized vibration feedback processing system.

This system was designed to measure and control the

transmission of the vibrations as they impact a subject's

body. It reflects basic scientific requirements of being

able to critically describe and measure the vibratory

stimuli. Partial construction, preliminary testing and pilot

studies were done by the investigator in the music therapy

lab of Texas Woman's University under the direction of Donald

Michel. Other support for the development of the MVTTM was

also given (Chesky & Michel, 1991).
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Experimental Protocol

Pre-screened rheumatoid arthritis subjects (N = 27) were

randomly assigned to one of three treatment groups.

Group one received music with mechanical vibration

through the MVTTM. Subjects were instructed to adjust the

external ambient sound to a comfortable level using a control

that was comfortably located next to their right hand. This

adjustment only changed the volume of the music and could not

affect the MVTTM's vibration levels.

Group two received the music alone without vibration.

The MVTTM computer was kept active with full computerized data

displays but the MVTTM did not vibrate the subject. Once on

the MVTTM, subjects were instructed to adjust the music to a

comfortable level. The music selections were exactly the

same as group one.

Group three received a 100Hz. sine wave tone with no

vibration and no music. The volume of this sound was not

adjustable by the subject. The 100Hz. was set at 65dB.,

measured six inches up from the MVTTM surface, using a Bruel &

Kjaer sound level meter, at a location representing the

subject's head. To increase the placebo response, the MVTTM's

computerized data displays were kept active with mock wave

forms and in full view of the subject during assessments.

Prior to reclining onto the MVTTM, equipment settings were
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manipulated by the investigator as if equipment was being

activated and adjusted.

Subjects in all groups were administered the pain

assessments, reclined onto the MVTTM during treatment, and

received the same instructions before and after treatment.

Experimental protocol was the same for all subjects except

for questions about music. The subjects in group three did

not experience any music during treatment; therefore, no

questions were asked about the music. The researcher gave no

instructions or suggestions about any treatment

effectiveness. All verbal interactions between researcher

and subject were kept to a minimum.

Subjects sat in an easy chair for all assessments.

Prior to reclining on to the MVTTM, information about age,

weight and height was collected. Parts one and two of the

McGill Pain Questionnaire (MPQ) were administered to the

subjects by the researcher as suggested by Melzack (1975).

The investigator read aloud the groups of pain descriptors to

the patient.

Following administration of the MPQ, subjects in the

groups one and two were also asked; "What types of music do

you not like?" and "Do you consider yourself a musician?".

These two questions were intended to control for any

unforeseen differences between groups, and to identify

patients with possible strong musical dislikes of the type of



78

music used in the study. Asking patients whether they

considered themselves musicians was also intended to identify

persons with interests in or involvement with music.

The subject reclined onto the MVTTM after all instruments

were administered. Once the subject acknowledged being

comfortable, ceiling lights over the subject were dimmed.

Subjects were instructed to remain quiet unless they became

uncomfortable. No verbal communication took place with the

subjects during treatment.

Subjects returned to the easy chair after the thirty

minute session. The subjects were asked to rate their degree

of pain relief, if any, on the Pain Relief VAS and to respond

to part one of the MPQ. Following administration of the MPQ,

subjects in groups one and two were asked to rate how much

they disliked or liked the music using the Music Preference

VAS.

Stimuli

Stimuli for this study included both music and music

vibration. The music was set to normal listening levels and

played through standard speakers. The subjects had the

option of adjusting the loudness level of the music. The

music vibration parameters were generated, controlled and

measured by the MVTTM. The subjects did not have the option

to control the levels of vibration.
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Music. The music for this study was selected by the

investigator and based on the desire to minimize verbal

distraction, instruction or suggestion. It was also a

priority to minimize associations, i.e., music commonly

associated with an event, situation, or culture. The

selected music did not contain any vocals or commonly

recognized melodies. Music selections were considered by the

investigator to be largely in the Jazz style and contained

several improvisational interludes. Instrumentation was

representative of a small Jazz ensemble with mostly acoustic

instruments with exception of electric guitar, bass, and

keyboards. Musical parameters such as dynamics, tempo, keys,

orchestration or instrumentation did not play a major role in

the musical selection. However, amplitude and frequency

vibration parameters, generated from this music through the

MVTTM, were identified and considered somewhat consistent from

selection to selection. This consistency was relative to the

average amplitudes and frequency spectrums of the vibrations

from selection to selection. Table 1 indicates the titles,

composers, duration of each selection and the names of the

compact disk. The selections are listed in the order of

presentation or sequence.
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Table 1

Description of Music Selections

TITLE COMPOSER(S) Compact Disk TIME

She Could be Mine Don Grusin Out of the Shadows 5:15

The Heart is a Dave Grusin & Peggy One of a Kind 5:33

Lonely Hunter Lee

Dolphin Dreams Lee Ritenour On the Line 5:08

Birk's Works John Gillespie New Faces 6:26

Very Nice Indeed Dave Valentine Jungle Garden 3:50

Fountain of You Chieli Minucci Modern Matters 3:52

Note. Total elapsed time was 31 minutes (Five seconds between

selections).

