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Effect of Intradermal Normal Saline, Listening to Music 
and Insertion Difficulty on Pain of IV Insertion ' 

Ann Fuhry Jacobson, May, l995 

Insertion of IV catheters is the most frequently 

performed invasive procedure by nurses, affecting 25 million 

people in the U.S. each year. This study used a post-test 

only control group design to compare the effects of 

listening to music and intradermal saline injection on the 

sensory and affective components of pain of IV catheter 

insertion. The relationships among the difficulty of IV 

insertion and pain were also examined. 

Ninety four hospitalized patients requiring insertion 

of an IV catheter were randomly assigned to one of three 

groups. One group received an intradermal injection of 

unpreserved normal saline at the IV insertion site. The 

other group listened to preferred music during the 

insertion, and the control group received no e xtra 

treatment. Pain intensity and distress were measured with 

two visual analogue scales, and insertion difficulty was 

measured with the IV Catheter Insertion Rating Scale. 

Of the 94 insertion attempts, 60 were successful. 

Multivariate analysis of variance (MANOVA) of data from the 

60 successful IV insertions demonstrated no significant 

treatment effect on pain intensity and pain distress. 

Multiple correlation showed a significant relationship 
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between difficulty of IV insertion and pain intensity and 

pain distress in the control group. 

Analysis of data pooled from the success and failure 

groups demonstrated no multivariate difference among the 

groups in pain intensity and distress, with univariate tests 

showing that the saline treatment group scored significantly 

higher on pain intensity (mean = 31.3) than did the music 

group (mean= 16.9). The saline group was also 

significantly higher on mean pain distress score (mean = 

26.6) than the music group (mean= 9.4). 

Pain intensity and pain distress were weakly positively 

correlated with insertion difficulty. No significant 

difference in the relationship between difficulty and pain 

intensity and distress was demonstrated among the three 

treatment groups. 

Overall, the use of intradermal unpreserved 

saline as a pain management strategy for insertion of IV 

catheters was not supported. On the other hand, listening 

to preferred music via headphones appears promising. 
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CHAPTER 1 

INTRODUCTION 

A major goal of nursing research activities is to 

develop knowledge applicable to practice (Rudy & Kerr, 

1991). The quality of nursing practice depends on the 

appropriate use of clinical research findings (Winslow, 

1992). Noninvasive pain control methods are an important 

phenomenon for nursing research (Whipple, 1987). 

Insertion of an intravenous (IV) catheter is painful, 

yet few studies have been conducted to examine the 

painfulness of the procedure or possible methods to reduce 

it. Pain management is of central concern to nursing 

(Ferrell, McCaffery, & Ropchan, 1992), and the "ethical 

obligation to manage pain and relieve the patient's 

suffering is at the core of a health care professional's 

commitment." (Acute Pain Management Guideline Panel, 1992, 

p. 4). Nonpharmacologic pain control measures, while not 

substitutes for other measures, afford nurses the 

opportunity to uniquely and independently modify the 

patient's pain (McCaffery, 1990). 

Insertion of peripheral intravenous (IV) devices is the 

most frequently performed invasive procedure by nurses in 

most patient care settings (Bostrom-Ezrati, Dibble, & 

Rizzuto, 1990), with approximately 25 million people in the 

u.s. receiving peripheral intravenous therapy annually (Maki 
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& Ringer, 1991). An estimated 90% of hospitalized patients 

receive intravenous therapy at some point in their stay 

(Gray, 1994). Once the exclusive domain of physicians, 

2 

responsibility for IV initiation and maintenance is now a 

major nursing responsibility in most patient care settings 

(Bostrom-Ezrati, Dibble, & Rizzuto, 1990; Hilkemeyer, 1991). 

Pain is a multidimensional experience, with sensory, 

cognitive, and affective components that can be 

differentially described by those experiencing it (Price, 

Harkins, & Baker, 1987). The sensory component of pain 

arises from the structure and function of the nervous system 

pathways---the "hardware''· The cognitive component can be 

considered the "software'', for it modulates and modifies the 

sensory input, ultimately affecting the pain experience (M. 

Droge, personal communication, May, 1993). The affective, 

or reactive component accounts for the suffering or distress 

associated with pain (Puntillo, 1988). 

While nursing literature abounds with reports of the 

technical aspects of IV therapy, only a handful of 

references address management of IV catheter insertion pain. 

Most of these references contain anecdotal reports of the 

effectiveness of intradermal injection of lidocaine prior to 

venipuncture in reducing discomfort (Dick, Maree, & Gray, 

1992; Graber, 1985; Millam, 1981, 1983, 1986). Only a few 

controlled studies of methods to reduce IV catheter 



insertion pain have been reported, and only one of these in 

a nursing journal (Dickey, 1988). 

Another strategy for reducing venipuncture pain 

involves the topical application of a cream containing 

lidocaine. Studies suggest this method can be effective 

(Maunuksela & Korpela, 1986); however, the cream takes 

approximately one hour to produce anesthesia (McCafferty, 

Woolfson, & Boston, 1989). 

While intradermal or transderrnal lidocaine may be 

useful for reducing the pain of IV catheter insertion in 

certain situations, some authors caution against their 

widespread use (O'Donnell, 1985; Scranton, 1977; Warren, 

1985). Lidocaine can cause hypersensitivity or other drug 

reactions, and, because it is a drug, a physician's order is 

necessary for its use. 

Nonpharmacologic techniques to reduce venipuncture pain 

avoid possible drug side effects, are generally less costly, 

and can be performed independently by the nurse. Research 

is needed, however, to determine which nonpharmacologic 

interventions are effective in reducing pain, and which 

dimensions of pain they affect. 

one proposed method to reduce IV catheter insertion 

pain involves infiltrating the skin overlying the insertion 

site with a small amount of 0.9% normal saline solution 

prior to inserting the IV device (Millam, 1979). Anecdotal 
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reports by nurses suggest the practice is widespread; 

however, empirical testing is required to determine its 

effectiveness. 

Among methods to decrease pain in brief, invasive 

procedures, music is "among the most effective strategies 

and has a high level of patient acceptability." (McCaffery, 

1990, p.2). Music has been shown to reduce pain in a 

variety of acute and chronic pain situations, including: 

4 

Women undergoing gynecologic exams (Davis, 1992); women with 

rheumatoid arthritis (Schorr, 1993); and cancer patients 

with chronic pain (Zimmerman, Pozehl, Duncan, & Schmitz, 

1989). Other studies have shown the beneficial effects of 

music on pain perception in laboratory settings (Geden, 

Lower, Beattie, & Beck, 1989; Whipple & Glynn, 1992). 

The effect of two nonpharmacologic techniques, 

intradermal normal saline injection, and listening to music, 

was examined in this study. The relationship of IV 

insertion difficulty to pain was also examined. 

Problem of study 

Despite the pervasiveness of IV therapy in acute care, 

and its increasing use in long-term and home health care, 

few studies have been conducted to determine the painfulness 

of IV catheter insertion and factors that contribute to the 

pain, or to evaluate methods for reducing the pain. 

Intradermal injection of normal saline and music are two 



nonpharmacologic treatments that may reduce the sensory 

and/or affective dimensions of pain associated with IV 

catheter insertion. This study used a post-test only 

control group experimental design to compare the effects of 

music or intradermal saline injection, and of IV insertion 

difficulty, on the sensory and affective components of pain 

associated with IV catheter insertion. 

Rationale for the Study 

5 

Pain management is of central concern to nursing 

(Ferrell, McCaffery, & Ropchan, 1992). Nurses diagnose 

"alteration in comfort" in patients more frequently than any 

other diagnosis (Gordon, Sweeney, & McKeehan, 1980). 

Efforts to assess and manage acute pain can reduce pain, 

increase patient comfort and satisfaction, improve patient 

outcomes, and shorten hospital stays (Acute Pain Management 

Guideline Panel, p. iii). 

Landow (1992) summarized the benefits of effective pain 

control in hospitalized adults. Among the benefits are: 

Decreased pulmonary complications, increased mobility with 

decreased deep vein thrombosis, attenuation of the stress 

response, improved nitrogen balance, improved metabolic and 

immune responses, and enhanced cerebral protective 

mechanisms in closed head injury. 

While management of existing pain is an important 

nursing function, attention must also be focused on methods 



to prevent inducing pain when possible. Of all the 

procedures nurses routinely perform, IV catheter insertion 

may be the most pain-provoking (Dickey, 1988). 
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The United States Government's Agency for Health care 

Policy and Research recently convened a multidisciplinary 

panel to study and make recommendations for the treatment of 

pain. In their report, the panel documented the 

pervasiveness of inadequate pain management and noted that 

patients should receive the highest level of pain relief 

that may safely be provided (Acute Pain Management Guideline 

Panel, 1992, p. 71). 

Caring for patients in pain can cause the nurse to feel 

uncomfortable, helpless, and powerless (Owen, 1988). The 

infliction of pain by nurses is gaining attention as an 

undesirable aspect of nursing practice in literature 

exploring the concept of torture in nursing. Schroeder 

{1992) describes the process of inflicting pain as one in 

which the nurse "disembodies", thereby severing the nurse

patient relationship . Knowledge of methods to reduce the 

pain accompanying invasive procedures such as IV ins ertion 

can empower nurses to provide optimal patient care. 

Theoretical Framework 

Unlike the sensations of, for example, sight or 

hearing, pain is not purely a sensory event, but also has an 

emotionally unpleasant quality (Melzack & Casey, 1968 ) · 
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Further evidence that pain is more than a sensory experience 

is the observation that certain psychological states alter 

pain perception, the classic example being soldiers wounded 

in battle who do not feel pain until they leave the 

battlefield (Beecher, 1959). Laboratory experiments have 

demonstrated that individuals vary in their perception of 

pain produced by the same intensity (for example, an 

electric shock of a given voltage). To be most useful, 

therefore, a theoretical formulation of pain should 

encompass its sensory and emotional properties, as well as 

explain individual variations in the pain experience. 

Sensory vs. Affective Components of Pain 

Johnson and Rice (1974), building upon a foundation 

laid by previous pain theorists, described pain as an 

They experience with two components: sensory and reactive. 

characterized the sensory component as the physical 

dimension of pain, encompassing the type (e.g., burning, 

aching) and intensity of pain; and the reactive component as 

more psychological, involving emotional properties of 

varying magnitudes. 

Melzack and casey (1968) cited numerous examples of the 

influence of cognitive processes on pain experience and 

response: Anticipation of pain, anxiety, attention, 

suggestion, placebo, culture, meaning of the situation, 

hypnosis, and past experience. They pointed out that the 



effect of these cognitive processes may be on the sensory 

component, the affective component, or both. 
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Other types of interventions also selectively influence 

the dimensions of pain. For example, Gracely, McGrath, and 

Dubner demonstrated that the tranquilizer diazepam reduces 

the unpleasantness but not the intensity of pain (1976), and 

that the narcotic fentanyl produced an opposite effect 

(1979) [for a detailed discussion of studies reporting this 

phenomenon, see Craig, 1989]. 

Research and theory development on the sensory, 

affective, and cognitive components of the pain experience 

have contributed to two findings important to the current 

study. The first is that individuals are able to 

discriminate between, and thus report differentially upon, 

the sensory and affective dimensions of pain (Price , 

Harkins, & Baker, 1987). The second is that dif ferent pain 

interventions can selectively modify the two dimensions of 

the pain experience. The proposed relationships among the 

different types of pain interventions and responses are 

depicted in Figure 1. 

Gate Control Theory 

The gate control theory of pain, first described b y 

Melzack and Wall in 1965, provides an explanat i on for the 

interaction of physiological and psychological factors in 



the pain experience. Melzack and Wall have re-visited the 

theory over the years (for example, Wall, 1978): In the 

latest formulation, Wall (1989) described the theory as 

comprised of four components: Afferents, segmental 

interactions within the dorsal horn, descending controls, 

and the transmission cells. The relationships among these 

components, depicted in Figure 2, are described below. 

The Afferents. Peripheral injury stimulates three 

types of afferent nerve fibers that are involved in pain. 

The A beta fibers are large, myelinated, low-threshold 

fibers that usually exert an inhibitory effect on pain 

(although, under certain conditions, such as sensitization, 

they exhibit excitatory properties). The effectiveness of 

TENS units for controlling pain is explained by their 

supposed selective activation of these fibers (Puntillo, 

1988; Wall, 1989). stimulation of the remaining two 

smaller, higher-threshold fibers, namely A delta and C 

fibers, evoke a pain response. 

The mechanism by which tissue injury activates 

nociceptors is hypothesized to be via chemical mediators 

which are released from damaged cells, or from the nerve 

endings themselves . These chemicals (potassium, serotonin, 

bradykinin, histamine, prostaglandins, leukotrienes, and 

substance P) either activate or sensitize the afferent 
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Figure 1. Model of Effects of Interventions on Dimensions of 

the Pain Response 
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nerve. Substance P also acts as a vasodilator, causing 

theedema associated with tissue injury (Jessell & Kelly, 

1991) . 

Segmental Interactions within the Dorsal Horn. The 

nociceptive afferents terminate in regions of the dorsal 

horn of the spinal cord, synapsing with specialized 

interneurons. The function of these interneurons is to 

12 

"select and compute combinations of the signals which 

impinge on them" (Wall, 1989, p. 11); to use the metaphor of 

the theory's name, they act as a "gate", selectively 

admitting or blocking the pain signals to the brain. These 

combinations exert either an excitatory (open the gate) or 

inhibitory (close the gate) effect on pain transmission. 

Descending Controls. The effect of cognitive and 

emotional factors on pain perception can be explained by the 

phenomenon of descending controls. Various structures 

within the brain provide efferent pathways to the dorsal 

horn and produce inhibition of the dorsal cells, thus 

suppressing the pain pathways. The gate control theory has 

been criticized for failing to explicate further the role of 

descending controls (Kim, 1980; Puntillo, 1988); this 

criticism is apparently well-justified, for Wall admits "we 

know little of [the] relative importance [of the origin(s] 

of descending control] and nothing of the actual 

circumstances in which they come into action" (1989, p. 12) · 



The Transmission Cells. The final structure involved 

in the gate control theory is the transmission cell. 

1 3 

Transmission cells originate in the spinal cord and carry 

the interneuronal synaptic messages to terminal structures, 

resulting in perception of pain. 

The Derived Model 

The pain experience arises from both sensory and 

affective responses to tissue damage. However, as Melzack 

and Wall pointed out: 

... stimulation of receptors does not mark the 
beginning of the pain process. Rather, 
stimulation produces neural signals that enter an 
active nervous system that ... is already the 
substrate of past experience, culture, 
anticipation, (and] anxiety (1982, p. 100). 

In other words, cognitive, attentional, and emotional 

factors are not passive consequences of tissue injury, but 

actively affect pain perception by exerting descending 

influence on the "gate", antecedent to the activation of 

nociceptors (Craig, 1989). 

