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Abstract

One o f  the most difficult challenges facing researchers and clinicians is assessing 

pain in the newborn infant. Twenty five years o f  investigation have furthered our 

understanding o f many aspects o f newborn pain, however, no uniform technique 

exists to reliably assess neonatal pain. Behaviors provide one o f the most promising 

avenues for generating basic understanding of complex behavioral phenomenon and they 

are key to developing the kinds o f descriptive knowledge required to further pain 

assessment and measurement efforts. In this research, basic descriptive knowledge about 

newborn pain behavior was generated using ethological methods.

In Phase One, the videotaped behaviors o f  ten newborn male infants were 

repeatedly observed as each underwent circumcision and non-noxious but distress- 

inducing events such as diaper change and restraint application. A reliable ethogram (an 

exhaustive listing) was developed that contained 235 molar and molecular behavioral 

items for describing variation in neonatal motor movement, body postures, 

responsiveness, self-comfort, respiration and vocalization. In Phase Two, precise duration 

and frequency measures o f  behaviors were obtained along with descriptions o f the pain 

context from 67 minutes o f videotaped data, involving four other male neonates who had 

undergone the same surgery. The same distress events were coded at 1 -second intervals 

(4010 seconds total) using the ethogram from Phase One. Rank ordering o f the duration 

scores led to the identification of: 40 distress behaviors as they occurred along the 

continuum o f distress; 13 behaviors as they occurred specific to the acute noxious event; 

and 25 behaviors that occurred following the three distress events. Two neonates
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exhibited increased sensitivity to otherwise neutral stimuli and increased frequency and 

prolonged durations o f extreme distress following circumcision.

The thesis includes four manuscripts; two present the findings o f the sequential 

phases o f the research. One manuscript gives an overview o f the research literature on 

neonatal pain responses and another discusses the utility o f  ethological methods for 

dev eloping nursing knowledge about human behaviors. The document concludes with a 

summary chapter containing recommendations for further study.
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CHAPTER ONE 

Overview o f Dissertation

The topic o f my dissertation research is newborn distress behavior associated with 

acute pain. This chapter serves as a summary and guide to material comprising this 

dissertation document. I have prepared my dissertation in paper format, one o f  the 

options recommended by the Faculty o f Graduate Studies at the University o f Alberta. 

This means that the chapters contained in this document represent a senes o f publishable 

manuscripts. Because each manuscript is targeted to a specific journal and a distinct 

audience, some o f the same content (although articulated differently) appears in each o f 

the four manuscripts. The entire dissertation consists o f this overview, four manuscripts 

and a concluding discussion paper which relates the separate manuscripts to one another. 

The references cited in each chapter are placed at the end o f the chapter in the style 

appropriate for the chosen journal. The appendix provides important information that 

could not be included in the manuscripts such as the table summarizing the studies 

reviewed for Manuscript Two o f the dissertation.

Background

As Wall (1999) notes, we all experience pain and are puzzled by its subjective 

nature; however, we are especially puzzled by pain when it affects the newborn infant. 

New boms cannot verbally inform us o f their pain experiences, and their rapid 

developments confound pain management efforts (Andrews & Fitzgerald, 1997). In the 

past 25 years, researchers have attempted to forward the science and the clinical 

management o f neonatal pain by measuring the physiological, biochemical and 

behavioral responses o f the new born to varying pain situations (Porter, 1989). How ever.

1
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despite attempts to express in units o f measurement the pain experiences o f neonates, 

neonatal pain remains poorly understood. No single valid and/or reliable technique exists 

to assess, measure and hence treat neonatal pain (Franck & Miaskowski, 1997).

As a nurse interested in neonatal pain research, I approached these issues with a 

belief shared by others (Craig & Grunau, 1995) that the behavioral repertoire o f the 

neonate provides researchers one of the most useful and objective w ays to understand 

(infer) the neonate's pain experience (however, not in isolation o f the other responses 

neonates make w hen exposed to pain). That belief led me to ask how other disciplines 

concerned with complex phenomenon develop their behavioral knowledge. 1 learned that 

major insight into complex phenomenon affecting other non-verbal human and animal 

populations has come from ethology and other naturalistic sciences, such as ecology 

(Houck & Drickamer, 1996). In developing their knowledge, those scientific traditions 

hold in common the requirement for foundational basic description o f the organism's 

behavior. To begin, they suggest inductive and unobtrusive approaches to generate basic 

description o f the behaviors to support further behav ioral inquiry and hence, increased 

understanding o f  the phenomenon. From those perspectives, basic description o f the 

behav ior precedes its assessment and both are seen as necessary precursors to 

measurement and deductive inquiry on the topic (Lehner. 1996). Ethologists argue that it 

is impossible to conceptually understand, assess or measure complex behavioral 

phenomena affecting organisms unless their behaviors are first comprehensively and 

contextually described (Hinde, 1982; Lehner, 1996).

Close examination o f the research on neonatal pain behavior did not reveal a 

comprehensive body o f pain behavior description. Although some researchers have

2
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developed pain knowledge in relation to newborn body movement (Craig et al, 1993) and 

infant state (Stevens. Johnston & Horton, 1994), the majority focus on measuring 

neonatal facial action and cry in response to short-term procedural pain. While I found 

some evidence to support lack o f pain assessment knowledge compared to that o f pain 

measurement, (McGrath & Unruh, 1987), I found little written about the limited number 

of behavioral descriptions o f neonatal pain. These findings suggested that our current 

understanding o f neonatal pain behavior is limited, especially in terms of our descriptive 

understanding o f the possible breadth o f the behaviors and the varying contexts in which 

new borns normally express those behaviors.

While little doubt exists as to the importance o f existing research on neonatal pain 

facial expression and cry, the current body o f knowledge on the topic is insufficient to 

adequately inform us o f  neonatal behavior, which is highly complex, integrated and 

interactive (Bremner, 1998). A major disadvantage o f relying on facial expressions and or 

cry as salient indicators o f neonatal pain is that it limits the possibility that other distinct 

behaviors and behavioral patterns can be identified that may broaden our understanding 

of different aspects o f the complex phenomenon. In addition, measures o f neonatal pain 

facial action and pain cry represent only an initial behavioral response to pain, especially 

because measures are usually collected using very brief time frames and they mainly 

involve short term types o f pain. The extent to which these behaviors remain intact or 

change in response to prolonged but intense noxious stimulation, or non-noxious but 

intense distress provoking stimulation awaits continued study.

I believed that, in view o f the limited behavioral descriptions o f neonatal pain 

behavior, foundational descriptive knowledge on the topic was incomplete. In assessing

3
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the situation further, it became increasingly clear to me that deductive modes o f inquiry 

and pain measurement efforts were being undertaken in the absence of preliminary 

tndueti\ e and basic description o f the behaviors and in the absence o f a foundational 

descriptive base to the body o f knowledge on the topic. I questioned whether these 

fundamental knowledge gaps were contributing to current pain assessment and 

measurement difficulties in the field. Moreover, I observed that while neonatal pain 

researchers identified distress as a major confounder to distinguishing neonatal responses 

specific to pain, most researchers did not consider distress within the design o f their 

studies. Distress as commonly defined in the pain literature refers to the affective and 

emotional aspects that accompany the sensory' components of a pain response such as 

fear and anxiety (Franck. Greenberg & Stevens. 2000). On the basis o f that information 

together u ith knowledge gained from studies conducted using stress as the context to 

describe newborn pain cry (Porter, Miller & Marshall, 1986) and infant organization 

(Als. Lester. Tronick & Brazelton, 1982), I believed that comprehensive descriptions o f 

neonatal distress responses--including those provoked by pain and non-pain situations- 

could also be used to help distinguish responses specific to pain

In taking what I had learned from the ethological literature, I reasoned that in addition 

to existing descriptions o f neonatal pain facial expression and cry', our understanding of 

neonatal pain could benefit from a more complete and detailed description o f the 

behaviors. These lines of reasoning provided the basis for me to pursue an alternative but 

complementary' approach to neonatal pain behavior research. I designed a two-phased 

basic observ ational study using ethological methods to generate inductively derived

4
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comprehensive description o f the behaviors followed by precise and detailed measures of 

the behaviors in order to distinguish distress behaviors specific to acute pain stimulation.

1 believed that basic inductive approaches, such as those used in the natural sciences, 

would help strengthen the body o f pain behavior knowledge to further conceptual and 

empirical understanding o f  neonatal pain. Further. 1 believed the fine-grained basic 

description of the behaviors arising from the basic approaches, would supplement 

existing descriptions, such as pain facial action and pain cry , and that together these 

w ould provide the foundational basis for constructing sound neonatal pain assessment 

know ledge. Currently, the lack o f valid and reliable pain assessment instruments poses a 

serious impediment to effective neonatal pain treatment (Anand & McGrath, 1995).

The theoretical underpinnings guiding my research are the gate control theory' o f pain 

and the theory o f infant development. The beliefs and assumptions which underlie my 

research are as follows:

1 Pain is a multidimensional phenomenon that affects the totality o f all humans and as 
such, it can only be fully comprehended by the individual experiencing it.

2 All humans experience pain, but the developmental uniqueness o f  new born infants, 
and their inability to communicate verbally demand that researchers draw on their 
behaviors since behaviors are one o f the main means neonates have o f 
communicating their pain experience.

3 Systematic observation o f normally occurring human behaviors provide valid and 
reliable means for researchers to develop basic understanding o f complex behavioral 
phenomenon, such as neonatal pain. Unobtrusive observation and systematic 
approaches from the science o f ethology (the biological study o f animal and human 
behavior) provide unique but credible guidance for conducting a basic study to further 
descriptive know ledge on how neonates behave when they are exposed to varying 
forms of sensory stimuli, including those involving acute pain stimulation.

4 Basic and comprehensive descriptions o f neonatal pain behavior underpin accurate 
pain assessment, and these are cornerstone to effective measurement and management 
o f neonatal pain. The ability o f clinicians to correctly identify the entire range o f 
neonatal pain behavior is critical to accurate neonatal pain assessment and treatment.

5
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5 Nurses provide front line pain care to neonates and other individuals who are non­
verbal. As a practical science (an applied discipline), nursing must develop a body of 
knowledge on human behaviors capable o f  informing and guiding nursing practice. 
This means that, specific to the topic o f  neonatal pain, the basic behavioral 
knowledge developed must be made available to assist nurses (and other health care 
providers) to correctly identify the entire range o f neonatal pain behavior so that they 
can respond effectively to them. The comprehensive descriptions developed through 
the application o f  basic approaches coupled with existing descriptions will contnbute 
to this. This approach to the development o f neonatal pain assessment knowledge 
ensures research based and theory driven nursing pain care.

Manuscripts 
Manuscript One

Manuscript One. entitled “Ethological Methods to Develop Nursing Knowledge." 

(Chapter Two) informs nurse researchers and clinicians o f the merits o f  utilizing 

ethological methods for developing basic descriptive level knowledge about human 

behaviors; it has been sent for review to Research in Nursing and Health, a leading 

nursing research journal. Nurses deal with complex behavioral phenomenon; they care 

for individuals who are non-verbal in many different nursing care situations. They also 

use observation in their everyday practice and in their research endeavors. Vet, minimal 

evidence exists in the nursing literature to suggest nurses employ inductive means to 

develop basic behavioral descriptive information about complex behavioral phenomenon 

concerning them (Morse. 1990). I argue ethological methods will enable nurse 

researchers to inductively develop the requisite types o f basic information needed to 

initiate nursing's understanding o f complex human behaviors. Further, I argue that in 

laying a strong foundation of descriptive level information, these kinds o f basic 

endea\ors will help support construction of a sound scientific body o f behavioral 

know ledge for nursing science from which higher-level theoretical formulations can 

develop. Nurse scholars have long acknowledged the need for nursing to systematically

6
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develop its theoretical and practical understanding o f  diverse phenomena concerning it. 

including human behavior (Barnard, 1983, Morse). They also acknowledge the need to 

take an incremental approach to development o f scientific knowledge, particularly when 

a discipline is young and has not developed its descriptive scientific base (Carper. 1978; 

Kourany. 199S).

In presenting arguments in favor o f ethological methods for nursing, three 

benefits are discussed: the compatibility o f the philosophical underpinnings of ethology 

and nursing science; the benefits o f using the methods to help nursing achieve some o f its 

aims; and the benefits in using inductive systematic observation to guide nursing care and 

research activities. Examples taken from the nursing literature are used to illustrate how 

nurse researchers and clinicians have used ethological approaches to further knowledge 

about complex behavioral phenomenon and how they used that basic knowledge to 

further theoretically grounded clinical care. The exemplar o f neonatal pain is used to 

illustrate how ethological methods may be used to develop descriptive level knowledge 

and a midrange nursing theory on neonatal pain assessment.

Manuscript Two

Manuscript Two. entitled “Neonatal Pain; An Overv iew o f the Research Literature." 

(Chapter Three) offers an overview o f the research on the physiological, biochemical and 

behavioral pain responses o f the new born infant; it has been formatted for submission to 

The Clinical Journal o f  Pain. Because observation o f behaviors represents the most direct 

and objective way researchers have o f generating meaningful knowledge about neonates 

and their pain (Craig. 1995). the focus of the ov erv iew is on neonatal pain behavior 

research.

7
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Currently, researchers utilize deductive approaches to measure the neonate’s multiple 

responses to pain. In many instances, however, researchers have been unsuccessful in 

consistently and reliably measuring the responses (Franck & Miaskowski, 1997). 

Moreover, clinicians experience difficulties in assessing neonatal pain despite having 

pain assessment tools available to them (Jones, 1989). Researchers have recommended 

the follow ing to help address these persistent difficulties: controlling for the confounding 

effects o f the neonate's development (Andrews & Fitzgerald, 1997), employment o f 

developmental frameworks (Stevens et al., 1994) and development o f  standardized data 

collection protocols (Grunau, Holsti, Whitfield & Ling, 2000). While each o f these 

recommendations is highly relevant, I suggest underlying conceptual and methodological 

problems associated with the research may be delaying our basic understanding o f 

neonatal pain and hampering our ability to assess and measure it.

Imperfections in the research include (a) the inability to measure neonatal pain 

perceptions, (b) the difficulty o f applying measurements to the multidimensional nature 

o f neonatal pain using uni-dimensional approaches, (c) the limited observ ation o f a few 

pain behaviors even though neonates display a wide range of behaviors, (d) the tendency 

to ignore potential confounding factors w'hen measuring neonatal pain behavior, (e) the 

tendency to rely almost exclusively on short term pain associated with clinical procedures 

to measure neonatal pain, and (f) the tendency to conduct applied kinds o f  neonatal pain 

research while little basic description exists.

A discussion of the research literature on neonatal pain responses and a discussion of 

some o f the shortcomings arising from the research imperfections lead to the 

identification o f several gaps in basic descriptive understanding of neonatal pain.

8

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Ethological methods are proposed as potential approaches to help address some of the 

gaps, particularly those arising from the behavioral research because o f its potential to 

broaden understanding o f the complex phenomenon. I argue, as others have, that 

description precedes assessment and measurement (Hinde, 1982. Lehner, 1996, Martin & 

Bateson. 1998). and that, for understanding neonatal behavior, description is best 

acquired inductively. My emphasis is placed on the benefits o f using the two-phased 

ethological approach to help shorten gaps in basic descriptive understanding of neonatal 

pain. I explain how inductive approaches can help initiate development o f  a reliable 

ethogram (an exhaustive listing) o f the behaviors and how researchers can then use the 

ethogram to generate detailed and precise description o f the behaviors. The paper 

concludes with a discussion o f  the benefits o f ethological methods for developing a 

strong foundation o f basic pain behavior knowledge particularly as it relates to furthering 

neonatal pain assessment.

Manuscript Three

Manuscript Three, entitled "An Ethogram o f Neonatal Distress Behavior to Acute 

Pain." (Chapter Four) offers the original research conducted for my dissertation; it has 

been formatted for submission to Animal Behavior, a major ethological journal. The 

manuscript is a report o f  Phase One o f the original research. Because pain behavior in 

neonates is not well described and because this has implications for furthering neonatal 

pain assessment and pain measurement knowledge, rationale is given in this manuscript 

as to why inductive systematic approaches were selected to augment existing approaches 

and why I focused on distress to comprehensively describe newborn behavior specific to 

pain. Detailed information is also provided on how the inductive phase o f the study was

9
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conducted using ethological observational approaches and secondary videotaped data to 

create a reliable ethogram on neonatal distress behaviors in response to acute pain.

The manuscript contains an example o f  the completed ethogram. The paper also 

contains a discussion o f how the study differs from the only other basic study done on the 

topic (Cote. Vlorse & james. 1991) and o f how each study adds unique descriptive insight 

into new bom distress and pain. Because this study serv es as the basis for further 

investigation, i also explain how the ethogram could function as a reliable source of 

descriptive level information about the distress behaviors and how its continued 

development will help ensure it contains reliable and representative descriptions o f the 

behaviors. The manuscript concludes with a brief discussion o f  the benefits and 

limitations of using secondary videotaped data and with some recommendations to 

improve the study.

Manuscript Four

Manuscript Four, entitled "Describing Newborn Distress Behav ior To Acute 

Pam" (Chapter Five) offers a report o f Phase Two of the original research; specifically it 

offers discussion on how the reliable ethogram developed in Phase One of the study and 

ethological methods (systematic observation and continuous time sampling) were utilized 

to describe the behaviors in further detail and to distinguish behaviors specific to acute 

pain. The purpose o f  Phase Two was to generate precise frequency and duration measures 

o f neonatal distress behavior in response to seven noxious and non-noxious events 

associated with acute newborn surgical pain. The events were baseline, diaper change, 

post diaper change, restraint application, post restraint application, circumcision and post 

circumcision. Detailed information is given as to how the study was conducted. Steps
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taken to generate precise descriptive level measures o f  neonatal distress are offered, as 

are the processes used to descriptively distinguish behavior related to distress from 

behav ior related to distress caused by pain. The benefits o f generating frequency and 

duration data are discussed.

Findings include descriptions o f the 40 neonatal distress behaviors. O f those 40. 

descriptions are provided of the 27 behaviors as they occurred across three distress events 

and 13 extreme descriptions o f distress as they occurred only during circumcision. Also 

included are descriptions o f the 25 behaviors that occurred following the three distress 

events. Other findings include the heightened sensitivity and prolonged duration and 

frequency o f extreme distress (acute pain) following circumcision. The manuscript 

concludes with a brief discussion on how further basic investigation using ethological 

methods may augment existing pain behavior descriptions and on how such 

investigations may assist in furthering knowledge in important areas that remain 

particularly challenging for the neonatal pain field such as those concerning neonatal pain 

assessment and recov ery from pain.

Additional Information

Not all information pertaining to this original basic research could be contained in 

the four manuscripts. Because the dissertation is comprised of manuscripts tailored for 

publication, some material is included as appendices, such as a table containing articles 

reviewed for Manuscript Two (Appendix A).
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Ethological Methods

CHAPTER TWO  

Ethological Methods to Develop Nursing Knowledge

Gaps exist in nursing's theoretical and practical understanding o f human behavior 

in many nursing care situations (Barnard, 1983). Such gaps are particularly evident when 

they concern pre and non-verbal individuals, and where behavior provides nursing the 

main means for understanding complex phenomenon. (Anand, 1998; Cook, Niven & 

Downs, 1999). A research technique that may hold promise for enhancing development 

o f  this needed knowledge is ethology.

To determine the suitability o f ethological methods for developing basic 

descriptive nursing knowledge, we explore three matters in this paper:

1. the congruence o f philosophical assumptions for ethology and nursing.
2. the value o f ethological methods for developing sound and credible 

know ledge about human behaviors, that informs and guides safe and effective 
nursing practice, and

3. the limitations o f  observational methods currently used in nursing to 
determine if  ethological methods are able to overcome these limitations.

Before addressing these matters, the methods o f  ethology will be outlined.

W hat is Ethology?

Ethology is the study o f human and non-human behavior in the natural 

environment (Hinde, 1982). Its aim is to systematically describe behavior in all of its 

detail and to correlate it w ith varying exogenous and endogenous stimuli that naturally 

evoke it (Carthy. 1966). To help organize their thinking about the ongoing stream of 

behavior and to establish a biological base to their behavioral investigations, ethologists 

pose four distinct but interrelated questions (Hinde, 1982; Martin & Bateson, 1998):

•  What are the immediate underlying physiological and env ironmental causes o f this 
behaviour? (immediate causation)
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• How did the behavior develop? (development or ontogeny)
• How does the behavior help the individual to survive or adapt? ( function)
• How did the behavior evolve in the species? (evolution)

Ethology involves a two-part analytic process consisting o f an inductive phase 

followed by a deductive phase. Systematic observation and description o f behavior take 

place during the inductive phase. The end result is an ethogram; a concise, objective, and 

representative listing o f an organism’s behavior. Its purpose is to inform researchers about 

the complete range o f contextually situated behaviors o f  that organism. Ethograms 

provide a legitimate and sound basis for initiating understanding o f particular behavioral 

phenomenon (Sackett, 1978). In the deductive phase, precise measures o f the behavior 

and hypothesis testing occur.

With the ethogram as the essential starting point for all research and a pre­

requisite to the deductive phase, ethology differs from experimental and other forms of 

behavioral investigation (Lehner, 1996; Martin & Bateson. 1998). Ethologists argue that 

description precedes measurement, and that one cannot hope to accurately measure a 

behavior unless one understands the behavior contextually and comprehensively (Martin 

& Bateson. 1998).

Researchers have used the two-phased ethological approach in a variety o f 

situations. The approach, or forms o f it have been used to describe sophisticated tool use 

(Goodall. 1964). and facial expressions (van Hoof, 1967) in non-human primates; and 

imprinting in birds (Lorenz. 1981). In humans, the approach has facilitated description o f 

simple behavior and complex social interactions (Blurton Jones. 1974). Its application 

has also led to comprehensive descriptions o f  cross-cultural human behavior (Eibl- 

Eibesfeldt. 1989). infant neurobehavioral organization (Prechtl & Beintema, 1964). 

infant-maternal interaction (Thoman, Becker & Freese, 1978), and autistic behavior in 

children (Tinbergen, 1974).
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The Philosophical Underpinnings o f Ethology.

While little explicit information exists about the philosophic underpinnings o f 

ethology. Eibl-Eibesfeldt (1989) described them as critical realism. Critical realism refers 

to a theory o f knowledge, which is realistic in that existence of an objective world 

independent o f  one’s mind is accepted, and critical in that claims about reality are 

scrutinized (Mohan & Wilke. 1980).

The main assumptions o f  critical realism were formulated in the early 1900's, a 

time influenced by industrialism, political uprising (Marxism) and social change (Mohan 

& Wilke. 1980). During this time, philosophers questioned some of the conventional 

claims underlying naive conceptions o f natural science (positivism) This questioning led 

to rejection o f several tenets o f naive realism. The notions o f theory-free observation 

language and absolute infallible truths were rejected. Instead, the idea o f non-material 

phenomenon was accepted. Philosophers began to distinguish betw een the object know n 

and the mental state through which it is known. They acknowledged great variations in 

w hat w e term truth or external reality. They recognized that human perception is 

imperfect due to the temporal nature o f perception and individual differences in human 

mind states (Sellars, 1916). Their assertions signified a major departure from positivism, 

and set the stage for an epistemology that strove to unite scientific with humanistic 

concerns (Mohan & Wilke, 1980).

Critical realists, therefore, acknowledge the existence o f a common external 

reality while asserting the fallibility o f that knowledge and difficulties in obtaining 

scientific certainty about it (Cook & Campbell, 1979). Hence, they do not consider 

know ledge absolute; rather they consider truth in knowledge to be an approximate 

measure o f  how observation statements correspond. It is believed that persons can agree
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on the existence o f common external objects despite observation language being theory 

laden (Mohan & Wilke, 1980).

According to Eibl-Eibesfeldt (1989), knowledge of the external world is based on 

sensory data processing mechanisms (including a priori knowledge inherited as 

phylogenetic adaptations) and individual experience. To further explain, our cognitive 

and perceptual capabilities are given to us before we have any experience. These 

phylogenetic endowments help us adapt to our environment much in the same way “a 

horse's hoof is suited for the plains before its birth” (p. 201, Lorenz, 1981).

While genetic endowments provide a priori perceptual know ledge, everyday 

experience influences the way an individual perceives and expresses objective truths. 

Personal physiology, environmental influences, genetic heritage, and cultural upbringing 

all plav interactive roles in determining how individuals perceive reality, and how they 

express themselves in relation to their perceptions (Eibl-Eibesfeldt, 1989). Despite 

perceptual variations, common behavioral patterns are recognizable across individuals. It 

is these common patterns that ethologists seek to inductively describe, and deductively 

measure. While acknowledging variation in human perception (and thus affirming 

perceptual differences betw een observ ers), ethologists are confident they obtain 

representative and objective behavioral descriptions (Lehner. 1996). They are confident 

because they use rigorous procedures to establish the inter-rater reliability o f  the 

ethogram. test observer agreements, and reduce inevitable error.

As critical realists, ethologists, thus, obtain imperfect know ledge about common 

truths through rigorous inductive and deductive data collection and analysis procedures. 

They believe in the critical importance o f a foundation for knowledge grow th (though not 

a theory neutral foundation), where inductive inquiry precedes deductive inquiry. Theory 

derived from induction is essential to develop the foundation for knowledge. Scientific
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knowledge thus converges through a process o f description, control o f  confounders to 

make rival hypotheses implausible, and correction o f  error (Cook & Campbell, 1979). 

Ethology and Nursing Science: How Congruent Are Their Aims and Assumptions?

Nurses who espouse a critical realist view of nursing science advocate 

philosophic assumptions congruent with those underlying ethology. These assumptions 

include agreement o f  a common but non-absolute reality existing external to one’s mind, 

acknowledgement o f  individual differences in human perception, and regard for 

objectivity (Gortner. 1993, Letoumeau & Allen. 1999). The fit between ethology and 

nursing is also evident given the extent to which nurses engage in field and quasi­

experimentation, and the interest some nurse scholars have in integrating inductive and 

deductive modes o f  inquiry (Gortner. 1993: Morse. 1991).

Not all would agree that ethology fits with some o f the fundamental aims of 

nursing. Lincoln (cited in Maxw ell & Lincoln, 1990) argues that a focus on objectivity is 

dehumanizing, and that epistemological incommensurability may result if inductive and 

deductive modes o f  inquiry are integrated. Although the end goal is to describe behaviour 

objectively, the process o f inquiry in ethology is not dehumanizing since humans are not 

used as a means to an end. The subjective nature o f humans and their environments are 

respected. Acquiring knowledge through rigorous and objective means does not negate 

the importance o f  first grounding inquiry in the everyday experiences o f individuals. 

While inductive inquiry initiates understanding, deductive inquiry advances it. Both 

modes o f inquiry are necessary and complementary . Together they inform us more 

completely about a phenomenon than when either approach is used alone. The benefit for 

nursing is comprehensive knowledge as a foundation for safe and effective practice. 

Current Observational Methods Used in Nursing: Strengths and Limitations
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To study human behaviour, nurses use observation in three ways. These include 

inductive use o f  systematic observation to develop an ethogram, deductive use o f 

systematic observation to test hypotheses about already defined behavior, and non- 

systematic use o f observ ation to simply describe behavior. It is in the use o f  systematic 

observation, and particularly its inductive use. that the benefits o f ethology become 

evident and the disadvantages o f proceeding deductively are recognized. Table 1 is a 

summary of inductive and non-inductive use o f systematic observation.

Inductive use o f systematic observation. A core group o f nurse researchers have 

used systematic observation inductively to describe behavior. Their research describes 

neonatal postoperative pain responses (Cote. Morse & James, 1991), caregiver-infant 

interaction (Morse. Solberg & Edwards. 1993). types o f attending and patterns o f nurses' 

work ( Bottorff & Morse. 1994). comforting behavior o f caregivers toward distressed 

postoperativ e neonates (Solberg & Morse. 1991). and interactions between health care 

providers and patients (Bottorff & Varcoe. 1995). In this collection o f studies, researchers 

used systematic observation to inductively develop two ethograms (Bottorff & Morse. 

1994; Cote et al.. 1991). In subsequent work, Bottorff and Varcoe (1995) used the 

ethogram developed by Bottoroff and Morse, to develop higher level theoretical 

formulations about nurses' work behavior. Together, these studies demonstrate the 

feasibility and utility o f using ethological methods to generate foundational and higher 

le\ el descriptive nursing knowledge about human behavior.

The use o f systematic observ ation is also evident in nursing practice To assess 

neonatal stress. Als (1986) used systematic observation to inductively develop the 

behav ioral coding component o f the Neonatal Individualized Developmental Care and 

Assessment Program (NIDCAP). Since then, the coding scheme has evolved theoretically 

from its initial descriptive state, and it is now used to guide clinicians in the care o f high-
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risk neonates. When applying the program clinically, caregivers make use o f  their 

ongoing, but reliably established observations o f the neonate’s behavior to guide their 

care-giving actions. The goal is to optimize a baby's development by reducing 

en\ ironmental stress through sharpening the everyday observation skills o f  clinicians.

That example illustrates how a program derived from ethological methods 

informs caregivers about important neonatal developmental factors, and how it guides 

them to use systematic observation in clinical practice. Caregiver interventions therefore 

become outcome-based, conceptually grounded, and theory-driven. This approach to care 

is important since theory driven research reduces trial and erTor. It links nursing research, 

theory and practice with distinct patient outcomes and it optimizes evidence-based 

decision-making (Chen & Rossi. 1989). Such an approach is congruent w ith nursing’s 

social aims (Donaldson & Crowley. 1992).

Deductive (non-inductive) use o f observation. Nurse researchers mostly use 

systematic observation deductively to test pre-developed concepts and theory about 

particular behavior. Their aim is not to develop new descriptive know ledge about a 

behavioral phenomenon. Rather, their aim is to test pre-existing information about 

behaviors that others have already described and or defined. Inter-rater procedures are 

used to test the reliability o f the particular instrument containing the predefined 

behav ioral descriptions.

Although it is adv antageous and acceptable to use previously developed 

instruments (Streiner &. Norman. 1998). researchers must continuously test their 

reliability and validity. Tesh and Holditch-Davis (1997) demonstrated this when they 

tested the concurrent validity o f an inductively derived coding schema (ethogram) 

previously developed by Thoman et al. (1978). They used the ethogram to code mother- 

child interactions, comparing their findings to the HOME Inventory [Home Observ ation
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for Measurement o f the Environment] and the NCATS [Nursing Child Assessment 

Teaching Scale]. Although all three instruments demonstrated concurrent validity, the 

systematic observation strategy used to test the validity o f Thom an’s et al. (1978) 

ethogram yielded a richer and broader range o f child behavior than did the NCATS.

The findings o f Tesh and Holditch-Davis (1997) provide important information 

because they suggest that the NCATS, while valid, may not contain the range o f behavior 

items required to sufficiently describe behavior of children older than those for whom the 

NCATS was originally designed. This has implications for nurse researchers using the 

NCATS to deductively generate knowledge for groups o f older children, and it has 

implications for use o f that knowledge in nursing practice.

Researchers may assume that previously developed behavioral instruments have 

the capacity to yield comprehensive and representative data about behaviors o f  interest. 

They need however to address important methodological issues about the adequacy of 

construct validity (lack o f specificity and sensitivity o f the instrument). While deductive 

know ledge, generated from use o f pre-existing behavioral instruments, provides some 

know ledge, it may be insufficient to enable comprehensive understanding o f the 

phenomenon. This lack o f comprehension is likely increased if  the behavioural 

instrument was initially constructed using deductive, rather than inductive means. Before 

using a behavioral instrument, researchers need to investigate how it was developed.

Thev may do this by asking 1) were behavioral items contained in the instrument based 

on inductive use o f systematic observ ation. 2) when was the instrument developed, and 3) 

w ho developed the instrument? Formation o f a sound foundation for subsequent 

know ledge development and. hence, understanding is optimized through the inductive 

use o f systematic observation.
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Use o f non-svsteinatic observation. Few nurse researchers incorporate inductive 

approaches to study human behavior and few clinicians use systematic observation to 

guide their practice. This is surprising since inductive inquiry is valued in nursing, and 

observation is a fundamental nursing practice and research skill (Nightingale.