Music vibration. The music vibration parameters were

controlled by the MVTTM and kept consistent between subjects.

Data were collected for each subject over the entire 30

minute session.

The MVTTM computerized processing system formulated

vibration parameter information which represented the

vibrating surface that was impacting the subject's body. At

the heart of this system was a Macintosh II computer and

National Instrument's LabView 2 software. Utilizing digital

signal processing (DSP) functions including Fast Fourier

Transforms and Power Spectrum Analysis, the system computes

spectral components as well as average peak to peak
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displacement characteristics over time and over the whole

vibrating surface.

Vibration measurements were generated by collecting data

from several vibration sensors mounted in the MVTTM. Each

sensor measured the local vibration parameters and together

represented vibration parameters of the whole surface. Using

multiple sensors as opposed to a single vibration sensor

increased accuracy and was used to determine the vibrational

characteristics of the entire vibrating surface. Specially

designed laser optics hardware enabled calibration of the

MVTTM sensor voltage output to measures of displacement in

micrometers.

Vibration data were collected for the entire thirty

minute session. The data were used to generate measurements

of amplitude and frequency over the whole vibration surface

and for the duration of the entire treatment session. Two

measurements were computed: the average amplitude of

vibrations and the frequency or spectral distribution of the

vibrations between 60-600Hz, the general range of the

Pacinian corpuscle. The sample rate for acquisition was set

at 9.091KHz. Total number of samples for each collect was

set at 8192.

Two computerized average amplitude graphs (Figure 2)

were designed to indicate and display the "Instantaneous

Average Amplitude" and the "Session Average". The
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"Instantaneous Average Amplitude" display showed the plotted

average of all eight sensors averaged together with the

previous 16 acquisitions. Each update of this graph

indicated the average of all eight sensors, averaged together

with the previous 16 acquisitions. The "Session Average" was

the continuous averaging of the current "Instantaneous

Average" acquisition with all previous acquisitions. Both

displays were updated on a scrolling plot and included a

numerical index. The final "Session Average" index was the

measure of the average amplitude for the entire session.

Two computerized spectral graphs were designed to show

the "Instantaneous Spectral" components of the vibration, and

the "Average Spectrum" for the entire session over the range

between 60-600Hz.. The "Instantaneous Spectral" display was

updated every 4.26 seconds. To formulate the "Average

Spectrum", all "Instantaneous Spectral" outputs were

continually added together and divided by the total number of

acquisitions. At the end of the session, the "Average

Spectral" display illustrated the average of all collects

over the whole session.

The height and weight of each subject influenced the

vibrational parameters of the MVTTM. Also, during the

treatment sessions, several subjects had the tendency to

move, either by tapping their hand or rocking their foot to

the music or just adjusting themselves on the table. The
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sensors in the MVTTM respond to these movements and therefore

create artifacts in the measurements of the vibration

parameters. Due to differences between subject weights and

displacements and gross bodily movements during the session,

one person was selected for measurement who best represented

the population.weight and displacement. The selected person

was specifically instructed to be still during the

measurement session. This was intended to observe the

typical stimuli for all subjects. The person was selected

after the final subject completed their session. This

subject did not meet the requirements for participation in

the study; therefore, no subjective measures of pain or music

were taken from this person.

Vibration data. The person representing the height and

weight parameters of group one (mean weight = 1671bs.; mean

height = 66.3") measured 170lbs. and was 65" tall. This

subject was not part of the population in the study and did

not meet the requirements for participation. No subjective

measurements were collected from this subject. The subject

was used just for measurement purposes. Before reclining

onto the MVTTM, this person was instructed to be still once on

the MVTTM. This protocol was designed to avoid measurement

artifacts inherent in gross bodily movements and to obtain

measurements that best represented the total population of

group one.
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Figure 2 shows the "Instantaneous Average Amplitude"

plot and the "Session Average" plot for the whole 30 minute

session.

Figure 2

"Instantaneous Average Amplitude" and "Session Average" plots

over the thirty minute treatment session.

Instantaneous Average Amplitude . ....«.