Among the cognitive and affective influences on pain 

perception are culture, individual pain thresholds, past 

experience, meaning of the situation, attention, anxiety, 

distraction, feelings of control over pain, and suggestion 

(Melzack & Wall, 1982, pp. 28-47). These factors can either 

intensify or diminish the pain experience, by activating 



descending pathways to the dorsal horn interneurons, which 

in turn affect afferent conduction (Melzack & Wall, 1982, 

p. 230). 
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The present study examined the effects of two 

interventions, music and intradermal injection of normal 

saline, on the perception of sensory and affective 

dimensions of pain. The study also examined the effect of 

difficulty of IV catheter insertion on pain perception . The 

proposed effects of these variables on the pain experience 

are depicted in Figure 3. 

While the exact mechanism by which music reduces pain 

is unclear, the gate control theory provides a possible 

explanation. Several authors have proposed that music 

activates descending controls that exert an inhibitory 

influence on pain transmission via the cognitive mechanism 

of distraction (Donovan, 1982; Maslar, 1986; Whipple & 

Glynn, 1992). Attention to stimuli other than pain can 

reduce perception of pain (Turk & Meichenbaum, 1989), and 

control over the type of music attended to can further 

diminish the acute pain response (Cousins, 1989) , presumably 

by diminishing anxiety, which augments pain perception 

(Weisbrod, 1969). 

Inserting a needle and threading a catheter into a 

vein is expected to effect tissue injury and therefore 

stimulate nociception. The effect of the degree of 
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difficulty of IV catheter insertion on the pain experience 

has not been examined. However, it is reasonable to assume 

that difficult IV insertions are associated with more 

probing of the IV catheter, thereby causing greater tissue 

damage, increased release of chemical mediators, and thus, 

more pain. 

The mechanism by which intradermal injection of normal 

saline may affect the pain experience of persons undergoing 

IV catheter insertion is unknown. However, one plausible 

explanation is that the intradermal injection produces a 

phenomenon known as hyperstimulation analgesia (Melzack, 

1986), where nociceptor activation activates descending 

controls that "close the gate" to transmission of subsequent 

nociceptor impulses. Other possible explanations include 

activation of the endogenous opioid system, suppression of 

the pain experience via activation of large fibers, or by 

dilution of chemical mediators released at the site of 

tissue injury resulting from the IV catheter insertion. 

Assumptions 

The following statements are assumed to be true: 

1. People can accurately recall and describe pain 

intensity and pain distress after a painful stimulus . 

2. People can differentiate and independently report 

on the pain experience arising from different sources. In 

other words, pain existing before a painful stimulus is 



applied does not confound interpretation of the second 

stimulus. 

Hypotheses 

1. There is no significant difference in sensory or 

affective pain perception among patients who: Receive an 

intradermal injection of normal saline over the insertion 

site prior to IV catheter insertion; listen to preferred 

music during the IV catheter insertion procedure; and 

undergo IV catheter insertion with no pretreatment . 
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2. There is no relationship between difficulty of IV 

catheter insertion and sensory and affective pain perception 

among persons undergoing IV catheter insertion with a 

preceding intradermal injection of normal saline, while 

listening to preferred music, or by the routine method. 

Definition of Terms 

Pain Intensity 

Pain perception is the conscious awareness of an 

aversive or unpleasant sensation originating from a specific 

region of the body (Jessell & Kelly, 1991). Pain is 

perceived in degrees of magnitude of both its sensory and 

affective components . Pain intensity is an aspect of the 

sensory component of pain. Pain Intensity was measured with 

a Pain Intensity vertical visual analog scale (VVAS). 



Pain Distress 

Pain distress is an aspect of the affective component 

of pain. Pain Distress was measured with a Distress VVAS. 

Difficulty of IV Insertion 

18 

Difficulty of IV insertion is the nurse's 

identification of the magnitude of difficulty encountered 

with a specific IV insertion or attempted insertion, as well 

as identification of factors contributing to the difficulty. 

Difficulty of IV insertion was measured with the IV Catheter 

Insertion Rating Scale. 

Preferred Music 

Music is an aurally pleasing combination of rhythm, 

melody, and harmony (Pratt, 1934). Preferred music is that 

which has been chosen by the patient from among a variety of 

styles and artists. Patients assigned to the music group 

selected a compact disc (CD) from a collection of 11 CO's. 

They listened to the CD using a portable CD player with 

headphones during the IV insertion. 

Intradermal Injection of Normal Saline 

Intradermal injection is a technique for injecting 

solutions into the dermis, just under the epidermis. A 1/4 

to 5/8 inch, 25 to 27 gauge needle is positioned at a 10 to 

15 degree angle to the skin, with the bevel up, and advanced 

through the epidermis to approximately 3 millimeters below 

the skin surface, with the needle tip visible under the 
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skin. Following needle insertion, the solution is injected 

slowly, forming a small bleb, or wheal, on the skin surface, 

and the needle is then withdrawn (Kozier, Erb, Blais, 

Johnson, & Temple, 1993; Potter, & Perry, 1993; Smith & 

Duell, 1985) • The bleb should not be massaged, as this 

would disperse the solution (Smith & Duell, 1985). 

Normal saline is a sterile, isotonic solution composed 

of 0.9% sodium chloride in water. Normal saline for 

injection is available unpreserved, or preserved with a 

small amount of benzyl alcohol. Patients in the intradermal 

saline group had 0.1 milliliters of unpreserved normal 

saline injected intradermally in the area overlying the 

planned IV catheter insertion site prior to the IV catheter 

insertion. 

Limitations 

1. The use of a convenience sample limits 

generalizability of the study findings beyond subjects 

similar to those in the sample. 

2. No attempt was made to control for extraneous 

variables, such as use of pain medication, presence of 

visitors, or ambient noise. Therefore, their effect on the 

dependent variable, if any, cannot be estimated. 

Summary 

Insertion of IV catheters is the most frequently 

performed invasive procedure by nurses, affecting 25 million 
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people in the U.S. each year . Pain is a subjective 

experience with sensory and affective components that is 

modulated by actions of interneurons in the dorsal horn of 

the spinal cord, as explained by the gate control theory, 

and by an endogenous opiod system. Listening to preferred 

music and intradermal injection of normal saline may lessen 

the sensory and/or affective components of pain in persons 

undergoing IV catheter insertion. 

This study used a post-test only control group 

experimental design to compare the effects of music or 

intradermal saline injection on the sensory and affective 

components of pain associated with peripheral IV catheter 

insertion. The relationships among the difficulty of IV 

insertion and the sensory and affective dimensions of pain 

were also examined. 



CHAPTER 2 

REVIEW OF LITERATURE 

Pain is a universal human experience that is documented 

in history's earliest records (Bonica, 1990). In their 

struggle to explain, both philosophically and 

scientifically, the nature of pain, scholars have developed 

many theories of pain causation and control. 

This chapter presents a discussion of the classic pain 

theories forwarded during Western history, as well as 

twentieth century theories, that led to the development of 

the gate control theory. Literature pertaining to the 

sensory, affective, and cognitive dimensions of pain, and to 

the concept of hyperstimulation analgesia will be analyzed. 

Studies concerning the effect of music on pain are also 

examined. Finally, a review of literature concerning pain 

of IV insertion is presented. 

Early Theories of Pain 

The Greek philosophers, Plato and Aristotle, writing in 

the fourth and fifth centuries B.C. , believed that pain was 

an emotion experienced by the soul, which resided in the 

heart. The emotion opposite of pain was pleasure. 

Aristotle held that pain was an increased sensitivity of one 

of the five senses: vision, hearing, taste, smell, and, 

especially, touch, that was carried to the heart via the 

blood. (Bonica, 1990, p. 4). 
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Through a series of experiments on and dissections of 

the nerves and spinal cords of newborn pigs, Galen of Rome 

(A.D. 131-200) constructed a theory of sensation 

establishing the brain as the center of sensory activity, 

continuous with the central and peripheral nervous system. 

Despite the resemblance of Galen's theory to modern 

scientific thought, the ancient world, for the most part, 

ignored it. Aristotle's formulation of the five senses and 

the "passions of the soul" felt in the heart prevailed for 

23 centuries (Bonica, 1980; Johnson, 1977}. 

Descartes reported a series of studies, including 

sensory physiology, in his book L'Homme. Like Galen, he 

concluded that sensation resulted from a process of 

stimulation of nerve endings in the skin, transmitted to and 

processed by the brain. 

During the eighteenth and nineteenth centuries, further 

neuroanatomic and neurophysiologic studies lent increasing 

support to the idea of pain as a sensation arising from the 

nervous system. Two opposing theories of pain developed 

during this time. In the mid-nineteenth century, Schiff 

proposed that pain was a sensation in its own right, like 

the five senses, with its own sensory apparatus (Bonica, 

1980}. His theory was called the specificity theory. Two 

decades later, Erb forwarded the intensive theory, which 

holds that pain results when any sensory nerve stimulus 
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exceeds a certain threshold. While the debate over these 2 

theories raged between physiologists, philosophers and most 

psychologists held to a third viewpoint, suggested by 

Aristotle, that pain was an affective phenomenon. Some 

scientists forwarded theories about the duality of pain, 

encompassing both its neurophysiologic and affective 

dimensions (Bonica, 1990) • 

Twentieth Century Theories 

By the middle of the twentieth century, the specificity 

theory of pain was the most widely accepted of the three. 

Support for the specificity theory included evidence of 

anatomic differentiation of pain and touch pathways in the 

spinal column and location of discrete spots exclusively 

receptive to heat, cold, touch, and pain in the skin 

(Bonica, 1990, p. 7). 

The postulates of the intensity theory became subsumed 

under what was referred to as "pattern theory", which denied 

that specific sensory apparati existed for pain. Instead, 

the theory explained that all cutaneous receptors were the 

same, and that different sensations, such as pain, heat, or 

cold, occurred as a result of spatioternporal patterns of 

stimuli (Melzack & Wall, 1965). 

Development of the Gate Control Theory 

Melzack and Wall presented their seminal landmark work 

positing a gate control theory of pain in 1965. They 
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acknowledged that the existence of physiologic 

specialization of nerve cells supported the specificity 

theory, but were troubled by mounting experimental evidence 

refuting its assertion that stimulus intensity was 

predictive of intensity of pain perceived (1965). They 

viewed pattern theory as explanatory of some of the 

psychological components of pain and of some pathologic pain 

states. 

Recognizing the inadequacies and contradictions 

inherent in the specifity and pattern theories, Melzack and 

Wall cited the need for a "satisfactory general theory of 

pain" (1965, p. 974). They incorporated findings from 

research of spinal cord mechanisms as well as evidence of 

central mechanisms exerting control over pain perception in 

the gate control theory. 

The gate control theory preserved the notion of 

peripheral sensory apparati as a component of pain, but 

rejected specifity theory's assumption that "pain is 

determined entirely by impulses in a straight-through 

transmission system from the skin to a pain center in the 

brain" (Melzack & Wall, 1965, p. 972) . 

Spinal Cord Mechanisms. The gate control theory posits 

that a specialized group of interneurons in the dorsal horn 

of the spinal cord act as a "gate" to the pain response. 

Nociceptor afferents terminate in the dorsal horn of the 
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spinal cord, where they synapse with these specialized 

cells. These cells in turn synapse with transmission cells 

that extend into the brain and signal the pain response. 

Peripheral sensory fibers, including nociceptors, 

differentially inhibit and excite both the spinal cord 

interneurons and the transmission cells (Melzack & Wall, 

1965). 

The spinal cord interneurons have an inhibitory effect 

on the T cells, blocking the transmission of pain (closing 

the gate). Stimulation of large, low threshold fibers 

stimulates the spinal interneurons, closing the gate, and 

inhibiting pain transmission (Melzack & Wall, 1965). This 

part of the gate control theory can explain why a person 

instinctively rubs---stimulates large diameter fibers in--

an injured area to lessen pain. 

Central (Cognitive) Mechanisms. The analogy of 

cognitive mechanisms in pain to the "software" of a computer 

was cited earlier (p.2). The basis for this analogy is 

that, just as the software controls and directs the function 

and the output of the computer, so do cognitive mechanisms 

modulate the peripheral sensory input that ultimately 

becomes the pain experience. Melzack and Casey's 

explanation of cognitive functions in pain supported this 

analogy 25 years ago: 
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... there is evidence that the input is localized 
identified in terms of its physical properties ' 
evaluated in terms of present and past experie~ce 
and modified before it activates the sensory or ' 
motivational systems .... The system performing 
these complex functions of identification, 
evaluation, and selective input modulation must 
conduct rapidly to the cortex so that 
somatosensory information has the opportunity to 
undergo further analysis, interact with other 
sensory inputs, and activate memory stores and 
preset response strategies. (Melzack & Casey, 
1968) 

Kim (1980) conducted a critical evaluation of the gate 

control theory, and concluded that the theory meets the 

following criteria: operational and empirical adequacy; 

contribution to understanding, and pragmatic adequacy of the 

physiological dimension of pain. Kim cited the theory's 

inadequate coverage of the psychological dimension as its 

critical weakness and cited a need for further research in 

this area. 

Kim's assessment of the weakness of the gate control 

theory is not shared by Weisenberg, who wrote 

Conceptually, the gate-control theory ... is still 
the most relevant for an understanding of the 
cognitive aspects of pain .... More than any other 
theoretical approach, gate-control theory 
emphasizes the tremendous role of psychological 
variables and how they affect the reaction to 
pain. (1989, p. 232) 

Dimensions of Pain 

In further explicating the gate control theory of pain, 

Melzack and casey (1968) systematically dismantled the 
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notion that pain was a unidimensional response to activation 

of sensory "hardware". 

The problem of pain, since the beginning of this 
century, has been dominated by the concept that 
pain is a sensory experience. Yet pain has a 
unique, distinctly unpleasant, affective quality 
that differentiates it from sensory experiences 
such as sight, hearing, or touch. It becomes 
overwhelming, demands immediate attention, and 
disrupts ongoing behavior and thought. It 
motivates or drives the organism into activity 
aimed at stopping the pain as quickly as possible. 
To consider only the sensory features of pain, and 
ignore its motivational and affective properties, 
is to look at only part of the problem, and not 
even the most important part at that. (Melzack & 
Casey, 1968) 

The following sections will summarize theoretical 

perspectives on the sensory, affective, and cognitive 

determinants of pain and related research. 

Cognitive Dimension of Pain 

Cognitive processes, sometimes referred to as "central 

control processes" act as the primary filter of the pain 

experience, in that they localize the sensory input, 

identify its physical processes (e.g., burning, sharp), 

evaluate it according to past experience and meaning, and 

modify it, before it activates the sensory or affective 

systems (Melzack, 1986). In addition, cognitive processes 

exert efferent influences on the interneurons of the dorsal 

horn of the spinal cord, affect sensory input, and thus can 

either "open" or "close" the gate (Melzack & Wall, 1965) · 
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Thus, cognitive processes both affect, and are affected by, 

sensory input and the pain experience. 

Melzack and Casey (1968) listed a number of cognitive 

factors known to influence the pain experience: Anticipation 

of pain, anxiety, attention, suggestion, placebos, culture, 

meaning of situation, hypnosis, and early experience. They 

proposed that these, and other, cognitive activities can 

selectively influence either the sensory or affective 

component of pain, or both. 

The belief that cognitive processes "control pain 

expression, determine pain perception, and can even alter 

the basic sensory transmission processes subserving pain" 

(Chapman & Turner, 1990) has led to a proliferation of 

cognitive approaches for pain control. The basis for these 

approaches is the assumption that pain tolerance can be 

improved by "re-programming" a person's cognitive appraisal 

of the pain (Weisenberg, 1989). 

