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ABSTRACT 

The present study tested the effectiveness of relaxation as a 

treatment for muscle spasticity in spinal cord injury, using an ABAB 

single case experimental design. The subject was a 32-year-old female 

with a cervical spine injury. She was taught Wolpe's (1966) method of 

progressive relaxation which had been adapted for use by persons with 

paralysis. Spasticity was measured with an electromyograph while the 

subject was in relaxation and television control conditions. 

Spasticity levels tended to be lower in the relaxation phases. 

Spasticity in the first control phase was considerably higher than all 

subsequent phases; there was no return to baseline in the second 

control phase. These findings may have been due to a carryover effect 

of the relaxation intervention. Alternately, some factor other than 

the relaxation intervention may have caused the initial higher levels of 

spasticity. 
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CHAPTER 1 

INTRODUCTION 

For some individuals with spinal cord injury (SCI), muscle 

spasticity poses a significant threat to optimal health and 

independence. Previous studies have provided evidence of a relationship 

between emotional stress and increased spasticity in SCI, and other 

disorders affecting the nervous system (Boman 1971; Hohmann 1955). A 

large body of literature attests to the effectiveness of relaxation 

therapy in reducing other physical symptoms that are exacerbated by 

stress, such as hypertension and asthma (Blanchard, Andrasik, Neff, 

Teders, Pallmeyer, Arena, Jurish, Saunders, Ahles and Rodichok 1981; 

Grzesiak 1977; Sherman 1982; Woolfolk, Lehrer, McCann and Rooney 1982). 

Therefore, the focus of this investigation was to discover whether 

relaxation therapy could be used to reduce spasticity associated with 

SCI. 

Statement of the Problem 

In individuals with injury to the spinal cord at the cervical or 

thoracic level, some degree of spasticity is likely to develop below 

the level of injury (Yashon 1978). The term spasticity refers to a 

condition of exaggerated muscle tone, resistance to passive movement, 

and hyperactive reflexes. It is believed that spasticity results from a 

loss of inhibitory impulses from supraspinal centers that normally 

1 
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restrain spinal reflex activity. Without such restraints, minor 

stimuli, such as touching the skin or bending a joint, can cause massive 

reflex activity (Toth 1983). Often, spasms can occur in the absence of 

any discernible cause. 

Immediately following trauma to the spinal cord, a period of 

spinal shock occurs, which varies in duration from a few days up to 

three months. During this period, the affected muscles are flaccid and 

without reflex activity. Subsequently, spasticity begins and may 

continue to increase in severity for up to two years after the injury. 

Typically, the type of spasticity also changes during this period. 

Flexor spasticity is frequently the first to appear, but later extensor 

spasticity predominates (Merrltt 1981). The muscles of the lower 

extremities are usually affected to the greatest extent. By two years 

post injury, the type and severity of spasticity will stabilize (Toth 

1983). 

Stimulation to the affected area will cause an increase in 

spasticity above the individual's baseline. Examples of routine 

activities that frequently cause increased spasticity are dressing the 

lower extremities, and performing passive range of motion exercises. 

Additionally, stimuli that have a general impact on the human system, 

such as infectious processes or extremes in ambient temperature, will 

also result in increased spasticity. 

Mild spasticity may actually be used by the individual to 

facilitate independent activities, such as dressing and transfers. More 

severe spasticity, however, may be seriously limiting. Severe spasms 
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are often reported to be extremely painful, thus interfering with 

psychological well-being and rest. They may interfere with proper 

positioning in the wheelchair and in bed, leading to pressure areas and 

subsequent decubitus ulcer formation. Contractures may develop as a 

result of the difficulty in providing passive range of motion exercises 

to spastic extremities. Adequate perineal care may be nearly 

impossible with severe spasticity, thus leading to a greater incidence 

of urinary tract infection. Such complications can in turn increase the 

severity of existing spasticity, creating a vicious cycle (Yashon 1978). 

The disciplines of nursing, physical therapy, and medicine are 

concerned with minimizing the discomfort and functional compromise that 

result from uncontrolled spasticity. Nursing emphasizes the importance 

of establishing a basic regimen designed to prevent the occurrence of 

stimuli known to increase spasticity. This regimen includes bowel and 

bladder programs that provide for regular evacuation to prevent 

distention of the bowel or bladder. Tight-fitting clothing and adaptive 

equipment are avoided, as are extremes in ambient temperature. 

Maximizing the individual's mobility—with passive and active exercises, 

frequent turning while in bed, and sufficient time spent sitting up in a 

wheelchair every day—prevent complications of immobility that can 

contribute to spasticity. Initially, such a regimen is carried out by 

the nurse. As rehabilitation progresses, the nurse's goal is to 

gradually transfer responsibilities for these measures to the patient 

and his or her family. 
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Physical therapy uses techniques such as cooling and vibration 

that temporarily reduce spasticity so that passive exercises can be 

performed more effectively. Additionally, research is providing 

evidence that biofeedback can be helpful in inhibiting spasticity and 

-facilitating voluntary movement in extremities that are weakly 

innervated due to neurologic disease (Brudny, Rorein, Grynbaum, 

Friedman, Weinstein, Sachs-Frankel and Belandres 1976; Dunn, Davis and 

Webster 1980; Swann, van Wieringen and Fokkema 1974). Such advances 

may soon provide the practicing physical therapist with an additional 

means of reducing spasticity. 

If basic treatment fails to provide adequate relief of 

spasticity, more aggressive treatments are available. A variety of 

drugs have been used in the treatment of spasticity; those most 

frequently prescribed are diazepam (Valium), dantrolene sodium 

(Dantrium), and beta-(4-chlorophenyl) gamma-aminobutyric acid 

(Baclofen). Each of these drugs has proven useful in the management of 

spasticity in some individuals with SCI. All three, however, share the 

disadvantage of having side effects, such as sedation, that limit their 

usefulness. 

When it is not possible to control spasticity with the available 

drugs, invasive techniques may be employed. Phenol or alcohol may be 

injected into the subarachnoid space of the spinal cord, in order to 

destroy the nerve root innervating the spastic muscles, thus preventing 

nocioception of spasticity-inducing stimuli. This method remains 

controversial due to a number of complications that may result, 
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including scarring of the nervous tissue, and vascular thrombosis 

(Bishop 1977; Yashon 1978). Surgical rhizotomy, or surgical excision of 

the nerve root, is a relatively safe procedure but may provide relief 

for only a few months. More aggressive surgical interventions for 

spasticity are also performed, but in general, the more effective they 

are in eliminating spasticity, the greater the undesirable effects, such 

as loss of sensation and muscle mass (Merritt 1981). 

The above summary of current treatments reveals that for more 

severe forms of spasticity, treatment alternatives may be costly in 

terms of economics and health risks. If proven useful, relaxation 

therapy would be an attractive addition to the available interventions. 

It is relatively inexpensive and, after a brief training period, could be 

performed independently by the individual with SCI. Adverse reactions 

to relaxation therapy are uncommon and of low significance in terms of 

morbidity (Edinger and Jacobsen 1982). 

Purpose of the Study 

The purpose of this study is to determine whether relaxation 

therapy is useful as an adjunct in the treatment of muscle spasticity. 

Since its introduction as a treatment modality nearly fifty years ago 

(Jacobson 1938), a wide variety of psychological and psychophysiological 

disorders have been shown to respond favorably to various forms of 

relaxation therapy, including insomnia, facial tics (Jacobson 1967), 

hypertension (Sherman 1982; Shoemaker and Tasto 1975), migraine and 

tension headaches (Blanchard, Andrasik, Ahles, Teders and O'Keefe 1980; 

Cox, Freundlich and Meyer 1975), and general daily tension (Borkovec, 
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Grayson and Cooper 1978; Woolfolk, Lehrer, McCann and Rooney 1982). 

Due to the apparent link between emotional stress and increased levels 

of spasticity, it is reasonable to expect that spasticity has a 

psychophysiological component that is amenable to treatment with 

relaxation therapy. 

The state of "clinical relaxation" (Jacobson 1967) differs from 

ordinary rest in terms of greater relaxation of the skeletal muscles, 

and a lower level of overall physiological arousal. For this reason, 

the benefits that are obtained with this form of intervention exceed 

those that could be obtained by simply encouraging the client to allow 

for periods of rest during the day (Jacobson 1967). 

Hypothesis 

The following hypothesis was tested, using as a subject an 

individual with SCI who has spasticity that interferes significantly 

with functioning and/or comfort: 

The subject in an experimentally-induced state of relaxation will 
have decreased muscle spasticity as measured by electromyographic 
activity, compared to electromyographic activity of the same 
subject when not in a relaxed state. 

Significance of the Problem 

This study is significant in the attempt to provide data related 

to the effectiveness of a simple, readily available technique in 

alleviating a major source of suffering in the spinal cord injured 

population. It is believed that a sizable proportion of the estimated 

200,000 persons with SCI in the United States could benefit from such 

an intervention (Young, Burns, Bowen and McCutchen 1982). 
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This study should be of Interest to nurses in the numerous 

settings in which individuals with SCI are treated, such as 

rehabilitation and neurology units, outpatient clinics, and home care 

agencies. Nurses in all settings are responsible for teaching skills to 

their clients which will help them minimize or adapt to their 

disability. This study adds to the research base that is necessary to 

support nursing intervention. 

This study should be of particular interest to nurses and other 

professionals whose work relates to the interface between emotional 

states and physical disorders. It represents a contribution to the 

growing body of research that tests the effectiveness of psychological 

interventions in the treatment of physical disease. It is expected that 

much will be gained in understanding health and illness through 

research that recognizes the continual interaction between mind and 

body. 

Chapter Summary 

Muscle spasticity is a significant impediment to the health and 

well-being of many individuals with SCI. For those who have spasticity 

that remains problematic despite basic preventive treatment, the 

existing medical interventions may alleviate spasticity only at 

considerable expense in terms of financial cost, and health risks. As 

spasticity appears to increase as a result of emotional stress (Boman 

1971; Hohmann 1955), it is suggested that relaxation may be a useful 
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adjunct to basic preventive nursing management. This study investigates 

the effectiveness of relaxation therapy in reducing spasticity in 

persons with SCI. 



CHAPTER 2 

THEORETICAL FRAMEWORK AND REVIEW OF THE LITERATURE 

The theoretical framework guiding this study is presented in 

Figure 2.1. In the present chapter, each linkage in the model is 

discussed in detail, and pertinent literature is reported and discussed 

in light of its relevance to the study at hand. The model in Figure 2.1 

is summarized at the end of this chapter. 

Relaxation Physiological Arousal 

Relaxation Therapy Muscle Spasticity 

Progressive Relaxation 
Using Face, Neck, 
Shoulder and Upper 
Back Muscles 

^ Electromyographic 
Activity in Muscles 
With Spastic Paralysis 
due to Spinal Cord 
Injury 

Figure 2.1. Theoretical Framework 

Relaxation and Physiological Arousal 

The major authors offering theoretical interpretations of the 

relaxed state and its relationship to physiological arousal are: 

9 



Jacobson (1938, 1967); Wolpe (1958, 1966, 1982); Benson, Beary and Carol 

(1974); and Schwartz, Davidson and Coleman (1978). 

The use of relaxation in the treatment of stress-related 

medical and psychiatric disorders was pioneered in the 1920's and 1930's 

by Edmund Jacobson. According to Jacobson, clinical relaxation is 

characterized by full relaxation, or lengthening, of the skeletal 

muscles. He stresses the difference between the clinically relaxed 

state and the "ordinary rest" that occurs when an individual lies 

quietly in the prone position. While the resting individual may appear 

calm and relaxed, "microscopic" muscular tension continues (that is, 

tension not observable except through electromyographic readings). 

Because of this difference, only clinical relaxation is useful in the 

treatment of stress-related disorders such as insomnia, facial tics, 

asthma, and hypertension (Jacobson 1967). 

Jacobson's work is based on the assumption that the harmful 

effects of emotional stress can be alleviated by instruction in 

muscular relaxation. In order to justify this assumption, Jacobson 

discusses areas in the brain that provide a connection between 

emotional responses and physiological arousal (Jacobson 1967). These 

areas are located in the brain stem and the mid brain, which developed 

early in the human evolutionary process. The connection between 

emotion—specifically, fear—and physiological arousal, was adaptive in 

earlier periods, when the kinds of events that induced fear frequently 

necessitated a rapid physical response in order to preserve the life or 

well-being of the threatened individual. In modern times, however, the 



physiological changes associated with fear, such as increased heart 

rate, increased blood pressure, and dilation of the pupils, provide no 

advantage to the individual in dealing with the typical threatening 

event. In Jacobson's words, then, the purpose of instruction in 

relaxation is to "train the individual to stop this constant habit of 

alerting the primitive brain and therefore to control his emotional 

responses" (Jacobson 1967, p. 41). 

Jacobson reports that physiological changes consistent with 

decreased autonomic arousal occur when full muscular relaxation is 

achieved. Of particular relevance to the present topic is his 

observation that deep muscle reflexes, such as the knee-jerk reflex, 

are diminished. Muscle spasticity in the person with spinal cord injury 

is thought to be a type of reflex activity, and it would be reasonable 

to expect that spasticity would also diminish in relaxation, provided 

that a similar relationship exists between physiological arousal and 

reflex activity in spinal cord injury. 

In regard to the nature of relaxation and its relationship to 

physiological arousal, Wolpe states that the physiological correlates 

of anxiety are diametrically opposed to the physiological correlates of 

relaxation (Wolpe 1982). What happens in relaxation is the opposite of 

physiological arousal. In other words, one cannot be relaxed and 

anxious at the same time. Although this statement may sound trite, it 

is the basis for Wolpe's theory of reciprocal inhibition, which has 

important implications for the present study. 
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Wolpe's theory of reciprocal inhibition had its origin in studies 

where attempts were made to desensitize cats with laboratory-induced 

neurotic anxiety. It was found that the cats would more quickly 

unlearn their fear of a conditioned stimulus if they could be 

encouraged to eat in the presence of the stimulus. By beginning with 

having the cats eat in the presence of stimuli that evoked a mild fear 

response, and gradually progressing to the more potent stimuli, the 

cats lost their fear much more quickly than they would have without 

this intervention. Wolpe concluded that the anxiety response and the 

feeding response were incompatible in cats. In order to explain this 

finding, the following theory was proposed. The learning that occurs 

in the development of a conditional anxiety response creates a specific 

neural pathway. This neural pathway can be modified by eliciting a 

response that is incompatible to anxiety, such as eating, that competes 

for the same pathway (Wolpe 1958). The principle of reciprocal 

inhibition is stated as follows: 

If a response antagonistic to anxiety can be made to occur in the 
presence of anxiety-evoking stimuli so that it is accomplished by a 
complete or partial suppression of the anxiety response, the bond 
between the stimuli and the anxiety response will be weakened 
(Wolpe 1958, p. 71). 