. ._ _ ___ «....-.. , 1gm

Session Averageg.

---- 31
.

.........«. ......... .__.. ... « .«4..... .. .. .._.. ..... .......«.« 10

0 minutes 30

Note. The session Amplitude Average was 26.3gm. This

measurement represents the average displacement of the

vibrating surface over the 30 minute session.
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Both graphs in Figure 2 plotted physical displacement in

micrometers (pm) over time. The plots moved from right to

left during data collection. Indicated on the bottom of the

graph was the total elapsed time index. The final "Session

Average" index was 26.3 m. Therefore, the vibration

impacting the subjects' body consisted of an average

amplitude, representing the whole vibrating surface, of

26.3gm. These measurements were taken using the persons that

best represented the population in height and weight and was

instructed to be still during the session.

The frequency components of the vibration stimulus were

also measured and displayed graphically. The MVTTM was

adjusted to vibrate in the frequency range of the Pacinian

corpuscle, from 60 - 600HZ, and particularly in the area

found most effective for pain relief, approximately 60 -

250HZ. The MVTTM was adjusted to acquire this frequency range

from the music and transduce it into mechanical vibration

while the subject was on the MVTTM.

During the session, an "Instantaneous Spectral Display"

(see Graph 3) was used to continuously monitor the most

recently collected data averaged with the previous sixteen

collections. The graph showed the relationship between

spectral components relative to the energy level of each

frequency. The higher dB levels indicated greater activity

in the designated frequency.
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Figure 3

"Instantaneous Spectral Display" of mechanical vibration

in dB of between 60 - 600Hz.

Instantaneous Spectral Display
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The "Average Spectrum" display graphically illustrated

the average of all spectral data over the whole session.

This graph was also continually displayed throughout the

thirty minute session. Figure 4 was the final spectral

display for the whole thirty minute session. This graph

indicated the average of all previous "Instantaneous

Spectral" displays.
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Figure 4

Final Average Spectrum for 30 minute session

Average Spectrum for Entire Session
50

C ,

25-------------------------------------

-50
60 Hz 168 276 384 492 60

Note. There was greater activity in the 60 - 250Hz range.

This "Average Spectrum" indicated that the subjects

received mechanical vibrations in the range of 60 - 600Hz.

However, the spectral components were not evenly distributed

over the entire bandwith. There was a greater degree of

activity in the 60 - 250Hz range. This was the range

identified to be most effective for the relief of pain.

The above graphs displayed the measurements taken while

using the subject whose weight and displacement represented

the population in group one. The overall shape of these
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curves was similar across all individual research subjects;

however, small peaks changed slightly between subjects.

:Data Analysis

The first analysis was to measure and graph the average

amount of pain relief for group one as measured by the Pain

Relief VAS. The MPQ verbal descriptors were also scored,

weighted and evaluated (method described by Melzack, 1985) to

determine the percentages of change in each category. The

percentages of change in each category was also graphed.

The second step in the analysis was to determine

differences between groups before treatment using the pre-

treatment Present Pain Intensity scores (part 2 of the MPQ).

Differences in pain relief between treatment groups was

determined using ANOVA on the Pain Relief VAS scores. Fisher

and Scheffe post hoc analysis were also computed. The MPQ

verbal descriptor scores for all groups in each category were

calculated and graphed together for comparison.

Responses to the musical dislikes question were counted

and graphed with attention for the frequency of dislikes in

the Jazz category. Scores from the Music Preference VAS

were also tabulated to determine how much the subjects liked

or disliked the music. Observational comparison on the Music

Preference VAS were made between groups one and two.



CHAPTER IV

RESULTS

Research Purpose

The purpose of this study was to investigate the effects

of music and music vibration using the MVTTM on a population

that exhibited similar chronic pain characteristics in many

areas of the body.

The specific questions were:

1) Does music and music vibration provide pain relief to a

clinical population of pain sufferers?

2) Is the pain relief associated with music and music

vibration significantly greater than that associated with

music alone or placebo?

3) Do people stimulated with music or music with vibration

differ in their preference towards the music?

Subjects

The mean age of the population (N = 27) was 51.444 years

with a S.D. of 13.605. Four males and twenty three females

diagnosed with rheumatoid arthritis participated.

Descriptive analysis of age, height and weight are given in

Table 2.

89
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Table 2

Subject Population.

Age Height Weight (lbs.)