1859 1946). According to Morse (1990), observation in nursing research has traditionally 

focused on describing human behavior in global (non-systematic) rather than distinct and 

reliable terms. That focus may have led to premature inferences and detracted from the 

use of systematic observation to develop basic scientific nursing know ledge.

If w e are to counteract the limitations and inferences that have evolved in the 

premature use o f deductive and non-systematic methods, w e need to use ethological 

methods to facilitate development o f credible and conceptually grounded desenptive 

level knowledge about human behaviors. Midrange theory resulting from such an 

approach will provide basic understanding to ultimately guide nursing practice.

Level of Theoretical Development Using Ethological Methods 

Because ethological methods result in sound and relevant behavioral desenption. 

they hold promise for developing descriptive level, qualitatively derived theory about 

human behavior (Morse. 1997). The aim is to obtain an accurate portrayal o f observed 

behav ior in the context in which it occurs. At this level, data are not causal or 

interpretative, and the process does not produce formal theory' (Morse. 1997). 

Descriptions arising from inductive inquiry (ethogram) are essential first steps to 

subsequent concept and theory dev elopment (Lehner. 1996; Morse. 1997). Descriptive 

level knowledge constitutes the first level in the incremental development o f nursing 

scientific know ledge. Although alternative explanations exist about the development of 

scientific know ledge, it is appropriate to explain it as an incremental process w hen the 

discipline is young and lacks a developed descriptive base (Kourany, 1998).
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One o f the main reasons for developing descriptive level knowledge is that it 

provides a discipline w ith insight into the mechanisms and temporal ordering o f complex 

real life events and behavior (Morse. 1997). Because inductively derived descriptive data 

are rooted in the even, day reality o f the individuals under study, they are representative 

and complete. L'nlike deductively derived instruments where behavioral descriptor items 

are limited, an ethogram contains the full complement o f descriptor items for a particular 

behavior. The behavioral descriptors contained in an ethogram provide baseline data 

required for developing conceptually valid behavioral instruments. Moreover, these 

operationally defined descriptor items provide the basis for understanding complex 

behavioral phenomenon, and they serve as a scientifically solid foundation for further 

study and clinical improvement. It is in these wavs that descriptive theoretical 

know ledge, in the form of an ethogram. lead to midrange theory for guiding nursing care. 

The following is an exemplar of ethological methods to develop an ethogram about 

human neonatal pain behavior and a middle range theory' o f  neonatal pain assessment. 

Development o f Middle Range Theory Using Ethological Methods: An Exemplar 

Much progress has been made to the science o f newborn pain; how ever, assessing 

pain in the new born remains a difficult challenge (Stevens. Johnston. Petrvshen & 

Taddio. 1996). These challenges come from several interrelated problems. We 

experience difficulties in obtaining consistent measures o f the physiological, biochemical 

and behavioral indices o f neonatal pain (Franck & Miaskowski. 1997). The gate control 

theory of pain, w hich is used by researchers, is not sensitive to the developmental 

uniqueness o f the infant, and their verbal inability to communicate (Anand & Craig. 

1996). Furthermore, one persistent assumption that has delayed progress and effective 

pain treatment is that the human infant is unable to feel, or remember pain (Derby shire. 

1996).

23

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



While nurse researchers conduct studies to assess and measure behavioral and 

physiological indicators o f newborn stress and pain, their aims are not to generate basic 

know ledge about the behavior. We found only one study where researchers (Cote et al„ 

1991) used systematic observ ation to inductively develop descriptive level knowledge 

about neonatal pain behavior. Despite its exhaustive listings, we did not utilize the 

ethogram developed by Cote et al (1991) because it did not contain behavioral descriptors 

representative o f  newbom responses to the actual pain o f surgery. Rather, it contained 

items describing distress related pain states representative o f pain responses 24 hours 

after surgery'. Hence, little foundational knowledge has been developed in this important 

area o f nursing practice. What is critically needed is a detailed description o f neonatal 

acute pain behavior and descriptions o f the pain context.

The major steps that nurse researchers can take to inductively develop an ethogram of 

acute pain related behavior in full term neonates are:

1. Preliminary observation to become familiar with neonates and their behaviors.
2. Repeated and non-obtrusive systematic observation o f a defined number o f 

neonates as they undergo a variety o f  acute pain events (either directly, or by 
using prev iously recorded videotapes o f the neonates).

3. Describing the entire range o f neonatal acute pain behavior in terms o f their motor 
or functional (molar molecular) and temporal (momentary enduring) 
characteristics.

4. Preparing an exhaustive list o f the behav iors, the subcategories o f which are 
operationally defined (e.g.. head movements, and general body position).

5. Organizing categories and subcategories into mutually exclusive lists.
6. Establishing the inter-rater reliability o f the ethogram using Kappa (0.80).

Ongoing dev elopment o f the ethogram will require that it be representative o f the types of 

acute pain that full term neonates experience. Increased sampling can do this. Once 

researchers complete initial validity and reliability testing o f the ethogram, they can use it 

to generate deductive know ledge about the pain behaviors. They can also use the 

ethogram to link precise measures o f the behavior to other physiological pain responses 

like change in heart rate, thus promoting multidimensional neonatal pain descriptions.
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Lastly, they may use the ethogram to develop clinically relevant neonatal pain assessment 

instruments. It is at this point o f knowledge development, that clinicians can use and test 

the descriptive level theory' in the practice setting.

Researchers may use the reliably established and developed ethogram to develop a 

middle range theory o f neonatal pain assessment. They can do this by first generating 

detailed description o f the characteristics o f the pain behaviors. They may then integrate 

that descriptive knowledge with other types o f related information. Examples may 

include integrating the behavioral descriptions with information like pain theory, neonatal 

neurodevelopment, principles o f pharmacology, and nursing practice strategies for 

implementing and evaluating clinically based interventions. The midrange theory that 

subsequently develops has the potential to inform and guide clinicians in their daily pain 

care. The process is similar to the one Jacox (1974) described about developing a 

midrange theory o f pain assessment.

Conclusion

The richness and complexity o f the phenomena that concern nursing require diverse 

research methods to facilitate sound development o f  its scientific base (Carper, 197S). A 

critical examination o f ethological methods demonstrates several convincing reasons w hy 

nursing ought to consider ethological methods to develop descriptive level knowledge 

about important behavioral phenomenon. These include shared philosophic assumptions 

between nursing science and ethology, and the benefits afforded to nursing in generating 

a sound body o f basic descriptive level behavioral knowledge. Ethological methods offer 

nursing sy stematic and reliable approaches for generating credible behavioral know ledge. 

That type o f complete and representative knowledge may shorten current gaps in our 

theoretical and practical understanding about complex phenomenon affecting non-veibal 

individuals, like pain in neonates.
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While formal theory does not arise from the use o f ethological methods, we 

demonstrated how a midrange theory about a behavioral phenomenon could develop 

from an ethogram and its prescribed use in clinical practice. In other words, the “know 

that" types o f knowledge from the ethogram, combined with ‘'know how” practice types 

o f know ledge, provide the basis for guiding particular and general nursing action (Jacox, 

1974; Wallace, 1983).

That approach to theory driven practice optimizes the delivery o f  credible, safe, 

effective, and ethical nursing interventions. These goals are important to the discipline as 

it strives to develop a sound scientific body o f knowledge that can guide its theoretically 

based nursing practice. Sound development, however, is dependent upon a solid and 

supportive foundation. Clearly, ethological methods hold promise for development o f this 

foundational support for nursing, particularly as it relates to the study o f human behavior. 

It is for this compelling and important reason that we suggest ethological methods for 

developing nursing know ledge.
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Tabic I: Comparison of observational methods for developing nursing knowledge about human behavior: Ethology and 
experimental methods

M ethod Typcs o f  Research Q uest ion( s) Type o f  Study Design Type o f  Observation Type o f  inquiry Outcome o f type o f observation
Ethology

Experimental

W hat are the pain behaviors o f 
full term  neonates to  acute pain?

W hat arc  the  characteristics o f  
the behaviors? How do  they 
com pare across pain and n o n ­
pain situations? W hat are the 
causes and functions o f  the 
behaviors?

What is the child-parent 
interaction behavior in this 
particular context? This type o f 
question  w ould likely involve 
the use o f  previously developed 
tools such as the NCAST.

NA TURALISTIC 
Researcher exeits no 
control over variables that 
may influence naturally 
occurring behavior Few 
study subjects com pared 
to experim ental, but 
behavior observed for 
longer periods o f  time, 
and in different situations.

NA TU RALISTIC 
A s above but can also 
involve control if  aim  is to 
test hypothesis about the 
behavior.

C O N TR O LLED  
Researcher exerls control 
over extraneous variables.

IN D U C TIV E USE OF INDUCTIVE
SY STEM A TIC  O B SER V A TIO N  (qualitative)
C onducted  using explicit rules -
defin ing  the observed behavior and
using reliability  agiecm ent
procedures. D escriptions ansing
from  system atic observation arc
re liab le  and thus standardized.

N O N -IN D U C TIV E BUT
SY STEM A TIC  O BSERV A TIO N : D ED U C TIV E
Still requires that ethogram  (quantitative)
w ithstand inter-ratei reliability
standards. Atm is to deductively
test e thogram  to generate higher-
level theory about the behavior
A ssum es inductive desciip tion
through use o f  the e thogram .

N O N -IN D U C TIV E B U I DEDU CTIV E
SY STEM A TIC  O B SERV ATION: (quantitative)
Still requires instrument w ithstand
inter-rater reliability standards
Em phasis is on testing theory/
hypothesis. Use o f  pre-existing
instrum ent assum es inductive
description

Development u f  a reliable 
ethogram  (an exhaustive and 
com plete listing o f  the 
organism 's behavioral 
repertoire as it naturally occurs).

Precise m easurem ents o f 
observed behavior. Because 
new descriptor items m ay still 
be added to the ethogram  as 
result o f  its testing, the 
ethogram  m ay still be 
considered as a  work in 
progress.

Precise m easurem ents o f 
observed behavior. Pre-ex isting 
instrument is not consideicd as 
a work in progress. Aim is not 
to add new descriptor items, but 
to test those contained in the 
instrument
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CHAPTER THREE 

Neonatal Pain: An Overview of the Research Literature

In the past three decades, great strides have been made to further our understanding of 

how neonates experience (respond to) pain. However, to date, no biological measure of 

pain exists to unequivocally inform us that pain is being experienced; nor is the neonate 

able to verbalize perceptions o f pain. When we observ e tissue injury, we infer neonates 

must be experiencing pain and deduce that consequent events were likely caused by pain. 

Through this deductive process, researchers conclude that pain increases newborn 

mortality and morbidity 1 and it predisposes some neonates to developmental problems."

In the absence o f a biological pain measure, a wealth o f research has developed as

a result o f measuring the physiological, biochemical and behavioral correlates o f noxious

events inflicted on the newborn."'4"' However, certain methodological and conceptual

issues arising from this research need to be taken into account to advance our knowledge.

Because behavior is the main source o f information about neonates,11 the focus o f this

review is on the neonatal pain behavior research, its problems and its potential.

Four online databases. (Medline, CINHAL, EMBASE. and PSYLIT) were searched

for studies on neonatal pain published between 1941 and 2001. Studies selected for

inclusion were those that pertained to newborn infants. Although it is preferable to focus

on a particular age. this review pertains to premature and full-term neonates because early

studies did not distinguish gestational age or because researchers sampled vary ing age

groups. Other inclusion criteria were that studies be published, that they involve noxious

(causing tissue damage) stimulation and or care giving events that are not noxious, and

that they pertain to assessment and or measurement o f the physiological and/or

biochemical and/or behavioral responses o f the newborn to those events. For each o f the

55 studies that were retained for review, we examined (as appropriate);
•  design, purpose, and study findings
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• model o f  pain tested
• period o f time o f data collection
• type o f pain knowledge developed

The ov erview begins with a discussion o f  three research models each o f which has guided 

the focus and direction o f neonatal pain research. This is followed by a brief overview of 

the research on the three correlates o f  neonatal pain, with emphasis placed on identifying 

persistent challenges in progression o f knowledge in each o f the three areas. Next, 

conceptual and methodological problems associated with the research (particularly the 

behavioral research) are outlined. Lastly, ethological methods are suggested to help 

de\elop behavioral knowledge for furthering the field.

Models of Neonatal Pain Research

The three models o f pain research that have been used to investigate the 

physiological, biochemical and behavioral correlates o f neonatal pain include the basic 

experimental, the basic observational and the applied invasive models. The first two basic 

models yield foundational and theoretical description o f the responses, while the applied 

model yields deductive knowledge relevant to clinical pain. Individual usage o f the 

models has influenced evolvement o f the research and shaped our understanding of 

neonates and their pain.

Four decades ago. researchers in the field o f sensation employed a basic 

experimental model where they induced pain in otherwise healthy research subjects. They 

applied pressure, electric shock and heat stimuli. Study findings furthered understanding 

of sensory pain and launched subsequent research on varying pain treatments. Children 

w ere occasionally included in these studies, but they rarely included neonates. More 

often, sensation studies involved the human fetus and they described the early emergence 

of contralateral and/or epislateral flexion reflexes.8' 9

Researchers were disinclined to use newborns in pain research, not because of 

ethical misgivings but because they perceived newborns as developmentally limited.18
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Consequently, minimal sensory knowledge exists where pain was induced in children or 

neonates. What little has been published includes descriptions o f  flexor responses using 

Von Frey hairs10-11 and motor responses resulting from pin p rick .I2-I3- u  or the snapping 

o f an elastic band on the sole o f the foot.13-16-17

Historically, results showing non-specific neonatal motor responses to repeated 

heel snaps12 profoundly strengthened the long-held belief that neonates w ere incapable o f 

perceiving pa in .'s That belief curtailed further research on the topic for the next 20 years, 

w hich in tum delayed the development o f neonatal pain assessment and treatment 

know ledge. 3 However, recent renew ed interest in newborn pain sensation has led to 

significant developments. In using comparative animal models and neurobiological 

frameworks. Fitzgerald and her colleagues 11- ,l) refocused attention on the newborn’s 

capacity to respond to cutaneous stimulation. Results o f  those studies suggested that 

significant pain experienced early in human life may alter pain mechanism development 

at the cellular level 10 and that newborn infants may actually experience cutaneous pain 

longer and more acutely than older infants or adults.11-11) In stressing development, these 

studies challenged old beliefs about neonates, and. in doing so. heightened our insight 

into the significance o f constant neurodevelopment on newborn pain.'4 S-’

In contrast to the basic experimental model o f inflicting sensory pain to document 

neonatal reflexive movement, research has also been conducted using the basic 

observational (or unobtrusive) model. Cote et al.20 systematically observed ill neonates 

for up to 12 hours, starting 24 hours after cardiac surgery, to describe five behavioral 

newborn distress states. The researchers derived their inductive approaches from 

ethology, a science rooted in the biological study o f  animal and human behavior.21 

Researchers from the fields o f  infant psychology and infant development have used forms
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of the unobtrusive model to describe newborn interaction competencies;2' yet, apart from 

Cote et a l.,2u this observational model has not been applied to the study o f neonatal pain.

The most common approach to studying neonatal pain has been to conduct 

research in the context o f short term pain.1,24 25,26' 27 Therefore, while it is experimental 

(deductive), the applied model is not laboratory based. This contemporary approach is 

premised on the view that it is unethical to induce pain in children and infants purely for 

the purpose o f  research. In contrast to the two preceding basic models, the applied model 

focuses on the deductive measurement o f pre-defmed neonatal pain responses rather than 

on their inducti\e description; its aim is to reduce clinical pain. With few exceptions such 

as infant state, most of the predefined responses are adult or infant based and presumed 

applicable to neonates.’ Therefore, in using the applied model, researchers assume the 

predefined indicators adequately represent the phenomenon being measured.

Clinical neonatal pain arises from illness prevention procedures, such as 

immunization, ' s "9 screening for PKU *° or administration o f vitamin K.’1 It also arises 

from procedures to treat or to investigate newborn illnesses, such as those associated with 

congenital cardiac1 and umbilical diaphragmatic hern ias/2 The measurement o f pain is 

immediately preceded by an short term invasive procedure we hypothesize is capable of 

causing pain. The scenario allow s researchers to deductively study many aspects o f pain. 

Researchers typically use ten second time- frames to collect their pain response data 

before, during and following a noxious event. However, in some cases, researchers do not 

report measures o f the baseline period even though they indicate having observed and or 

videotaped the neonate for all phases o f data collection, including the baseline period. In 

some o f those cases, measurement commenced at the start o f invasive stimulation and for 

each 10-second interval. Physiological, biochemical and behavioral correlates o f  neonatal 

pain have been primarily identified through the applied research model.

34

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Overview : Physiological, biochemical and behavioral correlates o f neonatal pain 

Physiological pain indicators.

Physiological measures of neonatal pain include involuntary cardiovascular and 

respiratory responses and changes in immune function. The measures are usually observed 

and or collected seconds before, during, and after the introduction of short-term noxious or 

non-noxious stimulation.

Change in heart rate is considered one of the main physiological indicators of 

neonatal pain as findings are generally consistent across studies. Researchers have utilized 

this indicator along with respiration to distinguish between types and phases of newborn 

pain For example. Lander et al.34 and McIntosh et al.35 reported a significant increase in 

heart rate and a decrease in oxygenation (tcPO, and SaO.) from baseline levels for different 

phases o f circumcision and heel lancing respectively. Changes in heart rate and respiration, 

however, are not specific to the pain response. In examining factors related to the pain 

event. Cote et a l .20 and Evans et al.36reported that heart rate changes also occur in response 

to other simultaneous internal, external and non-painful stimuli, such as ambient sound and 

suctioning. Other researchers have questioned whether unexpected increases in tcPO; levels 

follow ing newborn male circumcision were due to crying 3 and w hether decreased PaO; 

lev els during the rubbing of the neonates heels occurred as a result of respiratory distress.!!>

Palmar sw eat levels have been suggested as stable indicators o f emotional state in full 

term neonates4 Palmar sweat is thought to reflect different levels o f neonatal distress. Yet. 

in examining the development o f emotional sweating, Harpin and R utter9 noted that palmar 

sw eat lev els vary across time for single subjects as well as across subjects by age. The 

usefulness o f palmar sweat as a measure o f  neonatal pain is also questioned on the basis that 

no standardized protocol exists for measuring it.40 Another issue is the delay in time betw een 

the moment the stimulus is received and the moment the indicator is collected.40 Similar to
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heart rate and respiration, palmar sweat levels may not be specific to the noxious stimulus; 

they may instead represent other interv ening events occurring during data collection.

Vagal tone is also regarded as a sensitive measure to discriminate stress from 

pain. As a form o f parasympathetic activity, vagal tone functions to control (inhibit) heart 

and laryngeal musculature. In a series o f studies Porter et a l .41' ' 6 found that decreased 

vagal tone results in neonates emitting high-pitched screeches during the most invasive 

(or stress inducing) phase o f circumcision. As well. Gunner et a l .4: showed that neonates 

demonstrate significantly low er vagal tone during heel lance compared to baseline. 

Researchers who use longitudinal designs report, however, that measures o f vagal tone 

change with age. Still others report that the measure varies with the behavioral state4'  

respiration and motor movement o f the neonate.4-'  Like the preceding physiological 

indicators, vagal tone is an imprecise measure o f  neonatal pain.

Biochemical indicators

Biochemical measures o f  neonatal pain include endocrine-metabolic indicators 

such as plasma and salivary cortisol, epinephrine and norepinephrine. They represent the 

neonate's stress response to nonpainful stimuli (routine physical care46), short term 

invasive procedures (heelstick 4:), and surgery (circumcision4 48 and heart repair4)). In 

those pain contexts, the biochemical measures have been utilized to evaluate the efficacy 

of anesthetics and analgesic agents.46,4

In studying new born response to heel lancing, Gunner et a l .51 reported a graded 

increase in plasma and salivary cortisol levels with increased intensity and repeated 

application heel lancing. However, during that study, the authors also observed that 

cortisol levels do not always predict the state o f neonatal arousal, particularly for 

neonates who were quietly sleeping before they were exposed to a noxious stimulus. 

Gunner et a l . ' ‘ and others' found those neonates sometimes do not react in a robust
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manner as anticipated. As Gunner and Donzela 81 later explain, this may be because the 

increased rise in cortisol (as a result o f the heel lancing) stimulates an increase in quiet 

sleep, which in turn reduces cortisol and other stress-sensitive systems. As well, because 

cortisol levels are usually taken during the most invasive phase o f a noxious event, the 

levels may only measure a sequential segment o f the neonate’s overall stress response.'' 

Cortisol levels have also been found to vary with neonatal cry, circadian rhythm and 

physical handling.'2 Similar to some o f the physiological pain indicators, cortisol levels 

appear to be confounded by age and neonatal development."  and they are difficult to 

obtain in preterms who produce little saliva.

Clearly, stress (distress) may occur with pain, but not all pain is represented by 

stress, and not all stress responses are pain responses. Some researchers argue that, since 

it is difficult to ascertain whether the responses measured are specific to pain and not to 

other stimuli, we cannot correctly equate stress with pain.'4,82 Despite this assertion, 

little is actually known about how neonates respond to noxious and distress evoking 

situations and to those situations that are non-noxious but distress evoking.

Behavioral indicators

Researchers describe and measure four categories o f neonatal pain behavior: cry. 

facial action, body movements and complex social and self-regulative responses such as 

consolability. Cry has been used most frequently perhaps because it is relatively easy to 

quantify . Changes in facial action has also been used frequently in research following the 

emergence o f coding scales. Body movements and complex social and self-regulative 

responses are less frequently used. As coding systems are developed to capture the rapid 

and co-occurring activities o f  the neonate, inclusion o f complex behaviors, however, can 

be predicted.
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Neonatal cry. Although it is the most frequently investigated newborn pain 

behavior, pain cry is difficult to distinguish in neonates because it is also stimulated by 

other factors such as cold and hunger,4' and because some neonates fail to cry when 

exposed to p a in .''-6 Insight into neonatal pain has arisen as a result o f research on the 

various characteristics o f  new bom pain cry, ' b and on cry and other associated pain 

indicators such as neonatal pain facial a c t i o n s , 5' heart rate,24 state,'8 body 

movements14 and vagal tone.41 The usual approach is to study cry' following clinically 

based short term invasive procedures such as heel lance and venipuncture. It has also 

been assessed following routine care, circumcision and major surgery.

Progress in our know ledge of neonatal cry has largely come about through the 

efforts o f pain researchers such as Johnston and her colleagues "4 4‘ "  w ho use spectral 

analysis to precisely distinguish between different types o f pain cry and betw een various 

dimensions o f same cry. Use o f spectral analysis has enabled evaluation o f neonatal pain 

related interventions such as oral sucrose.>9 and intra-operative fentanyl.'’0 How ever, cry 

measures still vary, across studies, likely because no standardized protocol exists for 

selecting cries for spectral analysis. "

In addition to spectral analysis. Porter et al. ' b utilized human listeners to 

subjectively assess the qualitative features o f newborn pain cry. Results o f that study 

show high agreements betw een the qualitative and spectrogram descriptions o f cry. 

particularly in response to acute surgical pain. Others report latency from noxious event 

to first cry and a systematic rise in cry duration with increased intensity o f the stimulus in 

full-term and premature neonates.29"'0' 41" 5' 56 In their study on newborn male 

circumcision. Lander et a l . " reported that neonates who received a ring block anesthetic 

cried for shorter durations compared to neonates who received no anesthetic. In addition 

to noting high pitched screech sounds during the most intense phase o f new born male
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circumcision. Porter et al.JI also reported that chronically stressed ill neonates produced 

cries that were generally higher and more variable in pitch than healthy full-term 

neonates.

In studying the developmental changes o f pain in premature and full-term 

neonates Johnston et al. 2q observed that some premature neonates also produced high- 

pitched screeches following heel lance. It may be as Fitzgerald et al’s comparative 

findings suggest, the less developed neurological state o f premature newborns may render 

them more sensitive to noxious forms o f stimulation than healthy full-terms. Before 

accepting this conclusion, we must undertake two areas o f study. As Johnston et al. 

suggest, physiological factors must be eliminated as the cause o f screech or hvper- 

phonated sound. The full range o f cries (including lack o f cry) made by premature 

neonates to both noxious and non-noxious (but distress inducing) stimuli must also be 

distinguished to rule out possible extraneous factors. Also, because research on neonatal 

pain cry mainly involves short-term pain, new research must broaden sampling to include 

ill neonates and varying pain, including those that are non-noxious but distress inducing.

Neonatal pain facial action. A change in facial action induced by aversive 

stimulation is the second most commonly employed behavioral indicator o f neonatal 

pain. Although other neonatal facial scoring systems exist, researchers almost always use 

the Neonatal Facial Scoring System (N'FCS) developed by Canadian researchers Grunau 

and Craig. ' M In using the NFCS, researchers use slow and stop-frame procedures on 

pre-recorded videotapes to score up to ten facial actions in 3- to 10-second time blocks 

before, during and following the introduction o f a noxious stimulus (although in most 

cases, researchers commence scoring immediately after introduction o f the pain 

stimulus). Increased NFSC scores indicate increased levels o f  pain.
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Researches have utilized the NFCS to study many aspects o f neonatal pain. The 

NFCS has been used to distinguish acute pain in full term and premature neonates. ‘8 

and it has been used to distinguish 6* between varying pain situations,2Q'"° between pain 

and non-pain even ts‘ l""' and between varying routine care-giving procedures.'6 Ongoing 

testing has helped establish the validity o f the NFCS for those pain events.

In using the NFCS. both Johnston et al.6' and Ramenghi et al. 64 found that, 

following heel lancing, neonates who were rocked and given oral sucrose displayed less 

pain facial action than neonates who were not rocked and given sucrose. Similarly Barrier 

et al. noted that neonates who were given pre-operative doses o f fentanyl produced less 

facial action follow ing minor surgery than did neonates who were given a placebo. In one 

study, authors reported NFCS scores to be lower for venipuncture than they were for heel 

lancing. 11 In other studies, pain related facial actions were found to increase with 

intensity o f invasive ;i, -0 b5 and non-invasive j1' 55 procedures. NFCS scores were also 

found to increase with gestational age29' 62 and to diminish with increased numbers of 

invasive procedures, particularly in premature neonates.66 Stevens et a l. '8 recommends 

correcting for gestational age when using the NFCS to score for the less robust facial 

expression o f premature neonates. However, before any definite conclusions can be made 

about facial action in premature neonates, a full description o f their facial actions to 

varying pain situations must be documented. Full descriptions may reveal that premature 

neonates display a unique range o f facial action to pain undetected by the NFCS. That 

issue may also be pertinent for assessing facial action in fullterm neonates w ho are 

exposed to varying types o f  pain. This is because the coding system on w hich the NFCS 

is based w as initially developed for infants but modified for neonates, and because it has 

primarily been tested in response to short-term pain (heel lance). Similar to research on 

pain cry . the facial actions o f  neonates o f a range o f both gestational ages and states o f
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illnesses need further testing, particularly in response to varying types and intensities o f 

pain, including those that are chronic and or repetitive, and in response to varying non- 

noxious but distress inducing situations.

Generalized and specific motor movements. Little research has been 

undertaken to examine the neonate’s motor response to pain in any great detail. Apart 

from studies conducted by Cote et a ! .:o and Craig et al. 62 whose scoring systems contain 

a large number o f pain related motor descriptions, most studies report on single motor 

responses such as reflexive ankle movements; movement o f the hands, feet, arms, head, 

and or leg; and or body posture.

In using comparative animal models. Fitzgerald et a l.1 * found that premature 

human neonates exhibit exaggerated reflexive limb movements to repeated tactile 

stimulation. Those authors also report that the initial reflexive motor responses o f 

premature neonates to noxious stimulation are more delayed than are the reflexive motor 

responses o f  full term neonates.19 With repeated stimulation, the reflexive motor 

responses o f  premature neonates were also found to become more exaggerated and 

prolonged. Along with body rigidity and startle responses, Franck 0 observed that some 

neonates withdraw from, and swipe at, sources o f noxious stimulation. However, as 

Johnston et al.'1 note, some premature neonates fail to exhibit motor responses when 

exposed to repeated tactile stimulation—perhaps indicating restorative shutdown, hvper- 

vigilance (as described in the animal literature)68 or post-traumatic stress reactions.'1'

Neonates are also observ ed to exhibit more motor activity than adults. As 

suggested by Fitzgerald, 19 greater variations o f  motor movements are likely to occur 

because newborns lack the ability to inhibit sensory inputs, as linked with their 

neurodevelopment. Perhaps because neonatal motor movements are so highly variable, 

researchers report opposing findings such as no purposeful motor responses,12 to
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w idespread reflexive withdrawal. u While documentation is made difficult by high 

variability and the concurrent and rapid nature o f neonatal motor movements, these 

movements still deserve ongoing study: indeed, they represent the majority o f the 

newbom ’s behavioral responses. In other fields o f infant study, motor movements are 

regarded as main avenues for understanding how newborns self organize in response to 

varying stim uli.84 We know very little about neonatal self-organization (recovery) in 

response to pain, especially from repeated and or prolonged exposure to pain and distress.

Complex social and motor related behavior. Several heterogeneous pain 

related behaviors are also described, although minimally. They include generalized body 

m o\em ents. infant state, excitability, consolabiiity. sucking, sociability and or agitations 

follow ing either elective surgery or regular care giving procedures. :o' 4<’' t>(' ' 1 Like

neonatal motor movements, these complex behaviors are very important; they broaden 

the scope o f pain behavior investigation. Because they include description of neonates in 

interaction with their environments, these movements may provide indirect descriptive 

insight into the pain context and into neonatal coping or adaptation to pain. Because they 

are composed of several simultaneously occurring behaviors, they may also permit an 

integrated and cohesive view o f neonatal pain. Researchers who use these complex 

behav lors usually combine them w ith other pain behaviors descriptions such pain facial 

action, pain cry and changes in heart rate. All occurrences o f composite behaviors are 

then scored at defined intervals o f a specified time segment (typically, once every minute 

for a total 5 minutes).

Currently, composite pain indicators o f  neonatal pain have been utilized to test for 

the pain treatment effects o f oral sucrose and intra-operative anesthetics. Johnston et al. <5‘ 

noted that premature neonates who were given oral sucrose during heel lancing exhibited 

increased sucking and consolabiiity. Barrier et a l .60 noted that full-term neonates who did
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not receive intraoperative anesthetics exhibited postoperative hypotension compared to 

neonates who did receive the anesthetic. For neonates who did not receive the anesthetic. 

Barrier et a l . t,u also reported increases in postoperative cry duration, in facial action and 

in degree o f  agitation. This is contrasted with reports given by Emde et a l . w h o  noted 

reduced neonatal motor activity following un-anaesthetized newborn male circumcision. 

The disparate findings may be because Emde et al. 2 examined activity and neonatal sleep 

for up to 48 hours after surgery whereas Barrier et a l .60 described the behaviors during 

and immediately after the surgery.

Conceptual and Methodological Problems Associated with Neonatal Pain Research.

As this o\erview  shows, great contributions have been made to further the science 

of neonatal pain. However, despite the research, some o f the findings on the 

physiological, biochemical and behavioral correlates o f newborn pain remain imprecise 

and inconsistent. Experts agree that no uniform technique exists to reliably measure 

and or assess neonatal p a in . ''s: Persistent measurement and assessment difficulties 

suggest areas for improvement. Some problems stem from imperfections that cannot be 

rectified given the current state o f technology. Others stem from conceptual and 

methodological problems related with the research.