Sensory Component of Pain 

The sensory component of pain arises from the structure 

and function of the nervous system pathways (the 

"hardware"). Because skin is the most extensively studied 

and understood sensory system, and because the treatment 

under study, IV catheter insertion, involves the skin, 

cutaneous sensory pathways will be discussed. (Nociception 

within the vascular system has been little studied and thus 
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is poorly understood [Campbell, Raja, Cohen, Manning, Khan, 

&Meyer, 1989].) 

Nerve endings in the skin, called nociceptors, are 

activated by noxious (injurious or potentially injurious) 

stimuli (Campbell et al., 1989). Nociceptors are widely 

branching, bushy networks of overlapping fibers (Melzack & 

Wall, 1982) that are capable of stimulating non-injured 

nociceptors (Campbell et al., 1989). Harmful stimuli 

applied to the skin activate the nociceptors, whose cell 

bodies lie in the dorsal horn of the spinal cord (Jessell & 

Kelly, 1991). Melzack and Wall (1982) proposed that a 

specialized group of cells within the dorsal horn, the 

substantia gelatinosa, can modify the pain experience 

through either excitatory or inhibitory mechanisms. 

Affective Components of Pain 

The affective dimension of pain, once thought to be a 

consequence of the pain experience, is an integral component 

of the pain experience (Craig, 1989). This dimension 

encompasses the distress aspects of pain (Johnson & Rice, 

1974), and can range from slight annoyance to extreme mental 

anguish (Chapman & Turner, 1990). The depths of this 

anguish can be appreciated in Angell's quote, "Pain is soul 

destroying" (1982, p. 98). 

The affective dimension of pain is the most difficult 

to describe as it is entirely subjective and not well 
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communicated via language (Craig, 1989). Nontheless, it i s 

through verbal and nonverbal behavior that individuals 

experiencing pain communicate their distress (Craig, 1989; 

Chapman & Turner, 1990). 

Melzack postulated that afferent nociceptive impulses 

stimulating the reticular formation and the limbic system in 

the brainstem and midbrain are responsible for the emotional 

and reactive aspects of pain (1986). Like the sensory 

system, the affective system is influenced by, and 

influences, the cognitive processes (Melzack, 1986) . 

Hyperstimulation Analgesia 

An apparent paradox of pain research findings is the 

phenomenon known as hyperstimulation analgesia (Melzack, 

1986). In a comprehensive review of the phenomenon, Fields 

and Bausbaum pointed out that "(n)oxius input is by far the 

most reliable way to activate the systems that produce 

analgesia" (1989, p. 213). This finding accounts for many 

historical, folk, and instinctive remedies for pain based on 

the principle of counterirritation: Biting one's lip, 

banging one's head against the wall, mustard plasters, 

cupping, trephination; as well as established, medically 

accepted ones, such as TENS units and acupuncture (Fields & 

Basbaum, 1989; Melzack, 1989). 

Fields and Basbaum (1989) combined the findings from a 

number of animal and human experiments in explaining the 
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phenomenon of stimulation-produced analgesia. They proposed 

that noxious stimulation can produce analgesia via two 

separate mechanisms, citing as evidence studies indicating 

that noxious stimulation of short duration produces 

analgesia that is not reversible by opioid antagonists, 

whereas analgesia resulting from longer stimulation is. 

This finding suggests that the latter stimulus activates the 

endogenous opioid system and the former does not. 

The explanation for analgesia produced by brief, 

intense stimulation is provided by a special application of 

the gate control theory. Melzack (1986) proposed that the 

afferent barrage produced by the noxious stimulus activates 

inhibitory mechanisms in the brainstem that "close the gate" 

and diminish the perception of pain. 

Effect of Music on Pain 

McCaffery (1990) recommended the use of music as a 

highly structured distraction technique to reduce brief 

procedural pain. Music as distraction should be 

differentiated from music therapy, a behavioral science. 

While music therapy incorporates the distraction element, it 

also involves extensive assessment of the patient's 

underlying psychologic and emotional status, and therapeutic 

intervention, of which music is a part, aimed at promoting 

comfort, relaxation, and self-expression (Bailey, 1986) · A 

number of studies examining the effect of music on chronic, 
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acute, and experimental pain are discussed in the following 

section. 

Chronic Pain 

Zimmerman, Pozehl, Duncan, and Schmitz (1989) used an 

experimental design to study the effect of music and 

positive suggestion on chronic cancer pain . Forty 

inpatients of an acute care hospital with diagnoses of 

cancer and chronic pain were randomly assigned to one of two 

groups. 

Each group was pre-tested with the McGill Pain 

Questionnaire (MPQ) and a visual analog scale (VAS). The 

verbal anchors for the VAS are not described, nor did the 

authors state which dimension of pain they were measuring 

with the VAS. Both groups were then instructed to lie on 

their beds in their darkened rooms and relax to reduce their 

pain. The experimental group listened to either preferred 

music or antifrantic music during the 30 minute period. 

Results showed significant differences between the 

experimental and control groups on the sensory, evaluative, 

and miscellaneous indices of the MPQ, and on the VAS (~ < 

.05). The difference between the groups on the present pain 

intensity index of the MPQ approached significance (~ = 

.056). 

Schorr (1993), using Newman's model of health as 

expanding consciousness, hypothesized that music is a form 
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of patterned environmental resonance that can precipitate a 

shift in consciousness, i.e., the perception of pain. She 

used a one group pre-test post-test design to study 30 women 

diagnosed with rheumatoid arthritis during peak pain 

experiences. After completing the MPQ, subjects listened to 

to a tape of preferred music with headsets for 20 minutes. 

The mean rating for pain intensity pre-music was 24.87. 

During music, the mean pain intensity was 9.93 (Q=O.OOO). 

The number of words chosen to indicate pain on the MPQ were 

11.27 pre-music and 5.93 during music (R=O.OOO). 

Acute Pain 

Davis reported a study of 22 women undergoing 

gynecologic procedures who were evaluated for pain during 

and after the procedure. Patients were assigned to groups 

based on the type of procedure (colposcopy, punch biopsy, or 

cryosurgery of the cervix) • Experimental subjects were 

instructed in deep breathing and listened to self-selected 

music during the procedure. Pain was measured by pulse and 

respiratory rates and behavioral observations during the 

procedure, and by self-report following the procedure. All 

parameters except self-report were lower in the experimental 

group, although differences were not statistically 

significant. 
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Experimental Pain 

Using a within subjects repeated measures experimental 

design, Whipple and Glynn (1992) examined the effect of 

listening to investigator-selected music on experimentally 

induced thermal and pressor noxious stimuli applied to the 

hands of 10 healthy female volunteers, who served as their 

own control. Results indicated that listening to soothing 

music produced a significant (R = 0.004) increase in both 

pain detection and pain tolerance thresholds. 

Geden, Lower, Beattie, and Beck (1989) conducted two 

sequential studies using randomized post-test-only designs 

to study the effects of music and imagery on an 

experimentally-induced analog of labor pain in women. The 

pain was produced by a pain stimulator that exerted pressure 

on the index finger. Dependent variables were heart rate, 

blood pressure, and self-reported pain on the pain 

thermometer. 

In the first study, each of 50 nulliparous college 

students were randomly assigned to one of 5 groups. Three 

groups listened to three types of music, one group listened 

to a dissertation (placebo), and the fifth group had no 

treatment (control). In the second study, 50 nulliparous 

volunteers also were randomly assigned to one of five 

groups. The first group listened to music while using self

generated imagery. The second group used self-generated 
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imagery with no music. The third group used guided imagery 

and music. The fourth group used guided imagery with no 

music. The fifth group served as the no-treatment control 

group. 

Results indicated that listening to music did not exert 

a statistically significant effect in the first study, 

although treatment means (not provided in the report) were 

reported to be in the predicted direction. In the second 

study, statistically significant pairwise comparisons were 

obtained for heart rate (2 = 0.0001), systolic blood 

pressure (2 = 0.0033), and diastolic blood pressure 

(2 = 0.0001). However, the researchers note the effects are 

not clinically significant (6.5 beats per 80 seconds, 4.27 

mm Hg systolic blood pressure, and 3.8 mm Hg diastolic blood 

pressure) . The investigators further note that power 

analysis revealed that a sample size of 25 per group would 

have been necessary to detect a statistically significant 

difference in pain reports, given the effect size obtained 

in the study and a power of .80. 

Difficulty of IV Catheter Insertion 

References to difficulty of IV insertion in the 

literature are sparse. Cosentino (1984) investigated the 

success rate for first attempts to start an IV by seven IV 

nurse therapists, but the relative difficulty of the 

individual attempts was not measured. 
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Two other studies have examined IV insertion difficulty 

as an independent variable. Maki & Ringer {1991) treat 

insertion difficulty as a dichotomous variable (difficult/ 

not difficult). Dickey {1988) created a three-point 

insertion difficulty scale for a study on the effectiveness 

of lidocaine as an anesthetic for IV catheter insertion. 

Points 1, 2, and 3 were labelled easy, average, and 

difficult, respectively. Each label was then defined 

according to speed of insertion and certain difficulty 

factors such as probing and threading difficulty. 

This instrument was judged to not be useful for the 

current study. No reliability or validity data about the 

instrument were provided. Curiously, none of the 31 IV 

insertions in the study were judged as "average", a 

distribution that raises questions about validity and 

reliability of the instrument (or, perhaps, the 

representativeness of the sample) . The assignment of the 

time intervals (10 seconds for easy, 30 for average, more 

than 30 for difficult) seemed arbitrary. Finally, 

definitions of the respective labels were lengthy and 

incorporated a number of variables, which were not 

necessarily mutually exclusive, which could contribute to 

measurement error. 
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Pain Associated With IV Catheter Insertion 

As stated in Chapter 1, few studies examining pain of 

IV insertion have been reported. Most nursing literature 

dealing with IV catheter insertion focuses on its technical 

aspects. The following sections will summarize the few 

reports of studies examining pain of IV insertion and 

methods to reduce it. 

Studies of IV Insertion Pain 

Dickey (1988) used a convenience sample of 31 day

surgery patients to assess the effectiveness of intradermal 

lidocaine as a local anesthetic for IV insertion. He 

randomly assigned the patients to a lidocaine, placebo 

(normal saline), and no treatment group, and asked them to 

report their pain on a 100 millimeter visual analog scale 

following insertion of the IV catheter. 

The mean pain score was 9.63 for the lidocaine group, 

27.45 for the saline group, and 32.85 for the no treatment 

group. Dickey reported that the difference in pain was 

statistically significant only for the lidocaine group 

(R = 0.0008), but did not indicate the statistical test 

used. 

Nuttall, Barnett, Smith, Blue, Clark, and Payton (1993) 

examined the pain of IV insertion in 280 surgical patients 

randomized to seven treatment groups. Six of the groups 

received an intradermal injection of 0.5 milliliters of one 
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of the following solutions at the IV site: 0.9% benzyl 

alcohol in normal saline, 2-chloroprocaine 3%, lidocaine 1%, 

lidocaine 1% with preservative, alkalinized (buffered) 

lidocaine 1% with preservative, normal saline, and a control 

group that received no pretreatment. The investigators 

injected 0.5 milliliters of the solution intradermally in 

the six experimental groups and subjects rated the pain of 

the intradermal injection on a 10 centimeter Visual Analog 

Pain Scale. Experimental and control group subjects then 

rated the pain of the IV catheter insertion after it was 

inserted. 

The drug with the lowest mean pain scores for IV 

insertion was alkalinized lidocaine (0.7). The control 

group and unpreserved normal saline group reported the 

highest mean scores (3.47 and 3.97, respectively). The pain 

scores of the latter two groups were significantly higher 

than all other treatments (R < .0001). 

Ahrens, Wiersema, and Weilitz (1991) studied the effect 

of seven different IV catheter brands on pain associated 

with insertion. Two hundred and forty healthy volunteers 

from the staff of a large medical center served as subjects. 

Each investigator made 2 venipunctures on each of 70 

subjects on the dorsal surface of the dominant hand. 

subjects rated the pain of each insertion on a visual analog 

scale. Mean pain scores are not provided; instead, the 
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authors compared the VAS scores on each subject and assigned 

each brand of catheter a comparative score as more or less 

painful than the other brand. Interestingly, the only 

statistically significant finding (R = 0.001) was that 

second insertions were more painful than first insertions. 

Summary 

This chapter presented an historical overview of the 

development of pain theories, culminating in an analysis of 

the gate control theory. The gate control theory of pain, 

whose essential concepts include the sensory afferents, the 

interneurons (the "gate") , the transmission cells, and the 

central control mechanisms, has high explanatory power for 

the phenomenon under study, the effect of intradermal saline 

injection or music on sensory and affective components of 

pain associated with IV catheter insertion. 

Arising from the gate control theory is the notion that 

pain is composed of sensory, affective, and cognitive 

dimensions. The cognitive dimension processes initial 

sensory input, thereby affecting the ultimate sensory and 

affective interpretations of the noxious stimulus. Each of 

these dimensions is an integral component of the pain 

experience, and research has shown that each component can 

be differentially modified by different types of 

interventions. A special application of the gate control 

theory is the concept of hyperstimulation analgesia, used to 
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describe the phenomenon of analgesia resulting from noxious 

stimulation. 

Music is an intervention that has been shown to lessen 

the perception of brief procedural pain as well as chronic 

pain. Music can be effective whether used as distraction or 

as the more comprehensive strategy of music therapy. 

Having an intravenous catheter inserted is a frequent 

and painful procedure . Despite the frequency and 

painfulness this procedure, few studies have been conducted 

to assess the pain or test methods to reduce it. Two 

studies on IV insertion pain suggest that intradermal 

lidocaine may reduce pain associated with IV catheter 

insertion, and that within persons, second IV insertions are 

more painful than first ones. The purpose of the current 

study, therefore, was to test two methods, intradermal 

normal saline and listening to preferred music, for reducing 

IV insertion pain. 



CHAPTER 3 

PROCEDURE FOR COLLECTION AND TREATMENT OF DATA 

The study used an experimental post-test only control 

group design to examine the effects of listening to 

preferred music and intradermal injection of normal saline 

solution on the sensory and affective components of pain in 

patients undergoing IV catheter insertion. The effect of 

difficulty of IV insertion was also examined in treatment 

and control groups. 

The post-test-only control group design is a true 

experimental design appropriate for use in situations where 

it is not meaningful or possible to measure the dependent 

variable before the treatment (Burns & Grove, 1993). In 

this study, it would not be meaningful to measure pain prior 

to application of the painful stimulus. Another criterion 

for this design is that treatment and control groups are 

assumed to be equivalent through random assignment. 

Setting 

Data for the study were collected in two settings. One 

is a tertiary care, private, not-for-profit hospital in the 

Southwestern u.s. Three nursing units within the hospital 

were the setting for the collection of data: The orthopedic/ 

neurology unit, the telemetry unit, and the oncology unit . 

All patient rooms at this hospital are private, well-lit, 

and attractively decorated. 

41 
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The other setting was the holding and recovery room of 

the gastrointestinal (GI) Procedure Lab in a large, tertiary 

care, public hospital. The area is L-shaped and open, with 

stretchers placed along the wall, approximately four feet 

apart. Curtains can be pulled around the stretcher for 

privacy if needed. 