X = 51.44 SD = 13.61 X = 66.3" SD = 2.71" X = 166.61 SD = 47.21

min. = 31 max. = 79 min. = 60" max. = 70" min._= 108 max. = 300

Note. N = 27 (four males and 23 females)

Pain Relief from Music and Music Vibration

Group one received music and music vibration. This

group scored a mean of 5.961 (S.D. = 2.284) on the Pain

Relief VAS. The scale ranges from zero = no pain relief to

10 = complete pain relief. (see Figure 5)

Figure 5

Mean Pain Relief VAS score for group one

X = 5.961
No Pain Complete
Relief Pain Relief

Group one achieved a total change of 64% on the MPQ

verbal descriptors (see Table 4) . The range over the four

...



91

categories was 73% (Affective category) to 55% (Evaluative

category). The Sensory category was 57%. The Miscellaneous

category was 71%. A positive change represented a reduction

in pain, whereas a negative change represented an increase in

pain. All categories had a positive change of over 50%.

Comparisons Between Groups

Subjects in all groups had been asked to rate their pre-

treatment Present Pain Intensity (part two of the MPQ). The

mean pre-treatment Present Pain Intensity score for all

subjects was 1.82 with S.D. of .949 (range zero - five),

indicating that most subjects were experiencing a "moderate"

pain before treatment. No significant differences were seen

between groups (F = .768, p = .47, n.s.) on this measure.

Pain relief VAS. A one factor ANOVA on the Pain Relief

Visual Analogue Scale (VAS) yielded statistically significant

differences between the three groups (F = 14.241, P < .001).

Fisher PLSD and Scheffe F-test post hoc analysis indicated

that group one differed significantly (.05) from both group

two and group three. The analysis also indicated that group

two did not differ significantly (.05) from group three (see

Table 3).
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Table 3

Summary of ANOVA on Pain Relief VAS Scores

Group One Group Two Group Three

Music & Music alone Placebo F-test

Vibration

X SD X SD X SD

5.961 2.284 2.683 2.673 .739 .918 P < .001

Post Hoc analysis:

Group one vs Group two

Group one vs Group three

Fisher PLSD = 2.042*

Scheffe F-test = 5.491*

Fisher PLSD = 2.042*

Scheffe F-test = 13.938*

* Significant at .05

Note. Music with vibration (Group One) was significantly

different from music alone (Group Two) and placebo (Group

Three) on the Pain Relief VAS. Music alone (Group Two) was

not significantly different from placebo (Group Three).

MPO verbal descriptors. Results from Part One of the

MPQ (verbal descriptors) indicated several differences

between the three treatment groups. Table 4 shows the

average amount of change for each category in each group.

The change in group one was greater in all categories as

compared to groups two and three. The total change in group
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two was greater than group three; however, the Miscellaneous

category was greater in group three than in group two.

Table 4

Arvcra cm amunt- MPU t

MPQ pain Group One Group Two Group Three

descriptor Music &

categories Vibration Music Alone Placebo

Sensory 57% 26% 0%

Affective 73% 63% -21%

Evaluative 55% 19% 0%

Miscellaneous 71% -14% 12%

Total 64% 24% -2%

Note. The amount of change was greater for group with music

and vibration in each category as compared to music alone and

placebo. Negative percent means an increase in pain.

Musical preference. Subjects indicated a total of eight

types of music that they did not like. Several subjects

responded with more that one disliked style. Figure 6 shows

the degree to which each style was disliked by the subjects

in groups one and two. Most responses were in the rock, hard

rock and rap styles. No subjects indicated dislike for Jazz

music. Five subjects considered themselves musicians. Three

a .... .E--A 1 yL I1 L _.1t A 1%4 - t11 . ,p -, L1 .Lca. k egory L+LA jof c-ha nge (inne rent h 
ar~
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of these five subjects said they were no longer musically

active.

Figure 6

Type and amount of musical dislikes

Rock
Rap

Punk
Opera

Heavy Metal
Hard Rock

Country + Western
Classical

0 2 4 6 8
Number of dislikes

Note. No subjects indicated they disliked Jazz music.

The scores on the Music Preference VAS indicated that

the music was liked similarly by both groups one and two

after their time on the MVTTM. The mean Music Preference VAS

score for both groups was 8.322 (SD = 1.322, min. = 5.2, max.

= 9.9). The mean scores between the two groups were almost

identical; group one was 8.321 (S.D. =1.569), group two was

8.322 (S.D. = 1.173). The high preference scores indicated

that the subjects liked the music. All additional comments

about the music selections were positive.



CHAPTER V

SUMMARY, FINDINGS, LIMITATIONS AND RECOMMENDATIONS

Introduction

The purpose of the study was to investigate the effects

of music and music vibration using the MVTTM (Music Vibration

Table) on a rheumatoid arthritis pain population. The

results supported the use of music and music vibration as a

pain relieving modality.

