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ABSTRACT 

The purpose of this study was to elucidate 

relationships among habitual physical activity level, 

endogenous opioid level, postoperative opioid analgesic, 

and. experiences of acute pain in response to the noxious 

stimulation of a subsequent orthopedic surgical procedure. 

Specifically, the study examined (1) the relationship 

between habitual activity and preoperative level of 

endogenous opioids in peripheral blood, and (2) whether 

habitual activity predicts perception of pain intensity or 

distress in response to a subsequent noxious stimulus. 

The study utilized a descriptive correlational 

design with causal modeling methodology to assess a five

stage theory. The convenience sample was comprised of 36 

English-speaking adult subjects hospitalized for orthopedic 

surgeries. The theoretical concepts, acute pain intensity 

and distress, were indexed three times for each subject by 

visual analogue scales. Reliability and validity of the 

scales were assessed by correlation with concurrent pain 

measurements using randomized verbal descriptor lists. 

Multiple regression statistical techniques were used to 

estimate the theory; violations of causal modeling and 

xii 
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statistical assumptions were assessed by residual analysis. 

For this sample, the strongest predictors of 

postoperative pain were the immediately preceding 

comparable indices of pain intensity or pain distress. 

Approximately 31% of the variance on postoperative 

analgesic was predicted by the combined effects of 

immediate postoperative pain and habitual activity. 

Although activity was not significantly related to 

endogenous opioid level in peripheral plasma, activity 

directly and positively influenced immediate postoperative 

pain intensity (Beta=.37), 24-hour pain distress (B=.27), 

and total opioid analgesic received in the initial 24 

postoperative hours (Intensity B=.40; Distress B=.50). 

Endogenous opioid was significantly related only to 

immediate postoperative pain distress (B=-.26). 

More physically active patients reported greater 

immediate postoperative pain intensity and greater 24-hour 

pain distress; they received more postoperative exogenous 

analgesic. Incorporation of information about activity as 

a potential determinant of operative pain experiences would 

increase validity of nursing assessments on which pain 

interventions are based. Patients in acute pain would 

benefit from this improved scientific basis for pain 

assessment. 



CHAPTER 1 

INTRODUCTION AND 

STATEMENT OF THE PROBLEM 

Pain is a universal human experience. A subjective 

phenomenon, influenced by physiologic, psychologic, and 

sociocultural factors (Beecher, 1959), acute pain presents 

unique problems and constitutes a paramount concern for 

nurse-clinicians who must objectively assess this 

subjective feeling-state in order to plan and provide 

relief. 

Pain perception has been described by Melzack 

(1973, p. 22) as a "highly personal experience, depending 

on cultural learning, the meaning of the situation, and 

other factors that are unique to each individual." 

Flourishing research in neuroanatomy and neurophysiology 

has recently produced great strides in knowledge of neural 

pathways, electrophysical events, and biochemical 

activities which subserve transmission of pain messages 

(Kandel & Schwartz, 1981). While providing a substantial 

knowledge base relative to these specifics, the same 

research has demonstrated the great plasticity of the 

nervous system and the multitude of locations throughout 

1 
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the length of the neural axis where transmitted pain 

messages are vulnerable to modulation. Many factors which 

influence this modulation and some mechanisms by which it 

occurs remain largely hypothetical. To understand the 

individuality of pain perception and of the total pain 

experience requires investigation beyond the immediate 

tr igger ing noxious stimul i and beyond the anatomical 

pathways traversed by sensory signals, to discover "the 

enormous plasticity of the nervous system and the 

individual differences that make each of us respond to the 

world in a unique fashion" (Melzack, 1961, p. 41). 

Within the scientific community, agreement is 

virtually unanimous that pain is a subjective experience. 

According to Beecher (1959, p. 6) "Pain is what the subject 

says hurts •••• a subjective experience reported as a 

sensation referred specifically to some part of the body 

and sufficiently unpleasant to be designated as painful by 

the subject." Hardy (1956, p. 24) conceptualizes a larger 

view of the total pain experience and includes "all of the 

associated sensations, emotional reactions, and affective 

states as well, the resultant being the pain experience for 

a particular individual under the particular circumstances 

at the time." Two subjective components of the pain 

experience are commonly recognized: a sensory-information 
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component which should correlate highly with the nature of 

the noxious stimulus and neural events; and, a reactive, or 

affective-motivational, component which is less well 

understood (Hilgard, 1978). 

Clinical observation of patients who complain of 

pain arising from a variety of etiologies leads, 

inescapably, to the conclusion that pain perception varies 

widely among individuals. Patients with similar medical 

diagnoses and comparable objective clinical signs may 

report qualitatively different subjective levels of pain. 

Or, the same patient, at different times and in different 

contexts, may report variations in his own subjective pain, 

although objective observation suggests no change in the 

intensity of the noxious stimulus generating the paino 

Al though the reasons for these var iations are poorly 

understood, every patient in pain deserves expeditious and 

appropriate relief. 

Nursing RQl.e. 

In clinical practice, nurses have considerable 

decision-making power related to relief of patient pain. 

The nurse assesses, describes, and reports upon the 

patient's pain. It is frequently the nurse who decides 

whether to attempt alternate non-pharmacologic modes of 

relief. The nurse evaluates adequacy of pain-reI ief 
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following medication. The nurse decides whether to 

administer the maximum or minimum dosage within the ordered 

medication range. The nurse determines whether to medicate 

the patient promptly on request, or to extend the time 

interval between doses. Thus, the nurse's expectations and 

judgments influence both the pain assessment process and 

the provision of pain relief (Fagerhaugh & strauss, 1977). 

Historically, nursing has focused on pain 

management rather than on pain evaluation. In a Delphi 

Study to identify nburning questions ••• for the practice of 

nursing," Lindeman (1975, p. 695) found that nursing 

interventions for the management of pain ranked in the 

highest ten percent of items having impact upon patient 

welfare. Pain management interventions are critical to 

patient well-being; yet, the bases of the nurse decision

making which underlies those interventions are frequently 

of questionable validity. 

Nursing practice has long accepted a nominally 

objective approach to the assessment of patient pain 

(Meinhart & McCaffery, 1983). With few exceptions, the 

subjectivity of the pain phenomenon is unacknowledged: 

subjective pain reports are "filtered" by the assessing 

nurse and subsequently carry the biases of that nurse's 

conditioning history. Fagerhaugh and Strauss (1977) have 
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suggested that each nurse develops a unique set of internal 

criteria for pain evaluation based to some extent upon 

experiential background and the agreement between the 

patient's complaint and nurse's expectation. There are no 

means to establish reliability or validity for such pain 

assessments. 

Significance 2f ~ Problem 

To individualize appropr iate and expeditious pain 

relief demands knowledge of those physiologic, psychologic, 

and sociocultural factors which influence pain perception. 

Many research studies have identified diverse demographic 

and psychological variables bivariately related to the pain 

experience. Few have attempted and none succeeded, in 

demonstrating the multiplicity of relationships which 

contribute to the pain phenomenon (Kim, 1980). "If health 

professionals are to broaden their therapeutic approaches 

to pain alleviation, the theories on which the approaches 

are based must incorporate biological, psychological and 

sociocultural components of behavior and the relationships 

among them." (Jacox & stewart, 1973, p. 2) 

Nursing has obligations (1) to identify all 

potential determinants of pain experiences, (2) to discover 

the multivariate relationships among pain determinants, 

(3) to assess patients in pain for the effects of those 
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determining factors, and (4) to plan and implement pain 

management interventions on the scientific bases of this 

knowledge. Accuracy of pain assessment and appropriateness 

of interventions to promote relief will improve in direct 

proportion to nursing's success in meeting these 

obligations and in proportion to the numbers of pain 

determinants which are elucidated. Should the postulated 

relationships of this investigation be supported, and the 

new knowledge be incorporated into pain assessment 

procedures, the ultimate benefit would accrue to pain 

patients in the form of more appropriate interventions and 

improved pain relief. 

Currently, information about the patient's activity 

patterns and activity history is omitted from nursing 

assessments of patient pain and, therefore, has no 

influence on the planning or implementation of pain 

management strategies. If physical activity stimulates 

production of human endogenous opioids, and if human 

endogenous opioids suppress pain, then knowledge of an 

individual's habitual physical activity should predict his 

subjective pain experiences. Understanding of this critical 

element in the pain experience, and its inclusion in the 

assessment process would facilitate individualized 

approaches to pain management by nurses. At present, no 



7 

reported research documents the specific effects of 

habitual activity level on subsequent acute pain 

perception. This study was designed to address the 

relationship of habitual activity level to subsequent acute 

pain perception and response to opiate analgesics. 

The research herein reported examined the inter

relationships among four concepts: physical activity, 

endogenous opioids, acute pain, and analgesia. In the 

following section each concept will be introduced. 

Physical Actiyity 

The World Health Organization has defined habitual 

physical activity as "the level and pattern of energy 

consumption during usual activities of life, including both 

work and leisure" (Andersen, Rutenfranz, Masironi, & 

Seliger, 1978, p. 3). Such activity is an integral and 

complex part of human behavior, dependent upon 

mUltitudinous individual biopsychosocial determinants, and, 

in turn, influencing an inestimable number of subsequent 

phenomena and events. 

In concert with the above discussion of endogenous 

pain control, the finding of several investigators (Carr 

et al., 1981; Colt, Wardlaw, & Frantz, 1981; Fraioli et 

al., 1980; Glusman, Janal, Colt, & Clark, 1982) that 
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physical activity is positively related to human beta

endorphin production suggests that knowledge of an 

individual's habitual activity level might be utilized to 

predict subsequent pain experience. Evidence that 

endogenous opiates and, therefore, endogenous pain 

controls, increase in proportion to habi tual physical 

activity would implicate activity as a critical pain 

assessment parameter for nursing. 

Endogenous Opioids 

Of the potential pain determinants which have been 

explored, none has rivaled the excitement generated within 

the scientific community in the past decade by unfolding 

knowledge of endogenous opiates in the human central 

nervous system (Iversen, 1979; Snyder, 1977). At the first 

successful isolation of these compounds in 1975, Hughes 

described the discovery as a morphine-like substance "that 

functions as an endogenous mediator at central morphine 

receptor sites," and suggested that it might be part of a 

"central pain suppressive system" (p. 295). Factors which 

influence physiologic levels of endogenous opioids and the 

relationships among these opioids, emotion, and pain have 

remained among the most intriguing topics of neuroscience 

(Terenius & Wahlstrom, 1979). The same factors which 

influence endogenous opioid production must, by the 
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effects of those opioids in the body, influence the 

perception of pain. 

If, as postulated by Terenius (1978, p. 321), "all 

mammals possess a set of powerful endogenous mechanisms of 

pain control," then knowledge of factors which activate or 

inactivate these control mechanisms is critical to the pain 

assessment process. Information about the patient's 

functional endogenous controls is an important piece of the 

ass es smen t data. Lack of t'hos e da ta 1 i m i ts the 

effectiveness of pain relief that the practitioner will 

plan or provide. The important challenge for pain research 

and for nursing practice is to "explore and ultimately 

bring under control those precise circumstances and 

techniques that will reliably enable persons to make use of 

these [endogenous pain control] resources when needed" 

(Terenius, 1978, p. 321). 

Acute £.a.in 

Acute pain may be characterized as that 

"constellation of unpleasant perceptual and emotional 

experiences and certain associated autonomic, psychologic, 

and behavioral responses" to tissue damaging-stimulation 

produced by injury or disease (Bonica, 1980, p.2). Several 

components compr ise the total acute pain exper ience: 

nociception, pain sensation-, suffering, and behavioral 
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response. Exquisitely complex interactions of ascending 

and descending neural systems, biochemical, physiologic and 

psychologi~ mechanisms, and neocortical processes influence 

and integrate this experience (Bonica, 1980). 

Often considered part of the body's homeostatic 

warning system, acute pain typically follows a predictable 

time course, is self-limiting as the cause of the 

triggering noxious stimulus resolves, and obeys certain 

delineated rules of physiopathology. The nociceptive 

stimulation produced by injury or disease is transduced by 

nociceptors, those receptors sensitive to noxious input, 

into neural impulses and transmitted via A-delta and C 

fibers centrally to the neuraxis. Those impulses that 

ultimately reach the brain primarily via spinothalamic 

tracts are involved in pain perception, but only after 

surviving a gauntlet in which impulses are subject to 

modulation at every level from periphery, to dorsal horn, 

to brain stem (Kitahata & Collins, 1982). 

When acute pain of injury or disease is heeded as an 

early warning which prompts the seeking of diagnosis and 

treatment, it is indeed purposeful. At other times, such 

as in postoperative or posttraumatic periods, following a 

myocardial infarction, or during recovery from extensive 

burns, severe acute pain serves no useful function: its 
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inadequate relief may contribute to complications in the 

recovery pattern which prolong morbidity, disability, and 

hospitalization (Bonica, 1980). 

Analgesia 

Analgesia is defined as the reduction or 

elimination of pain sensation. Analgesia may be effected 

by a variety of techniques including specific 

electrostimulation and the administration of exogenous 

opiate medications such as morphine or codeine. This 

investigation further limits th~ analgesia concept to that 

pain reduction or elimination which occurs in response to 

opioid substances. Such opioids may be either exogenous or 

endogenous in origin. 

If pain is conceptualized as a subjective 

experience having both sensory and affective components, 

either component may be the target for analgesic drugs. 

Opioid analgesics act both on the neuroanatomical pathways 

involved in the transmission, integration and 

interpretation of pain impulses and on the subjective 

reaction of the individual to the stimulus (Parkhouse, 

Pleuvry, Rees, 1979). Kitahata and Collins (1982) 

postulate that the analgesic effects of opiates are 

achieved by their working in concert at multiple sites 

within the nervous system in the per iphery, in the spinal 
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cord, and at supraspinal levels. 

Through a variety of mechanisms at these multiple 

sites, opioid analgesics selective"ly inhibit neurons that 

are associated with the transmission of noxious 

information. Analgesia and reduced reactivity to pain 

ensue when interpretive neurons in the brain receive less 

afferent activation from the noxiously activated distal 

neurons (Kitahata & Collins, 1982). 

Modulation of pain sensation by analgesics depends 

upon a complex system of opiate receptors present in 

neuronal pathways at each level in the neuraxis. The 

discrete distribution of opiate receptors, with 

concentrations in those central nervous system locations 

associated with pain sensation and affective response, is 

linked to the observed two-pronged effect of opioid 

analgesics. Both exogenous and endogenous opioids have the 

potential, by interacting with these opiate receptors, to 

produce analgesia by altering the functional capabilities 

of the nervous system (Kitahata & Collins, 1982). Presence 

of large amounts of either endogenous or exogenous opioids 

in the body reduces availability of opiate receptor sites; 

potential analgesic effects of exogenously administered 

opiates may, therefore, depend on concurrent levels of 

opioids in the body. 
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statement ~ Purpose 

The purpose of this research was to investigate the 

relationships among antecedent habitual activity level, 

endogenous opiate level, exogenous opioid analgesic, and 

experience of acute pain in response to subsequent noxious 

stimulation. Documentation of these relationships would 

substantiate for nurse clinicians the usefulness of these 

variables as assessment parameters. Specifically, this 

research addressed the following questions relative to 

patients experiencing acute postoperative pain: 

1. What are the relationships among the variables 

antecedent habitual activity level, endogenous opiates, 

exogenous analgesic, and perceived pain intensity and pain 

distress? 

2. What is the relationship between antecedent 

habitual activity level and the presence of endogenous 

opiates in peripheral blood? 

3. Does the level of antecedent habitual activity 

predict perception of pain intensity or distress in 

response to a subsequent noxious stimulus? 
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Conclusion 

While nurse-clinicians have considerable decision

making power relative to management of patient pain, the 

validity of that decision-making which undergirds their 

management interventions may be questioned. Limi ted 

knowledge of physiologic, psychologic, and sociocultural 

factors which influence perception of acute pain has 

traditionally hampered nursing's efforts to employ 

scientifically-based approaches to pain management. The 

aim of the study was to sUbstantiate for nurse-clinicians 

the usefulness of the variables, habitual physical activity 

and endogenous opioids, as pain assessment parameters. 

This study investigated habitual physical activity 

and endogenous opioids as potential physiologic 

determinants of the acute pain experience and response to 

opiate analgesics. Individualized nursing approaches to 

pain management would be facilitated by an understanding of 

these critical elements in the pain experience and by their 

inclusion in the pain assessment process. 



CHAPTER 2 

THEORETICAL FRAMEWORK 

Nurses have unique opportunity for interaction with 

patients in acute pain and for provision of nursing care 

which influences the frequency and severity of that pain. 

A sound scientific knowledge bas~ will facilitate greater 

effectiveness in clinical pain interventions. Knowledge 

earns the label "scientific" as a result of rigorous 

testing, and such testing may occur only within the 

framework of specified theory. Understanding of the 

scientifically-based mechanisms of pain, which evolves from 

the testing of theories about pain, will, in turn, 

contribute to construction of nursing theory related to 

care of patients in pain (Kim, 1980). In a practice 

discipline such as nursing, one purpose of theory is to 

"provide knowledge which can be used to guide and direct 

the actions of members of that discipline (Fawcett, 1980, 

p. 37). 

A theory is a "systematically related set of 

statements, including some law-like generalizations, that 

is empirically testable" (Rudner, 1966, p.10). A theory is 

comprised of defined concepts and the specified 

15 
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relationship statements that link them together (Fawcett, 

1978). Only when a theoretical framework has attained this 

level of definition and specification is it capable of 

sustaining the rigorous empirical testing which may yield 

scientific knowledge (Hinshaw, 1979). 

The theoretical framework for this study 

interrelates the following concepts: habitual physical 

activity, endogenous opioids, acute pain at three points 

in time, and exogenous opioid analgesic. Tested knowledge 

of these relationships would facilitate nursing assessments 

and inteventions relative to patients experiencing acute 

pain. 

Acute pain does not occur as an isolated event; 

rather, the experience must be viewed as embedded within a 

contextual sequence. This study focused on acute pain 

associated with the postoperative period. Such pain which 

follows surgery is seen within the framework of a series of 

events which encompass the perioperative period. 

Construct Level 

At the most abstract level, factors associated with 

occurrence of postoperative pain may be categorized under 

one of four constructs: (1) antecedent 

biopsychosociocu1tural determinants, (2) perioperative 

influences, (3) immediate postoperative factors, and 
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(4) delayed postoperative responses. In the most general 

sense these constructs represent a chain of stimulus

response relationships with constituents of each construct 

able to influence, but never influenced by, constituents of 

constructs which follow in time, as depicted in Figure 1. 

, Immediate Delayed 
Antecedent-->Perioperative-->Postoperative-->Postoperative 
Determinants Influences Factors Responses 

Figure 1. Relationships of constructs 

Constructs; Antecedent Determinants 

A host of preexisting biological, psychological, 

and sociocultural conditions have impact upon perception 

of postoperative pain. Such factors may influence sensory 

perception of pain intensity and/or the affective response 

to the experience. Jacox (1977) suggests that the 

individual's physiologic condition, sociocultural and 

psychological factors, and relationships of these factors 

to physiologic condition may determine subsequent pain. 

Many antecedent factors have been rigorously investigated 

with equivocal findings (Bonica, 1953); others may be 

readily postulated, but lack sUbstantiation in existing 
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literature. 

Pain literature documents multiple biological 

determinants of the pain experience. Under most 

circumstances, "pain is produced by the excitation of 

particular receptors, the nociceptors, or of their afferent 

fibers" (Zimmermann, 1979, p. 3). Peripherally encoded 

. pain messages are transmitted via afferent neurons, dorsal 

root ganglia, dorsal horn synapses, and identified spinal 

tracts to diffuse sites of interpretation in the brain. 

Any factor which physiologically alters this transmission 

process may be viewed as a potential biological determinant 

of the pain experience. 

Keele (1975) describes a child with congenital 

inability to perceive pain to illustrate the essentiality 

of functional neuroanatomical pathways. Stripped of the 

body's usual warning system by her insensitivity to the 

painful elements of noxious stimuli, this child experienced 

fractures, laceratio.ns, hemorrhaging, and other adverse 

sequelae to which normally sensitive individuals would not 

have been vulnerable. Observations of pain patients 

following lobotomy suggest a reciprocal functional 

interruption leading to report after operation that they 

still have the pain, but that it does not bother them 

(Melzack, 1973). Such surgeries appear to influence the 
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affective-motivational, or psychological, dimension of pain 

without altering the sensitivity component. 

The functional status of the body's endogenous pain 

suppression system is another biological determinant of 

pain perception. The distr ibution of opiate receptors in 

certain discrete areas of the brain, spinal cord, 

peripheral nerves, and peripheral ganglia has been 

confirmed by many researchers (Kitahata & Collins, 1982). 

The strong implication for transmission of pain messages, 

therefore, lies in the multitude of sites along the neural 

pathways where transmitted messages may be modulated by 

the pharmacologic effects of opiates interacting with 

receptors. Modulation of noxious impulses may be effected 

by either exogenous or endogenous opiates; thus, the 

individual with a pre-existing highly productive endogenous 

opiate system may be biologically better equipped to self

regulate pain experiences. 

In a broader physiologic sense factors such as age, 

sex, physical status, conditioning, or fatique may also 

exert biologic effects on the pain experience (Bonica, 

1953; Loan & Morrison, 1975; Simpson & Parkhouse, 1961). 

Past correlational studies have focused on establishment 

of relationships rather than on the underlying physiologic 

mechanisms. Findings have often been conflicting. For 
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example, in studies based upon postoperative analgesic 

requirements, Keats, Beecher, & Mosteller (1950) found no 

relationship between age and analgesic requirement, a 

finding subsequently challenged by Pratt and Welch (1955) 

and by Parkhouse, Lambrechts and Simpson (1961) who found a 

reduced analgesic requirement with increasing age. 

Gerhard (1983) found no significant relationship between 

age and postoperative analgesic requirement. 

Antecedent psychologic factors may also influence 

the perception of pain. For nursing, the preeminent 

application of this fact is in preoperative instruction of 

patients relative to relaxation techniques and 

postoperative expectations (Lindeman & Stetzer, 1973). As 

true for biologic determinants, documented investigations 

have been predominantly correlational and have emphasized 

nursing interventions and outcomes rather than elucidation 

of underlying psychologic mechanisms. In line with Roe's 

1963 finding that reduced analgesic requirement was related 

to preoperative preparation, and supported by the work of 

Egbert's colleagues in 1964 (Egbert, Battit, Welch, & 

Bartlett, 1964), Johnson (1973; Johnson & Leventhal, 1974; 

Johnson, Rice, Fuller, & Endress, 1978) has delineated for 

nursing specific relationships among components of 

preoperative preparation and effects upon different 
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dimensions of the pain experience. Johnson's laboratory 

and clinical investigations have demonstrated that 

provision of accurate sensory expectations reduces the 

distress component of a subsequent pain experience; these 

findings support the hypothesis that preparatory 

information about the sensations frequently experienced 

during a threatening event lowers distress (Johnson, 1972). 

Other determinants of the pain experience may be 

broadly designated as sociocultural. Sweeney and Fine 

(1975) investigated effects of family size and birth order 

on subsequent adult pain reactivity, finding a significant 

negative association between family size and pain 

reactivity. Birth order was not significantly associated 

with adult pain reactivity. 

Following Zborowski's early efforts (1952, 1969) to 

delineate cultural determinants of pain responses, Wolff 

and Langley (1968, 1977) systematically reviewed the 

paucity of available literature and concluded that "whether 

a people are more or less sensitive to pain -- or express a 

pained response -- depends, among other factors, on whether 

their culture values or disvalues the display of emotional 

expression and response to injury" (1977, p. 313). These 

researchers suggested that response to pain within 

cultural groups is influenced by attitudinal factors. In a 
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pilot study utilizing the Human Relations Area Files, 

Gerhard (1982b, p.1S) also concluded that "attitudes toward 

pain expression vary cross-culturally from simple 

acknowledgment or tolerance to strict prohibition." 

Chapman and Jones (1944) utilized radiant heat 

technique and an experimental approach to generate their 

conclusion that differences exist in pain sensitivity and 

pain tolerance as a result of ethnic factors. In a similar 

investigation compar ing Alaskan Indians, Eskimos, and 

Caucasians, Meehan, Stoll, and Hardy (1954) concluded that 

pain thresholds did not differ significantly among these 

three groups. Altering the technique used by Meehan's 

group, Merskey and Spear (1964) still confirmed the 

finding of no significant differences in pain response 

between comparable white and colored subject groups. In a 

study of housewives from four ethnic groups, Sternbach and 

Tursky (1965) found that attitudinal differences among the 

four subcultures accounted for the psychophysical and 

autonomic differences in the pain response to electrical 

stimulation. 

Zborowski's (1952) attempt to distinguish the 

physiologic phenomenon of pain from a multi-dimensional 

pain "experience" underscores a problem common to this 

discussion of antecedent pain determinants. The virtual 
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impossibility of classifying any determinant as purely 

biological, psycholgocial, or sociocultural is self-

"evident. For example, biologic nociceptive stimuli may 

tr igger emotional, therefore psychologic, responses; 

culturally-biased attitudes or such psychological states as 

fear or anxiety may, via the limbic system or reticular 

formation, modulate the neural transmission of pain 

messages. Thus, there is a continual and intricate 

intermingling of biological, psychological, and 

sociocultural factors, making it more appropriate to 

consolidate all antecedent determinants under a single 

biopsychosociocultural classification. 

Antecedent pain determinants may, however, be 

classified according to their occurrence in time. Those 

which occur over an extended duration include habitual or 

baseline conditions, personal characteristics such as age 

or sex, attitudes, and values. Measures of such extended 

antecedents are assumed to remain relatively constant 

across time. other antecedents such as indices of 

sensation, laboratory values, and body weight may be 

sampled at one selected preoperative time and are 

interpreted as representative only of that moment in time. 