The treatment was administered in the patient's room, 

if hospitalized, or in the holding/recovery room of the GI 

Lab, with no attempt to manipulate or control the 

environment. For example, if visitors were with the 

patient, they were not asked to leave. 

Population and Sample 

The target population was adults undergoing insertion 

of a peripheral IV catheter. A convenience sample of adults 

admitted to the units described above, who met the 

eligibility criteria and consented to participate, were 

used. 

Patients who were 18 years or older, English speaking, 

capable of participating (vision and hearing intact, no 

obvious or reported cognitive, neurologic or motor 

impairment) , and had been ordered by their physic i an to have 

an IV catheter inserted, were informed of the study and 

invited to participate. 

Subjects were recruited until 20 succe ssful IV 

insertions were completed in each group. Roscoe (1975) 
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recommended a sample size several times as large as the 

number of variables in multivariate research. The present 

study examined two independent variables (treatment group 

and IV insertion difficulty) and two dependent variables 

(pain intensity and pain distress), making a total of 60 

subjects adequate according to Roscoe's recommendation. In 

addition, Stevens (1986) stated that multivariate 

statistical techniques, such as those used for this study, 

tend to be robust to violation of assumptions when group 

sizes are equal and when there are at least 20 subjects per 

group. 

Protection of Human Subjects 

The study was approved by the Human Subjects Review 

Committees of Texas Woman's University and The University of 

Texas Southwestern Medical School. Permission to conduct 

the study was also obtained from the two agencies where data 

were collected. The project was also approved by the 

Graduate School of Texas Woman's University (Appendix A). 

The investigator explained the study as outlined in the 

subject consent form (Appendix B) to eligible subjects and 

invited them to participate. Patients who wished to 

participate signed a consent form and were given one to 

keep. 

subjects were assigned codes as a means of 

identification, and the master code list was kept separate 
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from the data in a secure place in the investigator's 

office. The master code list will be kept in a secure place 

and destroyed one year after the completion of the study. 

Subjects were offered a summary of the study's findings to 

be mailed to them after the study is completed. A summary 

will be sent to those requesting one. 

Instruments 

Four instruments were used in the study (Appendix C) . 

A demographic data sheet was completed by the investigator 

to gather information about the characteristics of the 

sample. The IV Catheter Insertion Rating Scale was completed 

by the investigator following the IV insertion. Subjects 

completed two scales to measure the pain of the IV 

insertion: The Pain Intensity Scale, and the Pain Distress 

Scale. 

Demographic Data Sheet 

The demographic data sheet was used to gather data on 

patient characteristics such as age, race, and gender. 

Analgesia or anxiolytic use was determined by chart review 

in hospitalized patients and by self-report in outpatients . 

The number of previous IV insertions was also recorded. A 

comments section was included for any additional information 

the investigator thought pertinent. 
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IV Catheter Insertion Rating Scale 

The IV Catheter Insertion Rating Scale was developed by 

the investigator and consists of three parts. The first 

part elicits selected demographic data, such as the type and 

gauge of IV catheter used, the anatomic location of the IV 

catheter insertion, and for the case of patients requiring 

multiple insertion attempts, the attempt number. 

The second part of the instrument is a vertical visual 

analog scale on which the nurse indicates the difficulty of 

the IV insertion. The upper anchor of the scale is labelled 

"As EASY as it could possibly be", and the lower anchor "As 

DIFFICULT as it could possibly be". 

The visual analog scale {VAS), an instrument used to 

measure subjective phenomena, consists of a horizontal or 

vertical line, usually 100 millimeters long (Cline, Herman, 

Shaw, & Morton, 1992). Verbal anchors, indicating extremes 

of the phenomenon under study, are placed at either end of 

the line (Gift, 1989). Because the anchors are the only 

words used in a VAS, major pitfalls of using language in 

instruments such as verbal descriptor scales are avoided, 

and subject vocabulary is usually not a limiting factor for 

VAS use {Gift, 1989). Other advantages of the VAS are its 

simplicity, reproducibiliy, and universality (Huskisson, 

1983). 
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The most frequently cited advantage of the VAS is its 

superior sensitivity in discriminating small differences 

(Burns & Grove, 1993). The VAS is scored by measuring the 

distance from the low end of the scale to the mark placed by 

the respondent on the line (Wewers & Lowe, 1990). Scores 

are considered to be interval level data (Devellis, 1991; 

McDowell & Newell, 1987) • 

Validity and Reliability of VAS. Because the VAS can, 

at least theoretically, be used to measure any subjective 

clinical phenomenon, validity and reliability must be 

evaluated within the context of the situation in which it is 

used (Lee & Kieckhefer, 1989). Each insertion of an IV 

catheter is a unique event; therefore, use of a VAS to 

measure the difficulty of an IV catheter insertion does not 

lend itself to evaluation of test-retest reliability. In an 

evaluation of the psychometric properties of the VAS, Wewers 

and Lowe (1990) supported the notion that test-retest 

reliability is inappropriate for VAS's that measure dynamic 

phenomena. Interrater reliability is seldom appropriate 

with VAS's, because they measure subjective phenomena. As a 

single-item unidimensional instrument, measures of internal 

consistency cannot be computed. 

Evidence of content validity is obtained from three 

sources: the literature, representatives of the population, 

and content experts (Burns & Grove, 1993). For this 



47 

instrument, the members of the population---nurses who start 

peripheral IV's---are the content experts, for they are the 

individuals who encounter, and can judge the degree of, IV 

catheter insertion difficulty. 

Nurse experts evaluated content validity of the VAS in 

two ways. First, each of seven nurses (four hospital staff 

nurses and three school of nursing faculty who are active in 

clinical practice, including initiation of IV therapy), was 

shown a sample of the VAS, with the verbal anchors printed 

as they appear on the final instrument, and asked if they 

felt they could use the scale to meaningfully portray IV 

insertion difficulty. All agreed that they could. These 

experts were also asked to choose which orientation of the 

verbal anchors they preferred, i.e., the "difficult" anchor 

on the top and the "easy" anchor on the bottom, or vice 

Content versa. All agreed "easy" should be the top anchor. 

validity was further established by a pilot of the 

instrument, described in the "Pilot Study" section of this 

chapter. 

sensory and Affective Components of Pain Visual Analog 

Scales 

The third and fourth instruments used in the study were 

visual analog scales (VAS) to measure the sensory and 

affective components of pain (Appendices F and G) . Price, 

Harkins, and Baker (1987) believe that assessment of pain 
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and its reduction is most accurate and informative when both 

sensory and affective components of pain are measured. A 

general description of the VAS was provided in the preceding 

section. 

Validity and Reliability of VAS for Measurement of 

Pain. Persons experiencing pain are able to discriminate 

among its sensory and affective qualities (Duncan, Bushnell, 

& Lavigne, 1989), but whether or not the magnitude of these 

different qualities can be reliably measured has been a 

matter of controversy. Adding to the complexity of 

evaluating pain measurement tools is the fact that the tools 

are used and evaluated in nonequivalent situations, i.e., 

chronic pain, acute clinical pain, and acute experimental 

pain. Issues of pain measurement are different for clinical 

and experimental pain (Huskisson, 1974); for example, 

experimental pain rarely is accompanied by feelings of a 

threat to one's life or health, and thus would not be 

expected to have as great an impact on an affective measure 

as would clinical pain of the same intensity (Price, 

Harkins, & Baker, 1987). 

In a review of pain assessment tools, McGuire (1984) 

stated that while the VAS was a reliable, sensitive, and 

valid measure for pain intensity, it should not be used to 

measure other dimensions of pain because of a lack of 

validity and reliability data for these dimensions. However, 



just prior to, and since that time, studies have 

demonstrated that the sensory and affective dimensions of 

pain could be reliably and differentially measured using a 

VAS for each dimension (Duncan, Bushnell, & Lavigne, 1989; 

Price, McGrath, Rafii, & Buckingham, 1983). 
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Verbal Anchors for Pain VAS. Because the only language 

used in a visual analog scale are the verbal anchors at 

either end of the scale, choice of words to represent the 

extremes of the phenomenon being studied requires careful 

consideration. It is interesting that, in studies using the 

VAS to measure pain and its dimensions, the same words are 

seldom used across studies. For example, in Ahrens' study 

of effect of type of IV catheter on pain from venipuncture, 

the words used were "no pain" and "greatest possible pa i n 

from a needle stick" (1991, p. 87), while Dickey (1987) 

studied venipuncture pain using anchors of "no pa i n" and 

"maximum pain" . 

Gift (1989) cited the controversy among researchers o f 

phenomena measured with VAS's about which words represent 

extremes of the sensation being studied. A group of 

researchers of visual analog scales for measuring pain 

recommended that phrases that best define the extreme limits 

of pain and that are easily understood should be used in the 

verbal anchors (Sriwatanakul, Kelvie, Lasagna, Calimlim, 



Weis, & Mehta, 1983). They also should not be worded so 

that the extremes are never chosen. 
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Verbal anchors most commonly encountered in VAS's to 

measure pain are "no pain" and "pain as bad as it could 

possibly be". These may be appropriate for studies 

measuring pain as a unidimensional construct; however, to 

differentially measure the sensory and affective components 

of pain, words specific to these dimensions must be chosen. 

Two studies using the VAS to measure both sensory and 

affective pain used the word "sensation" in the sensory VAS 

and "unpleasant 11 in the affective VAS (Martellli, M. F. , 

Auerbach, S.M., Alexander, J., & Mercuri, L.G., 1987; Price, 

Harkins, & Baker, 1987). For the present study, the anchors 

for the sensory VAS were "no pain at all" and "pain as 

intense as it could possibly be". The anchors for the 

affective VAS were "no distress at all 11 and "pain as 

distressing as it could possibly be". 

Data Collection 

Nurses at the two data collection sites were asked to 

identify potential subjects according to the eligibility 

criteria. The investigator introduced herself to the 

patient, described the study, and asked the patient if he or 

she would be willing to participate (Appendix D). Patients 

who responded affirmatively were given a copy of the consent 

form (Appendix B) to read and the opportunity to ask 
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questions. To meet the requirements of the University of 

Texas Southwestern Medical School's Institutional Review 

Board, three copies of the consent form were signed and 

witnessed. One copy was given to the patient, one was 

placed in the chart, and one was retained by the 

investigator, to be filed with the Texas Woman's University 

Human Subjects Review Committee. 

Subjects were randomly assigned to one of the three 

treatment groups by use of a table of random numbers. When 

the number of subjects with successful IV insertions for a 

group equaled 20, assignment to that group ended and the 

patient was assigned randomly to one of the two remaining 

groups, until a total of 20 successful insertions existed 

for each group. 

After the consents were signed, subjects were informed 

of their group assignment. The two VAS's were shown to the 

subjects, with instructions on how to complete them (i . e., 

draw a straight line across the point that represents the 

pain). To enhance the subject's ability to differentiate 

the sensory from the affective qualities represented by the 

two VAS's, the Intensity VAS was explained as representing 

"how intense, or strong, the pain is", and the Distress VAS 

as representing "how distressing, bothersome, or upsetting 

the pain is". 
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To control for variation in IV insertion technique and 

variation associated with characteristics of individual 

nurses, the investigator performed all IV insertions in a 

uniform manner (Appendix E) • The investigator provided 

general information about the procedure prior to its 

initiation, but avoided the use of terms that may promote 

anxiety (e.g., "stick", "needle"), as well as those that 

suggest sensations associated with IV insertion (e.g., "bee 

sting") . Both of these variables are known to have an 

effect on pain (Johnson, Fuller, Endress, & Rice, 1978; 

Martelli, Auerbach, Alexander, & Mercuri, 1987). The 

investigator also avoided warning the patient when the IV 

catheter would be inserted. Warning of an impending noxious 

stimulus selectively affects affective response in some 

persons (Price, Barrell, & Gracely, 1980). 

All subjects were assisted to lie supine in bed, if not 

already doing so, prior to inserting the IV. The head of 

the bed was raised to at least 45 degrees to prevent visual 

distortion when completing the VAS's. IV sites were prepped 

and dressed according to agency protocol, which did not vary 

between institutions. The procedure for IV insertion is 

outlined in Appendix E. A 20 gauge, 1 inch InsyteTM Vialon 

catheter was used unless contraindicated. Contra indications 

included the requirement for a blood transfusion, in which 
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case an 18 gauge catheter was placed, and small veins, where 

a 22 gauge was placed. 

The arms were visually inspected for potential IV 

insertion sites. A tourniquet was applied around the arm 

above the elbow of the arm with the most promising veins. 

Patients with poor veins sometimes required inspection of 

both arms following tourniquet application to identify the 

most suitable IV insertion site. The most distal suitable 

vein was selected, in accordance with standards for IV 

therapy practice. 

Subjects in Group 1 (intradermal saline) had an IV 

catheter inserted following infiltration of the skin 

overlying the IV insertion site with 0.9% unpreserved normal 

saline solution for injection. A 5/8 inch, 25 gauge needle 

was positioned at a 10 to 15 degree angle to the skin, with 

the bevel up, and advanced through the epidermis to 

approximately 3 millimeters below the skin surface, with the 

needle tip visible under the skin. Following needle 

insertion, the saline was injected slowly, forming a small 

bleb, or wheal, on the skin surface (Kozier, Erb, Blais, 

Johnson, & Temple, 1993; Potter, & Perry, 1993; Smith & 

Duell, 1985) • The needle was withdrawn, and the IV catheter 

was inserted through the needle hole left by the intraderma l 

injection, or as close to it as possible. 



54 

Subjects in Group 2 (listening to preferred music) 

listened to music according to the technique of using music 

for distraction outlined by McCaffery (1990). The subject 

was shown the selection of 11 compact discs (CO's) and asked 

to select one (Table 1). The CO's were chosen for the study 

based on their representativeness of different musical 

styles, as well as name recognition. The type of music the 

CO's represented was explained to the subject if needed. 

Following selection of the CD, the subject was asked if 

any track of the CD was preferred. If not, the CD played 

from the beginning track. The CD was played on a CraigTh1 

portable compact disc player, model number JC6011, with 

SonyN Dynamic Stereo Headphones, model number MDR-V100. 

Subjects adjusted the volume to their liking, and listened 

to music during the entire IV catheter insertion procedure , 

from application of the tourniquet to locate a vein, to 

application of the IV dressing . 

Group 3 was the control group. Subjects in Group 3 had 

the IV inserted by the usual method (Appendix E) . 

Immediately following IV insertion, the patient 

completed the two vertical visual analog scales rating pain 

intensity and pain distress of the insertion (Appendix C)· 

The investigator then rated the difficulty of the 



Table 1 

Compact Disc Selection Offered to Subjects in Music Group 

Title 

Like a River 

No Fences 

Greatest Hits 

Best of Vivaldi 

Both Sides Now 

Best of Classical Mu
sic 

More Gospel Soul 

Essence of Tony Ben
nett 

Greatest Hits Vol. 2 

Best of Glenn Miller 

Artist 

Yellowjacket 

Garth Brooks 

Roy Orbison 

Various 

Judy Collins 

Various 

Various 

Tony Bennett 

Credence 
Clearwater 
Revival 

Glenn Miller 

Type 

New age 

Country 

Country/Pop 

Classical 

Folk 

Classical 

Gospel 

Easy Listening 

Classic Rock 

Big Band 

insertion, using the IV catheter Insertion Rating Scale 

(Appendix C) . 