Measures of pain. The quantity, breadth and quality o f  neonatal pain measures 

obtained by researchers raise several issues in the measurement o f pain. It is unclear 

w hether investigators are remiss in designing their studies or if  fundamental measurement 

issues are at the crux o f the problem. Recent evidence from Lander et a l .34 suggests that 

at least some physiological measures are chaotic as they do not form a consistent 

relationship with pain states inter- or intra-individually. For example, when assessing 

newborn pain response at the group level, measures o f association between cry and heart 

rate can sometimes be obtained. However, measures at the individual level are even more
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difficult to consistently obtain when pain related interventions such as non-nutritive 

sucrose are tested and correlation coefficients are computed among various systems such 

as cry. palmar sweat, heart rate and salivary cortisol. The traditional approaches to 

handling dissociations and to enable intra-individual comparisons have been to improve 

study methodology or to create standardized measures and profile charts.80 However, as 

Gunner and Donzella 81 advise, the best approach may be to embrace low correlations 

underlying chaotic measures and to adopt a broad based psychobiological approach to 

understanding the newborn’s variable response pattern. Instead o f explaining away 

dissociations, the authors suggest emphasis be placed on discovering how both obvious 

and hidden factors, such as homeostasis, and environmental factors, such as caregiver 

presence, function to activate and regulate each system (e.g.. cry, heart rate). They also 

suggest emphasis on discovering how each system in turn facilitates transition between 

neonatal reactivity and recovery, especially when neonates are exposed to stressors such 

as pain.

Another apparent shortcoming o f the research is the inclination o f investigators to 

use one or two measures o f  pain (e.g., physiological, biochemical or behavioral 

measures) when an array is available. Any such unidimensional approach results in a 

sparse body o f pain knowledge and both a limited and fragmented understanding o f what 

is actually a complex phenomenon. Usage o f unitary pain measures may have arisen 

because current technology does not yet permit linkage “in real time” o f the various 

measures o f neonatal pain responses and because

neonatal pain has not traditionally been considered a multidimensional phenomenon.

A related issue is that investigators measure only few pain behaviors even though 

the neonate displays a wide range o f  behavioral actions. Movements o f  the face and cry 

following a short term invasive procedure have been the focus o f  research, almost to the
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exclusion o f research on generalized body movements and complex social indicators of 

neonatal pain. Although immensely informative and well developed, the focused nature 

o f the research on pain facial activity and pain cry may have inadvertently precluded 

development o f  research on the other types o f behaviors neonates exhibit. As discussed, 

further pain research on the newborn’s motor activity, their social responses and their 

interactions with caregivers will all deepen and broaden existing pain behavior 

knowledge and provide novel insight into areas that are currently not well understood 

such as neonatal recovery from pain.

Limited but focused research on one or two neonatal pain behaviors may have 

arisen because the field itself is in its infancy. Perhaps the critical mass o f researchers is 

insufficient to broaden the scope o f research beyond the few descriptions traditionally 

measured. Or, perhaps research approaches to the present have lead to limited discovery 

and, in order to broaden the scope, we will have to try new approaches to collect and 

further study the data.

Confounding factors. Presently deficient is any study o f  factors, apart from the 

intensity o f the stimulus, which could influence neonatal pain responses. Neonates are 

interactive beings who shape and are shaped by their immediate environments; indeed, 

main external and internal factors occur within the context o f  any pain situation. Yet. f e w  

beha\ loral studies reviewed here examined the influence o f internal and or external 

factors, now widely recognized outside the pain field as confounders o f  neonatal 

responses. Some o f  these confounders acknowledged in the infant psychology literature 

include the effects o f external noise and caregiver presence on neonatal activity. Still, 

failure to account and or to control for these factors will increase the risk o f incomplete or 

erroneous study results; this is a methodological certainty.
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Another deficiency is that researchers have not routinely documented the 

neonate's baseline demeanour in gauging responsiveness to pain. As Lester and Zeskind 

' suggest, sensitive neonates will likely respond to non-noxious stimuli. Also essential 

for concluding pain treatment effects is the inclusion o f baseline measures o f the 

newborn's response pattern. Attention to these methodological issues will enhance 

understanding o f  the pain context as well as optimize pain measurement.

Invasive procedure model. By relying on invasive procedures and deductive 

approaches, we have based our understanding of neonatal pain behavior on our 

know ledge of a few pain behaviors and on our knowledge o f short-term pain, particularly 

mild pain caused by needle stick (heel lance>. The outcome is incomplete understanding 

of the repertoire o f neonatal pain behavior since it is highly likely neonates will exhibit 

different types and qualities o f behaviors to different types, intensities and contexts o f 

pain. Chronic pain has been ignored in infants. Since we usually define the term chronic 

in adult terms and since we study solitary invasive procedures, we have not yet explored 

how those conceptions would differ for newboms. We can only hypothesize that neonates 

exposed to repeated pain w ith stress at particular epochs o f  their development, develop 

chronic pain" or that they develop molecular level alterations to their pain system that 

compromise their development." 14

A related matter is the limited data collection period that accompanies the applied 

procedure model. Researchers use short time frames to collect data. Indeed, some pain 

tools stipulate that data be collected for periods o f  time as brief as 10 to 30 seconds 

following the procedure (for example, the PIPP,74 and NFACS 5?). Reasons given draw 

support from the scientific principle that events must be contiguous before cause and 

effect can be assumed, and from our inability to measure neonatal pain perception. One 

implication o f using limited data collection time frames is that any pain behavior
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(including details o f the pain context), which occurs outside the data collection 

framework, w ill not be measured. In particular, the short time frames do not permit 

description o f the characteristics o f  the behaviors being measured, and, because data 

collection is extremely short, the time frames do not permit measurement o f the responses 

over time to rule out whether neonates respond similarly to noxious and non-noxious 

stimulation that occur during exposure to pain. Given the variable response patterns o f 

neonates these types o f issues may be important. Currently, our knowledge is principally 

confined to the presence or absence o f  particular behaviors w ithout including descriptions 

of associated distress or other descriptions o f pain such as duration. Describing distress 

ma\ allow us to distinguish more clearly neonatal responses specific to pain; duration 

measures w ill enable much needed insight into the identification, meaning and 

implications o f prolonged newborn pain and distress.

Basic versus applied research. A great deal o f the research on neonatal pain is 

applied rather than basic. One serious implication o f underdeveloped basic knowledge of 

neonatal pain behavior is the lack o f  a theoretical foundation upon which we can begin to 

understand and construct applied knowledge about neonatal pain. The development o f 

neonatal pain assessment instruments illustrates the effect o f this limited know ledge base. 

In the past few years, there has been a tremendous increase in the construction o f 

neonatal pain assessment instruments; how ever, despite their development none o f the 

instruments are valid and no single technique exists to reliably assess neonatal pain." 

While acknowledging that validity is an ongoing process,80 persistent inability to 

consistently measure the multiple correlates o f  neonatal pain may be because pain 

assessment instruments are being developed in the absence o f a theoretical foundation o f 

descriptive knowledge about the phenomenon (suggesting central validity issues). In 

examining their development, we noted most researchers used the literature or expert
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opinions o f  clinical experts to construct their instruments. The instruments typically 

contain items for scoring physiological responses such as change in heart rate and 

respiration and items for scoring occurrences o f  behavioral responses, such as facial 

actions (often reduced versions o f  the NFSC), cry and some social items such as infant 

state. While we agree that information obtained through the literature and from clinical 

experts are sound and necessary, they alone are insufficient for enabling conceptual and 

theoretical understanding o f the complex phenomenon. Conceptual understanding also 

emerges from systematic study o f the neonates themselves as this approach optimizes 

description o f the full range of the behaviors as neonates exhibit them.

Inability to consistently measure the three correlates o f  neonatal pain ‘ may result 

from a lack o f comprehensiv e description o f the phenomenon being measured, namely 

neonatal pain behavior. Descriptive understanding o f any behavioral phenomenon 

precedes its measurement, and it is a precursor to deductive research on the top ic .21 

Without thorough description there is no foundation, a solid basis from which we can 

understand, assess or measure various aspects o f a construct soundly, particularly if the 

construct is complex and contextually situated.:i

Within the pain field, pain assessment and pain measurement are acknowledged 

as key to effective pain treatment. w In the case o f neonatal pain, pain assessment is 

especially dependent on correct identification o f neonatal responses. Researchers must 

discover (through basic descriptive pain research), the types o f  pain response patterns that 

will cue clinicians. However, as discussed, existing behavioral descriptions are 

informative but incomplete and neonatal pain assessment instruments are being 

developed on basis o f that incomplete knowledge. Clearly, we have not yet sufficiently 

generated the range and descriptive details needed to guide clinicians.
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We have skipped the preliminary stage of describing pain comprehensively, and. 

in doing so. we have severely narrowed our understanding o f the natural aspects o f the 

phenomenon we are investigating. We are developing pain assessment instruments 

without descriptive grounding. In this field o f  pain research, basic description must 

precede assessment and measurement.

Ethological methods to comprehensively describe neonatal pain behavior

Ethological methods will generate basic and comprehensive description of 

neonatal pain behavior. In using these rigorous methods, complex animal behavior 

(actions and interactions) are systematically observed and precisely measured as they are 

observ ed. Researchers have used the systematic methods to study primate behav ior, ' 

infant state and infant-parent interaction.2 ' Because they focus on behav ior. the 

methods are ideal for studying pain in those who do not communicate verbally, such as 

neonates. As noted earlier, the only pain related study we found that employed this basic 

unobtrusive approach was conducted by Cote et a l .20 Although that study led to a large 

number o f pain behav ior description and to the identification o f five postoperative 

distress states in ill ventilated neonates following cardiac surgery, newborn acute pain 

behav ior remains poorly descnbed. Cote v' acknow ledged items were missing for sconng 

change in movements o f the infant's wnst. shoulder, hips, knees and body positioning. 

The researcher also acknow ledged no items for scoring limb tension and ambient sound. 

Likely, the ill and intubated state o f neonates in Cote et aTs 20 study limited the range of 

behaviors that could be described since intubated neonates do not cry. As well, pain 

behavior descriptions in that study may have been incomplete because the researchers 

described behaviors starting 24 hours after surgery rather than describing behaviors in 

response to the actual surgery.
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Ethological methods are naturalistic; they are conducted to comprehensively 

describe behavior as individuals exhibit them. Researchers begin by unobtrusively 

observing neonates who are thought to be experiencing pain. They use systematic 

procedures to describe the breadth o f  the neonate’s behavioral response repertoire and the 

context under which pain is experienced. The methods involve sequential study phases 

wherein inductive description o f a behavioral phenomenon precedes its deductive 

measurement. 8 The end product o f the inductive phase is a reliable ethogram. offering 

exhaustive listings of an organism's behavior repertoire. 8

As the reliable ethogram develops, it may be used to develop valid deductive 

know ledge about the behavior. s For example, deductive testing may be used to further 

our understanding of the internal and external causes o f neonatal pain behavior. In turn, 

inquiry may permit insight into the functions o f the behavior and their short and long­

term consequences. Most importantly, the ethogram may be used to help construct sound 

neonatal pain assessment instruments w hich will be o f benefit for pain management.

The two main ethological methods are (a) systematic observation and (b) 

continuous time sampling. Those rigorous inductive strategies contrast with typical 

deductive approaches used to investigate neonatal pain behavior. In using systematic 

observation inductively, researchers focus their attention on the neonate and the pain 

event; they avoid concentrating on the immediate stimulus-response paradigm. They 

repeatedly and systematically observ e the pain behavior o f several neonates until an 

ethogram dev elops on the sample and type o f  pain investigated. This procedure also 

involves subjecting the inductively derived behaviors to repeated inter-rater reliability 

testing. As it develops, the reliable ethogram will serve as a credible reservoir o f 

foundational descriptive information about the behavior. Systematic procedures thus
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broaden the scope o f pain behavior description. They equip researchers with novel 

approaches to create and communicate objective, reliable descriptions o f the behaviors.

In using continuous time sampling, researchers record, on a second by second 

basis, all occurrences o f behaviors.77 Rather than being restricted to ten second time 

frames or specific behaviors, researchers are free to record frequency, duration, and 

patterning o f the behavior. The result is a precise and fine-grained description o f neonatal 

behavior, a comprehensive description that goes beyond the usual approach of recording 

simple occurrences o f few behaviors. In addition to describing behavior, continuous time 

sampling permits documentation o f precise occurrences o f pain related stimuli and 

e\ ents. The value in identifying influencing factors is that they can be used to design 

effective neonatal pain assessment and treatment strategies.

Another important benefit to utilizing continuous time sampling is that the 

strategy may allow precise linkage o f  behavioral with physiological and biochemical 

data. Such linkage facilitates a multidimensional description and measure o f neonatal 

pain and in doing so, permits researchers to work with the variable response patterns o f 

neonates. Further, the precision by which behaviors are continuously recorded will 

enable an in-depth account o f what is happening to the neonate undergoing an entire pain 

e\ ent. Those in-depth descriptions will add appreciably to the thin descriptions we now 

ha \e  of newborn pain.

Imperfections in neonatal pain research have resulted in a limited knowledge base 

as well as in our own inability to consistently measure the physiological, biochemical and 

behavioral correlates o f neonatal pain. These imperfections include over-reliance on 

short-term clinical procedures that have been inadequately described; development o f 

pain assessment instruments without basic description; overuse o f  unidimensional 

approaches; and neglect in examining extraneous factors.
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Ethological methods can be used to address some of these methodological and 

conceptual issues. The methods hold promise for facilitating conceptually grounded 

understanding of neonatal pain in terms o f its overall expression and meaning. In 

particular they equip researchers with new methodologies to describe the behaviors in 

greater scope and depth. Those kinds o f descriptive details will benefit subsequent pain 

assessment and treatment efforts. Because ethological methods provide unique 

opportunity to work with the neonate's variable response pattern, the methods may also 

further insight into interrelated factors that underlie inconsistent measures o f neonatal 

pain. ITic importance o f generating basic descriptive information is clear. The 

complexities inherent in newborn pain require diverse research approaches including 

those that generate basic knowledge about the behavioral aspects o f the phenomenon. On 

the basis o f this overv iew, ethological methods are basic approaches that, in conjunction 

with applied forms o f inquiry, can contribute to furthering the field.
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CHAPTER FOUR 

An Ethogram of Neonatal Distress Behavior in Response to Acute Pain

Almost 130 years ago, Charles Darwin (1872/1972) pioneered a research technique to 

study emotional expression in humans and animals. Over the next century, the 

importance o f systematic observ ation and detailed description o f behavior evolved, as did 

the need to search for the immediate consequences o f behavior and its adaptiv e value. 

Recent contributions (Charlesworth 1982) label the range o f behavior as expressive 

(descriptive) and the function o f behavior as regulative. Despite the merit o f Darwin’s 

approach, knowledge has only started on the descriptive and regulative aspects o f most 

human behavior, particularly about human newborn behavior. In the field o f neonatal 

perception, knowledge is narrow and largely involves vision and hearing (Bremner 1998: 

Slater & Johnson 1998). The topic o f newborn cutaneous sensation receives almost no 

research attention. As Rovee Collier (1996) explains, while great strides have been made 

m our know ledge o f w hat neonates do and w hat they are perceptually capable of. 

researchers do not understand the functional basis for most infant behavior. That issue is 

also true for neonatal pain although in that field, behavioral know ledge is not as evolved.

We do have some knowledge about neonatal pain. By comparing the hormonal 

responses o f neonates undergoing cardiac surgery, Anand et al. (1985) show ed that 

neonates who received minimal anesthesia produced a severe stress response and 

prolonged hyperglycemia compared to neonates who received optimal anesthesia. 

Findings from Fitzgerald et al. (1988) indicates newborns lack the ability to inhibit 

sensory stimuli, suggesting that cutaneous stimulation may be more intense for new boms 

than for adults. Grunau & Craig (1987) observ ed neonates exhibit a constellation o f facial 

movements in response to short term pain, and Porter et al. (1988) reported neonates emit 

a high-pitched screech to highly invasive surgical stimulation. This research divides its
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findings into three domains: the physiological, the biochemical and the behav ioral 

Given the benefits that behavioral inquiry has for generating comprehensive 

knowledge about infant behavior in other fields (Bremner 1998), the behavioral domain 

o f neonatal pain research is underdeveloped. Facial action and cry receive the most 

research attention and facial action is considered a main indicator o f  neonatal pain (Craig 

11)95 ). Research on those two pain indicators (especially facial action) has contributed 

greatly to our understanding o f  different aspects o f newborn pain behavior; however, it is 

unlikely that facial action and cry alone represent the newborn's behavioral response to 

pain. Neonates are capable o f expressing a wide range o f recognizable behaviors that 

serve to optimize their communicative and survival needs (Stone et al. 1978). They likely 

exhibit many behaviors when exposed to varying types o f pain. Reliance on few 

behaviors to measure a highly complex behavioral phenomenon is a threat to construct 

\alidity as it introduces a mono-operational bias (Bums & Grove 1997). Broadening the 

scope of description will not only permit inclusiv e description of the possible types, 

pattering and functions o f the behav ior but it will optimize a multi-method approach to 

inquiry -an approach commensurate with the complexity o f the construct under study.

Know ledge about new born pain behavior has not evolved as it has in the other 

fields o f infant study because pain researchers were not timely in utilizing inductive 

inquiry to generate basic descriptive knowledge about the behaviors. By inductive, we 

mean the use o f unobtrusive observation to systematically (reliably) describe the entire 

range o f behav iors and the pain context. An exception is the ethologically based study by 

Cote et al. (1991). Those researchers systematically observed the videotaped behaviors o f 

four full term neonates for up to 12 hours starting 24 hours after chest surgery. Their 

inductively derived listing o f behaviors included codes for infant facial expression; 

position o f limbs, hands and fingers, feet and toes; general body movement; and state o f
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arousal. It also contained codes for the type o f  care given to the infant and for 

environmental noise. According to Cote (1987), however, there were insufficient items 

for coding cry and movement in the infant’s knees, for change in body position, and for 

ambient noise. These omissions likely occurred because postoperative care severely 

limited the neonate's motor activity and ability to vocalize; each had an intravenous 

catheter inserted into one hand, and each was intubated nasally and on a respirator.

Follow ing its creation Cote et al. (1991) subjected their reliable scheme to a factor 

analysis which led to the identification o f five postoperative distress states: acute distress, 

sub-acute pain, quiet alertness, drowsiness and sleep.

Notwithstanding, the inductive approach taken by Cote et al. (1991) and their use 

o f distress led to a large number o f newborn pain behavior descriptions that conventional 

deductive approaches could not have generated. Within ethology, it is believed that 

complete description of behavior precedes its assessment and its measurement (Martin & 

Bateson 1998). Ethologists view these basic forms o f knowledge as providing the 

necessary foundation for subsequent deductive inquiry about the behavior and furthering 

conceptual understanding (Lehner 1996). Such views may be especially relevant to the 

neonatal pain field because basic description o f the behaviors may provide the kinds of 

prerequisite information needed to further pain assessment and treatment efforts. 

Currently, no single reliable approach exists to assess neonatal pain (Stevens et al. 1995). 

and problems exist in obtaining consistent measures o f indicators thought to represent 

neonatal pain (Franck 2000). Specifically, basic description will add to existing pain 

behavior description; the w ide range o f know ledge gathered will help researchers to 

construct neonatal pain assessment instruments having strong psychometric properties.

In using the context o f distress. Cote et al. (1991) extended description o f pain 

behavior to include the newborn’s response to a variety o f normally occurring distress-
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provoking events. While we agree pain and distress are conceptually distinct, we also 

agree in taking a broad approach to describing distress in order to distinguish pain. 

Distress encompasses how neonates respond to the stimuli they receive. Ability to 

differentiate distress behavior caused by a variety o f stimuli from distress behavior 

caused by pain is key since improved neonatal pain outcomes depend on a clinician’s 

ability to distinguish responses specific to pain. Our ability to distinguish and assess pain 

may therefore lie in our broader understanding o f the neonate's variable response pattern 

and the context under which they experience acute pain. Generating detailed knowledge 

about distress related pain behavior might help do this. Because Cote et al. (1991) 

described behaviors postoperatively; their coding scheme does not pertain to pain o f the 

immediate surgery. As such, it cannot be used to further describe the behaviors or to 

descriptively distinguish between behaviors related to distress and those related to 

distress caused by the acute pain. For these main reasons, we did not utilize the coding 

scheme developed by Cote et al. (1991).

Despite having well developed know ledge mainly on pain facial action and pain 

cry. behavioral know ledge of newborn acute pain is incomplete. We remain unaw are of 

the possible expressive range o f the behaviors and the pain context. As well, minimal 

research attention has been given to distinguishing distress from pain and examining 

factors known to influence infant behavior, such as ambient sound (Field 1990).

In keeping with an inductive ethological approach and the context o f  distress, the 

purpose o f this basic study was to generate comprehensive descriptions o f  distress 

behav ior o f male new born infants to acute pain caused by circumcision and, in doing so. 

initiate creation o f a reliable ethogram (an exhaustive listing o f an organism ’s behavior). 

We focused on healthy new boms since descriptions of their behaviors may provide 

normative baselines for the behavior. With the long-term goal to develop a complete
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ethogram, we focused on circumcision pain as it is regarded as one of the most intense 

forms o f newborn acute pain (Porter et al. 1986). Our aims were to add to the existing 

body o f pain behavior knowledge by describing behaviors we know little about but that 

are commonly recognized when systematically observed. We did not include the 

Neonatal Facial Coding System (NFCS) to code neonatal pain facial action because the 

quality of the secondary data used in this study did not permit consistent coding of the 

behavior. Our study was descriptive, involving the collection o f data on the qualitative 

aspects o f newborn cry rather than the measurement o f cry using spectral analysis.

Ethical clearance was obtained to conduct the study using secondary videotaped data 

from a study originally conducted by Lander et al. (1997).

METHODS

Sample

The sample consisted o ften  full-term healthy male infants, aged 72 hours or less, who 

w ere \ ideotaped w hile undergoing circumcision. The videotapes came from a previous 

investigation that tested the effects o f three local anesthetics in full-term male neonates 

for routine circumcision compared to the standard treatment o f  no anesthetic (Lander et 

al. 1997). As we were interested in describing distress behavior in response to acute pain, 

neonates in this study were those who received the standard treatment and w ho had no 

anesthetic for the circumcision.

Procedure

Study procedures involved selection o f videotapes, preliminary' observ ation, 

construction o f the ethogram. training coders and reliability testing of the ethogram. 

Description and selection of videotapes

The videotapes used in the Lander et al. (1997) study were o f analogue rather than 

digital quality reflecting technology o f the period. O f the videotapes available from
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Lander et al.’s study, 17 were o f neonates who did not receive any anesthetic or comfort 

measure. In this study, criteria used to select videotapes from the 17 videotapes were that 

(a) the baby be minimally clothed in diaper and or shirt; (b) a close up and upright view 

o f the baby's entire body be visible (except for the toes which were for the most part 

hidden); (b) the photos contain the least obstructed view o f the neonate (such as where 

surgeon or nurse obstructed the camera); and (d) ambient sounds be easily heard through 

headphones. Three videotapes failed to meet criteria leaving a total o f 14 tapes. O f these

14. ten w ere selected for this study with the four remaining reserved to conduct Phase 

Two o f the study. Phase Two, which is reported elsewhere, provides further description 

o f the characteristics o f the behaviors (frequency and duration).

Each o f  the 10 videotapes lasted approximately 3 hours. The duration o f time that 

neonates w ere continuously videotaped for Lander et al’s study provided us opportunity 

to comprehensively describe neonatal distress behavior to an acute fomi of surgical pain 

that main newborn males in North America experience (Porter et al. 1986).

Preliminary observation of videotapes

Before formal description o f distress began, observers viewed each o f  the ten 

videotapes in a neutral manner as recommended by ethologists (Hinde 1985; Lehner 

1996). The observers included the main author and a graduate student. Both were familiar 

w ith focal person sampling, with systematic and repeated observation, and w ith use o f  the 

technological materials used in the study. Preliminary observation helped promote an 

unbiased approach to description: it offered observers time to become familiar with each 

neonate, and it prov ided observ ers time to think about the behavior and to formulate 

questions about it. During preliminary observation, for example, we noted some 

neonates behaved similarly to noxious and non-noxious but distress inducing events. 

Observ ing such similarities helped us to later distinguish distress by comparing neonates'
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baseline behavior to varying events o f the circumcision. Those events were diaper 

change, restraint application, circumcision and recovery from each o f those three events. 

Construction o f the ethogram  

Technological materials used

Valid and reliable description o f  neonatal distress behavior required technologies 

capable o f capturing the rapid and concurrent nature o f the previously videotaped 

behaviors. It involved using three video-screens, two video-play backs and headphones. 

Each video was capable o f fast-forward, rewind, and frame-by-frame viewing (30 frames 

per second = 1 second intervals), features that enabled the systematic observ ation and 

description o f the videotaped data.

Time encoding of the videotapes

To facilitate valid and reliable construction o f the ethogram. each 3 hour 

videotape had a running time permanently superimposed on it, in intervals o f one second 

each. We did this as one-second intervals enabled collection and consistent location of 

the behaviors in real time.

Repeated observ ation of the videotapes

Each o f the ten videotapes were subjected to intense and repeated observation 

(focal person sampling). As suggested by Paterson (1992), this strategy both helped 

observers distinguish all that the neonates did or endured and enabled them to record 

change in the neonates' behavior. Repeated viewing also helped observers identify 

distinct and common expressions o f  neonatal distress (ranging from baseline behav ior 

prior to any handling to extreme expressions o f  distress) as well as repetitive and pattem- 

like behaviors. Figure 1 illustrates the process used to conduct the repeated observation. 

Heightened aw areness o f  the pain context occurred with repeated viewing o f the
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videotapes. Similar and dissimilar behavioral responses to noxious and non-noxious but 

distress provoking events were noted. These observations supported our earlier 

observations and guided us to further describe the behavioral responses o f  neonates to the 

seven events. We commenced by describing behaviors during the baseline event (while 

the neonates were at rest and prior to any handling) before proceeding to the remaining 

six events. The process to identify change in behavior involved comparing and 

contrasting behav lor to each event.

With repeated viewing, it became increasing clear that motor movements were the 

main neonatal forms o f expression. Using technologies previously described, we 

observ ed each o f the neonate's anatomical regions (e.g., head, upper torso, upper 

extremities) in successive order. Concentrated attention on each anatomical region 

resulted in detailed description o f the full range o f distress related motor movements, 

their qualities, and postures. To further identify change and natural clustering in behav ior 

we used the technique of fast-forwarding the videotape. Speeding the tape made it easier 

to identify when, and under what circumstances, certain behaviors grouped together. In 

particular, that technique enabled recognition of situations that preceded or followed 

behav ioral expressions o f  distress.

Frame-by-frame viewing was particularly helpful for distinguishing 

configurations o f rapidly occurring motor displays such as hand and eyelid movements 

and for facilitating descriptions o f the neonate’s upper torso and changes in their 

respiration. In some cases, frame-by-frame viewing assisted in identifying patterns of 

distress and their sequencing (organization), particularly patterns involving motor activity 

and vocalization. Other techniques such as repeated viewing and the wearing of 

headphones allowed description o f the variation in ambient sound and neonatal 

vocalization (including cry ). As well, playing up to three videotapes simultaneously
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helped us to determine if  the same behavior occurred across neonates and to same events.

Repeated observation also increased our awareness o f  the behavioral 

responsiveness o f  neonates. Distinguishing that type o f behavior enabled us to 

subsequently identify behaviors that were reflective o f the neonate's ability to self 

organi/e in response to varying distress provoking situations. Repeated observation 

continued until the complete repertoire o f neonatal distress behavior to circumcision was 

described and no new behavior was noted with additional viewing.

Systematic observation

Several procedures were used to further describe distress behavior and to structure the 

ethogram. Behavioral descriptions were defined to make sure others could easily identify 

and agree on them. As recommended (Sackett 1978). objective definitions helped ensure 

behavioral descriptors were reliable and unbiased. Behavioral descriptions were 

identified as molecular units or molar units: molecular units represent the neonate's fine 

motor m o\em ent (e.g.. lateral stretching of the neck) whereas molar units represent their 

heha\ lor in terms o f an action, or an outcome o f an action (e.g.. frantic motor movement 

and inability to wind down).

These behavioral descriptions were classified according to their temporal natures. 

Momentary behaviors were instantaneous (measured in terms o f their occurrence or non­

occurrence). Conversely, enduring behaviors were lasting and o f measurable quality 

(measured in terms o f two or more seconds, the shortest amount o f  time some behavior 

lasted). Classifying the behavior in temporal terms facilitated subsequent measurement 

( frequency and duration) o f the distress behavior (Lehner 1996).

Last, descriptions o f  distress w ere structured into non-mutually exclusive main 

categories and mutually exclusive subcategories. Together, those categories describe the 

significant behaviors o f the neonates. Although most ethograms contain only mutually
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exclusive main categories, the non-exclusive structure o f this ethogram represents the 

concurrent nature o f  neonatal behavior. Consequently, use o f the ethogram requires 

analysis procedures appropriate for concurrent occurrences o f behavior (Bakeman & 

Quera 1995). Once we identified each behavior, defined it, organized it into levels, and 

classified it. we then gave each one a distinct label. These labels and their descriptions 

comprised the ethogram.

Creation of data check sheet

As suggested by Hinde (1976), custom designed data collection sheets w ere 

created to collect and document, by paper and pen, rapid behaviors o f  the neonates on a 

second by second basis (referred to as continuous time sampling). Precise data entry 

points both allowed raters to code all behaviors contained in the ethogram and facilitated 

comparisons o f coding at exact times for reliability purposes. An experienced rater 

required three hours to code one minute o f  videotaped data. Figure 2 is an illustration o f 

the daia collection sheet.

Training of coders and refining ethogram definitions

Prior to its testing and implementation, raters w ere trained in use o f  the ethogram. 

study equipment and continuous time sampling. The two raters (main author and the 

graduate student) separately coded a 1-minute segment o f videotaped data using exact 

start times. We arbitrarily chose one o f the ten videotapes to facilitate training, but w e 

intentionally selected the first minute o f the restraint recovery event because that event 

provided coders an opportunity to code for a range o f the distress behaviors. Coding 

between raters were compared and Kappa coefficient scores tabulated. A Kappa score o f 

n So was the criterion for successful training.

When agreement scores for any behavior fell below Kappa 0.80, raters discussed 

the coding. In some cases, disagreements arose where behavioral definitions were
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ambiguous. In other cases, disagreements arose due to human error in coding. Rules were 

made both for deciding which subcategory item took precedence if two occurred 

simultaneously and for agreeing on lumping or splitting items. As suggested (Bakeman & 

Gottman 1997). these strategies optimized consistency in coding, and they helped refine 

definitions before formal use o f the ethogram. Once redefined, the reliability o f particular 

beha\ icrs w as reassessed. Raters also took increased breaks from coding to reduce error 

arising from coding fatigue.

Establishing the reliability o f the ethogram

Following successful training and refinement o f ethogram definitions, the 

ethogram was tested for reliability. One-minute segments from each o f  the four 

videotapes reserved for Phase Two of the study w ere selected. No purposeful process w as 

used to determine w hich o f  the four cases the segments came from. However, to ensure 

reliability testing across distress events, we intentionally selected the four segments to 

represent the first minute o f baseline and the first minute of the following distress events 

(diaper change, restraint application and circumcision).

Coders w ere the first author and the graduate student; both were know ledgeable 

about the ethogram and experienced in continuous time coding and the study equipment. 

Randomly drawn seconds w ere used for the first round o f reliability checks. At exact start 

times, coders separately coded the randomly drawn seconds for one-taped case. How ever, 

using that approach, agreement scores were off by one or two seconds. The same pattern 

w as observed when intra-rater reliability w as conducted on the same segments of 

\ ideotape. To address second differences in coding, we checked reliability for each 10- 

second chunk o f a continuous minute as suggested by Bakeman and Gottman (1997). 

Again using exact start times, coders separately coded one continuous minute for each of 

the four taped cases (4 minutes, or 240 seconds in total). Using the same index o f
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reliability, coding between raters were compared and Kappa scores tabulated.

RESULTS 

Descriptor items composing the ethogram

Table 1 is an illustration o f the completed reliable ethogram containing 235 defined 

beha\ lors organized into 35 main categories and their subcategories. The 35 main 

categories were further organized into two main branches: (a) 32 categories o f  distress 

related behavior (n=192 items) and (b) three categories o f stimuli related behavior (n=43 

items). Subcategory items represented the full expressive range o f neonatal distress 

behavior to male newborn circumcision. The ethogram mostly contained molar units 

because complex motor movements are the main behavior neonates exhibit. It also 

contained mainly enduring and some momentary behaviors.