Prior to the current study, several experimental and

clinical research studies had shown that mechanical single

frequency vibration was effective in pain modulation. These

studies also had indicated that stimulating a greater

vibration area increased the associated analgesia. Published

response characteristics of skin sensory mechanoreceptors,

along with clinical indications, suggested that an

alternating vibratory stimulus would potentiate the

effectiveness of such treatment by decreasing the response

decrement associated with single frequency stimulation. As

various pain treatments have become more refined, the

interdisciplinary approach seems to be effective considering

various aspects of the pain phenomenon. Furthermore, it has

been suggested that pain treatment potency can be increased

95
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by combining physiological and psychological techniques. The

current conceptual model utilized music as a source for the

fluctuation of mechanical vibration as a physiological agent,

while acting as a possible mediator of several pain relieving

psychological processes.

In order to test this conceptual model, new Music

Vibration Table (MVTTM) technology was utilized. This

equipment was designed to transduce musical sound energy into

mechanical vibrations that are similar to the response

characteristics of the Pacinian corpuscle. This technology

fulfills the basic research requirements for a measurable

stimulus. Also, because the MVTTM is measurable and

controllable, it potentially protects patients from a

possibly adverse range of vibratory amplitudes believed to

induce undesirable vasoconstrictive responses. As new

technology, the MVTTM represents for the first time, a

measurable and controllable musical vibrotactile stimulus.

Twenty seven subjects participated in the study. All

patients were diagnosed as having rheumatoid arthritis. They

fulfilled the criteria established by the American College of

Rheumatology for rheumatoid arthritis and exhibited a

functional class of II or III. Patients were pre-screened

for confounding medical variables. Subjects were randomly

assigned to one of three treatment groups: Group one (music

with vibration); Group two (music alone); Group three



97

(placebo). Experimental protocol was the same for all

subjects. Subjects in group one and two were asked to

identify the types of music they did not like before the

session. Following the session, they were also asked how

much they liked the music heard during the session. Subjects

in all three groups were administered pain assessments, then

reclined onto the MVTTM during treatment and received standard

instructions. The researcher gave no instructions or

suggestions of the effectiveness of the procedures.

The stimulus characteristics of the group one treatment

sessions were determined using the MVTTM data acquisition

system. Frequency and amplitude characteristics were

measured and displayed for the entire thirty minute session

with subjects on the table. Results from measurements of a

person best representing the populations weight and

displacement characteristics indicated a session amplitude

average of 26.3pm. Instantaneous spectral displays were

updated continually throughout the session. The average

spectrum graph displayed the spectral components of the

vibration over the 60-600Hz range for the entire 30 minute

session The spectral graph indicated a greater degree of

activity in the 60-250Hz. range as compared to the 250-600Hz

range.
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Findings

Three specific questions were addressed. Does music and

music vibration promote pain relief? How does this pain

relief compare to the effects of music alone and placebo? Do

people stimulated with music or music with vibration differ

in their preference towards the music?

Pain relief from music and music vibration. A direct

measure (VAS) of pain relief resulting from music and music

vibration indicated that the subjects experienced pain

relief. Results from the MPQ verbal descriptors also showed

that the relief was experienced across four categories of the

pain experience.

Subjects in group one indicated a mean pain relief score

of 5.961 on the Pain Relief Visual Analogue Scale (VAS). The

same group reflected a total of 64% change on the verbal

descriptors of the MPQ. Each sub category of the MPQ

revealed a change greater than 50%, with a 73% change in the

affective category. The scores from the VAS and the amount

of change indicated on the MPQ suggested that music and music

vibration provide a substantial degree of pain relief.

Differences in pain relief between groups. Pain relief

associated with music and music vibration was significantly

greater than that associated with music alone or placebo.

Pre-treatment Present Pain Intensity (PPI) measures indicated

no significant differences between groups prior to treatment.
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Subjects in group two indicated a mean score of 2.683 on

the VAS measure of pain relief. Subjects in groups three

indicated a mean score of .739 on the VAS measure of pain

relief. A one factor ANOVA indicated significant differences

on the VAS scores between the three groups (F = 14.241, P <

.001). Fisher PLSD and Scheffe F-test post hoc analysis

showed that group one differed significantly (.05) from both

Groups two and three. Group two did not differ significantly

(.05) from group three.