When the IV insertion was unsuccessful, data were 

collected as described above, and the patient was dropped 

from the study, with subsequent IV catheter insertion 

performed according to the usual method. Repeated applica-

tion of painful stimuli intensifies pain over time (Craig, 

1989) • 
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Treatment of Data 

The statistical packages SpssX and BMDP were accessed 

via the mainframe computer at Texas Woman's University to 

analyze the data. For inferential techniques, alpha was set 

at 0.05. Demographic data were summarized by means and 

standard deviations for interval and ratio data, and fre

quency counts for categorical variables. 

The Pain Distress, Pain Intensity, and IV Insertion 

Difficulty were measured with VAS's, which produce interval 

level data. The score was obtained by measuring the 

distance of the line drawn by the subject in centimeters 

from the negative anchor for the respective VAS with a c

THRUTM lOthsfMetric Ruler. Thus, the greater the VAS score, 

the greater the presence of the attribute (intensity, 

distress, difficulty) measured. 

The research hypotheses were tested as follows: 

Hypothesis 1 

There is no significant difference in sensory or 

affective pain perception among patients who: Receive an 

intradermal injection of normal saline over the insertion 

site prior to IV catheter insertion; listen to preferred 

music during the IV catheter insertion procedure; and 

undergo IV catheter insertion with no pretreatment. 
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Multivariate analysis of variance (MANOVA) was used to 

examine whether the mean pain intensity or pain distress 

were significantly different among the treatment groups 

(saline, music, or control). MANOVA is a statistical test 

that examines differences in group means on more than one 

dependent variable. It is superior to conducting multiple 

univariate analyses on each dependent variable because doing 

so may lead to a greatly inflated overall type I error rate . 

Other advantages to the use of MANOVA are that it allows 

consideration of the joint effects of correlated dependent 

variables, and increases power (Stevens, 1986) . 

The assumptions of the MANOVA are: The observations are 

independent; the covariance matrices of the dependent 

variables are equal (homogeneity of covariance); and 

dependent variables have a multivariate normal distribution 

in each group (Munro & Page, 1993; Stevens, 1986). 

Independence of observations may be violated in 

treatments involving groups, such as group discussions or 

teaching strategies, but is virtually assured in experiments 

where the treatment is individually administered (Glass & 

Hopkins, 1984) . 

The homogeneity of variance assumption is extremely 

restrictive and unlikely to be met in practical situations. 

If group sizes are equal or nearly equal, MANOVA is robust 

to violation of this assumption (Stevens, 1986). 
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Violation of the multivariate normality assumption may 

inflate the F ratio (Amick & Walberg, 1975); however stevens 

stressed that "deviation form multivariate normality has 

only a small effect on type I error" ( 19 8 6, p. 2 07) . Power 

is most likely to be adversely affected by kurtotic 

distributions, but probably not skewed ones (Stevens, 1986). 

Hypothesis 2 

There is no relationship between difficulty of IV 

catheter insertion and sensory and affective pain perception 

among persons undergoing IV catheter insertion with a 

preceding intradermal injection of normal saline, while 

listening to preferred music, or by the routine method. 

Hypothesis 2 was tested with multiple correlation of 

Pain Intensity and Pain Distress with IV Difficulty. 

Multiple correlation allows examination of the effect of 

potentially confounding variables on the dependent variable. 

If a high degree of correlation is present, the effect of 

the confounding variable may be controlled by treating it as 

a covariate (Munro & Page, 1992). Significance of the 

multiple correlation coefficients is determined by analysis 

of variance between regression and residual mean squares 

(Stevens, 1986). 

Additional Findings 

Data were analyzed with several statistical techniques 

for additional findings. A chi-square analysis was 



performed on the entire sample to determine if treatment 

group was related to success/failure of the IV insertion. 

The chi-square test of independence tests whether nominal 

variables are related or independent by examining the 

difference between the observed and expected frequencies 

within cells (Burns & Grove, 1993). 
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A MANOVA was performed on data from the entire sample 

to test Hypothesis 1 with data pooled from the success and 

failure groups (the entire sample). Use and assumptions of 

the MANOVA were discussed in the preceding section. 

A one-way ANOVA was performed on the pooled data to 

test whether type of treatment affected the difficulty of 

the IV insertion. The assumptions of ANOVA are similar to 

those of MANOVA discussed previously, without the 

considerations concerning covariance, since only one 

independent variable is analyzed (Munro & Page, 1993). 

Pilot Study 

Because the IV Catheter Insertion Scale was developed 

for the purpose of this study, a pilot study of the 

instrument to assess its validity was conducted. Multiple 

copies of the instrument were distributed to four nursing 

units in one of the hospitals where the study was conducted . 

The instrument was displayed in a prominent place on the 

unit, with a poster describing how the instrument was to be 

used and encouraging the nurses to complete one with every 
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IV insertion. A flyer was also placed on the equipment cart 

where IV supplies were kept. 

Nurses completed 123 instruments, which included a 

request for comments about the instrument itself. All but 

two instruments were completed correctly, and no comments 

about the instrument were provided. The lack of comments 

about the instrument can be interpreted to mean that nurses 

had no conceptual or methodologic problems with it. 

The scores on the VAS were scored in reverse, so that 

the higher scores represented greater difficulty. This was 

done to be conceptually meaningful for the purpose of the 

study. The mean score on the VAS from the pilot was 43.3 3 

on a 100 point scale, with scores ranging from 0-100. 

The third part of the instrument asks the nurse to 

select, from a list of factors contributing to the 

difficulty of IV insertion, those factors which were 

encountered during the IV catheter insertion . Items for 

this list were generated using methods similar to the 

qualitative research techniques of constant comparative 

analysis and theoretical saturation. 

For the initial version of the scale, registered nurses 

with a minimum of six months current clinical experience and 

whose daily practice involved initiating IV's were 

successively interviewed and asked to indicate patient

related factors they encounter that make insertion of an I V 
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catheter difficult. All of the items identified by this 

technique were revealed by the third interview; by the ninth 

interview major themes were being repeated, indicating 

theoretical saturation had occurred (Burns & Grove, 1993). 

Nine nurses with clinical experience ranging from 11 months 

to 20 years participated. Their responses are presented in 

Table 2. 

Several responses were not included on the instrument 

(or in Table 2), either because they were not patient

related factors or because they indicated contraindications 

for starting an IV. Among non-patient-related factors were 

"risk of blood exposure" and "unfamiliar cannulas". 

Responses that reflected contraindications for initiating 

the IV were "tortuous veins" and "vein not palpable". 

The items in Table 2 were used to compose a list of 

difficulty items for the instrument, with modification of 

some of the phrases to increase clarity. This list was then 

reviewed by five nurses different from those who generated 

the original list, who met the same eligibility criteria, 

for content validity. This panel agreed unaniminously that 

the list was representative and exhaustive of factors 

contributing to IV catheter insertion difficulty . The items 

were presented in the instrument as a checklist, and the 

respondent was instructed to check all that apply if 

present . 
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Table 2 

Identification by Seven Nurse Experts of Factors 

Contributing to IV Insertion Difficulty 

Response 

Vein rolls 

Failure to thread 

Vein "blows" 

Failure to puncture vein 

Vein not visible 

Tough skin 

Dark skin 

Vein "disappears" 

Frequency 

7 

6 

6 

5 

3 

3 

1 

1 

A response choice of "None" was also added. Results of 

the pilot revealed that questionnaires that had no items 

checked raised the question of whether this was so because 

the respondent had overlooked that part of the instrument. 

Presence of the "none" category forced the respondent to 

respond to at least one i tern on the list. An "other" 

category was also added to capture any items not included on 

the original list. 

As stated earlier, 39 nurses completed 123 

questionnaires. Frequencies of item responses are presented 

in Table 3. The most commonly encountered difficulty was 



Table 3 

Frequencies of Factors Identified as Contributing to IV 

Insertion Difficulty. 

Item 

Vein ruptured 

Vein rolled 

Vein disappeared 

Catheter would not thread 

Tough or thick skin 

Catheter would not puncture 
vein 

Vein palpable but not 
visible 

Dark skin 

OTHER 

Frequency 

32 

29 

27 

17 

11 

7 

6 

3 

16 

rupture of the vein (f = 32), followed by rolling vein 

(f = 29) and disappearing vein (f = 27). 

Responses to the "other" item yielded a total of 12 
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additional items, presented in Table 4. Although "combative 

patient" was most frequently identified, all five responses 

to this category referred to one patient who required five 

attempts before insertion was achieved. Nevertheless, this 



Table 4 

Responses to OTHER Category of Items Contributing to rv 

Insertion Difficulty 

Item 

Patient combative 

Lack of good veins 

Small veins 

Obese patient 

Needle went through vein 

Delayed blood return 

Infiltrated with fluid 

Tortuous veins 

Awkward location 

Frequency 

5 

4 

1 

1 

1 

1 

1 

1 

1 
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is an important indicator, given the number of unsuccessful 

attempts in which it was a factor. 

The second most frequently cited "other" response 

referred to the patient having poor veins. This would be an 

important factor if lack of a suitable vein caused the nurse 

to attempt an insertion in a less than optimal site. Thus, 

"Lack of good veins necessitated using a poor vein" was 

added as an item to the instrument. Other items added to 

the instrument were "obese" and "infiltrated". "Small vein" 

and "tortuous vein" were not added, as these are qualities 
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of poor veins, an existing i tern. "Needle went through vein" 

would be manifest as either a blown vein or an infiltration 

and so was not added to the revised list. 

The IV Catheter Insertion Rating Scale was revised to 

include the additional items and to eliminate demographic 

data already entered on the Demographic Data Sheet. The 

revised instrument, which was used for the current study, is 

presented in Appendix c. 

Summary 

The study was conducted in two hospitals in the 

Southwestern United States on persons requiring insertion of 

an IV catheter. Subjects were either inpatients on one of 

three nursing units in one of the hospitals or outpatients 

scheduled to undergo gastroenterologic procedures in the GI 

lab of the other hospital. Subjects were randomly assigned 

to one of two experimental groups or a control group. One 

experimental group received an intradermal injection of 

saline prior to IV insertion, while the other listened to 

preferred music on headphones with a CD player . Subjects 

rated the intensity and distress of the procedure on two 

VAS's. The investigator rated the difficulty of the 

insertion on the IV Insertion Rating Scale. 

Types of descriptive and inferential statistics to 

describe the sample and test the hypotheses were discussed . 

The hypothesis-testing statistical tests were described and 



analyzed with regard to their assumptions and robustness. 

Methods for analyzing additional findings were summarized. 

6 6 



CHAPTER 4 

ANALYSIS OF DATA 

The purpose of the study was to examine the effects of 

listening to preferred music and intradermal saline 

injection on pain intensity and pain distress, and to 

examine the relationship of IV insertion difficulty with 

pain intensity and pain distress. In this chapter, the 

sample is described and findings regarding the hypotheses 

are reported. Additional findings are also presented. 

Description of the Sample 

The convenience sample was obtained from the inpatient 

population of a private teaching hospital and from 

outpatients in the GI lab of a large public teaching 

hospital, both in a large metropolitan area in the 

Southwestern United States. Ninety-five subjects agreed to 

partipate in the study. One subject withdrew after 

consenting but prior to data collection, leaving a remaining 

sample of 94 subjects. Subjects were randomly assigned to 

the music group, intradermal saline group, or control group. 

Enrollment of subjects continued until there was a total of 

20 successful IV starts for each group. The data from the 

60 successful IV starts were used to test the hypotheses . 

Data from the remaining 34 subjects were pooled with data 

from the successful IV start subjects for certain analyses 

discussed in "Additional Findings" in this Chapter. 
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Each treatment group had 20 successful IV insertions. 

The number of insertion failures for the saline, music, and 

control groups was 18, 8, and 8, respectively. Table 5 

describes the sample as insertion success versus failure 

according to treatment group for the following variables: 

Gender, age, IV site, ethnic background, and status. 

Gender 

The sample consisted of 49 men and 45 women. Thirty-

two men had successful IV insertions, compared to 17 who did 

not. Of the women, there were 28 successful insertions and 

17 failures (Table 5). 

Age 

The mean age for the entire sample was 52.4 years 

(standard deviation 14.1, range 21-81 years). The mean age 

for the insertion success group was 54.2 years (standard 

deviation 14.6). The mean age for the failure group was 

49.4 years (standard deviation 12.6) (Table 5). 

IV Site 

sites used for IV insertion, in descending order of 

frequency in the sample, were the forearm (n = 29), the 

antecubital (n = 27), the hand (n = 24), the wrist (n = 12) , 

and the upper arm (n = 2) (Table 5) . 

Ethnic Background 

sixty-four of the sample subjects were white, 21 were 

black, and 9 Hispanic (Table 5) . 
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Table 5 

Frequencies of Gender, Age, IV Site, Ethnic Background, and 

Status of Subjects with Successful and Failed IV Insertions 

by Treatment Group: Entire Sample 

Variable Saline Music Control Total 

Gender .§. E .§. E .§. f s f 

Male 13 10 10 4 9 3 32 17 

Female ~ _1! 10 _1 11 _2 28 17 

Total 20 18 20 8 20 8 60 3 4 

Age 

20-29 0 1 3 0 1 2 4 3 

30-39 2 1 4 1 2 1 8 3 

40-49 5 7 4 2 2 2 14 11 

50-59 3 4 2 3 5 2 10 9 

60-69 7 4 5 2 4 1 16 7 

70-79 3 4 2 2 2 1 7 7 

80-89 Q _1 _Q _Q __]. _Q __]. _1 

Total 20 18 20 8 20 8 60 3 4 

f 1 I t · E = Failed Insertion Legend: .§. = success u nser 1on 
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Table 5 (continued) 

Frequencies of Gender, Age, IV Site, Ethnic Background, and 

Status of Subjects with Successful and Failed IV Insertions 

by Treatment GrOUQ: Entire SamQle 

Variable Saline Music Control Total 

IV Site ~ £: ~ £: ~ £: ~ E 

Hand 6 1 5 3 7 2 18 6 

Wrist 2 5 0 1 2 2 4 8 

Forearm 4 5 7 4 6 3 17 12 

A-cubital 7 7 8 0 4 1 19 8 

Upper Arm .! _Q _Q _Q ___..! _Q ___£ _Q 

Total 20 18 20 8 20 8 60 34 

Ethnic 

White 14 14 14 6 12 4 40 24 

Black 2 4 2 2 8 3 12 9 

Hispanic ~ _Q j _Q _Q _1 __§_ _1 

Total 20 18 20 8 20 8 60 34 

Status 

Inpt. 4 2 2 3 5 3 11 8 

outpt. 16 16 18 _2 15 _2 4 9 26 

Total 20 18 20 8 20 8 60 34 

f 1 I t · E = Fa1' led Insertion Legend: s = success u nser 1on 
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Status 

The majority of the subjects (75) were outpatients; the 

remaining 19 were inpatients (Table 5). 