Therefore, the construct Antecedent Determinants 

is subdivided temporally into constructs of Extended 
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Antecedent Determinants and Immediate Preoperative 

Antecedent Determinants. The construct Extended Antecedent 

Determinants is defined as those conditions or 

circumstances, remaining constant across time pr ior to a 

surgical experience, which potentially influence 

perioperative or postoperative pain responses. The 

construct Immediate Preoperative Antecedent Determinants 

is defined as those potentially changing conditions or 

circumstances, sampled at a selected moment in time prior 

to a surgical experience, which potentially influence 

perioperative or postoperative pain responses. 

construct: Perioperative Influences 

The term perioperative describes that period of 

time surrounding a surgical intervention and extending from 

administration of preoperative medications to transfer from 

the surgical recovery room. Relationships among the 

multitude of events during this period and the patterns of 

postoperative pain occurrence which they influence are 

largely undocumented in the literature. 

In a 1983 study which descr ibed the relationships 

among fourteen variables pertinent to the occurrence of 

postoperative pain, Gerhard posited the following as 

representative of the Perioperative Influences construct: 

duration of anesthesia, type of anesthesia, application or 



25 

non-application of an orthopedic cast, time interval to 

first postoperative analgesic, and number of analgesic 

administrations in the recovery room. Initial awareness of 

pain at the operative site also occurs for some patients 

during the perioperative period and may represent one of 

the unidentified omissions acknowledged by Gerhard (1983) 

to influence events in the postoperative period. 

The construct Perioperative influences is defined 

as those events, occurrences, or circumstances, during the 

time interval between administration of preoperative 

medication and transfer from the recovery room, which 

potentially influence postoperative pain experiences. 

Construct; Immediate Postoperative Factors 

Relative to this construct the term postoperative 

describes the initial 24 hours following transfer of the 

surgical patient from recovery room to patient care unit. 

During this period the patient is exposed to a variety of 

entities and events which potentially alter subsequent 

pain experience. 

Nursing interventions to promote pain relief 

frequently are representative of this construct. Both 

nursing and non-nursing literature reflect the traditional 

emphasis placed by the profession on the bivariate 

relationships between selected pain interventions and 
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patient outcomes (Brooten, Brown, Hollingsworth, Tanis, & 

Donlen, 1983; Diers, Schmidt, McBride, & Davis, 1972; 

Egbert et al., 1964; Johnson & Leventhal, 1974; Kim, 1980; 

MCBride, 1967; Moss & Burton, 1966; Wells, 1982). No 

multi-variate model has been documented in current 

literature. 

Analgesic substances administered dur ing this 

postoperative period also influence immediate pain 

subsequences and are representative of this construct. 

Narcotic analgesics act both on neuroanatomical pathways 

to alter sensory intensity of pain perception and on 

emotional reactivity to influence the level of distress 

associated with a noxious stimulus (Parkhouse et al., 

1979) • 

The construct Immediate Postoperative Factors is 

defined as those events, occurrences, or circumstances, 

during the initial 24 hours immediately following transfer 

from recovery room to patient unit, which potentially 

influence subsequent pain experiences. 

construct: Delayed Postoperative Responses 

The human response to an operative experience is 

highly var iable and evidenced in numerous ways; this 

investigation focused on responses to the noxious stimuli 

inherent in surgical interventions. Postoperative status is 
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commonly evaluated based on observations of patient 

behavioral responses, physiologic responses, and subjective 

responses. These response modalities differ in theoretical 

bases and in their appropriateness as pain assessment 

parameters. 

A behavioral perspective on postoperative 

responses is derived from the stimulus-response paradigm of 

behavioral psychology. Construct-representative behaviors 

from which it has been suggested that pain may be inferred 

include gross motor activity changes, facial expression, 

verbal expression of pain, withdrawal, or vocalizations 

(Gerhard, 1984a; M. Johnson, 1977; Meinhart & McCaffery, 

1983) • 

Physiologic responses, especially those related to 

activation of the autonomic nervous system, have been 

suggested as indicative of clinical pain (M. Johnson, 

1977). Behavioral conditioning plays a role of untested and 

unknown magnitude in production of these physiologic 

responses. Alterations in blood pressure, heart rate, 

perspiration, and respiratory rate and depth may be 

triggered by a variety of emotions and experiences such as 

fear, anxiety, or pain in the postoperative period. 

Subjective phenomena such as emotions, feelings, 

and perceptions comprise a significant part of the 
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postoperative experience. Although these subjective events 

are not directly observable, patient reports provide 

information about these subjective responses which are 

important constituents of the Delayed Postoperative 

Respon~es construct. 

The construct, Delayed Postoperative Responses, is 

defined as those patient behavioral, physiological, or 

subjective occurrences which follow, and are believed to 

result from, perception of noxious stimuli following a 

surgical intervention. 

Concept Level 

The theoretical framework for this study 

interrelates six concepts: habitual physical activity, 

endogenous opioids, acute pain at three points in time, and 

exogenous opioid analgesic. Figure 2 provides the 

theoretical model which interrelates these concepts and 

illustrates their relationships to the previously discussed 

construct level. A discussion of each concept with 

conceptual definitions and support for postulated 

relationships follows. 
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concept: Habitual Physical Actiyity 

The World Health Organization has defined habitual 

physical activity as "the level and pattern of energy 

consumption during the usual activities of life, including 

both work and le i sure" (Ander sen, et al., 1978, p.3). 

Physical activity may range from a leisurely stroll to a 

grueling competitive sporting effort (Waaler & Hjort, 

1982), and is balanced on the opposite end of its continuum 

by inactivity. The impact of physical activity on health 

is determined, not only by short term energy expenditure at 

a given time but also, by "the pattern of habitual physical 

activity over a longer period" (Baecke, Burema, & Frijters, 

1982, p. 936). Although activity level may vary greatly at 

different points in time and from day to day or season to 

season, its baseline pattern is an integral and complex 

part of human behavior which impacts upon many dimensions 

of life and health. 

Lifestyle- and environmentally-related diseases 

dominate current health statistics. The sequence of 

causative factors which has led to this increased incidence 

is incompletely understood, but the philosophy of 

prevention and health promotion which prevails in nursing 

demands that efforts "be applied at that point in the 

causative chain where the best prospects lie for reducing 
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the incidence of illness, disability, and death" 

(Berfenstam, 1982, p.ll). A better understanding of the 

effects of habitual physical activity on subsequent 

dimensions of life and health may represent such a pivotal 

point. 

The causal links between habitual physical activity 

and various health outcomes have been elucidated to widely 

differing degrees, and many remain unidentified. A major 

continuing literature emphasis is on the relationship 

between activity and cardiovascular function. The 

Framingham study demonstrated the association of high 

physical performance capacity (which often follows physical 

activity) with reduced risk of cardiovascular pathology 

(Ander sen et al., 1978; Kannel & Sor 1 ie, 1979) • Some 

investigators have attempted to assign a protective 

cardiovascular function to physical acti vi ty (Hickey, 

Mulcahy, Bourke, Graham, & Wilson-Davis, 1975; Cooper et 

al., 1976), while others suggest that exercise assists in 

reducing a series of other known coronary risk factors 

(Kannel & Sorlie, 1979). 

Research related to habitual physical activity has 

been hampered by inadequate definitions, weak design, and 

inconsistency which restricts comparisons and collaboration 

among investigators. Non-equivalent terms such as 
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activity, fitness, endurance, aerobic training, and 

conditioning are arbitrarily interchanged. Waerhaug (1982) 

noted the paucity of research reporting effects of physical 

activity on the nervous system and suggested that available 

documentation provides only tenuous evidence of the 

significance of physical activity for health. In contrast, 

Waaler and Hjort (1982, p.265) justify research in physical 

activity on economic grounds with their conclusion that, 

"exercise is healthy, and health is profitable." 

No universal "normal" or "best" values exist for 

the concept Habitual Physical Activity. Patterns of 

habitual physical activity develop throughout life as a 

unique expression of individual lifestyle, preferences, 

values, strengths, and limitations. Since the experience 

of pain exerts a negative feedback effect on the 

performance of physical activity, pain may be one limiting 

factor which shapes an individual's pattern of habitual 

physical activity. 

The concept Habi tual Phys ical Acti vi ty is def ined 

as the level and pattern of energy consumption in work, 

sport, and leisure during the usual activities or pursuits 

of life. 
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concept: Endogenous Opioids 

Less than one decade has passed since discovery in 

the human body of naturally-occurring neuropeptides capable 

of effecting morphine-like actioris. In that decade the 

major theme emerging from pain research has been that 

"endogenous pain modulation systems exist within the brain 

which can inhibit the perception of pain" (Mayer & Watkins, 

1981). Spurred on by isolation in 1973-74 of natural 

opiate receptors from regions of the brain and spinal cord 

involved in the perception and integration of pain and 

emotional experience by researchers at Stanford University, 

the University of Uppsala, Johns Hopkins University, and 

New York University, Hughes and Kosterlitz at the 

University of Aberdeen became the first to isolate 

endogenous opioid substances (Hughes, 1975). Hughes 

described the discovery as a "morphine-like 

substance ••• that functions as an endogenous mediator at 

central morphine receptor sites," and postulated that it 

might be part of a "central pain suppressive system" 

(Ibid., p. 295). 

Since the original characterization of the peptide 

enkephalins continuing research has begun to expose the 

complexities of endogenous opioid systems. All identified 

endogenous opioids are peptides (Millan, 1982), chemically 
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composed of varying numbers of amino acids linked via 

peptide bonds, and having in common an aminotermina1 

enkepha1in sequence (Weber, Evans, & Barchas, 1983). 

Further, this concept is 1 imi ted to those endogenous 

peptides which are able, under physiologic conditions, to 

bind directly to opioid receptors, activate those 

receptors, and effect one or more bodily changes usua11y 

associated with classic exogenous opiates, i.e., analgesia, 

euphoria, hypothermia, respiratory inhibition, lowering of 

blood pressure and pulse, and opiate-like dependence 

(Goodman, 1983; Terenius & Wahlstrom, 1979). The 31-amino 

acid peptide ,8-endorphin was isolated in 1976, and the 13-

amino acid peptide Dynorphin in 1979. Functionally, the 

enkephalins and ;.S -endorphin may be the most important 

endogenous opioid peptides (Terenius & Wahlstrom, 1979), 

representing biochemically and topolog ically distinct 

opioid systems. While pharmacologically the most potent, 

dynorphin appears less physiologically significant than the 

above peptides. 

In excess of twenty-five endogenous opioid 

peptides have now been structurally identified and 

classified into one of three groups: the enkephalins, 

peptides related to j.9-endorphin, and those related to 

dynorphin (Cox, 1982; Millan, 1982). These groups are 
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distinguished on the basis of precursor molecules, 

receptors to which they bind, endogenous distribution, and 

hypothesized functions in the body. Pre-

proopiomelanocortin, from which )3-endorphin is derived, 

was the first precursor to be identified. Subsequently the 

enkephalin precursor, pre-proenkephalin, and, more 

recently, the dynorphin and alpha-neo-endorphin precursor, 

pre-prodynorphin have been elucidated (Cox, 1982). 

Although they share common amino acid sequences and in 

vitro conversions have been reported (Austen, Smyth, & 

Snell, 1977), it is emphasized that enkephalins are not 

produced by cleavage of the larger ~ -endorphin, but 

rather are derived from separate precursors (Cox, 1982). 

Terenius and Wahlstrom (1979) delineate the 

considerable functional differences between ~-endorphin 

and the enkephalins. The highly unstable enkephalins are 

rapidly degraded by protein-cleaving enzymes following 

release as compared to more stable ~-endorphin, the more 

gradual degradation of which may facilitate sustained 

effects. Rapid degradation is an essential characteristic 

of local neurotransmitters, suggesting this role for 

enkephalins. Sustained effects would permit ~-endorphin 

to reach distant synapses via bloodstream or cerebrospinal 

fluid, suggesting the possibility that it fills 
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neurohormonal or neuromodulatory roles in the body. 

Immunofluorescence, radioreceptor- and radioimmuno

assay techniques have elucidated the distribution patterns 

of opioid-containing neurons and opioid receptors, and 

provided insight on their relationships to pain perception 

(Goodman, 19837 Simantov, 19817 Snyder, 1980). The 

anterior and intermediate pituitary lobes are rich in 

# -endorphins, ,6'-lipobropin, ACTH, and alpha-melanocyte 

stimulating hormone which share the common precursor, pre

proopiomelanocortin (Millan, 1982). Of these four 

derivatives, only ;.9-endorphin has a demonstrated affinity 

for opioid receptors, and is thereby capable of producing 

opioid effects in the body. Outside the central nervous 

s y s t e m (C N S ) ;S - ,e n d 0 r phi n i s f 0 u n din h i g h est 

concentrations in the anterior and intermediate pituitary 

lobes. Undetectable in the spinal 

1980), ~-endorphin has been identified 

cord (Snyder, 

within the CNS in 

the arcuate region of the hypothalamus, midbrain, pons, and 

medulla (Hollt, 1983; Huhman, 1982; Millan, 1982; Snyder, 

1980). Enkephalin, in contrast, is widely distr ibuted in 

the CNS with high concentrations in the limbic system, 

dorsal horn of the spinal cord, spinal trigeminal nucleus, 

raphe nuclei, magnocellular nuclei of the hypothalamus, 

caudate-putamen, central gray matter of the midbrain, and 
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the brainstem. Outside the eNS enkephalins have been 

identified in the gastrointestinal tract, adrenal medulla, 

many peripheral nerves (Cox, 1982), and pituitary neural 

lobe (Millan, 1982). The topology of both endogenous 

opioids and opioid receptors is conspicuously parallel to 

that of CNS structures involved in the reception, 

processing, and emotional components of pain. 

Neuromessengers may be broadly construed as 

consisting of neurohormones, neurotransmitters, and 

neuromodulators (Terenius & Wahlstrom, 1979). Each of 

these categories of neuromessengers produces highly 

selective effects at very low concentrations, presumably by 

acting at "specific receptor sites consisting of large 

molecules ••• located on the external surface of cells in 

the target organs" (Snyder, 1977 p. 44). In binding to a 

cell membrane receptor the neuromessenger initiates some 

alteration of the membrane's properties. Potentially 

filling anyone of these neuromessenger roles, a given 

endogenous opioid exerts specific effects which are largely 

determined by receptor locations and active lifetime of the 

peptide in the body. 

Snyder (1980) notes the wide variety of 

pharmacologic functions filled by the endogenous opioids. 

In addition to their hypothesized roles in pain, opioids 
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may also be involved in emotional regulation, affective 

behavior, and the phenomenon euphor ia. Based upon rat 

studies, increases in circulating levels of ;.9-endorphin 

immunoreactivity are regarded as "a definitive response of 

stress" (Millan, 1981 p. 49). In a comprehensive review, 

Olson, Olson and Kastin (1983) cite the following 

behavioral and nonanalgesic phenomena which have been 

related by recent research to endogenous opioids: 

dependency and tolerance, stress responses, alcohol 

intoxication, emotional disorders, learning and memory, 

cardiovascular and respiratory responses, temperature 

control, stroke, epilepsy, general activity level, and 

social behavior. At the somatic level, opioids may 

influence coordination of visceral reflexes such as the 

gastric reflex, and responses such as pupillary 

constriction, respiratory depression, and nausea. Snyder 

(1980) further speculates, based upon opioid and receptor 

mapping in the eNS, that opioids may addi tionally be 

involved in audition, olfaction, and vision. 

The concept Endogenous Opioids is defined as those 

naturally-occurring peptides in the human body which, under 

physiologic conditions, bind directly to and activate 

opioid receptors, effecting one or more bodily changes 

usually associated with classic opiates. 
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concept: Acute ~ 

"Each of us confronts the world from a brain linked 

to what is 'out there' by a few million fragile sensory 

nerve fibers, our only information channels, our lifelines 

to reality" (Mountcastle, 1975 p. 109). Knowledge of our 

external and internal environments depends upon the 

encoding functions of sensory nerve endings and the 

integrating mechanics of the central nervous system, 

vulnerable to distortions of both quality and quantity. 

Human organisms with healthy, functional, nervous systems 

have learned through experience the correct abstractions 

and interpretations to be drawn from the integrated neural 

messages which ultimately reach the brain. That total 

composite of neural events initiated by a sensory 

stimulus, undergoing successive transformations, and 

ultimately leading to central nervous sytem storage, 

discrimination, and output is the "essence of sensation 

and perception" (Mountcastle, 1975 p. 109). 

If pain existed as a pure sensation, more would be 

known about the role of this sensory modality in informing 

the organism about its internal and external environments. 

Pain, however, differs from the five usual senses in two 

critical ways: (1) central representations of pain in the 

brain do not depend upon 'labeled lines' and precise 
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linkage between cerebral cortex and peripheral sensory 

sheet, and (2) the neural impulse transmitting pain 

information is comparatively low fidelity, vastly more 

subject to modulation and distortion than its counterparts 

in sensory modality. Pain experience is not a pure 

sensation, but is, rather, modified by a variety of 

secondary influences. The enormous plastici ty of the 

nervous system which admits these influences both 

individualizes interpretations of pain messages and makes 

each of us nrespond to the world in a unique fashion n 

(Melzack, 1961 p. 41) • 

Eidelman (1981, p. 1039) suggests that pain is a 

nsignal of the involuntary monitoring system of the body 

manifesting itself as a conscious sensation. n with 

multiple modulations of the original input at different 

afferent levels, the final message which activates the 

efferent system ndepends upon the intensities and 

priorities of all other inputs, normal and abnormal, 

arriving at the same timen (Eidelman, 1981, p. 1043). 

Pain. is a "personal, private experience of hurt 

whose quality and intensity are known to be significantly 

influenced by psychological and sociocultural variables· 

(Kim, 1980, p. 44). It is a category of complex perceptual 

experiences (Melzack, 1973) rather than a single sensation 
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in response to a specific stimulus. 

Acute pain, as investigated in this study, has been 

further delimited by Bonica (1980, p. 2) to be that 

"constellation of unpleasant perceptual and emotional 

exper iences and certain autonomic, psycholog ic, and 

behavioral responses •••• [which] are provoked by noxious or 

tissue-damaging stimulation produced by injury or disease." 

Although psychopathology is rarely the primary cause of 

acute pain, psychological factors frequently and profoundly 

influence acute pain experiences. For purposes of this 

study, Bonica's delineation of distinguishing 

characteristics for acute and chronic pain is useful: (1) 

acute pain occurs in response to an identifiable noxious 

stimulus and extends for an appropriate duration relative 

to its cause, and (2) chronic pain occurs in response to an 

identifiable or unknown stimulus and persists "beyond the 

course of an acute disease or reasonable time for an injury 

to heal, or it recurs at intervals for months or years" 

(Bonica, 1980, p. 9). Uncomplicated acute pain is 

frequently construed to serve a useful function as the 

body's warning of tissue damage or injury. 

The pain exper ienced by many patients who undergo 

surgical procedures is a special case of acute pain. Its 

noxious stimulus, the operative trauma and sequelae, is 
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known; the self-limiting time-course is typically 

predictable relative to the specific surgery performed. 

However, in the context of current surgical care, 

postoperative pain no longer serves a useful warning 

function. Severe post-surgical pain, inadequately 

relieved, may lead to seriously abnormal physiologic and 

psychologic reactions which complicate the recovery 

(Bonica, 1980). 

The personal and private nature of pain and the 

individually modifiable central nervous system processing 

of sensory signals related to pain, documented by informal 

observation and rigorous research over the past thirty 

years, support the subjectivity of the human pain 

experience. "Pain is what the subject says hurts •••• a 
-. . 

subjective experience reported as a sensation referred 

specifically to some- part of the body and sufficiently 

unpleasant to be designated as painful by the subject" 

(Beecher, 1959, p. 6). "Known only to the sufferer," 

(Huskisson, 1974, p. 1131) pain is defined introspectively 

by every man (Beecher, 1957). Hardy (1956, p. 24) 

acknowledged the subjectivity of pain in his classic 

description of the total pain experience: "all of the 

associated sensations, emotional reactions, and affective 

states as well, the resultant being the pain experience for 
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a particular individual under the particular circumstances 

at the time." The acute pain sufferer is, therefore, the 

sole source of valid knowledge about this subjective 

experience. 

Subjectivity of pain derives in part from the fact 

that the total pain experience, comprised of nociception, 

sensation, suffering, and behavioral response, is the net 

result of incredibly complex and dynamically interrelated 

"interactions of ascending and descending neural systems, 

biochemical, physiologic and psychologic mechanisms and 

neocortical processes" (Bonica, 1980, p. 3). In the case 

of acute postoperative pain, the noxious stimulus of 

surgically produced tissue injury is transduced by 

nociceptors at the site of injury into neural impulses 

which reach the dorsal horn at spinal segmental level (or 

the homologous nucleus of the fifth cranial nerve) via 

primary nociceptive afferents of the small myelinated A

delta or unmyelinated C fiber types. Although alternate 

less major pathways have been recently documented (Goodman, 

1983; A. Pert, 1980), the anterolateral tract is generally 

accepted as the primary ascending route for neural 

information related to pain. In traversing this course 

from injury site to brain, impulses are subjected to local, 

segmental and descending supraspinal modulations which 
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control, at each relay point, further transmission of the 

pain information. The net effects of impulses that reach 

higher brain levels determine pain perception, and may 

produce anxiety, apprehension, suffering, and observable 

behavioral changes (Bonica, 1980). 

Figure 3 (adapted from Bonica, 1980; Gerhard, 

1982a; Kandel & Schwartz, 1981; Lembeck, 1983; watkins & 

Mayer, 1982) schematically represents those pain mechanisms 

and anatomical pathways which have been most conclusively 

demonstrated at the present time. This figure illustrates 

the multiple loci in transmission pathways where modulation 

of the original input may occur. 

Although the anatomical substrate bears critical 

importance for perception of pain, subjectivity of the pain 

experience is founded upon the individual's reaction to the 

pain situation as a whole, rather than upon the mere 

anatomy and physiology of perception. Patients differ less 

in their anatomy and physiology than in their psychologic, 

emotional, and cognitive characteristics which cause each 

being to modulate pain transmission and to respond to pain 

perception in a unque fashion (Parkhouse, et al., 1961). 

Development of the current view of pain, described 

by Wolf (1980) as a complex phenomenon possessing sensory, 

emotional, cognitive, and motivational dimensions, may be 
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traced at least to Beecher (1965), who, in turn, credited 

the concept to Marshall (1894) and strong (1895). Basing 

his early work on observations of wounded World War II 

soldiers, Beecher described two dimensions of pain: the 

noriginal sensationn and the npsychological reaction 

component n (1975, p. 61). He ascribed the ability of 

emotion to block pain sensation to the psychological 

reaction component, and declared that the significance of 

an injury to the individual determined the presence or 

absence of suffering. 

Melzack (1961) elaborated the dimensions of pain 

suggested by Beecher, initially subscribing to two 

dimensions: sensory and affecti vee He descr ibed the 

distinctly unpleasant affective component of pain, apart 

from its sensory aspects of space, time, and intensity, and 

noted the strong emotional quality which drives the pain 

sufferer actively to seek its relief. Melzack subsequently 

(1973, p. 46) defined pain multi-dimensionally as nthose 

subjective experiences which have both somatosensory and 

negative-affective components and that elicit behavior 

aimed at stopping the conditions that produce them. n He 

further posited three distinct dimensions of pain: sensory

discriminative, motivational-affective, and cognitive

evaluative, each nsubserved by physiologically specialized 
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systems in the brain n (Melzack, 1973, p.9S). 

Discriminability of sensory and affective components of 

the pain experience has been independently confirmed by 

Johnson (1972; 1973; Johnson & Rice, 1974), while 

continuing work by Melzack and others supports his three 

postulated dimensions of pain (Melzack, 1975; Melzack & 

Torgerson, 1971; Melzack, Wall, & Ty, 1982). 

The concept Acute Pain is defined as a complex 

subjective phenomenon comprised of nociception, sensation, 

suffering, and behavioral response, in duration 

predictable from the nature of the noxious stimulus, and 

having sensory, emotional, cognitive, and motivational 

dimensions. 

concept: Exogenous Opioid Analgesic 

Antinociception or analgesia has been loosely 

defined as ndiminution of an animal's reaction to noxious 

input n (A. Pert, 1980 p. 139). Analges ia invol ves al tered 

perception of nociceptive stimuli such that, although they 

may be perceived, they are not interpreted as pain by the 

conscious and awake sUbject. Any substance thus capable of 

relieving pain by altering perception of nociceptive 

stimuli without producing anesthesia or loss of 

consciousness (Stedman's Medical Dictionary, 1976) may be 

broadly categorized as an analgesic. The concept Exogenous 
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Opioid Analgesic is further qualified by the external 

origins of its members which are deliberately administered 

to subjects to alleviate pain. 

The clinical value of analgesics lies in their 

ability to decrease human and animal response to painful 

stimuli while leaving intact the processing of other 

sensory modalities (Mayer, 1980). The definitive 

observation of effective analgesic action in response to 

noxious stimulation is a reduced behavioral response in 

animal models or an altered subjective report of pain by a 

human subj ect. Concur rent testing of other sensory 

modalities, such as touch, vibration, or temperature 

stimuli applied to the same location as the noxious 

stimulus, should demonstrate intact conductance of the 

neural message and accurate perception of the nonpain 

sensation in the central nervous system. The main 

analgesic effect is reduced reaction solely to noxious 

input. 