The total amount of change on the verbal descriptors of

the MPQ was 64% for group one, 24% for group two and negative

two percent for group three. Therefore, the overall pain

relief associated with music and vibration was greater than

either the music alone or placebo conditions. Although the

total change for group two was only 24%, a 63% change was

indicated in the affective category. Group three showed a

very low -21% change in the same category. The high

percentage of change in the affective category for both

groups one and two indicates that the music influences this

dimension of the pain experience

Differences in music preference. Subjects being

stimulated with music and music vibration preferred the music

similarly to subjects stimulated with music alone. The

scores on the Music Preference VAS for group one and group

two were almost identical. The mean score of both groups was
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8.33 indicating that all subjects had a strong liking towards

the music. Based on these scores, the music was liked highly

and similarly by both groups.

Conclusions

The findings of this study indicated that pain relief

associated with music and music vibration was substantial and

significantly greater than music alone or placebo. These

findings support the conceptual model presented in chapter

one. This model is based on the Gate Control Theory and

suggests that music with music vibration activates afferent

and efferent pain reducing activity in the nervous system.

The study extended the prior literature in several areas.

First, this study determined that a continually changing

vibration, within the response range of the Pacinian

corpuscle, was effective in reducing chronic pain in persons

suffering from pain in several areas, particularly rheumatoid

arthritis. Prior to this study, several investigators have

demonstrated the efficacy of single frequency mechanical

vibration as a pain relieving modality (Bini et al.,.1984;

Duranti et al., 1988; Ekblom & Hansson, 1982; Guieu, Tardy-

Gervet, Blin & Pouget, 1990; Guieu, Tardy-Gervet & Roll,

1990; Lundeberg, 1983; Lundeberg, 1984a; Lundeberg, 1984b;

Lundeberg, Nordemar, & Ottoson, 1984; Lundeberg et al., 1988;

Pantaleo et al., 1986; Pertovaara, 1979; Sherer et al.,
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1988). These investigators have determined the most

efficacious frequency range to be similar to the sensitivity

range of the Pacinian corpuscle. Conceptually, the

potentials from large diameter afferents associated with

Pacinian corpuscles create an inhibitory effect over

potentials from small diameter afferents in the dorsal horn

of the spinal column. However, prior research had not

examined the effects of a continually changing vibratory

stimulus within and over the range of the Pacinian corpuscle.

Single frequency vibration has been shown to cause adaptation

and fatigue resulting in a response decrement (Cohen &

Lindly, 1938; Varrillo & Gescheider, 1977; Wedell & Cummings,

1938). The fluctuation of a mechanical vibration decreases

the response decrement associated with single frequency

vibration, therefore, creating greater output potentials and

greater impact on potentials from small diameter afferents.

Secondly, this study extended the application of

vibration to cover large surface areas of the body. Even

though prior studies established that greater areas of

stimulation produced greater pain relief, they have

stimulated areas only up to only 200cm2 in size (Lundeberg,

1983; Lundeberg, Nordemar & Ottoson, 1984; Lundeberg, 1984a,

Lundeberg, 1984b). Conceptually, larger areas of

stimulation, over many dermatomes, creates inhibitory

activity in the associated dorsal roots. Small diameter
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afferent potentials from pain receptors enter the dorsal

roots associated with the bodily location of pain.

Therefore, stimulation of greater skin areas increases the

distribution of afferent potentials along the spinal cord,

increasing the probability of entering the same dorsal root

as the pain signals.

Thirdly, the investigation has added a psychological

component to the vibration treatment regimen in the form of

music. Fernandez and Turk (1989) called for further research

to evaluate the utility of psychological pain coping

strategies as an adjunct to physiological interventions in

the treatment of chronic pain. They pointed out that

psychological techniques and physiological techniques have

been isolated from one another in research, and in clinical

application.

Fourthly, the applications of music for pain relief have

also been extended. Authors have conceptualized the use of

music for the relief of pain (Brown et al., 1989; Eagle &

Harsh, 1988) . Results of this study showed a large positive

change in the affective dimension of the MPQ of subjects who

listened to music alone. These measures indicated that music

was important in this category of the pain experience,

particularly when the results were contrasted to the low

negative change (-21%) of the same dimension in the group

without music. This finding suggests that the use of music
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listening alone can prompt changes in the affective dimension

of the pain experience.

Finally, the very few studies dealing with vibrotactile

aspects of music did not provide a conceptual model for the

use of such applications to human health (Madsen et al.,

1991; Skille, 1989; Standley, 1991). The present

investigation developed a specific conceptual model for

applications of music vibration for human health based in

neurophysiology. Based on the Gate Control Theory, avenues

of investigation within this conceptual model provide

direction, focus and a means to explain the effects.