Findings 

As stated earlier, 60 (64%) of the 94 subjects enrolled 

in the study had successful IV catheter insertions. The 

hypotheses for the study were tested using data obtained 

from these 60 subjects. 

Hypothesis 1 stated: 

There is no difference in sensory or affective pain 

perception among patients who: Receive an intradermal 

injection of normal saline over the insertion site prior to 

IV catheter insertion; listen to preferred music during the 

IV catheter insertion procedure; and undergo IV catheter 

insertion with no pretreatment. 

Hypotheses 1 was tested by a MANOVA performed on data 

from the successful insertion group. The independent 

variable was treatment (Saline, Music, or Control). The 

dependent variables were Pain Intensity and Pain Distress. 

The mean Pain Intensity and Pain Distress scores for each 

group are presented in Table 6. 

The MANOVA test of multivariate significance for 

Hypothesis 1 revealed no significant effect (£ = .51). 

Results of the univariate tests were also not significant 

(Table 7) . 



Table 6 

Mean Pain Intensity and Pain Distress Scores by Treatment: 

Successful Group 

Variable 

Intensity 

Distress 

Table 7 

Saline 

M (SD) 

23.4 (23.5) 

18.7 (25.9) 

Music 

M (SD) 

17.2 (15.7) 

9.3 (17.9) 

Control 

M (SD) 

17.2 (23.5) 

12.1 (19.8) 

Multivariate and Univariate Analysis of Pain Intensity and 

Pain Distress Scores for Music, Saline, and Control 

Treatment Groups: Successful Group 

Source 

Multivariate 

Pain Intensity 

Pain Distress 

4 

2,57 

2,57 

F ratio 

.83 

. 57 

1. 70 

Significance 

.51 

.57 

.19 

Box's M F value with (6,80975 df) = 15.33 (p = .02) 
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The significant E ratio for Box's M (Table 7) indicates 

that the assumption of multivariate normality was violated. 
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MANOVA is robust to violation of this assumption when group 

sizes are equal (Stevens, 1986). 

Hypothesis 2 stated: 

There is no relationship between difficulty of IV catheter 

insertion and sensory and affective pain perception among 

persons undergoing IV catheter insertion with a preceding 

intradermal injection of normal saline, while listening to 

preferred music, or by the routine method. 

Hypothesis 2 was tested by analysis of variance (ANOVA) 

of multiple correlation coefficients among Pain Intensity 

and Pain Distress with IV Difficulty, using data from the 

successful insertions . Simple correlations between the 

variables demonstrated a significant positive relationship 

between IV insertion difficulty and pain distress in the 

control group (~ = .53, p < .05) and in the entire 

successful sample (~ = • 31, 12 < • 0 5) (Table 8) . 

Multiple correlations were performed among IV insertion 

difficulty, pain intensity, and pain distress. Analysis of 

variance (ANOVA) of the coefficients was performed to 

determine if correlations were significant. Multiple B was 

statistically significant in the control group (R = .62, 2 = 

.02) (Table 11). A summary of the results for the saline 

treatment group is presented in Table 9, for the music 

treatment group in Table 10, and for the control group in 

Table 11. 



Table a 

Simple Correlations between IV Insertion Difficulty, Pain 

Intensity, and Pain Distress in the Successful Group 

IV Insertion Difficulty 

Saline Music Control Total 

Intensity .41 -.20 .53* .31* 

Distress .32 . 19 -.19 • 14 

N 20 20 20 60 

*R < .05 

To determine whether the multiple correlation 

coefficients were significantly different among treatment 

groups, an ANOVA was performed of the coeffici ents over 

treatment groups. Results indicated no significant 

difference (Table 12) . 
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Table 9 

ANOVA of Multiple Correlation among IV Insertion Difficulty 

with Pain Intensity and Pain Distress in Saline Treatment 

Group (Multiple R = .41, R2 = .17) 

Source 

Regression 

Residual 

Table 10 

4989.76 

24100.79 

2 

17 

2494.88 

1417.69 

1. 76 . 20 

ANOVA of Multiple Correlation among IV Insertion Difficulty 

with Pain Intensity and Pain Distress in Music Treatment 

Group (Multiple R = .. 22, R2 = .05) 

Source 

Regression 

Residual 

849.23 

16293.97 

2 

17 

424.61 

958.47 

0.44 .65 
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Table 11 

ANOVA of Multiple Correlation among IV Insertion Difficulty 

with Pain Intensity and Pain Distress in Control Group 

(Multiple R = . 62, R2 = • 3 9) 

Source 

Regression 3877.88 2 1938.94 5 . 38 

Residual 6125.87 17 360.35 

Table 12 

ANOVA of Multiple Correlation Coefficients Across all 

Treatment Groups 

Source 

Regression 
over Groups 

7656.08 

Residual within 46520.63 
Groups 

6 1276.01 

51 912.17 

Additional Findings 

1. 40 

.02* 

.23 

Of the 94 subjects who completed the study, 34 (36%) 

had unsuccessful IV insertion attempts. A chi-square 

analysis was performed to determine if treatment group was 



related to success of insertion. Chi-square analysis is a 

nonparametric statistical technique that compares 

differences of observed frequencies with frequencies that 

would occur if the data categories were independent 

(expected frequencies) (Burns & Grove, 1993). Results of 
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the analysis, reported in Table 13, revealed no significant 

difference in IV insertion success rates among the three 

groups (chi-square= 3.46, df = 2, p = .18). 

Data from the successful and the unsuccessful 

insertions were pooled to test Hypotheses 1 and 2 with the 

entire sample. Hypothesis 1 predicted treatment effects on 

Table 13 

Results of Chi-Sguare Analysis of Treatment Group by 

Success: Entire Sample 

success Saline 

Yes 0 = 20 
E = 24.3 

No 0 = 18 
E = 13.7 

o = Observed frequencies 
E Expected frequencies 

Treatment 

Music 

0 = 20 
E = 17.9 

0 = 8 
E = 10.1 

chi-square = 3.46, df = 2, Q = .18 

Control 

0 = 20 
E = 17.9 

0 8 
E = 10.1 



Table 14 

Mean Pain Intensity and Pain Distress Scores by Treatment: 

Entire Sample 

Variable 

Intensity 

Distress 

Saline 

M (SD) 

31.3 (26.2) 

26.6 (32.8) 

Music 

M (SD) 

16.9(14.7) 

9.4 (15.8) 

Control 

M (SD) 

20.2(23.7) 

14.5 (24.7) 
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pain scores and was tested with a MANOVA. Mean Pain 

Intensity and Pain Distress scores for each treatment are 

presented in Table 14. The MANOVA showed a significant 

univariate treatment effect on both pain intensity (E = 

3.61, p = .03) and pain distress (E = 3.78, ~ < .05) (Table 

14) . 

The significant E value for Box's M indicates that the 

MANOVA assumption of homogeneity of variance was violated. 

However, MANOVA is robust to violation of this assumption 

when group sizes are unequal if the group with the largest N 

also has the largest standard deviation (Glass & Stanley, 

1970). The saline group had the largest N (38), as well as 

the largest standard deviations on the dependent variables 

(pain intensity, 26.2, pain distress 32.8) (Table 14). 
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Table 15 

Multivariate and Univariate Analysis of Pain Intensity and 

Pain Distress Scores for Music, Saline, and Control 

Treatment Groups: Entire Sample 

Source 

Multivariate 

Pain Intensity 

Pain Distress 

df 

4 

2,91 

2,91 

F ratio 

.91 

3.61 

3.78 

Significance 

.07 

.03* 

.03* 

Box's M F value with (6,135947 df) = 23.18078 (2 = .001) 

Post hoc analyses were performed on the univariate 

tests to identify the significant differences among 

treatment groups. The Scheffe test revealed that the mean 

Pain Intensity scores and the mean Pain Distress scores of 

the Saline treatment group were significantly different (p < 

.05) from the Music treatment group. The Control group 

means were not significantly different from the other two 

groups. 

Testing Hypothesis 2 with data pooled from the 

successful and failed groups revealed significant simple 

correlations between IV insertion difficulty and pain 

intensity in the saline group (K = .36, 2 < .05) and in the 



Table 16 

Simple Correlations between IV Insertion Difficulty, Pain 

Intensity, and Pain Distress in the Entire Sample 

IV Insertion Difficulty 

Saline Music Control Total 

Intensity .36* -.15 .44* .32** 

Distress .29 -.12 .36 .27** 

N 38 28 28 94 

* p < .05, ** p < .01 
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control group (~ = .44, R < .05}, as well as the entire 

sample (r = .32. p < .01). IV insertion difficulty was not 

significantly correlated with pain distress in any 

individual treatment group, but the variables were 

significantly correlated in the entire sample (~ = .27, p < 

.01} (Table 16). 

Multiple correlations were performed among IV insertion 

difficulty, pain intensity, and pain distress with data from 

the entire group. Analysis of variance (ANOVA) of the 

coefficients was performed to determine if correlations were 

significant. Multiple B was not statistically significant 

in any of the groups (Tables 17, 18, and 19). 
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Table 17 

ANOVA of Multiple Correlation among IV Insertion Difficulty 

with Pain Intensity and Pain Distress in Saline Treatment 

Group for Entire Sample (Multiple R - .37, ~- .14) 

Source 

Regression 

Residual 

Table 18 

7436.50 

46815.21 

2 

35 

3718.25 

1337.58 

2.78 . 08 

ANOVA of Multiple Correlation among IV Insertion Di fficulty 

with Pain Intensity and Pain Distress in Music Trea tment 

Group for Entire Sample (Mult i ple R = .16, ~ = .0 3 ) 

Source 

Regression 

Residual 

992.17 

37824. 55 

2 

25 

496.08 

1 51 2 .98 

0.33 . 72 
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Table 19 

ANOVA of Multiple Correlation among IV Insertion Difficulty 

with Pain Intensity and Pain Distress in Control Group for 

Entire Sample (Multiple R- .45, R2 .20) 

Source 

Regression 

Residual 

6367.06 

24782.19 

2 

25 

3183.53 

991.29 

3. 21 .06 

To determine whether the multiple correlation 

coefficients were significantly different among treatment 

groups, an ANOVA was performed on the coefficients over 

treatment groups. Results indicated no significant 

difference (Table 20). 

To determine if type of treatment had an effect on IV 

insertion difficulty, a one-way ANOVA was performed, which 

demonstrated no significant difference among mean scores on 

IV insertion difficulty. The mean scores for IV difficulty 

by treatment group are presented in Table 21. ANOVA results 

are summarized in Table 22. 



Table 20 

ANOVA of Multiple Correlation Coefficients Across all 

Treatment Groups 

Source 

Regression 
over Groups 

7688.85 

Residual within 109421.94 
Groups 

Table 21 

6 1281.46 .99 

85 1287.32 

IV Difficulty Means and Standard Deviations by Treatment 

Group: Entire Sample 

Group Mean SD 

Saline 51.8 38.3 

Music 32.2 37.9 

Control 35.7 34.0 

83 

.43 



Table 22 

One-Way ANOVA of IV Difficulty by Treatment Group: 

Entire Sample 

Source 

Between Groups 

Within Groups 

Total 

ss 

7374.88 

124217.68 

131592.55 

df 

2 

91 

93 

MS 

3687.44 

1365.03 

Summary of Findings 

F 

2.70 

84 

.07 

This chapter described the sample and the results of 

the statistical analyses testing the two research 

hypotheses. Of 94 subjects who completed the study, 60 had 

successful IV insertions. Results of a MANOVA on data 

collected from the successful insertion subjects revealed no 

significant multivariate or univariate effects of treatment 

on pain intensity or pain distress. Analysis of variance on 

regression coefficients of multiple correlations among IV 

insertion difficulty with pain intensity and pain distress 

showed no significant differences among the multiple 

correlation coefficients by treatment group. 

Chi-square analysis revealed no significant difference 

between the successful and failed IV insertion attempts that 

was related to the treatment. Thus, data for the entire 

group were pooled. 
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A MANOVA Performed on pooled data revealed no 

significant multivariate effect of treatment on pain 

intensity and pain distress. Post hoc analysis of the 

significant univariate tests revealed the music treatment 

group had significantly lower scores on both pain measures 

than the saline treatment group. Analysis of variance using 

the pooled data on regression coefficients of multiple 

correlations among IV insertion difficulty with pain 

intensity and pain distress showed no significant 

differences among the multiple correlation coefficients by 

treatment group. A one-way ANOVA revealed no significant 

differences of IV insertion difficulty by treatment group. 



CHAPTER 5 

SUMMARY OF THE STUDY 

Insertion of peripheral IV catheters is the most 

frequently performed invasive procedure by nurses. Reducing 

painfulness of invasive procedures is an important nursing 

responsibility. The purpose of this study was to examine 

the effects of two nonpharmacologic interventions, listening 

to preferred music and intradermal saline injection, and 

difficulty of insertion, on the pain associated with 

insertion of an IV catheter. A post-test only control group 

experimental design was used to compare the effects of music 

or intradermal saline injection, and of IV insertion 

difficulty, on the sensory and affective dimensions of pain 

associated with IV insertion. 

Hypotheses were: 

1. There is no difference in sensory or affective pain 

perception among patients who: Receive an intradermal 

injection of normal saline over the insertion site prior to 

IV catheter insertion; listen to preferred music during the 

IV catheter insertion procedure; and undergo IV catheter 

insertion with no pretreatment. 

2. There is no relationship between difficulty of IV 

catheter insertion and sensory and affective pain perception 

among persons undergoing IV catheter insertion with a 
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preceding intradermal injection of normal saline, while 

listening to preferred music, or by the routine method. 

Summary 
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The gate control theory of pain and research findings 

regarding the use of music and intradermal saline injection 

were used as a framework for the design of the study. 

Eligible patients from the inpatient and outpatient 

populations of two urban hospitals were recruited for 

participation following guidelines for protection of human 

subjects. 

Of 94 consenting subjects who completed the study, 60 

had successful IV insertions. Twenty of the successful 

subjects listened to preferred music on headphones during 

the IV insertion, 20 received an intradermal injection of 

normal saline over the insertion site prior to IV insertion, 

and 20 had the IV inserted with no additional treatment, 

comprising a control group. 

Following the insertion or attempted insertion, each 

subject rated the sensory and affective dimensions of pain 

from the procedure by completing the Pain Intensity and Pain 

Distress visual analog scales. Difficulty of IV insertion 

was rated by the investigator with the IV Catheter Insertion 

Rating Scale (Appendix C) • Data were collected until a 

total of 20 subjects had successful IV insertions in each 
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treatment group. This strategy was implemented to meet the 

assumptions of the MANOVA for equal group size. 

Data were summarized by frequencies and measures of 

central tendency and dispersion. The two research 

hypotheses were initially tested using data from the 60 

successful IV insertions. Hypothesis 1 was tested with a 

MANOVA, which demonstrated no significant effect of 

treatment (saline, music, or control) on pain intensity or 

pain distress. Hypothesis 2 was tested with multiple 

correlation, which showed a significant relationship between 

difficulty of IV insertion and pain intensity and pain 

distress in the control group (E = 5.38, ~ = .02), and with 

analysis of variance of regression coefficients, which 

demonstrated no significant differences among correlations 

between insertion difficulty and pain intensity and distress 

by treatment groups. 