The broad concept analgesic includes diverse 

members which effect their antinociceptive actions by 

differing mechanisms and which may be categorized according 

to a variety of schema. Mayer (1980) suggests that 

mechanisms of action may be viewed as exogenous, when they 

utilize nonphysiological processes which otherwise do not 
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occur spontaneously in the body, or endogenous, when they 

utilize processes endogenous to the nervous system. 

Alternatively, analgesics may be classified (Parkhouse 

et al., 1979) as "antipyretic," with analgesic activity 

probably dependent upon inhibition of prostaglandin 

synthesis at the site of noxious stimulus, or "narcotic," 

with activity dependent upon selective interference with 

neural transmission of information about noxious stimuli. 

For purposes of this study the concept is described as 

those exogenous analgesics with narcotic mechanisms of 

action. 

Historically, the terms "narcotic" and "opiate" 

have been used interchangeably to describe opium 

derivatives. Recent sUbstitution of the term "opioid" 

corrects for the problems that (1) not all "narcotic" 

analgesics produce narcosis, and (2) the relationship of 

newer "opiate" drugs to opium is frequently distant 

(Parkhouse et al., 1979). The term "opioid" includes all 

substances which have the ability to bind to the same 

receptors in the body which also bind to morphine, and the 

ability to produce morphine-like effects. 

The net main effects of opioid substances are those 

of selective depression: analgesia, sedation, respiratory 

depression, and cough suppression. Excitatory main 
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effects, which may in fact result from depression of 

inhibitory mechanisms, may include euphoria, 

hallucinations, convulsions, release of antidiuretic 

hormone, miosis, and vomiting (Parkho~se et al., 1979, 

Utting & Smith, 1979). The most common secondary effects of 

opioids are increased smooth muscle tone and histamine 

release at the injection site. The capacity of opioids 

to produce dependency, tolerance, and addiction is also 

characteristic. 

The ultimate effects of analgesic substances in the 

body depend upon both neuroanatomical substrates and 

biochemical or pharmacologic processing of those 

substances. Agu Pert (1980 p. 142) has suggested three 

possible ways that opioids might induce analgesia: "(1) by 

inhibiting primary afferents in the dorsal horn, (2) by 

inhibiting somatosensory pathways at supraspinal levels, 

and (3) by activating descending inhibitory pathways." 

That opioid analgesic mechanisms do operate at these three 

levels has been confirmed by a multitude of researchers 

(Kitahata & Collins, 1982), who additionally find that 

inhibition of primary afferents also occurs in the caudal 

spinal trigeminal nucleus. 

To achieve their highly selective analgesic effects 

opiate agonists bind to specific receptor sites on the 
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external surfaces of neurons at the three neuroanatomica1 

levels previously suggested. The predominant nonspecific 

binding of opioids to any biologic membrane surface other 

than a specific receptor site does not produce analgesic 

responses. At least three opioid receptor subtypes have 

now been identified, and analgesia is believed to be 

mediated by occupation of receptors of the mu-subtype 

(Hol1 t, 1983; Weber, et a1., 1983). Stereospecific binding 

to this receptor is thought to inhibit neuronal activity by 

blocking the sodium influx essential for synaptic 

transmission (A. Pert, 1980; Snyder, 1977). The resulting 

altered transmission of the neural information about a 

noxious stimulus leads directly to diminished perception of 

pain. 

The mechanisms of action of the endogenous opioid 

peptides appear pharmacologically similar to those of the 

opiate alkaloids (A. Pert, 1980). Evidence suggests that 

both classes utilize the same receptor sites and effect 

their actions at the same multiple levels of the central 

nervous system. 

Opioid analgesic responses in the body may be 

produced by administration of exogenous opiates, 

spontaneous production of endogenous opioids, or increases 

in endogenous opioids induced by certain analgesic 
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manipulations. Stimulation-produced analgesia, acupuncture 

analgesia, and a var iety of stress-induced analgesias 

exemplify these manipulations (Mayer, 1980; Watkins & 

Mayer, 1982). 

The concept Exogenous Opioid Analgesic is defined 

as any substance with or ig ins external to the body which, 

when administered to a subject in pain, binds 

stereospecifically to opioid receptor sites, inhibiting 

neural transmission and producing specific diminution in 

perception of nociceptive stimuli. 

Theoretical Relationships 

The specified relationship statements which link 

together defined theoretical concepts are an integral part 

of any theory (Fawcett, 1978). Gibbs (1972, p. 178) has 

labeled as "propositions" those direct intrinsic 

relationship statements in which the sUbstantive terms are 

concepts. The applicable unit term for the theoretical 

model depicted in Figure 2 is "among adult patients in 

surgical situations with potential for acute physical 

pain." Conceptual relationships of the model as applied to 

the unit term are specified in the following propositions: 

(1) Habitual Physical Activity at Stage I is 

positively related to Endogenous Opioids at 

stage II. 
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(2) Endogenous Opioids at stage II is negatively 

related to Acute Pain II at Stage III. 

(3) Acute Pain I at stage II is positively related 

to Acute Pain II at Stage III. 

(4) Acute Pain II at Stage III is positively 

related to Exogenous Opioid Analgesic at 

Stage IV. 

(5) Acute Pain II at Stage III is positively 

related to Acute Pain III at Stage V. 

(6) Exogenous Opioid Analgesic at Stage IV is 

questionably 

stage v. 
(7) Endogenous 

related to 

Opioids 

Acute Pain III at 

at Stage II is 

curvilinearly related to Exogenous Opioid 

Analgesic at Stage IV. 

A growing body of basic research supports 

Proposition (1) positively relating Habitual Physical 

Activity and Endogenous Opioids. Beta-endorphin, found 

within beta-lipotropin, is "secreted into the plasma 

concomitantly witb ACTH under a variety of stresses" 

(Farrell, Gates, Maksud, & Morgan, 1982, p. 1245). 

Significant increases in opioid peptide levels have been 

demonstrated in response to acute stress by several 

research teams (Madden, Akil, Patrick & Barchas, 1977; 
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Mayer & Watkins, 1981). Whether physical activity serves 

as a stressor to stimulate net opioid increases, or, 

whether exercise-induced beta-endorphin increases utilize a 

separate physiologic mechanism has not yet been 

conclusively demonstrated. 

Fraioli and others (1980, p. 989) experimentally 

demonstrated that exercise stimulates "synthesis and 

release of the pituitary beta-endorphins." In monitored 

laboratory treadmill running by conditioned male athletes, 

Fraioli's group found a five-fold increase in plasma beta

endorphin levels corresponding to the time of maximal 

treadmill effort. Studying long-distance runners, Colt, 

Wardlaw and Frantz (1981) also found that running 

stimulates the secretion of beta-endorphin in significant 

correspondence with the effort intensity of the runners. 

Their additional finding of negative correlation between 

percent increase of beta-endorphin and number of years the 

runners had been training might b~ explained by Frey (1982) 

based on the dependency of degree of endocrine response on 

the relative stress caused by physical activity. Frey thus 

generalizes that "endocrine response to physical activity 

diminishes as a result of physical training" (1982, p. 71). 

Millan (1981) concurs that recurrent stress is associated 

with progressive decline in the magnitude of beta-endorphin 
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secretory response. 

In contrast, Carr's colleagues (1981) in 

demonstrating exercise-induced increased plasma levels of 

beta-endorphin in a sample of non-athletic females, found 

an augmentation effect with physical training. Gambert and 

others (Gambert, Hagen, Garthwaite, Duthie & McCarty, 1981) 

reported a 440 per cent increase in circulating beta

endorphin immunoreactivity in untrained subjects following 

exercise. Increased plasma levels of beta-endorphin were 

also found by Farrell (Farrell, et al., 1982) after 

treadmill running by experienced runners. The 

investigators interpreted these findings to suggest that 

the stress of treadmill activity stimulated greater beta

endorphin secretion, a reduction in its degradation, or a 

combination of these effects leading to its increased 

concentration in venous blood. 

In general the duration of experimentally-produced 

changes in opioid levels has been a parameter ignored in 

published reports. The Fraioli study (Fraioli, et al., 

1980) design did not include measuring duration of the 

stimulated endorphin increase; but, decreases to 31 per 

cent over baseline values were found thirty minutes after 

stopping the exercise. Farrell's research group (1982) 

similarly did not consider duration of serum endorphin 
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elevations. Endogenous opioids are notable by their 

omission from Stokke's 1982 review of bodily chemical 

changes in relation to physical activity. Although the 

recency of developments in endogenous opioid research 

precludes comprehensive documentation in current literature 

and some issues remain unaddressed, substantial research 

findings support Proposition (1). 

The negative relationship between Endogenous 

Opioids and Acute Pain, addressed by Proposition (2), is 

similarly based in literature. Animal models of pain and 

experimental use of narcotic antagonists have played 

important roles in basic science research which, very 

early, suggested a "potentially important role of 

endogenous peptides in stress responses and their effects 

on pain sensitivity" (Akil, Madden, Patrick & Barchas, 

1976, p. 68). In rats, inescapable acute stress has been 

associated with significant increases in endogenous opioid 

levels concurrent with decreased pain responsiveness 

(Madden, et al., 1977) 

Endorphinergic neurons playa significant role in 

processing by the brain of painful stimuli (Davis, 1983). 

Early human studies which suggested the mediation of 

individual differences in pain sensitivity by endorphins 

(Buchsbaum, Davis & Bunney, 1977) have been strengthened by 
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subsequent findings that tonic functioning of endogenous 

opioid mechanisms appears to determine, in part, individual 

differences in analgesic responsiveness (Davis, 1983). 

Madden and others (1977) have demonstrated that phasic 

alterations in endogenous opioid function may mediate 

adaptive changes in pain responsiveness related to 

environmental, sensory, or other physiologic stressors. 

Goldstein (1979, p. 257), however, declared that the opioid 

antinociceptive system is "not activated readily or quickly 

by acute noxious stimuli of moderate intensity," but only 

in response to pain associated with overwhelming stress. 

Continuing research by Mayer and Watkins (Mayer & 

Watkins, 1981; Watkins & Mayer, 1982) posits the existence 

of multiple pain-modulatory neural pathways dependent upon 

both opioid and non-opioid mechanisms. These researchers 

suggest that low level tonic activity of endogenous 

analgesic systems in humans may, to some degree, produce 

continuous pain inhibition, and, that pain itself is "a 

powerful activator of pain inhibition" (Mayer & Watkins, 

1981, p.86). An extensive experimental series by Watkins 

and Mayer (1982) demonstrated that different stimulus 

manipulations in rats selectively activated both opioid and 

non-opio~d systems of antinociception utilizing both neural 

and hormonal mechanisms. Interpolating to human clinical 
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research, these investigators used this multiplicity of 

mechanisms to account for the variability and controversy 

evident in current clinical literature. 

From his comprehensive review of the link between 

endorphins and nociception Millan (1982) drew the following 

conclusions: (1) endorphins may make a minor and variable 

contribution to tonic determination of baseline nociceptive 

threshold; (2) opiates and endorphins modulate neuronal 

activity at peripheral, segmental, and higher central 

nervous system levels to produce antinociceptive effects; 

(3) endorphins are intimately involved in the emotional 

component of pain via connections to the frontal cortex and 

limbic system; and, (4) "endorphins function 

antinociceptively both in animals and man •••• [as] partial 

rather than exclusive mediators of antinociception" p. 

455) • 

Several investigators have demonstrated support for 

the hypothesis that activation of an endogenous opioid pain 

modulation system is at least partially responsible for 

stimulation-produced analgesia (Watkins & Mayer, 1982; 

Akil, Richardson, Hughes & Barchas, 1978). In a study of 

chronic pain patients Akil and others found that electrical 

stimulation of periventricular brain sites produced 

concurrent pain relief and elevation of endogenous opioid 
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levels in cerebrospinal fluid. Comparing pain patients 

whose levels of endorphins exceed the median to those with 

levels less than the median, Von Knorring (Von Knorring, 

Almay, Johansson & Terenius, 1978) found that both pain 

threshold and tolerance to a painful stimulus were 

significantly higher in the former group. 

Glusman (Glusman, et al., 1982) investigated the 

analgesia induced by the stress of long-distance running. 

Plasma levels of beta-endorphin were doubled by a six-mile 

run, and sensory-decision theory analysis of 

experimentally-induced post-run pain suggested an analgesic 

effect. Refinement of this meaningful study to attain 

significance is essential. Evidence from studies of 

stress- and stimulation-produced analgesia convincingly 

supports the negative relationship between endogenous 

opioids and pain experiences. 

Propositions (3) and (5) predict positive 

relationships between sequential measures of Acute Pain, 

preoperatively and at two postoperative times. In the 

absence of discussion of this relationship in published 

pain literature, support for these propositions was drawn 

from unpublished pain measurement data collected in an 

assessment of visual analogue scaling of acute surgical 

pain (Gerhard, 1984b). Positive Pearson correlations were 
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obtained for sequential measures of pain intensity relating 

Acute Pain I with Acute Pain II (r=.46, p=.02) and Acute 

Pain II with Acute Pain III (r=.l3, p=.53). Non

significant corresponding correlations for sequential pain 

distress measures were r=.23 and r=.31. Acute Pain I and 

Acute Pain III were also non-significantly correlated on 

the intensity measure (r=.28, p=.18) and significantly 

correlated on the distress measure (r=.44, p=.03). Non

significance is acknowledged as an issue in use of these 

data. Refinement of instrumentation and continuing 

investigation are aimed toward resolution of this problem. 

The positive relationship between Acute Pain II and 

Exogenous Opioid Analgesic posited by Proposition (4) 

follows from the traditional perspective from which 

clinical pain is measured in terms of its relief (Beecher, 

1957; Keats, 1956; Parkhouse et al., 1961). From this 

long-establ ished or ienta tion, the number of doses of 

narcotic required is viewed as a useful index of the 

severity of pain experienced (Keats, 1956). In a review of 

research on the incidence and severity of postoperative 

pain, Loan and Morrison (1975, p. 287) commented that 

"almost all" included studies were "related to the 

patients' needs for analgesics." Johnson (Johnson, Rice, 

Fuller & Endress, 1978) also utilized the number of doses 
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of parenteral analgesics to index postoperative pain in a 

study of factors influencing subjective and objective 

indicators of recovery from surgery. 

The relationship of Proposition (4) is further 

supported by a 1983 study of postoperative pain. Gerhard 

found s ignif icant posi ti ve cor rela tions (r=.33-.56, p<.05) 

among amount of analgesic in the first 24 postoperative 

hours, amount of analgesic administered in the 'recovery 

room, and number of recorded pain notations in the same 24 

hours. These positive interrelationships among variables 

closely tied to the postoperative pain experience 

strengthen Proposition (4). 

Literature support is scant for Proposition (6) 

which relates Exogenous Opioid Analgesic to A~ute Pain 24 

hours postoperatively. Early investigations of the 

influence of premedication and anesthesia on postoperative 

pain course may be interpreted to imply support for a 

negative relationship. Comparing patients who received 

opiate premedication to a saline control group, Gravenstein 

and Beecher (1957) found a delayed request for the initial 

postoperative analgesic in the former group as compared to 

controls. Parkhouse and others (1961) demonstrated that 

use of anesthetic agents with marked analgesic properties 

was associated with reduced postoperative analgesic 
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requirement and with an increased time interval to the 

first postoperative analgesic administration. The 

Parkhouse findings have been confirmed by other research 

groups who also reported a reduced total postoperative 

analgesic requirement in patients who received opiate 

supplements to anesthesia (Loan & Morrison, 1975). If 

residual analgesic effects of opiates can be interpolated 

from these reported studies, the negative relationship 

between Exogenous Opioid Analgesic and Acute Pain III may 

be logically deduced. However, previous Gerhard (1983, 

1984b) research has demonstrated significant positive 

correlations between Exogenous Opioid Analgesic and both 

the generalized phenomenon postoperative pain and specific 

measures of pain intensity and distress 24 hours 

postoperatively. Further evidence in support of this 

positive relationship would lend theoretical consistency to 

the proposed pain model of Figure 2; but, prior to analysis 

of current research data, the precise nature of the 

relationship between Exogenous Opioid Analgesic and Pain 

III remains unknown. 

Proposition (7) predicts a curvilinear relationship 

between preoperative Endogenous Opioids and postoperative 

Exogenous Opioid Analgesic. No published documentation is 

known to support this relationship; rather, support 



63 

emanates from the investigator's clinical observations and 

intuitive interpretation of basic science knowledge about 

opiate receptor physiology. 

Clinical observation of one orthopedic patient's 

postoperative pain experience initiated consideration of 

this topic. Endogenous opioid levels in the patient were 

unmeasured: however, substantial elevation in these values 

was suggested by the patient's six-year history of physical 

conditioning and long-distance running. The patient had 

continued a pattern of running fifty miles per week until 

the day of elective hospitalization. Postoperative pain 

was judged intense by both nursing's traditional methods of 

pain observation, and, the patient's concurrent qualitative 

verbal self-report. One week, one year, and five years 

postoperatively, the usually stoic patient continued to 

recall the postoperative pain as, nterrible •••• worse than 

any pain I could ever have imagined." During the first 

48 postoperative hours, pain was essentially unrelieved 

by Meperidine, 150 mg., every 1 1/2 to 2 hours. Similar 

patterns of pain responses have subsequently been 

observed in two additional physically active post-surgical 

patients. 

Endogenous and Exogenous opioids are known to 

utilize common receptor sites on the membrane surfaces of 
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target structures. Occupation of receptor sites by either 

opioid form may initiate biochemical and physiologic 

changes which al ter nociceptive processes. Two phenomena 

may contribute to the cited clinical observations: receptor 

site saturation and tolerance. 

Exogenous opiate effects are initiated only when 

the substance biochemically binds to a specific opiate 

receptor site. If endogenous opioid levels are, in the 

"worst case" analysis, sufficiently elevated to saturate 

all receptor sites, administered exogenous opiates have no 

available sites at which to exert their effects. 

Additionally, in the case cited, meperidine's binding 

affinity for opiate receptors is demonstrably weaker than 

that of morphine (Snyder, 1977), suggesting that meperidine 

might be less successful than morphine in competition with 

endogenous opioids for limited receptor sites. 

Tolerance describes diminished responsiveness to a 

drug after previous exposure to that drug or some related 

substance (Iversen & Iversen, 1981). Development of opioid 

tolerance and cross-tolerance is a complex physiologic 

process significantly related to the poorly understood 

mechapism of "cellular tolerance" (Ibid., p. 210; Snyder, 

1977, p. 53). In the cited clinical case, extended 

elevations of endogenous opioid levels provided the 
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"previous exposure" producing diminished response to 

exogenous opiates via cross-tolerance. The phenomenon of 

tolerance to endogenous opioid peptides is the subj ect of 

active and on-going research in neuroscience. 

Conclusion 

This research was based on a theoretical framework 

which interrelated six concepts closely tied to the human 

pain experience: Habitual Physical Activity, Endogenous 

Opioids, Acute Pain at three points in time, and Exogenous 

Opioid Analgesic. Derivations of these concepts and their 

relationships have been presented. Definitions of 

constructs and concepts are summarized in Appendix A. 

The aim of testing this theoretical model was to 

substantiate for nurse-clinicians the usefulness of 

physical activity and endogenous opioids as pain assessment 

parameters. The inherent lack of empirical applicability 

at the conceptual level (Gibbs, 1972) makes any theoretical 

framework in this form essentially untestable. The 

following chapter will present the empirical referents by 

which these concepts were operationalized, and the 

methodology by which the theoretical model was tested. 



CHAPTER 3 

METHODOLOGY 

The purpose of this study was to investigate the 

relationships among habitual physical activity, endogenous 

opioids, operative acute pain experiences, and exogenous 

opioid analgesics. The postulated interrelationships were 

depicted in the theoretical model of Figure 2. This 

chapter presents the methodology by which the theoretical 

model was operationalized and empirically tested. 

Design 

A causal modeling methodology was used to test the 

hypotheses of this study which was of descriptive 

correlational design. As required by this design 

structure (Hinshaw, 1984), each specified concept was 

operationalized as the score on a quantitative instrument. 

The design structure further determined the requisite 

sample size based on the need for five to ten cases per 

variable to drive the multivariate regression equations 

(Kerlinger & Pedhazur, 1973). 
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Sample 

The convenience sample consisted of 36 English

speaking subjects aged 18 to 65 years, who were 

hospitalized early in 1985 for orthopedic joint surgeries 

of the upper or lower extremity. Specification of 

extremity surgeries optimized variation on the activity 

variable by capitalizing on the increased risk of injury to 

these joints as a result of sport activities, athletic 

participation, and high level physical activity. 

Rights of human subjects were protected by 

requiring the signing of informed consent (Appendix B) 

prior to study participation. Signing was preceded by both 

verbal and printed presentation to each subject of study 

objectives, risks, and benefits, and by discussion of 

questions or concerns raised by any prospective subjects. 

All data from subjects were identified solely by code 

numbers known only to the investigator such that individual 

participants could not be identified, either directly or 

through identifiers linked to subjects. Findings are 

reported in aggregate form to preserve anonymi ty of 

participants. 

Follow ing requisite agency approvals, prospective 

subjects for study inClusion were cooperatively identified 

by the investigator and either orthopedic outpatient clinic 
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personnel or office nurses in an orthopedic private 

medical practice. Prospective subjects were selected 

based upon the following criteria: (1) aged 18 to 65 

years, (2) English-speaking, and (3) scheduled elective 

extremi ty surgery. Cr iter ia were relaxed to permi t 

inclusion of one physically active participant undergoing 

spinal surgery. 

Prospective subjects who met these criteria were 

contacted by the investigator at their pre-surgical clinic 

visit or by telephone prior to scheduled hospital admission 

and invited to participate in the study. If subject 

interest was evidenced, informed consent was obtained 

either in the clinic setting or in the admitting office at 

the time of initial contact with the hospitalized subject, 

in all cases prior to initial data collection. 

Operational Level 

The instructions for measuring concepts comprise 

the operational language essential to the empirical 

evaluation of these theoretical ideas (Blalock, 1964). 

Each theoretical concept in the current study was 

empirically indexed by a corresponding referent (Gibbs, 

1972) to permit theoretical model testing. 

The referential for the concept Habitual Physical 

Activity was the Short Questionnaire for the Measurement of 
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Habitual Physical Activity (QMHPA) developed by Baecke and 

others (1982) and adapted by permission of the first author 

(see Appendix C). The operational referent for the 

activity concept was the sum of the work, sport, and 

leisure-time Indices of Physical Activity as measured by 

this instrument. The sum is subsequently designated the 

IPA. Original and adapted QMHPA's, codes, and method of 

calculation of scores are contained in Appendix C. Test

retest assessment of this questionnaire by its authors on a 

sample of 277 young Dutch adults demonstrated re1iabilities 

ranging from 0.74 for the leisure-time index to 0.88 for 

the work index. Three meaningful factors within the 

concept of habitual physical activity were distinguished by 

means of principal-components analysis, suggesting that 

habitual physical activity encompassed three distinct 

dimensions: work, sport, and leisure-time activity. Theta 

was found equal to 0.83. Construct validity was supported 

by Baecke's confirmation of predicted correlations between 

the activity indices and educational levels. These finding 

support the use of these three dimensions as meariingfu1 

indices of the concept Habitual Physical Activity. 

The concept Endogenous Opioids was operationalized 

as the referential Radioimmunoassay of Beta-Endorphin-Like 

Peptides in Plasma (Cahill, Matthews & Aki1, 1983); the 
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referent for this measure was the number of picograms (pg) 

of beta-endorphin-like peptide per 0.1 ml plasma sample 

(New England Nuclear: a DuPont company [NEN], 1982). This 

measure is subsequently designated pgBE (see Appendix D). 

New England Nuclear product evaluation studies have 

demonstrated accuracy of their method by recovery analyses 

which yield 76 to 100 percent recovery of known bete

endorphin additions to human serum (NEN, 1982, p. 11). 

Cahill and others (1983) added a preliminary reverse phase 

liquid chromatographic separation step to the procedure and 

confirmed radioimmunoassay recovery rates in excess of 90 

percent. Reliability of laboratory technique was monitored 

in the current study by assaying each plasma sample in 

duplicate. 

The concept Acute Pain at three points in time was 

operationalized as the referential Visual Analogue Scales 

of Pain Intensity and Pain Distress (see Appendix E). The 

two corresponding referents consisted of numbers of whole 

millimeters measured on each scale between the left scale 

anchor line and the hash mark placed by the subject to 

indicate subjective evaluation of pain intensity or pain 

distress. The pain intensity referent is designated VASI, 

and that for pain distress, VASD. 

Initial reliability testing of the visual analogue 
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scales for this study (Gerhard, 1984d) confirmed the 

difficulty previously suggested (Blalock, 1970: Zeller & 

Carmines, 1980) in attempting to establish reliability for 

a single-item scale which measures a changing variable. 

Because no independent measure of clinical pain stimulus is 

possible, subjective reports of pain severity are 

"dependent measures of an uncontrollable and unobservable 

event." (Heft, Gracely, Dubner, & McGrath, 1980, p. 364) 

Continuing efforts to establish validity by demonstrating 

correspondence between visual analogue and alternate 

measurement methodologies will permit greater confidence in 

interpretation of visual analogue results (Downie, et al., 

1978: Reading, 1980). Maxwell (1978) has suggested that 

such concurrent clinical measurement may ultimately be used 

to demonstrate consistency: in the broadest sense, this 

would be akin to establishing reliability by equivalence 

(Zeller & Carmines, 1980). 