The relaxed state is seen by Wolpe as a clinically useful 

response that is incompatible with anxiety in human adults, as the 

feeding response is incompatible with "anxiety" in cats (Wolpe 1958). 

The principle of reciprocal inhibition explains how progressive 

relaxation, a somatic technique, could be used to treat anxiety states 

which are, at least originally, psychological phenomena. If muscle 



spasticity is a physiological correlate of anxiety in the individual 

with SCI, it would follow that the principle of reciprocal inhibition 

could be used to reduce spasticity by teaching the individual to 

practice relaxation when spasticity increases from normal levels. 

Benson, Beary and Carol (1974) concur with Wolpe regarding the 

view of relaxation as a counterpart of the fight or flight response. 

Benson et al. emphasize that although relaxation is multidimensional, 

all the dimensions of the relaxed state vary together. For example, 

the autonomic changes that accompany relaxation occur as an integrated 

set of responses: if there is a decrease in the heart rate, there will 

also be a reduction in the respiration rate. Similarly, the autonomic 

changes will not appear without cognitive manifestations of the relaxed 

state. 

Benson et al. propose that four essential conditions are 

necessary to elicit the relaxation response. They are: (1) a mental 

device to focus one's attention on a constant stimulus, such as a 

mantra or a visualized object; (2) a passive attitude regarding 

distracting thoughts, allowing one to refocus on the mental device; (3) 

decreased muscle tonus; and (4) a quiet environment, so that potential 

distractions are minimal (Benson et al. 1974). 

From the viewpoint of Benson et al., it would seem that any 

relaxation technique would be as effective as any other in alleviating 

a given stress-related disorder. An opposing perspective is offered by 

Schwartz, Davidson and Coleman (1978). These authors propose that 

different modes of anxiety can be experienced to different degrees by 



an individual at a given time. In their discussion of the relaxed 

state, they separate cognitive and somatic aspects of relaxation, and 

suggest that relaxation techniques that are somatically oriented, such 

as Jacobson's technique, will be most beneficial for the person who 

tends to experience anxiety in the somatic mode. Individuals who 

experience predominantly cognitive anxiety are expected to benefit most 

from a cognitive technique, such as meditation. The differential 

reductions in anxiety resulting from the different techniques are 

thought to be superimposed upon a generalized relaxation response (as 

discussed by Benson et al.) that can be elicited with any effective 

technique. 

Relaxation and Relaxation Therapy 

From the previous section, it is apparent that in theory, the 

therapeutic use of the relaxed state is potentially helpful in 

counteracting the harmful effects of physiological arousal due to 

anxiety. In order to apply this knowledge, we must have methods of 

reliably inducing the relaxed state. This section will address research 

that relates to the effectiveness of two kinds of relaxation therapy 

techniques. Although many techniques have been developed, this 

discussion will be limited to progressive relaxation and meditation. 

These techniques are focused on for two reasons. First, they could 

easily be employed by nurses in a variety of settings. They require no 

special equipment, and the instructor does not need extensive training 

in order to effectively teach the techniques. They can be mastered by 

clients within a few training sessions. Second, these techniques have 



generated a significant amount of research that describes the 

physiological and psychological responses associated with the 

techniques in normal subjects and subjects suffering from cognitive 

and/or somatic manifestations, of stress. 

Meditation 

Transcendental Meditation (TM) was introduced in America by 

Maharishi Mahesh Yogi, of the Indian Yogi tradition. The basic 

technique in TM involves silently repeating to oneself a word or sound 

(known as a mantra). The meditator passively concentrates on the 

mantra, thus keeping other thoughts out of awareness. If another 

thought does enter into awareness, one simply refocuses on the mantra 

(Benson et al., 1974). Students of TM are taught a philosophical 

orientation and are advised to expect that certain benefits will be 

obtained from the regular practice of TM. These "extra" instructions 

that are provided in addition to the technique itself create 

difficulties for researchers attempting to isolate the effects of the 

technique. For this reason, Carrington (1978) developed Clinically 

Standardized Meditation (CSM), which provides instruction on the same 

basic technique, without philosophical teaching or any stated 

expectations. 

Wallace and Benson (1972) reported impressive physiological 

changes associated with the TM state, in their study of thirty-six 

practitioners of TM. Their subjects were Americans who had practiced 

TM for 1 month to 9 years, with most subjects having used the technique 

for 2 to 3 years. They reported a sharp decline in oxygen consumption, 



and smaller reductions In carbon dioxide elimination, respiration rate, 

and heart rate, as compared to quiet periods before and after 

meditation. Skin resistance to electric current increased during 

meditation, and blood pressure tended to remain consistently low. The 

authors noted that the meditative state was different from sleep in 

that decreases in physiological arousal occur more rapidly in 

meditation, and in the kinds of EEG patterns that occur. Generaliz-

ability of these findings may be limited by the fact that the subjects 

were already TM practitioners at the time they were recruited for the 

study, and may have represented a population with unique 

characteristics^ The study has also been criticized for a failure to 

provide sufficiently restful conditions under which to record baseline 

data, thereby accentuating the difference between physiologic measures 

taken in the baseline and meditative conditions (Warrenburg, Pagano, 

Woods and Hlastala 1980). 

A review of literature on TM studies by Woolfolk (1975) reports 

equivocal findings regarding the physiological correlates of meditation. 

Among the studies reviewed, the most consistent findings reported were 

a decreased rate of respiration, an initial increase in alpha brain wave 

activity, and increased stability of higher levels of skin resistance to 

electrical current following stress-induced and spontaneous 

fluctuations. These changes are consistent with decreased 

physiological arousal. 



Progressive Relaxation 

Progressive relaxation was developed by Jacobson (1938), and 

modified by Wolpe (1966). During the training, the person is instructed 

to tense, and then relax, different muscle groups, and note the 

different sensations caused by tension and relaxation. With practice, 

the person learns to identify the presence of small amounts of 

muscular tension and is able to relax to the point where muscular 

tension is virtually eliminated (Jacobson 1967). Whereas Jacobson spent 

months instructing his patients in the technique, Wolpe shortened the 

training period considerably, finding that five to seven sessions were 

adequate to teach the technique (Wolpe 1958). 

In a 1970 study on the physiological effects of progressive 

relaxation, Edelman randomly assigned forty male college students to 

one of four treatment categories. The first group received taped 

instructions in progressive relaxation; the second group heard only the 

suggestions to relax that were included in the progressive relaxation 

tape; the third heard only the instructions for skeletal movement that 

were included on the progressive relaxation tape; and the fourth group 

listened to semi-classical music. Readings of blood pressure and heart 

rate were taken during the treatment session. These data did not show 

any significant treatment effect for any of the measures. This finding, 

however, must be interpreted in light of the fact that the relaxation 

training consisted of only one session—the one during which the 

measures were taken. 
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A study using overly tense college students (Borkovec, Grayson 

and Cooper 1978) employed a nine-session training period for progressive 

relaxation, using tape-recorded instructions. Subjects learning the 

traditional progressive relaxation method were compared with a second 

group, who heard the same taped instructions, except for the directions 

to first tense and then release the muscles. Recordings of heart rate, 

respiration rate, and frontalis EMG levels were taken for each subject 

at the first, seventh, and ninth treatment sessions. At these times, 

the subjects also responded to questionnaire items concerning the 

percent of time they felt tense, and the severity of the tension they 

were experiencing. In order to produce a counterdemand situation, the 

subjects in the two treatment groups were told not to expect any 

changes in tension levels until after the seventh session. A third 

group of subjects was given a medication placebo. 

No treatment effects were found for the physiological measures 

tested. During the counterdemand period, however, subjects in the 

traditional tension-release group reported feeling tense a smaller 

percent of the time than did the other groups. In the positive demand 

period, both treatment groups, when taken separately or combined, 

reported a lower percent of time tense and a lesser severity of 

tension, compared to the group receiving the placebo. There were no 

significant differences between the tension-release group and the other 

relaxation group in the positive demand period. In summary, this study 

fails to provide evidence that the use of progressive relaxation 
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results in a reduction in level of physiological arousal, although 

subjective improvement did occur. 

Cox, Freundlich and Meyer (1975) studied the effectiveness of 

progressive relaxation versus biofeedback in the treatment of tension 

headache. The problem of tension headache is similar to severe muscle 

spasticity in that both are painful conditions due to prolonged 

involuntary skeletal muscle contraction. In this study, twenty-seven 

subjects who suffered from tension headaches were divided into three 

groups: one group received auditory feedback for frontalis EMG tension 

in eight twice-weekly sessions; the second group received training in 

progressive relaxation over the same period of time; and the third 

group received a medication placebo during individual sessions on a 

weekly basis. Headache activity was measured by hours headache was 

experienced, weighted by a severity rating. It was found that 

progressive relaxation was equivalent to biofeedback in the alleviation 

of tension headaches, and that both treatments were superior to the 

medication placebo. 

Meditation versus Progressive Relaxation 

Several well-designed studies compare the effects of meditation 

and progressive relaxation. Uarrenburg, Pagano, Woods and Hlastala 

(1980) conducted a study to compare physiological measures of 

relaxation in long-term practitioners of TM, long-term practitioners of 

classical progressive relaxation, and persons who were enrolled in a 

progressive relaxation training course at the time of the study. 

Subjects in each group were monitored in three conditions: a treatment 



condition where they practiced their relaxation technique; sitting 

quietly with eyes closed, without practicing the technique; and reading 

from a travel book propped in front of them. Physiologic measures 

taken during each condition were frontalis EMG, electrooculogram (EOG), 

heart rate, electroencephalogram (EEG), respiration rate, and two other 

measures of respiratory effort. The findings indicated that during the 

treatment conditions, each group showed small reductions in the 

measures of physiological arousal, as compared to the control 

conditions. The types and magnitudes of the reductions were, by and 

large, similar for all groups. It was observed, however, that the 

long-term progressive relaxation group tended to have lower levels of 

physiological arousal across all conditions. Two possible explanations 

were offered for this finding. First, lower levels of arousal may 

result from training to identify excessive muscular tension as it 

occurs during daily activities, and to use this tension as a cue for the 

employment of the relaxation technique. Alternatively, or perhaps 

additionally, the findings may be taken to support Schwartz et al.'s 

(1978) theory that progressive relaxation, due to its somatic focus, 

would be superior to TM in reducing somatic anxiety. 

There is some evidence that the specific physiological patterns 

produced by the different techniques emerge as the person attempts to 

relax under stressful conditions. In a study by Lehrer, Schoicket, 

Carrington and Woolfolk (1980), physiologic activity under stressful 

conditions was measured in three groups. The first group of subjects 

had received training In progressive relaxation; the second group was 
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trained in Clinically Standardized Meditation (CSM), and the third group 

of subjects served as a control. Subjects in each group were 

instructed to relax as deeply as possible, while anticipating loud 

noises. Under these conditions, differences in physiological response 

patterns emerged between the two treatment groups. Subjects in the 

CSM group had higher heart rates, but following the noise, their heart 

rates tended to decelerate and return to baseline more rapidly. The 

CSM group also had higher levels of frontalis EMG activity, but 

reported fewer symptoms of cognitive anxiety, compared to the other 

groups. The progressive relaxation group reported more sensations of 

muscular relaxation, such as heaviness, but also exhibited some 

symptoms of hyperventilation. 

In a subsequent study (Lehrer, Woolfolk, Rooney, McCann and 

Carrington 1983), persons complaining of anxiety were recruited as 

subjects and taught CSM or progressive relaxation. A "waiting list" 

control group was also used. Each subject was monitored while relaxing 

as much as possible under stressful conditions (anticipating loud tones, 

and watching a movie depicting serious accidents resulting from the 

improper use of power tools). Again, the CSM group demonstrated faster 

heart rate deceleration following the loud tones. It was suggested 

that this finding results from the training in meditation to passively 

accept stimuli as they occur, instead of defending against them. Addi

tionally, it was found that forearm EMG levels increased in the 

meditation and control groups with each accident depicted in the movie, 
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while subjects in the progressive relaxation group maintained low EMG 

levels. 

The above findings suggest that the different relaxation 

techniques discussed do impact differently on somatic and cognitive 

reactions to stress. Although additional research in this area is 

necessary, there is enough evidence to suggest that it may be useful to 

select a relaxation technique on the basis of the particular 

constellation of anxiety symptoms demonstrated by the individual. 

Physiological Arousal and Muscle Spasticity 

A relationship between emotional arousal and muscle spasticity 

is frequently observed by clinicians, and for this reason, maintaining a 

relaxed, supportive environment is recommended as a basic preventive 

nursing measure (Errey 1981; Hohmann 1955; Toth 1983). It is proposed 

that in the person with SCI, the heightened spasticity observed in 

emotional arousal could be considered a component of the physiological 

arousal that occurs in response to emotional arousal. There is little 

research that examines the relationship between emotional and/or 

physiological arousal and spasticity. The research that has been done, 

however, supports the existence of a positive relationship between 

these variables. 

Boman (1971) studied the effect of emotional stress on muscle 

spasticity and rigidity using subjects with a variety of neurological 

disorders. Of eighteen subjects, one had spasticity due to an injury to 

the cervical spine. Others had spasticity due to multiple sclerosis, or 

from a previous episode of myelitis. Subjects were tested while 
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sitting in a chair that allowed the legs to swing freely* Knee jerks 

were elicited with a mechanical device that delivered taps to each knee 

at the rate of 120 to 180 taps/hour/leg. The knee jerks elicited were 

analyzed for amplitude (degrees of upward deflection on the first 

swing), and swinging time (time in seconds from the beginning of the 

movement until the leg returns to its original position). A stress 

response was induced by requiring the subject to do hard mental 

arithmetic in a competitive atmosphere, until evidence of physiological 

arousal occurred (increased heart rate and blood pressure). Resting 

periods preceded and followed the stressful condition. 

Unfortunately, Boman does not report the results of this 

experiment separately for the subject with SCI—the data is included 

with the results from four others with different neurologic disorders. 

In this group, there was a significant increase in jerk amplitude during 

the stressful condition in 80 percent of the recordings taken. Swinging 

time did not change significantly. 