Chi-square analysis revealed no significant difference 

in IV insertion success rates among the three groups. Data 

were then pooled from the success and failure groups to test 

the Hypotheses. 

A MANOVA was performed to analyze the effect of 

treatment on pain intensity and pain distress (Hypothes i s 

1). While no multivariate effect was demonstrated, 

univariate analyses and post hoc comparisons with the 

scheffe test demonstrated that the music treatment group had 



significantly lower scores than the saline group on both 

dependent variables. 
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Multiple correlation techniques performed on the pooled 

data revealed no significant correlations among IV insertion 

difficulty and pain intensity and pain distress by treatment 

group. ANOVA of coefficients over groups also revealed no 

significant differences in the multiple correlations of 

treatment groups. 

To assess whether type of treatment influenced 

difficulty of IV insertion, a one-way ANOVA was performed on 

data from the entire sample. Results showed no significant 

difference in difficulty among treatment groups. 

Discussion of Findings 

This study was undertaken to examine whether listening 

to preferred music on headphones or receiving an intradermal 

injection of unpreserved saline prior to IV insertion would 

affect reports of pain intensity or pain distress in persons 

undergoing IV catheter insertion. The relationship of I V 

insertion difficulty with pain intensity and pain distress 

was also examined. The unexpectedly high rate of insertion 

failure was analyzed. 

The effectiveness of music was suggested by a review of 

reports on the use of music as a pain reduction strategy in 

clinical and experimental pain. The effectiveness of saline 

was suggested by anecdotal reports . The relationship of 
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difficulty of IV insertion with pain was hypothesized as an 

application of the role of nociceptor stimulation in the 

gate control theory of pain. The following sections present 

a discussion of the findings related to these variables. 

While comments regarding the treatments or attitudes 

about IV insertion were not solicited, they were recorded if 

spontaneously offered by the subject. As qualitative data, 

some of these comments may enhance or enrich interpretation 

of the findings; however such interpretations should be made 

with caution, as neither collection nor analysis of 

qualitative data was performed systematically. Therefore, 

when appropriate, subjects' comments are included for 

illustrative purposes only. 

IV Insertion Failure 

An unexpected finding of the study was the failure rate 

for IV insertion. Of 94 attempts, only 60 (63.8%) were 

successful. Of the research articles reviewed for this 

study, only one included discussion of how IV insertion 

failure was handled (Dickey, 1987). The discussion did not 

provide failure rates, but rather listed insertion failure 

as a condition for being dropped from the study. An 

unpublished report of a study of healthy volunteers 

undergoing IV catheter insertion to examine the effect of 

intradermal saline and insertion difficulty on pain 



intensity and pain distress has a success rate of 71% over 

four IV starters (Jacobson, Winslow, & Masi, in progress). 
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The only report of IV insertion success rates found in 

the literature was a 1984 report of 430 starts in a hospi tal 

by a seven member team of IV therapy nurses (Cosentino, 

1984). Data were collected by self-report of the nurses 

over six days. The success rate ranged from 84.7% to 95.1%, 

with a mean of 91.4%. 

While the difference of successful versus unsuccessful 

insertions by treatment groups was not statistically 

significant, the saline group tended to have a higher 

failure rate than the music and control groups (Table 12). 

Thirty-eight IV insertion attempts were required to yield 20 

successes in the saline group, for a failure rate of 4 7. 3%. 

The music and control groups each only required 28 attempts 

to yield 20 successes, for a failure rate of 28 . 6%. In 

addition, the saline treatment was listed 13 times as 

contributing to insertion difficulty in the "other" category 

of IV Insertion Rating Scale. 

The high percentage of i nsertion failures in the 

current study posed issues concerning data analysis for 

hypothesis testing. Principles of experimental design 

mandate that subjects be equivalent across treatment groups. 

Internal validity depends on either controlling for or 

eliminating extraneous variables that may distort treatment 
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effects (Burns & Grove, 1993). Logic suggests that a failed 

insertion attempt is not equivalent to a successful one, 

either physiologically or psychologically. Therefore, 

initial hypothesis testing was performed only on insertion 

successes to enhance internal validity. 

The decision to subsequently pool insertion successes 

with failures to examine treatment effects was based on 

principles of external validity. External validity is 

concerned with the degree to which the study findings can be 

generalized beyond the sample of the study. Subjects in 

this study were drawn from a population of hospitalized 

adults. When IV catheter insertion is medically necessary 

in this population, the individual must, within limits, 

endure whatever number of failures, if any, until a 

successful insertion is accomplished. For this reason, it 

is important to be able to examine the effects of treatments 

on both successful and failed insertion attempts. 

The mean scores on the dependent variables in the 

pooled data reflected trends established in analysis of the 

successful insertion data. Obviously, pooling the data also 

resulted in a larger sample size, increasing power. 

A chi-square analysis demonstrated no significant 

difference between insertion success or failure and 

treatments. Had such a relationship been found, pooling of 
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the success and failure groups to examine treatment effects 

on the dependent variables would not have been sound. 

Effect of Music versus Saline on IV Insertion Pain 

There was no multivariate difference among the three 

treatment groups in mean Pain Intensity and Pain Distress 

for the entire sample (Table 14). Univariate tests revealed 

that the saline treatment group scored significantly higher 

on pain intensity (mean = 31.3, S.D. = 26.2) than did the 

music group (mean= 16.93, S.D. = 14.7, 2 = .03). The 

saline group's mean intensity score was also higher than the 

control group's (mean= 20.21, S.D. = 23.7), although the 

difference was not statistically significant. 

The saline group was also significantly higher on mean 

pain distress score (mean = 26.6, S.D. = 32.8) than the 

music group (mean= 9.4, S.D. = 15.8, 2 = .03). Again, the 

saline group was also higher than the control group in 

distress (mean= 14.5, S.D. = 24.7), but not significantly. 

In summary, the mean intensity and distress scores were 

highest in the saline group and lowest in the music group. 

Control group scores were not significantly different from 

the other groups statistically. Nevertheless, the trend of 

music to have lower scores is clinically important. 

Lack of statistically significant differences among 

treatment groups may be a result of poor power for detecting 

the difference. Power, which is the probability of 
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rejecting the null hypothesis when it is false, is dependent 

on the alpha level set, sample size, and effect size 

(Stevens, 1986). With 25-32 subjects per group, alpha set 

at .05, and power at the conventionally acceptable level of 

.70, only a large effect size could be detected (Stevens, 

1986). Stevens noted that it is important to realize that 

small effect sizes are common in behavioral research, a 

condition requiring larger sample sizes. 

Another explanation for the lack of difference among 

groups is what Cook and Campbell refer to as "the treatment 

in the no-treatment control group" (1979, p. 367). In this 

case, it is plausible that the subjects in all groups 

activated intrinsic coping strategies to suppress awareness 

of the painful stimulus of IV insertion. Because the mean 

number of previous IV insertions was 30 (S.D. = 61.2), with 

only one subject having no prior IV experience, previous 

opportunities for practicing these skills existed. Comments 

offered by some subjects suggested this: 

"I knew it had to be done. I used to be distressed by it, 

but I •ve just learned to live with it." 

"The more [IV's] you have the less they hurt, because you 

know what to expect. " 

"It doesn ' t bother me. I know what to expect. " 

"I go to a desert island for things like this." (Referring 

to imagery techniques) • 
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Intradermal Saline 

The suggestion that intradermal saline injection may 

reduce the pain of IV insertion was based on anecdotal 

reports of its effectiveness by nurses from a variety of 

clinical settings, including pediatrics, operating room, 

emergency room, and medical-surgical units. These reports 

did not reference the type of saline solution used, i.e., 

preserved or unpreserved. Unpreserved saline was used in 

the current study because the hospital where the study took 

place has removed preserved saline from its formulary due to 

its potential to cause central nervous system damage if 

injected epidurally. 

The study by Nuttall, Barnett, Smith, Blue, Clark, and 

Payton (1993), published after the inception of the current 

study, and discussed in Chapter 2, demonstrated that an 

intradermal injection of preserved saline resulted in 

significantly lower IV insertion pain scores than either an 

injection of unpreserved saline or no treatment in a sample 

of heal thy elective surgery patients. An important 

difference in technique between Nuttall's et al study and 

the present one is volume of the infiltrate. Nuttall et al 

used 0.5 milliliters, while this study used only 0.1 

milliliters. 

Previous studies using a visual analog scale to measure 

IV insertion pain have measured it as a unidimensional 
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construct, making comparison with the present study 

difficult. Nuttall's et al study (1993) reported pain 

scores on a ten millimeter scale. The control group's score 

was 3.47 and the unpreserved saline group's score was 3.97. 

Dickey (1987) reported using a visual analog scale without 

giving its dimensions, and reported the control group's mean 

pain score as 32.85, while the unpreserved saline group's 

mean was 27.45. 

In Chapter 2, the phenomenon of hyperstimulation 

analgesia was presented as a possible explanation for the 

effectiveness of an intradermal saline injection. 

Hyperstimulation analgesia is the reduction of perception of 

painful stimuli that follow an initial noxious stimulus 

through central control mechanisms (Fields & Basbaum, 1989). 

The mean pain score in the successful insertion group was 

higher for those who received the saline treatment, although 

not significantly so. In the entire sample, the saline 

group had significantly higher scores than the music group . 

Thus, the concept of hyperstimulation analgesia was not 

demonstrated in this study. 

An alternative explanation for this finding is the 

principle of hyperalgesia, which holds that application of a 

noxious sti mulus (in this case, the intradermal saline 

injection) lowers pain thresholds to subsequent stimuli ( in 

this case, the IV insertion) (Campbell, Raja, Cohen, 
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Manning, Khan, & Meyer). The principle of hyperalgesia is 

supported by two studies of IV insertion pain reported in 

Chapter 2. In the study comparing pain of insertions of 

various brands of IV catheters, the only significant finding 

was that subjects who underwent two IV insertions in the 

same hand reported the second insertion to be more painful 

than the first (Ahrens, Wiersema, & Weilitz, 1991). 

Similarly, the study of local anesthetic efficacy showed 

subjects reported IV insertion to be more painful following 

an injection of unpreserved normal saline (3.97, SD 0.18) 

than subjects in the control group (3.47, SD 0.38), although 

these differences were not statistically significant 

(Nuttall, Barnett, Smith, Blue, Clark, & Payton, 1993). 

The findings from this study and the research studies 

discussed above do not support the anecdotal claims made by 

nurses that were the basis for the saline treatment. 

Possible reasons for this include the general unreliability 

of anecdotal evidence, inadequate or inaccurate assessment 

of the actual effect of the saline in the nurse's practice, 

expectancy of the nurse, the effect of suggestion by the 

nurse, and the placebo effect. Also, it has been previ ously 

stated that it is unknown whether or not the nurses were 

using preserved normal saline, which has been demonstrated 

to exert anesthetic properties (Nuttall et all, 1987) · 
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Two patients made favorable comments about the saline 

injection, suggesting they felt it was helpful in reducing 

pain. Two patients commented that the saline injection 

stung. Several patients seemed displeased when informed of 

assignment to saline treatment group, making such comments 

as "That's just my luck". Several potential subjects 

declined to participate in the study because they were 

unwilling to accept the possibility of assignment to the 

saline group. 

Listening to Preferred Music 

MCCaffery (1990) recommended the use of music as a 

highly structured distraction technique to reduce brief 

procedural pain. Numerous studies cited in Chapter 2 report 

the effectiveness of music in reducing acute and chronic 

clinical pain and experimental pain. Results of this study 

did not demonstrate that listening to music had a 

significant effect on pain intensity or pain distress when 

compared to the control group. However, while not 

significantly different from the control group, the music 

group did have the lowest means on both variables. This may 

be a function of music's true effect size being smaller than 

this sample size had the power to detect . Mean pain 

intensity and pain distress scores were significantly lower 

in the music group than in the saline group (Table 14). 
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While subjects had no control over which treatment 

group they would be randomly assigned to, those in the music 

group had control over both the selection and the volume of 

the music. Subjects in the saline and control groups had no 

such opportunities for executing personal choice. Hence, it 

may have been the control over the situation, rather than 

the music treatment itself, that contributed to lower mean 

pain scores in the music group. 

Health care environments are notoriously impersonal and 

even threatening. Uncertainty over one's health that 

usually accompanies being a recipient of health care 

services intensifies that threat. Music is an aesthetic 

experience that, while highly personal, generates a shared 

experience of its meaning among individuals. The 

effectiveness of music as an intervention may be a function 

of a transactional or spiritual phenomenon between the nurse 

and the patient that transcends the concerns of the moment. 

If this is the case, then other aesthetic experiences, such 

as viewing visual artwork, could be predicted to have 

effects similar to music in reducing pain during invasive 

procedures. 

It is noteworthy that seven of the 28 subjects who 

received the music treatment made unsolicited favorable 

comments about receiving this treatment. One subject said 

that although listening to the music did not lessen the pain 
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of the IV insertion in comparison to previous insertions, it 

made the experience more pleasant and tolerable. Perhaps 

the use of a pain assessment instrument that captured more 

dimensions of the pain experience would have had superior 

sensitivity to this aspect of the music treatment. 

Five of the 28 subjects who received the music 

treatment asked if they could keep listening to the CD after 

the data were collected. These requests were granted. 

Relationship of IV Difficulty to Pain Intensity and Distress 

Results from the study partially supported the 

relationship of difficulty of IV insertion with pain 

intensity and pain distress proposed in the theoretical 

framework developed in Chapter 1. For the entire sample, 

there was a weak positive correlation between IV difficulty 

and pain intensity (~ = .32, Q < .01) and between difficulty 

and distress (~ = . 27, R < .01). Insertion difficulty was 

also significantly positively correlated with pain intensity 

in the saline (~ = .36, R < .05) and control (~ = .4 4 , Q < 

.05) groups. No significant difference in the relationshi p 

between difficulty and pain intensity and distress was 

demonstrated among the three treatment groups. 

IV insertion difficulty was proposed to affect pain 

intensity and pain distress (Figure 4). While statistical ly 

significant, the correlations supporting this model are 

weak. This may be due to a number of factors, including 
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measurement error of a newly developed instrument, and poor 

fit between the concepts of IV insertion difficulty and 

activation of nociceptors. 

A one-way ANOVA did not demonstrate significant 

differences in IV insertion difficulty by treatment group. 

However, the difficulty in the saline group was the highest 

(mean= 51.8, S.D.= 38.3), while music had the lowest mean 

score (32.2, S . D. = 32.2) (Table 20). These differences ma y 

have clinical importance, and are probably related to the 

higher percentage of insertion failures in the saline group 

(Table 12). 

Conclusions and Implications 

Results of the study suggest that listening to 

preferred music is superior to intradermal injection of 

unpreserved normal saline for reducing the sensory and 

affective dimensions of IV insertion pain. Patients who 

listened to preferred music via headphones during IV 

insertion reported significantly less pain intensity and 

less pain distress than the group who received an injection 

of unpreserved normal saline solution. They also had lower 

mean pain scores than the control group , a finding that, 

while not statistically significant, may have important 

clinical implications. 