A research protocol for music and music vibration has

also been established by reporting precise stimulus

characteristics and utilizing rigorous clinical research

methodology that incorporated control groups. This study

reported measurements of the music and vibration stimulus and

set a baseline for future research in this area. MVTTM

amplitude measurements indicated instantaneous average

displacements of less than 100gm with session averages less

than 50 m. Prior research has shown that amplitudes less

than 100gm induce the beneficial vasodilation response as

opposed to vasoconstriction (Skoglund, 1989). Measurement of

the vibratory stimulus was in direct contrast to recent

research investigating the effects of music and music

vibration (Madsen et al., 1991; Skille, 1989; Standley,
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1991) . Producers of vibrotactile stimulation devises,

including Somasonics and NextWave, have not accounted for the

possible ill effects associated with vasoconstriction.

Future Research

The findings suggest and warrant continued investigation

of the effects of music and music vibration. Outcomes

indicated substantial pain relieving effects from a procedure

that has apparently no side effects and is seemingly

enjoyable. However, several issues of the effectiveness of

the treatment remain unanswered and stimulate interesting

questions for future research.

For instance, this study did not determine the duration

of treatment effect. One person in group one did voluntarily

call the researcher about six hours following the session and

reported continued and increased pain relief.

The study did not determine if multiple treatments

increased the pain relieving response. No education or

training was implemented in an effort to increase the

subjects internal locus of control. Gains might have been

measured in response to training and education protocols or

even suggestion. The methodology avoided any influences from

the investigator. All patients were given the same

instructions while verbal contact was kept to a minimum. The

probable outcomes of such training procedures would be
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increased pain relief and greater patient internal locus of

control.

Treatment effectiveness might be different if

administered on demand. The pre-treatment present pain

intensity score indicated an average of "moderate" pain.

Several subjects suggested a desire to try the MVTM when the

pain is greater. The fluctuation of pain symptoms over time

is a common characteristic of rheumatoid arthritis pain.

Music selection was made by the researcher and not the

subjects. Efforts to include the subjects in this process

might have increased pain relieving efficacy by giving the

subjects greater control and involvement. It could be

possible that the actual music itself, as requested by the

subject, might change the response as well.

Recommendations

This study examined music and music vibration as a pain

reliever and was similar in design and methodology to a

pharmacological study. Further work with the MVTM must

explore the treatment effects not only from an analgesic

perspective, but also from an overall efficacy standpoint.

Therapeutic benefit does not necessarily equate with just

analgesia, particularly with chronic pain patients. Several

therapeutic end points should be identified that do not

correspond directly to analgesia as defined in
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pharmacological terms. This perspective encompasses the

multiplicity of possible application, considering that music

itself can aid in several behavioral and cognitive coping

mechanisms. Helping a patient with chronic pain is a complex

process. It may include many steps and techniques to lower

chronic suffering.

To determine overall efficacy, meaningful evaluations of

the music with music vibration requires that the pain

problems treated fit the therapeutic objectives. As an

example, the teaching of specific cognitive and behavioral

techniques to modify maladaptive painful experiences can be

pursued while determining the MVTTM's efficacy towards these

ends. Several coping techniques for pain focus on

maladaptive behavior, cognitions, images, and emotions rather

than on pain symptoms. The MVTTM might be seen to supplement

these techniques through either aiding in distraction,

changing behavioral patterns or mediating imagery or just by

facilitating compliance to a program. The MVTTM effectiveness

on lifestyle alteration strategies, relaxation skills,

cognitive restructuring, maladaptive behavior, and in ways of

diverting one's attention are measurable and help in

determining overall self efficacy. Furthermore, once a

patient has acquired various effective coping skills,

research to determine how well the MVTTM treatment is utilized

in application and maintenance of such skills would be a
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possibility. Therefore, the therapeutic end points for MVTTM

treatment may not just correspond to analgesic response as

pharmacologically defined, but are representative of several

steps in a patient's progress and maintenance of self

efficacy and self control over a chronic pain condition.

The MVTTM treatment is also more complex than most

pharmacologic or non-pharmacologic treatments. An

understanding of the multidimensional nature of pain is

important in understanding the possible indications for such

a treatment. Therefore, future research with the MVTTM should

focus on the type of pain being studied, the consequences of

a particular pain, the theory concerning the mechanisms of

pain relief, specific therapeutic end points and the goals of

the investigator. Hopefully, this work will dictate further

broad indications for treatment with the MVTTM.