Distress behavior

The 32 main categories o f distress related behavior represented the full range of 

motor and non-motor behaviors commonly expressed by ten neonates during the acute 

pain episode. Main category items consisted o f concurrent types o f behavior such as 

neonatal motor movement, body postures, responsiveness, self-comfort, respiration and 

vocalization. Also, there were categories for describing the muscle tone o f the neonates' 

extremities and qualities o f their motor movements and self-comforting actions.

Subcategory items subsumed under each o f the 32 main categories represented 

variation in the main categories depending on types o f antecedent stimuli and events 

neonates were exposed to. Subcategory items ranged from normal neonate behavior as 

obser\ ed during baseline (while the neonates were at rest and prior to any handling) to 

extreme and varying indications o f distress as observed during circumcision and the other 

potentially distress provoking events o f diaper change and restraint application. The 

following describe some of the items contained in the ethogram for each main category .
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Neonatal motor movement and posture categories.

Tw enty-five main categories (134 subcategory items) represented the general 

body and head positions o f the neonates and other movements o f their upper and lower 

extremities and torso. Variations in the quality o f the movements and muscle tone w ere 

also represented. While at rest, most neonates assumed the frog position where both amis 

and legs were tightly fiexed against their body. Following noxious stimulation (e.g.. 

during circumcision recovery), all neonates exhibited a body position we labeled as the 

other: this position was characterized by bilateral leg extension and immobility. Patterns 

o f motor immobility were accompanied by cautious responsiveness where neonates were 

hyper-alert to immediate surroundings.

Other variations in neonatal motor movements were noted. Neonates retained a 

right, left, or midline head position depending on whether they were at rest, crying and or 

noxiously stimulated. While at rest, most neonates positioned their heads to the right and 

exhibited smooth and fiuid motor movements. During rest, others laid their heads to the 

left and displayed tremulous or jerky movements of their upper extremities. During 

noxious stimulation (circumcision), however, most immediately assumed a midline head 

position. Their motor movements became very tense in quality or frantic.

As procedures became invasive (during actual circumcision), neonates displayed 

exaggerated movements of their upper torso as if to escape and some made sw iping 

motions o f their hands. As noted during preliminary observation, some neonates 

exhibited the same behavior to non-noxious but distress provoking events (diaper change 

and restraint application). Immediately following exposure to noxious, and in some cases 

non-noxious stimulation, most neonates re-assumed a midline head position. During that 

time, their cry was loud and broadcasting. Some neonates continued to display patterns o f 

frantic motor and motor immobility follow ing the restraint and circumcision events.
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We included the descriptive range o f the preceding motor and position behaviors 

because they represented regular behavior, varying expressions o f distress and recovery 

patterns to pain and non-pain. We wanted to determine whether the inclusion o f such a 

range would help distinguish distress from pain in other similar and dissimilar situations 

or whether it would be useful for developing descriptive knowledge about pain recovery . 

Most \anation in neonatal motor activity involved the upper extremities: there were 30 

categories for bilateral upper limb movement and only 14 for bilateral lower limb 

movements. This difference in lower limb movement may be because neonates were 

positioned supine for most o f  the 3 hour observation.

Responsiveness category.

The 17 subcategory items for the responsiveness category—a large number for 

such a study— represent subtle differences that we observed across neonates. Similar to 

subcategory items for motor behavior, items for responsiveness represented variations in 

beha\ icr depending on the types o f stimuli and events that preceded the behavior. At rest, 

neonates appeared self absorbed and content, or self absorbed and irritable. As events 

became progressively distressful (invasive), we noted complete suppression of 

contentedness and some suppression o f  irritability. Extreme expressions o f distress 

related responsiveness occurred during and following actual circumcision. Examples 

included abrupt arousal; alert with frantic screech cry; alert with guarded immobility; and 

hypersensitivity with frantic motor movement with inability to wind down. Again, w e 

noted some neonates expressed some o f those behaviors (although not as intensely) to 

diaper change and restraint application.

Respiratory sounds, vocalizations and self-comfort categories.

Neonates made up to 15 kinds o f respiratory sounds and six kinds o f 

vocalizations. Respiratory sounds ranged from no sound heard to breath holding. In fact.
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many neonates held their breath during the actual circumcision. There were also 12 

subcategory items for describing the qualitative characteristics o f cry. The types o f cry 

sounds heard and their duration differed depending on what event or specific stimuli 

preceded cry. Neonates cried in a loud robust manner during restraint application, but. 

during some parts o f the actual circumcision, their cry was a high-pitched screech. We 

noted increased variability in cry sound to circumcision compared to restraint application 

or diaper change. There were eight subcategory items for self-comfort and its qualities; 

these behaviors were added to represent the newbom’s attempt to self-regulate in 

response to noxious stimulation and distress provoking events.

Distress provoking stimuli

The second branch o f the ethogram included three types o f distress provoking 

stimuli: (a) those related to ambient sound, (b) those related to specific procedures 

conducted on the neonates and <c) those related to spontaneous responses made by the 

neonates themselves. Each of these resulted in evoking immediate behavioral responses, 

the type and duration o f which varied depending on the event and type o f stimulation. For 

example, during the baseline event, external stimuli (like the sound o f running w ater) did 

not bother the neonates. Following circumcision and within one second of hearing the 

sound o f running w ater, some neonates exhibited frantic motor movements and an 

inability to w ind down. That pattern o f  frantic activity was also noticed for spontaneous 

leg kicking following diaper change (prior to circumcision). Those three stimuli were 

included so that subsequent testing could ascertain if stimuli were distress provoking 

when tested on different neonates and in different pain situations.

Procedure related stimuli.

Subcategory items for procedure related stimuli included 13 items. They 

represented vary ing kinds o f activities performed on the neonates that sometimes resulted
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in extreme distress. Extreme displays o f distress were observed during procedures to 

separate the glans (insertion o f  a probe and retraction o f the foreskin). Examples o f 

extreme distress were high-pitched screeches, lateral neck stretching, and strenuous 

downward hunching o f the shoulders.

Baby spontaneous behavior

The 11 subcategory items for baby spontaneous behavior varied from no such 

behav lor to rhythmical leg kicks and startles. These stereotype behaviors were not 

externally evoked. Their spontaneous occurrence and the symmetrical patterning 

observable from them distinguished these behaviors as perhaps innate and originating 

internally. As such, these spontaneous behaviors were set apart from other motor 

responses neonates made in response to external stimuli. They were included in the 

ethogram to determine if they would evoke similar distress in other pain situations. 

Ambient sound stimuli

Listening to the ten videotapes. 19 different kinds o f sounds were heard which 

\aried from no sound to clicking o f instruments. Those stimuli were included because 

they are common and because little information exists about their extraneous effects. 

Inter-rater reliability.

A total o f 140 Kappa scores were computed for the four one-minute segments. 

They ranged from Kappa 0.67 to Kappa 1.00. Items that failed to achieve reliability were 

hand mov ements and finger posturing. Following use o f frame by frame viewing and 

creation o f new subcategory items, reliability o f  those items were K=0.90. Thus, high 

levels o f inter-rater reliability were obtained. This is not surprising in view of the 

s\ stematic procedures taken to define the behav iors and those taken to train observ ers 

and to resolve ambiguity in definitions.
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DISCUSSION

In this basic study, we have demonstrated that inductive ethological methods and the 

context o f distress were successful in generating an exhaustive inventory o f  distress 

related behaviors in newborn infants exposed to noxious (painful) and non-noxious 

(nonpamful) events associated with newborn surgery. The large numbers o f behaviors 

reported clearly show neonates exhibit a wide range of distress behaviors that can be 

easily identified.

O f the behaviors reported in this study, some are similar to pain and stress related 

behaviors reported by others for fullterm and premature neonates. They include 

descriptions o f  swiping hand motions (Franck 1986) and changes in general motor 

activity (Craig et al. 1993) in response to heel lance; descriptions o f variable cry and 

frantic screech cry (Porter et al. 1988) in response to newbom male circumcision; and 

descriptions o f spontaneous excitability, sucking, muscle tone, consolability and 

sociabilit> (Barrier et al. 1989) in response to other surgical procedures. Behaviors that 

were similarly reported in response to stress inducing situations included finger splaying, 

directed arm movements and neck stretching (Als et al. 1982); facial grimacing, and knee 

and leg flexion (Evans et al. 1997).

In this study, new descriptions reported add to the existing body o f know ledge on 

new bom pain behavior for they represent unique or rarely described behaviors. To our 

know ledge, others in the neonatal pain field have not previously reported variation in the 

new bom 's responsiveness (other than infant state and some social behaviors mentioned 

abo\e) or included descriptions o f neonatal gasping and breath holding. Other new 

descriptions include immobility and composite movements o f the newborn’s arms, hands, 

and fingers (e.g.. bilateral arm extension -  keeping equal distance between arms). Still 

others include positioning and/or movement (including quality o f muscle tone) o f the
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neonate’s head and neck as well as movements o f their upper torso (exaggerated shift like 

movements and strained downward movements o f the upper shoulders).

The descriptive outcomes o f this study also add to the inventory o f newbom 

distress behaviors that Cote (1987) described. As a result o f using basic systematic 

procedures, both studies generated an inductively derived ethogram (or behavioral coding 

scheme) each containing descriptions for coding eyes open, eyes shut, hands tightly 

listed, hands slightly open, upper and lower limb flexion and extension, startles, sneezes 

and talking at bedside. The ethogram generated in this study, however, contains 

additional items for describing variation in those behaviors and includes behaviors that 

Cote (1987) does not describe, such as the consolability and responsiveness categories. It 

also contains novel description o f externally and internally evoked stimuli, such as 19 

items for coding ambient sound; and stereotyped infant behaviors such as spontaneous 

leg kicking and twitches. These behaviors are included in this ethogram because they 

were sometimes observed to produce an almost immediate cascade o f distress behaviors. 

Few pain studies are designed to examine the effects o f ambient sound, touch or other 

external stimuli existing beyond the stimulus-response event. Yet, factors existing within 

the context o f any pain event are important to investigate if we are to understand either 

their regulative function or their interactive and possible long-term effect on the newbom 

infant. As a result o f including such items, the ethogram can potentially help guide 

investigation into these important areas o f study.

Although descriptions varied betw een this study and the one conducted by Cote et 

al (1991). both contribute to our basic understanding of neonatal distress related pain 

behawors because each study began with different aims. Following inductive 

development o f their coding scheme, Cote et al. (1991) used factor analysis to test the 

validity o f their coding scheme and to identify newbom pain related distress states. Those
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study outcomes were in keeping with Cote et a l.’s (1991) study objectives. In this study, 

we avoided using a statistical grouping technique because we still consider the ethogram 

to be at a beginning stage o f development. In agreement with ethologists (Hinde 1985; 

Lehner 1996). we assume that conceptual understanding o f  a highly complex 

phenomenon requires a solid foundation o f descriptive information about the behavior. 

As it pertains to the topic o f interest, a solid foundation o f descriptive knowledge will 

de\elop as sampling broadens to include different populations o f  healthy neonates and 

different types o f  newbom distress and acute pain. Specifically, continued sampling and 

testing will help determine if differences in behavioral responses occur as a result o f the 

sampling variations and it will help identify new behaviors and distinct patterning in the 

behavior.

Similar to Cote et al. (1991). we focused on describing neonatal pain behavior 

within the context o f  distress. That inductive and broad based approach involved non- 

obtrusne and in-depth observation of the neonates, observ ation o f their behavior, and 

notation about the contexts under which neonates experienced their pain. Ours differed 

from most approaches used to study neonatal pain behavior because it went beyond the 

conventions o f  measuring pain response to an immediate stimulus. Conventional 

deductive approaches, which focus on measurement o f  predefined pain behavior w ithin 

discrete data collection periods, are conducted utilizing experimental rather than 

inductive study designs (Christensen 1997). Their aim is to test knowledge about 

behavior to reduce clinical pain. Researchers who use deductive approaches assume 

predefined behavioral descriptions adequately represent the phenomenon under study. 

Another assumption underlying use o f deductive approaches is that basic conceptual 

know ledge about a particular phenomenon is well developed. Yet, most deductive 

approaches have not yielded comprehensive and descriptive understanding o f neonatal
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pain behavior expression.

In contrast to deductive approaches, the inductive approaches used in this study 

resulted in generating basic information about the behaviors. Because inductive 

approaches are inclusive, they allowed us to systematically describe how neonates 

behaved when they were exposed to varying distress related events and specific types of 

stimuli As a result, we were able to describe a wide range of behaviors as neonates 

exhibited them. Because the comprehensive listings are basic forms of knowledge, they 

will provide the basis for further inquiry to determine if  they can be used to clarify 

behavioral distinctions between newbom distress and acute pain responses.

In this study, comprehensive description o f neonatal distress and pain also 

evolved because descriptor items were defined in temporal terms (enduring or 

momentary). Those kinds o f behavioral definitions will enable subsequent coding of the 

behav iors in real time. This form o f continuous coding behaviors is needed to distinguish 

distress and pain; it allows further descriptions o f the behaviors in terms o f their 

frequency and duration. Continuous coding may also enable simultaneous coding of up to 

35 types o f behavior at each one-second interval, facilitating an integrated view o f how 

neonates respond to distress and pain. As technologies improve, it may be possible to link 

behavioral descriptions with simultaneously occurring physiological and biochemical 

correlates o f neonatal pain in real time. We need those kinds o f inclusive descriptions if 

we are to understand the multidimensional nature o f  neonatal pain.

While newbom male circumcision is a common and intense form o f acute pain, 

descriptor items contained in this ethogram nonetheless pertain only to those populations 

o f neonates. The ethogram is specific to circumcision and the sample o f male newborns. 

Valid dev elopment of the ethogram requires it include behavioral descriptions o f full 

term neonates and the types o f acute pain they normally experience. Sampling other
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males, females, older full term neonates and varying acute pain and non-pain situations 

will do that.

As the ethogram develops, it will contain the type o f foundational knowledge 

required to deepen understanding o f the behaviors and their meaning for the newbom.

As noted, an important benefit o f the ethogram lies in its potential to generate much 

needed information about the characteristics (frequency, duration and patterning) o f the 

behavior. Specifically, those kinds o f descriptive details broaden our appreciation o f how 

newborns respond to varying sensory stimuli, and with development and in combination 

with existing pain behavior descriptions, they will provide the kinds o f description 

needed to help construct sound pain assessment instruments. To initiate this, the 

ethogram could be tested on another sample o f neonates (e.g., male newborns undergoing 

circumcision) using second by second data collection to code the behavior.

To improve this basic study, we recommend researchers develop videotaped data 

to optimize the descriptive aims o f their study. Although the secondary videotapes used 

in this study were cost and time effective and although they provided excellent 

opportunities for us to describe newbom distress behavior to a range o f distress inducing 

events, there were also limitations associated with their use. To facilitate data collection, 

we recommend digital rather than analogue technology because digital images provide 

clear, crisp color images and enhanced sound. Adding several cameras and appropriately 

positioning them may also enable multidirectional views o f the neonate and the 

environment. Also recommended is the use o f picture in picture, zoom and split screen 

capabilities. They enable a focused view of a particular body part such as the newborn's 

face w hi le viewing their entire body. Last, to enhance collection o f contextual data, we 

recommend direct observation in addition to viewing videotaped data.

In sum. the behaviors described using inductive ethological methods to create a
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complete and reliable listing o f neonatal distress behavior associated with acute surgical 

pain can. with further development, be added to existing pain behavior description. Such 

an addition will strengthen the preliminary descriptive based required to support 

subsequent deductive inquiry' about the behaviors. While an exhaustive range of 

behav lors were observed and coded, the results represent only a beginning to describing 

the full expressiv e range of newbom acute pain behavior and their characteristics. 

Ongoing development o f the ethogram will assist in differentiating between distress 

behavior provoked by pain and non-pain events. That distinction will be key to furthering 

neonatal pain assessment and pain treatment knowledge. Similar to other fields o f infant 

study, describing the what s o f  a particular behavior is an important prerequisite to 

understanding the whys. or their regulative function. The ethogram developed in this 

study has the capacity to guide development o f credible newbom pain behavior 

know ledge in these important areas o f investigation.
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Repeated views

^  Frame by frameFast forwarding 4

► Multiple viewsRewinding <

X 10 tapes

Figure 1. Process o f repeated observation and time

Time required for repeated observation and coding o f videotaped data:

To observe each 3 hour videotaped case (to develop the ethogram)
> 4.5 hour to repeatedly view one videotaped case x 10 cases = 45 hr.

To code 4 minutes o f videotaped data (to establish the reliability o f the ethogram)
3 hours to code 1 minute of behavior rater = 12 hours.

At each second (at total o f 240 seconds), up to 34 categories o f  behavior were coded for reliability
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Table 1: An ethogram on neonatal distress behaviors in response to acute pain: 
Newborn male circumcision

OBSERVED BEHAVIORS IN C L ID IN G  DEFINITION'S

A: TYPES OF STIMULATION

I. External Stimuli During Procedure

Nil
Staff leaning (placing pressure! on baby s leg and  or pelvic area 

2 Squirting water on surgical site
Rubbing cleansing baby 's buttocks

4 Tugging pulling on foreskin
5 Bedding restraints or baby 's  legs touching surgical site
n Cot repositioned

Diaper unpinned 
s Restraint applied to first arm*
“ Leg straightened restrained to first leg*

Diaper dressing checked for soiling 
1: Probe inserted -  glans separated
\Z Foreskin snipped

* there was no or little reaction to restraint or straightening o f second limb

Behavior Provoking Sound

,, Nil S Noise o f plastic ripping 15 Restraints removed abruptlv
hispering ') Dull dropping sound 16 Curtain being pulled

2 Talking It) Clanking instruments 1 ' Clicking of diaper pin
I augnmg 1 1 Pages being turned or shuffled 1S Snap snip and or click tu ist

4 Hospital intercom speaking 12 Paper being pulled from dispenser
Running water 13 Blankets being gathered

0 Noise o f walking 14. Bell or dong (possibly hospital intercom)
Door being opened closed

Baby's Innate Behaviors

Nil
Spontaneous rhythmic kicking o f one leg.
Synchronized, simultaneous kicking o f  both legs.
Kicking of one leg followed, within 1 sec. by kicking o f  other leg.
Attempted rhythmical leg kicking hindered by restraint 
Holding up one arm with hand extended 
Holding up both arms simultaneously or in short order 
A s n e e / e
Fan or audible expulsion o f liquid from anus
Tw itch small. isolated, rapid nudge-like movement o f a limb or the head, not generalized
■' tanlc iarger  than a twitch, and generalized, starting in one limb, may spread to the other limb. neck, and trunk, 
movements neither simultaneous nor svmmetncal
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B: BABY BEHAVIOR

1. General Bod> Position

Tonic neck reflex iTN R)

'  i roc posi t ion

Other

2. Quality of G eneral Body 
Movement (QGB)

0 Nil -  or very little movem ent
1 Regular, small, free flowing 

movements; relaxed

2 Tense, irritable, not relaxed

Abrupt, intentional, forceful 
1 verted movements, very tense 
H'jp.nc movements 
No movements, immobile, limp 
I r e m u i o u x  lerkv. uncoordinated

.V Mead Position

Positions are to be held for >.5 seconds

1 Face oriented forward or partly turned to one side, one arm llexed and other 
extended - and legs in contra lateral positions - the fencing position' (TNRi

2 Face orientation as in =1 Arms adductcd at the shoulders and slightly endo- 
rotated. and Hexed at elbows Knees Hexed low or high, and legs Hexed 
adducted at hips

3 Face orientated to right or left, general body immobility with bilateral leg 
extension. Draw to illustrate

0 No or minimal movement, relaxed general muscle tone
1 Small spontaneous fluid m ovem ents o f all arms legs and toes 

(flexion/extension, curling uncurling). Movements last from a tew seconds 
to a minute. With varied sequence and intensity o f arm. leg. neck. & trunk 
movements - waxing &  waning. There are superimposed rotations & siight 
changes in direction o f the movements. Baby is relaxed and unbothered

2 Baby cries briefly, regular movements superimposed with rapid Happing. 
Hailing, jitters or fine trem ors o f  the upper limbs. Baby bothered but settles 
quickly after movements

'  Movements occur suddenly - forceful and.or intentional (directedi
a Movements labored - very strained, may involve facial grimacing and cry
5 Movements spastic, chaotic & agitated (fast, escalating and uncoordinated)
o Limbs are kept still and extended Normal limb integrity absent

Arm movements halted jerky-may occur with tremulous hand movements

Right
Left
Midl ine

4. Quality of Head M ovements

Nil
Regular, smooth and relaxed
Tense, irritable
Abrupt
Strained
\  er. strained

Flead to right o f sternum, turned 30c or more from midline 
Head to left o f sternum, turned 3 0 'o r more from midline 
Chin and nose in line with sternum - remaining O 'to  ? 0 : to righ t or 
left of nipple line.

No head mov ements as described
Small fiuid like movements o f  neck and head Baby relaxed and unbothered 
Transitory stiffening o f  the muscles o f neck, shoulder and facial muscles 
Sudden jcrkv movements o f  neck/head- as if  taken by surprise 
Head movements not free flowing. Lateral neck stretching with stiffening 
Like =4 but here neck movements arc marked.

5. O ther Head Movements

Nil 
V'vl 
L i f t  u p
Lateral xtrctching i side I 
Hyperextension (back)

No head movements as described
Sudden downward tipping o f  head meek ficxion). chin points down
L pward stiff elev ation o f head w ith little Hex ion o f neck
Neck stretched sideways and slightly back
Neck and head movements back and oriented sliehtlv sidewavs

6. Eves

0 Eyes closed
1 Eyes open

0 Eye lids closed and touching each other
1 Any degree o f  observab le  eye  lid opening o r separation
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7. Upper Torso Movements

o Nil
! Exaggerated shift like 

mov emcnts 
: Strenuous downward movements

o f  s hou l de rs

S. Self C om fort

0 No such behavior noted
1 Strenuous squirming movements as if to flee/m ove away from, or out o f 

something
2 Strained adduction o f  elbows accompanied w ith shoulder shrugging, and 

neck extension Elbows are clenched down and squeezed in towards chest

Self explanatory

Nil i no suc h  b e h av l o r  o b s e r v e d ) 
Ha n d  lo m ou t h  
M ou th  to h a n d  ( roo t ing l  
M o u t h  to ob j ec t  ( root ing)
Suck

9. Quality of Self Com fort

0 Nil
1 Consolable (successful)
2 Inconsolable (unsuccessful)

10. Responsitivity

11 N o  such  be h a v io r ,  s l eep ing  
S e l f - a bs orbe d ,  quiet ,  con ten t

Se l f - abs o rbe d ,  i rr i table 
y u i e i  l i s tening 

a I :ke but  inc r eased arousal  
\ b r u p t  a rousa l ,  s tar t led 
Mer t ed .  hy p e r  a roused  
Aler t ing,  a r ou se d  wi th cal l  cry

x D r a w n  in cycl i ca l  cry

') Hypersensitive brief frantic 
mov ements and screech cry

10 Drawn in -  very strained cry
11 Drawn in - very strained no cry 
I 2 Alerted ga /c  cautious, small

mo\ emcnts 
1 5 Alerted ga/c  guarded, immobile

! 4 Guarded hyper alert, engaged

'  De t ache d ,  non-a l e r t

Hy per sens i t ive ,  p r o l on g e d  a nd  
uncont ro l l ed ,  baby un ab le  to 
wi nd  d o w n ,  i n t ermi t t en t  
sc ree ches

11. Upper limb posture

1 Bilateral arm flexion, high/low

2 One arm extended, other flexed

0. No such behavior observed
1 Self consoling activities effective. Baby stops crying and or is less upset
2 Self consoling activities not effective. Baby resumes cry after attempts

0 No or minimal movements, baby is quietly asleep
1 Baby quietly looking ahead but at nothing in particular - no focused

listening, absorbed with immediate environment, appears content
2 Like » 1 but baby not content, cries or fussy, not interested in surroundings
> Baby quiet but aware o f surroundings Eves track to external sound
-i Baby relaxed alert - motor activ ity. moves head, looking about, listening
5 Sudden shift in baby 's attention movements, alerted to sudden stimulation
o Baby listening intently coupled with heightened movements - still relaxed

Eyes open or closed, head usually midline and slightly tipped back, mouth is
wide open and cry is loud' broadcasting

8 Baby's eyes shut, drawn into self - not engaged. Little movement, cry is 
repetitious

9 Chaotic and frantic motor movements, baby 's eyes closed, cry is harsh and 
screech like -  brief outburst.

10 Movements visibly strained, face drawn/puffy, cry is strained - exhausted
11 Like slO  but here, baby makes no cry -  face drawn, grimace - "cry face"
12 Baby alerted, attentive to external surroundings) listening intently but 

cautiously, movements small slow -  not relaxed but cautious
13 Baby's eyes open with brief periods o f staring or fixed staring Little or no 

body mobility, keeping self very very still: "immobile" "quiet as a mouse"
14 Like »l 3 but here, baby tracking its eyes to stimuli, look is cautious, 

movements are active.
15 Baby not responding to stimuli. If eves arc open, there is a fixed stare or 

g la/cd appearance, baby may suddenly close eyes and shut down (little or 
no movements)

it> Sudden, intense and or prolonged reaction to any stimuli (hypersensitive)
Cry is escalating, variations o f call and frantic screech cry Movements are 
chaotic, jerky, and.or uncoordinated Baby has difficulty winding down 
(cry frantic motor activ ity ) from initial frantic response, keeps reacting in a 
heightened manner to ongoing stimulation More prolonged than = 9

Any degree o f  arm(s) flexion. Shoulders adducted or abducted, elbows 
flexed -  forearms/hands rest on chest or against side of body/head.
One arm folded, the other extended downward, hands resting on body or
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Both arms extended down
near sides o f body.

3 Like #2 but here both arms extended with hands pointing downward

12. Bilateral upper limb movements

Nil
Arms drawn together - smooth 
Arms drawn together -jerky 
Arms drawn apart - smooth 
Arm. drawn apart - jerk>
A r m -  d r a w n  apart - keeping 
e q u a l  d i s t a n c e  between arms

Nil
Arms raised with smooth widening
Widening of arm movements are halted, spastic or quivering - not smooth 
Arms raised, brought together smoothly, hand fingers may touch 
As above but movements are tremulous and. or jerky -  not smooth 
Arms raised and wide apart, baby maintaining equal distance between amis, 
often accom panied by small inward and outward arm movements

1.3 14. Rt Lt I pper limb movements Code Right and Left movements separately (arm s/hands/fingers)

Nil 0
Tucking un-tucking; smooth 1

Tucking un-tucking. jerky 2
Tucking un-tucking. tremor 3
Tucking un-tucking; je rk  tremor a 
Arm raised: smooth 5
Arm raised, wave flap ft
Arm raised, jerky
Arm raised; tremor 8
Arm raised; jerk tremor 9
Arm thrown back lo
Sw ;pe bat at i i

B r a c i n g

t ‘u v i n g  mechanical movements 
a Intentional upper limb 

mov ements

15 lt>. Posture of R t/L tH and/Finger

M aintained arm position -  no mov ement o f arm(s)
Spontaneous, extensiotvflexion o f  arm with shoulder adduction abduction 
M omentary curling/uncurl o f  fingers. -  smooth -  hands closed fisted 
Like **2 but superimposed with small transitory spasm like movements 
Like ~2  but superimposed with small transitory quivering movements 
Combination o f  32. 3. & 4
Arm extended upward with hands pointing upward
Like =6 but superimposed with small transitory waving flapping
Like *6 but superimposed with small transitory spastic halted movements
Like s6  but superimposed with small transitory rapid quiver like movements
Combination o f  36. S. & 9
Sudden lifting and flinging back of arm
Lp and forward extension and or abduction o f  arm such that arm. hand 
motions indicate a getting at motion Intentional, directed towards getting at 
visible object!si
Baby uses arm to steady self, slight shift in body limb body position 
follow s
Arm movements are uncoordinated wide sways Seem aimless automated 
M ovements are directional, forceful but no specific stimuli noted Not 
prev i o u s K  described

Hands listed
Hands open, fingers loose curled 
Hands open. 2 or more fingers 
hyper extended - splayed 
No distinct hand posture, 
constant movements

Palms closed, fingers tightly clenched
Palms open with little separation between fingers. Fingers loosely curied 
Palm open with hypercxtcnsion and widening o f spaces betw een two ot 
more fingers.
No discem able posture, hand movements are constant and variable

17. Hand presentation

Nil
Fists palms, side or front facine

No such hand presentation, movements are constant variable
Palms open or closed, arms arc raised with hands fist pointing upwards and
facine forward or orientated to face each side of babv 's head

IX. Hand movements

\  unable, relaxed, regular 
2 A unable, not relaxed

19. Type of hand movements

Nil
Touch self 
H it slap self

Hand movem ents are relaxed and free flowing, small repetitive curl uncurl 
Hand movem ents are not relaxed nor free flowing They are halted

Self evident
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3 Scratch, claw self 
a Grasping
i5 Cradling head with hands, occurs 

w ith crying

20. W rist movements

0 No such movement observed
1 Any degree of sustainable (>2  sec ) wrist flexion extension w ith or w ithout

rotation, notable working against restraint as if to free self o f it

Nil
fcverted flev. restraint

21. Quality of u p p e r limb 
m ovem ents

■ Regular, relaxed 
i Tense, not relaxed 
Z Abrupt
3 Very strained, labored 
a Frantic

5 Not relax, immobile 
n Tremulous, uncoordinated

2 2 .1 pper limb muscle tone

N il-reg u la r 
Tense 

3 Stiff and strained 
l ack muscle tone 

a ! remuluus

2.V l ow er L im b Postures

Small, tree flowing movements: baby unbothered
Movements visibly tense or stiff, movements bother baby. usually w ith cry 
Sudden movements o f  upper extremities as if taken by surprise, forceful 
Tense slow or labored movements o f  upper extremities labored in effort 
Movements are chaotic, flaying a n d o r spastic. Not wide sways - change 
rapidly
Limbs are stiff or limp. Baby is not relaxed, keeps self very still, immobile 
Limb movements jerky, fine tremor

Muscle tone maintained, relaxed no stiffening 
Increased muscle tension 
Like s 2 but here more pronounced 
Flaccid tone to upper extremities, limp
Muscle tone is affected by tremulous jerk like movemenis o f upper limbv

Nii no such posture 
Bilateral Hex ion with kicks 

3 Heels on bed
One leg straight, the other folded 

a Both legs straightened 
? Flexion o f legs no kicks

24. Bilateral Lower Limb 
movements

No such posture noted
Bilateral hip knee flexion, high low w ith spontaneous kicks
Heels on bed -  knees up
One leg extended, the other flexed
Both legs extended (may be straight or slightly archcdbow cd)
Both legs flexed at knee, no kicking position maintained > 2 seconds

Nil
Bilateral leg kicks 
A ltcm atine Ice kicks

0 No such behavior noted
1 Spontaneous & rhythmical sim ultaneous bilateral knee flexion extension
2 Lee kicks rhvthmical as above but altem atine

25 2t>. Rt. Lt limb movements

Nil
Brace

Rubbing leg against something 
Jerkv movements 
Fine tremor 

ipe or swat at

Immobile - lee extension

No such behav lor noted
Baby using leg feet to steady self and change body position Noted to occur 
over time to return to original body position 
L sing jny pan of leg or foot to rub self or against object 
Abrupt momentary jerky movements o f leg(s) kneel si 
Abrupt momentary fine tremor-like movements o f  leg(s>
Forw ard extension an or abduction o f leg foot such that leg foot are 
directed towards getting at and moving som ething aw ay 
Leg extended, keeping self very still
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27. Quality of lower limb 
movements

Regular - relaxed 
Tense
Abrupt, forced 
Strained exerted 
\  cry drained (tensel 
Immobile, lackine muscle tone

0 Smooth, rhythmical, free flow, uninhibited
1 M ovements strained not relaxed, with cry and intermittent irritability
3 Sudden movements o f lower extremities, large flinch like, not smooth
3 Like «2 but more enduring, movements exerted, labored
a Like =4 but extenuated
5 No movements, immobile keeping self \ery  still muscle tone can be 

stiff limp floppy

28. L o n e r  lim b m uscle tone

Normal 
3 I'ense. irritable 

Stitt strained 
a Limp

29. Respiration

o No such respiration noted 
Catching 

3 Rapid inspiration with breath 
holding
Suck in through pursed lips 

a And hold 
'  Gasp

And hold 
Gag 
Grunt 
A jw n
^  A ul (HI

IK c -n
3 'n o r ;

Holding breath 
. a Sneeze

Lower extremities supple, not stiff or limp 
3 Some tension noted in muscle tone, intermittent 
3 Like ~2 but here muscle tone is increased, limbs stiff
a Decreased muscle tone, limbs flaccid, limp looking

Self Evident

30. V ocalization
•i Nil - no such vocalization 
! W himper 
3 Fuss 
3 Groan
a No cry sound, cry face 
5 Crv

No such vocalizations 
Soft penodic eh eh eh sounds
Intermittent squawks accompanied with irritability, not soft like =2 
Deep and inarticulate sound that is low and mournful, low gravelly, not crv 
No vocalization/no cry sound audible, face strained puffy or grimacing 
Anv audible crv sound

31. Cry characteristics
i No such cry characteristic 

Low pitch soft 
3 Loud, strong robust

High pitch - screech like 
a Sustained, strained crv 

Sob

32. t  ry (characteristics)
No such cry characteristics 
G radua l  

3 Abrupt 
3 Escalating
a Rapidly repeating maintained 
5 Weak exhausted

0 No such cry characteristics or no cry
1 Low pitch -  soft sounding -  not a whine or whimper 

Loud amplified - strong robust (broadcasting, mouth wide open) 
Harsh screech
Hoarse strained sounding cry that is sustained
Intermittent cry interspersed with gulps or short repetitious bouts of 
inspiration

No such cry characteristics 
Cry slow to start 
Cry is sudden, explosive 
Cry urgent, quickening in pace
Same pattern o f  cry sound that repeats in short succession 
Cry is weak faint sounding -  baby appears exhausted
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CHAPTER FIVE 

DESCRIBING NEWBORN DISTRESS BEHAVIOR TO ACUTE PAIN

I. INTRODUCTION

Researchers traditionally use deductive (experimental) approaches to measure the 

physiological, biochemical and behavioral dimensions o f  acute neonatal pain. While 

deductive approaches are fruitful when basic description o f  pain exists as a foundation for 

measurement, the approaches are ineffective when basic descriptions are absent. In most 

cases, investigators acquire the basic information by observing and asking individuals to 

verbally describe and/or rate various aspects o f their pain experience. Newborn infants, 

however, cannot provide verbal accounts that may assist in developing the descriptive 

base required to support hypothesis testing and measurement o f  pain. In those instances, 

investigators must draw on the neonate’s behavior since behaviors are one o f the most 

direct and objective ways to leam about neonates and their pain (Craig, 1995). Thus, to 

be meaningful, deductive inquiry into neonatal pain must be grounded in basic inductive 

description o f  the behavior. In this study, inductive research means research that utilizes 

unobtrusive and systematic (reliable) observation to help generate comprehensive 

description o f  the newborn’s pain behavior and the pain context.