Previous research by the same author (Boman and Kovalo 1968) 

suggests that persons without neurological disorders, when placed under 

stressful conditions, had reflex patterns indistinguishable from those 

of persons with mild spasticity. In discussing the implications of 

these studies, Boman concludes that in normal persons and in persons 

with spasticity, emotional arousal appears to influence the gamma 

regulating system, increasing reflex activity. He further suggests that 

this Influence may exist as a result of neural connections between the 
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limbic system, which is concerned with emotion, and centers regulating 

striated muscle activity (Boman 1971). 

A study by Hohmann (1955) looks at the effect of stress on 

muscle spasticity in twelve veterans with anatomically complete spinal 

cord lesions between the fourth and tenth thoracic vertebrae. Each 

subject was monitored under four conditions on four separate days. The 

order in which the conditions were presented was determined by a 4 x 4 

Latin Square design. The four conditions employed were: (1) electric 

shock, (2) oxygen deprivation, (3) pain induced by placing a hand in cold 

water, and (4) suggested relaxation. Each stimulus was preceded by a 

9-minute resting period, and followed by an 18-minute resting period. 

Measures of physiological arousal were recorded every 3 minutes prior 

to the stimulus, immediately after the stimulus, and every 3 minutes 

after that. The measures taken included heart rate, blood pressure, 

skin temperature, palmar skin conductance, and respiration rate. 

Initial inspection of the data indicated that changes in 

systolic and diastolic blood pressure appeared to relate most 

meaningfully to changes in muscle spasticity. These relationships were 

therefore subjected to further statistical analysis. It was found that 

immediately following each stimulus, including suggested relaxation, 

there was a statistically significant increase in mean systolic and 

diastolic blood pressures, from 0 to 3 minutes following the stimulus. 

During the same period, there was a statistically significant decrease 

in the mean level of spasticity. For the period of 6 to 18 minutes 

following the shock, pain, and oxygen deprivation stimuli, there was a 



significant increase in spasticity over resting levels, while systolic 

and diastolic blood pressure returned to resting levels. Data from the 

suggested relaxation condition were analyzed separately, as the 

variance was too great to combine this condition with the others. A 

similar pattern was found in the "relaxation" condition for this period. 

The finding that suggested relaxation appeared to act as a 

stressful stimulus was not expected. Hohmann suggests that a learned 

response may account for the finding, as most of the subjects had had 

experience leading them to expect noxious stimulation following the 

initial resting period. 

The results of this study suggest that physiological arousal is 

associated with an initial decrease in spasticity, followed by an 

increase in spasticity over the baseline. As an explanation of this 

pattern, Hohmann suggests that the sympathetic activity that 

immediately follows stressors may lead to a decrease in spasticity, and 

that the subsequent increased spasticity is related to a period of 

overcompensation by the parasympathetic nervous system. 

Relaxation Therapy and Muscle Spasticity 

A search of the literature yielded no reports of research 

looking at the effect of relaxation therapy on muscle spasticity in 

persons with SCI. One study was found on the effect of relaxation on 

persons with spastic quadriplegia due to cerebral palsy (Ortega 1978). 

In this study, four subjects were taught progressive relaxation with 

taped instruction and were given a test for speed and coordination of 

the fingers and hand, immediately following relaxation sessions. This 



test was used as a measure of the degree of functional Impairment due 

to muscle spasticity, as it was assumed that overly tense (spastic) 

muscles impede the speed and coordination of movement in this 

population. It was found that there was an overall performance 

improvement of 24 percent in the tests that were given following the 

relaxation sessions. The improvement was sustained in a follow-up 

assessment 3 weeks after the completion of the initial testing. 

Although Ortega's study supports a negative relationship 

between relaxation therapy and muscle spasticity, the lack of other 

research in this area makes the support of this linkage quite weak at 

this time. The best support for the relationship at present is 

indirect, through the more substantiated, negative relationship between 

relaxation therapy and physiological arousal, and the evidence that 

muscle spasticity is a component of physiological arousal. 

A number of studies have investigated the use of EMG 

biofeedback in the reduction of muscle spasticity in persons with a 

number of neurologic disorders, including SCI (Amato, Hemsmeyer and 

Kleinman 1973; Brudny, Korein, Grynbaum and Belandres 1976; Cataldo, 

Bird and Cunningham 1978; Dunn, Davis and Webster 1983; Jones, Massong 

and Buckley 1983; Swaan, Van Wirengen and Fokkema 1974). On the whole, 

these studies support the clinical usefulness of biofeedback in reducing 

spasticity through muscular reeducation. The person uses biofeedback 

on the activity of weakly innervated muscles, to facilitate the 

development of greater control over undesired movement. It can be 

seen that EMG biofeedback and relaxation therapy approach the problem 
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of spasticity in different ways: while biofeedback seeks to directly 

counteract spasticity through increased muscle control, it is suggested 

that relaxation therapy will inhibit spasticity through reducing overall 

physiological arousal. The two methods are similar, however, in that 

both suggest that cognitively-mediated techniques can be employed to 

gain some degree of control over "involuntary" spastic activity. 

Progressive Relaxation Using Face, Neck, Shoulder, and Upper 
Back Muscles as a Relaxation Therapy Technique 

The technique to be used in operationalizing relaxation in this 

study was selected on the basis of (a) the nature of the problem to be 

treated, and (b) functional limitations of the target population. 

Earlier in this chapter, the theoretical position of Schwartz et 

al. (1978) was introduced. These authors argue that for persons who 

have predominantly somatic symptoms of anxiety, a relaxation technique 

with a primarily somatic orientation would be more effective than a 

primarily cognitive technique. There is beginning evidence that 

progressive relaxation, a somatic technique, is superior to meditation, 

a cognitive technique, in inhibiting somatic symptoms of anxiety under 

stressful conditions (Lehrer et al. 1980, 1983). Based on theoretical 

and empirical considerations, it is suggested that progressive 

relaxation may be superior to meditation in reducing spasticity. 

Some practical considerations favor progressive relaxation as 

well. It is easily taught by nurses in a variety of settings, as noted 

previously. And unlike practitioners of meditation, persons using 

progressive relaxation can be taught to use muscle tension as a cue to 



employ the technique while involved in daily activities. In order to 

practice meditation, one must physically and mentally withdraw from 

activities. This difference is highly relevant for the person with SCI 

who is trying to manage spasticity while remaining as active and as 

independent as possible. 

The major difficulty with the use of progressive relaxation by 

persons with SCI is that these individuals are unable to perform the 

tension-release cycles in parts of the body where the major muscles 

are paralyzed. For this reason, modification of the technique is 

necessary. Instead of introducing a new group of muscles in each 

session, the relaxation training sessions employed in this study will 

consist of repeated practice in the relaxation of the muscles of the 

face, neck, shoulders, and upper back. Persons who have an intact 

spinal cord above the level of the sixth cervical vertebra will be able 

to perform the movements that Wolpe (1966) describes for the tension-

release cycles in these areas. The assumption must be made that the 

use of the modified technique in persons with SCI will result in a 

reduction in physiological arousal similar to that found with the use 

of the complete technique in other populations. 

Electromyographic Activity as a Measure of Muscle Spasticity 

Electromyography is a means of measuring the electrical 

activity associated with the contracting muscle. An electrical 

potential is created within the muscle when the membrane of a muscle 

fiber is depolarized following an impulse from the motoneuron, which 

leads to contraction of the muscle fiber. Electromyographic (EMG) 



activity reflects the number of muscle fibers contracting, and the 

frequency of contraction. The amount of EMG activity is directly 

related to the degree of mechanical tension exhibited by the muscle 

(Basmajian 1978). Methodological considerations in the use of EMG data 

will be discussed in Chapter 3. 

Previous studies have used a number of methods in employing 

EMG data to evalute the effects of treatments on spasticity (Basmajian 

and Super 1973; Basmajian and Szatmari 195, cited in Basmajian, 1978; 

Dunn, Davis and Webster 1980). Using a single subject design, Dunn et 

al. used integrated readings of EMG activity at 2 minute intervals to 

assess the effectiveness of auditory biofeedback in decreasing spasti

city. A similar design should provide useful data for the present 

study. 

The Effect of Progressive Relaxation on the Electromyographic 
Activity of Spastic Muscles 

The purpose of this study is to determine the effect of 

relaxation therapy on muscle spasticity in persons with spinal cord 

injury. No previous studies have been located that address this 

purpose. Additionally, no studies have attempted to use progressive 

relaxation with persons that are unable, due to neuromuscular disorder, 

to perform all of the tension-release cycles advocated by Wolpe (1966). 

Ortega (1978) used progressive relaxation to decrease spasticity in four 

persons with cerebral palsy, but apparently his subjects were able to 

follow instructions without any modification of the technique. 
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The only study found that used any form of relaxation therapy 

for persons with SCI was by Grzesiak (1977). In this report, four case 

studies were presented of persons with SCI who suffered from disabling 

chronic pain. The method of relaxation used was developed by French 

and Tupin (1974), and consisted of focusing on each body part and 

relaxing it to the greatest extent possible and then imagining a 

pleasant scene. Three of the four cases reported experienced a signif

icant reduction in their symptoms with this technique, suggesting that 

the technique was effective in inducing relaxation for these 

individuals. On the basis of theoretical and practical considerations 

discussed earlier, however, this technique is felt to be inappropriate 

for the purpose at hand. An additional reason that this technique has 

not been adopted for the present study is that due to the dual nature 

of the technique, it could not be determined whether any positive 

response was due to the somatic relaxation component, the imagery 

component, or the combination. 

Definition of Terms 

The following definitions of key words and phrases were used in 

the design of the study: 

Electromyographic Activity. The amount of electrical activity, in 

microvolts, generated by the contraction of a muscle or muscle group, 

as measured by an Autogen 1700 Feedback Myograph. 

Muscle Spasticity. Involuntary muscle contractions occurring as a 

result of a disturbance in neurological functioning, manifested by 



uncontrollable movements, exaggerated muscle tone, resistance to 

passive movement, and hyperactive reflexes. 

Physiological Arousal. The degree to which the sympathetic nervous 

system is activated, as manifested by Increased heart rate, respiration, 

and blood pressure, and decreased skin resistance to electric current. 

Progressive Relaxation. A relaxation technique first developed by 

Jacobson (1938), and modified by Wolpe (1966). The individual is taught 

to increase control over the degree of muscle tension in the body, 

through tensing and then relaxing various muscle groups, and identifying 

the feelings of tension and relaxation. 

Relaxation. A state characterized by complete lengthening of the 

skeletal muscles, diminished deep muscle reflexes, and a low level of 

physiological arousal (Jacobson, 1967). 

Relaxation Therapy. The application of a technique designed to induce a 

state of relaxation for therapeutic benefits. 

Spinal Cord Injury (SCI). Trauma to the spinal cord resulting in an 

absence of voluntary movement in the muscle groups that are innervated 

by portions of the spinal cord at or below the level of injury. 

Chapter Summary 

Clinical relaxation is characterized by complete relaxation of 

the skeletal muscles, which does not occur in ordinary rest (Jacobson, 

1967). The state of clinical relaxation can be conceptualized as being 

diametrically opposed to the physiological arousal that occurs during 

emotional stress (Benson et al. 1974; Wallace and Benson 1972; Wolpe 

1982). Progressive relaxation and meditation are two techniques that 
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have been shown to promote relaxation and reduce physiological arousal. 

It appears that the differential effects of these techniques may emerge 

under conditions of stress. Under stressful conditions, the research 

suggests that persons practicing progressive relaxation are better able 

to maintain low levels of muscular tension (Lehrer et al. 1980, 1983). 

Empirical observations point to a relationship between physio

logical arousal and muscle spasticity in the spinal cord injured person 

(Boman 1971; Errey 1981; Hohmann 1955; Toth 1983). It is proposed that 

progressive relaxation may provide for the person with SCI a means of 

preventing or minimizing the increases in spasticity that are associated 

with physiological arousal. 

A modified version of Wolpe's (1966) progressive relaxation 

technique was taught to the subjects in this study. Modification was 

necessary because the person with SCI is unable to voluntarily tense 

muscles that are below the level of injury. Instead of being taught by 

working on a different group of muscles during each session, the 

subject focused on the muscles of the face, neck, shoulders, and upper 

back during each training session. Once the technique was learned, the 

effect of relaxation on muscle spasticity was determined by assessing 

the amount of EMG activity in the spastic muscle group during 

relaxation versus a control state. 



CHAPTER THREE 

METHODOLOGY 

This chapter describes the methodology used to test the 

following hypothesis: The subject in an experimentally induced state 

of relaxation will have decreased muscle spasticity as measured by 

electromyographic activity, compared to electromyographic activity in 

the same subject when not in a relaxed state. 

Study Design 

In this study, an ABAB single case experimental design was used 

(Barlow and Hersen, 1984). As the single case design is a relatively 

new addition to experimental research designs, it will be described 

here in some detail, and compared with the more frequently encountered 

between-group method. 

In describing the essential characteristics of the single case 

experimental design, three basic characteristics can be isolated. 

First, this design requires that there be repeated measurement of a 

target behavior that one attempts to increase or decrease through a 

specified intervention. In this case, the target behavior was 

spasticity, which was measured by EMG readings. Progressive relaxation 

is the intervention that was tested for its ability to decrease 

spasticity. Repeated measurement of the target behavior occurs while 
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the individual subject is tested in control phases altering with 

intervention phases. 

Second, the individual subject in this design serves as his or 

her own control. Conclusions about the effectiveness of the 

intervention in altering the target behavior are made by comparing the 

behavior manifested by the subject in the control versus intervention 

conditions (Kazdin, 1982a). This contrasts with the between-group 

approach, where the response of a group that receives the intervention 

is compared to a second group that does not receive the intervention. 

Finally, in order to be considered an experimental design, the 

subject must be reverted back to a control phase after the intervention 

has been instituted. A single case study beginning in a control phase, 

proceeding to intervention, and withdrawing the intervention to provide 

a second control phase is known as an ABA design (A is used to 

designate a control phase, and B an intervention phase). By noting the 

effects on the target behavior of withdrawal of the intervention, more 

substantial evidence on the controlling effect of the intervention is 

provided. 

Barlow and Hersen (1984) note that although the ABA design is 

considerably more powerful than unsystematic case studies or AB 

studies, some important limitations remain. In certain cases, one must 

consider the ethical repercussions of ending the experiment in a 

control phase. This issue must be explored when the evidence suggests 

that the intervention has some significant benefit for the subject that 

can't be reproduced without the assistance of the investigator. An 
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additional concern is that there is a possibility that a change in the 

target behavior during the B phase may reflect cyclical changes in the 

target behavior, or other changes that do not reflect the properties of 

the intervention. 