Research with the MVTTM must also pay special attention

to individual differences. With this complex treatment

modality, individual differences like gender, age, and

medical history, are important. Important variables may be

studied in personality, intelligence, willingness to learn,

cultural heritage, immediate and long-term social

environment, personal meaning of pain, existing coping

mechanisms, patient's assumptive world towards treatment, and

personal disposition towards music.
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PATIENT INFORMED CONSENT FORM

The Effects of Music Vibration on Pain Perception using the MVT

AGREEMENT TO PARTICIPATE IN A RESEARCH PROJECT
TEXAS COLLEGE OF OSTEOPATHIC MEDICINE

PRINCIPLE INVESTIGATOR: KRIS CHESKY, PH.D. CANDIDATE

NATURE AND PURPOSE OF THE STUDY
I understand that I am being asked to take part in a study of vibration on pain.
The study will involve one 45 minute session. During the session I will
recline onto a therapy table that vibrates mildly. Music might be played over
a stereo system. The vibrations are harmless and apparently enjoyable to
most. There should be no discomfort on my part at any time.

The purpose of this study is to obtain information about how vibration
influences pain associated with rheumatoid arthritis.

PARTICIPATION IN THIS STUDY
I understand that to participate in this study I must be at least 18 years old. I
have been medically diagnosed as having rheumatoid arthritis The arthritis
causes me to experience pain.

PROCEDURE TO BE FOLLOWED
I understand that, if I choose to participate, appointments will be arranged
for me to visit TCOM. I understand the procedure utilizes a specially
constructed therapy table that vibrates mildly. Before the study and
following the session, I will be asked to fill out a questionnaire. This
questionnaire asks me some general questions and about pain relief. The
purpose of the general questions is to collect information about myself, like
age, preferences toward music or where is the arthritis painful.

I understand that there are other forms of treatment available to me.
I understand that I am not required to discontinue my previously prescribed
anti-arthritis medications.

VOLUNTARY PARTICIPATION
I understand that my participation in this study is completely voluntary. I am
free to withdraw my consent and discontinue my participation at any time.



COSTS

I understand that there will be no charge for my participation in this study. I
will not be paid for my participation.

If I am injured as a result of taking part in this study, Texas College of
Osteopathic Medicine assumes no liability for my participation. I also
understand that I have not waived any of my legal rights by signing this form.

PROBLEMS OR QUESTIONS
Should any problem or question arise with regard to this study, I can contact
Peter B. Raven, Ph.D., Chairman, Institutional Review Board, Texas College
of Osteopathic Medicine at (817) 735-2561 for information or questions
about my legal rights. I also may contact Kris Chesky, 24 hours a day if
necessary, at (817) 382-0203.

CONFIDENTIALITY
I have read, or have been read to, the above information. The content and
meaning of this information has been explained to me. I hereby voluntarily
consent and offer to take part in this study.

I have read the above information about this study and have been able to
express questions and concerns which have been satisfactorily answered by
the research investigator. I believe I understand the purpose of the study as
well as any potential risks that would be involved. I understand that I will be
given a copy of my signed consent to participate in this study.

I understand that the information contained in my records will be kept
confidential. I agree that the result of my study may be published for
scientific purposes, provided my identity is not revealed. I have received a
copy of this informed consent agreement.

Participant's signature Date

Witness' signature Date

Investigator's signature 
Date

Investigator's signature Date



University of North Texas

Office of Research Administration

March 9, 1990

Kris Chesky
1011 Avenue A
Denton, TX 76201

Dear Mr. Chesky:

Your proposal entitled "The Effects of Music Vibration on Pain
Perception Using the MVT," has undergone expedited review and has
been approved by the IRB under 45 CFR 46.110.

If you have any questions, please contact me at (817) 565-3946.

Good luck on your project.

Sincerely,

Peter Witt, Chair
Institutional Review Board

PW/tl

P.O. Box 5396 . Denton, Texas 76203-5396
817/565-3940 s FAX 817/565-2141 r INTERNET: RESEARCH@VAXB.ACS.UNT.EDU
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In accordance with the TCOM IRB policy on the protection of human subjects, the following action has been
taken on the above referenced protocol:

x
Protocol is approved as submitted.

Modified protocol is approved as submitted.

Amendment to the protocol is approved as submitted.

Based on the recently completed Periodic Project Review (IRB Form 4), protocol has received
continued approval through

Protocol has been approved, contingent upon the modifications stated below being incorporated.
Please submit one copy of the modified protocol to the Chairman of the IRB for review and
incorporation into the permanent IRB file.

Consideration of the protocol has been tabled pending resolution of the issue(s) stated below.

Protocol is disapproved for the reason(s) stated below.
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Institutional Review Board
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