The present study concurrently utilized visual 

analogue scaling and a randomized verbal descriptor list 

(Gracely, 1980: Gracely, McGrath, & Dubner, 1978) (Appendix 

F) to measure both preoperative and 24-hour postoperative 

pain. Developed and tested using methodologies of magnitude 

estimation and cross-modality matching in controlled 

experiments on laboratory pain, Gracely's quantified verbal 
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descriptors offer ratio level measurement of experimental 

pain. High correlation coefficients demonstrated by these 

investigators for group stimulus-response psychophysical 

functions suggest that "group word values previously 

quantified by a young, pain-fr~e sample are good predictors 

of word values for a similar homogeneous subject sample." 

(Heft et al., 1980, p. 370) Interrater scoring 

reliability for the visual analogue scales has been 

previously assessed by Gerhard (1984d) at 100 percent. 

The referential for Exogenous Opioid Analgesic, 

derived by Gerhard (1983, 1984c), was the Total Morphine

Equivalent Analgesic Dosage received by the subject in the 

initial twenty-four postoperative hours. All administered 

analgesics with opiate mechanisms of action were converted 

(Gebhart, 1977; Goodman & Gilman, 1975) to the equivalent 

number of milligrams of morphine and summed to 

operationalize the referent (AN24) for this concept. A 

significant correlation (r=0.89) between this total 

morphine equivalent dosage and the traditional analgesic 

measure, number of analgesic doses, supports the 

reliability of this measure. Empirical confirmation of 

predicted theoretical relationships between the referent 

measure and number of recorded pain notations 



PHASE 

Preoperative 

Immediate 
Postoperative 

24-hour 
Postoperative 

Table 1. Operational Representation of Concepts 

CONCEPT & REFERENTIAL 

Habitual Physical 
Activity (IPA) 

Endogenous Opioids 
(PgBE) 

Acute Pain I 
(VASIl & VASDl) 

Acute Pain II 
(VASIl & VASD2) 

Exogenous Opioid 
Analgesic (AN24) 

Acute Pain III 
(VASI3 & VASD3) 

INSTRUMENTATION 

Questionnaire for Measurement of Habitual 
Physical Activity (Baecke, et ale 1982) 

Radioimmunoassay of beta-endorphin-like 
peptides (NEN, 1982) 

Visual Analogue Scales of Pain Intensity 
and Pain Distress (Gerhard, 1984d) 

Visual Analogue Scales of Pain Intensity 
and Pain Distress (Gerhard, 1984d) 

Total Morphine-Equivalent Analgesic Dose 
per 24 hours (Gerhard, 1984c) 

Visual Analogue Scales of Pain Intensity 
and Pain Distress (Gerhard, 1984d) 

-..J 
W 
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(r=O.40, p<.05) and between the referent and presence of an 

orthopedic cast (r=.56, p<.05) provided initial evidence of 

construct validity (Gerhard, 1984c). 

Correspondence between conceptual and operational 

levels is depicted in Table 1. From the model compr ised of 

these operational variables, the following hypotheses were 

derived to address the research questions and to test the 

theoretical propositions of this study: 

(1) IPA at Stage I is positively related to pgBE at 

stage II. 

(2) pgBE at stage II is inversely related to both 

VASI and VASD at stage III. 

(3) VASI at Stase II is positively related to VASI 

at stage III. 

(4) VASD at Stage II is positively related to VASD 

at Stage III. 

(5) VASI and VASD at Stage III are positively 

related to AN24 at Stage IV. 

(6) VASI at Stage III is positively related to VASI 

at Stage V. 

(7) VASD at Stage III is postively related to VASD 

at Stage V. 

(8) AN24 at Stage IV is questionably 

to VASI and to VASD at Stage V. 

related 



(9) pgBE at stage II is curvilinearly 

to AN24 at stage IV. 

uata Collection and Handling 
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related 

Data were collected at a 374-bed comprehensive 

general hospital and at a University Medical Center 

hospital located in the same city in the southwestern 

United States. Data collection extended over three 

days per subject and proce~ded in three phases: 

preoperative, immediate postoperative, and 24 hour 

postoperativee During the preoperative phase data 

collection included the QMHPA, visual analogue and verbal 

descriptor scales of pain intensity and pain distress, and 

a blood sample for endogenous opioid assay. In the 

immediate postoperative period second visual analogue 

scalings of pain intensity and pain distress were 

collected. Final data collection, 24 hours later, 

included amount of exogenous opioid analgesic received and 

scalings of pain intensity and pain distress using both 

visual analogue and verbal descriptor methodologies. At 

each data collection point, order of presentation of pain 

scales was randomized in terms of both measurement 

methodology and the pain dimension being evaluated. 

Several data bits were collected from each subject 

or from hospital records following hospital admission 
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prior to scheduled surgery. (1) Subjects completed the 

QMHPA. This instrument was scored following Baecke's 

original directions (see Appendix C), and indices for work, 

sport, and leisure-time activity were recorded on the Data 

Summary (Appendix G). (2) At the conclusion of an 

indi vidualized instructional session on the use of visual 

analogue scales, preoperative scales of pain intensity 

(VASI-l) and pain distress (VASD-l) were completed. Each 

scale was scored by measuring the number of whole 

millimeters between the left scale anchor line and the 

subject's hash mark. Subjects also completed verbal 

descr iptor scales of pain intensi ty (GRI-l) and pain 

distress (GRD-l). Scores were recorded on the Data Summary 

(Appendix G). (3) A demographic survey (included in the 

Data Summary of Appendix G) was completed to provide 

background variables for subsequent data analysis. 

Collection of plasma samples for beta-endorphin 

radioimmunoassay was coordinated with routine hospital 

preoperative laboratory procedures to circumvent 

superfluous venipuncture. Collection procedures and times 

were recorded on the Data Summary form (Appendix G). with 

prior approval from laboratory administrators the 

investigator was present at each subject's preoperative 

routine blood-drawing and provided the laboratory 
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technician with a chilled EDTA-containing 7-ml vacutainer 

(Cahill et al., 1983) into which at least five milliliters 

(Thomas, Fletcher & Hill, 1982) of whole venous blood was 

drawn. Collected sample tubes, labeled with subject code 

number, were immediately chilled on crushed ice until 

centrifuged at 4 0 C for ten minutes. Mean elapsed time 

between phlebotomy and plasma separation was 16.47 minutes. 

Centrifuged plasma separated from cells was transferred to 

polypropylene vials on crushed ice and immediately frozen 

at -70 0 C for subsequent common laboratory extraction of 

all samples. 

Following collection and separation of all plasma 

samples for the study, beta-endorphin immunoreactivity was 

determined using the ~-Endorphin [125I] RIA Kit produced 

by New England Nuclear (NEN, 1982). The large number of 

concomitant plasma constituents which may non-specifically 

interfere with the radioimmunoassay of beta-endorphin, and 

the minute quantities of endorphin present in a given 

sample, necessitate the preliminary extraction and 

concentration of those peptides to be assayed. The study 

utilized the Sep-Pak C18 cartridge extraction (Waters 

Associates, Inc.) procedure recommended by Cahill and 

others (1983) who have documented high rates of recovery 

with this system. The SeI'-Pak cartridge is a liquid 
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chromatographic system which retains hydrophobic species 

such as peptides. 

Radioimmunoassay is undergirded by the principle 

that nwhen unlabeled antigen from standards or samples and 

a fixed amount of labeled antigen are allowed to react 

with a constant and limiting amount of antibody, decreasing 

amounts of the labeled antigen are bound to the antibody as 

the amount of unlabeled antigen in increased.n (NEN, 1982, 

p. 3) Radioimmunoassay of the prepared samples in this 

study utilized the New England Nuclear j?-Endorphin 

Radioimmunoassay Kit which is based on iodine-125 labeled 

beta-endorphin as the tracer antigen, and rabbit anti-beta

endorphin serum as antiserum (specific antibody) as 

described in Appendix D. The number of pg's of beta

endorphin in each sample (pgBE) was interpolated from the 

derived standard curve, and the pgBE values were recorded 

on the Data Summary forms (Appendix G). 

Within the first three hours after returning to the 

routine patient care unit from the surgical recovery room, 

each subject completed the second sca1ings of pain 

intensity and pain distress (VASI-2 and VASD-2). Those 

subjects who had received no exogenous opioid analgesics in 

the recovery room completed the scales immediately 

following transfer to their rooms and prior to any 
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postoperative analgesic. For the group who did receive 

recovery room analgesics the second pain scaling was 

delayed until three hours post-analgesic or to immediately 

precede the first analgesic administered post-recovery 

room. This flexible schedule minimized effects of 

exogenous analgesics on the visual analogue pain measures. 

Information on preoperative medications and postoperative 

data for possible consideration as background variables in 

subsequent data analysis were also collected at this time 

as indicated on the Data Summary (Appendix G). 

Flexible timing also character ized the third pain 

scalings 24 hours postoperatively. VASI-3, VASD-3, and 

verbal descriptor measures, GRI-3 and GRD-3, were obtained 

from subjects within 22 to 26 hours following the 

completion of surgery. Scale administration followed the 

most recent exogenous analgesic dose by at least three 

hours. 

Information about the amount of exogenous opioid 

analgesics received by each subject in the 24 hours 

following completion of surgery was obtained from patient 

care records. Analgesics with opioid mechanisms of action 

were converted to morphine-equivalent dosages using the 

conversion factors shown in Table 2 for parenterally 

administered medications (Gebhart, 1977, p. 246; 
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Table 2. Subcutaneous Morphine-Equivalent Dosages 

NONPROPRIETARY 
NAME 

Morphine 

Codeine 
(p.o.) 

Oxycodone 
(p.o.) 

Meperidine 
(p.o.) 

Nalbuphine 
Hydrochloride 

Propoxyphene 
Napsylate (p.o.) 

TRADE 
NAME 

Percodan 

Demerol 

Nubain 

Darvocet-N 

EQUIVALENT CONVERSION 
S.C.DOSE FACTOR 

10 mg 1 

120 mg +12 
180 mg +18 

10-15 mg +1.25 
18-20 mg x.53 

80-100 mg +9 
120-150 mg , -!-13.5 

(1 rnl) 
10 mg 1 

150 mg +15 

~. Estimates of potency are based on information 

available in the literature and do not purport to be 

definitive. Data in columns 1 through 3 compiled from .TM 

Pharmacologic Basis.Q.f Therapeutics (p. 256) by L.S. 

Goodman and A. Gilman, 1975, New York: MacMillan 

Publishing. Copyright 1975 by MacMillan Publishing Co., 

Inc.; and, "Narcotic and Nonnarcotic Analgesics for Relief 

of Pain n by G.F.Gebhart, 1977, in Pain: ~ Sourcebook ~ 

Nurses and Other Health Professionals (A.K.Jacox, Ed.), (p. 

246) Boston: Little, Brown and Co., Copyright 1977 by 

A.K. Jacox. Adapted by permission. (Appendix H) 
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Goodman & Gilman, 1975, p. 256). The two most common 

opioid analgesics administered orally were codeine and 

oxycodone. Both drugs are approximately two-thirds as 

effective orally as compared to parenteral administration 

(ibid.). Original analgesic data and the morphine 

equi valent values were recorded on the Data Summary 

(Appendix G). 

Statistical Ana~ysis 

The deceptive complexity of the pain phenomenon 

mandates mul ti var iate modeling, hypotheses predicting 

interrelationships, experimental design, and mUltivariate 

data analytic techniques (Cox & Chapman, 1976). Only with 

consideration of these elements can an investigation of 

pain meaningfully preserve the complexity of the 

phenomenon. The analysis structure for this study in 

descriptive correlational design, based upon a clearly 

specified multivariate theoretical framework, appropriately 

relied upon predictive and probability statistics (Hinshaw, 

1979, 1984). 

Several preliminary steps in statistical analysis 

preceded theoretical model-testing. Demographic 

characteristics of the sample were statistically described 

by measures of central tendency and dispersion. The 

psychometric properties of instruments were evaluated by 
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selective use of principal component analysis and 

Coefficient theta, percents agreement among independent 

raters, and Pearson product-moment correlation 

coefficients. 

study instrumentation has been summarized in Table 

1. Instruments used to operationa1ize the concepts, 

Endogenous Opioids, Acute Pain, and Exogenous Opioid 

Analgesic produced interval level data as required for 

parametr ic statistical techniques. The research was 

limited by the ordinal level data generated by the 

Questionnaire for the Measurement of Habitual Physical 

Activity. 

The theoretical model was tested using" techniques 

of mUltivariate correlation and stepwise multiple 

regression to generate the empirical model and estimates of 

hypothesized relationships (Hinshaw, 1984). The 

correlation matrix for the model was examined for 

multicollinearity (Gordon, 1968~ Hinshaw & Oakes, 1977). 

Residual analysis was employed to assess for possible 

violations of the assumptions underlying both causal 

modeling and multiple regression statistical techniques 

(Ferketich & Verran, 1984~ Verran & Ferketich, 1984). 
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The level of statistical significance was pre-set 

at p ~.OS for all analyses, with .05) p ~.10 considered to 

represent a trend in the data. 

Summary 

This chapter has presented the methodology by which 

the theoretical Gerhard Pain Model was operationalized and 

empirically tested. Each concept was indexed by a 

quantitative referent1 those measures of the six variables 

were collected in three phases: preoperative, immediate 

postoperative, and twenty-four hours postoperative. 

Appropriate to a descriptive correlational 

quantitative design structure, the data were analyzed using 

mul tiple regression techniques to generate the empir ical 

model and estimates of the specified hypothesized 

relationships. Theoretical model testing included use of 

residual analysis to assess for violations of those 

statistical and causal modeling assumptions which underlie 

this analysis strategy. 



CHAPTER 4 

RESULTS OF THE DATA ANALYSIS 

The primary purpose of this investigation was to 

elucidate the relationships among habitual physical 

activity, endogenous opioids, operative acute pain 

experiences, and exogenous opioid analgesics. Figure 2 

depicts the postulated interrelationships of the 

theoretical model. This chapter presents the results of 

data analysis which tested that theoretical model. 

Discussion of the data analysis is organized in the 

following manner: (1), description of the sample and 

relationships among variables external to the model, (2) 

description of findings on variables in the theoretical 

model, (3) testing of the theoretical model by multiple 

regression analysis, and (4) testing, through residual 

analysis, for violations of the statistical and causal 

modeling assumptions which underlie regression analysis. 

Descriptjon Qf ~ Sample 

The convenience sample of this study consisted of 

36 English-speaking subjects who were hospitalized between 

February and May 1985 for orthopedic surgeries. Informed 

84 
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consent was obtained from every subject prior to initial 

data collection. The demographic data obtained 

preoperatively are summarized in Appendix I. 

Study subjects ranged in age from 18 to 61 years, 

with the mean age at 35.6 years and the median at 33.5 

years (Table I-I). The relative youthfulness of this adult 

sample may reflect bias in the diagnostic selection 

criteria which excluded, for example, hip replacement 

procedures more prevalent in an older population. The 14 

females and 22 males who comprised the sample (Table I-2) 

predominantly considered themselves Anglo (72%) or Hispanic 

(19%), with 3 subjects listing Black or Native American as 

their ethnic classification (Table I-3). 

Body size of subjects was highly variable. Heights 

ranged from 155 to 201 cm with a mean height of 174.1 cm 

(Table I-4). The range of body weights extended from 47 to 

127 kg with a mean weight of 78.0 kg (Table I-5). For both 

height and weight, study means and medians were in close 

approximation. 

All subjects were hospitalized in the same city in 

the southwestern united states. Fourteen subjects were 

patients in a University Medical Center, while 22 were 

hospitalized in a 374-bed comprehensive general hospital 

(Table I-6). Twenty-seven subjects were admitted to the 
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respective hospitals, and nine underwent outpatient 

surgeries (Table 1-7). 

A majority (61%) of study subjects were 

hospitalized for one of several reconstructive surgeries of 

a lower extremity (Table I-8). Four of the 22 subjects in 

this category underwent surgeries of the ankle or foot; the 

remaining 18 experienced surgeries of the knee, including 4 

osteotomies or bone shavings, 2 removal of loose bodies, 

and 12 repairs to a meniscus or to ligaments of the knee. 

More than two thirds of the subjects received 

general anesthesia during their surgeries (Table I-9). The 

duration of operative procedures ranged from 20 minutes to 

3 hours 35 minutes, with a mean operative time of 85 

minutes (Table I-IO). Following their surgeries, subjects 

remained in the recovery room for an average of 70 minutes, 

with the range extending from 20 minutes to 2 hours 35 

minutes (Table I-II). 

Preoperative data were collected on three variables 

with possible implications for PgBE values. Figure I-l 

summar izes time of day for the phlebotomy which provided 

each assay specimen. This widely variant time ranged from 

6:46 A.M. to 8:20 P.M. with a mean equal to 3:00 P.M. 

Forty percent of all subjects had blood specimens drawn 

between 2:00 and 5:00 P.M. 
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Rapid degradation of beta-endorphin in 

unrefrigerated blood samples dictates consideration of this 

factor in data analysis. Elapsed times between phlebotomy 

and freezing of plasma samples and the mean time (27.9 

minutes) are reported in Table I-12. All blood specimens 

in the study were drawn into chilled vacutainers and 

refrigerated or iced throughout the reported elap.sed time 

until frozen at the Medical Center facility. The bimodal 

distribution of these data (modes = 16, 36) reflects the 

two data collection sites and approximately 20 minutes of 

transportation time for specimens collected at the general 

hospital. 

Data on the elapsed time in hours between 

obtaining the assay sample and initiation of the surgical 

procedure are reported in Table I-13. The mean elapsed 

preoperative interval was 28 hours with a range extending 

from 1 to 120 hours. 

In summary, the typical subject was a 35 year old 

Anglo male inpatient at a general hospital. His plasma 

specimen was most likely to have been obtained on the 

afternoon preceeding his surgery and to have been frozen 36 

minutes later at -70oC. The typical subject underwent one 

and one half hours of reconstructive surgery involving 

ligaments or menisci of the knee under general anesthesia 
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and, postoperatively, remained in the recovery room for 

slightly more than one hour. 

Bivariate relationships 

demographic characteristics of 

between selected 

the sample were 

investigated by computation of Pearson Correlation 

Coefficients (Table I-14). Relationships between 

demographic variables and variables of primary theoretical 

interest will be discussed in the section on residual 

analysis for testing assumptions. 

Few correlations between demographic variables 

met the established significance criterion, p ~ .05. All 

significant correlations included one of two demographic 

variables: weight or general anesthesia; magnitudes of 

these significant relationships were weak (r > .40) to 

moderate (.40 ~ r ~ .65). 

Body weight was weakly correlated (r = .375) with 

age and moderately correlated with height (r = .510). 

Receipt of general anesthesia was negatively correlated at 

r = -.405 with age of the subject. General anesthesia also 

correlated negatively, as expected, with the alternate 

anesthetic modalities. Of these five statistically 

significant correlation coefficients found between various 

demographic variables, none was considered substantively 

significant to the study. 
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Response Rate 

The study obtained a response rate of 80%. Three 

potential subjects who had completed admission laboratory 

work prior to initial contact with the investigator were 

not invited to participate. Of 41 subjects invited to 

participate, 5 declined while 36 consented. Reasons for 

declinations were not verbalized. Of 36 subjects who 

agreed to participate, one subject was lost while 35 

completed all components of the study. 

Findings Related tQ Measurement Qf 

Variables in ~ Theoretical Model 

Documentation for the reliability of each 

instrument used in the study was presented in Chapter 3. 

Specific methodology relative to the measurement of each 

theoretical variable was also detailed. 

Measurement of Habitual Physical Activity 

The QMHPA (Appendix C) completed preoperatively by 

each subject was scored and recorded. Findings on the 

total Index of Physical Activity and its three subscales 

related to work, sport, and leisure activity appear in 

Tables J-l through J-4. Z-scores for the work, leisure, 

and total activity scales support the assumption of 

normality of their distributions {Tabachnick & Fidell, 
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1983). The assumption of normality is rejected for the 

sport subscale distribution based upon its z-score. Pearson 

coefficients of Table J-5 support selection of the Index of 

Physical Activity (IPA) as the primary activity index and 

suggest the need for continuing examination of the sport 

activity index. 

Measurement of Endogenous Opioids 

Beta-endorphin immunore~ctivity of each plasma 

sample was assayed according to the procedure outlined in 

Appendix o. Samples were analyzed in two assay batches. 

Final supernatants of each assay were counted in the LKB

Wa11ac 1282 CompuGamma gamma counter (LKB-Wa11ac Company, 

1983) for one minute per tube. CompuGamma Method 6, the 

Spline Function, which plots linear counts per minute 

against logarithmic concentration of the assayed 

substance, was selected to display the gamma counter 

output. Printed output thus included raw counts, corrected 

counts, a computer-fitted standard curve based upon 

assayed standard samples, and endorphin concentrations for 

unknown samples. Additional semi-logarithmic standard 

curves for the two assays were constructed following 

procedures in Appendix 0, Step 18, to validate the 

computer-generated curve. Figures J-1 and J-2 of Appendix J 

present superimpositions of the calculated and computer-
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gene ra ted cu rve s for both as says. Beta-endorphin 

concentrations derived from matched curves correlated at 

r=0.99, p=O.OOO. Curves were judged sufficiently 

coincident to permit acceptance of the unknown sample 

endorphin concentrations from t~e more precise CompuGamma 

output for use in subsequent statistical analyses. These 

PgBE values are presented in Tables J-6 and J-7. . 

Assay 1 included replicate samples for 27 study 

subjects, single samples for 6 study subjects, and 4 

replicated control samples. Following Assay 1, unused 

extracted samples of sufficient volume to permit dilution 

and re-assay were sealed and frozen at -70 oC. Assay 2 

included repeated analysis of 23 diluted single samples 

retained from Assay 1, and first-time replicate assay of 3 

added subject samples and 2 added controls. 

Disproportionate use of PgBE values from Assay 2 

was based upon apparent superiority of reliability for that 

assay as compared with Assay 1. Reliability was assessed 

initially by comparison of gamma counter counts per minute 

of all available paired replicates. In Assay 1 the mean 

percent agreement for replicated standard tubes was 85.4%, 

while that for replicates of unknown samples was 84.9%. 

Assay 2 endorphin replicate standards agreed at the 95.6% 

level, on average, while the unknown replicates 



92 

demonstrated a 97.6% mean agreement. The differences in 

count reliability generated comparable differences in 

replicate PgBE values derived from the two assays. Assay 1 

produced several widely discrepant replicate PgBE values, 

decreasing confidence in the corresponding mean values. 

Many Assay 1 values fell considerably outside the expected 

range of endorphin values reported by Cahill and others 

(1983). By contrast, replicates of Assay 2 agreed closely 

and all PgBE values fell within the expected range. 

Comparison of findings relative to the control 

samples supports the improved reliability of Assay 2. In 

addition to providing replicated assay results, the six 

controls represented three pairs of samples: controls 1 and 

2, 3 and 4, and 5 and 6. All controls were from the same 

subject at three different times, and each paired sample 

set was obtained in a common phlebotomy. Therefore, 

agreement of PgBE values and Counts Per Minute was expected 

within each pair. Table J-8 depicts the increased agreement 

obtained in Assay 2 between both replicates and pairs of 

controls. 

Based on the apparently superior internal 

consistency of Assay 2, PgBE values for subjects who had 

been included in the second assay were drawn from that 

assay for utilization in statistical analyses of this study 
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(see Table J-7). For subjects not included in Assay 2, 

PgBE values were derived from Assay 1 as shown in Table 

J-6. Assay 1 for two subjects produced gamma count 

replicate agreements of 63.4% and 78.1%1 replicate 

agreement of 80% had been selected as the criterion of 

reliability, and PgBE values for these subjects were 

excluded from initial data analyses. The frequency 

distribution of ~gBE values for the included 34 subjects is 

depicted in Figure J-3. 

Measurement of Exogenous Analgesic 

All analgesics with opioid ~echanisms of action 

received during the first 24 postoperative hours were 

converted to morphine-equivalent dosages using the 

conversion factors in Tabl!= 2. Approximately one half of 

the subjects (n=17) received no analgesics in the recovery 

room, while the remaining 18 subjects received from 2.0 to 

17.0 mg analgesic equivalent to morphine (Table J-9). The 

mean analgesic received was equivalent to 3.34 mg morphine. 

T-tests comparing su~jects who received recovery room 

analgesics with those who did not showed no significant 

differences (p ~ .05) on preoperative pain measures. 

Postoperatively, these groups did differ significantlY1 

recovery-room-medicated subjects reported greater pain 
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intensity and distress at both measurement times and 

received more total analgesic. 

Subjects received an average of 29.3 mg anaigesic 

equivalent to morphine after leaving the recovery room 

(Table J-lO), and a mean total analgesic equivalency of 

32.6 mg for the combined 24 hour measure (Table J-ll). 

These findings are in close agreement with those previously 

reported by Gerhard (1984c) for a population of 

postoperative meniscectomy patients in the same Medical 

Center utilized in this study. The Pearson Correlation 

matrix in Table J-12 summarizes relat~onships among these 

three measures of postoperative analgesics. 

Subjective Measures of Pain 

Findings on the six visual analogue scales of pain 

intensity and pain distress are summarized in Figures J-4 

through J-9. Normalities of the six distributions were 

tested by computation of z-scores based on skewness. 

At p ~ .01, z-scores failed to reject the assumption of 

normality for any distribution of the six data sets. 

These data evidence the trend which had been 

anticipated from low preoperative pain intensity and 

distress, through striking increases immediately 

postoperatively, to subtle decreases 24 hours later. 

Paired t-tests on sequential scales demonstrated 
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significant differences (p < .05) between measures 1 and 2 

(Intensity t = -6.30; Distress t = -5.04) and measures 2 

and 3 (Intensity t = 2.42; Distress t = 2.87). These 

statistically significant changes in reported subjective 

pain suggest that the visual analogue instruments are 

sensitive to the discrimination of changing pain status 

across an operative experience. 