Extending the ABA design to include a final B phase strengthens 

the design considerably by addressing the limitations just noted. The 

ABAB design (Figure 3.1) provides a stronger opportunity to show any 

controlling effects of the intervention by providing two separate 

examples of the subject's response to the intervention. The ABAB 

design is considered to be a sound experimental design capable of 

providing convincing evidence regarding the effect of an intervention on 

a given target behavior (Barlow and Hersen, 1984; Kazdin, 1982b). 

Advantages of the Single Case 
Experimental Design 

The nature of the single case experimental design gives it 

special relevance for an applied discipline such as nursing. Nurses are 

often concerned with modifying health-related behaviors of individuals. 

As Kazdin (1982a) points out, it can be difficult for practicing 

clinicians to make judgments concerning the usefulness of interventions 

for their individual clients, based on statistical differences found 

between groups. An intervention may show a small but statistically 

significant effect in a between-group study when in fact it is of little 

use clinically. On the other hand, it is possible for an intervention 

that has a dramatic effect on certain individuals to make a poor 

showing in between-group research, when the same intervention causes no 
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Control Control 

Figure 3.1. ABAB design: an example of a single case 
experimental design. 
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change or deterioration in other individuals in the groups studied. In 

single subject research, the clinical significance of the effect of the 

intervention receives much greater emphasis. This is especially true 

when visual inspection of the data in graph form is the criteria for 

determining whether the data supports the hypothesis, because visual 

inspection generally demands that there be a greater difference between 

levels of the target behavior in the control versus intervention 

conditions than do tests of statistical significance (Barlow and Hersen, 

1984). Due to this emphasis on cliniclly significant changes, single 

subject designs have the potential of narrowing the gap between 

research and practice in applied disciplines. 

An obvious advantage in single case designs is that they provide 

a means by which quality research can be done when, as so often 

happens, a large population of individuals with the problem to be 

studied is not available to the researcher. Single subject designs can 

maximize the amount that can be learned from the subject or subjects 

that are available for study (Kazdin, 1982a). In this way, single case 

experimental designs can be a practical way of providing sound evidence 

on which to base future research and practice. 

Another advantage of single case designs is that they use the 

variability inherent in human behavior to the advantage of the study. 

The variability present in the behavior of the subject is highlighted 

and used as data. Single subject designs can also be more flexible 

than group designs in systematically altering the intervention employed 

in order to track down sources of variability. Group designs do not 
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benefit from the variability found between subjects in the same 

experimental group. The more varied the group, the less adequate it is 

for experimental purposes. In group designs, variability is an 

undesirable but unavoidable factor; it is handled by arranging 

experimental conditions and data analysis methods so that inferences 

from the data can be made with a certain level of confidence that the 

results are not due to uncontrolled variation (Barlow, Blanchard, Hayes 

and Epstein, 1977; Barlow and Hersen, 1984). 

Disadvantages of Single Case 
Experimental Designs 

The issue of generalizability of findings is a major concern in 

single case designs. It is well known that interventions that are 

highly effective for one individual may be ineffective for others, for 

reasons that are not always clear. Therefore, an intervention that 

shows a positive effect on one individual in a single case study will 

need to be tested on other subjects before enough information is 

available to make a sound judgment on generalizability of the findings. 

This can be done through replication of the single subject design, or 

through between-group comparison. 

Kazdin (1982a) suggests that findings obtained in single case 

experiments are often quite generalizable, due to the kinds of 

interventions that tend to be studied using this approach. In order for 

an intervention to appear potent in visual inspection of a graph such as 

the one seen in Figure 3.1, the intervention must be one of considerable 

power, as discussed earlier. Interventions that show positive results 
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in the challenging single case design are likely to be those that also 

have a high degree of generalizability. The fact remains, however, that 

even dramatic effects in one individual do not assure generalizability. 

Another important limitation of single case designs is the fact 

that the effect of the intervention often lingers on after the 

intervention has been withdrawn. This phenomenon is known as the 

carryover effect. If the beneficial effects of the intervention linger 

into the second control (A) phase, this effect can lead to difficulty in 

determining whether the intervention was actually responsible for the 

change, since evidence of effectiveness lies in the ability to 

demonstrate a controlling effect as the treatment is instituted and 

withdrawn. There is an apparent conflict, then, between the goal of 

the single case researcher, who wants to see the target behavior return 

to or approach the original baseline level when the intervention is 

withdrawn, and the clinician, who hopes that benefits obtained from the 

intervention will continue past the treatment period. As Kazdin points 

out, however, it is possible to reduce this conflict by working on ways 

in which the intervention can be incorporated into the everyday life of 

the subject (Kazdin, 1982b). 

Length of Phases 

There is some disagreement among authorities on single case 

methodology concerning how long each intervention and control phase 

should be, and how the length of phases should be determined for a 

given study. According to Kazdin (1982b), the specific number of 

sessions in each intervention and control phase is usually not 



determined in advance of the investigation. Kazdin states that the 

number of sessions in each phase should be as many or as few as it 

takes until, in the judgment of the researcher, a stable pattern has 

emerged. In general, longer phases are recommended if there is a high 

degree of between-session variability within a phase, or when there is 

evidence of a trend in the data that makes prediction of future 

performance difficult. For example, if there is an unexpected 

improvement in the target behavior in the initial control (A) phase, it 

would be difficult to determine whether continued improvement in the 

intervention (B) phase would have occurred if the intervention had not 

been instituted. 

Some studies have set criteria to determine when enough 

stability was present in one phase to allow them to move on to the 

next phase. This technique was used, for example, in a study using an 

ABAB design to test the effectiveness of an operant conditioning 

strategy in modifying the heart rate of two subjects (Scott, Peters, 

Gillespie, Blanchard, Edmunson and Young, 1973). Phases in this study 

were continued until three consecutive sessions had less than 15 per 

cent variability. In other words, the mean heart rate for each of 

three consecutive trials had to be within 7.5 per cent of the mean of 

the last three sessions combined (current session included). Using this 

criterion, the length of phases ranged from three to twenty-three 

sessions. 

Barlow and others (Barlow, Blanchard, Hayers and Epstein, 1977; 

Barlow and Hersen, 1984) argue for the desirability of having phases 



that are uniform in length throughout the study. These authors feel 

that uniform lengths will help to assure that any cyclical variation 

due to factors other than the intervention under study will be detected 

and attributed to their proper cause. They concede, however, that 

uniform length may not be attainable due to ethical, procedural, or 

parametric considerations that may justifiably take priority over this 

goal, particularly when the study deals with relatively unexplored 

phenomena. 

In contrast to this view, Kazdin (1982b) puts uniform length of 

phases at a low priority for ABAB designs, pointing out the unlikelihood 

that any cyclical variations in the target behavior would coincide with 

the length of phases through four changes in conditions. Kazdin writes: 

Phases of equal duration do not necessarily strengthen the design. 
In fact, if duration is given primacy as a consideration, ambiguity 
may be introduced by altering or waiting to alter conditions when 
data patterns are unclear or clear. (Kazdin, 1982b, p. 271) 

In light of the above considerations it was decided that the 

length of phases in this study will be determined by preset criteria, in 

order to assure that interpretation of the data would not be 

excessively clouded by within-phase variability. This emphasis on 

assuring relatively low variability over uniform length of phases was 

considered appropriate because of the large number of factors that can 

influence spasticity—factors that cannot be completely controlled for 

in the experimental design (see Chapter One). For this purpose, the 

formula used by Scott et al. (1973) was adopted. Each intervention and 

control phase will continue until, in three consecutive sessions, the 
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mean EMG level in the latest session is within 7.5 percent of the mean 

of the last three sessions combined. 

In order to assure that the length of phases would not become 

so long that they would prolong data collection past the time 

limitations of the investigator and subject, a limit of ten sessions per 

phase was set. In this way, the length of the phases can range from 

three to ten sessions, depending on the stability of the data. Keeping 

the length of the phases relatively short may have the additional 

advantage of limiting the carryover effect (Barlow and Hersen, 1984). 

Procedure 

Description of the Method of 
Instruction in Relaxation 

The initial explanation of progressive relaxation given to the 

subject was done according to the method described by Paul (1969), with 

some minor changes in wording to make the explanation appropriate for 

this study. Appendix B shows the way in which the technique was 

described. 

In an analysis of 25 studies that investigated the physiological 

effects of progressive relaxation, Borkovec and Sides (1979) found that 

studies that did show treatment effects differed significantly from 

studies that failed to show such effects, in two procedural variables. 

The authors found that the studies with positive results used more 

relaxation training sesions (an average of 4.57 sessions), and used live 

versus taped instructions. The authors suggest that the apparent 

superiority of live instruction in decreasing physiological arousal may 



come from the fact that subjects receiving live instruction are often 

given control over the rate of progression from one muscle group to 

the next. 

The findings of Borkovec and Sides guided the way in which the 

present study was designed. The subject was taught the adapted 

technique in six live sessions over the course of two weeks. 

Progression from one muscle group to the next occurred only after the 

subject reported that the area currently focused on was completely 

relaxed. 

Appendix C shows the script that was used in relaxation 

training. In adapting from Wolpe (1966), the following changes were 

made: (1) all tension-release cycles that could not be performed by a 

person with a spinal cord injury at or below the sixth cervical 

vertebra were eliminated; (2) the amount of time spent on the remaining 

cycles was increased; and (3) instructions were rewritten so that 

subject control over the speed of progression to other muscle groups 

was provided. 

Method 

Criteria for Selection of the Subject. The following criteria 

guided the selection of the subject. 

(1) Injury to the spinal cord must have occurred at least two 

years ago. This criterion was included to minimize the chance of a 

change in the level of spasticity due to maturation (Toth,1983). 

(2) The spinal cord is intact above the level of the fifth 

cervical vertebra. This site was selected so that the subject would be 
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capable of voluntary control of muscles of the face, head, neck, and 

shoulders, to allow them to complete the tension-release cycles of the 

adapted relaxation procedure. This criterion made persons with injury 

to the cervical spine eligible for participation in the study. This was 

considered important because persons with cervical spine injuries 

comprise a large proportion of the population suffering from severe 

spasticity due to SCI (Young, Burns, Bowen and McCutchen, 1982). 

(3) The subject is not capable of any voluntary movement of 

the spastic muscle or muscle group from which EMG data would be 

obtained. This criterion was set so that there could be a high level 

of confidence that any positive effect seen with relaxation therapy was 

due to a decrease in physiological arousal, and not due to muscular 

reeducation. 

(4) The subject must have spasticity severe enough to cause 

vigorous, grossly observable movements of the legs. 

(5) The subject complains that the spasticity tends to continue 

even at rest. Criteria 4 and 5 were included to assure that the 

subject will have what could reasonably be called severe spasticity, 

and that some degree of spasticity will be present during the periods 

of data collection. 

(6) The subject is not currently practicing any relaxation 

technique. Preference was given to persons who have never regularly 

practiced any form of relaxation technique, but persons who have not 

practiced relaxation since the time of their injury will be considered 

acceptable. This criterion was set to minimize expectations based on 
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past experience, and to eliminate the chance of having any carryover 

effect such as that which was seen in long-term practitioners of 

progressive relaxation in the study by Warrenburg, Pagano, Woods, and 

Hlastala (1980). 

(7) The subject is not experiencing any new symptom suggestive 

of illness, such as a productive cough, fever, or cold symptoms. Most 

persons with SCI have chronic mild urinary tract infections from 

catheterization, so subjects were not excluded on the basis of symptoms 

suggestive of urinary tract infection, such as cloudy urine. 

(8) Other than spinal cord injury, the subject does not have 

any chronic physical condition, such as epilepsy or asthma. Criteria 7 

and 8 were set to control for the exacerbating effect of physical 

illness on spasticity. 

(9) The subject has a negative past history for any illness 

and/or surgery that may impact on the normal stress response, such as 

those affecting the autonomic nervous system or the endocrine system 

(Hohmann, 1955). 

(10) The subject is not currently taking any medication known 

to decrease spasticity. In the event that no individuals meeting this 

criterion were available, it was decided that, if necessary, a subject 

taking medication would be allowed, providing that the dosage taken 

remained the same throughout the period of data collection, and that 

the spasticity remained severe enough to meet criteria 4 and 5. 

Potential subjects for this study were referred through the 

Disabled Student Services Center at the University of Arizona, and 



through a physiatrist (a physician specializing in physical medicine and 

rehabilitation) practicing in Tucson. A screening interview was held 

with all referred individuals who expressed an interest in participating 

in the study. During this interview, the investigator made an 

assessment concerning whether the individual met the criteria for 

participation in the study. The checklist in Appendix A was used in the 

assessment process. A full explanation of the purposes and procedures 

was given to all potential subjects, and they were informed that a fee 

of one hundred dollars would be paid to the participant upon completion 

of the study, to compensate for the large amount of time the subject 

was asked to invest. This fee, along with other study costs, was paid 

through a research grant provided by the Paralyzed Veterans of America. 

Setting. Following the selection of the subject, all 

subsequent phases in the study was conducted at the home of the 

subject, while she was resting in bed. This setting was chosen because 

(1) the subject would be unable to fully relax the muscles of the head 

and neck while sitting upright in a wheelchair; and (2) transfers from 

wheelchair to bed in some other setting were judged to be too great a 

risk in terms of potential injury to the subject. Therefore, it was 

decided that the investigator will go to the home of the subject, at a 

time when the subject is normally resting in bed. 

The investigator met with the subject for three sessions each 

week throughout the course of the study. The meeting times were all 

at the same time of day, and remained the same from week to week. 
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Instructional Phase. The first two weeks (six sessions) were 

an instructional phase, when the subject learned the relaxation 

technique. The explanation in Appendix B was given to the subject 

during the first session. Following the explanation, the subject was 

led through the relaxation exercise, according to the script in Appendix 

C. The length of the exercise could range from 20 to 30 minutes, 

depending on the number of repetitions requested by the subject. After 

the relaxation exercise ended, the subject was asked to describe the 

feelings that she experienced during relaxation. In the unlikely event 

that the subject experienced any severely distressing responses, such 

as acute anxiety related to disturbing sensations or thoughts, the 

subject would be excused from participation in the study. If any 

puzzling or mildly disturbing thoughts or sensations occur, the subject 

would be reassured, and monitored for similar responses in subsequent 

sessions (Edinger and Jacobsen, 1982). At the conclusion of the first 

session, the subject was given a tape recording of the relaxation 

instructions, in the investigator's voice. The only difference between 

the taped instructions and the live instructions is that with the tape, 

there was no opportunity for the subject to control the rate of 

progression from muscle group to muscle group. Two tension-release 

cycles per group were provided on the tape. During the instructional 

phase, the subject was asked to use this 20 minute tape once a day when 

not meeting with the investigator. 