Mainly, however, neonatal pain research is deductive and focused on 

measurement o f  the behavior rather than on its inductive description. The typical 

approach to inferring neonatal pain involves testing for the occurrences o f  a number of 

responses (physiological, biochemical and or behavioral) assumed indicative o f  neonatal 

pain and utilizing a short-term pain model hypothesized to cause neonatal pain (mainly 

heel lancing). From this body o f  deductive research, varying aspects o f clinical pain are 

reported. For example, lower neonatal facial action scores and/or spectrogram analysis of 

pain cry indicate that sucrose (Johnston and Stevens, 1996), rocking (Compos, 1994) and
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fentanyl (Barrier et al., 1989) are effective neonatal pain treatment strategies. Other 

studies show that newborn cries (Porter et al., 1986) and facial actions (Grunau et al., 

1990) systematically vary w ith intensity o f pain stimuli.

While it is clear that current research has resulted in a wealth o f  pain related 

findings, researchers remain unable to consistently measure the multiple responses o f 

neonatal pain (Franck and Miaskowski, 1997; Stevens et al., 1995).

Since behavioral knowledge provides unique insight into neonates and their pain, 

research on that particular domain may assist to further pain assessment and measurement 

efforts. Examination o f the neonatal pain behavior research reveals that although a highly 

informativ e body o f  know ledge on pain cry and pain facial action has developed, 

newbom pain behavior remains poorly described. Because researchers mainly focus on a 

limited number o f  pain behaviors, and because they test for these using short term pain 

models, they have not described the complete range o f the behaviors; nor have they tested 

them in response to the varying types o f  pain neonates experience. There is little 

descriptive information on the behavioral responses o f  newborns who experience chronic 

pain or types o f surgery. Moreover, because they primarily employ experimental designs, 

researchers collect behavioral data using short time frames (typically coding occurrence 

o f behavior at 1 0  second intervals o f  one minute).

The implications o f utilizing few behaviors, short term pain models and short data 

collection time frames is that understanding is severely limited regarding the possible 

types and temporal characteristics o f the pain behaviors. There is information about the 

frequency o f  some pain behaviors; however, little information exists about their duration 

or patterning. The only duration data we have is o f  pain cry. Yet, know ledge o f the entire 

expressive range o f  the behaviors and their characteristics is required to ultimately assist 

clinicians to identify and respond to neonatal pain. Furthermore, duration knowledge is
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key to understanding important but poorly understood topics such as neonatal response 

patterns up to 72 hours following exposure to significant pain.

A related issue is that extraneous factors that fall outside the short data collection 

times frames may go undetected; if so, they will also not be controlled for. For example, 

few neonatal pain researchers control for ambient sound even though that factor is known 

to influence newbom responses (Field, 1990). Failure to control for extraneous variables 

increases the risk o f making erroneous study conclusions because causative components 

o f the pain stimulus response pattern are not fully tested. Further, reliance on short data 

collection periods may curtail study to determine if  control o f extraneous variable(s) has 

any pain treatment benefit. An added implication is that researchers indirectly minimize 

the context under which neonates, as interactive beings, experience pain.

In response to the acute noxious stimulation o f surgery, neonates exhibit 

consistent increases in heart rate (Owens and Todt, 1984), a high pitched cry (Porter et 

al.. 1986) and a physiological stress response (Anand and Hickey, 1987). Neonatal 

responses are not specific to the acute noxious stimulus; neonates also cry in response to 

cold and other distress provoking events such as hunger (Johnston and O ’Shaughnessy, 

1987). However, despite this recognition, few researchers distinguish distress from pain.

Distress encompasses how neonates respond to the range of stimuli they receive, 

including stimuli that are non-noxious (non-painful) in origin. Distress is reflected in the 

variable nature o f neonatal response patterns. While we agree that pain and distress are 

conceptually different, we believe it may be possible to distinguish pain if  it is viewed as 

an extreme grade o f distress. By conceptualizing distress along a continuum and taking a 

broad approach to comprehensively describing it, we may be able to differentiate 

between distress, behavior related to distress, and behavior related to distress caused by 

pain from surgery. Differentiating kinds o f  distress may lead to a better understanding o f
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their similarities and differences, especially in terms o f what evokes them and how 

neonates exhibit them. Clearer differentiation may also further insight into how distress 

interacts with pain, and what short and long-term implications distress has for neonates 

who undergo pain. It is especially important since pain assessment and pain treatment are 

contingent upon differentiating responses specific to pain (McGrath, 1989).

The model o f  newbom distress, and basic study approaches have been utilized to 

describe newbom pain behavior. Cote et al. (1991) focused on distress and used 

systematic observation to inductively generate a detailed listing o f the behaviors and 

description of five behavioral distress states (quiet alert, drowsy, sleeping, acute distress, 

and sub-acute distress) in full term ill neonates following chest surgery. Despite the large 

numbers o f  behaviors, Cote (1987) acknowledged missing items. Omissions likely 

occurred because neonates were intubated, which limited their vocalization; as well, they 

had an intravenous catheter inserted into one of their hands, which limited upper limb 

movements. Also, Cote (1987) did not include descriptions for lack o f response, perhaps 

because neonates, in that study, could not exhibit the behaviors. This is important since 

up to 50% o f neonates do not cry and some display little motor movement in response to 

noxious stimulation (McGrath and Unruh, 1987). The basis underlying lack o f response is 

not well understood and only beginning to be studied in premature neonates (Johnston et 

al.. 1999). We decided against using the coding scheme developed by Cote et al. (1991) 

because it was not based on the actual surgery (the authors described behavior starting 24 

hours after surgery). Principally, we could not use that coding scheme to distinguish 

between behavior related to distress and behavior related to distress caused by surgery.

Clearly, significant gaps in our basic understanding o f how neonates normally 

express distress and acute pain indicate a fundamental lack in pain behavior description. 

Incomplete knowledge on the topic calls for alternative approaches both to add to exiting
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deductive approaches and to generate basic level information on the behaviors.

To generate fine-grained descriptions and to help distinguish distress behavior 

specific to newbom pain, researchers need to conduct basic observational research. The 

purposes o f this ethologically based study was to inductively describe newbom distress 

behavior in terms o f  its frequency and duration and, in doing so, distinguish it in response 

to noxious and non-noxious but distress provoking events associated with newbom 

surgical pain (including descriptions o f the behaviors following distress events). Because 

we conceptualized distress along the continuum, we selected the acute noxious event to 

be newbom male circumcision, and we selected the non-noxious events to be diaper 

change and restraint application. Ethical clearance was obtained to conduct the study 

using secondary videotaped data from a study conducted by Lander et al. (1997).

2. METHOD

2.1. Sample

The sample for this basic observational study consisted o f  4010 1-second intervals of 

videotaped data rather than individual subjects. The videotapes, recorded originally for a 

study about circumcision (Lander et al., 1997), were obtained as secondary sources o f 

data. The videotapes were o f  four full term (more than 38 weeks gestation) healthy male 

neonates at rest or experiencing a variety o f  events as described. The four cases were part 

o f  the control group in the original study; none received an anesthetic or comfort 

measure, and. because the original study was controlled, all underwent the same seven 

events. Neonates had a mean age o f  29.75hours (SD = 12.53h). Table 1 summarizes 

neonatal characteristics and maternal factors during labor.

2.2. Materials

The coding scheme used in this study was derived from an earlier phase o f  the 

research. In that phase, videotapes o f  10 male newborns undergoing circumcision without
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anesthetic were observed systematically in order to inductively describe the entire range 

o f distress related pain behaviors. The result was a reliable ethogram.

Ethograms are fundamental to ethological studies as they provide the basic 

information required to further describe the behavior and to test hypotheses about it 

(Patterson. 1992). This ethogram contained 235 behavioral descriptions (objectively 

defined) representing the full expressive range o f neonatal distress behavior to acute pain. 

It was organized into 35 main categories and subcategories divided into two branches.

The first branch contained 32 categories for coding variation in neonatal motor 

movements, body postures, responsiveness, self-comfort actions, respiration and 

vocalization. The second branch contained three stimulus categories for coding procedure 

related stimuli, ambient sound and spontaneous responses (such as startles).

In any ethological study, researchers find it preferable to employ previously 

developed coding schemes; however, in this study, we did not code newbom facial action 

using the popular Neonatal Facial Coding System because the picture quality o f the 

secondary videotapes was not clear enough to permit consistent coding. The amount o f 

missing data would have compromised study results. The facial data that we did collect 

were highly visible facial movements such as eyes open and closed, eyes tracking, and 

facial grimacing. In addition, because our study was descriptive, we collected cry data for 

qualitative description o f pain cry rather than for spectral analysis. Reports o f high 

positive correlations between qualitative descriptions o f cry and their spectrogram 

analysis lend support to our descriptive approach (Porter et al., 1986).

2.3. Procedure

2.3.1 Selection o f  videotapes. O f the 52 videotapes from the Lander et al.

(1997) study, 17 involved neonates who were in the control group. Those 17 cases 

provided the secondary data for the earlier phase o f the study and this study. Selection
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criteria for both study phases were that (a) newborns be minimally clothed in diaper and 

or shirt; (b) a close up and upright view o f the baby’s entire body be visible (except for 

the toes which were for the most part hidden); (c) they contain the least obstructed view 

o f the neonate (least number o f  occasions where the surgeon or nurse obstructed the 

camera); and (d) ambient sound be easily heard through headphones. O f the 17 

videotaped cases, three failed to meet criteria and were thus discarded. O f the remaining 

14. ten were selected for the first study phase and four were selected for this study. The 

four cases selected for this study were ones that enabled optimal testing o f descriptor 

items composing the ethogram, and they permitted collection o f  the frequency and 

duration data. The criteria used to select the four videotapes from the 14 were that they 

(a) offer the very best views o f the neonate (with the least number o f occasions w'here the 

surgeon or nurse obstructed the camera); (b) offer the best clear picture quality; and (c) 

be o f neonates w ho display a range o f behaviors across events (including lack o f 

response). To facilitate coding and ongoing reliability checks, each o f the four videotapes 

chosen w ere encoded with a permanent running time (in 1-second intervals) that appeared 

in the bottom right hand screen o f  the video.

2.3.2. Training o f  coders. The two coders in this study were the main author and a 

graduate student, both o f whom were knowledgeable about the ethogram and the study 

equipment. They received training in continuous coding during the earlier phase o f the 

study. In addition to earlier training, this was done by selecting a one-minute segment 

from each o f the four videotapes selected for this study. Those four segments represented 

the first minute o f each distress event (diaper change, restraint application and 

circumcision) and the first minute o f  baseline (before any handling o f the neonate). The 

four, one-minute segments were then broken down into 1 -second intervals and coded 

using exact start times. This yielded 240 chunks of data for all four cases (60 second
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each) that were subjected to inter-rater reliability analysis. A Kappa score o f  0.80 was the 

criterion for determining successful training and initial reliability testing o f  the ethogram.

To conduct reliability assessments, coders scored same behavior for 

approximately the same duration o f  time, but agreements in coding between raters were 

sometimes one or two seconds o ff (particularly when change in behavior occurred). To 

test this further, we conducted intra-rater reliability and found the same pattern occurred. 

As recommended by ethologists (Bakeman and Gottman, 1997), agreements in scoring 

were thus calculated for each 1 0 -second chunk o f the second by second data, rather being 

calculated for each second. Although that strategy likely overestimates agreements, it 

corrected for minimal second differences in coding between raters. Once the criterion of 

Kappa 0.80 was achieved, the coders commenced coding the four tapes.

2.3.3.0bservation schedule. The period o f videotaped observation consisted of 

seven sections that reflected surgical and research procedures (baseline, application of 

arm and leg restraints, diaper change, circumcision, post restraint application, post diaper 

change and post circumcision). These seven procedures will be referred to as events. We 

noted the time codes that designated the beginning and end o f each o f the seven events. 

That information provided us with the duration o f events for all subjects. Since our aim 

w as to describe distress behavior by event, our method required that coding occur over 

equal periods o f  time for each video case using same start times. Thus, we set the 

duration o f  the event to be the maximum amount o f time each distress event lasted across 

cases. The duration o f the post distress events were then matched such that equal time 

segments for all seven events were delineated. This resulted in identifying equal three 

minute segments for all seven events except diaper change and post diaper change w hich 

took about 1 minute each. Table 2 presents the seven events and the average duration of 

observation. A total o f  67 minutes o f  tape was coded in the study (4010 seconds in total).
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2.3.4. Coding o f  behavior within event. The baseline event was coded first for 

each o f the four videotapes. Each o f  the remaining six events were coded in the same 

manner. The 3-minute baseline event was viewed in 10-second chunks. Each 10-second 

chunk w as partitioned into 1 -second intervals for coding. Coders examined the data in 

each 1 -second interval for the occurrence o f any behavior described in the 35 categories.

Using the accepted technique o f paper and pen (Hinde, 1982), coders recorded, 

onto a specially designed data check sheet the type o f behavior and times the behavior 

began and ended. That method o f  data collection made it possible to precisely document 

concurrent occurrences o f up to 35 types o f  behavior and stimuli at each second.

Documenting occurrences o f items in the ethogram required repeated viewing, 

rew inding and frame-by-frame viewing o f the videotapes. When all 1-second interv als of 

the first event in the first tape were analyzed, coders proceeded to the second and 

subsequent events. Only when the videotape was completely coded did raters proceed to 

the next videotape sample. In keeping with ethological methods (Lehner, 1996), coders 

maintained field notes o f  situations observed outside the realm o f the coding schema. The 

notes provided contextual information.

2.3.5. Inter-rater reliability o f  coding. To further test reliability in coding, at least 

three, one minute segments w ere sampled from each o f  the four videotaped cases used in 

this study. This lead to a total o f  14 minutes o f  videotaped data that were subjected to 

reliability testing. For each o f  the four-videotaped cases, testing usually involved the first 

minute o f baseline and the first minute o f two distress events (diaper change, application 

o f  restraints, or circumcision), or their respective post distress event periods. Although 

the sampling procedure used in this study was not random, the procedure enabled 

repeated reliability testing for all 35 categories o f behaviors for each o f  the four cases. 

Those sampling approaches may have optimized reliability testing compared to random
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sampling since each behavior was tested across cases and across the seven events. They 

were conducted to ensure procedure replicability and observer accuracy when coding 

behavior by event - two o f main reliability requirements (Bakeman and Gottman, 1997)

The 14 minutes were coded and the results subjected to reliability analysis. Using 

the same procedures established during the training session, we inspected agreements in 

coding at each 10-second interval. A Kappa index of 0.80 indicated reliable coding.

2.3.6. Analysis o f  the coded behavior. Simple descriptive statistics were used 

both to describe duration and frequency o f distress related behavior and to distinguish 

distress in response to varying pain and non-pain situations. To calculate the descriptive 

statistics, items in the ethogram were classified as either enduring or momentary 

(Paterson. 1992). Within ethology, enduring behaviors possess appreciable time; they 

yield information about the frequency and duration o f  the behaviors (Lehner, 1996). The 

behaviors are composed o f a series o f linked motor actions or combinations o f complex 

behaviors. In this study, we defined enduring behaviors as those lasting two or more 

seconds; they included almost all behaviors in the ethogram. Although by adult standards, 

two-seconds may seem brief, the time is representative o f rapid neonatal motor activity. 

We set the minimum at two seconds to capture rapid change in the behaviors (frequency), 

and to document durations. In this study, percentage duration was the percentage o f time 

neonates spent assuming a particular behavior for a particular event. It was calculated as 

follows; a = number o f seconds that the behavior occurred for each case, and b = total 

duration o f  the event (1 or 3 minutes); therefore, percent duration (%D) = a / b x 100.

Frequency was also computed for a small number of momentary behaviors contained 

in the ethogram. In ethology, momentary behaviors represent very rapid occurrences of motor 

actions that cannot, or would not, be logically calculated in terms o f duration (Lehner, 1996). 

In this study, momentary behaviors included hand swipes.
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3. RESULTS

3.1. Inter-rater Reliability

For the 14 minutes o f videotape selected for reliability testing, a total o f 386 

Kappa scores were computed. Scores ranged from K=0.60 to K=1.00 with 339 reaching 

the criterion o f reliability (Kappa = 0.80). The 47 that failed to reach criterion were some 

of the complex behaviors including some o f the cry, upper and lower extremity 

(including movements o f the head, fingers and legs) and the responsiveness categories.

Because they are not as objectively defined as anatomical behaviors, complex 

itmes require raters to use subjective judgments when coding (Bakeman & Gottman. 

1997). Although w e utilized slow-frame technology, the rapid and blended nature o f  hand 

and finger movements made it difficult to achieve agreement in start times. In such cases, 

ethologists recommend complex behaviors be redefined through consensus and ongoing 

reliability testing (Bakeman & Gottman). We created five new subcategory items for the 

responsiveness category, four for the upper extremities, and two for lower extremities. 

Three items for cry w ere eliminated as they already existed in some o f the responsiveness 

subcategories, and two items were collapsed for hand and finger movements. Upon 

retesting and consensus, the items achieved criterion, indicating they were reliable.

3.2. Data reduction: Descriptively distinguishing distress and post distress behavior 

We descriptively distinguished distress by inspecting duration and frequency scores for

all coded behavior; we then compared and contrasted these to baseline and to each of the 

three events that neonates were exposed to during circumcision (diaper change, restraint 

application and actual circumcision). The critenon for selection o f the behaviors was that 

they occurred dunng the actual circumcision and also observed during diaper change and or 

restraint application events. Sixty-eight o f the 192 items in the 32 categories of the ethogram 

were selected. We concluded these 6 8  items represented distress.
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O f these 68 behaviors, two representing the neonate’s upper and lower extremities 

were obstructed on the tape at least 20% of the time by the surgeon or nurse. This prevented 

thorough analysis o f frequency and duration for those two items. The two items were 

discarded, thus reducing the total to 66 items. To reduce redundant categories. 26 behavioral 

items that represented right and left anatomical regions were combined (e.g., right and left 

hand movements). Those 26 behaviors were combined because the separate anatomical items 

did not add unique description. Thus, the 66 behavioral items were distilled down to 40. and 

these defined neonatal distress. The items and their definitions can be found in Table 3.

O f the 40 distress items, 13 occurred only during circumcision. Some of the 40 items 

also occurred across the three distress events. Twenty-seven behaviors occurred during 

circumcision. 24 occurred during diaper change, and 17 occurred during restraint application 

(restraints prevented coding of most movements o f the upper and lower extremities). In Table

4. distress behavior items are rank-ordered according to their duration and then according to 

their frequency as they occurred during diaper change, restraint application, baseline and 

circumcision. The behaviors are numbered to match their definition as described in Table 3 

Scores are presented according to the numbers of neonates w ho expressed the behaviors. 

Behaviors exhibited by three or four neonates are labeled “common”, while those exhibited 

by one or two are labeled “individual differences.”

Similar procedures were used to distinguish distress following each of the three distress 

events. We reasoned that return to baseline behavior would indicate recovery from distress, 

but that distress and some unique behaviors would occur following each distress event. We 

inspected duration and frequency scores for all coded behavior and compared and contrasted 

these to baseline and to each of the three events post distress event. We selected behaviors if 

the\ occurred during baseline (a phase that did not contain distressful events) and occurred
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during the post circumcision, post diaper change and post restraint application events (events 

that involved sustained distress or return to baseline)

Twenty five behaviors were selected. In Table 5, the 25 items that represent post 

distress event behaviors are rank-ordered in terms o f their duration follow ing diaper 

change, circumcision, baseline and restraint application. Similar to presentation of the 

distress items, scores for the post event behaviors are presented according to the number 

o f neonates expressing the behaviors and the frequency o f  each behavior. Findings 

reported below represent common behaviors unless otherw ise specified.

3.2.1.Behavioral items occurring during baseline and each o f  the three distress 

events. As noted on Table 4, right-sided head positioning, hands held tightly fisted, self- 

absorbed irritability and cry all occurred during baseline and each o f the three distress 

events. Those four behaviors were included as part o f the 40 distress behaviors because 

their percentage durations either decreased or increased along the continuum o f distress.

Dunng the three minute baseline event, neonates positioned their heads right sided 

for 44% of the time. They held their hands in a tight fisted position for approximately one 

half of baseline; they were self absorbed and irritable for one third o f the event; and they 

cried in a broadcasting and loud manner for about one quarter of the time.

3.2.2. Behavioral items crossing distressing events. Cry was a primary expression of 

distress as it ranked high in terms o f percent duration for each of the three distress events.

3.2.3. Behavioral items occurring during diaper change. There were six common 

distress related behaviors exhibited by at least three neonates during diaper change. Neonates 

cned for the one half o f the one-minute event (53%). They also spent a large percentage (at 

least 76%) o f the event with their heads positioned to the right. For over half of the event, 

their upper limb movements were tense. Similar to baseline, they held their hands in a tightly 

fisted position; they cried in a loud and robust manner; and they w ere self absorbed and
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irritable for about one third of the event. Finger splaying occurred for the least amount of 

time (14%). Rev iew of the stimuli related data showed that tense head and upper limb 

movements occurred when the neonates’ legs were held upright for diaper change. Increases 

from baseline irritability, loud robust cry and finger splaying occurred during skin cleansing.

3.2.4. Behavioral items occurring during application o f  restraints. During the 

restraint event, there were ten common distress behaviors. Although most o f those behaviors 

also occurred during diaper change, during the restraint event their frequency and duration 

\v.ere markedly increased or decreased. Neonates cned for more than half of the three-minute 

restraint event. For about one half o f the event, they held their hands tightly fisted, and when 

they cned in a loud and robust manner, their heads were positioned midline or right facing. 

During the restraint event, neonates spent less than 18% of the time self-absorbed irritable: 

however, they had frequent hyperextension of their head and neck, and they cried in an 

abrupt and explosive manner. New behaviors were an exhausted and weak cry (9%) and 

strenuous downward shoulder movements (3%).

3.2.5. Common distress behaviors exhibited during circumcision. During 

circumcision. 24 common distress behaviors occurred. Those behaviors also occurred to 

some degree during diaper change and restraint application; however, their frequency and 

percent duration during circumcision was higher. Cry occurred for the majority (76%) of 

the three-minute circumcision. During the event, there was great variability in cry sound. 

Within a space o f  a few seconds and especially when the surgeon inserted the probe to 

separate the glans. cry shifted from being hoarse and strained to exhausted and weak 

sounding and from abrupt and explosive to loud or rapidly repeating. For at least 63% of 

the event their upper limbs appeared stiff and they positioned their heads midline. 

Neonates extended their hands and positioned them side or front facing. There were 

frequent occurrences o f very strained hyperextension movements o f  the neck.
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Behaviors that occurred for approximately one third o f  circumcision were: right 

sided head positioning, finger splaying and hands held tightly fisted. Neonates spent 

approximately one quarter o f the event exhibiting strenuous downward movements of 

their shoulders. For that period, their faces appeared drawn and stained when they cried. 

Neonates also displayed prolonged bouts o f  hypersensitivity and an inability to unwind 

and this was interspersed with episodes o f upper limb tenseness and immobility.

During approximately a tenth o f circumcision, the qualities o f  the neonate's upper 

limb movements were tense, jerky and or tremulous. They also shifted their shoulders in 

an exaggerated manner as if to escape. Least occurring behaviors during circumcision 

were self-absorbed irritability (6%), and a drawn in responsiveness with strained facial 

grimacing and no cry (7%) and brief hypersensitivity with inability to wind down (8%).

3.2.6. Behavioral items for circumcision alone. As seen in Table 4, a total o f 13 

expressions o f  extreme distress occurred during circumcision alone. These were very 

strained, labored or flaying movements o f the upper limbs; high-pitched screeches; 

bilateral arm extensions; and breath holding. Behaviors that occurred frequently were 

abrupt, intentional, swiping and frantic motions o f the hands. Those extreme expressions 

of distress occurred in response to cleansing just before circumcision and during 

procedures to separate the glans (insertion o f a probe and retraction o f the foreskin). O f 

the 13 expressions o f  extreme distress, all four neonates expressed six behaviors. They 

were strained and frantic movements o f the upper limbs, high pitched screeches, bilateral 

arm raising and widening, breath holding and abrupt intentional arm movements. In all 

cases, the six behaviors occurred within two seconds o f procedures to separate the glans.

3.2.7. Individual differences for the three distress events. Finger splaying, 

crying in a loud and robust manner and slapping self were common expressions of distress 

that occurred in a graded manner across the three distress events. Those behaviors, however,
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were exhibited for prolonged durations by two of the four neonates. For example, one 

neonate spent the majority of the one minute diaper change crying (68%), and he splayed his 

fingers for one third of the event. The other neonate spent one quarter of diaper change 

exhibiting similar distress, but, in addition, he also exhibited a hypersensitive responsiveness 

with frantic motor movements and an inability to wind down (hereafter referred to as 

hypersensitivity). Review of the data check sheet showed hypersensitivity occurred 

immediately after staff removed a dressing from the neonate’s surgical site, before skin 

cleansing In the original study, all neonates had a dressing applied on the surgical site to 

relain the placebo anesthetic cream. Still, a third neonate exhibited hypersensitivity for one 

third of the restraint ev ent and for one percent of the diaper event. That neonate displayed the 

behavior within two seconds of his restrained legs trying to spontaneously kick and of his 

hand and arm movements becoming tremulous and jerky. Although most neonates exhibited 

distress to all three events, we noted the forth neonate exhibited few distress behav iors.

3.3. Behavioral Items Following Each o f  the Three Distressing Events.

3.3.1.Post diaper change. As observed in Table 5, there were few common 

distress related behaviors following diaper change. Neonates spent the largest percentage 

(53 o f the three-minute post event displaying baseline tucking and un-tucking

mov ements o f  their upper limbs. Neonates were also self absorbed and irritable for 

approximately one third o f the event. Following diaper change, neonates quickly re­

established their baseline behaviors; they did not exhibit immobility.

3.3.2. Post restraint application. There were fifteen common distress behaviors 

identified for the three-minute event following restraint application. All neonates kept their 

lower limbs motionless for a large percentage (44%) of the three minute event. They either 

assumed a posture of bilateral hip flexion with kicking or bilateral leg extension w ith 

immobility. When they attempted to spontaneously leg kick during the first minute of the
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event, the result was small and incomplete; movements were tense and strained. They spent 

approximately equal periods being self absorbed and irritable and self absorbed and content. 

Their general body movements and muscle tone varied from being active to being immobile, 

and from appearing relaxed to appearing tense. For over a quarter and into the second minute 

of the event neonates exhibited smooth and rhythmical leg kicking, and smooth tucking and 

un-tucking o f their upper limbs. They spent 13% o f the time quietly listening, 7% crying loud 

and robust, and 4% bracing their lower limbs to change their body position.

3.3.3. Post circumcision. There were 14 distress related behaviors that were 

commonly exhibited by at least three neonates following circumcision. Neonates spent most 

(47%) of the post circumcision event with both o f their legs extended and immobile and for 

34% of the time, their entire body was immobile, not relaxed. Patterns of lower limb 

immobility were similar to the patterns observed following the restraint event, but, during 

circumcision recovery, bouts o f immobility lasted longer—the effect o f restraint application 

was controlled for. Immobility was also accompanied by a responsiveness that included 

increased arousal and alert but tense listening. Neonates were self absorbed and irritable for 

about one quarter of the event. During that time and with increased activity, neonates 

exhibited very strained movements of their head and they assumed a drawn in responsiveness 

where their cry was broadcasting or cyclical in nature. They spent 25% of the event (toward 

the latter part) spontaneous kicking both legs and 7% quietly listening.

3.3.4. individual differences. As observed during the diaper change and restraint 

events, two neonates uniquely expressed hypersensitivity following each of the three distress 

events. Following diaper change and circumcision, one neonate was hypersensitive for 

almost one half o f the diaper event and one half o f the circumcision event. Just before 

exhibiting the behavior, that neonate had had a bout o f regular jerky arm movements. One 

other neonate exhibited hypersensitivity for a small percentage of time following restraint
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application and for approximately one quarter of the post circumcision event. Review of the 

stimuli data show that in each case, hypersensitivity occurred within two seconds of neonates 

being exposed to otherwise neutral stimuli (e.g., sound o f running water). Post circumcision, 

hypersensitivity was prolonged and interspersed with bouts o f leg extension and immobility.

3.4. Field Notes and Qualitative Data.

Descriptions obtained from the hand written notes o f the coders contributed 

background information for the study. Coders questioned whether some of the distress 

beha\iors they were coding were reflective of neonates attempting to reposition themselves. 

Another notation concerned the facial appearances of neonates. Although facial action w as 

not scored, coders noted that the faces of some neonates were smooth and puffy rather than 

furrowed and creased, as they had expected, particularly during the most invasive phase of 

circumcision. Coders also remarked that post restraint and circumcision, neonates appeared 

as if "trying” to remain motionless; they described neonates as “frozen and motionless".

4. DISCUSSION

In this study, describing newbom behavior in response to varying distress-inducing events 

differs from the typical approach of measuring few pain behaviors to a particular pain event. 