The difficulty in establishing reliability for a 

single-item scale which measures a changing variable has 

been previously noted. This study approached the issue of 

reliability through concurrent utilization of visual 

analogue scaling and a randomized verbal descriptor list 

(Appendix F) to measure both preoperative and 24-hour 

postoperative pain. Pearson Correlation Coefficients for 

the four sets of concurrently administered pain measures 

appear in Table J-13. Coefficients were computed for two 

groups from the sample: (1) all subjects, and (2) all 

Anglo subjects. Since this is a novel application of the 

quantified verbal descriptor list developed by Gracely and 

others (1978), selection of Anglo subjects recognized the 

potential influence of ethnicity on the meanings of verbal 

descriptors and partially attempted to approximate the 

homogeneity of Gracely's original study population. 

Restriction of ethnicity did increase the magnitudes of all 



96 

correlations ex~ept that for preoperative pain distress. 

Significant coefficients ranging from r=.73 to r=.94 for 

Anglo subjects offer evidence in support of construct 

validity and indirect evidence, therefore, in support of 

reliability for the visual analogue measurement technique. 

~ Qf ~ Theoretical Model 

The purpose of this theoretical model testing was 

to investigate the impact of the variables habitual 

physical activity, endogenous opioid, and preoperative pain 

on the sequentially arranged dependent variables, 

endogenous opioid, exogenous opioid analgesic, and 

postoperative pain at two pOints in time. Multiple 

regression analysis was used to test the predicted 

relationships. Specifically, this model-testing sought to 

determine whether 

1. habitual physical activity had a direct positive 

impact on endogenous opioid; 

2. endogenous opioid had a direct negative influence 

on immediate postoperative pain; 

3. preoperative pain had a direct positive impact on 

immediate postoperative pain; 

4. immediate postoperative pain had a direct positive 

impact on exogenous opioid analgesic; 
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5. immediate postoperative pain had a direct positive 

influence on 24-hour postoperative pain; 

6. the existence and nature of the impact of exogenous 

opioid analgesic on 24-hour postoperative pain 

could be identified; 

7. endogenous opioid had a direct curvilinear 

impact on exogenous opioid analgesic. 

Missing Data 

Missing data were singularly located in the case in 

which the subject was lost from the study. Preoperative 

data from this subject were included in computing 

preliminary descriptive statistics. This case was deleted 

from all inferential statistical computations, including 

multiple regressions which tested the theoretical model. 

All data for two subjects whose assayed PgBE values 

lacked reliability were initially excluded from multiple 

regression analyses which tested the theoretical model. 

After the lack of significant contribution to the model by 

PgBE was established, final model-testing regressions 

reincorporated data from these two cases. Model testing 

findings, therefore, were produced from a sample size of 

thirty-five. 
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variation in the Data 

Distributional variation is the sine qua non for 

inferential statistical procedures. Accuracy of 

computations for statistical tests based upon correlations 

is compromised by lack of variation on any variable. 

The variation on each model variable in this study 

was examined by computation of its coefficient of variation 

(Tabachnick & Fidell, 1983). These coefficients appear in 

the respective variable Tables (J-l - J-4, J-9 - J-ll) and 

Figures (J-3 - J-9) of Appendix J, and, in each instance, 

provide evidence of sufficient variation to permit 

computational accuracy (Ibid., p. 68). Lack of variation 

was not evidenced in any of the data. 

Multicollinearity 

Values of regression coefficients can be 

dramatically affected by the selection of independent 

variables to be included in an analysis (Gordon, 1968). 

Close intercorrelation of independent variables may lead to 

attenuated or unreliable regression coefficients. In this 

phenomenon of multicollinearity, "small variations among 

the correlations of a highly related set (of independent 

variables) can create large variations among their 

regression coefficients" (Ibid., p. 612), such that 

explanatory power is disproportionately shared among the 
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redundant independent variables. 

The correlation matrix (Table J-14) including all 

variables in the theoretical model was examined for 

multicollinearity~ Gordon's 1968 criterion, r 2 .65, was 

applied in assessing independent variable correlations 

which attained the p ~ .05 level of significance. In the 

activity subset, of four significant correlations only 

that between IPA and SIS (r=.886) e~hibited 

multicollinearity by Gordon's standard. This potential 

problem was addressed by preliminary model testing which 

placed these variables in separate regression equations 

to ascertain their respective coefficients. Final testing 

deleted SIS as the redundant variable which demonstrated 

the weaker explanatory power. 

Correlations in the subset related to exogenous 

analgesic also exceeded the criterion; post-recovery room 

analgesic (ANPORR) and total 24-hour analgesic (AN24) were 

correlated at r=.989. Since ANPORR added no sUbstantive 

information on this variable beyond that already provided 

by AN24, ANPORR was deleted from the regression analysis to 

concentrate explanatory power in the 24-hour measure. 

Multicollinearity was strikingly evident in 

correlations between visual analogue scales of pain 

intensity and pain distress at each of three measurement 
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times. Significant correlations ranged from r=.853 to 

r=.880. Correlations of these magnitudes might result 

from actual redundancy at the theoretical level 

(specification error), from inability of respondents to 

discriminate between their pain intensity and pain distress 

(measurement error), or from parallel responses on measures 

of two closely-related, but separate, dimensions of pain: 

intensity, and distress. To address this last contingency, 

the original theoretical model was re-stated as two 

parallel theoretical models of Pain Intensity (Figure 4) 

and Pain Distress (Figure 5). 

Multiple Regression Analysis 

Multiple regression analysis is a powerful 

statistical technique for assessing "the effects and the 

magnitudes of the effects of more than one independent 

variable on one dependent variable using principles of 

correlation and regression" (Kerlinger, 1973, p. 603). As 

applied to theoretical model testing, multiple regression 

permits the computation of regression coefficients 

describing the relationships depicted in the theoretical 

model. Each computed regression coefficient represents 

both direction and magnitude of the direct influence each 

variable has on other variables that follow it in the 

postulated causal order. 
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standardized regression coefficients, Bls, used in 

this analysis, are scale-free indices which permit 

comparisons across different variables; relative B 

magnitudes are indicative of the relative importance of 

their generating variables (Pedhazur, 1982) within the 

sample studied. The sample-specific nature of B, however, 

precludes generalizations across other settings and 

populations. 

Explained variance in this model testing was 

described by the Adjusted R2 statistic from the regression 

analysis. This conservative estimate of the percent of 

variance explained adjusts the R2 for the number of 

independent variables and number of cases in the analysis. 

It is the appropriate estimate of explained variance when 

the sample size is small (Nie, Hull, Jenkins, Steinbrenner 

& Bent, 1975). The criterion for significance of all 

computations in this analysis was set at p ~ .05. 

Preliminary scatter plots provided evidence of 

approximately linear relationships for all variable pairs 

in the model. No variable was transformed prior to 

multiple regression analysis. 

Theoretical Models. Figures 6 and 7 present the 

statistical forms of the theoretical models of Pain 

Intensity and Pain Distress. Theoretical testing of these 
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models began with derivation from the statistical models of 

the following systems of structural equations which reflect 

the respective diagrammatic linkages: 

Pain Intensity 

X2 = blXl + e 

X4 = b2X2 + b3X3 + e 

Xs = b2X2 + b4X4 + e 

X6 = b4X4 + bSXS + e 

Pain Distress 

Xa = b7X7 + e 

XIO = baXa + bgXg + e 

XII = baXa + blOXlO + e 

X12 = blOXlO + bllXll + e 

(4.1) 

(4.2) 

(4.3) 

(4.4) 

(4.S) 

(4.6) 

(4.7) 

(4.a) • 

Each equation was solved by regressing the endogenous 

variable on its exogenous counterparts to determine the 

regression coefficient for the relationship. 

Results of theoretical testing of the Pain 

Intensity model appear in Figure a and those for the Pain 

Distress model, in Figure g. Regression of the Stage II 

variable endogenous opioids (EO) on the Stage I variable 

habitual physical activity (HPA) was undertaken to assess 

equations (4.1) and (4.S). Neither the beta-weight nor 

the adjusted R2 measure of explained variance attained the 

designated criterion level of statistical significance. 
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This finding indicates lack of direct relationship between 

activity and endogenous opioids. 

Equation (4.2) was evaluated by regressing 

immediate postoperative pain intensity (I2) at Stage IlIon 

preoperative pain intensity (II) and endogenous opioids 

(EO) at Stage II. The endogenous opioid variable again 

produced a non-significant B indicating its lack of direct 

relationship to immediate postoperative pain intensity. 

The significant relationship between preoperative and 

immediate postoperative pain intensity was direct, 

positive, and of moderate magnitude (B = .610), explaining 

approximately 33% of the variance in the postoperative 

intensity measure (R2 = .331). 

Equation (4.3) represents the regression of the 

Stage IV variable exogenous analgesic (EA) on immediate 

postoperative pain intensity (I2) at Stage III and on 

endogenous opioids (EO) at Stage II. Postoperative pain 

intensity had a moderate direct relationship to exogenous 

analgesic (B = .521) and accounted for approximately 23% of 

the variance in analgesic (R2 = .234). The relationship of 

endogenous opioids to analgesic failed to reach statistical 

significance (B = NS). 

The relationship of 24-hour postoperative pain 

intensity (I3) at Stage V to immediate postoperative pain 
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intensity (12) at stage III and to exogenous analgesic (EA) 

at stage IV is described by structural equation (4.4) • 

. Regression of delayed postoperative pain intensity on 

immediate postoperative pain intensity demonstrated a 

moderate, direct relationship between these variables 

(B = .550), while the relationship to exogenous analgesic 

failed to reach significance (B = NS). Forty-five percent 

of the variance in 24-hour postoperative pain intensity 

(R2 = .452) was explained by the relationships of 

equation (4.4). 

Equation (4.6) describes the relationship of 

immediate postoperative pain distress (02) at stage III to 

preoperative pain distress (01) and endogenous opioids (EO) 

at stage II. Although endogenous opioids again made no 

significant contribution to prediction of the postoperative 

pain measure (B = NS), a direct, moderate, positive 

relationship was found between preoperative and immediate 

postoperative distress (B = .639). Approximately 37% of 

the variance in immediate postoperative pain distress was 

explained by this relationship (R2 = .366). 

The relationship of equation (4.7) of the Stage IV 

variable exogenous analgesic (EA) to immediate 

postoperative pain distress (02) at Stage III and 

endogenous opioid (EO) at Stage II was examined using 



multiple regression. Endogenous 

significant contribution (B = NS) 

III 

opioids . made no 

to prediction of 

analgesic. Immediate postoperative pain distress had a 

positive, di~ect relationship of moderate magnitude to 

analgesic (B = .428) contributing to an explained variance 

of less than 14% on this variable (R2 = .139). 

Equation (4.8) describes the theoretical 

contributions of immediate postoperative pain distress (D2) 

at stage III and exogenous analgesic (EA) at stage IV to 

the explanation of 24-hour postoperative pain distress (D3) 

at stage V. The regression coefficient between the two 

measures of pain distress indicated a moderate, direct, 

positive relationship (B = .554). Analgesic was also 

related to 24-hour postoperative pain distress in a direct 

and positive manner, but with a weak magnitude (B = .385). 

Together, immediate pain distress and analgesic accounted 

for approximately 62% of the variance (R2 = .617) on the 

24-hour postoperative pain distress measure. 

Empirical Models. Stepwise multiple regression was 

used to test the following structural equations for 

generating the empirical models: 



Pain Intensity 

x3 = blXl + e 

X4 = blXl + b2X2 

x5 = blXl + b2X2 

X6 = blXl + b2X2 

Pain Distress 

Xg = b7X7 + e 

XlO = b7X7 + baxa 

X11 = b7X7 + baxa 

+ b3X3 + e 

+ b3X3 + b4X4 + e 

+ b3X3 + b4X4 + b5X5 

+ bgXg + e 

+ bgXg + b10X10 + e 

+ e 
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( 4. 9) 

(4.10) 

(4.11) 

(4.12) 

(4.13) 

(4.14) 

(4.15) 

X12 = b7X7 + baXa + bgXg + b10X10 + b11X11 + e (4.16) 

Each equation represents a regression operation in which 

the dependent variable was regressed on all preceding 

independent variables in the model regardless of 

theoretically predicted relationships. Analysis utilized 

the same statistics as analysis of the theoretical model: 

standardized regression coefficients, adjusted R2s, and 

probability criterion level at p ~ .05. 

The empirical model for pain intensity generated 

from equations (4.9) - (4.12) appears in Figure 10. As in 

the theoretical model of pain intensity, endogenous opioids 

failed to reach the required significance level in any of 

its relationships. Betas were non-significant for the 

relationships of endogenous opioids at Stage II to activity 

at Stage I, immediate postoperative pain intensity at Stage 
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III, and exogenous analgesic at stage IV. In contrast to 

the theoretical model, the empirical model demonstrated 

that, when endogenous opioids drop from the model, 

activity, indexed by IPA, retains three significant 

relationships: a direct negative relationship to 

preoperative pain intensity at Stage II (B = -.433~ 
R2 = .150)~ a direct positive relationship to immediate 

postoperative pain intensity at Stage III (B = .372)~ and a 

direct positive relationship to exogenous analgesic at 

Stage IV (B = .395). In addition to the influence of 

physical activity on immediate postoperative pain 

intensity, the regression described by equation (4.10) 

demonstrates direct positive impact of preoperative pain 

intensity on the immediate postoperative measure (B = 
.775). Activity and preoperative intensity together 

account for 43% of the variance in immediate postoperative 

pain intensity at Stage III (R2 = .431). Immediate 

postoperative pain intensity, which had a direct positive 

impact on exogenous analgesic with a regression coefficient 

equal to .445, together with activity explains 32% of the 

variance on analgesic at Stage IV (R2 = .323). 

Regression of 24-hour postoperative pain on all 

independent variables in the model as described in equation 

(4.12) produced only one significant relationship. 
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Immediate postoperative pain intensity at stage III has a 

direct positive impact (B = .630) and explains 40% of the 

variance in the 24-hour pain intensity 

stage V (R2 = .408). 

measure at 

The empirical model for pain distress generated by 

equations (4.13) - (4.16) appears in Figure 11. 

Examination of equation (4.13) demonstrates the direct 

negative impact of physical activity at Stage I on 

preoperative pain distress at Stage II (B = -.480). More 

than 20% of the variance on preoperative distress is 

explained by this relationship (R2 = .216). 

Nearly 40% of the variance on immediate 

postoperative pain distress at Stage III is explained by 

the direct influences of the Stage II variables 

preoperative pain distress and endogenous opioids 

(R2 = .398) as descr ibed in equation (4.14). Preoperative 

distress contributes positively to prediction of 

postoperative distress (B = .762), while endogenous opioids 

bear a negative relationship to this effect variable 

(B = -.261). This empirical regression is the sole 

instance in this study of a statistically significant 

relationship involving the endogenous opioid variable. 

Results of equation (4.15) show that activity at 

Stage I and immediate postoperative pain distress at State 
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III together account for almost 30% of the variance on 

exogenous analgesic at stage IV (R2 = .291). Immediate 

postoperative distress bears a weak positive relationship 

to analgesic (B = .363), while activity has a positive 

impact of moderate magnitude (B = .497). 

The testing of equation (4.16) identified three 

independent variables which have significant .impact on 

24-hour postoperative pain distress at stage V. Together 

accounting for 64% of the variance on the delayed distress 

measure (R2 = .637), these predictors were activity at 

stage I (B = .266), immediate postoperative pain distress 

at Stage III (B = .582), and exogenous analgesic at Stage 

IV (B = .267). 

£Umma~ Qf ~ Theoretica~ and Empirical Models: 

The original theoretical model of pain undergirding this 

study appears in Figure 2; subsequent revisions of the 

model for pain intensity and pain distress are in Figures 4 

and 5. Testing of these theoretical models for both 

intensity and distress sUbstantiated the predicted 

relationships between (1) pain measures at Stages II and 

III, (2) pain measures at Stages III and V, and (3) 

postoperative pain at Stage III and exogenous analgesic at 

Stage IV. For the Pain Distress model a direct positive 

impact of exogenous analgesic at Stage IV on pain distress 
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at Stage V was also identified. Testing the empirical 

models significantly substantiated these same 

relationships. 

In the theoretical model-testing no relationship 

including the endogenous opioid variable attained the 

criterion level of significance. Only its weak, negative 

relationship to immediate postoperative pain distress 

reached the prescribed level of significance in the 

empirical model. 

Regression analyses of the empirical models further 

suggested need for respecification of theory relative to 

the activity variable. In models of both intensity and 

distress, activity at Stage I negatively influenced 

preoperative pain at Stage II, and bore a direct positive 

relationship to exogenous analgesic at Stage IV. Activity 

was also directly and positively related to immediate 

postoperative pain intensity at Stage III and to 24-hour 

postoperative pain distress at Stage V. Thus, the activity 

variable, which had been in effect deleted from the 

theoretical model by failure of the endogenous opioid 

variable, was shown by empirical test to be intricately 

involved in the pain phenomenon. Further, violation of the 

Rule of Signs in the empirical models suggests 
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specification error with possible omission from the theory 

of some critical variable. 

The specific aims of this model-testing were 

evaluated on the basis of both theoretical and empirical 

model evidence, with the following results: 

1. habitual physical activity does"not have the 

predicted direct positive impact on endogenous 

opioid; 

2. endogenous opioid does not 

negative influence on immediate 

pain intensity as predicted; 

have a direct 

postoperative 

its direct 

negative impact on immediate postoperative pain 

distress is evident only in the empirical test; 

3. preoperative pain intensity and pain distress 

have direct positive impact on respective 

immediate postoperative pain intensity and pain 

distress, as predicted; 

4. immediate postoperative pain intensity and pain 

distress have the predicted direct positive 

impact on exogenous opioid analgesic; 

5. as predicted, immediate postoperative pain 

intensity and pain distress directly and 

positively influence respective 24-hour 

postoperative pain intensity and pain distress; 
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immediate postoperative pain distress 

indirectly and positively influences 24-hour 

postoperative pain distress when mediated by 

analgesic; contrary to prediction, immediate 

postoperative pain intensity does not have an 

indirect positive impact on 24-hour intensity 

when mediated by analgesic; 

6. exogenous opioid analgesic is not 

significantly related to 24-hour 

postoperative pain 

related directly and 

intensity; 

positively 

postoperative pain distress; 

analgesic is 

to 24-hour 

7. contrary to prediction, endogenous opioid 

has no significant impact on exogenous 

opioid analgesic. 

Regression analysis fulfilled the pr imary purpose 

of this investigation by elucidating several relationships 

among the theoretical variables. For the sample studied, 

endogenous opioid exerted negligible influence on 

postoperative analgesic and experiences of pain. The 

strongest predictors of pain intensity and pain distress at 

two postoperative measurement times were the comparable 

indices at the immediately previous measurement time. 

Analgesic was best predicted by the combined influences of 
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immediate postoperative intensity or distress with 

activity. 

The influences of habitual physical activity on 

pain experiences and analgesic were more extensive and 

complex than originally theorized. Activity had direct 

impact on preoperative pain intensity and distress, 

immediate postoperative pain intensity, analgesic, and 

24-hour postoperative pain distress; indirect effects were 

evident on immediate postoperative intensity and distress, 

analgesic, and 24-hour postoperative pain distress. 

Residual Analysis 

Identification of violated assumptions and 

estimation of the associated error are basic to the 

sUbstantive and theoretical interpretations drawn from 

causal modeling data (Hinshaw, 1984). Residual analysis is 

one approach to estimating power of a theoretical framework 

and to identifying violations in the assumptions which 

underlie both causal modeling methodology and the use of 

multivariate statistical techniques. Hinshaw (1984) has 

described residual analysis as an integral part of any 

theoretical causal model testing. 

Causal Modeling Assumptions 

Three simplifying assumptions underlie the use of 
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causal modeling methodology (Asher, 1976; Blalock, 1969; 

Ferketich & Verran, 1984; Pedhazur, 1982): 

1. the residuals from one equation are not 

correlated with residuals from another equation in 

the model, nor with preceding variables in the 

model; 

2. the links in the model are linear and additive; 

3. all relevant variables are included in the 

model. 

Graphic residual analysis was used to assess for 

violations of causal modeling assumptions in the current 

study. 

Assumption ~. The first assumption was tested to 

identify possible presence of undefined confounding 

variables and to assess the accuracy of the stated model 

relationships. For both models, residual vectors from all 

theoretical equations were plotted in all pairwise 

comparisons. Plots were examined for random scatter about 

the zero line evidencing correct specification of model 

links. This random scatter prevailed in the residual plots 

of both 12 and 13 with EA, and of 02 with EA. Negative 

correlations between paired residuals were evidenced by 

discernible patterns in the plots of three residual pairs: 

12 with 13, 02 with 03, and EA with 03 (Appendix K, 
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Figures K-l, K-2, K-3). Correlations between residuals 

within the same model suggest a systematic effect of some 

unknown variable on the unexplained portion of both 

variables tied to the correlated residuals. Reexamination 

of the Empirical Models (Figures 10 and 11) suggests that 

HPA is in position to be one possible confounding variable 

affecting each of these model links. 

To test the second portion of assumption 1 the 

residual vector from each theoretical equation was plotted 

against all preceding variables in its model. None of 

these pairs were significantly correlated, and all plots 

exhibited random scatter about the zero line. Only one 

comparison, that between the D3 residual vector and HPA, 

showed a weak positive trend (r = .298, P = .082). The 

graphic array for this relationship was inconclusive 

(Figure K-4). This paucity of correlation argues against 

the likelihood of any direct, but previously undefined, 

links in the model, a puzzling finding in view of the 

empirically demonstrated linkage of HPA. 

ASsumption.2.. To test the second causal modeling 

assumption, that all links in the model are linear and 

additive, each residual vector was plotted against the 

particular independent variables in its regression 

equation. Plots in the current study uniformly exhibited 
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the anticipated random scatter about the ZE~ro line without 

evidence of curvilinear relationships. In particular, this 

finding was substantively significant for the relationships 

between EO and EA in both models in light of the original 

theoretical predictions of curvilinearity. 

Assumption .3.. While research conclusions and 

inferences may be seriously compromised by violation of any 

of the assumptions, Ferketich and Verran (1984) note the 

unlikelihood of meeting the third causal modeling 

assumption in early efforts to construct a new theoretical 

model. Testing for this assumption guards against premature 

closure during model construction. Residual analysis was 

used in the present case, therefore, to assess how well the 

proposed models approached their ideals of theoretical 

specification. Theoretical models of pain intensity and 

pain distress explained 45% and 62% of the variance on 

their respective stage V variables. The relatively large 

remaining unexplained variances are unavoidably related to 

one or more variables omitted from each model. 

Six non-model variables were selected from the 

demographic data for plotting against all residuals of 

endogenous variables within the models. Those variables 

were AGE, body weight (WT), duration of surgery (DUROR), 

time of phlebotomy (BETI), endorphin specimen processing 
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time «BEINT), and the time interval between phlebotomy and 

surgery (PREINT). No relationships were evidenced for the 

non-model variables AGE, BE'llI, and PREINT. Two weak 

relationships for BEINT were significant only at the trend 

level and were not substantively meaningful. 

Research interest·focuses on those non-model 

variables that evidenced significant relationships with 

residual vectors: WT with vector I3, and DUROR with vector 

EA in models of both intensity and distress (Figures K-5, 

K-6, and K-7). These findings indicate that some of the 

unexplained portion of (1) 24-hour postoperative pain 

intensity is positively related to body weight, and 

(2) analgesic in models of both intensity and distress is 

positively related to duration of surgery. The first of 

these relationships was less anticipated than had been a 

possible relationship of body size to analgesic. The 

second pair of relationships may hinge upon indexing of 

surgical complexity by DUROR, which would imply that more 

complex surgeries predict increased analgesic. Assessment 

for the third assumption, thus, provides evidence to 

support the addition of WT and DUROR to a respecified 

intensity model and the addition of DUROR to a respecified 

distress model for further testing, illustrating the 
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retroductive nature of model development and theory 

building. 

Statistical Assumptions of Multiple Resgression 

Five statistical as·sumptions which underlie 

multiple regression analysis may be assessed by residual 

analysis {Verran & Ferketich, 1984): 

1. the mean of the residuals is zero; 

2. residuals are normally . distributed; 

3. the variance of residuals is constant across 

all values of the dependent variable, indicating 

homoscedasticity; 

4. residuals are not autocorrelated; 

5. independent variables in the equation are 

fixed. 

The first four of these assumptions may be examined 

directly with residual analysis. The fifth assumption may 

be assessed indirectly by examining relationships between 

residual vectors and preceding independent variables in the 

same theoretical equation. Results of testing assumptions 

2, 3, and 5 will be presented sequentially for each 

theoretical equation which resulted in statistically 

significant regression coefficients and explained variance 

measures. Statistics calculated on the unstandardized 

residuals concurrently wiih the regression analyses 
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indicated that all equations met the first assumption of 

zero mean. The assumption of autocorrelation of residuals 

was not examined since the assumed independence of subject 

responses provided no reason to suspect autocorrelation of 

residuals over a time order. 

Although full model testing would include residual 

analysis for both theoretical and empirical equations, only 

residual analysis for the theoretical models will be 

reported here. This is but the first step in the model 

respecification process. 

ES!.l.a..t.i.Qn .L..2. • T his e qua t ion des c rib edt h e 

theorized impact of II and EO on the dependent variable 12. 