The remaining five sessions in the instructional phase were the 

same as the first, with two exceptions: (1) the explanation was 



omitted In subsequent sessions, and (2) at the beginning of each 

subsequent session, there was a brief discussion of the subject's use of 

the technique since the previous session, exploring areas of success and 

difficulty. 

Schedule of A and B Phases. After the completion of the 

instructional phase, the first control (A) phase in the ABAB design 

began. The control condition consisted of the subject resting quietly 

in bed, watching television. When the subject has been in the control 

condition for six minutes, the collection of EMG data began. This lag 

time was provided because the work of Hohmann (1955) demonstrated that 

a six-minute interval passed between the time that stressful conditions 

were initiated with his spinal cord injured subjects, and the time that 

an increase in spasticity occurred. These findings lead to an 

expectation that spasticity may be similarly sluggish in decreasing in 

response to a lowered level of physiological arousal. EMG data was 

collected continually for a period of fifteen minutes. 

As previously discussed, the number of sessions in each control 

(A) and intervention (B) phase could range from three to ten. In order 

to progress to the next phase, the mean EMG level for three 

consecutive sessions must be within 7.5 percent of the mean of the last 

three sessions combined. If the phase continued for ten sessions 

without meeting this criterion, the study proceeded to the next phase. 

During the control phases, the subject was asked to refrain from 

practicing the relaxation technique, until the last session in the phase 



49 

had been completed. During the intervention phases, the subject 

practiced once a day, including experimental sessions. 

The first intervention phase was initiated in the next scheduled 

session following completion of the first control phase. Collection of 

the EMG data began six minutes after the subject has begun the 

relaxation technique, and continued for fifteen minutes. The number of 

sessions in this phase was determined using the same criteria used in 

the preceding control phase. Following the conclusion of this 

intervention phase, the second control phase began, and was conducted 

in the same way as the first. The experiment ended with a final 

intervention phase completing the ABAB design. At three to ten 

sessions per phase, four phases of data collection could be completed 

in four to thirteen weeks, depending on the degree of within-phase 

variability encountered. 

Specific Experimental Procedures. During all control and 

intervention phases, the subject was instructed to follow certain 

measures to help to minimize the variations in level of spasticity that 

are due to causes other than the independent variable. If the subject 

followed an intermittent catheterization program or voided reflexively, 

she was asked to empty her bladder within three hours of the beginning 

of each session. To help prevent distention of the bowel from 

affecting spasticity levels, the subject was to have a bowel movement 

within the 48 hours preceding the session. The subject wore loose, 

comfortable clothing, and room temperature was within the subject's 

range of comfort. 
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At the beginning of each session (except during the 

instructional phase), surface electrodes were placed at a constant 

location on the subject's leg. The placement of the electrodes was 

accomplished according to the directions given in Basmajian and 

Blumenstein (1980) and the Instruction Manual for the Autogen 1700 

(Autogenic Systems Inc., 1975), so that maximum reception of EMG 

activity was obtained from the accessible muscle group with the highest 

level of problematic spasticity. After the electrodes had been 

applied, the subject rested or talked with the investigator as the 

instrument was checked and calibrated. After this had been 

accomplished, the control or intervention condition was initiated, and 

no further conversation was allowed. The investigator sat quietly in a 

location that allowed unobtrusive observation of the subject and of the 

EMG data. 

In the control condition, the subject watched television while 

resting in bed, trying to move as little as possible. Television was 

selected because it would hold the attention of the subject, keeping 

her distracted from the relaxation technique without requiring 

movement. Television programs were selected that did not include 

significant amounts of violence, sexual material, or other topics that 

might be expected to evoke a strong emotional response. Although the 

program selected for each control session depended on the available 

alternatives, it was expected that certain series, nature and art 

specials, documentaries and movies would be among the kinds of 

programs most frequently chosen. 
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By the time the first intervention phase was begun, the subject 

was experienced in the relaxation technique, and was expected to be 

able to achieve very low levels of muscle tension in a short period of 

time. During intervention sessions, induction into a relaxed state was 

accomplished by live administration of an abbreviated version of the 

instructions seen in Appendix C. This period of induction lasted 

approximately five minutes. Collection of EMG data began six minutes 

after the relaxation exercise was initiated, so that throughout the 

period of data collection, the subject continued in the relaxed state 

without verbal instructions. 

The Autogen 1700 can continually re-integrate EMG activity for 

a period of up to one thousand seconds (16 minutes, 40 seconds). 

Fifteen minutes after data collection is begun, the figure shown on the 

instrument's digital display represents the mean level of EMG activity, 

in microvolts, that occurred over the preceding 15 minutes. This figure 

was recorded and used as the datum to be analyzed for that session. 

Pilot Study. Prior to the actual experiment, a brief pilot 

study was conducted. The pilot study was designed to (1) increase 

investigator familiarity with the adapted relaxation technique, and (2) 

increase investigator familiarity with the EMG instrumentation and 

procedures. In regard to criteria for selection of the subject, 

measures taken to protect the rights of the subject, pre-session 

preparations, relaxation training, and control and intervention 

procedures, all methods used in the pilot study were identical to those 

used in the actual experiment, with the following exceptions. Instead 



of accomplishing relaxation training in six sessions over two weeks, the 

pilot subject was trained in three sessions over one week. And instead 

of an ABAB design consisting of several sessions per phase, the pilot 

subject was run through an abbreviated ABA design, using just one 

session per phase. The pilot subject received 25 dollars for 

participation in the study. 

Instrument 

An Autogen 1700 Feedback Myograph was used to measure muscle 

spasticity. It provided integrated readings of the mean amount of EMG 

activity occurring over 1000-second periods. 

Reliability. Several features of the Augoten 1700 enhanced the 

reliability of the EMG readings. A potential threat to the reliability 

of EMG data is that the instrument may detect electrical activity 

coming from sources other than the muscles studied. However, the 

Autogen 1700 is designed in such a way that, if properly used, it is 

possible to virtually eliminate interference from environmental 

electrical activity, EEG, and EKG signals. The unit provides electrode 

assemblies and electrode inputs that are shielded from environmental 

activity, and additional interference filters are incorporated into the 

instrument. EEG and EKG pickup can be controlled by selecting an EMG 

frequency bandpass that does not "hear" these signals. The 100-200 Hz 

bandpass was selected for this study, as it is recommended for 

applications monitoring levels of general muscular tension, and has the 

highest signal-to-noise ratio of all the bandpasses that can be 

monitored on the Autogen 1700 (Autogenic Systems, Inc., 1975). A second 
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threat to reliability can occur if there is inadequate contact between 

the electrodes and the skin. Rubbing the skin with alcohol, using a 

conductive gel, and using electrode discs with adhesive surfaces help 

to insure good electrode attachment. The Autogen 1700 has an electrode 

impedance test function that gives an objective assessment of the 

quality of electrode attachment. The Instruction Manual for the 

Augoten 1700 (Autogenic Systems, Inc., 1975) was followed in making 

sure that electrode attachment was acceptable during each session. 

Validity. At any given location, EMG activity is a function of 

(1) the number of motor neurons firing in the area, (2) the rate at 

which the neurons are firing, and (3) the proximity of the neurons to 

the electrodes. With the site of electrode placement held constant, 

the level of EMG activity is therefore a function of the number of 

active neurons, and the rate at which they are firing (Autogenic 

Systems, Inc., 1975). Research that uses EMG levels as a measure of 

muscle tension is based on empirical evidence that demonstrates that 

EMG activity is directly proportional to muscle tension. This finding 

has been shown with integrated EMG data as well as raw EMG data 

(Basmajian, 1978; Bigland and Lippold, 1953). An individual with a 

functionally complete spinal cord injury by definition will have no EMG 

activity in a paralyzed extremity other than that which is due to 

spasticity. Therefore, it is reasonable to assume that EMG data that 

are collected using the method described above is a valid measure of 

the level of spasticity in an individual with a functionally complete 

SCI. 
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Data Analysis 

Although a variety of statistical tests have been used in the 

evaluation of single case research, visual inspection of the data in 

graph form remains the most common method of analysis employed 

(Kazdin, 1984). A major objection to the use of statistical procedures 

is that their use violates an important purpose of single case 

experimental designs: to highlight the clinical or therapeutic 

significance of the intervention tested, rather than its ability to 

produce statistically significant results. It is felt that clinically 

useful interventions are better tested through visual inspection, which 

demands that treatment results be clear and unequivocal in order to 

provide support for the hypothesis (Kazdin, 1984). Therefore, analysis 

of the data collected in this study was accomplished by visual 

inspection of the data in graph form. 

Strengths and Limitations 

One means of evaluating the strength of a research study is to 

look at the benefit of the study in terms of its contribution to 

existing knowledge, in proportion to its cost in terms of the time and 

money spent in carrying out the investigation, and potential costs to 

participating subjects, such as discomfort or morbidity. From a 

cost:benefit perspective, the present study has considerable strength. 

It provides beginning experimental evidence concerning the ability of 

progressive relaxation to reduce the distress associated with severe 

muscle spasticity in an individual with SCI. The single case 

experimental design is a highly efficient means of conducting such an 



investigation. Although it was necessary to require the experimental 

subject to give an unusually large amount of time for the purpose of 

carrying out the investigation, there was very minimum risk that any 

discomfort or injury would occur as a result of participation in the 

study. 

A further strength of this study is that it provides a test of 

the usefulness of a proven intervention in a new area of application. 

Positive results here would open the way for individuals with SCI to 

obtain the benefits progressive relaxation can provide in relieving many 

manifestations of excessive levels of physiological arousal. 

A final strength that can be claimed is that the method 

described in this chapter for the measurement of spasticity provides a 

highly objective, reliable and valid measure of this variable. Decades 

of research in clinical and experimental electromyography provide a 

sound basis for the measurement of spasticity in terms of EMG levels. 

Several limitations must be considered in the evaluation of the 

results of this study. As stated earlier, generalizability of the 

findings is a major concern in single case research. Although positive 

results reflect a high degree of probability that the intervention will 

be useful for other individuals, the extent to which results are 

generalizable cannot be known until further research is done, either 

through the repeated replication of the single case design, or through 

between-group comparisons. 

Additionally, it must be noted that the adapted relaxation 

technique has not been tested for its ability to reduce the level of 
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physiological arousal in individuals with SCI. Therefore, it must be 

assumed that the adapted technique has the same effect on individuals 

with SCI as the original technique with neurologically intact 

individuals. 

This study does not directly test the effectiveness of 

progressive relaxation in improving the ability of the individual with 

SCI to manage spasticity while engaged in daily activities. In other 

words, it is not known whether the results obtained are generalizable 

to other environments and other conditions that more practically 

reflect the ability of the individual to benefit from the technique. 

Additional research will be necessary in order to make this 

determination. 

Protection of Human Subjects 

The subject was fully informed concerning the purpose of the 

study, possible benefits and risks involved for study participants, the 

role she was asked to take, the right to withdraw from the study, and 

provisions for confidentiality. The disclaimer shown in Appendix D was 

given to all potential subjects, and the information included in the 

disclaimer was also given verbally at the time of the interview. 

Potential subjects were given an opportunity to have any questions 

answered. Provisions for the protection of the subjects' rights were 

approved by the Human Subjects Committee of The University of Arizona 

(Appendix E). 
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Chapter Summary 

An ABAB single case experimental design was used in this study. 

In this design, the subject serves as his/her own control, and the 

target behavior is measured repeatedly as the intervention is applied 

and withdrawn. The ABAB design is considered to be a strong 

experimental design (Barlow and Eersen, 1984; Kazdin, 1982b). 

Potential subjects for this study were referred through the 

Disabled Student Services Center at The University of Arizona and 

through a physiatrist practicing in Tucson. The first individual found 

that met the study criteria was selected as the subject. A second 

individual was taken through an abbreviated ABA design to pilot the 

adapted relaxation technique and the data collection procedure. 

The subject was taught a relaxation technique adapted from 

Wolpe (1966). The major adaptation made in the technique was that 

tension-release cycles that could not be performed by persons with SCI 

above the fifth cervical vertebra were eliminated. Muscle spasticity, 

as measured by integrated EMG activity, was repeatedly measured in 

intervention phases and control phases. 

Visual inspection of the data in graph form was used in 

evaluating the results of the study. This method of data analysis is 

consistent with the goal of identifying clinically significant change in 

single case experimental research. 



CHAPTER 4 

RESULTS OF EXPERIMENT 

The experiment was carried out as described in Chapter 3. In 

this chapter, the results of the experiment are presented. 

Selection of the Subject 

Seven individuals were referred as potential subjects for the 

study, and each was interviewed by the investigator to determine 

whether they met the study criteria. From the seven, two were 

selected to participate; one as the participant in the pilot study, and 

the other as the subject for the actual experiment. 

Pilot Study Results 

The pilot study was done in order to (1) increase investigator 

familiarity with the adapted relaxation technique, and to (2) increase 

investigator familiarity with the EMG instrumentation and procedures. 

An abbreviated, two-week version of the experimental design was 

followed to accomplish these objectives. 

The person selected to participate in the pilot study was a 

32-year-old male who had been injured 11 years ago in a car accident. 

Injury to the spine occurred at the level of the fifth through seventh 

cervical vertebrae, and he had had a C5-6 fusion. The injury was func

tionally complete. The participant was otherwise in good health. He 

complained of vigorous spasms when stimulated in some way, that 
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interfered with activities of daily living. He took 5 mg of diazepam at 

bedtime every night, that helped him to rest and helped to reduce 

spasticity through the next day as well. This individual met the study 

criteria in all ways except that, like most of the other potential 

subjects interviewed, he did not usually experience a great deal of 

spasticity when he was at rest and not being stimulated in any way, 

although any minor stimulation, such as movementof the bed linens, 

could trigger a spasm. This individual was, however, the candidate 

most closely meeting study criteria to have been interviewed by that 

time, and was judged to be suitable for the purposes of the pilot 

study. 