Others have taken a similar broad approach. Cote et al. (1991) focused on distress in order to 

describe new bom pain states following chest surgery . Porter et al. (1986) focused on stress 

and employed a biosocial model to successfully measure-graded cry to varying stress 

inducing events associated with newbom male circumcision. In using that approach. Porter et 

al. (1986) viewed cry as an index of underlying neonatal stress and biological integrity. Here, 

the focus on distress and utilization o f basic ethological methods led to fine grained 

description of the types and temporal characteristics of neonatal distress and this in turn 

helped distinguish distress and pain related behaviors along the continuum o f distress. In 

particular, this study’s use of systematic observation and continuous time sampling led to the
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identification of an extensiv e listing of newbom distress related pain behavior. Of the 40 

behaviors, other researchers have previously described change in the neonate’s general motor 

activity (Craig et al., 1984); neck stretching, finger splaying, and directed arm movements 

(Als et al, 1982b) in full term and premature neonates exposed to stress or pain. Items unique 

to this study include the responsiveness behaviors, spontaneous leg kicking, and immobility. 

Their large numbers show newborns exhibit a wide range of identifiable distress behav iors.

In addition to describing the range of distress behavior, the ethological technique of 

continuous time sampling (coding the behaviors second by second) also led to unique and 

precise descriptions of the frequency and duration of most behaviors contained in the 

ethogram Although not commonly produced, duration data is important for two reasons, 

first, understanding how long neonates spend exhibiting distress deepens our appreciation of 

their pain experience; the current approach of measuring simple occurrences o f the behav iors 

only limits that understanding while duration data goes beyond to inform us o f the quality of 

those occurrences. Incomplete reporting has likely occurred because most neonatal pain 

researchers collect their behavioral data using very short time frames. Second, duration data 

prov ides a beginning basis for determining duration baselines, which may in turn assist in 

studying the nature and implication of short and long-term distress.

Indeed, in this study, the prolonged time neonates spent exhibiting extreme distress 

surprised us. Neonates held their breath, cned strenuously, frantically moved their upper 

limbs and torso, and expressed very strained movements of their head and neck for prolonged 

durations during the three minute circumcision. Since newborns are vulnerable to 

consequences o f high-energy loss (Sperling, 1996), one wonders about the physiological cost 

that excessive distress, during pain, has on neonates. To our knowledge, breath holding has 

not been previously reported in the neonatal pain literature.
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The strategy o f rank ordering the duration measures was especially useful as it 

enabled us to identify graded distress in the 40 distress behaviors. Graded distress behaviors 

were those related to non-noxious but distress provoking events and behaviors related to 

distress provoked by acute surgical pain. Our results suggest that increase in type, frequency 

and duration of distress behavior reflects an increased level o f distress event. Circumcision 

resulted in extreme distress; restraint application resulted in some distress; and diaper change 

resulted in minimal distress. Before drawing comparative conclusions, though, further 

inductive description is required to ensure the ethogram is representative of all full-term 

neonates and their pain behaviors. Repeated Measures ANOVA could then be used to test for 

significant differences in distress by event. An alternative would be to use the sequential 

anaksis programs developed by Bakeman and Quera (1995). Because sequential programs 

are designed to handle continuous but concurrent data, they offer sound ways to identify 

distinct patterning in the behavior; consistent patterns that may have predictive value.

One of the most important findings of this study concerned the 13 expressions of 

distress that occurred only during circumcision and the common expressions of distress that 

occurred the most frequently and for the most prolonged periods during circumcision 

compared to the restraint application and diaper change events. Descriptions that are reported 

b> Porter et al. (1986) as well as in this study include variation of cry, rather than a single 

type o f cry. and harsh screech cries during the most invasive phase of circumcision. 

Behaviors that were unique to this study and not reported elsewhere include exaggerated 

shift-like and strenuous downward movements o f the neonate’s shoulders as well as very 

strained, labored, flaying and/or frantic movements o f their upper and lower extremities. 

These types of behavior suggest escape like actions and although they are distinct, they are 

somew hat similar to behaviors reported by Franck (1986) who also described limb 

withdrawal and swipe like arm motions during newbom heel lancing. Ongoing testing will
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decide whether the 13 behaviors and prolonged and or frequent expressions of extreme 

distress are reliable and valid indicators o f acute newbom pain. If so, their combination with 

existing descriptions will assist in constructing sound neonatal pain assessment instruments.

In addition to providing the types, characteristics and graded expressions o f distress 

behaviors, we provided novel description o f distress following each distress event. Findings 

show that neonates regain most of their baseline behaviors almost immediately after diaper 

change followed by restraint application. Prolonged immobility and distress however 

occurred following the circumcision. For that event, neonates likely remained immobile 

because they were still in severe pain. They may also have remained immobile to reduce 

further energy loss, or because they were positioned supine for prolonged periods on a 

circumcision board. The behavior may also have reflected hyper vigilance as observed in 

the animal literature (Brick. 1998) or a brief traumatic state (Drell et al.. 1993).

Another important finding concerned the individual differences in expression of 

neonatal distress. That individual difference in distress expression occurred does not mean 

that common distress behaviors specific to acute pain do not exist. Instead, unique 

expressions o f distress may signal important underlying factors that influence an individual 

neonate s ability to respond to any form of stimuli. The expressions may reflect individual 

differences in the neonate’s temperament. They may also reflect either the individual 

neonate's ability to self organize in the face of ongoing stimuli or their ability to inhibit 

incoming sensory inputs. In this study, the two neonates who uniquely expressed 

hypersensitivity weighed less and displayed jerky upper limb movements throughout the 

observation period, including baseline. Those behaviors are similar to ones exhibited by 

highly reactive premature neonates whose motor response patterns indicate an inability to 

respond flexibly, persistently and/or resourcefully to novel or stress events (Als et al., 1982a). 

As those authors suggest, episodes of behavioral disorganization are taxing to premature
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neonates and may even result in an infant who fails to thrive. Unique expressions of distress 

in full term neonates, such as hypersensitivity deserve further study. Research will help 

determine the basis o f the individual differences and their short and long-term implications. 

Research will also help determine whether control of such differences leads to improved pain 

assessment or if they may be used to develop screening and pain treatment protocols.

In this study, initial difficulties in establishing reliability for some o f the complex 

behaviors arose because those kinds o f behaviors are difficult to define in precise and 

objective terms. Bakeman and Gottman (1997) argue that complex behaviors are necessary as 

they prov ide important information that molecular behaviors do not. In this study, one of the 

most insightful descriptions of extreme distress emerged from coding the responsiveness 

categories. It demonstrated that for some neonates, prolonged and uncontrolled displays of 

strained motor activity and cry occur in response to otherwise neutral stimuli. Those complex 

behaviors lend insight into the quality o f newbom interaction. As such, they may be key to 

understanding how neonates respond to the range o f stimuli they receive and understanding 

how distress affects the individual neonate's ability to cope with or recover from pain.

In the ethological animal literature, researchers have used complex behaviors to 

describe facial expression in non-human primates (van Hoof, 1967). With continued testing, 

those complex behaviors achieved valid and reliable description. Similarly, the validity and 

reliability of the ethogram used in this study will rest on its continued testing, as this process 

will enable refinement of existing items and the possible addition o f new behaviors. 

Continuing to develop the methodological quality o f the ethogram is important since it serves 

as the basis for further inquiry about the behaviors (Lehner, 1996): including female and 

older neonates and broadening the scope of distress and acute pain situations will do this. The 

ethogram can also be used to study poorly understood areas such as neonatal pain recovery 

and gender related differences in newbom distress expression. Since no single measure
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stands to represent the multidimensional nature of neonatal pain, behavioral descriptions will 

also need to be linked in real time with facial data, physiological and biochemical neonatal 

pain indicators. Improvements in technology will permit these important developments.

In this study, the secondary videotapes were cost effective and they facilitated 

description of newbom distress behavior to varying distress events. However, this study 

could be improved by creating videotapes that are specific to the descriptive aims of the 

study and by extending videotaping to include behavioral descriptions o f distress 48 hours 

post surgery. Other recommendations include utilizing direct observation to optimize 

description o f the pain context. Digital rather than analogue technology would improve the 

qualu\ of the videotaped image, its color and its sound. As well, picture in picture, split 

screen and zoom will facilitate a focused but full view of the neonate and their environment.

In conclusion, findings o f this basic research show the beneftts o f  employing 

systematic ethological approaches to reduce gaps in basic understanding o f neonatal pain. 

While it is impossible to know how neonates perceive pain, describing pain along the 

continuum o f distress and obtaining precise frequency and duration measures o f the 

behavior proved successful: they helped identify circumcision as an extreme grade of 

neonatal distress, and they helped identify distress behaviors that occur in response to 

both noxious and non-noxious distress events. Ability to distinguish pain behavior is an 

important prerequisite to assessing and measuring neonatal pain. Continuing to build a 

foundation o f descriptive information w ill help develop a strong body o f pain behavior 

know ledge capable o f  supporting deductive inquiry. Clearly, the complexity o f neonatal 

pain benefits from the use o f diverse research approaches. In this study, the basic 

know ledge achieved in using ethological methods justifies its ongoing use in the field.
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Table I : Demographics or neonatal study subjects and maternal factors during labor

Baby One Baby Two Baby Three Baby Four

Neonatal Characteristics
Age in hours I5h 25h 44h 35h
Mode of delivery Vaginal Vaginal C Section Vaginal
Weight at birth 3040gms 3515gms 4805gms 3360gms

Total feeds 1 Nil 1 2
Time last feed 0745 0400 0700 0200
Baseline start time 0748 0505 0751 0529
Baseline state Awake Awake Awake Awake

Maternal Characteristics
Labor induced Yes Yes N/A No
Drugs labor Demoral, Gravol Tylenol Tylenol Nil
Drugs post labor Tylenol, Darvon nil Tylenol #3 Syntocinon

Anesthetic during labor Nil Local Epinephrine Epinephrine
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Table 2: A list o f events and their durations

Event Duration (in minutes)
1. Baseline - the baby is resting supine in a bassinet, 3

prior to any physical intervention required for the circumcision study
2. Application o f bilateral arm and leg restraints 3
3. Recovery from , , ' cation of restraints 3

_  4. Diaper change 1
Gi 5. Recovery from diaper change I

6. Circumcision procedure 3
7. Recovery from circumcision procedure 3

Total Time___________________________________________________________________ 17

Note: Events occurred in the order presented

8



Table 3: Definitions o f  40 distress behaviors occurring across events: Circumcision, 
diaper change, application o f bilateral arm and leg restraints and during 
circumcision alone

Type of behavior Definition of the behavior

1. Cry
2. Sustained: cry sounds hoarse and strained 
3 Exhausted: cry is faint depleting, face strained tired
4. Abrupt: cry is sudden, explosive
5. Rapid: cry urgent, quickening in pace, few breaks - repetitive
6. High Pitched Screech: cry is very shrill, harsh and sharp at onset -  short

7. Anns raised, fists/palms open 
facing to front side

7. Palms open or closed, arms extended with 
hands/fists pointing upward, facing forward or 
oriented to face each side o f  baby’s head

S. Head positioned midline (more 
or less)

8. Head usually resting at 0 degree's where chin 
and nose are in line with sternum (nipple line) 
-  but can move 30 degree’s to either the right 
or left o f that midline position.

9 Upper limbs, very strained 9. Slow labored movements o f upper extremities

11). Upper limbs, stiff 10. Pronounced limb tension

11. Head, very strained movements 11. Movements o f the head marked. Lateral neck 
stretching with stiffening evident -  
movements slow

12. Upper limbs, frantic 12. Motor movements o f  upper limb spastic, 
chaotic/agitated (fast occurring/ 
uncoordinated). Unlike #18, limb movements 
are not wide sways -  rather, they are short 
occurring and rapidly changing

13. Head positioned right 13. Head to right o f  sternum, turned 30° or more 
from midline

14. Fingers splayed 14. Palms open, hyperextensioawidening of 
spaces betw een 1 or 2 fingers

15. Hands tightly fisted 15. Palms closed, fingers curled/tightly clenched

16. Drawn in and exhausted - but 16. Responsiveness where motor movements are
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Type of behavior Definition of the behavior

calling out, marked facial 
grimacing with cry

17. Shoulders, strenuous downward
movements

visibly tense, face creased or puffy, facial 
muscles strained -  cry exhausted in quality

17. Strained adduction o f elbows with strained 
hunching of shoulder and neck extension. 
Elbows clenched down, squeezed in towards 
chest.

IS. Upper limbs. Haying

19. Hypersensitive, brief episode o f 
uncontrolled motor movements 
with screech crv

20. Upper limbs, immobile 
not relaxed

18. Arm movements are uncoordinated wide 
sways that seem aimless. Not as rapidly 
changing as #12.

19. Brief responsiveness where motor movements 
are spastic, chaotic and agitated (fast 
occurring, and uncoordinated). Unlike # 26, 
episode is brief and cry is a high pitch screech

20. Limbs are stiff or limp. Baby is not relaxed, 
immobile

21 Shoulders, exaggerated shift 
like movements

12 Upper limbs, tense

21. Exaggerated movements o f baby’ upper torso 
shifting of the shoulders and/or lifting of self 
as if  struggling to escape from something

22. Increased tension o f upper limb movements, 
however, not stiff

23. Calling out. cry is loud and 
broadcasting

24. Upper limbs, tremulous/jerky

25. Bilateral arm extension, equal 
arm distance

23. Eyes open or closed, head is usually in 
midline position, and slightly tipped back, 
mouth is open wide- cry is loud/ broadcasting

24. Transient spastic, halting and/or quiver like 
movements o f upper limbs

25. Arms extended upward, hands/fist open or 
closed but facing each side o f  baby's head, 
distance between arms equal, small 
rhythmical inward and outward movements of 
the arms, occurs with cyclical crv

26. Hypersensitive, prolonged
uncontrolled - motor movement 
with cry (intermittent screeches) 
babv unable to wind down

26. Responsiveness where sudden, intense, and or 
prolonged reaction to any stimuli. Cry 
escalating; variations in call and frantic 
screech cry. Motor movements chaotic, jerky.
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Type of behavior Definition of the behavior

2". Breath holding

28. No cry but pronounced 
facial grimacing, cry face

29. Self absorbed, irritable

30. General body movements, 
effortful - labored

31. Drawn in but calling out. 
cyclical crv

32. l'pper limb, limp

33. Neck hyperextension

34. L'pper limbs, abrupt intentional

35. Hand(s) movements, swiping

or uncoordinated. Baby has difficulty winding 
down from initial frantic response, reacts in a 
heightened manner to ongoing 
internal/external stimulation.

27. Self evident

28. Baby appears to be crying but no cry - face 
creased or puffy -very strained

29. Baby quietly looking ahead but at nothing in 
particular not content, crying /fussy, not 
interested in surroundings

30. Quality o f whole body movements are 
labored, very tense

31. Baby's eyes shut, drawn into self - not 
engaged. Little motor movement, cry is 
repetitious

32. Flaccid or floppy appearance to upper 
extremities

33. Neck and head stretched back and slightly 
sideways

34. Movements o f upper limb directed -  forceful

35. Abrupt immediate and intentional movement 
o f the arm and hand -  aimed specifically to 
swat at, wipe away or remove something

36. Neck, lateral extension 36. Neck stretched sideways and slightly back
37. Respiratory - gasping sound 37. Self evident
38. Hands, cradle head with hand(s) 38. Self evident
39. Hands, clutching motions 39. Abrupt grabbing motions o f  hands (usually to

linen or thin air).
4(i Hand(s) scratch or claw self 40. Self evident
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T able 4A
Neonatal distress behavior: Ranked by order of mean duration and then frequency for diaper change and 
restrain t application events

d i a p e r  c h a n g e R E ST R A IN T  A PP L IC A T IO N
D s Rank f n D# Rank % f n

Exhibited bv 3 or 4 neonates E xhibited bv 3 or  4 neonates
13 i Head pusit " to 19 4 L Crv ot) 23 4

: Upper limbs, tense ol 8 4 23 3 Calling out. cry loud and broadcasting 47 IS 3
1 5 I lallJi >1 uchtU listed 5" 13 4 15 Hundt'i. ncrulv fi'icJ 4o 3 4

4 ( '> 53 !U 3 13 4 1 icuil iH.Muincd n J u 44 19 4

29 5 belt abNoibcJ and triital ie 31 12 4 S * Head postioned ir.idline 23 31 4
14 Pmjcrs. sd jv e d 14 S 3 29 > Sell absorbed and urituhlc IS 23 4

Exhibited bv ! or 2 neonates 4 - Crv. abrupt • explosive i : Id 4
v * Calling out. cry loud and broadcasting 39 11 N 3 8 Cry, exhausted and weak sounding 9 3 3

FtsLplams extension front, side facing a** t 1" 0 Strenuous downward movement o f  
shoulders

3 12

3 i Head, midlmc postiom ng s ; 19 1 33 10 Neck, hvperextcnsion movements a a 11 3
4 U Cry. abrupt- explosive l N 4 ■> E xhibited bv 1 or  2 neonates
lo ; : Drawn in exhausted, call crv, facial grimacing 10 1 5 1) Cry* rapidly repeating 17 0

- Cry rapidly repeating 9 *1 1 2o Hypersensitivity, prolonged and 
uncontrolled with cry. baby unable to 
wind down

9 2

24 Upper limbs, tremulous, icrky 8 1 ! I Head movement, very strained 8 1
3 • 4 Cry. exnausted weak sounding n 1 *» 14 Cry- sustained hoarse and strained 4 5 N

2o s Hypersensitivity, prolonged and uncontrolled with 
cry, buoy unable to wind down

0 I 28 f Drawn in exhausted • facial grimacing, 
no cry

s 4

2 l'« Cry* sustained hoarse and strained 0 1 31 it. Drawn in * cyclical crv i I 1
t j Head movement, very strained 3 1 3e> • Neck, lateral extension movements a  a s N

10 s Upper limbs, stiff N 1
28 • i Drawn in exhausted • facial grimacing, no c ry ■X 1 1
2'j
!9 2 !

Upper 'imbs. no movement, not relaxed 
Hypersensitive, brief frantic motor movements with 
screeches

1
1

1
1

21 Exaggerated shift like movements o f shoulders ■x 1
40 S Hand motions, scratch or claw self n a 3 1
33 24 Neck, hyperextension movements n  j 4 A

Note D » = definition number. Rank= ordered b> greatest duration and then greatest frequency as 3 or more neonates expressed the behaviors 
and as 2  or less neonates expressed the behaviors. = percentage o f  time (duration) necnatets) spent assum ing a behavior for that event, t = 
occurrences o f  rapid occurring behavior; n = number o f neonates exhibiting the behavior, n. a = no duration scores calculated as refer to 
momentary types o f  behavior, “o scores do not add up to 100 because each o f  the scores represent the most prominent behavior within a 
particular category o f  distress.

119

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 4B
Neonatal distress behavior: Ranked by order of mean duration and then frequency for baseline and 
circumcision events

BASELINE
D* Kank • • f a

E xhibited bv 3 or m ore oeooate*
13 1 head iX»d.:tioncti n>»hi 94 I? 4
15 N 1 luiui. listed bo 41 4
A A '' Upper limbs, tense 47 12 4
29 4 belt jbsoibcki and m itabie :9 2o 4
i S c .V : i 13 4

14 (> l ;iscers sphvcJ 7 4
8 - Head posnoncd midline 4 9 3

E xhibited  bv 1 or  2 neonates
23 Calling out. cr> loud and broadcasting 20 11 •t

4 Cry, abrupt- explosive 5 3 ■>

34 :<? Upper limbs, tremulous - jerky 3 7 S
N 11 Cry rapidly repeating 3 1

1 1 Dravhn in, cyclical cry s ■> 2
j ; Fists' palms raised front side facing ■> 1

; 14 Cry. sustained hoarse and stTained ■> : 1
3 t < Cry. exhausted, weak sounding 1 I 1

33 : u Neck, hypcrextension a  a 7 S

C IR C U M C ISIO N
D* R ank •/. f n

E xhibited bv 3 or  m ore neonates
1 1 Cry "6 43 4
T N Fists/palms raised front- side facing 04 1 1 3
3 1 Head postioncd midlinc 03 20 4
10 4 L'pper lim bs, stitT a"7 21 4
11 ' Head m ovem ents, very strained 45 24 4
22 6 Upper lim bs, tense 36 13 4
13 1 Heat! jxj.iuonetl r.cht 35 18 4
14 X f  ir.gcr., splayed 32 3o 4
2 w Crv. sustained hoarse and strained 29 34 3
15 10 1 IjikU. iivtlulv fisted 29 25 4
16 11 Drawn in exhausted, facial grimacing, cry 26 20 4
17 12 Strenuous downward movement o f  

shoulders
25 31 3

3 13 Cry. exhausted weak sounding 25 24 4
:o 14 Hypersensitivity, prolonged uncontrolled 

with cry. baby unable to wind down
20 6 3

5 15 Cry rapidly repeating 18 14 3
4 16 Cry, abrupt- explosive 16 17 4
:o i 7 Upper lim bs, no movement, not relaxed 13 6 3
: i IS Exaggerated shittlike movements o f  the 

shoulders
12 15 4

24 19 Upper lim bs, tremulous and ierky 11 13 3
23 2i.i Calling out. cry loud and broadcasting 11 9 4
19 21 H ypersensitive, brief frantic motor 

m ovem ents with screeches
8 13 3

28 22 Drawn in exhausted - facial grimacing, no 
cry

7 7 4

29 23 S e lf absorbed and n'titahlc 6 6 4
33 24 Neck, hyperextension n/a 21 4

E xhibited bv  1 or  2 neonates
31 2< Drawn in, cyclical cry 9 6 T

40 2t> Hand(s) scratch or claw self n/a 14 1
3o 2 ' Neck, lateral extension n/a 10 N

O B SE R V E D  O N L Y  D U R IN G  C IR C U M C ISIO N
D» R ank •/. f n

E xhibited  bv 3 or  m ore neonates
9 I Upper lim bs, very strained and labored 49 25 4
6 -1 Cry- high pitch harsh screech 11 20 4

25 3 Bilateral arm extension, maintaining equal 
arm distance

1 1 20 4

27 4 Breath holding 8 15 4
18 5 Upper lim bs, flaying tva 23 3
34 0 Upper lim bs, abrupt and intentional tea 14 4
12 7 Upper lim bs, frantic tv a 10 4
35 S Hand(s). sw iping motions rua 8 3

E xhibited bv  1 o r  2 neon ates
30 9 General body m ovem ent, very tense 

strained
24 6 S

32 t o Upper lim bs - limp 6 1 1
37 1 1 Respiratory - gasping sound a'a 10
38 12 Hands, cradle head n/a 8 1

39 13 Hands, clutcnm g motions iv a 5 i

Nole D * = definition number. Rank -  ordered by greatest duration and then greatest frequency as 3 or more neonates expressed the behaviors 
and as 2 or less neonates expressed the behaviors. % -  percentage o f  time (duration) neonate(s) spent assum ing a behavior for that event, f  -  
occurrences o f  rapid occurring behavior, n = number o f  neonates exhibiting the behavior; a  a = no duration scores calculated as refer to 
momentary types o f  behavior. % scores do not add up to 100 because each o f  the scores represent the most prominent behavior within a 
particular category o f  distress;
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Table 5A
N eonatal d is tre s s  beh av io r: R anked  by  o rd e r  o f m ean  d u ra tio n  an d  then  freq u en cy  fo r post d ia p e r  
chant;e a n d  post c ircum cision  events

POST DIAPER CH A N CE POST CIRCUM CISION
ta n k Vm f n Rank 5 . f n

Exhibited bv 3 o r  4 neonates Exhibited bv 3 o r 4 neonates
1 Right upper lim b, regular tucking and un­ 53 5 3 1 Right lower limb extended and immobile 58 32 4

tucking o f  arms
*» S e lf absorbed, im table 29 8 3 V Lower limb m uscle tone, tense, irritable 56 7 4

Exhibited by 1 o r  2 neonates 3 Lett lower limb extended and imm obile 47 4
3 Bilateral hip knee flexion with leg kicks 67 2 2 4 Bilateral lower lim bs, extended and 37 i*; 4

immobile
4 Lower limb m uscle tone, regular 40 3 •s 5 General body m ovem ents, no movement. 34 n 4

imm obile, not relaxed
< Lett upper limb, regular tucking and un­ 40 *> s 6 Lower limb m uscle tone, lack muscle tone - 28 10 3

tucking o f  arms limp
!■ General bodv m ovem ents, free tlow. 3 2 7 Bilateral hip knee flexion  with leg kicks 25 20 4

relaxed
- Rhvthnucal leg kicking, smooth and 27 3 V 8 Sell absorbed and irritable 25 i i; 4

relaxed
X Hvpcrsensiliv itv . frantic motor movement 15 N 1 9 Right upper limb, regular tucking and un­ 23 20 3

with crv unable to wind down tucking o f arms
■> I pper limbs - variable trcctlow 14 3 2 10 Drawn in- cvclical crv 20 14 3
lo Drawn in- cyclical cry 13 3 I 1 I Bilateral hip knee tlexion . no leg kicks 19 10 4
1 1 S e lf absorbed, content 9 s 2 12 Calling out. cry loud and broadcasting 15 11 4
12 Alert, tense listening 7 1 1 13 ■Alert, tense listening 4 4 3
13 Calling out. cry loud and broadcasting 6 2 2 14 Q uictlv listening 2 5 4
14 Quietly listening 4 2 2 Exhibited bv 1 o r  2 neonates

15 Lower limb brace, postion change (Rt) 26 to ■a

16 Lower limb m uscle tone, still - - 3 i
17 Hypersensitivity, frantic motor movement 19 4

with cry. unable to w ind down

18 Lower limb m uscle tone, regular 17 1 i

19 Head m ovem ent quality, very strained 12 I i
20 L'pper limbs, variable, freeflow 11 -»

21 Lett upper limbs, regular tucking and un­ 8 t) 2
tucking o f  arms

w General bodv m ovem ent, tremulous, jerky s 6 -
23 S e lf absorbed, content *> I

24 General bodv m ovem ent, tree flow . relaxed N *> 1

25 Rhythmical leg kicking, smooth and N 1
relaxed

Note Rank = ordered by greatest duration and then greatest frequency' as 3 or more neonates expressed the behaviors and as 2 or less neonates 
expressed the behaviors: ■• = percentage o f  tim e (duration) neonatefs) spent assum ing a behavior for that event. F - occurrences o f rapid 
occurring behavior, n = number o f  neonates exhibiting the behavior, n  a=no duration scores calculated as refer to momentary types o f  
behavior. “ o scores do not add up to 100 because each o f  the scores represent the most prominent behavior within a particular category o f  
distress
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Table 5B
N eunatal distress behavior: R anked by o rder o f  m ean  du ra tio n  an d  then  frequency fo r baseline and  
post re s tra in t app lication  events

BASELLN E POST RESTRAINT APPLICATION
Rank •A f n Rank •/a f n

Exhibited bv 3 or 4 neonates Exhibited bv 3 or 4 neonates
1 Lower limb muscle tone, tense im table 45 n 4

I Bilateral hip knee flexion with leg kicks 83 *>■> 4 - Lower limb muscle tone, regular 45 8 4

1 ell upper limb, regular tucking and un- f>2 •> ̂ 4 3 Bilateral hip knee flexion with leg kicks 44 *1 4
tu-king movement*
Kighl upper limb, regular lucking and un* 58 i ; 4 4 Bilateral hip knee flexion, no leg kicks 44 19 3
tucking movements
Rhvthmic.il leg kicking, smooth and relaxed 45 ■> •» 4 5 Rhythmical leg kicking, smooth and relaxed ?u 7 4

< l ’pper limbs • variable, freeflow 45 15 3 6 General body movement, free tlow. relaxed 29 12 4

0 General body mov ements, free tlow. relaxed 42 13 4 7 Right upper limb, regular tucking and un­ 12 4
tucking movements

7 S e lf absorbed, irritable 31 26 4 8 S e lf absorbed, irritable 24 4

8 S e lf absorbed, content 31 18 4 9 Left upper limb, regular tucking and un­ 22 2D 4
tucking

9 Lower limbs, regular 29 8 3 10 S elf absorbed, content 19 8
i n < 'ailing out. cry loud and broadcasting 27 11 3 11 L'pper limbs, variable, freetlow 19 8

11 Right lower limb brace, position change 2 < 3 12 General body movements, no movement. 16 10 3
immobile, not relaxed

Exhibited by 1 or 2 neonates 13 Quietly listening 1? 7 3
i ; Right tower limb extended and immobile 20 5 14 Calling out. cry loud and broadcasting 7 6

i • l eit lower limb extended and immobile 7 5 > 15 Lower limb brace, postion change (Lt) 4 9 3
1 4 bilateral lower limb extended and immobile 7 < Exhibited by 1 or 2 neonates

'.‘uicth listening M 2 16 Lower limb muscle tone, stiff i : 8 2
if- Bilateral hip knee flexion, no leg kicks ' 2 17 Alert, tense listening i n 2
i ' General bod\ movement, no movement. ; 2 2 18 Lower limbs, immobile, lack muscle tone 11 < 1

immobile, not relaxed
la Drawn in, cvchcaj crv 3 - - 19 Bilateral lower limb extended and immobile 8 8 2

in 1 owcr limb muscle lone, lack muscle tone * 2 1 1 20 Head movement quality, very strained 8 1 1
limp

2o Lower limb muscle tone. stiff 1 1 1 21 General body movements, tremulous, not 7 12 2
relaxed

■v» Right lower limb extended and immobile 5 4 2
23 Drawn in. cyclical cry 5 4 1
24 Hypencnstivity. frantic motor movement 1 1 1

with cry. unable to wind down

25 Left lower limbs extended and immobile 1 1 I

Note Rank" ordered by greatest duration and then greatest frequency as 3 or more neonates expressed the behaviors and as 2 or less neonates 
expressed the behaviors: °o = percentage o f  time (duration) neonate(s) spent assuming a behavior for that event: F = occurrences o f  rapid 
occurring behavior, n -  number o f  neonates exhibiting the behavior n a-n o  duration scores calculated as refer to momentary types o f behavior. 
° <1 scores do not add up to 100 because each o f  the scores represent the most prominent behavior within a particular category o f  distress
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CHAPTER SIX 

General Discussion and Conclusions

In the past 25 years, we have shifted from viewing human neonates as buzzing 

states o f confusion to acknowledging them as interactive beings who demonstrate 

sophisticated perceptual and communication competencies (Slater & Johnston, 1998). 

These insights have primarily come from utilizing developmental frameworks and basic 

observational methods to study newbom response patterns (Rovee- Collier, 1996). The 

purpose o f this ethologically based research was to apply basic observational methods to 

the study o f neonatal pain for the purpose o f contributing descriptive level information 

about the pain behaviors. However, like any new approach, the value of the method will 

lie in its ability to further current understanding o f the topic and in its ultimate potential 

to contribute to improved neonatal pain outcomes. In summarizing the manuscripts 

contained in this document and discussing their interrelatedness, the value o f ethological 

methods and the outcomes o f this dissertation research are discussed in terms o f their 

advantages and limitations as well as the promise such methods hold for the science of 

nursing and the field o f  neonatal pain research.

Advantages o f Ethological Methods and Achievements o f This Research

In Manuscript One, the philosophical fit between the science o f nursing and the 

science o f  ethology were examined to determine the usefulness o f  ethological methods 

for generating basic descriptive knowledge about human behaviors for nursing. 

Determining the fit between underlying philosophical assumptions is important for 

several reasons. Although not explicated in any o f  the manuscripts, the issue o f 

philosophical orienu tion fundamentally underlies the process in establishing construct 

validity o f behavioral constructs that are complex and not directly observable, such as
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pain (Keriinger, 1979). As perspectives for practice, research and scholarship, 

philosophical orientations underlie how disciplines seek to research topics o f interest to 

them and how they develop their respective bodies o f  knowledge (Salsberry, 1994).