The distribution of the residuals was near normal (Figure 

K-8) with a slight positive skew as evidenced by the 

histogram and normal probability plot. The scatterplot of 

residuals and predicted 12 (Figure K-9) indicates near 

equal variance across the predicted values for immediate 

postoperative pain intensity, providing weak evidence for 

homoscedastici ty. Plotting tIre res iduals against the 

independent variables (Figure K-lO) resulted for both 

independent variables in a horizontal band of residuals 

equally spaced about zero indicating that endogenous 

opioid and preoperative pain intensity were fixed. 
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Eguation~. The regression of analgesic (EA) on 

immediate postoperative pain intensity (I2) and endogenous 

opioid (EO) is represented by equation 4.3. Figure K-ll 

displays the histogram and normal probability plot for the 

residuals and provides evidence of near normal 

distribution. The distribution had a slight positive skew, 

and the kurtosis was also positive. Heteroscedasticity 

was indicated by the plots of the residual vector against 

predicted analgesic (Figure K-12); the spread of the 

residual bands was unequal along the range of predicted EA 

values with greater dispersion of residuals at the higher 

values of analgesic. Indirect testing of assumption 5 

(Figure K-13) provided evidence that I2 and EO were fixed 

in relationship to their dependent variable. 

Equation~. The impact of analgesic (EA) and 

immediate postoperative pain intensity (I2) on delayed 

postoperative pain intensity (I3) is described by 

equation 4.4. Satisfaction of the assumption of normality 

is seen in the histogram and normal probability plot of 

Figure K-14. Both skewness and kurtosis were slightly 

negative. Examination for equality of variance of the 

residuals across all values of I3 is reported in the plot 

of Figure K-15. The dispersion of residuals at higher 

values of predicted I3 is greater than at lower values of 
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the dependent variable providing evidence of 

heteroscedasticity. Plots of the standardized 13 residuals 

against 12 and EA show the desired pattern of a horizontal 

residual band equally spaced about zero (Figure K-16), 

meeting the assumption of fixed independent variables. 

E~.ua.t.i.Qn 4 • 6 . The reg res s ion 0 f i m m e d i ate 

postoperative pain distress (D2) on preoperative pain 

distress (Dl) and endogenous opioid (EO) is represented by 

equation 4.6. The histogram and normal probability plot of 

Figure K-17 support the normality of this bimodal 

distribution with slight positive skew and positive 

kurtosis. Dispersion of the residuals about the zero line 

was arguably equal across all values of the predicted Dl 

(Figure K-18), providing some evidence of homoscedasticity. 

Plots of the standardized residuals against the independent 

variables are contained in Figure K-19 and exhibit the 

desired horizontal bands of residuals equally spaced about 

the zero line. The assumption that values of the 

independent variables Dl and EO are fixed is thus 

supported. 

Equation ~. This equation described the theorized 

impact of immediate postoperative pain distress (D2) and 

endogenous opioid (EO) on analgesic (EA). The distribution 

exhibited positive kurtosis and a mildly positive skew; the 
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probability plot indicated a near normal distribution with 

only minor deviations from expected values. (Figure K-20). 

When the residual vector was plotted against predicted 

analges ic, the spread of res idual bands was unequal along 

the range of predicted values, providing evidence of 

heteroscedasticity (Figure K-21). Plots of the 

standardized residuals for analgesia against values for the 

two independent var iables, EO and 02, produced values 

scattered about the mean, an indirect indication that both 

independent variables were fixed (Figure K-22). 

Equation~. The final theoretical equation to be 

assessed for violations of assumptions relates the 

dependent variable 24-hour postoperative pain distress (D3) 

to its independent variables, immediate postoperative pain 

distress (02) and exogenous analgesic (EA). The normal 

probability plot of Figure K-23 again indicates close 

approximation to normality for this distribution which is 

slightly negatively skewed and exhibits minimal positive 

kurtosis. Unequal variance, indicating heteroscedasticity, 

was noted in the scatterplot relating standardized 

residuals on 03 with predicted D3 values (Figure K-24). 

Plots of the residuals against.the independent variables 

were examined for violations in the assumption that values 

of the independent variables are fixed. While the plots of 



131 

Figure K-25 did not clearly show horizontal bands of 

equally spaced residuals, the scattered values about the 

mean were indirect evidence that the D2 and EA were fixed. 

Summarizing the assessment for violations of 

statistical assumptions, residual analysis has 

demonstrated that assumption 3, homoscedasticity, was 

consistently violated. Assumptions of equal mean, normal 

distribution, qnd fixed independent variables were 

consistently satisfied. 

Summary of the Residual Analysis 

The overall graphic residual analysis revealed two 

violations of causal modeling assumptions and one repeated 

violation of statistical assumptions. While these 

violations do compromise the original models, they also 

provide guidelines for model respecification and 

development. 

Violation of the first causal modeling assumption 

underscores the need to identify the confounding variable 

or var iables. Resul ts of testing the assumption that all 

variables are in the models provide direction for the 

continuing process of model respecification and re-testing. 

The variables WT and DUROR will be added to the respecified 

model for testing, and model links for the variable BPA 

will be re-tested. 
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Only the assumption of homoscedasticity was 

repeatedly violated among the statistical assumptions. 

Assessing magnitude of effect of this violation requires a 

more in-depth residual analysis than that just completed. 

Repetition with a larger N would also clarify whether the 

violation is extreme enough to jeopardize the regression 

statistics. 

Summary 

The primary purpose of this investigation was to 

elucidate the relationships among habitual physical 

activity, endogenous opioids, operative acute pain 

experiences, and exogenous opioid analgesic. This chapter 

has presented the results of the data analysis which tested 

the theoretical model relating these concepts. 

The study sample was described, and relationships 

among pertinent variables external to the model were 

outlined. The proposed theoretical models of pain 

intensity and pain distress were tested using techniques of 

multiple regression analysis with the resultant generation 

of empirical models. Graphic residual analysis was used to 

test for violations in the assumptions which underlie both 

causal modeling and mUltivariate statistical techniques. 



CHAPTER 5 

INTERPRETATION 

The purpose of this research was to investigate the 

relationships among antecedent habitual activity level, 

endogenous opioid level, exogenous opioid analgesic, · and 

experiences of acute pain in response to subsequent noxious 

stimulation. Specifically, this research addressed the 

following questions relative to patients experiencing acute 

postoperative pain: 

1. What are the relationships among the variables 

antecedent habitual activity level, endogenous opioids, 

exogenous analgesic, and perceived pain intensity and pain 

distress? 

2. What is the relationship between antecedent 

habitual activity level and the presence of endogenous 

opiates in peripheral blood? 

3. Does the level of antecedent habitual activity 

predict perception of pain intensity or distress in 

response to a subsequent noxious stimulus? 

The theoretical model interrelating the concepts 

of interest was statistically tested, . and the previous 

chapter presented the result~ of analysis. This chapter 

133 
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will discuss interpretation of that theory testing. 

Presentation will be organized according to the following 

· format: (1) interpretation of model testing results; 

(2) theoretical issues; (3) methodological issues; 

(4) implications for pain theory; (5) implications for 

clinical nursing practice; and (6) recommendations. 

Limitations of the study will be identified and discussed 

together with each related content area. 

Interpretation Qf Model Testing Results 

The Sample 

This investigation was based on a convenience 

sample of 36 adult English-speaking subjects who consented 

to participate while hospitalized between February and May 

1985 for orthopedic surgeries. Because representativeness 

of the sample is uncertain, and because regression analysis 

utilized standardized beta coefficients for intra-model 

comparisons of relationship strengths, generalization 

beyond this sample is precluded. Therefore, the following 

interpretation applies only to the specific sample 

described. 

Sample selection was biased by several factors. 

Subjects were drawn from six orthopedic practices where 

clinic staff or office nurses collaborated with the 

investigator to identify poteritial participants. Patients 
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of other orthopedic practices were not included in the 

sample. Uncertain representativeness of the selected 

sample limited generalizability. 

During data collection subjects' comments relative 

to their pain experiences were recorded in field notes. 

These data suggest a future elaboration on the current 

investigation. Five subjects indicated that their present 

subjective reports of pain intensity and pain distress were 

directly biased by their previous experiences with pain. 

Lacking uniform quantification of past pain experiences for 

all subjects, the current study was unable to address the 

magni tude of bias by past pain exper ience on the selected 

sample. 

Interpretation of Model Testing 

Multiple regression was used to assess the 

predicted impacts of the var iables habi tual phys ical 

activity, endogenous opioia, and preoperative pain on the 

sequentially arranged dependent var iables, endogenous 

opioid, exogenous analgesic, and postoperative pain at two 

points in time. In terms of the specific aims of theory 

testing stated in Chapter 4, evidence from both theoretical 

and empirical model testing led to the following 

conclusions which will be individually elaborated. The 

significance criterion was uniformly set at p < .05. 
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A~m ~. Habitual physical activity lacks the 

predicted direct positive impact on endogenous opioid. 

The non-significant regression coefficient produced by 

testing both theoretical and empirical models failed to 

substantiate the predicted relationship. Literature 

abundantly supports the finding of phasic increases in 

endogenous opioid associated with physical activity (Carr, 

et al., 1981; Farrell, et al., 1982; Fraoli, et al., 1980). 

As previously noted, the duration of these experimentally

induced increases in opioid levels has not been addressed. 

Activity-induced phasic increases which are short-lived and 

effect no change in tonic plasma opioid level could explain 

the finding of no relationship in the current 

investigation. Further elucidation of the time line 

associated with activity-induced opioid changes is 

recommended to clarify the meaning of this finding. 

Aim 2. Endogenous opioid does not have a direct 

negative influence on immediate postoperative pain 

intensity as had been predicted; its predicted direct 

negative impact on immediate postoperative pain distress is 

evident only in the empirical test. The predominance of 

non-significant regression coefficients in model tests of 

the relationships between endogenous opioid and 

postoperative pain indicate that absolute tonic levels of 
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plasma opioids are unrelated to subsequent acute pain 

experiences. These findings disagree with those of 

Buchsbaum's colleagues (1977) who suggested that individual 

differences in pain sensitivity were mediated by tonic 

levels of endorphin, and Davis (1983) who reported tonic 

activity of endorphinergic pain-suppressing pathways. This 

finding should be qualified by noting the absence of 

reported evidence supporting an absolute scale Qf plasma 

endorphin values; it is possible that intra-subject 

variation in these values are individually relative rather 

than tied to an absolute scale. Sequential measurements of 

endorphin for each subject over extended preoperative time 

would be required to evaluate this question. 

The theorized direct negative impact of endogenous 

opioid on immediate postoperative pain distress was 

demonstrated in the test of the empirical model (B=-.26l, p 

< .05) which took into account the indirect effects of 

activity on postoperative pain distress. It is of 

interest that endogenous opioid appears to influence only 

pain distress, and not intensity, supporting the contention 

of Parkhouse and others (1979) that opioids may influence 

the affective reaction of the individual to painful 

stimulus. Because this was the sole significant 

relationship involving endogenous opioid disclosed by the 
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current study, its meaning is equivocal. While the 

conclusion might be drawn that tonic levels of endogenous 

opioid negatively predict the distress dimension of 

postoperative pain, repetition would be needed to refute or 

support this conclusion. 

Aim ~. As predicted, preoperative pain intensity 

and pain distress have .direct positive impact on respective 

experiences of immediate postoperative pain intensity and 

pain distress. In the theoretical model preoperative pain 

intensity accounted for 33% of the variance on the 

corresponding postoperative measure, and the two were 

related by a regression coefficient of 0.610. The 

corresponding relationship in the pain distress model had a 

magnitude of 0.639 and explained 37% of the variance on the 

dependent measure. These findin~s corroborate positive 

relationships identified earlier by Gerhard (1984b) with 

increased magnitudes of relationships and solid attainment 

of signif icance. Tests of the empir ical models also 

support these relationships with further increases in 

magnitudes of the regression coefficients. Thus, within 

the described sample, where preoperative comfort or 

discomfort presumably influenced motivation of some 

subjects to seek treatment of an orthopedic dysfunction, 

preoperative pain intensity and pain distress directly 
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predict immediate postoperative pain responses along the 

respective dimensions. 

Aim ~- Immediate postoperative pain intensity and 

pain distress had the predicted direct positive influence 

on total exogenous opioid analgesic received by the subject 

in the initial 24 postoperative hours. The regression 

coefficient in the intensity model was 0.521, explaining 

23% of the variance on analgesic. In the distress model, 

only 14% of the analgesic variance was explained by the 

impact of immediate postoperative pain (B=0.428). If 

immediate postoperative pain intensity and distress typify 

the course of pain experiences over the initial 24 hours, 

and if clinical assessments of patient pain experiences are 

valid, . the analgesic administered in response to those 

assessments would be in direct positive relationship to the 

immediate postoperative pain experiences. The obtained 

regression coefficients support accuracy of clinical pain 

assessments, but the substantial unexplained variance on 

analgesic in both models suggests the influence of some 

other variable or variables which have been omitted from 

the theoretical models. 

Aim ~. The direct impacts of immediate 

postoperative pain intensity and distress were, as 

predicted, positive on the corresponding pain measures 24 
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hours later. For pain intensity, this effect was its only 

link to the 24-hour measure, on which 45% of the var iance 

. was thereby explained. Immediate postoperative pain 

distress had an additional positive indirect effect 

on 24-hour distress mediated by analgesic, and combined 

with analgesic, explained 62% of the variance on the 

delayed pain distress measure. These relationships 

strengthen the evidence linking opioids to the affective 

dimension of pain. 

Aim~. Exogenous opioid analgesic discriminated 

between theoretical models of intensity and distress as 

evidenced by its non-significant relationship to 24-hour 

pain intensity and its direct positive impact on the 

corresponding measure of pain distress (B=0.385). The same 

discrimination held in testing the empirical models. These 

findings negate any suggestion of residual analgesic 

effects which would produce a negative relationship to 

pain intensity and distress after 24 hours. An alternative 

explanation posits be that pain distress is more easily 

observed by staff than is pain intensity; therefore, 

postoperative patients who exhibit signs of pain distress 

receive more analgesic than their more stoic counterparts. 

Aim 1.. No support was generated by testing either 

theoretical or empirical models for a significant 



141 

relationship between endogenous opioid and exogenous opioid 

analgesic. Absolute plasma levels of endogenous opioids 

were unrelated to the total exogenous opioid analgesic 

received in the initial 24 postoperative hours. 

Hahi~ya~ ~h~~i~a~ A~~i~i~~. Because the 

theoretical models had posited an intervening variable role 

for endogenous opioid, none of the original hypotheses 

addressed the direct impact of habitual physical activity 

on analgesic or surgical experiences. Testing of the 

empirical model demonstrated that these direct influences 

were more extensive and complex than originally theorized. 

The empirical models appear in Figures 10 and 11. 

Significant regression coefficients indicated that 

activity had direct negative relationships to 

preoperative pain intensity (B=-0.433) and pain distress 

(B=-0.480). This finding is most plausibly explained by 

the fact that the QMHPA measured activity during the thirty 

days prior to surgery. Subjects who were experiencing 

greater preoperative pain during that time were likely to 

have decreased their activity to minimize pain. Of all 

the activity associations, only these relationships to 

preoperative pain exhibited the negative direction. 

Activity had a direct positive impact on immediate 

postoperative pain intensity (B = 0.372), but when 
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related to immediate postoperative distress, the regression 

coefficient was non-significant. 

the adjusted R2 change of 

Of major significance is 

10% related to the 

respecification of activity in the intensity model: the 

.theoretical i~tensity model explained 33% of the variance 

on postoperative intensity, while the empirical model 

including activity explained 43%. In the distress model 

explained variance increased from 37% to 40% when activity 

was allowed to enter the equation independent of endogenous 

opioid. 

Under models of both intensity and distress, 

activity directly and positively predicted the total 

analgesic received in the initial 24 postoperative hours 

(intensity B=0.395: distress B=0~497). Again, 

respecification of activity increased the analgesic R2 from 

23% to 32% in the intensity model and from 14% to 29% in 

the distress model. Thus, more physically active subjects 

received more analgesics postoperatively. 

Activity contributed directly and positively to 

prediction of 24-hour postoperative pain distress (B=O.266) 

and accounted for an increase of 2% in the explained 

variance of that dependent measure. To summarize, 

regression analysis demonstrated that greater habitual 

physical activity predicted.decreased preoperative pain 
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intensity and pain distress, increased immediate 

postoperative pain intensity, increased exogenous 

analgesic, and increased 24-hour postoperative pain 

distress. 

Summary of the Model Testing Results 

In terms of the original research questions, 

multiple regression analysis demonstrated for the study 

sample that endogenous opioid was significantly related to 

these models of pain only in its negative association with 

immediate postoperative pain distress. The strongest 

predictors of pain intensity and pain distress at two 

postoperative measurement times were the comparable indices 

at the immediately previous measurement time. Analgesic 

was best predicted by the combined direct positive 

influences of immediate postoperative pain intensity or 

distress with activity, with more physically active 

subjects receiving more analgesic. Greater 

related to reduced preoperative pain 

acti vi ty was 

intens i ty and 

distress, and to increased immediate postoperative pain 

intensity and 24-hour postoperative pain distress. 

Antecedent habitual physical activity was unrelated to the 

presence of endogenous opioids in peripheral blood. 
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Theoretical Issues 

The most important theoretical issues raised by 

this study relate to (1) model specification, and (2) 

subdivision of the original model along dimensions of pain 

intensity and pain distress. Implications and 

interpretations will be discussed. 

Serious overspecification of endogenous opioid in 

the theoretical models, in effect, deleted the activity 

variable. Two possible explanations may be posited. In 

the absence of construct validity evidence for endogenous 

opioid, it is possible that laboratory radioimmunoassay did 

not index the concept as intended. The early developmental 

stage of cur rent knowledge about endogenous opioids, and, 

frequently conflicting evidence in the literature make 

pursuit of construct validity challenging. The current 

investigation did not attempt to incorporate this 

objective, and replication studies should address the 

issue. The observed misspecification of endogenous opioid 

might also have resulted from violation of model 

assumptions that (1) endogenous opioid may be measured on 

an absolute scale, and (2) tonic shifts in endogenous 

opioid may occur in response to various stressors. The 

first of these assumptions is not addressed in current 

literature; evidence for the second is conflicting. While 
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model testing and residual analysis can be utilized to 

respecify the models for correct inclusion of activity, the 

source of endogenous opioid misspecification must be 

identified and corrected if the true relationship of this 

variable to operative pain experiences is to be known. 

Additional studies which directly address these assumptions 

should be conducted. 

Kim (1980) has espoused nursing's development of a 

single composite index to measure complex clinical pain. 

Separation of pain experiences according to affective and 

sensory dimensions is founded in both classic and recent 

literature (Beecher, 1965; Heft, et al., 1980; Johnson, 

1973; Johnson & Rice, 1974; Marshall, 1894; Melzack, 1961; 

Strong, 1895) which clearly evidences the ability of 

subjects to discriminate between these dimensions. 

construct validity evidence obtained from concurrent 

utilization of visual analogue scales and the Gracely 

verbal descriptor lists supports such discrimination by 

subjects in this investigation. Separate models for pain 

intensity and pain distress were dictated in the current 

study by strong mul ticollinear ity of independent measures 

on these dimensions. The likelihood of ultimately using 

measures of these two distinct dimensions of pain as dual 

indices of a single reunited pain concept, in the mode 
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suggested by Kim, appears minimal. 

A third theoretical issue is raised by violation of 

the Rule of Signs generated by the relationships between 

activity and preoperative pain in the empirical models 

(Figures 10 and 11). The uni-directionality of this 

relationship required by causal modeling does not make 

substantive sense: it is uncertain whether increased 

activity causes decreased preoperative pain, or whether 

over time increased preoperative pain has led to decreased 

activity. Therefore, there is a theoretical flaw either in 

the staging of these variables or in the original 

delineation of separate constructs of Extended and 

Immediate Preoperative Antecedent Determinants. Future 

model testing should place these two non-collinear 

antecedents at the same stage: rather than on the effects 

of their relationships, interest should focus on their 

independent contributions to the overall models predicting 

postoperative pain intensity and pain distress. 

Methodological Issues 

Data collection utilized three subject self-report 

instruments, one laboratory assay, and an investigator-

compiled listing of postoperative analgesics. Test-retest 

reliability of the QMHPA was estimated after an interval of 

three months by its developers (Baecke, et al., 1982.) 
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Reliability coefficients accepted from Baecke's work were 

0.74 for the leisure index, 0.81 for the sport index, and 

0.88 for the work index. No interrater reliability 

estimate was obtained for the analgesic data. Reliability 

for the laboratory assay, measured by percent agreement 

between counts per minute on replicate unknown samples, was 

84.9% in Assay 1 and 97.6% in Assay 2. 

The difficulty in establishing reliability for a 

. single item scale which measures a changing variable has 

been previously noted. This study concurrently utilized 

visual analogue scales and randomized verbal descriptor 

lists (Gracely, 1980; Gracely, McGrath & Dubner, 1978; 

Appendix F) to measure preoperative and 24-hour 

postoperative pain intensity and pain distress. 

Significant correlations between the two measurement 

strategies ranged from 0.73 to 0.94, offering evidence in 

support of construct validity and indirect evidence, 

therefore, in support of reliability for the visual 

analogue scales. 

All reliability estimates exceeded the 0.70 

recommended by Nunnally (1978) as the criterion level for 

developing scales in early stages of research. However, 

there is continuing need to refine instruments and increase 

estimates of reliability as reformulation of the pain 
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models progresses. 

A methodologic limitation of this study is related 

to ordinal level data generated by the QMHPA. Multivariate 

statistical methods employed in the analysis of data are 

based on the assumption of at least interval level data. 

Instrument ref inement is planned to convert the QMHPA to 

visual analogue format producing interval level data: the 

altered instrument will be retested and assessed for 

reliability and validity. 

Implications ~ ~ Theory 

Further development and testing of models of pain 

may utilize the findings of this study toward the ultimate 

end of enunciating a comprehensive mUltivariate pain 

theory. Such a theory must "incorporate biological, 

psychological, and sociocultural components of behavior and 

the relationships among them" (Jacox & Stewart, 1973, p. 2) 

if it is to be the useful basis for therapeutic approaches 

to pain alleviation. The findings of this study indicate 

that habitual physical activity is one such predictive 

behavioral component which contributes significantly to 

explanation of postoperative pain and analgesic. If 

substantiated by replicated research, habitual physical 

activity should be included in future comprehensive 

theories of postoperative pain. 
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Implications ~ Clinical Nursing Practice 

Nurse-clinicians in acute care settings bear 

pr imary responsibil i ty for assessment, planning, and 

intervention relative to alleviation of patient pain. 

Appropriate individualization of expeditious pain relief 

demands knowledge of those physiologic, psychologic, and 

sociocultural factors which determine pain perception. 

This investigation extended the existing knowledge base 

for adult acute nursing care by elucidating factors 

which influence experiences of postoperative pain. 

While generalizations from this study based on a 

small convenience sample can not be made, replicated 

findings would provide nurses with information about 

habitual physical activity as one potential determinant of 

postoperative pain experiences. Knowing the impact of 

activity on postoperative pain, and assessing patients for 

habitual physical activity would permit the nurse to 

identify those patients at increased risk for deviations 

from the typical pain responses associated with a given 

surgical procedure. Incorporation of information relative 

to activity would increase validity of assessments on which 

interventions are based, and patients in acute pain would 

be the ultimate beneficiaries of this improved scientific 

basis for pain assessment. 
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~commendations 

Several recommendations for future research emerge 

from the present study. Foremost, replication of the study 

using a similar population is essential to continuing 

theory development. Replication must precede any 

implementation of findings in clinical nursing practice. 

Two aspects of the endogenous opioid var iable 

remain unclear. ,Investigation of the time line associated 

with activity-induced increases in endogenous opioids is 

recommended to determine whether these shifts are tonic or 

phasic in nature. Further study should be undertaken to 

determine whether activity-induced shifts in endogenous 

opioid levels occur along an absolute scale or in an 

intra-subject relative manner. 

Prior to replication, the QMHPA should be 

redesigned in visual analogue format. Subsequent studies 

of the impact of activity would then be based on interval 

level data derived from the revised instrument, correcting 

the limitation of the present study. 

Conclusion 

The primary purpose of this research was to 

investigate the relationships among antecedent habitual 

activity level, endogenous opioid level, exogenous opioid 

analgesic, and experiences of acute pain in response to 
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subsequent noxious stimulation. For this sample of adult 

orthopedic patients, the strongest predictors of 

postoperative pain were the comparable indices of pain 

intensity or pain distress at the immediately preceding 

measurement time. Postoperative analgesic was best 

predicted by the combined influences of immediate 

postoperative pain and habitual physical activity. 

Although activity was unrelated to endogenous opioid level 

in peripheral plasma, activity directly and positively 

influenced immediate postoperative pain intensity, 24-hour 

pain distress, and the total opioid analgesic received in 

the initial 24 postoperative hours. Endogenous opioid was 

significantly related only to reduced immediate 

postoperative pain distress. 

This chapter has included interpretation and 

discussion of the findings, together with limitations of 

the study. Theoretical and methodologic issues were 

identified, and implications of the study for both pain 

theory and clinical nursing practice were discussed. 

Recommendations were presented for further development of 

pain theory based on the study variables. 
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Table A-I. Gerhard Pain Model: Construct and Concept Definitions 

CONSTRUCT 

EXTENDED 
ANTECEDENT 
DETERMINANTS 

IMMEDIATE 
PREOPERATIVE 
ANTECEDENT 
DETERMINANTS 

CONCEPT 

Habitual 
Physical 
Activity 

Endogenous 
Opioids 

Acute Pain I 

DEFINITION 

Those conditions or circumstances, remaln1ng 
constant across time prior to a surgical 
experience, which potentially influence peri
operative or postoperative pain responses 

The level and pattern of energy consump
tion in work, sport, or leisure during 
usual activities or pursuits of life 

Those potentially changing conditions or cir
cumstances, sampled at a selected moment in 
time prior to a surgical experience, which 
potentially influence perioperative or post
operative pain responses. 