The investigator met with the participant in the pilot study 

for a total of six sessions. All sessions were held at 9:00 a.m. in the 

home of the participant. The participant was taught the adapted 

relaxation procedure in three sessions over a period of one week. The 

participant appeared to be successful in developing the ability to 

achieve a state of relaxation using the technique, judging from his 

subjective report, and from observations made by the investigator while 

the participant was in a relaxed state. 

Following the relaxation training sessions, an abbreviated 

experiment was conducted. Mean levels of EMG activity were taken from 

the quadriceps muscle of the right leg; first in the television control 

condition, then in the relaxed state, and a final time in the control 

condition. Mean EMG levels were 0.3, 0.4, and 0.75 microvolts respec

tively, for these sessions. 
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Because of the consistently low levels of EMG activity in the 

pilot study, and the lack of availability of potential subjects with 

significant spasticity at rest, it was decided that it was necessary to 

modify the experimental procedure to provide for some type of 

consistent stimulation to induce spasticity at the time of data 

collection. A source of stimulation was needed that could be easily 

applied, and could deliver stimulation that would not vary in magnitude 

from session to session. The solution devised involved the use of a 

Hyman Massage Pillow, sold in medical supply stores. Inside the pillow 

is a battery-powered vibrator that is activated when pressure is 

applied to the pillow. Resting a leg or other body part on the pillow 

provides a constant mechanical stimulation to the adjacent muscles that 

could induce muscle spasms. 

Description of the Experimental Procedure 

Following the completion of the pilot study, the experiment was 

begun. The subject selected was a 32-year-old female with a spinal 

cord injury at the level of the fourth to fifth cervical vertebrae. 

She had been injured twelve years ago in a car accident. The subject 

had no voluntary movement on the right side below the level of injury; 

however, she was able to voluntarily move the left leg, but these 

movements were not strong enough to achieve any significant functional 

use of the leg. The subject had a continual problem with spasticity in 

both legs, although the right tended to be more spastic than the left. 

She kept her right leg firmly secured at the foot to the footrest of 

her wheelchair, to prevent the leg from kicking out due to extensor 
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spasms. She reported that the spasticity usually continued even at 

rest, but that it was less severe at this time. Throughout the period 

of the study, the subject took 10 mg of baclofen, twice a day. 

The experiment was conducted as outlined in Chapter 3. 

Sessions were held at the rate of three per week, at 7:00 p.m. (a few 

sessions were held at 5:45 p.m., to overcome scheduling difficulties). 

The sessions were held at the home of the subject, while she was 

resting in her bed. During the two week relaxation training period, the 

subject learned the adapted relaxation technique without difficulty. 

The muscle selected for EMG sampling was the quadriceps muscle of the 

right leg, as this muscle was very spastic and was not under any 

voluntary control. Placement of the electrodes was accomplished 

according to the guidelines in Basmajian and Blumenstein (1980), and was 

done for each session with a tape measure to assure consistency. The 

vibrating pillow was placed under the right thigh with the subject 

lying supine, so that the quadriceps muscle was indirectly stimulated. 

Control and intervention phases were conducted in the ABAB 

design, using the criteria described in Chapter 3 for determining the 

length of each phase. Because the level of spasticity was highly 

variable within all phases, it was necessary to extend each phase to 

ten sessions, the maximum number of sessions per phase. 

Experiment Results 

Figure 4.1 is a line graph showing the results of the 

experiment. Despite the high level of within-phase variability, it is 

clear from Figure 4.1 that spasticity in the first A phase (Control 1) 
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tended to be relatively high, decreasing in the first B (Relaxation 1) 

phase. There are less distinct differences between the last three 

phases. Excluding session number 26, when the spasticity level shot up 

to 5.5 microvolts, there are no dramatic differences in these phases. 

As the strength in the ABAB design lies in its ability to demonstrate a 

controlling effect of the intervention by showing that the target 

behavior returns to or approaches baseline levels after the interven

tion has been withdrawn, it must be acknowledged that in the present 

study, relaxation was not clearly shown to be a potent intervention in 

decreasing muscle spasticity. 

On closer inspection of the data it can be seen that trends do 

exist that favor the experiment hypothesis. Among the sessions in the 

control phases, seven out of 20 sessions had mean GMG levels above 

3 microvolts, while no session in either relaxation phase was that high. 

Additionally, there were five in 20 relaxation sessions with EMG levels 

under 1.0 microvolt, including one session at 0.65 microvolt, the lowest 

value obtained in the study. There were only two control sessions that 

achieved levels below 1.0 microvolt. 

Figure 4.2 clarifies the changes in trend that occurred between 

phases. The lines represent estimations of the overall level and slope 

in each phase, around which the data tended to fall. The estimations 

were done using the "split middle" technique (White, 1972, 1974; cited in 

Kazdin, 1982b). Figure 4.2 shows that in Control 1, there was a marked 

downward trend in the data. This is unfortunate, because it is not 

clear whether the further decline in spasticity that occurred during 



RELAXATION 1 CONTROL 2 RELAXATION 2 

6.0-

5.0-

4.0-

3.0-

2.0-

1.0-

Slope = 1.91 

1 I I I 1 I i I | I 
5 10 

Slope = 2.25 Slope = 1.70 

I I II i I I I I I I I I I II i l l i 
15 20 25 30 

SESSIONS 

-6.0 

-5.0 

o 
-4.0 3 

m 
<: 
o 

CD 
-3.0 w 

o 
m —* o < 

o 
•2.0 ~ 

•1.0 

Slope = 2.50 

I I I I II I I I I 
35 40 

ON 
•C-

Figure 4.2. Overall trends in data for each phase. 



Relaxation 1 would have occurred even if the relaxation intervention 

had not been initiated. Interestingly, the downward slope in Relaxation 

1 is somewhat sharper than it was in Control 1, suggesting that intro

ducing the intervention may have had the effect of enhancing the 

downward trend that was already present. The magnitude of the 

downward trend decreases again in Control 2, providing further support 

for this explanation. This pattern is disrupted in Relaxation 2, 

however, when the trend reverses; spasticity levels tended to increase 

during this final phase. 

In Figure 4.3, the mean EMG levels for all sessions in a given 

phase are presented in a histogram. This figure shows that EMG levels 

tended to be higher in the two control phases. The difference between 

Control 2 and the relaxation phases is very slight, however, with a 

difference of only 0.09 microvolts between Relaxation 1 and Control 2. 

When both control phases are combined, there is a mean of 

2.51 microvolts, compared to a combined mean of 1.57 microvolts for the 

relaxation phases. This represents an overall difference of 

0.94 microvolts, or 63%. 

The data for this study was collected over a period of three 

months. During that time, certain unavoidable events occurred that may 

have had an impact on spasticity levels. All known events or circum

stances that may have affected the results are noted in Figure 4.4. 

There is only one instance where a given event appears to have had a 

pronounced impact on spasticity; this occurs in the fourth session, when 

an EMG level of 6.5 microvolts was recorded on the day after the 
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Figure 4.3. Comparison of mean levels of EMG activity for 
each control and relaxation phase (each phase=10 sessions). 
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Figure 4.4. Events that may have affected EMG levels during period 
of data collection. 

4. Subject had burned herself the day before by spilling hot grease. 
She had one blister (3/4" diameter) on a finger of her left hand, and 
two blisters (each 1" x 1/2") on her left rib cage and left hip. 

4-7. Off work because clothing is irritating to the burns. Also 
during this period, the subject took tetracycline for a vaginal 
infection. 

12-14. Took Septra DS for a urinary tract infection. 

18-22. On vacation. 

29-31. Subject took her temperature following this session and 
found it to be 100^° F. Fever was gone by the following day; cause 
was unknown. 

40. Stress may have been higher than baseline because the relation
ship between the subject and investigator was to be terminated that 
day. 
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subject had burned herself by spilling bacon grease on her finger and 

hip. 

In conclusion, the data that has been presented above was 

gathered in order to test the following hypothesis: 

The subject in an experimentally-induced state of relaxation 
will have decreased muscle spasticity, as measured by electromyo
graphic activity, compared to electromyographic activity of the 
same subject when not in a relaxed state. 

It must be concluded that the results do not provide strong evidence in 

support of the hypothesis, although trends in the data do favor the 

hypothesis. 

Chapter Summary 

The experiment was carried out as outlined in Chapter 3, with 

the exception of one change in procedure that was made on the basis of 

the outcome of the pilot study. The pilot study participant, like other 

potential subjects, had very little EMG activity when left completely 

undisturbed, although there was significant spasticity at other times. 

It was therefore concluded that a constant stimulation to elicit 

spasticity should be applied during the periods of data collection. 

This was accomplished by applying vibration to a site near the spastic 

muscle. 

The results indicate a clear decrease in EMG, levels between the 

first control phase and the first relaxation phase, but these levels, 

while increasing slightly, did not return to or approach initial levels 

once the relaxation intervention was removed. Therefore, there was no 

clear demonstration that the relaxation intervention was responsible 



for the decrease in spasticity, as measured by EMG activity, that 

occurred. However, the mean EMG level for all 20 control sessions was 

63% higher than the mean EMG level for all relaxation sessions, 

indicating that on the whole, spasticity was lower in the relaxation 

condition. 



CHAPTER 5 

INTERPRETATION OF RESULTS 

In this chapter, the conclusions regarding the results of the 

experiment are given, and implications for nursing practice and research 

are discussed. Finally, the entire study is summarized briefly. 

Conclusions 

In Chapter 4, it was shown that the subject tended to have less 

EMG activity when in the relaxed condition, when compared to her own 

levels in the control condition. There are a number of issues to be 

considered when interpreting the meaning of these findings. 

The level of spasticity increased only very slightly in the 

second control (Control 2) phase. Evidence for a controlling effect of 

the intervention over the target behavior occurs in the ABAB design 

when the target behavior reverts to or approaches the baseline level of 

performance after the intervention has been removed. As noted earlier, 

this did not occur in the present study, suggesting that the changes in 

EMG levels that occurred between phases may have been due to factors 

other than the relaxation intervention. 

The carryover effect, discussed in Chapter 3, is a problem that 

often occurs in single subject research, and could explain why EMG 

levels failed to return to Control 1 (baseline) levels during Control 2. 

It may be that the spasticity-reducing effect of the relaxation 



technique lingered beyond the time that the technique was actually 

being practiced. When in the control condition, the subject may have 

unknowingly utilized her increased awareness of muscle tension, and her 

increased ability to control that tension. The carryover effect is 

desirable in terms of the potential clinical usefulness of relaxation, 

but undesirable in that it is more difficult to determine its effect in 

single subject research. 

Although there was a lower overall level of EMG activity in 

the relaxation condition as compared to the control condition, the 

difference was very small (0.94 microvolts overall). These results do 

not strongly attest to the clinical usefulness of relaxation as an 

intervention for muscle spasticity. While an individual may be able to 

reduce the levels of spasticity through relaxation, the reduction in 

spasticity that can be obtained in this manner may have little 

practical value. 

Alternatively, it may have been methodological problems, and 

not the power of the intervention itself, that accounted for the small 

difference in EMG levels found in this study. Changing the procedure 

so that a more powerful stimulator of spasticity was used might have 

provided a better opportunity to illuminate the effect of the 

relaxation intervention. With the vibration technique used, the subject 

appeared to eventually adapt to the vibration so that in the latter 

part of the 15 minute session, EMG levels were usually very low. 

Stimulation that occurs at intervals, rather than continuously, may 
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have been more effective in maintaining higher levels of activity 

throughout the period of data collection. 

Another way the procedure could be modified to highlight 

changes in EMG levels under different conditions would be to measure 

the integrated EMG levels for one to two minutes at a time, immedi

ately following the introduction of a consistent stimulus designed to 

induce muscle spasm. In this way, it could be shown whether the same 

stimulus produced different levels of EMG response in the relaxation 

versus control conditions. The changes in methodology suggested above 

would effect a closer parallel to the work of Lehrer et al. (1980, 

1983), whose research indicates that the distinctive physiological 

patterns in the relaxed state may emerge most clearly as the individual 

attempts to relax under stressful conditions. 

A final issue to be considered in discussing the results of this 

study is the generalizability of the findings. Different persons with 

SCI can be expected to respond differently in terms of the effect that 

relaxation would have on their spasticity levels. It is not known 

where the subject in this study would fall within the range of possible 

responses. She may be a person for whom the relaxation technique is 

maximally effective relative to the rest of the population, or 

minimally effective, or somewhere in between. It seems likely that an 

individual with severe spasticity who also complained of other physio

logical and emotional manifestations of stress, such as tension 

headache and cognitive anxiety, might have the kind of spasticity that 

is most closely related to stress, and therefore might obtain the 
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greatest benefit from the relaxation intervention. The subject in this 

study had no such complaints, and indeed seemed to be able to handle a 

busy schedule and a potentially stressful job without great difficulty. 

Only replication of the study with other individuals would provide 

answers to these speculations. 

Implications for Nursing Practice and Research 

To the knowledge of this investigator, there have been no 

previous studies that address the effectiveness of relaxation therapy 

as a treatment for spasticity in spinal cord injury. In light of this 

circumstance, and in light of the equivocal findings of the present 

study, no recommendations for nursing practice can be made regarding 

the use of relaxation for this purpose. It is, however, important for 

practitioners to note that persons with spinal cord injury can effec

tively use an adapted version of the progressive relaxation technique, 

even if the injury is high in the cervical spine. Progressive 

relaxation, then, is an intervention worth considering in the care of 

persons with spinal cord injury who suffer from stress-related 

disorders, or as a health-promoting measure in the management of 

everyday stress. 

The results of this study, while not strong, do suggest a need 

for further research in this area. Although the single case experimen

tal design may be a practical and valuable approach to future research 

on this topic, this investigator would not recommend a replication of 

the present study without changes in method. As noted, a method of 

stimulating spasms at intervals and recording integrated EMG response 



for a brief interval following stimulation, may produce data that is 

more reflective of the power of the technique under stressful 

conditions. Recruiting as subjects persons who report a strong rela

tionship between emotional stress and spasticity levels may be 

valuable, as this might provide information on the effectiveness of the 

technique for the subgroup that would be most benefitted by such an in

tervention. 