As suggested in Manuscript One, employment o f  compatible methods from the 

science o f  ethology may help construct a credible and sound body o f knowledge about 

human behaviors commensurate with the scientific and professional aims of nursing. In 

addition, the benefits o f employing basic research designs and inductive systematic 

observation w ere discussed by w ay o f contrasting the typical behavioral approaches used 

in nursing with those used in ethology. Arguments in support o f ethological methods, as 

outlined in Manuscript One, may provide interested nurses the incentive to conduct basic 

observational research. These basic investigations could involve inductive use o f 

systematic observation and subsequent deductive approaches to develop a middle range 

theory about a particular behavioral phenomenon. If developed, a middle range theory 

would have favorable impact on nursing as it would equip clinicians with credible 

integrated know ledge about the phenomenon that is directly applicable for guiding their 

practice. Details o f how the two-phased ethological approach could be employed w ere 

illustrated in Manuscript One and later elaborated upon in Manuscripts Three and Four.

In Manuscript Two, an overview o f the research literature on neonatal pain, and in 

particular, on neonatal pain behavior was presented. The overview revealed that major 

adv ancements have occurred as a result o f incorporating neurodevelopmental frameworks 

to the study o f newbom pain. The review also indicated a gradual evolution, over the past 

tw o decades, in the focus and design of the research. While some researchers have 

regarded neonatal pain as a multidimensional phenomenon (Stevens, Johnston, Petryshen 

& Taddio. 1996), others have pursued measuring only one or two o f its dimensions (the
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physiological, biochemical or behavioral). O f the individual responses measured, some 

were noted to be developmentally sensitive, such as infant state. However, some were 

based on a priori descriptors borrowed from the adult pain literature and assumed 

representative o f neonatal pain (Franck & Miaskowski. 1997). The overview also show ed 

most research on the three dimensions o f neonatal pain w ere applied and deductive; 

emphasis on applied inquiry likely occurred because studies were originally designed to 

improve clinical pain outcomes as opposed to being designed to develop basic theoretical 

know ledge not immediately useful for clinical application.

While the applied and deductive nature o f the research evidently resulted in a 

wealth o f  pain measurement findings and while composite measures o f neonatal pain 

were starting to be developed, correlations between and among the measured indices 

were also evidently difficult to assess and or measure consistently over time. Also 

neonatal pain assessment instruments were being developed despite the measurement 

difficulties researchers were faced with. The review also revealed other important issues 

such as the dearth o f basic studies to ground conceptual understanding and support 

construction o f the applied knowledge, and the problematic adherence to describing 

neonatal responses to an immediate pain stimulus even though new born response patterns 

are highly variable and not always specific to pain. Critiqued as well are the conventions 

o f  collecting pain behavior data using few pain behaviors; relying on extremely short data 

collection time frames; and utilizing short-term pain models.

On the basis o f the overview, the argument was made that some o f our current 

approaches to investigating neonatal pain are imperfect and that some might underlie 

current difficulties in assessing and obtaining consistent measures o f neonatal pain. The 

argument adds that the research, and in particular the focused nature o f the behavioral
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research, may have inadvertently overshadowed the importance o f further behavioral 

inquiry, and that the lack o f comprehensive description o f newbom pain behavior may be 

delaying conceptual understanding o f the entire phenomenon. Knowledge of the 

imperfections in the research and consequent gaps in comprehensive understanding of 

neonatal pain behavior provided the basis for suggesting basic ethological methods and 

for using the context o f distress to add breadth and depth to the exiting body of 

behavioral knowledge on the topic. This basis rests on the belief that behaviors provide 

the most direct and objective means for learning about neonates and their pain (Craig & 

Grunau. 1995). Ethological methods were presented as novel approaches to expand the 

range, scope and descriptive detailing o f the behaviors including descriptions o f the pain 

context. As Wall (2000) predicts, advancements in pain knowledge will come not only 

from improving pain outcomes but from understanding the context in which pain resides.

In addition to permitting description o f the context o f pain and identifying internal 

and external factors influencing the newborn's behavioral response to noxious and other 

forms of sensory stimuli, ethological methods w ere proposed as they promised to add a 

multi-method approach to the valid study o f neonatal pain. That approach is in keeping 

w ith the complex nature o f  the construct under study. As Streiner and Norman (1998) 

argue, a multi-method approach may help increase the generalizability o f behavioral 

findings, and generalizability helps in the valid construction o f neonatal pain assessment 

instruments. While an inability to assess neonatal pain underlies current problems in 

neonatal pain treatment, basic behavioral description w ere proposed as important 

solutions to solving some o f these problems as they represent important perquisites to 

de\ eloping sound pain assessment information.
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In Manuscript Three (Phase One) and Manuscript Four (Phase Two), ethological 

methods and the context o f neonatal distress were employed to address some o f the 

knowledge and research shortcomings raised in the first two manuscripts o f the 

dissertation. Similar to the basic study conducted by Cote, Morse and James (1991), the 

two-phased basic research, reported in this document, represented basic and broad based 

approaches to the study o f neonatal pain expression.

Specifically, in this study, the decision to focus on describing neonatal distress 

afforded unique opportunity to “work” with the variable response pattern o f the neonates. 

Because the approach was not limited to the immediate stimulus-response paradigm, it 

promised to lend to a broader perspective for understanding how neonates normally 

respond to the range o f sensory stimuli they receive when exposed to pain. Other 

researchers agree in taking broad approaches to study infant related phenomenon.

Fxperts from the fields o f infant development predict that novel insight into the meaning 

of new bom stress and coping will come from observing neonates as they interact with 

their environments and linking behavioral data with simultaneously occurring 

physiological data (Gunner & Donzella, 1999). This prediction is based on the belief that 

behaviors reflect a complex matrix o f underlying regulative processes. In taking a broad 

approach. Gunner and Donzella advise against the fruitless pursuit o f  trying to find 

correlational relationships between the multiple independent yet integrative responses o f 

newbom stress reactivity. Instead, they suggest more research to understand just how 

o\ert and hidden stress related processes interact to regulate and modify each other, such 

as those involving caregiver presence, infant state and cortisol levels.

In Phase One o f the study, the use o f inductive ethological methods led to 

successful creation o f  a reliable ethogram which included an exhaustive listing of
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neonatal distress behaviors. Unlike the ethogram developed by Cote et al. (1991), which 

contained descriptions o f postoperative distress behaviors, the ethogram developed in 

Phase One contained descriptions o f behaviors specific to surgery and other distress 

provoking but non-noxious events. Differences in how each o f the two basic studies was 

conducted resulted in different contributions. In this study, the strategy o f systematically 

describing behauors to the actual surgery and avoiding an inferential approach to 

reducing the large data set helped describe the range o f distress behaviors for the events 

observed. The large numbers o f  behaviors reported support claims made in Manuscript 

Two that neonates exhibit a wide range o f recognizable behaviors to distress provoking 

situations, including those that are noxious. Some of the findings reported in this study 

confirmed reports made by others, whereas, others represented novel descriptions that 

will add to the body o f knowledge on newbom pain and distress behavior. Collectively , 

the range o f descriptive outcomes supports the argument for basic inductive approaches 

to further conceptual understanding of newbom pain and distress. They provided the 

basis for a continued basic study on the behaviors in Phase Two o f the research.

In Phase Two. one o f the most important reasons for employing ethological 

methods and taking the broad based approach o f focusing on distress was that the 

strategies offered credible research alternatives for generating fine grained descriptions o f 

the behaviors and they provided unique approaches to descriptively distinguish between 

neonatal distress and neonatal pain. Inability to distinguish distress from pain has been a 

difficult clinical and research issue that has had theoretical and clinical implications. As 

discussed m the animal pain literature, distress functions to activate neural pathways in 

the limbic sy stem responsible for processing emotional responses to pain, fear and 

anxiety (Rowen. Stephens. Dolins, Gleason & Donley, 1999). Perhaps in distinguishing
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distress, ongoing basic research might help further insight into the multiple dimensions o f 

neonatal pain, including the now nebulous emotional component.

Results o f  Phase Two showed that newboms do indeed exhibit distress in 

response to both noxious and non-noxious stimulation. Findings o f the 26 distress 

beha\ lors across noxious and non-noxious distress events support claims made by 

Johnston and O'Shawgnessy (1987) about the nonspecific nature o f neonatal pain 

response patterns. They also support the findings o f Breau, McGrath, Camfield, Rosmus 

and Finley (200U) who maintain that distress is an inherent component o f acute pain. 

Together the findings suggest neonates respond to most stimuli in a distressful manner.

However, this research also showed that it is possible to distinguish new bom 

distress behav iors that are specific to acute pain stimulation (extreme distress). 

Specifically, those findings came from utilizing ethological strategies to define neonatal 

distress behaviors in temporal terms and rank ordering them by duration. They resulted in 

producing a precise graded description o f newborn distress and identifying responses 

specific to the acute pain o f newbom male circumcision. They also led to novel 

description o f the amount o f time neonates spent exhibiting acute pain; all adding 

important description about the quality o f the behaviors. In this study, most o f the 27 

distress behav iors reported occurred the most frequently and they lasted the longest 

during the circumcision event compared to the restraint application event or the diaper 

change event. O f those 27 behaviors, 13 additional behaviors occurred only during actual 

circumcision, and. o f those, all four neonates expressed six o f the behaviors: high pitched 

hursh screech, abrupt and intentional mov ements o f the upper limbs, very strained, frantic 

and labored mov ements o f the upper limbs, breath holding and bilateral arm extension
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and maintaining equal distances between the arms. The last four are unique to this study, 

as they have not been previously reported in the neonatal pain literature.

In this study, the ability to distinguish the 13 expressions o f  extreme distress 

(acute pain) may have occurred because the study involved testing newbom male 

circumcision; acknowledged as one o f the most intense forms o f acute pain (Porter.

Miller & Marshal. 1986). While results o f this study also indicate that it is possible to 

distinguish between grades o f non-noxious distress, it is unclear if  behaviors in response 

to less intense forms of acute pain can also be commonly distinguished. It may be that 

neonates receive less intense forms o f acute pain as generalized distress. If so, those 

findings will nonetheless less be important as they will guide further inquiry to determine 

their implication, particularly for neonates who may lack the developmental capacity to 

inhibit incoming sensory stimuli. Ongoing testing of the ethogram to different types and 

intensities o f newbom distress and pain will further distinguish behaviors specific to pain.

A related benefit to using distress to study neonatal pain was that it led to the 

identification o f individual differences in newbom distress expression (the consistent 

hypersensitivity exhibited by two o f the neonates). As suggested, hypersensitivity may be 

reflective o f the individual newborn's developmental ability to self-organize in response 

to sensory stimulation, particularly at this epoch in newbom development. If consistently 

observed elsewhere, their occurrences call for further inquiry to study the interactive 

effects o f distress on pain and to determine its role in neonatal coping and recovery' from 

pain. It may be that newbom hypersensitivity may be predictive o f prolonged distress 

following exposure to pain (indicating delayed recovery from distress and pain) for 

particular neonates. If so, this will be important for nursing, for it is basic know ledge that 

may provide direction for individualized newbom pain care and the impetus for further
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developing strategies to prevent and or treat neonatal distress and pain. The benefits o f 

basic know ledge for guiding theory based nursing practice were discussed further in 

Manuscript Two.

As explained in Manuscript Three, no attempts were made to subject the 

ethogram to validity testing following its inductive creation. In addition to the other 

reasons given, the rationale for this decision was methodological in nature. As Suen and 

Ary (1989) explain, one o f the most fundamental validity requirements for creating a 

beha\ loral coding scheme (an ethogram) is that it be representative and exhaustive. 

Although this research is exploratory, continuing to develop the ethogram through 

increased sampling as well as testing it in pain and non-pain situations will help 

strengthen the content and construct validity o f the ethogram. The range o f representative 

and reliable descriptor items contained in the developed ethogram will in turn help 

construct neonatal pain assessment instruments having strong psychometric properties. 

Study Limitations

In this study, limitations associated w ith use o f the secondary videotaped data are 

discussed in Manuscripts Three and Four. Additional limitations involve subject 

information, types o f behaviors sampled and costs associated with the research. 

Gestational age is an important variable which may account for the individual 

expressions o f distress reported in Phase Two. Although neonates in this study were all 

over 38 w eeks gestation, as taken from the maternal prenatal care documents (personal 

communication B. Brady-Fryer, July 2, 2001), it is unclear how gestational age o f the 

neonates were actually calculated. As Dodd (1996) maintains, neonates o f differing 

gestational age exhibit and respond to stimuli differently. The two neonates who 

displayed hypersensitivity may have lacked ability to inhibit incoming sensory inputs as a
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result o f their gestational age. Such hypersensitivity may render some newbom infants 

highly receptive to ensuing pain stimulation (Fitzgerald, 1991). Having clear information 

about gestational age and the ability to select for this confounding variable will help 

clarify and/or give direction to the preliminary finding that increased sensitivity and 

prolonged recovery can occur in response to otherwise neutral stimulation.

Another important factor known to influence neonatal response patterns is infant 

state (Prechtl. 1974). Although most neonates in this study were awake and alert at the 

start o f data collection for all seven events, we did not code for infant state during the 

course of each observation period. Inclusion o f  already defined descriptions o f infant 

state, such as those developed by Prechtl, may improve the quality o f study findings since 

it provides supplemental knowledge o f the neonate’s regulative capacity. Their inclusion 

may also be instrumental in describing the newbom’s behavioral response during the 

extended postoperative period (up to 72 hours after surgery), particularly to determine if 

neonates who are exposed to intense acute pain, such as circumcision, sleep for extended 

periods following the surgery. If so. those findings will support suggestions made by 

Prechtl about the restorative and regulative function o f sleep during early human 

development. Further, inquiry into infant state and neonatal pain may advance descriptive 

understanding o f  neonatal recovery from prolonged and or repetitive pain.

Another limitation o f this study pertained to the cost o f  conducting the research. 

For the four cases, in Phase Two o f the study, for example, it took approximately 1696 

hours to code 67 minutes o f continuous data. Although the benefits o f generating basic 

data offset the costs, this behavioral research was expensive and labor intensive as it 

required technologies capable of capturing and precisely recording fast occurring 

neonatal motor movements. As w ell, the tw o-phased study required employment o f a
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qualified research assistant to help conduct ongoing reliability testing o f  the ethogram 

and to assist with continuous time coding. In the future, event recorders and updated 

digital equipment will help facilitate collection and immediate storage o f the data as it is 

observed. These technological advances may also help reduce any error resulting from 

the second by second coding o f multiple behaviors via pencil and pen method.

Data Analysis Issues

The ethogram developed in this research differs from most o f  those described in 

the ethological literature: while most ethograms consist o f a number o f  exclusive 

behavioral categories, this ethogram consisted o f 35 main categories that w ere not in 

themselves mutually exclusive (although each consisted o f  subcategory sub-items that 

were mutually exclusive). The non-exclusive nature o f the main categories, however, is 

representative o f  newbom motor behavior which is rapid and co-occurring.

The atypical nature o f  this ethogram (dependency o f main descriptor items) 

subsequently limits the types o f statistics that can be appropriately performed on the 

behavioral data. Other than simple descriptives (frequency and duration) more 

sophisticated analyses such as those associated with sequential patterning in the 

behavioral data have to be conducted using specialized programs such as Sequential Data 

Interchange Standard (SDIS) and Generalized Sequential Querier (GESQ) (Bakeman & 

Quera. 1995). Yet, given gaps in basic description o f the frequency and duration o f most 

neonatal pain behaviors, descriptive statistics are ideal and timely and they provide the 

basis for subsequent research into the nature and implications o f prolonged distress.

When no new behaviors can be described with further sampling and testing, the 

ethogram may then be reduced to facilitate meaningful analysis o f  the behaviors. Such 

reduction may first involve combining behaviors that represent same phenomenon (to
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reduce redundancy) and assigning appropriate weighted averages to relevant but 

extremely rapid occurring behaviors that might otherwise be eliminated if subjected to a 

statistical grouping technique. It may also involve considering the intuitive or contextual 

meaning o f the behaviors. Follow ing these qualitative reducing strategies, the ethogram 

may then be subjected to a factor analysis procedure to identify groupings in the data and 

to help test its internal structure. Other deductive strategies may include factorial or 

comparative approaches to help determine the interactive effects o f distress on pain and 

to comparatively distinguish distress by event. As discussed, those forms o f inquiry' aw ait 

further development o f the ethogram and appropriate data reduction strategies.

It may be argued that the small numbers of neonates sampled in this study are too few 

to make conclusive study statements. In ethological-based studies, the unit of analysis is 

behavior, and, in addition, sampling usually involves subjects, time and events (Sackett 

1978). Yet. because we analyzed behaviors as they occurred by event, and because the 35 

categories of (235 individual) behaviors were sampled over 4020 seconds, ample data was 

a\ailable for precise descriptive level findings. Because this study is basic and findings are 

preliminary, ongoing investigation is indisputably required before any generalizations can be 

made about the study findings reported.

Implications for Nursing and the Neonatal Pain Field

Since nursing deals with complex behavioral phenomenon and non-verbal 

populations, the ethological methods described in this study may provide guidance for 

know ledge development in such areas. How ever, the primary outcome o f Phase One 

(Manuscript Three) w ill not have direct or immediate practice benefits since it represents 

basic descriptive level information that is o f conceptual rather than o f practical benefit. 

For example, the ethogram itself cannot be used to assess neonatal pain. As explained in
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Manuscript One, the benefits o f the ethogram will lay in its potential to develop a strong 

foundation o f descriptive information for nursing (and the neonatal pain field). 

Advancements in these areas and their relevancy for nursing will come from conducting 

basic research on the behavior and integrating it with applied knowledge, as in 

development o f a middle range theory on newborn pain assessment. Conducting basic 

research within the context o f  an applied problem is a suggested new approach to 

integrating basic and applied research in the associated fields o f infant development and 

infant psychology (Rovee-Collier, 1996; Schwebel, Plumert & Pick, 2000). For the 

developmentalist, this synergistic approach to knowledge development could arise from 

combing basic know ledge about developmental processes and combining it with 

know ledge about the practical everyday functioning o f the processes (Schw ebel et al.).

As a form o f basic information, the reliable ethogram provides researchers a 

credible means for furthering fundamental descriptive understanding o f  newborn distress 

behaviors that are associated with acute pain. As discussed, we currently lack this 

know ledge, and such paucity may underlie some o f the current conceptual and 

methodological problems in the neonatal pain field (as reviewed in Manuscript Two). 

With further inclusion o f inductively derived descriptor items (through continued 

testing), the reliable ethogram will assist in constructing conceptually grounded neonatal 

pain assessment instruments. This development will have significant relevance for 

nursing practice in that inductive approaches may add items that are clinically relevant to 

the behavioral component o f a neonatal pain assessment instrument. These may include 

the inclusion o f simultaneously occurring stimuli (e.g., touch and sound) when scoring 

for pain and recording neonatal responses over time to obtain an overview o f the pain 

context and the trajectory o f the neonate’s pain response pattern.
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Because the ethogram contains basic knowledge, it will also have the added 

potential to broaden the scope o f neonatal pain investigation in areas not yet described or 

understood. In this way, the ethogram may be used to investigate questions about 

neonatal distress behaviors that emerge from the practice setting. Because findings from 

Phase Two are preliminary, continued study is required. However, descriptions of 

extreme expressions o f neonatal distress, novel descriptions o f distress duration and the 

indiv idual differences in hypersensitivity are important basic descriptions that can be 

in\estimated for their potential in informing and guiding clinicians to correctly identify 

neonatal pain behavior. Development in these areas will contribute to our fundamental 

understanding and ability to assess neonatal pain, all to improve newborn pain outcomes. 

Future Directions

This ethological-based research provides the basis for continued basic description 

o f neonatal pain behaviors and subsequent deductive inquiry about them. Before it can be 

generally applied to develop clinically relevant pain know ledge, the ethogram must 

demonstrate that it is representative o f newborn acute pain and distress (valid) and that it 

ean be applied consistently (reliable). This will mainly be achieved through continued 

development o f the ethogram involving several steps. Each o f the steps involves 

sampling healthy human neonates who are o f  similar gestational ages. Each step involves 

non-intrusive description o f  newborn distress behavior within the context o f  acute pain 

and application o f  ethological methods, including using Kappa reliability procedures.

First, sampling must be broadened to include pain behavior description of other 

male new borns as they experience different types o f  neonatal acute pain, such as heel 

lance and other forms o f new born surgery. That approach will optimize construct validity 

of the ethogram; it w ill test the extent to w hich behaviors composing the ethogram are
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representative o f male newborn infants who undergo varying types o f  acute pain and 

associated distress. As discussed, it is unknown if  a less intense form o f acute pain can be 

clearly distinguished. Such knowledge can only be explicated through continued 

inductive development o f  the ethogram to determine the extent to which neonates exhibit 

different behaviors to different intensities o f distress and acute pain.

Once saturation is achieved in those sets of studies (meaning no further distress 

beha\ lors can be described in male newborns to varying types and intensities of acute 

pain), sampling may then be broadened to include female neonates o f similar gestational 

ages who also experience similar kinds o f  acute pain and distress. Inclusion o f those 

types o f  studies will not only help further test the validity and reliability o f  the ethogram 

(and possibly augment it), they will also contribute to the dearth o f investigation on 

gender expression o f pain during very early human development.

Currently, findings on gender differences in human pain expression during 

infancy and childhood are discrepant although more consistent findings are reported in 

the adult pain literature with females reporting pain more than males (Fillingim. 2000). 

Within the infant pain literature, some researchers report females display increased facial 

expressions in response to repeated physical exam (Gunner, Conners & Isensee, 1989). 

and venipuncture (Guinsburg et al. 2000), while others report no gender differences in 

behavioral or physiological responses to heel lance pain (Owens & Todt, 1984; Stevens. 

Johnston & Horton, 1994). Increased pain behavior in female children and female adults 

are thought to be due to social modeling (Unruh, 1996); yet evidence is emerging of 

gender differences in pain behavior in the animal research literature (McClure, 2000).

Guinsburg et al. (2000) believe that discrepant findings about gender differences 

in infant pain expression occurred because o f  the absence o f a gold standard to assess and
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measure infant pain. In his meta-analysis on gender differences in facial expression, 

McClure (2000) suggests that opposing findings might have occurred because researchers 

tested mild pain and used short-term pain models. To strengthen the methodological 

quality o f the studies, McClure recommends increasing sample size, testing pain that is 

repeated or prolonged in nature and utilizing longitudinal study designs. Basic 

approaches may also assist with comparative analysis o f the frequency and duration of 

distress related pain expression between newborn males and females.

Inductive studies to describe newborn distress behavior in female newborns to 

varying kinds o f acute pain (including surgery and short term invasive procedures) w ill 

continue until saturation is reached and the ethogram is deemed representative o f healthy 

male and female neonates and varying kinds o f acute pain. At this point, the ethogram 

can be subjected to the reduction process described earlier. Common behavioral 

descriptions arising from use o f  the ethogram can then be used to construct the behavioral 

component o f  a neonatal pain assessment instrument. This will involve combining the 

beha\ loral descriptions w ith already developed descriptions o f  new born acute pain 

beha\ lor. such as facial action and adding these with physiological and biochemical 

neonatal pain indicators such as change in heart rate and oxygen saturation.

Because the developed ethogram will represent a descriptive database about 

new bom distress related acute pain behaviors, behaviors composing it can be used to 

assess distress in ill full term neonates exposed to acute pain or to assess the behavior in 

full term neonates exposed to repeated bouts o f noxious and non-noxious but distress 

provoking events. The ethogram may also be used to conduct comparative analysis. This 

might involve using the ethogram to describe distress behavior in neonates o f  varying 

gestational ages, o f  varying severity o f illnesses, or o f  premature birth. Yet, ongoing
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comparative testing may reveal that the developed ethogram is not applicable to neonates 

o f different ages because neurodevelopmental shifts occur at about the 20th day o f human 

life (Beland & Fitzgerald, 2001), meaning that fullterm neonates older than 20 days o f 

age may exhibit less variability in distress expression because they are more 

neurologically able to inhibit incoming sensory stimuli. While creation o f an ethogram 

for neonates younger than 20 days o f age may be specific to only very young neonates, 

the fast accumulating evidence o f the harmful effects o f early pain (Anand, 1998) call for 

in-depth behavioral studies: we need to determine whether developmental differences in 

new born pain expression exist and, if  so. can these behavioral differences be used toward 

further inv estigation? Can the developed ethogram be used, for example, to distinguish 

graded expressions o f  distress and pain over time in both newborns and older infants who 

were exposed prenatally to psychotropic agents now suspected to alter neonatal stress and 

pain reactivity (Grunau, Oberlander, Fitzgerald, Misri & Riggs, 2000)?

Clearly, the complexity inherent in newborn pain expression demands broad 

based forms o f inquiry including basic and applied research approaches. On the basis of 

this research, continued use o f ethological approaches is justified for both the science of 

nursing and the neonatal pain field. Basic behavioral approaches hold promise for helping 

to create the theoretical foundations upon which we can understand and construct applied 

knowledge about complex phenomenon affecting humans, particularly those who are 

unable to communicate verbally. Most important, however, is the promise that continued 

basic inv estigation holds for deepening our conceptual understanding o f newborn pain 

and distress and the promise it holds for distinguishing pain and furthering pain 

assessment efforts, challenging but most important keys to improving neonatal pain 

outcomes
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acous t ic  reac t iv i ty  to  su b seq u e n t  s t ie s s

Menme et a l , 199 3 3 
N 27 full l e im  1-3 d a y s  o ld

R a n d o m iz ed  con tro l

C i rc u m c is io n H eart  la te
SaO?
f a c i a l  act ion  
( i y  aco u s tic s

C o m p a i e d  w i th  b ase l in e ,  all  n e w b o rn s  d e m o n s t r a te d  in c re ases  in h ear t  late ,  
de t  le a se d  o x y g e n  sa l in a t io n ,  m in e  facial  a c t io n s  d u r in g  all  p h a se s  o f  
p i o i c d i n e  C o m p a i e d  w ith  p lac eb o ,  I M L A  (eu tec t ic  n u x t iu e  o f  local 
an es th e t ic s )  s ig n i f ic a n t ly  a t te n u a ted  p a in  r e sp o n se s  ( low er  heart  rale ,  h igh  
o x y g e n  s a t iu a t io n  a n d  less  facial  a c t iv i ty )  N o  sign if ican t  d i f fc ien c c s  g io u p s  in 
spec tra l  c ry in g  p a ia m e tc i s

H ozzette ,  l ‘W *
N- 20  p ie  and  
fu l l te n n  ill n e w b o rn s  
1-19 days  old 
o b se rv a t io n  s tudy

H cels t ick H ear t  la te  
R e s p n a to r y  late  
Sa()2
M o to i  act iv ity  

Fac ia l  b e h a v io r s

F o l lo w in g  h ce ls t ick ,  th e ic  w e ie  s ign if ican t  in c ie a se s  in hear t  la te ,  facial  
be l iav io i ,  m o lo i  r e sp o n se s  a n d  b e h a v io ia l  s ta le  A lso  post  d e c ie a sc  in Sa02 .

L ew is  & R am sey ,  1985' 
N = 7 4  infants  at 2, 4, 0  & 16 
m o n th s  o f  age

Longitud ina l

R o u t in e

im m iim z a t io n
Sa l iv a ry  cortiso l  
Peak  facial  a n d  voca l  

e x p ie s s io n s  0  3 sca le

C o r l iso l  leve ls  c o l l e c te d  at ba se l in e ,  e x a m in a t io n  a n d  im m u n iza t io n  at 4 t im e 
p o in ts )  v id e o ta p in g  o f  im m u n iza t io n  p ro c e d u re  Mcliaviois c o d e d  at e a c h  5 
se c o n d  in te rval .  In fan ts  sh o w e d  an  m c ic a s c  in sa l iva ry  cor tiso l  level o v e r  
b a se l in e  at 18 m o n th s  that  w a s  sun i la i  to  c o r t iso l  levels at 6  m o n th s  C o r t iso l  
levels s h o w e d  a  d e c l in e  b e tw e e n  2 a n d  6  m on th s .  F in d in g s  suggest  shif t  in 
a d r e n o c o i t i c a l  fu n c t io n in g  o c cu rs  b y  6  m o n th s  o f  age

L an d e r  et a l , 199 7 6 
N= 52 full t e n n  hea l th
1 - 3 days  o f  age

C i rc u m c is io n H e a r t  ra te  
C ry
M e t l i e m o g lo b in  level

P la c e b o  g r o u p  e x h ib i t e d  in c re ased  h ear t  ra te ,  h ig h  p i tc h e d  c ry  t h ro u g h o u t  a n d  
fo l lo w in g  c i r c u m c is io n .  R ing  b lo ck  e q u a l ly  e f fec t iv e  th ro u g h o u t  all  s tag es  o f  
c i icu m c is io i i ,  d o r sa l  p en i le  b lo ck /E M L  A (eu tec t ic  m ix tu re  o f  loca l  an es th e t ic s )  
no t  e f fec t iv e  fo r  fo re sk in  s e p a ra t io n  M e th o g lo b m  levels  h ighest  E M L A  g ro u p

H arp in  & R u tte r ,  1 9 8 2 7 
N=  36  h ea l thy  fu l l t e n n

H cels t ick P a lm a i  sw eat A u to lc t  less  p a in fu l  th an  m an u a l  p in p i i c k  A u to le t  g ro u p  re tu rn ed  to  re s t in g  
p a lm a i  sw ea t in g  leve l  s ig n if ican tly  fastei  than  m an u a l  lancet  g ro u p
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4-On

A n a n d  et al., 1 ‘JXA 
33 infants,  2 6  te rm  a n d  7 

p i e t e rm

P a ten t  D u c tu s  
A i t e n o s t s  ( P D A )  

S u rg ic a l  l iga t ion

S tre ss  R e sp o n se  w ith  
m in im a l  a n es th e s ia  

G lu c o se ,  lac tate ,  p y ru v a te  
a la n in e  k e to n e s  
< i ly c e rm e  al 0 - 6  12 and 
P oslopeia live  ~ '

R esu l ts  s h o w  n e w b o rn s  c an  m o u n t  su b s tan t ia l  e n d o c r in e  and  m eta b o l ic  s tress  
l e s p o n se  (h y p e rg ly c e n u a  an d  h y p e i l a c ta te m ia  a sso c ia ted  the ielea.se o f  

c a te c h o la m in e s  a n d  in h ib i t io n  o f  in su l in )  P re te rm s  an d  lu ll term s d isp la y e d  
spec if ic  d i f fe ren ces .  D i f f e ie n c e s  a lso  b e tw e e n  n eo n a te s  g iven  d i f fe ien t  
an es the t ic  ag en ts

W il l ia m so n  & E vans ,  1986 
N = 2 4  h ea l thy  fu l l te rm  
M a le  n ew b o rn s  
1 1 d o isa l  pen ile  b lock  
13 n o  anes the tic

C i r c u m c is io n

A n a n d  et al.,  1987 
N- 16 ill p ie m a lu ie

C o r t is o l  p re  a n d  post  
c i r c u m c is io n

S tress  l e s p o n s e  not r e d u c e d  by  a d m in i s t r a t io n  o f  l idoca ine .  l i lo o d  s a m p lin g  
a n d  a n es th e t ic  in jec t io n  d id  n o t  e v o k e  a d re n a l  i r s p o n s r  in u n c n c i im c is e d  
c o n tio l .  E le v a te d  c o r t iso l  leve ls  in n e o n a te s  g iv en  d o isa l  pen ile  b lo ck

P D A  su rg ica l  
I . iga l ion  
R a n d o m iz e d  to 
N i t ro u s  O x id e  
C u ra re  or  
N i t ro u s  o x id e  & 
( m a r e  A: 

E en tany l  g ro u p s

Po s to p e ra t iv e :  u r ine  
m t i o g e n u u s  c o m p o u n d  

leve ls  at 2 -3  days ,  
G lu c o se - ln s u l i i i  - Lac ta te  
P y n iv a te -A la m n e -  
K e to n e s  G ly c e io n  
G l u c a g o n  C o r t ic o s te io id s  
A ld o s te io n e  
E p in e p h r in e  a n d  
N o r  e p in e p h r in e  at 0-6- 
12-24 h rs ;c l in ica l  stabil i ty

F e n tan y l  g ro u p  sh o w e d  d e c r e a s e d  s t ie s s  re sp o n se  ( d e c ie a se d  e p in e p h r in e  and  
in c ie a se d  N 2 0 /0 2 ,  low ei d u ra t io n  o f  h y p e ig ly c e m ia ,  less m in e  m e ta b o l i te s )  
in l ia -o p e ia l iv e ly  a n d  u p  to  24  In p o s to p e ia l iv e ly .  N E  s ign if ican tly  lowei at 24 
h r  G lu c a g o n  C o r t ic o s te ro id s  s ig n i f ic a n t ly  lower  at e n d  o f  su igc ry .  
A ld o s te ro n e  s ig n i f ican tly  lo w e r  u p  to  12 hi In fan ts  rece iv in g  o n ly  N i t ro u s  
o x id e  a n d  C u ra re  w e re  m os t  c l in ica l ly  u n s tab le  p o s to p e ia l iv e ly

A n a n d  et al.,  1987 
N - 2 8  p re te rm  n eo n a te s  
R a n d o m iz e d  c o n tro l  tr ia l

P D A  su rg ica l  
L ig a t io n  
R a n d o m iz e d  to 
N i t ro u s  G x id c  & 
C u r a t e  w i th  or 
w i th o u t  E en tany l

P o s to p e ra t iv e  
c o n c e n t r a t io n s  o f : p lasm a  
ad ren a l in ,  n o ra d re n a lm ,  
g lu c a c o n ,  a ld o s te ro n e ,  
c o r t i c o s te ro n e  a n d  
p y ru v a te ___________________

E entany l  g io u p  h a d  s ig n if ican tly  lower c o n c e n tra t io n s  o f  h o rm o n a l  
p o s to p e ra t iv e  re sp o n se .  N o n - fe n ta n y l  g ro u p  h a d  h ig h e r  c i rcu la to ry  m eta b o l ic  
c o m p l ic a t io n s  p o s to p e ra t iv e ) ) ’. E lu d in g s  a re  that  p r c tc m i  n e o n a te s  c a n  m o u n t  a 
s t re ss  r e sp o n se  to  su rg e ry  u n d e i  a n es th e s ia  w i th  n i trous  ox id e  a n d  cu ra re  and  
that  p r e v e n t io n  th is  re sp o n se  b y  E en tan y l  an es th e s ia  m ay  be a s so c ia te d  with 
im p ro v e d  p o s to p e ra t iv e  o u tc o m e s

G u n n a i  et a l . , 1989  *
N -  4 9  full te rm  

E x am in ed  tw ice  to d isc h a rg e  
e x a m in a t io n s  o n  2 

c o n se cu t iv e  days

E x a m in a t io n  
o v c i  tw o  d a y s

S a l iv a t  y /P la sm a  cortiso l  
B e h a v io r  state

T h e re  w ere  s ign if ican t  e le v a t io n s  o f  co r t i so l  o n ly  in re sp o n se  to 1" e x a m in a t io n  
a l th o u g h  n e o n a te s  c o n t in u e d  to e x h ib i t  b e h av io ra l  d is t ie ss  A u th o i s  ra ise  
q u e s t io n  o f  n o v e l ty  in r e g u la t in g  in c ie a se s  hi a d ren o c o i t ic a l  act iv ity

8902
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A u t h o r s / S a m p l e S t i m u l u s R e s p o n s e s  M e a s u r e d F i n d i n g s

( i iu iiau  el al., 1 O'X)'1 
N = 3 h  hea l thy  n e w b o r n  (ag e  
2.2h>
( o im te i  b a la n c e d  d e s ig n  
E ac h  n eo n a te  r e c e iv e d  3 
p io c e d n ie s  in 
cm in te rb a la n c ed  o rd e r

IM  mjei l ion  
A p p l ica t io n  ot 
t r ip le  d y e  to  the 

um b il ica l  s tu m p  
I h igh  n ib  w ith  

a lco h o l

f a c i a l  a c t io n  
l .a te n c y  to < ry

In v as iv e  p io c c d i i i c  ( IM  in |cc l io n )  l e su l te d  in g iea te i  total face act iv ity ,  shoric i  
la tency  to c iy  an d  longei  d u ia t io n  o f  first  cry.  C o m p a r i so n  o f  tw o  noil- invasive  
p r o c e d u r e s  s h o w e d  m o re  facial ac t iv i ty  to  th ig h  ru b  c o m p a re d  to  d y e  

a p p l ic a t io n  ( c o t to n  t ip )  R c se a ic h e i s  a c k n o w le d g e  m e th o d o lo g ic a l  d if f icu l ties  
hi e x a m in in g  cry  da ta  as  no  s ta n d a id iz e d  p ro to c o l  foi se lec ting  c u e s  for 
s p e e d  al analysis .