Naturally-occurring peptides in the human 
body which, under physiologic conditions, 
bind directly to and activate opioid 
receptors, effecting bodily changes usual
ly associated with classic opiates 

A complex subjective phenomenon comprised 
of nociception, sensation,suffering, and 
behavioral response, in duration predic
table from the nature of the noxious sti
mulus, and having sensory, emotional, 
cognitive, and motivational dimensions 

I-' 
U1 
W 



Table A-I, continued 

PERIOPERATIVE 
INFLUENCES 

IMMEDIATE 
POSTOPERATIVE 
FACTORS 

Acute Pain II 

Exogenous 
Opioid 
Analgesic 

Those events, occurrences, or circumstances, 
during the interval between administration of 
preoperative medication and transfer from re
covery room, which potentially influence 
postoperative pain experiences 

A complex subjective phenomenon comprised 
of nociception, sensation,suffering, and 
behavioral response, in duration predic
table from the nature of the noxious sti
mulus, and having sensory, emotional, 
cognitive, and motivational dimensions 

Those events, occurrences, or circumstances, 
during the initial twenty-four hours immedi
ately following transfer from recovery room to 
patient unit, which potentially influence 
subsequent pain experiences 

Any substance with origins external to 
the body which, when administered to a 
subject in pain, binds stereospecifically 
to opioid receptor sites, inhibiting neu
ral transmission and producing specific 
diminution in perception of nociceptive 
stimuli 

I-' 
U1 
oI:ao 



Table A-I, continued 

DELAYED 
POSTOPERATIVE 
RESPONSES 

Acute Pain III 

Those patient behavioral, physiological, or 
subjective occur.rences which follow, and are 
believed to result from, perception of noxious 
stimuli following a surgical intervention 

A complex subjective phenomenon comprised 
of nociception, sensation,suffering, and 
behavioral response, in duration predic
table from the nat~re of the noxious sti
mulus, and having sensory, emotional, 
cognitive, and motivational dimensions 

I-' 
U1 
U1 
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HU\iAN SUBJECTS CO\iMITTEE TELEPHONE : !602) 626-6721 or62b-7~7~ 

1609 :>0 . WARRE:>O I BL' ILOI:>OG ::Ol. R00\1 112 

Gwenyth G. Gerhard, M.S., R.N. 
College of Nurs ing 
Arizona Health Sciences Center 

Dear Ms. Gerhard: 

9 January 1985 

We are in receipt of your project, 11 The Relationships . Among Habitual 
Physical Activity, Endogenous Opioid Levels, and Subsequent Acute Surgical 
Pain Experiences 11

, which was submitted to this Committee for review. The 
procedures to be followed in this study pose no more than minimal risk to the 
participating subjects. Regulations issued by the U.S. Department of Health 
and Human Services [45 CFR Part 46.110(b)] authorize approval of this type 
project through the expedited review procedures, with the condition that sub
jects' anonymity be maintained. Although full Committee review is not re
quired, a brief summary of the project procedures is submitted to the Committee 
for their information and comment, if any, after administrative approval is 
granted. This project is approved effective 9 January 1985. 

Approval is granted with the understanding that no changes or additions 
will be made to either the procedures followed or the consent form(s) used 
(copies of which we have on file) without the knowledge and approval of the 
Human Subjects Committee and your College or Departmental Review Com
mittee. Any physical or psychological harm to any subject must also be 
reported to each committee. 

A university policy requires that all signed subject consent forms be 
kept in a permanent file in an area designated for that purpose by the 
Department Head or comr:>arable authority. This will assure their accessibility 
in the e vent that university offic ials require the information and the principal 
investigator is unavailable for some reason. 

MN/jm 

Sincerely yours, 

Milan Novak, M.D., Ph.D. 
Chairman 
Human Subjects Committee 
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College of Nursing, University of Arizona 
Telephone Message: 626-6154 

STUDY INFORMATION 
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Pain is a complex phenomenon. The same painful 
event may feel very different to two different individuals. 
Our responses to painful experiences develop throughout 
life based upon the anatomy and physiology of our nervous 
systems, our experiences with pain, expectations of our 
cultures, and many unknown factors. Current research also 
suggests that human beings may have built-in pain control 
systems. I am interested in learning more about those 
things which may activate our internal pain control systems 
to influence how strongly we feel pain and how much a 
painful event may bother us. As nurses learn more about 
factors which influence pain experiences, we will become 
more effective in helping patients to deal with pain. 

I am contacting adults who are about to have knee 
or elbow surgery. During your hospitalization you are 
being asked to participate voluntarily in a project which 
investigates whether usual level of physical activity 
influences responses to the short-term pain which may 
accompany surgery. The purpose of this study is to 
investigate relationships among usual activity level, 
internal pain control systems, and experience of pain in 
response to surgery. The results of this study will 
benefit both nurses who care for patients and future 
patients whose pain may be more accurately evaluated and 
relieved. 

If you decide to participate in the study, 
approximately 30-45 minutes of your time will be required 
on the afternoon or evening before your surgery. 

(1) I will ask you to complete a brief 
questionnaire about your usual physical activity. 
Some information about you as a person will be 
gathered. 
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(2) The hospital laboratory technician will obtain, 
at the ~m~ ~m~ as your routine pre-surgical 
laboratory tests, a small (one teaspoonful) blood 
sample for analysis in this study; this study does 
~ require you to experience any "extra needles." 

(3) After we discuss how to use the pain measuring 
scales, I will ask you to mark two pain scales to 
indicate your level of preoperative pain. 

Following your surgery, I will ask you to repeat 
the pain measurement scales twice: once soon after your 
surgery, and again 24 hours later. Marking the scales will 
require less than one minute and will ll.Q..t. change or delay 
any pain relief medications or treatments which you will 
receive. Any medications that you receive for pain in the 
24 hours following surgery will be noted for this study. 

While the information from this study is intended 
to be shared with practicing nurses, individual patients 
will not be identified. Your contributions to the study 
will be labeled only with a code number to allow analysis 
of the data. Resul ts of the study w ill be reported only in 
terms of combined responses from all participants. Your 
original completed forms will not be available to anyone 
other than me. I may use the coded information gathered 
for this project in continuing research on pain and 
activity. 

There are no known risks or immediate benefits to 
you as a result of participating in this study. There will 
be no cost to you; nor will you be paid to participate. 
Your nursing care will not be affected by your decision to 
participate or to decline participation in the study. You 
are encouraged to ask me questions about any part of the 
project at any time. You are free to withdraw from 
participation at any time during the study without ill 
will. 
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I have read the attached STUDY INFORMATION. The 
nature, demands, risks, and benefits of the project have 
been explained to me. I understand that I may ask 
questions and that I am free to withdraw from the project 
at any time without incurring ill will or affecting my 
nursing care. I also understaud that this consent form 
will be filed in an area designated by the Human Subjects 
Committee with access restricted to the principal 
investigator or authorized representatives of the 
Department of Nursing. A copy of this consent form is 
available to me upon request. 

Subject's Signature ______________________________ Date ______ _ 

Witness's Signature ____________________________ ~Date ______ _ 
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KATHOLIEKE UNIVERSITEIT NIJMEaEN 

FACULTEIT DER GENEESKUNDE EN 
TANDHEELKUNDE 

Ald.Un; SOCIALE GENEESKUNDE 
V .. I.nvd' Gro.nat,u, 75 ° 6525 EJ NIJmoven 

°MrsoGwenyth G.Gerhard R.N., M.S. 
College of Nursing 
University of Arizona 
1121 E. Camino De Los Padres 
Tucson, Arizona 85718 
USA 

No.: 

Cltum: September 16, 1983 

Dear Mrs. Gerhard, 

Til. 10801 51 9222 
Coo,ki01nummer: loeol 51 .6.9.75 

Please find enclosed a reprint of my article in Am.J.Clin.Nutr. 36 
(1982) 936-942. As you will see the questionnaire is on page 942 
after the page with references. Enclcsed is also a reprint of an 
article about a study in which I have used the questionnaire (Am. 
J.Clin.Nutr. 37 (1983) 278-286). 

If you choose an own format for the questionnaire, I suppose you 
do not need further permission of the American Society for Clinical 
Nutrition. 

At present I am working at.an other university and my object of 
research is no longer habitual physical activity, food consumption 
and obesity but a colleague of mine at the department of Human 
Nutri tion in Wageningen (Mrs .~atti· Rookus MSc) wi 11 be very interes ted 
in your findings. 

Sincerely, 

) 

,....-:::._os A.H.Baecke, Ph.D. 
Department of Social Medicine 
University of Nijmegen 
Verlengde Groenestraat 75 
6525 E J Nijmegen 
The Netherlands 

bllligelnl 
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Box 80 
College of Nursing 
University of Arizona 
Tucson, AZ 85721 
November 1. 1984; I 

American Society for Clinical Nutrition, Inc. 
9650 Rockville Pike 
Bethesda, MD 20814 

Re: Permission to reproduce copyright material 

Dear Sirs: 

A Short Questionnaire for the Measurement of Habitual Physical 
Activity by Baecke, Burema, and Frijters appeared in volume 36, 
November 1982 (pp. 936-942), of The American Journal of Clinical 
Nutrition. I would like to use this instrument for my Ph.D. 
dissertation research which investigates relationships between 
habitual physical activity and acute pain perception. 

Dr. Baecke has, via correspondence, indicated his approval for 
my use of their instrument with minor changes in format to improve 
legibility. I now request your written permission to reproduce 
and distribute the questionnaire to subjects in my study. 

Sincerely, 

.~t-/J A. ffi"r..lt-A..-t.d.. . 

Gwenyth G. Gerhard M.S., R.N. 
Ph.D. Candidate, College of Nursing 
University of Arizona 

., t d b th" - \ ··i .... • c 0'" .~ .. Permission gra:1 2 Y I;.. C~P/"';il'. , ... : . ..;, • 

conti:-:gent up:::n tl13 C:Jr,S8:it d th~ a:tIl":', 
. It. rl:"':~ ',- L ..... .. :.,,,, provided comp G G c. e~IL I':> glJ...;!l Lw u._ 

original source: © Am. J. CIi,1. N~t!'. 
American ScciGty for Clinical Nutrition. 

Eer: 
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APPENDIX 
Questionnaire, codes, and method of calculation of scores on habitual physical activity 

I) What is your main occupation? 

2) At ~~~k'" ~ii' : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
nevcr/scldom/somctimes/of\en/always 

3) At worle I stand .............................. '.' .......................................... . 
never/seldom/sometimes/of\en/always 

4) At worle I walk .......................................................................... ' .. 
never/seldom/sometimes/of\en/always 

5) At work Ilif\ heavy loads ..................................... : ............................ . 
never/seldom/sometimes/of\en/very of\en 

6) Af\ k· I -d·· .. · 1 ~. L' 
v~~;:~e~jof\:~:~eti~'!;;~~(d~~/%e~t~'" ................................................ . 

7) At work I sweat ........................................................................... . 
very of\en/of\en/sometimes/seldom/never . 

8) In comparison with others of my own age I think my work Is physically ....•..••..•..•............ 
much heavier/heavier/as heavy/lighter/much lighter 

9) Do you play sporl? . 
yes/no 

If yes: 
-which sporl do you play most frequently? ................................................ . 
-how many hours a week? <1/1-2/2-3/3-4/>4 
-how many months B year? <1/1-3/4-6/7-9/>9 

If YO~6::6 sa;,~~i~1t;port: ...................... . 
-how many hours a week? <1/1-2/2-3/3-4/>4 
-how many months R year? <1/1-3/4-6/7-9/>9 

10) In comparison with others of my own age (Ihinle my physical activily during leisure time is ......... . 
much more/more/the same/less/much less 

II) During leisure time I sweat ............ ' ..................................................... . 
very of\en/of\en/sometimes/seldom/never 

12) During leisure time I play sporl ............................................................. . 
never/seldom/sometimes/of\en/very of\en '. 

13) During leisure lime I walch television ...................................... ~ ................. . 
never/seldom/sometimes/of\en/very of\en 

14) During leisure lime I walk ................................................................. . 
never/seldom/somelimes/of\en/very of\en 

15) During leisure time I cycle ................................................................. . 
never/seldom/sometimes/of\en/very of\en . 

16) How many minutes do you walle and/or cycle per day 10 and from work, school and shopping? 
<5/5-15/15-30/30-45/>45 

Calculalion of the simple sporl-score (Ie): . 
(a scor~ of zero is given 10 people who do nol playa sport) 

I, - L (intensily X time X proportion) 
;-1 

.. 0/0.01~<4/4-<8/8-<12!~12 

1-3-5 

1-2-3-4-5 

1-2-3-4-5 

1-2-3-4-5 

1-2-3-4-5 

5-4-3-2-1 

5-4-3-2-1 

5-4-3-2-1 

Intensity 0.76 - 1.26 - 1.76 
Time 0.5 - 1.5 - 2.5 - 3.5 - 4.5 
Proporlion 0.04 - 0.17 - 0.42 - 0.67 - 0.92 

Intensity 0.76 - 1.26 - 1.76 
Time 0.5 - 1.5 - 2.5 - 3.5 - -1.5 
Proportion 0.04 - 0.17 - 0.42 - 0.67 - 0.92 

5-4-3-2-1 

5-4-3-2-1 

1-2-3-4-5 

1-2-3-=-4-5 

1-2-3-4-5 

1-2-3-4-5 

1-2-3-4-5 

1-2-3-4-5 

Calcul~lion of scores of the indices of physical activity: 
Work mdex - 111 + (6 - h) + h + I. + 15 + I. + IJ + lel/8 
Sport index -II. + 110 + 111 + 1121/4 

(Baecke, et al., 1982) 
Leisure-time Index - 1(6 - 113) + I .. + 111 + 1111/4 

..... 
0\ 
,c:.. 



QUESTIONNAIRE FOR THE MEASUREMENT OF 

HABITUAL PHYSICAL ACTIVITY 
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Based upon your activity patterns during the past 30 days, 
please complete the blanks or circle your chosen response. 

1. What is your main occupation? 

2. At work or school I sit 

never seldom sometimes often always 

3. At work or school I stand 

never seldom sometimes often always 

4. At work or school I walk 

never seldom sometimes often always 

5. At work or school I lift heavy loads 

never seldom sometimes often very often 

6. After working, I am physically tired 

very often often sometimes seldom never 

7. At work I sweat 

very often often sometimes seldom never 

8. In comparison with others of my own age, I think my work 
is physically 

much heavier heavier as heavy lighter much lighter 
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9. Do you participate in sports? yes no __ 

If yes, name most frequently played sport 

How many hours per week? _ 

How many months a year? 

If you play a 2nd sport, which sport is it? 

How many hours per week? 

How many months a year? 

10. In comparison with' others my own age, I think my 
physical activity during leisure time is 

much more more the same less much less 

11. During leisure time I sweat 

very often often sometimes seldom never 

12. During leisure time, I participate in sports 

never seldom sometimes often very often 

13. During leisure time, I watch television 

never seldom sometimes often very often 

14. During leisure time, I walk 

never seldom sometimes often very often 

15. During leisure time I ride a bike 

never seldom sometimes often very often 

16. How many minutes do you walk and/or bicycle per day to 

and from work, school and shopping? _________ .minutes. 
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Beta-Endorphin Assay Procedure 

Extraction Procedure (Cahill et al., 1983) 

Sep-Pak C18 Cartridge (Waters Associates, Inc. ) 

1. To each plasma sample vial, frozen at -70oC, 

add 100 u.l 1 N HCl/ml plasma. 

Thaw on ice at approximately 4oC. 

Measure and record each sample volume. 

Acidify to pH2 with 1 N HCl. 

Centrifuge 10 minutes at 2400 rpm, 4oC. 

2. Activate each Sep-Pak C18 Cartridge by sequential 

washings with 

5 ml methanol 

5 ml 8 M urea 

10 ml double distilled H20. 

3. Slowly apply prepared sample to cartridge. 

4. Wash polar constituents of plasma from cartridge 

10 ml double distilled H2O 

10 ml 4% glacial acetic acid 

5. Elute peptides from cartr idge in the follow ing 

solvent: 

with 

organic 

5 ml glacial acetic acid and 90% ethanol (1:24) 

6. Lyophilize and store eluate, containing concentrated 

endorphins, at -70oC until assayed. 
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Radioimmunoassay Procedure (NEN, 1982) 

1. Prepare the following reagents, provided in the NEN RIA 

kit according to manufacturer's instructions: 

Beta-endorphin antibody, lyophilized 

Beta-endorphin [l2SI]-Tracer, lyophilized 

Beta-endorphin Standard Concentrate, lyophilized 

Beta-endorphin Assay Buffer Concentrate 

Beta-endorphin Charcoal Suspension Concentrate 

2. Prepare a series of 7 beta-endorphin standards from the 

Standard Concentrate according to manufacturer's 

instructions. 

3. Equilibrate all reagents to ice bath temperature; swirl 

before use. 

4. Label polypropylene tubes for total counts, blanks, 

standards, and unknown samples. Place in test tube 

rack in ice water bath. 

S. Redissolve each lyophilized sample in 100 ~l assay 

buffer per 1 ml original sample volume. 

6. Pipet 200~1 Assay Buffer into the total count and 

blank tubes. 

7. Pipet 100 ~l each diluted standard and each sample in 

duplicate into appropriate labeled tubes. 
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8. Pipet 100 ~l freshly diluted tracer solution into each 

tube • 

. 9. Pipet 100 4,1 antiserum solution into the standard and 

sample tubes. 

10. Vortex all tubes thoroughly 2-5 sec. 

11. Incubate at 40C, 16 to 24 hours. 

12. While maintaining stirring of diluted charcoal 

suspension in an ice bath, pipet 0.5 ml charcoal 

suspension to all tubes except total count tubes. 

13. Pipet 0.5 ml Assay Buffer to total count tubes. 

14. Vortex all tubes thoroughly 2-5 sec. 

15. Immediately centrifuge in refrigerated centrifuge at 

2400 rpm for 15 min. 

16. Decant total count tubes and supernatants from all 

other tubes into corresponding numbered polypropylene 

tubes. 

17. Count supernatants in a Gamma Counter for Imin./tube. 

18. Calculate the unknowns. 

A. Average the counts for each set of duplicates. 

B. Calculate the average NET counts for all 

standards and samples by subtracting from each the 

average blank tube counts. 
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C. Determine the percent bound (%B) for each 

standard and sample by dividing the average net CPM 

of the total counts tubes. 

D. Calculate the normalized percent bound (%B/%Bo) 

as follows: 
%B of standard or sample 

%B/Bo= ------------------------- X 100% 
%B of "0" standard 

E. Using semi-logarithmic graph paper, plot %B/Bo 

for each standard versus the corresponding pg beta-

endorphin added. 

F. Determine the pg beta-endorphin in each sample 

by interpolation from the standard curve, 

correcting for any dilutions made and aliquots 

assayed. 
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Visual Analogue Scales of Pain 

Directions: The purpose of this scale is to find out about 

any pain you have .at .th.e. Pt'esent m.2m.en.t.. You are asked to 

rate your feelings of pain by DRAWING A SINGLE MARK across 

a line. 

Example: How much are you thinking about your pain? 

not at 

7 
I 

most 

all possible 

The mark above suggests na small amount n or nlittle n 

thinking about pain. If this person wasn't thinking about 

pain at all, the mark would have been drawn at the far left 

end of the line. If pain had been the only thought on this 

person's mind, the line would have been drawn at the far 

right end of the line. 

Please mark the following two scales to describe any pain 

you have ~ ~ time. 
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HOW STRONG IS YOUR PAIN? 

STRONGEST 
NO PAIN _________________________________________ PAIN 

POSSIBLE 

Directions: Draw a single mark across the line at the 

location that indicates the strength of your pain at this 

moment. 
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HOW MUCH DOES YOUR PAIN BOTHER OR DISTRESS YOU? 

NO 
DISTRESS 

MOST _______________________________________ DISTRESS 

POSSIBLE 

Directions: Draw a single mark across- the line at the 

location that indicates how much your pain is bothering you 

at this moment. 
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Verbal Descriptors of Pain Intensity and Pain Distress 

One scale of pain intensity and one scale of pain 

distress were randomly selected from the following lists of 

verbal descriptors for completion by each subject 

preoperatively. Repeated measures twenty-four hours 

postoperatively were independently randomized. 
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Please CIRCLE the ~ ~~ QL phrase that best describes 

the STRENGTH OF ANY PAIN that you are having at the 

present time. 

Strong 

None 

Mild 

Intense 

Extremely intense 

Very intense 

Extremely weak 

Moderate 

Barely strong 

Weak 
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Please CIRCLE the ~ K~ QL phrase that best describes 

the STRENGTH OF ANY PAIN that you are having at the 

present time. 

Barely strong 

Mild 

Strong 

Extremely intense 

Very intense 

Intense 

Weak 

Extremely weak 

Moderate 

None 
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Please CIRCLE the .Qll.e li.Q..I..d .Q.I.. phrase that best descr ibes 

the STRENGTH OF ANY PAIN that you are having at the 

present time. 

Very intense 

Barely strong 

Moderate 

Extremely intense 

Mild 

Intense 

None 

Extremely weak 

Weak 

Strong 
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Please CIRCLE the ~ K~ 2L phrase that best describes 

the STRENGTH OF ANY PAIN that you are having at the 

present time. 

Very intense 

Intense 

Weak 

Extremely weak 

Mild 

Moderate 

Barely strong 

None 

Extremely intense 

strong 
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Please CIRCLE the ~ ~~ 2L phrase that best describes 

YOUR FEELINGS ABOUT ANY PAIN that you are having at the 

present time. 

Dreadful 

Frightful 

Unbearable 

Neutral 

Unpleasant 

Distracting 

Horrible 

Distressing 

Miserable 

Agonizing 
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Please CIRCLE the ~ ~~ QL phrase that best describes 

YOUR FEELINGS ABOUT ANY PAIN that you are having at the 

present time. 

Agonizing 

Frightful 

Unbearable 

Miserable 

Dreadful 

Distracting 

Horrible 

Distressing 

Unpleasant 

Neutral 
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Please CIRCLE the ~ H~ ~ phrase that best describes 

YOUR FEELINGS ABOUT ANY PAIN that you are having at the 

present time. 

Frightful 

Unbearable 

Neutral 

Unpleasant 

Miserable 

Distressing 

Dreadful 

Agonizing 

Horrible 

Distracting 
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Please CIRCLE the ~ ~~ ~ phrase that best describes 

YOUR FEELINGS ABOUT ANY PAIN that you are having at the 

present time. 

Distressing 

Dreadful 

Unbearable 

Agonizing 

Horrible 

Unpleasant 

Distracting 

Miserable 

Neutral 

Frightful 
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DATA SUMMARY 

Subject Code i __ __ 

Admission Date ____ __ Hospital Code __ _ 

PREOPERATIVE DATA 

Demographic 

Age 

Sex 

Ethnicity 

height 

weight 

Surge Dx. 
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Subject's Impression of dysfunction prompting 
surgical admission: 

QMHPA: administered date ___ , time 

Work Index score Leisure Index score 

Sport Index score ____ _ Score Sum : IPA 

Pain Scales: 

administered date ____ , time 

VASI-l score GRI-l score 

VASD-l score GRD-l score ___ _ 

_____ , time pgBE Blood drawn, date 

Assay completed, date 

pgBE Score 

Preoperative Medications: 

type & dose 

administered date ___ , time 



POSTOPERATIVE DATA 

Operative anesthesia 

Subject Code t __ __ 

Surgery completed, date , time 

Duration of surgery minutes 

Transf. from Recovery Room, date , time 

Recovery Room analgesics: 

188 

type/dose time MS. conversion 

Immediate postoperative pain scales: 

administered date , time 

VASI-2 score 

VASD-2 score 

24-hour analgesics 

type/dose MS. conversion 

24-hour. postoperative pain scales: 

_____ , time administered date 

VASI-3 score 

VASD-3 score 

GRI-3 score ____ _ 

GRD-3 score 
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.:, 

Ms. Gwenyth G. Gerhard 
4 Ryan Way 
Durham, NH 03824 

Dear Ms. Gerhard: 
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MACMILLAN PUBLISHING COMPANY 
1\ ()J\'ISIO~ OF M,\t:~I".I_\~. I~C: 

866 Third Avenue, New York, N. Y. 10022 

June 19, 1985 

Re: Your letter of '1Ioe" '985 

You may have our permission to use, in the English language only, material in the manner and 
for the purpose as specified in your letter from the following book(s): 

THE PHARMACOLOGICAL BASIS OF THERAPEUTICS, Fifth Edition, 
edited by Louis S. Goodman and Alfred Gilman. 
Copyright c 1975 by Macmillan Publishing Company. 

Subject to the following limitations: 

AMOUNT OF MATERIAL: 

SCOPE: 

TERRITORY: 

CREDIT AND COPYRIGHT: 
*in addition to 
author(s) and title 
of chapter. 

xx as cited in your letter (Adaotation page 256) 
--- not more than 300 worda (from each book) 

maximum number of copies 
--~x~x~- one-time use only - in doctoral dissertation and in all 

copies to meet degree requirements including University 
Microfilms edition. New permission is required if the 
dissertation is later accepted for commercial pub~ication. 
one-time use only (broadcast, reading) 

------- one-time performance, no admission fee charged 
Braille, large type, no charge to physically or visually 

handicapped 

xx U.S., its territories and dependencies and the Philippines 
U.S., its territories and dependencies and Canada 

------- throughout the world 
for other market rights, contact: 

Full credi; must be given to author and publisher on every copy 
reproduced. The title, copyright notice and date must appear on 
every copy reproduced exactly as it appears in our book(s). 