Another problem encountered in this study would require 

attention should there be other single subject studies dealing with this 

topic. Judging from the high degree of within-phase variability that 

was found in the data, it appears that factors other than the variable 

under study must have had an impact on the EMG level for any given 

session. It was not possible to completely control these factors, and 

often it was not even clear what might have caused the EMG level found 

on a particular day. Although this variability was expected to be 

present, due to the many factors that can affect spasticity levels, the 

degree of variability found was somewhat surprising and disappointing, 

as it clouded the results considerably. This difficulty could be 

lessened in future research by the use of a single case experimental 

design similar to one used by Cataldo, Bird, and Cunningham (1978) in 

their study of EMG feedback in the treatment of cerebral palsy. In one 

of the cases reported, Cataldo et al. collected data for two control 

conditions and the feedback condition during each one hour session. The 

presentation of the data was done by graphing the data from each 

condition as separate lines on the same graph, so that the effect of 
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the intervention was judged by comparing each line to the others, 

instead of assessing differences in performance between phases. Such a 

design would eliminate the problem of the data being affected by the 

day to day changes that commonly occur in spasticity. 

Between-group research in this area should also be considered, 

particularly if further single case research is done and yields positive 

results. Between-group research would be more difficult due to the 

limited number of potential subjects, and may not be as practical as 

single case research at this early stage of investigation. 

Future research would also need to address the topic in such a 

way that the usefulness of such a technique in the everyday life of the 

person with SCI would be identified. If relaxation is demonstrated to 

be useful under artifical, controlled conditions, how can the technique 

be implemented by the individual to provide maximum benefit when it is 

needed? 

Summary 

The present study investigated the effectiveness of relaxation 

as a treatment for muscle spasticity in the spinal cord injured 

individual. Muscle spasticity is a signficant contributor to morbidity, 

discomfort, and diminished potential for independent functioning in many 

persons with injury to the cervical or thoracic spine. Existing medical 

treatments for spasticity are not satisfactory in many cases, as they 

can be costly, and carry their own risks. Relaxation therapy has been 

suggested to be a potentially valuable adjunct to the treatment of 

cases of severe spasticity, as the literature indicates that spasticity 



may be one manifestation of physiological arousal due to emotional 

stress (Boman, 1971; Errey, 1981; Hohmann, 1955; Toth, 1983). 

Using a single case experimental design, the following 

hypothesis was tested: 

The subject in an experimentally-induced state of relaxation will 
have decreased muscle spasticity, as measured by electromyographic 
activity, compared to electromyographic activity of the same 
subject when not in a relaxed state. 

The subject used in this study was a 32-year-old female who 

had suffered an injury to the spine at the fourth to fifth cervical 

vertebrae. She was taught Wolpe's (1966) method of progressive 

relaxation, which had been adapted so that it was not necessary to 

produce voluntary muscle tension in areas below the level of her 

injury. Progressive relaxation was used because theoretical and 

empirical investigations have suggested that it may be the technique of 

choice when dealing with the somatic manifestations of stress. 

The experiment consisted of an ABAB design, where A was a TV 

control condition and B was the relaxation condition. Each A and B 

phase consisted of ten sessions. Sessions were held at the rate of 

three per week, and were conducted in the home of the subject. In each 

session, an Autogen 1700 electromyograph was used to obtain integrated 

electromyographic readings over a period of 15 minutes, from the 

quadriceps muscle of the subject's right leg. Vibration was applied to 

stimulate spasticity throughout the sessions. Data analysis was accom

plished through visual inspection of the data in graph form; this is the 

most commonly used method of analysis in single case experimental 

research (Kazdin, 1984). 
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The results Indicated that spasticity decreased from baseline 

levels in the first relaxation phase, but did not return to baseline 

levels in the second control phase. This could mean that a carryover 

effect occurred, where the effect of the relaxation intervention 

lingered after it was withdrawn. An alternate explanation for this 

finding is that it was some other factor, and not the relaxation inter

vention, that was responsible for the decrease in spasticity that 

occurred. 

Further research is necessary before the clinical usefulness of 

relaxation as an intervention in muscle spasticity can be ascertained. 

Future research using single case experimental designs are recommended 

at this stage of investigation, although some changes in methodology 

are warranted to correct some of the problems that were encountered in 

the present study. Changes in methodology have been proposed to help 

minimize the high degree of within-phase variability that was found, and 

to induce higher levels of spasticity during the experimental sessions. 



APPENDIX A 

CRITERIA FOR SELECTION OF THE SUBJECT 

Yes No 

1. Did the spinal cord injury occur more 
than two years ago? 

2. Is the spinal cord intact above the 
sixth cervical vertebra? 

3. Is the individual capable of any-
voluntary movement in the spastic 
extremity? 

4. Does the spasticity cause vigorous, grossly 
observable movements of the legs? 

5. Does the individual have the complaint that 
the spasticity tends to continue even when 
he or she is resting? 

6. Has this individual ever practiced any 
relaxation technique, such as medita
tion, self-hypnosis, or progressive 
relaxation? 

7. Is the individual experiencing any of the 
following symptoms at present: 

loose or productive cough 

fever 

decubitus ulcer 

cloudy urine 

cold or flu symptoms 

(upper respiratory congestion, 

general malaise, etc.) 

Yes No 
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any other new symptoms 

kind: 

8. List any and all chronic conditions, such as diabetes, asthma, 
epilepsy, heart disease. 

9. List all past major illnesses and surgeries: 

10. List all medications taken: 

Routine: 

As needed: 



APPENDIX B 

INTRODUCTION TO THE RELAXATION TECHNIQUE 
GIVEN TO THE SUBJECT* 

We will use a clinical technique which was first developed by 
Dr. Edmund Jacobsen of the University of Chicago back in the 1930s. 
Basically, the procedure hinges on the fact that complete 
relaxation is the absence of tension. If you are completely 
relaxed, it is physiologically impossible to be tense. Since the 
modified Jacobsen technique can be learned readily, the real 
advantage is that you can use relaxation to counter any tension 
you might feel in the future. 

The way in which we'll do this is to have you systematically 
focus your attention on the various gross muscle groups in your 
head, neck, and shoulders, first tensing each group for a few 
seconds—holding them long enough for you to identify exactly 
where you feel tension, and what it feels like. Then, when I say 
"relax," I want you to immediately let go—to stop tensing—and 
merely focus your attention on what those muscles feel like as 
relaxation takes place. By first tensing your muscles, the level 
of tension increases over your current operating level, such that 
when you release the muscles, the level of tension drops below 
the point where you started. Each time you tense and release a 
muscle group, the resulting level of tension becomes progressively 
lower and lower—to the point where no tension is present at all. 
By focusing your attention on this process as it takes place, with 
practice, you can eventually reach the point where just thinking or 
recalling the experience of release is sufficient to bring about 
relaxation itself. 

The order in which the muscle groups would be taken was then 

briefly described, demonstrating those exercises frequently found 

difficulty. 

It's important that you remember to focus your attention 
only on the specific muscle group we're working with at any given 
time. Especially so that you may learn the procedure, since I'll 
be asking you to practice relaxation on your own every day. 
Actually it will be to your advantage to master this procedure, 
since, if used correctly, it can help a lot in reducing tension 
around exam times, give you a "second wind" when you're tired from 
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studying, and even help you fall asleep at night when you may be 
tense or have many things on your mind. 

Since I'll ask you not to talk during the training procedure, 
except to answer my questions with a simple yes or no, head nod, 
or "umhum," do you have any questions at this time? 

* Adapted from G. L. Paul (1969), Physiological effects of 
relaxation training and hypnotic suggestion, Journal of Abnormal 
Psychology, 74(4), 425-437. 



APPENDIX C 

RELAXATION TECHNIQUE* 

Settle back as comfortably as you can. Let yourself relax to 

the best of your ability. . . . Let all your muscles go loose and 

heavy. Just settle back quietly and comfortably. Now, as you relax 

like that, wrinkle up your forehead; wrinkle it tighter, and study the 

tension as you do so. Keep your forehead wrinkled and feel the tension 

there . . . and now stop wrinkling your forehead, relax and smooth it 

out, and observe the contrast between the feeling of tension and the 

feeling of relaxation. Picture the entire forehead and scalp becoming 

smoother as the relaxation increases. . . . Now, wrinkle your forehead 

by creasing your brows together, and study the tension . . . and let go 

of the tension again. Smooth out the forehead once more. . . . 

Continue to attend to the feeling of relaxation in your forehead . . . 

and allow your forehead to become more and more relaxed. . . . Can 

you feel any tension remaining in your forehead? 

(If "yes" )  Then increase that tension for a moment; wrinkle 

your forehead and study the feeling of tension. Wrinkle it tighter, and 

hold it . . . and now relax; and notice the pleasant contrast between 

tension and relaxation. . . . Now, crease your brows once again, and 

study the tension . . . now let go of the tension, and relax. . . . 

Feel the relaxation spreading throughout your forehead, and the rest of 

your body. . . . Let yourself become more and more deeply 
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relaxed. . . . Can you feel any tension remaining in your forehead? 

(If "yes," repeat preceding paragraph; if "no," continue to the next 

section.) 

Now, close your eyes tighter, and tighter. Feel the tension 

. . . and now relax your eyes. Keep your eyes closed, gently, comfort

ably; notice the relaxation . . . and once again close your eyes tightly 

and study the tension . . . and now relax your eyes. Feel the pleasant 

sensation as your eyes become more and more relaxed. . . . Continue to 

relax your eyes even further, and let the relaxation spread throughout 

your body. ... Just let yourself relax. ... Do you feel any 

tension remaining in your eyes now? 

(If "yes") Then study the tension that you're feeling . . . and 

now increase that tension by closing your eyes tightly once again. 

Notice the increased feeling of tension . . . and now relax. Let your 

eyes relax, remaining lightly and gently closed. . . . Once more, close 

your eyes tightly and study the tension . . . and now relax; relax your 

eyes, and appreciate the feeling of relaxation. . . . Let yourself go 

even more, becoming more and more deeply relaxed all over. . . . Now, 

is there any tension remaining in your eyes? (If "yes," repeat 

preceding paragraph.) 

Now clench your jaws, bite your teeth together; study the 

tension throughout your jaws . . . and relax your jaws now; feel the 

relaxation and let it increase . . . relax . . . and again, clench your 

jaws, biting your teeth together . . . feel the tension, and now relax 

again. . . . Appreciate the relaxation. . . . Feel the relaxation all 



over your face, all over your forehead and scalp, eyes, jaws, lips, 

tongue, and throat. The relaxation progresses further, and 

further. . . . Can you feel any tension remaining in your jaws? 

(If "yes") Then study that tension, allow it to be there, study 

it, and increase it by clenching your jaws tightly together . . . clench 

your jaws and feel the tension . . . and now relax your jaws; feel the 

relaxation. . . . Again, clench your jaws; make them tight and tense 

. . . and now relax. Notice the difference between tension and 

relaxation. Let your jaws become more and more relaxed. Continue to 

notice the pleasant sensations of relaxation in your jaws, and allow 

them to increase. . . . Are you feeling any tension remaining in your 

jaw? (If "yes," repeat preceding paragraph.) 

Now attend to your neck muscles. Press your head back against 

your pillow, and feel the tension in your neck. Study the 

tension. . . . Now let your head return forward to a comfortable 

position, and study the relaxation. . . . Relax your neck. . . . And 

once more, press your head back, feeling the tension in your neck as 

you do so. . . . Now bring your head forward again, relaxing your neck 

as you do so. . . . Let the relaxation develop. . . . Feel yourself 

becoming more and more relaxed. . . . Are you feeling any tension 

remaining in your neck? 

(If "yes") Then concentrate on that tension, and increase it by 

pressing your head back against the pillow; press it back, feeling the 

tension . . . and now relax. . . . Relax your neck, and let it become 

more and more relaxed. . . . Notice the feeling of relaxation. . . . 
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Now press your head back again, making your neck tense . . . and now 

relax. . . . Let the feelings of relaxation develop . . . relax your 

neck even more, and feel the relaxation spreading over your entire 

body. . . . Are you feeling any tension remaining in your neck? (If 

"yes," repeat preceding paragraph.) 

Now shrug your shoulders; bring them up toward your ears and 

feel the tension in your shoulders and upper back . . . and now relax, 

and again notice the contrast. Enjoy the feeling of relaxation. . . . 

Shrug your shoulders again, and study the tension . . . and drop your 

shoulders once more and relax. . . . Let the relaxation spread deep 

into the shoulders, right into your back muscles; relax your neck and 

throat, and your jaws and other facial areas as the pure relaxation 

takes over and grows deeper . . . deeper . . . and deeper. ... Is 

there any tension remaining in your shoulders or upper back? 

(If "yes") Then study that tension and increase it, shrugging 

your shoulders. . . . Feel that tension . . . and now relax. Let your 

shoulders and back relax . . . and again, shrug your shoulders and feel 

the tension . . . and now relax. Relax your shoulders, back, and the 

rest of your body. . . . Continue to relax more and more deeply. . . . 

Are you feeling any tension remaining in your shoulders or upper back 

now? 

Now take a minute to locate any tension that you feel anywhere 

in your body. Notice even the smallest amount of tension that may 

still be remaining. As you attend to that tension, slowly let it go 

. . . relax . . . relax more and more deeply. Relax your entire body to 



the best of your ability. Feel that comfortable heaviness that accom

panies relaxation. Breathe easily and freely in and out. Notice how 

the relaxation increases as you exhale ... as you breathe out just 

feel that relaxation. . . . Now breathe right in and feel your lungs; 

inhale deeply and hold your breath. Study the tension. . . . Now 

exhale, let the walls of your chest grow loose and push the air out 

automatically. Continue relaxing and breathe freely and gently. Feel 

the relaxation and enjoy it. . . . With the rest of your body as 

relaxed as possible, fill your lungs again. Breathe in deeply and hold 

it again. . . . That's fine, breathe out and appreciate the relief. 

Just breathe normally. Continue relaxing your chest and let the 

relaxation spread to the rest of your body. Merely let go . . . and 

enjoy the relaxation. 

Now, your whole body becomes progressively heavier, and all 

your muscles relax. Let go more and more completely. We shall give 

your muscles individual attention. Relax the muscles of your 

forehead. . . . Relax the muscles of your jaws and those of your 

tongue. . . . The more you relax, the calmer you become. . . . Relax 

the muscles of your neck. . • . Let all the muscles of your shoulders 

relax. Just let yourself go. 

Now you can become even more relaxed by taking in a really 

deep breath and slowly exhaling. With your eyes closed, thus 

preventing any surface tensions from developing, breathe in deeply and 

feel yourself becoming heavier. Take in a long, deep breath and let it 

out very slowly . . . feel how heavy and relaxed you have become. . . . 
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Just carry on relaxing like that for a minute longer. 

Now, I will count backwards from four to one. When I get to 

one, you will open your eyes. You should then feel fine and refreshed, 

wide awake and calm. 