Use of intradermal saline was also associated with 

greater insertion difficulty, and a higher failure rate, 
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than the other two groups. These findings were not 

statistically significant, but warrant attention for 

clinical application. Overall, the use of intradermal 

unpreserved saline as a pain management strategy for 

insertion of IV catheters was not supported. On the other 

hand, listening to preferred music via headphones appears 

promising. 

The study also demonstrated that the difficulty 

associated with insertion of the IV is positively related to 

the sensory and affective components of pain. In this 

study, the proportion of insertion successes was a 

surprisingly low 63.8%. This finding has implications for 

patient education regarding the procedure as well as for 

cost considerations. 

Recommendations for Further Study 

Findings from this study and from the review of related 

literature suggest the following areas for further study: 

1. Since the music group received the only treatment that 

incorporated choice as part of the treatment (of the 

type and volume of music), investigation of the effect 

of allowing patients to choose from a variety of 

suitable treatments (e.g., intradermal lidocaine, 

music, or no treatment) on pain is warranted. 

2. To better prepare patients for the experience of IV 

catheter insertion, information is needed about what 



sensations are associated with the treatment, and if 

interventions selectively modify those sensations. 

3. The high insertion failure rate suggests a need to 

identify what factors contribute to IV insertion 

failure, ways to modify them, and ways to promote 

success. 

4. The insertion failure rate also suggests a need for 

studies examining the outcome as well as the 

painfulness of subsequent IV insertion attempts. 
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5. Published reports of studies concerning aspects of IV 

therapy should include discussion of insertion failures 

and how they were handled to facilitate comparisons 

across studies. 

6. The tendency of subjects to make evaluative remarks 

about aspects of their treatment or about the IV 

procedure suggests a need for qualitative studies 

concerning people's attitudes about and reactions to 

the experience. 

7. The effectiveness of listening to music versus 

receiving a pharmacologically active local anesthetic, 

such as buffered lidocaine solution, versus combination 

treatments, should be assessed. 

a. The effectiveness of aesthetically pleasing experiences 

other than music in reducing pain should be examined. 
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infom1ed consent be obtained from all human subjects in your study. These are to be filed 
with the Human Subjects Review Conu11ittee. Any exception to this requirement is noted 
below. Furthennore, according to J-JHS regulations, another review by the Committee is 
required if your project changes. 

Special provisions pertaining to your study are noted below: 

The filing of signatures of subjects with the Human Subjects Review Committee is not 
required. 

Other: 

__x_ No special provisions apply. 

cc: Graduate School 
Dr. Margaret Beard, Nursing 
Dr. Carolyn Gunning, Nursing 

Sincerely, 

CJih-~ 4!J!v.JJ 
Chairman 
Human Subjects Review Committee 

A (cUIIJir('iu; ll.<ll'f.' Public Umprr!'II.V l'lillltlflly for Wo1111 'H 

1\n f..qunl OI'JI()rlmut.v/Affimurth'( J\(ll(tH CmJ''"Y(.T 

118 



APPENDIX B 

SUBJECT CONSENT FORM 

119 



l'f8 form 11.. Pag~ 1 

THE UNIVERSITY OF TEXAS SOUTHWESTERN MEDICI\L CENTER AT DALLAS 
SUBJECT CONSENT TO PARTICIPATE IN RESEARCH 

TITLE OF STUDY: Effect of Music vs. Intradermal Saline Injection on Pain of 
Intravenous Catheter Insertion 

SPONSOR: 

INVESTIGATORS: OFFICE PHONE H NIGHT/WEEKEND f 

1. Ann Jacobson. M.S., R.N. 817-273-2 776 214-590-3600 
2. ______________________ __ 
]. ______________________ __ 
4. ______________________ ___ 

You are being asked to participate in a research study. 
participate in research are entitled to certain rights. 
include but are not limited to the subject • s right to: 

Persons who 
These rights 

1. Be informed of the nature and purpose of the research; 

2. Be given an explanation of the procedures to be followed in the 
research, and any drug or device to be utilized; 

J. Be given a description of any attendant discomforts and risks to be 
reasonably expected; 

4. Be given a disclosure of any benefits to the subject to be 
reasonably expected, if applicable; 

5 . Be given a disclosure of any appropriate alternatives, drugs , o r 
devices that might be advantageous to the subject, their rela tive 
risks and benefits; 

6. Be informed of the alternatives of medical 
available to the subject during or after 
complications arise; 

treatment, if any , 
the experiment if 

7 . Be given an opportunity to ask any questions concerning the 
research and the procedures involved; 

8. Be instructed that consent to participate in the research may be 
withdrawn at any time, and the subject may disc ontinue 
participation without prejudice; 

9. Be given a copy of the signed and date d consent form: 

10. And be given the opportunity to decide to conse nt or not to consent 
to partici pate in research without the intervention of a ny element 
of force, fraud, deceit, duress, coercion, or undue influence on 
the s ubject' s decision . 

Page 1 of S" 
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TITLE OF STUDY: EFFECT OF MUSIC VS. INTRADERMAL SALINE INJECTION 
ON PAIN OF INTRAVENOUS CATHETER INSERTION 

You have the right to privacy. All information that is obtained in 
connection with this study that can be identified with you will be 
rele~s7d only to the investigators, and if appropriate, to your 
phys1c1.an and the sponsors of the study . For studies regulated by 
the Food and Drug Administration (FDA), there is a possibility that 
the FDA may inspect your records. The results of this study may be 
published in scientific journals without identifying you by name. 

In addition, the records of your participation in this study may be 
reviewed by members and staff of the Institutional Review Boards, 
and you may be contacted by a representative of one of the Boards 
for information about your experience with this study. If you 
wish, you may refuse to answer any questions the Board may ask of 
you. We would also like you to understand that your record may be 
selected at random (as by drawing straws) for examination by the 
Board to insure that this research project is being conducted 
properly. 

Every effort will be made to prevent any injury that could result 
from this research. Compensation for physical injuries incurred as 
a result of participating in the research is not available. The 
investigator is prepared to advise you about medical treatment in 
case of adverse effects which you should report to her promptly . 
Phone numbers where the investigator may be reached are listed in 
the heading of this form. 

If you have any questions about the research or about your rights 
as a subject, we want you to ask us. If you have questions later, 
or if you have any concerns about the way this research has been 
conducted, or if you wish to report a research-related injury (in 
addition to notifying the investigator), you may call the Chairman 
of the University of Texas Southwestern Medical School 
Institutional Review Board during office hours at 214/648-2258, or 
the Texas Woman' a Uni veraity Office of Research and Grants 
Administration at 817/898-3375. 

Participation in this research study is ent irely voluntary. 
Refusal to participate will involve no penalty or loss of benefits 
to which you are otherwise entitled. If you decide to participate, 
you are free to withdraw your consent and discontinue . participation 
at any time without affecting your status (as a pat1ent, student, 
employee, etc . ), or the medical care that you ~ill receive. Under 
certain circumstances the study may be discont1nued by the sponsor 
or the investigator. 

Any significant new findings developed during the course of the 
research which may relate to your willingness to continue 
participation in this study will be provided to you. 

YOU WILL BE GIVEN A COPY OF THIS CONSENT FORM TO KEEP 
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PURPOSE: 

Nine out of ten patients in U.S. hospitals have intravenous 
catheters (IV's) inserted to receive drugs or fluids or both. 
Having the IV inserted is generally acknowledged to be a painful 
procedure. This study will test the effect of two different 
interventions on IV insertion pain. One intervention involves 
injecting a small amount of sterile salt water (saline) into the 
skin before inserting the IV. The other intervention is 
listening to music chosen from a collection of compact discs 
during the IV catheter insertion. 

Approximately 60 patients will be involved in the study . 
You are being asked to participate because your doctor has 
ordered you have an IV inserted as part of your medical 
treatment. If you agree to participate, your participation 
should require about 3 0 minutes of your time around the time the 
IV is inserted . 

WHAT YOU WILL BE ASKED TO DO IF YOU PARTICIPATE IN THIS STUDY : 

If you agree to participate, you will be assigned to one of 
three groups. Members of Group 1 will have their IV inserted 
following an injection of a very small amount (0 .1 ml, about the 
size of a drop) of sterile saline into the skin in the area where 
the IV will be inserted . Members of Group 2 will choose from a 
variety of music compact discs and listen to their selection 
during the IV insertion. Members of Group 3 will have the IV 
inserted in the usual manner, with no extra treatment. You will 
be assigned to one of these three groups randomly, as in drawing 
straws. 

Following your IV insertion, you will be asked to rate two 
aspects of the pain of the procedure on two visual analog scales 
(VAS) . One VAS will be used to indicate how strong or intense 
the pain was. The other VAS will indicate how distressing the 
experience was . The VAS is simple to use, requiring you only to 
make a mark on a straight line to indicate the degree of pain you 
felt. Another form will be completed by the nurse who started 
the IV. This form records the degree and type of difficulty the 
nurse experienced in starting the IV . The nurse will also 
complete a form indicating personal information such as your age , 
gender, race, previous experience with IV insertion, and any 
medications you are taking . Most of this information can be . 
obtained from your chart, or the nurse may ask you the quest1.ons 
directly. 

WITHDRAWAL FROM PARTICIPATION IN THE STUDY: 

Insertion of an IV catheter requires skill and experience on the 
part of the nurse. Sometimes, even the most skilled nurse is not 
able to successfully insert the IV into the vein on the first 
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try, due to a variety of factors (for example, a vein may be 
easily visualized and felt prior to entering the skin with the 
catheter, and then seem to "disappear" once the insertion is 
begun) . Should the nurse attempting to start the IV in y o ur a rm 
not be successful with the first try, your participation in the 
study will be terminated, and successive IV insertion attempts 
performed according to hospital policy. 

EXPERIMENTAL PROCEDURES: 

Because the use of intradermal saline and listening to selected 
music have not been scientifically studied as a method to reduce 
pain of IV insertion, their use is considered experimental. 

POSSIBLE RISKS AND DISCOMFORTS: 

Your IV is being inserted as part of your medical treatment and 
not for the purpose of this study . Therefore, the risks 
associated with IV catheterization (pain, local inflammation, 
infection, and bruising, inflammation of a portion or all of the 
vein) do not result from participation in the study. If you 
receive the intradermal saline injection, you may experience 
discomfort with the injection. There are no known risks to short 
periods of listening to music with headphones . 

POSSIBLE BENEFITS : 

You may experience less pain with IV catheter insertion if you 
are in Group 1 or 2 . There are no other benefits to you for 
participating. Findings from the study may benefit persons 
undergoing IV catheter insertion in the future by providing 
information about the effect of intradermal saline and listening 
to music on insertion pain. 

ALTERNATIVES TO PARTICIPATION: 

Your participation is entirely voluntary and you may choose not 
to participate . If you choose not to participate, your IV will 
be started by the nurse assigned to your care , or the nurse' a 
designate, in the usual manner . 
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YOU ARE MAKING A DECISION WHETHER OR NOT TO PARTICIPATE IN THIS 
STUDY. YOU SHOULD NOT SIGN UNTIL YOU UNDERSTAND ALL THE 
INFORMATION PRESENTED IN THE PREVIOUS PAGES AND UNTIL ALL OF YOUR 
QUESTIONS ABOUT THE RESEARCH HAVE BEEN ANSWERED TO YOUR 
SATISFACTION. YOUR SIGNATURE INDICATES THAT YOU HAVE DECIDED TO 
PARTICIPATE, HAVING READ THE INFORMATION PROVIDED ABOVE . 

Typed/Printed Name and Signature of Subject Age Date 

Typed/Printed Name and Signature of Witness 

Signature of Person 
Obtaining Consent 

Signature of Investigator 
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INSTRUMENTS USED FOR COLLECTION OF DATA 
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Subject # ____ _ 

Date : _______ _ 

Parkland Z 

Demographic Date Sheet 

1. Age: years 

2. Gender: M F 

3. Ethnic background: White Black Hispanic Oriental 

Other : _______ _ 

4. Number of previous IV's: _____ _ 

COMMENTS: 
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Pain as intense as it could possibly be 

No pain at all 

Pain INTENSITY Scale 

Please indicate the intensity (strength) of any pain you felt during the IV 
insertion procedure. Indicate by drawing a line on the scale above. 
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Pain as distressing as it could possibly be 

No distress at all 

Pain DISTRESS Scale 

Please indicate the amount of distress you felt during the IV insertion 
procedure. Indicate by drawing a line on the scale above. 
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IV Catheter Insertion Rating Scale 

Please complete this form following each IV catheter insertion or attempt. Use a separate 
form for each attempt. 

Catheter type _____ _ Gauge __ Site ----

1. Overall, how difficult was this insertion or attempt? Indicate by drawing a 
horizontal line on the scale below. 

As EASY as i ld possibly be ...... ,_ .... 

As DIFFICULT as it could possibly be 

Please turn over and complete reverse side of form. 
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2. A number of factors can make insertion of an IV catheter difficult. Following 
is a list of commonly encountered factors. Please check ALL those you 
encountered in this IV catheter insertion or attempt. 

NONE 

Vein rolled 

Vein palpable but not visible 

Vein "disappeared" 

Dark skin 

Tough or thick skin 

Catheter would not thread 

Vein ruptured ("blew") 

Catheter would not puncture vein 

Patient obese 

Lack of good veins necessitated using a poor vein 

Patient combative 

Infiltrated 

OTHER (specify):-----------
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Information Presented Orally to Potential Subjects 

Hello, my name is Ann Jacobson. I'm a nurse who is 
doing a study on the pain people experience when they have 
an IV inserted. For your treatment today, you need to have 
an IV started (or re-started). If you were in my study, I 
would start your IV by one of three methods. The first 
method involves injecting a small amount of normal saline 
into your skin over the vein where the IV will be inserted. 
The second method involves listening to music you have 
selected from a variety of compact discs on headphones as 
the IV is inserted. For the third method, I start the IV in 
the usual manner, without any extra treatment. 

If you agree to be in my study, I will start your IV by 
one of these methods. Which method is used is determined 
randomly, as in drawing straws or flipping a coin . After 
the IV is started, I will ask you to rate how intense the 
pain was, and how distressing it was. Your participation is 
voluntary, and you may choose not to be in the study. If 
you choose not to participate, one of the staff nurses will 
start your IV in the usual manner. 

The risk of participating is that the treatment you 
receive, if any, may increase the pain of the procedure. On 
the other hand, you may benefit if the treatment reduces the 
pain. 
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PROCEDURE FOR IV INSERTION 
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Procedure for Insertion of Intravenous Catheter 

1. Locate a sui table vein by applying tourniquet to 
distend veins. 
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2. If skin overlying vein is very hairy, clip hair with 
scissors. 

3. Cleanse skin over the vein in a circular motion with a 
70% ispopropyl alcohol pad and allow to dry. 

4. With the bevel of the IV needle up, insert through the 
skin into the vein until blood flashback is seen in the 
inner chamber of the insertion device. 

5. Thread the catheter into the vein, remove the 
tourniquet from the patient's arm, and remove the 
needle from the catheter, applying pressure to the area 
at the tip of the catheter to prevent leaking of blood. 

6 . Attach I v device ( hepar in lock or IV flu i d tub i n g ) . I f 
device is a heparin lock, flush with saline or 
heparinized saline. If IV fluid tubing, begin infusion 
at appropriate drip rate. 

7. Secure catheter with tape and apply dressing per agency 
protocol. 
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