This permission does not extend to any copyrighted material from other sources which may be 
incorporated in the book(s) in question, nor to any illustrations or charts, nor to poetry, 
unless otherwise specified above. 

Sincerely yours, 

l~i) A~DFisher t P~i~8ron8 epartmen 



SCHOOL OF NURSING 

UNIVERSITY OF MARYLAND 
IIlIlI WEST LOMBARO STRErT 

6ALTIMORE. MARYLAND 21201 

June 19, 1985 

Gwenyth G. Gerhard, R.N., M.S. 
4 Ryan Way 
Durham, NH 03824 

Dear Ms. Gerhard: 
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You have my peDnission to include a summary table adopted from my book, 
Pain: A Sourcebook for Nurses and Other Health Care Professionals, in the 
manner descrlbed in your letter to me da~ed June 11, 1985. 

Good luck with your research. 

AJ:ch 

Sincerely, 

/) ,'1 D. _.-'" 
'-,. "'-<!r (j~ '-

Ada Jacox, R.N., ph.D. 
Professor and Director 
Center for Research' 
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Table I-I. Demographic Data on the Sample: Age 

Years of Age N % of Sample 

Under 20 3 8.3 

20-24 4 11.1 

25-29 7 19.5 

30-34 5 13.9 

35-39 3 8.3 

40-44 6 16.7 

45-49 1 2.8 

50-54 4 11.1 

55-59 2 5.5 

60-65 1 2.8 

TOTAL 36 100 

Mean = 35.6 
S.D. = 12.36 
Median = 33.5 
Mode = 41.0 



Table 1-2. Demographic Data on the Sample: Sex 

Sex 

Female 

Male 

TOTAL 

N 

14 

22 

36 

% of Sample 

38.9 

61.1 

100 

Table 1-3. Demographic Data on the Sample: Ethnicity 

Ethnicity N % of Sample 

Anglo 26 72.2 

Black 2 5.6 

Hispanic 7 19.4 

Native American 1 2.8 

TOTAL 36 100 
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Table I-4. Characteristics of the Sample: Height 

Height in Cm N % of Sample 

Less than 160 3 8.3 

160-169 11 30.6 

170-179 8 22.2 

180-189 10 27.8 

190-199 3 8.3 

200-209 1 2.8 

TOTAL 36 100 

Mean = 174.1 
S.D. = 11.53 
Median = 173.2 
Mode = 183.0 
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Table 1-5. Characteristics of the Sample: Weight 

Weight in Kg N % of Sample 

Less than 50 1 2.8 

50-59 6 16.6 

60-69 5 13.9 

70-79 6 16.7 

80-89 10 27.8 

90-99 4 11.1 

100-109 2 5.5 

110~119 1 2.8 

120-129 1 2.8 

TOTAL 36 100 

Mean = 78.0 
S.D. = 17.91 
Median = 77.5 
Mode = 73.0 



Table I-6. Characteristics of the Sample: Hospital 

Hospital 

Medical Center 

General Hospital 

TOTAL 

N 

14 

22 

36 

% of Sample 

38.9 

61.1 

100 
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Table I-7. Characteristics of the Sample: Patient Status 

In/Outpatient 

Inpatient 

Outpatient 

TOTAL 

N 

27 

9 

36 

% of Sample 

75.0 

25.0 

100 
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Table I-8. Characteristics of the Sample: 

Operative Procedure 

Operative Procedure N % of Sample 

Diagnostic arthroscopy 2 5.5 

Reconstruction, lower extremity 22 61.1 

Carpal tunnel 1 2.8 

Manipulation adhesions 1 2.8 

Orthopedic hardware removal 1 2.8 

Cyst excision 2 5.5 

Reconstruction, upper extremity 6 16.7 

Intervertebral chemonucleolysis 1 2.8 

TOTAL 36 100 
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Table I-9. Characteristics of the Sample: Anesthesia 

Anesthesia N % of Sample 

General 25 71.4 

Spinal 5 14.3 

Combination 2 5.7 

Regional block 3 8.6 

TOTAL 35 100 
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Table I-I0. Characteristics of the Sample: 

Duration of the Surgical Procedure 

Time in Minutes N % of Sample 

Less than 31 3 8.6 

31-60 9 25.7 

61-90 11 31.4 

91-120 5 14.3 

121-150 4 11.4 

151-180 1 2.9 

181-210 1 2.9 

211-240 1 2.9 

TOTAL 35 100 

Mean = 85.0 
S.D. = 45.74 
Median = 70.5 
Mode = 65.0 
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Table I-II. Characteristics of the Sample: 

Recovery Room Time 

Time in Minutes N % of Sample 

Less than 31 4 11.4 

31-60 11 31.4 

61-90 14 40.0 

91-120 4 11.4 

121-150 1 2.9 

151-180 1 2.9 
--

TOTAL 35 100 

Mean = 70.3 
S.D. = 31.73 
Median = 70.0 
Mode = 60.0 



Mean 
S.D. 

Hour of Daya 
: 

7 • •••••• ( 1) 

9 . ••••••••••• 2) 

: 
10. * ••• *. ( 1) 

11. ••••••••••• 2) 

12 . ••••••••••• 2) 

13 • ••••••••••••••••••••• 4) 

14 .•••••••••• ~ 2) 

15 ••••••••• *............ 4) 

16. ••••••••••••••••••••• 4) 

17. •••••••••••••••••••••••••••••••••••• 7) 

18. ••••••••••• 2) 

19 ••••••• ( 1) 

20. •••••••••••••••• 3) 

21. ****** ( 1) 

~ ......... : ......... : ......... : ......... : ......... : 
o 2 4 6 810 
Frequency 

= 1500 hrs. 
= 3.41 

Median 
Mode 

= 1530 hrs. 
= 1700 hrs. 

a histogram label designates the later limit of each 
one-hour interval including phlebotomy times 

Figure I-I. Characteristics of the Sample: Time of 

Phlebotomy for Beta-Endorphin Assay 
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Table I-12. Beta-Endorphin Analysis: Elapsed Time between 

Phlebotomy and Freezing of Plasma 

Time in Minutes N % of Sample 

Less than 15 5 13.9 

15-19 8 22.2 

20-24 2 5.6 

25-29 2 5.6 

30-34 2 5.6 

35-39 13 36.1 

40-44 3 8.3 

45 1 2.8 
--

TOTAL 36 100 

Mean = 27.9 
S.D. = 11.03 
Median = 32.5 
Mode = 16.0, 36.0 
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Table I-13. Beta-Endorphin Analysis: Elapsed Time Between 

Phlebotomy and Surgical Procedure 

Time in Hours N % of Sample 

1 -10 7 20.0 

11-20 14 40.0 

21-30 6 17.1 

31-40 2 5.7 

41-50 2 5.7 

51-60 0 0.0 

61-70 1 2.9 

71-110 0 0.0 

111-120 3 8.6 

TOTAL 35 100 

Mean = 28.0 
S.D. = 31.33 
Median = 19.0 
Mode = 19.0 



Table I-14. Pearson Correlation Coefficients: Demographic Variables 
(N=35) 

Age 1.000 

Height -0.1859 1.0000 

Weight 0.3754* 0.5099* 1.0000 

Duration 
Surgery -0.1961 -0.0222 0.2190 1.0000 

Duration 
Rec. Rrn. 0.1797 -0.0605 0.0885 -0.0623 

General 
Anesth. -0.4053* 0.3037** 0.1292 0.2245 

Spinal 
Anesth. 0.1886 -0.1925 -0.0650 0.0054 

Combined 
Anesth. 0.0949 -0.0113 -0.0503 -0.1502 

Age Height Weight Duration 
Surgery 

* significant at p ~ .05 
**significant at .05 < p > .10 

1.0000 

0.1467 1.0000 

0.0358 -0.6455* 1.0000 

0.0373 -0.3892* -0.1005 1.0000 

Duration General Spinal Combined 
Rec. Rrn. Anesth. Anesth. Anesth. 

t-J 
o 
V1 
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Table J-l. Habitual Physical Activity: Work Index Subsca1e 

Score N % of Sample Score N % of sample 

1.50 1 2.8 2.88 1 2.8 

1.63 1 2.8 3.06 1 2.8 

1.88 J. 2.8 3.12 1 2.8 

2.00 1 2.8 3.13 2 5.6 

2.13 4 11.1 3.25 1 2.8 

2.19 1 2.8 3.38 1 2.8 

2.25 3 8.3 3.50 2 5.6 

2.38 1 2.8 3.63 2 5.6 

2.50 1 2.8 3.75 1 2.8 

2.63 3 8.3 3.88 4 11.1 

2.75 2 5.6 4.13 1 2.8 

TOTAL 36 100 

Mean = 2.84 
S.D. = 0.73 Coefficient of Variation =.26 
Median = 2.75 z = +.18 
Mode = 2.13, 3.88 
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Table J-2. Habitual Physical Activity: Sport Index Subsca1e 

Score N % of Sample Score N % of sample 

0.75 2 5.7 3.18 1 2.9 

1.00 1 2.9 3.20 1 2.9 

1.25 2 5.7 3.69 1 2.9 

1.31 1 2.9 3.74 1 2.9 

1.50 3 8.6 3.83 1 2.9 

1.75 1 2.9 4.02 1 2.9 

2.00 5 14.3 4.03 1 2.9 

2.44 1 2.9 5.26 1 2.9 

2.50 1 2.9 5.53 1 2.9 

2.51 1 2.9 5.65 1 2.9 

2.75 1 2.9 5.76 1 2.9 

2.85 1 2.9 5.82 1 2.9 

2.95 1 2.9 6.38 1 2.9 

3.03 1 2.9 

TOTAL 35 100 

Mean = 2.91 
S.D. = 1.59 Coefficient of variation = .55 
Median = 2.51 z = +3.54 
Mode = 2.00 



Score 

1.50 

1.75 

2.00 

2.25 

2.50 

2.75 

3.00 

3.25 

3.50 

3.75 

4.00 
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Table J-3. Habitual Physical Activity: 

TOTAL 

Mean = 
S.D. = 
Median = 
Mode = 

Leisure Index Subsca1e 

2.81 
0.69 
2.93 
3.00 

N % of Sample 

1 2.8 

4 11.1 

3 8.3 

1 2.8 

5 13.9 

2 5.6 

9 25.0 

4 11.1 

2 5.6 

3 8.3 

2 5.6 
--

36 100 

Coefficient of Variation = .25 
z = -.41 



210 

Table J-4. Habitual Physical Activity: 

Total Index of Physical Activity 

Score N % of Sample Score N % of sample 

4.38 1 2.8 9.06 1 2.8 

4.50 1 2.8 9.37 1 2.8 

5.38 1 2.8 9.38 1 2.8 

6.00 1 2.8 9.50 1 2.8 

6.25 1 2.8 9.53 1 2.8 

6.38 1 2.8 9.64 1 2.8 

6.50 1 2.8 9.65 1 2.8 

6.82 1 2.8 9.83 1 2.8 

6.88 2 5.6 9.88 1 2.8 

7.13 1 2.8 10.21 1 2.8 

7.67 1 2.8 10.31 1 2.8 

7.75 1 2.8 10.64 1 2.8 

7.82 1 2.8 11.07 1 2.8 

8.00 1 2.8 11.50 1 2.8 

8.10 1 2.8 11.69 1 2.8 

8.25 1 2.8 11.91 1 2.8 

8.44 1 2.8 12.52 1 2.8 

8.50 1 2.8 
TOTAL 36 100 

Mean = 8.54 Mode = 6.88 
S.D. = 2.06 Coefficient of Variation = 024 
Median = 8.45 z = -.24 
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Table J-5. Pearson Correlation Coefficients: 

Measures of Physical Activity (N=35) 

Work Index 1.0000 

Sport Index -0.0023 1.0000 

Leisure Index -0.0162 0.3783* 1.0000 

Total IPA 0.3460* 0.8862* 0.6131* 1.0000 

Work Sport Leisure Total 
Index Index Index IPA 

* Significant at p < .05 
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Counts per Minute 

D +.6 + 1.2 + '1.8 + 2.41- 3'.0 

--------------------------------------------------- CPM/~OE'3 
.0050+ 0.. ;:f 

I • '" 
I • ,,' 
I * /" 
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I 0 • /) 
I *1 

I * /' 
'II • 1" '" " .0500+ 0*",/'0 
I ",/' 
I AIr"" 

I / 
I ,~ 

.'1000+ "/,,, 
I 0 ./0 
I '* 
I /l • 

• :2000+ /. 
I 
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I ," '" 
I ,'* 

* * * Computer-fitted curve, based 
on Counts per Minute 

/ 
I /'" 
I 1* 

.5000+ (*00 ) 
. CONC/'lDE 3 

j~d 

Calculated curve, based on 
Normalized Percent Bound 

sb l~ 

Normalized Percent Bound 

Beta-Endorphin Standard Values 

TUBE CONTENTS MEAN CPM NORMALIZED 
PERCENT BOUND 

Total Counts 6858.0 -----
Blank 118 -----
"0" Standard 2991.5 -----
5 pg 3010.5 100.67 
10 pg 2497.0 82.80 
25 pg 2088.0 68.56 

(25 pg edited) (1815.0) (59.06) 
50 pg 1562.5 50.27 
125 pg 827.0 24.68 
500 pg 316.5 6.91 

Figure J-1. Edited Standard Curve for Endorphin Assay 1 
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Counts per Minute 

o +.7 +'1.4 +:2.1 +:2.3 +~.S 
---------------------------------------------------"CPM~10E 3 

.0050+ oq 
1 *," 
1 *' 

" 1 * I 

1 * I 
.0100+ 0 (' 
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1 *,' 
1 *,' 

.0:::00+ ~~ 

1 OO"Jl''' 
1 *1 
1 *,/ 
1 .~ 

1 " .0500+ 0'1<4$ 
1 ~< 
1 ~ , 
1 ..... * 
1 "' ...... 

• '1000+ ;* 
1 /~O 
1 / * 
1 /* 

.:::000+ /* 
1 * I 
1 1* 

* * * Computer-fitted curve, based 
on Counts per Minute 

1 ,* 
1 1* 
1 ,* 

.5000+ /0) 
CONC/10E 3 

~ 

Calculated curve, based on 
Normalized Percent Bound 

.(l:, 6'0 a'o I 
100 

Normalized Percent Bound 

Beta-Endorphin Standarq Values 

TUBE CONTENTS MEAN CPM NORMALIZED 
PERCENT BOUND 

Total Counts 6367 ----- . 

Blank 105 -----
"0" Standard 3635 -----
5 pg 3236 88.70 
10 pg 3103 84.93 
25 pg 2362 63.93 
35 pg 2177 58.69 
50 pg 1756 46.77 
125 pg 875 21.81 
500 pg 313 5.89 

Figure J-2. Standard Curve for Endorphin Assay 2 



Table J-6. Computer-generated PgBe values Associated 

with Figure J-1, Assay 1 

SUBJECT # MEAN COUNTS PgBE PER 
PER MINUTE 100 u1 

3 1507 39.0 

4 2231 12.5 

6 2416 9.4 

7 2113 15.0 

12 1397a 46.8 

15 1296a 55.5 

17 2140 14.4 

19 1277 57.2 

20 1578 34.8 

22 1984 18.3 

23 1854 22.5 

26 1450 42.9 

28 2552 9.0 

30 2030 18.5 

a replicate agreement < 80% 
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Table J-7. Computer-generated PgBE values Associated 

with Figure J-2, Assay 2 

SUBJECT # ASSAY COUNTS PER DILUTION PgBe PER 
VOLUME MINUTE FACTOR 100 u1 

(u1) 

1 50 3199 2 9.5 
2 50 3288 2 7.1 
5 50 2886 2 22.0 
8 70 2802 1.43 18.2 
9 50 3412 2 3.8 
10 70 2812 1.43 17.9 
11 20 3251 5 2·0.2 
13 75 2631 1.33 22.1 
14 60 3424 1.67 2.9 
16 65 2926 1.54 15.6 
18 20 3335 5 14.7 
21 50 2758 2 27.4 
24 50 2917 2 20.7 
25 45 3096 2.22 14.7 
27 40 3204 2.5 11.7 
29 80 2712 1.25 18.4 
31 50 3255 2 8.0 
32 50 3204 2 9.4 
33 50 2982 2 18.0 
34 100 3172 (mean) 1 5.2 
35 100 2867 (mean) 1 11.4 
36 100 2989 (mean) 1 8.8 
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Table J-8. Beta-Endorphin Findings on Control Samples 

ASSAY 1 ASSAY 2 

CONTROL i REPLICATE PAIRS PgBE PER REPLICATE PAIRS PgBE PER 
% AGREE. % AGREE. 100 ul % AGREE. % AGREE. lOOul 

1 61.1 28.9 26.3 
87.6 91.0* 

2 92.6 17.8 20.4 

3 98.1 41.9 11.5 
70.1 87.2* 

4 86.6 13.9 18.3 

5 99.3 5.6 
97.5 

6 95.35 7.3 

* based on counts interpolated from standard curve and PgBE values 
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a histogram label designates the upper limit of each 5 mg 

spread for beta-endorphin values in pg 

Mean 
S.D. 
Median 
Mode 

= 
= 
= 
= 

17.68 
11.54 
15.05 
9.4 

Coefficient of variation = .65 
z (for skewness) = 3.99 

Figure J-3. Assayed Beta-Endorphin (PgBE) (N=34) 



Table J-9. Recovery Room Analgesics Received 

Equivalent Mg Morphine 

o 

1.0-2.9 

3.0-4.9 

5.0-6.9 

7.0-8.9 

9.0-10.9 

11.0-16.9 

17.0-18.9 

TOTAL 

Mean 
S.D. 
Median 
Mode 

= 3.34 
= 4.44 
= 1.83 
= 0 

N % of Sample 

17 48.6 

5 14.3 

4 11.4 

1 2.9 

1 2.9 

6 17.1 

0 0.0 

1 2.9 
--

35 100 

Coefficient of variation = 
z (for skewness) = 

218 

1.23 
3.21 
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Table J-I0. Analgesics Received Post Recovery Room 

Equivalent Mg Morphine 

o 

1-10 

11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

71-80 

81-90 

TOTAL 

Mean 
S.D. 
Median 
Mode 

= 29.3 
= 22.55 
= 26.0 
= 30.0 

N % of Sample 

3 8.6 

6 17.1 

6 17.1 

7 20.0 

1 2.9 

6 17.1 

4 11.4 

1 2.9 

0 0.0 

1 2.9 

35 100 

Coefficient of variation = .77 
z (for skewness) = 1.59 
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Table J-1l. Total Analgesics in 24 Postoperative Hours 

Equivalent Mg Mo'rphine N % of Sample 

0 2 5.7 

1-10 6 17.1 

11-20 6 17.1 

21-30 6 17.1 

31-40 2 5.7 

41-50 4 11.4 

51-60 3 8.6 

61-70 4 11.4 

71-80 1 2.9 

81-90 0 0.0 

91-100 1 2.9 
--

TOTAL 35 100 

Mean = 32.6 Coefficient of variation = .77 
S.D. = 25.20 z (for skewness) =1.67 
Median = 29.0 
Mode = 5.0 



Table J-12. Pearson Correlation Coefficients: 

Measures of Analgesics Received (N=33) 

Recovery Room 

Post Recovery 
Room 

24-hour Total 

1.0000 

0.5275* 

0.6483* 

Recovery 
Room 

* significant at p < .05 

1.0000 

0.9888* 

Post 
Recovery Room 

1.0000 

24-hour 
Total 
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Mean 
S.D. 
Median 
Mode 

=32.06 
= 33.24 
= 21.50 
= 1 

Coefficient of Variation=1.04 
z (for skewness) = 1.93 

Figure J-4. Preoperative Visual Analogue Pain Intensity 

Scores (N=36) 
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Mean 
S.D. 
Median 
Mode 

= 33.83 
= 35.73 
= 17.50 
= 0 

Coefficient of Variation = 1.06 
= 1.75 z (for skewness) 

Figure J-5. Preoperative Visual Analogue Pain Distress 

Scores (N=36) 
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Mean = 62.46 
30.15 
67.00 
99, 100 

Coefficient of Variation = 0.48 
= 0.98 S.D. = z (for skewness) 

Median = 
Mode = 

Figure J-6. Immediate Postoperative Visual Analogue Pain 

Intensity Scores (N=35) 
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Mean 
S.D. 
Median 
Mode 

= 59.94 
= 29.83 
= 63.00 
= 100 

Coefficient of Variation = 0.50 
= 0.54 z (for skewness) 

Figure J-7. Immediate Postoperative Visual Analogue Pain 

Distress Scores (N=35) 
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Mean 
S.D. 
Median 
Mode 

= 52.54 
= 29.38 
= 49.00 
= (none) 

Coefficient of Variation = 0.56 
= 0.19 z (for skewness) 

Figure J-8. 24-Hour Postoperative Visual Analogue Pain 

Intensity Scores (N=35) 
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Mean = 48.66 
32.19 
46.00 
2, 93 

Coefficient of variation = 0.66 
= 0.34 S.D. = z (for skewness) 

Median = 
Mode = 

Figure J-9. 24-Hour Postoperative Visual Analogue Pain 

Distress Scores (N=35) 
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Table J-13. Pearson Correlation Coefficients: 

Concurrent Pain Measures 

Gracely Verbal Descriptors and Visual Analogue Scales 

Time Pain Pearson N p 
Dimension Correlation 

Preop Intensity 0.9133 36a 0.000 

Preop Distress 0.76lS 36a 0.000 

Postop Intensity 0.8287 3Sa 0.000 

Postop Distress 0.6820 3Sa 0.000 

-----------------------------------------------------------
Preop Intensity 0.9434 26b 0.000 

Preop Distress 0.7260 26b 0.000 

Postop Intensity 0.8923 2Sb 0.000 

Postop Distress 0.7680 2Sb 0.000 

a all subjects 

b Anglo subjects only 
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Scattergrnm of (down) 12RES SID RESIDUAL ON INIENSITY2 (across) 13RES STD RESIDUAL ON INrENSITY3 
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Figure K-l. Scatterplot of Standardized I2-Residuals against Standardized 

I3-Residuals 



Sca ttergra .. of (down) D2RES STD RESIDUAL ON DISTRESS2 (across) D3RES STD RESIDUAL ON DISTRESS3 
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Figure K-2. Scatterplot of Standardized D2-Residuals against Standardized 

D3-Residuals 



Scattergram at (down) D3RES STO RESIDUAL ON OlSTRESS3 (across) ANDRES STO RESIOUALON ANALGESIC IN OIST 
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Figure K-3. Scatterplot of Standardized D3-Residuals against Standardized 

EA-Residuals 

N 
W 
W 



Scattergra .. of (down) D3RES sro RESIUUlIl DN DISTRESS3 (across) IPA INDEX PIIYSICAl ACTIVITY 
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Figure K-4. Scatterplot of Standardized D3-Residuals against 

Habitual Physical Activity 
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Figure K-5. Scatterplot of Standardized 13-Residuals against 

Body Weight 
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Figure K-6. Scatterplot of Standardized EA-Residuals in the 

Intensity Model against Duration of Surgery 
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Figure K-7. Scatterplot of Standardized EA-Residuals in the 

Distress Model against Duration of Surgery 
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Figure K-8. Normality of the Standardized Residuals: 

Immediate Postoperative Pain Intensity 

(Equation 4.2) 
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Figure K-9. Scatterplot of the Standardized Residuals 

against Predicted Immediate Postoperative Pain 

Intensity (Equation 4.2) 
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Figure K-IO. Scatterplots of the Standardized Residuals for 

12 against the Independent Variables, II and 

EO (Equation 4.2) 
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Figure K-ll. Normality of the Standardized Residuals: 

Exogenous Analgesic in the Intensity Model 

(Equation 4.3) 
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Figure K-12. Scatterplot of the Standardized Residuals 

against Predicted Exogenous Analgesic in the 

Intensity Model (Equation 4.3) 
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Figure K-l3. Scatterplots of the Standardized Residuals for 

EA against the Independent Variables, I2 and 

EO (Equation 4.3) 
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Figure K-14. Normality of the Standardized Residuals: 

24-hour Postoperative Pain Intensity 

(Equation 4.4) 
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Figure K-l5. Scatterplot of the Standardized Residuals 
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against Predicted 24-hour Postoperative Pain 

Intensity (Equation 4.4) 
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Figure K-16. scatter plots of the standardized Residuals for 

13 against the Independent Variables, 12 and 

EA (Equation 4.4) 
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Figure K-l7. Normality of the Standardized Residuals: 

Immediate Postoperative Pain Distress 

(Equation 4.6) 
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Figure K-18. Scatter plot of the Standardized Residuals 

against Predicted Immediate Postoperative Pain 

Distress (Equation 4.6) 
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Figure K-19. Scatterplot of the Standardized Residuals for 

D2 against the Independent Variables, Dl and 

EO (Equation 4.6) 
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Figure K-20. Normality of the Standardized Residuals: 

Exogenous Analgesic in the Distress Model 

(Equation 4.7) 
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Figure K-2l. scatterplot of the Standardized Residuals 

against Predicted Exogenous Analgesic in the 

Distress Model (Equation 4.7) 
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Figure K-22. Scatterplots of the Standardized Residuals for 

EA against the Independent Variables, 02 and 

EO (Equation 4.7) 
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Figure K-23. Normality of the Standardized Residuals: 

24-hour Postoperative Pain Distress 

(Equation 4.8) 
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Figure K-24. Scatterplot of the Standardized Residuals 
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against Predicted 24-hour Postoperative Pain 

Distress (Equation 4.8) 
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Figure K-25. Scatterplots of Standardized Residuals for 

D3 against the Independent Variables, D2 and 

EA (Equation 4.8) 
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