4 . . . 3 . . . 2 . . . 1  

*Adapted from J. Wolpe & A. A. Lazarus (1966), Behavior therapy 
techniques: A guide to the treatment of neuroses. Oxford: Pergamon 
Press. 



APPENDIX D 

DISCLAIMER 

You are invited to participate in a study designed to test the 

effectiveness of a relaxation technique in reducing spasticity in a 

person with a spinal cord injury. 

If you agree to participate in this study, here's what you'd be 

asked to do. You and I would meet at your home for three sessions 

each week, for the duration of the study. The study will last from 6 

weeks to up to 16 weeks, depending on what the findings are. Each 

session will last 30 to 45 minutes. I would ask you to be resting in 

your bed each time we meet. 

For the first two weeks, or six sessions, you would be taught 

a relaxation technique that has been adapted for use by people with 

spinal cord injuries. You will be asked to practice this technique on 

your own as well, using a tape that I will provide for you. After 

you've learned the technique, we will begin the experiment. For the 

remaining sessions, I will be bringing in an electromyograph, to 

measure the level of spasticity in your leg muscles. For the first 

group of sessions, I will measure your spasticity for 15 minutes while 

you watch a TV program. Then, for the next group of sessions, I'll 

measure your spasticity while you use the relaxation technique you 

learned. Then we'd switch back and do a number of sessions while you 

are watching TV, and finally, a last group of sessions with you 
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relaxing. The number of sessions that we would do in any of these 

four groups would depend on how consistent the level of spasticity is 

—it could range anywhere from three to ten sessions per group. I 

will be trying to determine whether there is any important difference 

in your level of spasticity during relaxation, versus simply resting 

quietly and watching TV. 

In making your decision about whether or not you wish to 

become involved in this study, you should be aware of the potential 

risks involved, as well as the potential benefits for yourself and for 

other people with spinal cord injuries. 

As far as the risks go, the risk of injury to yourself from 

use of the electromyograph is extremely small. There is no chance of 

receiving any electrical shock from the instrument, because it is 

battery-operated. The only possible hazard with the use of this 

machine is that some of the hairs on your skin may be pulled when I 

remove the electrodes, which are kept in place with an adhesive 

surface. 

As far as the relaxation technique goes, a very small 

percentage of the people who are trained in relaxation experience some 

discomfort or distress when learning the technique. Some people have 

experienced things like disturbing thoughts, a fear of losing control, 

tingling sensations, and sexual arousal, that might become uncomfort

able for them. If you experience any unpleasant thoughts or 

sensations that are very distressing or persistent, you will not be 

expected to continue with the study. In fact, you have the right to 
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withdraw from the study at any time, without needing to explain your 

reasons to me. 

In terms of the benefits you can expect from participating in 

this study, one is that you will be learning a relaxation technique 

that has been adapted from a technique that has been shown to be 

quite effective in alleviating everyday stress, as well as a number of 

stress-related disorders, such as headache, hypertension, and asthma. 

Although I can't guarantee that the technique will be effective in 

reducing your spasticity, available evidence indicates that there is 

some reason to expect that it may. Your participation in this study 

would also be a benefit to other people with spasticity due to spinal 

cord injury, because it is testing a possible method that could be 

used in managing their spasticity with increased comfort and reduced 

inconvenience and cost. 

Because this study is designed in such a way that it requires 

a great deal of time from the subject, I am offering a fee of one 

hundred dollars to the person who completes all phases of this study. 

The fee will be payable after all of the sessions have been concluded. 

Should you choose to participate, you have the right to have 

your identity kept confidential. I am the only one who will need to 

know that you are the subject in this study. Your name would not 

appear in any report that I make. 

The choice you make on whether or not to participate is 

entirely up to you. Your treatment at the Disabled Student Services 

Center, and elsewhere, has nothing to do with what you decide. 
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If you have any questions about the study, I will be glad to 

answer them before you make your decision. You will also be able to 

have any of your questions answered throughout the course of the 

study. 
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TO: Melinda Pepper 
Graduate Student 
College of Nursing i 

D&V 
FROM: Ada Sue llinshaw, PhD, RNr Katherine Young, PhD, RN 

Director of Research Chairman, Research Committee 

DATE: April 2 2 ,  1985 

RE: Human Subjects Review: The Effect of Relaxation Therapy on 
Muscle Spasticity in the Spinal Cord Injured Individual 

Your project has been reviewed and approved as exempt from University 
review by the College of Nursing Ethical Review Subcommittee of the 
Research Committee and the Director of Research. A consent form with 
subject signature is not required for projects exempt from full 
University review. Please use only a disclaimer format for subjects 
to read before giving their oral consent to the research. The Human 
Subjects Project Approval Form is filed in the office of the Director 
of Research if you need access to it. 

We wish you a valuable and stimulating experience with your research. 

ASH/fp 

92 



REFERENCES 

Amato, A., Hermsmeyer, C. A., & Kleinman, K. M. (1973). Use of 
electromyographic feedback to increase inhibitory control of 
spastic muscles. Physical Therapy, 53(10), 1063-1066. 

Autogenic Systems Inc. (1975). Instruction manual for the Autogen 1700. 
Berkeley, CA: Author. 

Barlow, D. H., Blanchard, E. B., Hayes, S. C., & Epstein, L. H. (1977). 
Single-case designs and clinical biofeedback experimentation. 
Biofeedback and Self-Regulation, 2(3), 221-239. 

Barlow, D. H., & Hersen, M. (1984). Single case experimental design: 
Strategies for studying behavior change (2nd ed.). New York: 
Pergamon Press. 

Basmajian, J. V. (1978). Muscles alive: Their functions revealed by 
electromyography (4th ed.). Baltimore: Williams & Wilkins. 

Basmajian, J. V., & Blumenstein, R. (1980). Electrode placement in EMG 
biofeedback. Baltimore: Williams & Wilkins. 

Basmajian, J. V., & Super, G. A. (1973). Dantrolene sodium in the 
treatment of spasticity. Archives of Physical Medicine and 
Rehabilitation, 54, 60-64, 74. 

Benson, H., Beary, J. F., & Carol, M. P. (1974). The relaxation 
response. Psychiatry, 37, 37-46. 

Bigland, B., & Lippold, 0. C. J. (1954). The relation between force, 
velocity, and integrated electrical activity in human muscles. 
Journal of Physiology, 123, 214-224. 

Bishop, B. (1977). Spasticity: Its physiology and management. Part IV. 
Current and projected treatment procedures for spasticity. 
Physical Therapy, 57(4), 396-401. 

Blanchard, E. B., Andrasik, F., Ahles, T. A., Teders, S. J., & 0'Keefe, D. 
(1980). Migraine and tension headache: A meta-analytic review. 
Behavior Therapy, 11, 613-631. 

Blanchard, E. B., Andrasik, F., Neff, P. F., Teders, S. J., 
Pallmeyer, T. P., Arena, J. G., Jurish, S. E., Saunders, N. L., 
Ahles, T. A., & Rodichok, L. D. (1982). Sequential comparisons of 
relaxation training and biofeedback in the treatment of three 

93 



94 

kinds of chronic headache or, the machine may be necessary some 
of the time. Behavior Research and Therapy, 20, 469-481. 

Boman, K. (1971). Effect of emotional stress on spasticity and 
rigidity. Journal of Psychosomatic Research, 15, 107-112. 

Boman, K., & Kivalo, E. (1968). Muscle reflex changes under emotional 
stress. Annals of the Acad. Scient. Fenn., 135A, 1. 

Borkovec, T. D., Grayson, J. B., & Cooper, K. M. (1978). Treatment of 
general tension: Subjective and physiological effects of 
progressive relaxation. Journal of Consulting and Clinical 
Psychology, 46(3), 518-528. 

Borkovec, T. P., & Sides, J. K. (1979). Critical procedural variables 
related to the physiological effects of progressive relaxation: 
A review. Behavior Research and Therapy, 17, 119-125. 

Bradny, J., Korein, J., Grynbaum, B. B., Friedmann, L. W., Weinstein, S., 
Sachs-Frankel, G., & Belandres, P. V. (1976). EMG feedback 
therapy: Review of treatment of 114 patients. Archives of 
Physical Medicine and Rehabilitation, 57, 55-61. 

Carrington, P. (1978). Clinically standardized meditation (CSM) 
instructor's kit. Kendall Park, NJ: Pace Educational Systems. 

Cataldo, M. F., Bird, B. L., & Cunningham, C. E. (1978). Experimental 
analysis of EMG feedback in treating cerebral palsy. Journal of 
Behavioral Medicine, 1(3), 311-322. 

Cox, D. J., Freundlich, A., & Meyer, R. G. (1975). Differential 
effectiveness of electromyograph feedback, verbal relaxation 
instructions, and medication placebo with tension headaches. 
Journal of Consulting and Clinical Pathology, 43(6), 892-898. 

Dunn, M. E., Davis, J., & Webster, J. (1980). Muscle spasticity: 
Voluntary control with EMG biofeedback in quadriplegic patients. 
American Journal of Clinical Biofeedback, 3(1), 5-10. 

Edelman, R. I. (1970). Effects of progressive relaxation on autonomic 
processes. Journal of Clinical Psychology, 26, 421-425. 

Edinger, J. D., & Jacobsen, R. (1982). Incidence and significance of 
relaxation treatment side effects. The Behavior Therapist, 5(4), 
137-138. 

Errey, M. (1981). Spasticity: The nursing management. The Australian 
Nurses' Journal, 10(6), 43-44. 



95 

French, A. P., & Tupin, J. P. (1974). Therapeutic application of a 
simple relaxation method. American Journal of Psychotherapy, 28, 
282-287. 

Grzesiak, R. C. (1977). Relaxation techniques in treatment of chronic 
pain. Archives of Physical Medicine and Rehabilitation, 58, 
270-272. 

Hohmann, G. W. (1955). Stress and spasticity in paraplegia. Unpublished 
doctoral dissertation, University of California at Los Angeles. 

Jacobson, E. (1938). Progressive relaxation. Chicago: University of 
Chicago Press. 

Jacobson, E. (1967). Tension in medicine. Springfield, IL: Thomas 
Publishing Co. 

Jones, G. E., Massong, S. R., & Buckley, M. F. (1983). Treatment of 
spasmodic torticollis: Through spasm control and muscle 
reeducation: A case study. Behavior Therapy, 14, 178-184. 

Kazdin, A. E. (September 1982a). Single-case experimental designs in 
clinical research and practice. In A. E. Kazdin & A. H. Tomar 
(Eds.), New directions for methodology of social and behavioral 
sciences: Single-case research designs, no. 13. San Francisco: 
Jossey Bass. 

Kazdin, A. E. (1982b). Single case research designs: Methods for 
clinical and applied settings* New York: Oxford Press. 

Kazdin, A. E. (1984). Statistical analysis for single-case experimental 
designs. In D. H. Barlow & M. Herson (Eds.), Single case 
experimental design: Strategies for studying behavior change (2nd 
ed.). New York: Pergamon Press. 

Lehrer, P. M., Schoicket, S., Carrington, P., & Woolfolk, R. L. (1980). 
Psychophysiological and cognitive responses to stressful stimuli 
in subjects practicing progressive relaxation and clinically 
standardized meditation. Behavior Research and Therapy, 18, 
293-303. 

Lehrer, P. M., Woolfolk, R. L., Rooney, A. J., McCann, B., & 
Carrington, P. (1983). Progressive relaxation and meditation: A 
study of psychophysiological and therapeutic differences between 
two techniques. Behavior Research and Therapy, 21(6), 651-662. 

Merritt, J. L. (1981). Management of spasticity in spinal cord injury. 
Mayo Clinic Proceedings, 56, 614-622. 



96 

Ortega, D. F. (1978). Relaxation exercise with cerebral palsied adults 
showing spasticity. Journal of Applied Behavior Analysis, 11, 
447-451. 

Paul, G. L. (1969). Physiological effects of relaxation training and 
hypnotic suggestion. Journal of Abnormal Psychology, 74(4), 
425-437. 

Schwartz, G. E., Davidson, R. J., & Coleman, D. J. (1978). Patterning of 
cognitive and somatic processes in the self-regulation of anxiety: 
effects of meditation and exercise. Psychosomatic Medicine, 
40(4), 321-328. 

Scott, R. W., Peters, R. D., Gillespie, W. J., Blanchard, E. B., 
Edmunson, E. D., & Young, L. D. (1973). The use of shaping and 
reinforcement in the operant acceleration and deceleration of 
heart rate. Behavior Research and Therapy, 11, 179-185. 

Sherman, R. A. (1982). Home use of tape recorded relaxation exercises 
as initial treatment for stress related disorders. Military 
Medicine, 147, 1062-1066, 1070. 

Shoemaker, J. E., & Tasto, D. L. (1975). The effects of muscle 
relaxation on blood pressure of essential hypertensives. 
Behavior Research and Therapy, 13, 29-43. 

Swaan, D., van Wieringen, P. C. W., & Fokkema, S. D. (1974). Auditory 
electromyographic feedback therapy to inhibit undesired motor 
activity. Archives of Physical Medicine and Rehabilitation, 55, 
251-254. 

Toth, L. L. (1983). Spasticity management in spinal cord injury. 
Rehabilitation Nursing, 14-17. 

Wallace, R. K., & Benson, H. (1972). The physiology of meditation. 
Scientific American, 226(2), 84-90. 

Warrenburg, S., Pagano, R. R., Woods, M., & Hlastala, M. (1980). A 
comparison of somatic relaxation and EEG activity in classical 
progressive relaxation and transcendental meditation. Journal of 
Behavioral Medicine, 3(1), 73-93. 

Wolpe, J. (1958). Psychotherapy by reciprocal inhibition. Stanford, CA: 
Stanford University Press. 

Wolpe, J., & Lazarus, A. A. (1966). Behavior therapy techniques: A 
guide to the treatment of neuroses. Oxford: Pergamon Press. 

Woolfolk, R. L. (1975). Psychophysiological correlates of meditation. 
Archives of General Psychiatry, 32, 1326-1333. 



97 

Woolfolk, R. L., Lehrer, P.M., McCann, B. S., & Rooney, A. J. (1982). 
Effects of progressive relaxation and meditation on cognitive and 
somatic manifestations of daily stress. Behavior Research and 
Therapy, 20, 461-467. 

Yashon, D. (1978). Spinal cord injury. New York: Appleton-Century-
Crofts. 

Young, J. S., Burns, P. E., Bowen, A. M., & McCutchen, R. (1982). Spinal 
cord injury statistics. Phoenix: Good Samaritan Medical Center. 