A ie n d t  et al., 1 *>•> 114 
N=2()  fu l l t e n n  in fan ts  
C a rd ia c  ac t iv i ty  m e a s u r e d  6  
t im es  o n  2 c o n se c u t iv e  d a y s  
to  d e te rm in e  i f  r e p e a te d  
m ea su re s  o r  hear t  rate  
va r iab il i ty  a re  c o r re la te d

O b s e rv a t io n  o f  
n o rm a l  r e sp o n se  
pa t te rn

H e h av io ia l  sta te  
H ear t  p e r io d  
H ear t  ra te  va r iab il i ty

H i e  short  t e rm  var iab il i ty  o b se rv e d  b e tw e e n  a n d  with in  ind iv idua ls  d o  not 
su p p o r t  s in g le  a ssay s  o f  hear t  la te  vai lab il i ty  b e  used  to  iden tify  al n s k  inf ants  
oi to  p red ic t  d e v e lo p m en ta l  o u tco m e s

C o n se c u t iv e  sa m p lin g

A n a n d  & H ick ey ,  I 9 9 2 ,?
N =  43 1 w eek  o ld  
ill n e o n a tes

R a n d o m iz e d  to 
N = 3 0  d e e p  in t ra o p era t iv e  
a n es th es ia  w ith  su fen tan i l  
w i th  o p ia te  in fu s io n  24 h o u i s  
N = 1 3  lightei a n e s th e s ia  w ith  
h a lo t l ian e /m o rp li in e  w ith  
so m e  m o q r h in e /d ia z e p a m  
N = 1 3  Sufen tan i l  or 
Su fen tan i l  / fen tan y l  g i o u p s

S u ig e ry  ( o p e n  
hear t )

B- F .n d o q ih m -E -  N E -  
G lu c o se -  A ld o s te ro n e -  
C o r l iso l-  l iisulin- 
CJIucagon- l ac ta te  
C l in ic a l  C o m p l ic a t io n  
M o r ta l i ty

N e o n a te s  w h o  rece iv e d  d e e p  a n es th es ia  s h o w e d  s ign if ican t  d e c re a s e s  m  all 
s t ie s s  re sp o n se s  m ea su re d .  N e o n a te s  w h o  re c e iv e d  l ighter  a n es th es ia  h a d  m o re  
sev e re  h y p e rg ly c e m ia  an d  lactic  a c a d e m ia  d in in g  su rgery  A u th o rs  c o n c lu d e  
p h y s io lo g ic a l  r e sp o n se s  to  s tress  a re  a t t e n u a te d  by  d e ep  anes th es ia  and  
p o s to p e ra t iv e  a n a lg es ia  w ith  h igh  d o se s  o f o p o i o d s  fo l low ing  n e w b o r n  card iac  
su ig e iy  D e e p  a n es th es ia  red u ce s  n eo n a ta l  m o rb id i ty  an d  m o rta l i ty

M c In to sh  et al.,  I 9 9 3 U| 

N =  20

H ee ls t ick H e a r t  ra te  
R e sp i ra t io n
O x y g e n ,  C G 2

In re sp o n se  to  hee ls t ick ,  s ign if ican t  in c rease  in hear t  rate ,  r e s p n a to r y  rate , 
o x y g e n  a n d  C 0 2  ten s io n s  d u r in g  s tab  p h ase

Po k e la ,  1 9 9 4 11 
N=- K4 m ec h an ic a l ly

E n d o tra ce a l
S u c l io n in g

B - H n d o ip h in e
C o r t iso l

S a l in e  g ro u p  sh o w e d  s ign if ican t  longei  d u ra t io n s  o f  h y p o x e m ia  ( Icp()2-  Sa()2) 
a n d  oi a i t e n a l  b lo o d  o x y g e n  sa tu ia t io n  d u r in g  t ie a tm en t  p io c e d u ie s  Those
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oo

venti la ted  neo n a tes  
N -42 lec e iv e d  M e p e n d m e  
N ^ 4 2  le c e iv e d  sal me l.S 
m inu tes  be fo re  s u e t io m n g  oi 
rou t ine  da ily  iiursiiiyr c a t e

l-.valuate o p io id s  to re d u ce  
h y p o x e m ia  an d  h e m o d y n a m ic  
instabil i ty  a s so c ia ted  w i th  
l o u tm e  in tensive  c a ie  
p io c e d u ie s

R a n d o m iz e d  c o n tm l  

Ciunnai el al., 1‘W ' 11

St) fiil l te ims 
T o  inves tiga te  n eo n a ta l  s t re ss  

to su b seq u en t  t e m p e ra m e n t

A b a d  et al., i m 1’’
N - 2 8  hea l thy  p i e t e n n  
n e o n a tes  ( less  th an  37 w e e k s  
g es ta t ion )
C o m p a ra t iv e  l a n d n m  
a llo ca t io n  3 g rp  
( s p u n g  water ,  su c io se ,  
su c ro se  w ith  w a tei  a n d  2 4 ' ’..)

Jo h n s to n  el al.,  I U % ' n 

N - 8 ‘>
( i io u p  N=3 J • 32 wks 
G i o u p  N=  3ft - 28  wk 
C ro ss  sec t iona l  d e s ig n

R ou t ine  N o is in g  
( m e

H eels t ick

V e n ip u i ic tu i i

H eels tick

< d u c o s e  
H ear t  Kate 
B lo o d  I’le s su te  
T cp()2- Sa()2 
Rain s e m e

S a l iv a ry  ( 'o i t iso l  
B e h a v io ra l  S la te  
H e a r t  I V n o d  
V a g a l  Tone

( iv  d u ia t io n

H e a r t  ra te  
< )x y g en  s a lu ta t io n  
f a c i a l  a c t ion

n e o n a te s  a lso  d i sp lay e d  g iea te i  h c h a v io ia l  d is t ie s s  A u lh o is  co n c lu d e  that 
n e w b o rn s  w ith  r e s p u a to r y  d if f icu l t ies  su f te i  h y p o x em ia  in l e s p o n se  to rou t ine  
c a ie  ( tp o io d s  b e n ef ic ia l  in l e d u c m g  h y p o x e m ia  and  asso c ia ted  d is t ress

B ase l in e  v agal  tone  p re d ic te d  c o i t i so l  in le s p o n se  to heelst ick  (v ag a l  tone  index 
of n e o n a te s  a b il i ty  to l e a d  to x l ie s so is )  H eels t ick  ev o k ed  m o ie  c ry ing ,  shorte i  
h ea i t  p e n o d s ,  lower vagal  lone  a n d  liighei co it iso l .  I hose  s e m e s  weie  
a s so c ia ted  w ith  low er  s c o ie s  o n  te m p c ia n ie n t  scale  at 6  m o n th s  (m o th e rs  
s c o t e d )  V a g a l  to n e  a n d  sa l iv a ry  co r t i so l  not s ign if ican tly  l e la te d  -  thus n e e d  to

a sse ss  b o th in o n to g e n y o f  s tre s s - t e m p e ra n ie n t t e l a l io n s________ ________________

M c a s in e s  t a k e n  im m e d ia te ly  aftei v e n ip u n c tu ie  ( i i o u p  t ie a ted  w ith  the 
sw ee tes t  so lu t io n  sp en t  less to ta l  t im e  c iy in g  d u r in g  p ro c e d u te

b a r l ie i  b o rn  n e o n a te s  have  less b e h a v io ra l  t e s p o n se s  than  latei b o rn  n eo n a tes  
I lie n un ibe i  of invas ive  p io c e d u ie s  w as  pi u n a ry  factor that  e x p la in ed  the 

d i f t e i e n c e s  l a i l i e i  b o m  had  liighei l ieart  la te s ,  lowei o x y g e n  s a l in a t io n  b e fo te  
an d  du t  iiig p ro c e d u ie .
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A u t h o r s / S a m p l e S t i m u l u s R e s p o n s e s  M e a s u r e d F i n d i n g s

( i i inna i  cl a l , I9 9 6 * 1
N = 7  2 
N = 5 4
2 g io u p  longitu i l inal  d e s ig n  
A d re n o co r t ica l  r e sp o n se  
g io u p  on e  at: 2, 4, 6  a n d  15 
m o n th s  o f  age  to  p h y s ic a l  
e x a m  with  in o cu la t io n s  a n d  to 
e x a m  with  no  in o c u la t io n s

Ph y s ic a l  e x a m  
w ith  in o cu la t io n s  
a n d  m o c k  e x a m s  
w ith  no  
in o cu la t io n s

Sa l iv a ry  cor tiso l F x a m - m o c u la t io n  p io c e d u i e  c o i t ic a l  leve ls  h ig h  at 2 m o n th s ,  d e c ie a s c d  
s ig n if ican tly  b y  4 m o n th s  a lso  snn i la i  shif ts  b e tw ee n  0  a n d  13 m o n th s  Hy 13 
m o n th s  s ign if ican t  in c ie a se s  in co i t i so l  f ro m  p i e  to p o s t  test I .x a m  only  
p io c e d u ie :  co r t i so l  leve ls  d e c ie a se d  b e tw e e n  2 an d  4 m o n th s  by  4 m o n th s  no 
p o s t te s t  in c ie a se  in co r t iso l  H e h av io ia l  d is t res s  d e c ie a se d  b e tw e e n  2 and  4 
m o n th s  bu t  i n c ie a se d  a g a in  at 15 m o n th s  N o  c o i i e la t io n s  b e tw e e n  c iy  and  
c o i t i so l  d u i m g  2 -6  m o n th  e x a m  in o cu la t io n s  p io c e d u ie s  b u t  o b ta in e d  at 15 
m o n th s  B e h a v io ra l  a n d  h o rm o n a l  r e a c t io n s  m a y  fo l low  d if fe ien t  o n togene t ic  

p a th w a y s

Jo h n s to n  et al., 1 9 9 0 "
N - 1 2 0  p ie te rm  in fan ts  -  20  
w k s  p o s t -c o n ce p t io n  ag e  
C io s s  sec t iona l  -  c o m p a r a t i v e  
(2 4  n e w b o rn s  w h o  s h o w e d  a 
n o  te sp o n se  pa t te rn  to  1*11*1* 
w e te  c o m p a re d  to  9 0  
n e w b o rn s  w h o  d id  s h o w  a 
p a in  re sp o n se  to  PU*I’)

H ee ls t ick A p g a i  at 5 m inu tes ,  
s e v e n ty  o f  illness 
Sex 
R ace
W a k e /s le e p
P ie v io n s  s tudy  se ss io n s  
l o ta l  lu im hci  o f  n o x io u s  

p io c e d u ie s
T im e  since  last p r o c e d u ie

F ac to rs  that e x p la in e d  d if fe ren ce  b e tw e e n  g io u p  te sp o n se s  w e ie  p o s tn a ta l  age 
at t im e  o f  s tudy ,  p o s t  c o n c e p t io n  age  at b ir th ,  t im e since last p a in fu l  p io c e d u ie  
a n d  w a k e / s le e p  sta te  N e o n a te s  w h o  w e ie  y o u n g e i ,  a s leep  a n d  h ad  im d e ig o n e  
p a in fu l  p r o c e d u i e s  w e ie  less l ikely to  d e m o n s t r a te  a b e h av io ra l  oi 
p h y s io lo g ic a l  l e s p o n s e  to  heels t ick  p a in

O h e r la n d e r  et al.,  2 0 0 0 31 
N ^ 2 I  fo rm er lo w  w e ig h t  
n eo n a te
N = 2 4  full t e rm  n e o n a te s  o f  
n o rm a l  w eigh ts  
C o m p ara t iv e

l inger  lance Fac ia l  act iv ity  
C 'a id iac  au to n o m ic  
reac tiv i ty

M e a s u ie s  tak e n  at b a se l in e ,  lance  an d  re c o v e ry  p e n o d s .  B io b e h a v io ra l  
r e sp o n se s  sn n i la i  b e tw e e n  g io u p s  h o w e v e i  lo w  weight  b a b ie s  had  less intense 
p a ia sy m p a th e t i c  w i th d ia w a l  d m  m g lan ce  a n d  a m o te  su s ta in ed  sy m p a th e t ic  
t e s p o n se  d u r in g  l e c o v e r y  th an  co n tro l  g ro u p  did. As well,  lo w  w e ig h t  bab ie s  
s h o w e d  a tw o  s ta g ed  r e c o v e iy  p r n n d .

A h a d  et al., 2 0 0 154 
N = 5 1 p o s tn a ta l  ag e  4  d a y s  
(3 8  m ales ,  13 f e m a le s )  
R a n d o m iz e d  4 t r e a tm e n t  
g i o u p  (F M I .A ,  suc ioxe ,  
L M L A  plus su c io se ,  w u le i)

V e n ip u n c tu ie T o ta l  c iy  t ime 
H ea t  la te  
R e s p u a to r y  la te  
O x y g e n  sa tu ia t io n

M e a s u ie s  tak e n  b ase l in e ,  im m e d ia te  fo l lo w in g  v en ip u i i r lu ie  an d  2 a n d  4 m m  

a f te rw afd s .  S ig n i f ic a n t  d e c re ase  in c iy  d u ra t io n  in sugui a lo n e  a n d  in the 
F.ML A p lus  su g a r  g r o u p  Sign if ican t  a t t e n u a t io n  o f  im m e d ia te  h e a i t  ta le  
l e s p o n se  in the  suga i  a lo n e  g ro u p  S tu d y  sh o w s  2 4 %  o ia l  su c io se  c o m p a re s  
f a v o ia h ly  w ith  F.MI.A c ic a m

M o o re  2 0 0 135
N = 4 0  infants 2 g r o u p s  ( th o se  
rece iv in g  A m e  top  a n d  th o se  
r ece iv in g  p lac e b o  g e l)  
C o m p ara t iv e  d o u b le  b l in d

H ee ls t ick Fac ia l  ex p re ss io n  
C h a n g e  in hear t  rate  
b a s e  o f  c an n u la l io n

A m e to p  a p p l ie d  3 0  m in u te s  p n o i  to p i o c e d u i e  T h o se  l e c e iv m g  a m e to p  
s h o w e d  d e c re a s e d  facial  e x p ress io n ,  c h a n g e  h i heart  la te  N o  c o r ie la t io n  found 
b e tw e e n  g es ta t io n ,  w e igh t  oi p ie v io n s  e x p e n e n c e  with can n u la l io n  1 Ise o f  
A m e to p  le c o m m e i id e d  to l e d u c c  pa in  n i c g a id le s s  o t  m l.oils  age.  w eigh t  oi 
p ie v io n s  e x p e r ie n c e  w ith  p a in  p io c e d u ie
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T A B L E  A 2 : N E O N A T A I ,  B E H A V I O R A L  R E S P O N S E S  T O  N O X I O U S  S T I M U L A T I O N
A uthors/Sam ple Stim ulus R esponses M easured F indings

M cCiraw  1 ‘>41 -'*
N-- 75full  Ic im  
f ro m  b ir th  4 years  
L ong itud ina l

P inpr ick Ciross B o d y  M o v e m e n ts ,  
C ry

N e w b o rn s  r e s p o n d e d  to p in p r ick  w i th  d iffuse  b o d y  m o v e m e n ts  an d  cry.  
M o to r  re sp o n se s  b e c a m e  m o re  spec if ic  at 12 m onths .  In te rp re ted  to  m ean  
n e w b o rn s  i c s p o n d  re l lex iv e ly  to n o x io u s  s t imula tion .

Fisichclli el al , 1 % ‘r3’ 
N -1 2 4  lerni infanls 
Descriptive

Rubber Band Snaps 
To Heels

Buists And Duiation O f  O y Great individual variation but cleat fiend towaid decreased cry activity at 2-(> hours 
followed by incieascd activity Developed ciy index (threshold)

Fisichcllic i a l , 1 V74'h 
N -5 8  healthy fulltcmis

Descriptive

Rubber Band Snaps 
To Heel

Ciy ( lempoial Fealuies) Younger infanls (5hr to 2 days) had significantly longei latency to cry and shorter 
ciy times -  infants 2 days to 12 weeks had shoitci latency and longer cry tunes -  
oldei infants ( 12 weeks to 1 yeai) had giadual mcicase in latency and shortening of 
ciy time Laige vanation in ciy length, fieq & interval

R i c h e t  al,,  1 9 7 4 ”
N = I 2 4  te rm  & 6  p re te rm s

D esc r ip t iv e

P in p r ick G r o s s  M o to r  M o v e m e n t  
V o c a l iza t io n

In re sp o n se  to p in p r ic k ,  fu l l te rm s m o v e d  b o th  a n a s  an d  legs fo l lo w ed  by 
g r im a c in g  a n d  c ry ing .  M o to i  l e s p o n s e s  o f  fu l l te im s m c ie a se d  with 
m c ie a se d  s t im u la t io n  - fo l lo w ed  by  h a b i tu a t io n  Five o f  the  (t p re te rm s  
m o v e d  lowei legs  only,  d i d n ’t g . ii inaceYry

M ic h e ls so n ,  I 9 8 3 1n 
N = 2 9  hea l th y  n e w b o rn s

R a n d o m
2 g r o u p  a ss ig n m en t

K e p t  In  A C ot 

D u r in g  T h e  9 0  
M in u te s  A f te r  
H u th
B o d y  C 'o iilacl 
W ith  M o th e r

C ry N e w b o rn s  kep t  f ro m  the ir  m o th e i s  c u e d  ten  t im es  m o ic  than  those  w h o  
w ere  p l a c e d  in c lo s e  b o d y  con tac t .  ( Yy w as ch arac te r iz ed  as  a  s igna ling  or 
d isc o m fo r t  cry,  e l ic i ted  b y  s e p a ra t io n  f ro m  the m other

Jo h n s to n  & S t rada ,  1 9 8 6 11 
N H 4
D e s c n p l iv e

R o u t in e
I m m u n iz a t io n

H e a t t  la te  
C ry in g
B o d y  m o v em e n ts

Initial r e sp o n se  t o  in jec t ion  c h a ia c te r i z c d  b y  d i o p  in hear t  rate ,  long  high 
p i tc h e d  c ry  fo l lo w ed  by  p e n o d  o f  a p n ea ,  n g id i ty  o f  t o is o  and  l im bs and 
facial  c x p ic s s io n  o f  pain .  W id e  ind iv id u a l  var ia tion ,  facial  a c t io n s  m ost  
consis ten t ,

F ran ck ,  198b”  
N M O  heal thy  term s 
4 Ins o l  age 
D esc r ip t iv e

H ee ls t ick G r o s s  M o to r  M o v e m e n t ,  

B eh av io i  sta le  v ideo

In le s p o n se  to h ee ls t ick  n e w b o rn s  r e sp o n d e d  to  heelst ick  with  im m edia te  
w 'lthdiawal o f  b o th  a f fec ted  an d  u n a f fec ted  legs, fo l low ed  by facial 
g im ia c m g  an d  c iy  mg
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A uthors/Sam ple Stim ulus R esponses M easured Findings

Poite i  cl al.. 1‘W ) 11 
N = 3 0  n o in ia l  m a le  n e w b o r n s  
( ’o m p a ia t iv e

( iii inau Ar ( ia ig ,  l ‘>S/TJ 
N- 140 lo l l te im  
D e sc n p l iv e

( i ic u m c is io n  

H eels tick

( ly  (sp e c t ra  an a ly s is )

' 'y.
f a c i a l  f .x p ie ss io n ,  
H eliaviora l  s ta le

S ign if ican tly  longei  c u e s  to m os t  invas ive  p io c e d u ie s  (s liortci  c|uiet 
m tc ivo ls ,  slioil  m o le  l ic i | iicn t  v o ca l iza t io n s ,  h igher  f requenc ies ,  greatei  
var iab il i ty )  A du l l  h s le n e i s  j u d g e d  m ost  invas ive  p io c e d u ie  c u e s  as most  
u rgen t  S u b jec t iv e  ju d g m e n ts  a n d  o b jec t iv e  spec tra l  ana lys is  da ta  ag ie e  
( iy  sy s tem at ica l ly  v a n e s  w i th  re sp ec t  to in tens i ty  o f  pa infu l  stimuli  
A w ak e  a le i l  bu t  inac t ive  in lau ts  h ad  m ost  facial  ac t iv ity ,  those  in quiet  
s leep  h ad  least  facial  ac t iv ity  a n d  longest  la tency  to cry. Hoys sh o w ed  
s l im ie r  tu n e  to c ry  a n d  le te n t io n  o f  p a in  facial  ac t iv ity  fo l lo w in g  heel 
lance.  A u th o rs  m te rp ie l  facial  a c t io n  v a r ia t io n  a c ro ss  s leep /w a k in g  states 
to indica te  b io lo g ica l  a n d  he l iav io ra l  p a in  con tex t  a ffec ts  p an t  b e h av io r  
ex p re ss io n

F i tzge ra ld  cl al.,  19XN,?
N - l  1 p i e t e n n  20-32  w ks  
( o m p a ia l iv c  w i th  n c w h o n i  lal 
p ups

H eels tick f  lexor reflex P re te rm  n e o n a te s  o f  less than  3(1 w e ek s  post  c o n ce p t io n  age  h ad  ve ry  low' 
reflex  th ie sh o ld s ,  by  37 .5  w e ek s  th e y  w ere  e q u iv a len t  to no rm al  te rm  
n eo n a te s  but these  a te  well  b e low  adult  levels.  R e p ea te d  s t im u la t io n  o f  
to o t  o f  p re te rm  re su l ted  in h a b i tu a t io n  as o b se rv e d  m  adu lts  ( sens i t iza t ion  
a lso  o c c u n e d  in rat p u p )  P i e m a tu r e  m ay  lack ab il i ty  to con tro l  senso ry  
s t imuli

F i tzg e ia ld  cl a l , 1989™ 
N-=I7 p re le rn i  20-32  w ks  
C o m p ara t iv e

H eels t ick F lexor  re l lex f  lexoi  re t lex  th resh o ld  w as s ig n if ican tly  lo w er  ill l an ced  heel  c o m p a re d  to 
no i l- lanced  heel  R e tlex  l e v c t s e d  w ith  FML.A bu t  n o t  p la c e b o

Harrier  el a l . , I 9 8 9 17 
T w o  g ro u p s  o f  in fan ts  
(1 -7  m o n th s  o f  age)

G r o u p  I F e n tan y l  
G i o u p  2 P la c e b o

R a n d o m
2 g io u p  a ss ig n m en t  
I’o s lo p c ia l iv e ,  ic s p o n s c s  
o b se rv e d  al 30 ,  (>(), 0 0  a n d  120 
m inute  in tervals

M in o r  Su rg ica l  
P ro c e d u re s

S le ep  p r o c e e d in g  houi  
f  acial  a c t io n  
Q u a l i ty  o f  c ry  
S p o n ta n e o u s  m o lo i  
act iv ity
.Spontaneous e x c i tab i l i ty  

f  lex ion  o f  fingei.s a n d  
toes
Su ck in g ,  M u s c le  lone,
( ’(insolubili ty ,  S o c iab i l i ty

S tu d y  c o n d u c te d  to m ea su re  p o s to p e ra t iv e  p a in  leve ls  in infants, tes ted  
u s in g  10 i tem  sc o r in g  sy s tem  (c o m p le x  b e h a v io r s  in c lu d e d )  Infants 
o b se rv e d  p o s t -o p e ia t iv e ly  at 30, 60 ,  9 0  an d  1 20-nunu le  intervals .  O v e r  
en ti re  co u rse  o f  obse i  va tion , 5 4 %  o f  infants in G io u p  1 h ad  sa t is fac to ry  
ana lges ia  c o m p a r e d  to 18“ <• m  G r o u p  2 N o  s ign if ican t  d i f fe ien c e s  in 
G ro u p  1 a n d  G r o u p  2 in o x y g e n a t io n ,  c a ib o n  d io x id e  e l im ina t ion ,  b lo o d  
p ie s su ie ,  heart  ta le  oi te m p e ia tu ie
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A uthors/Sam ple

( in in au  et a l , 1990™ 

N -  3(> healthy  lull  t e rm  
( . 'o u n te rh a la ik .n l  o u le i

Stim ulus R esponses M easured  Findings

( 'ote  et al., 
N - 3
ill fu l lterm

1991TT

f . tho log ica l  sys tem at ic  

O b se rv a t io n

C ra ig  et al., 199340 
N~ 5(> p re  a n d  fu l lte rm

C o m p a ra t iv e

IM Injec t,  
U m b i l ic a l  

T h ig h  H ub

C ry  L a ten cy /P i tch  
f a c i a l  ac t ion

C a rd ia c  S u ig e ry

H ee ls t ick

B o d y  p o s tu re s  
m o v e m e n ts  
H ear t  rate  
K e s p n a lo ry  la te

( i y  la ten cy  a n d  p i lch  d i l fe ien t  foi invas ive  & n o n  invas ive  p io c e d u ie  

W ith  in jec tion ,  to ta l  facial  m o v e m e n t  Ai la tency  s ign if ican tly  increased  
N o  c o ir c la t io n  h t w  facial  e x p i c ss ion  an d  c r y . _____

In c reased  h ca i l  ra le ,  b o d y  m o v e m e n ts  l i v e  pa in  beliavio i s ta tes  identified,  
a cu te  d is t ress ,  su b -a cu te  pa in ,  qu ie t  a le r tness ,  d io w s in e ss ,  s leep ing

f  ac ia l  ac t ion  
B o d y  m o v em e n t  
H e a i t  la te
Sa()2, T c P o 2 ,  T c C 0 2

N eo n a te  w ith  g es ta t io n a l  ages  25 -2 7  w eek s  sh o w ed  c h an g e s  in hear t  rate  
to  heel  lance  hu t  o n ly  hear t  rate  va r ied  w ith  age B o d y  ac t iv ity ,  facial  
a c t io n s  d im in i sh e d  111 p r e te rm  n e o n a te s  c o m p a re d  to fullterms. A u thors  
iden tify  facial  a c t io n  as  m os t  spec if ic  m easu re  C .  re sp o n se

c/ir j
J o h n s to n  et al., 1993

N = 8 0
2 0  p re te rm ,
2 0  full t e rm  IM Vit  K
2 0  2 m o n th  o ld s  in jec t io n  D P T
2 0  4 m o n th  o ld s  in jec t io n  1>P I
2 m o n th s  and  2 0  full  t e rm
4 m o n th  o lds
C ro s s  sec t ional  d e s ig n

H ee ls t ick f a c i a l  ex p re ss io n  
( N f < S)
C ry  ( sp ec tra l  an a ly s is )

R e sp o n se s  w ere  d i f fe ren t  for p re te rm s  c o m p a ie d  to o ldei  n e o n a tes  and  
re sp o n se s  o f  fu l l te rm s  w e ie  d i l fe ien t  f rom  the rest o f  the g roup ;  but 
re sp o n se s  o f  2 a n d  4 m o n th  o ld s  w e re  similar.  P ie m a tu re  g r o u p  d isp layed  
h ig h er  p i tc h e d  c r ies ,  m o re  11011/ 011(3 ) m o u th  s l ie tches  a n d  m o re  taut tongue  
c o m p a ie d  to  fu l l te rm s.  A u th o rs  c o n c lu d e  p rem a tu re  n e o n a tes  have  the 
cap a c i ty  to  c o m m u n ic a te  pa in  hu t  111 an  a t ten u a ted  way. T h e i r  c u e s  serve 
surviva l  func tion

S te v en s  ct a l , 1993 "
N = 4 0  n e o n a te s  b e tw e e n  32 and  
34 post  co n ce p tu a l  a g e  an d  less 
th an  5 p o s tn a ta l  d a y s  o f  age  
D esc r ip t ive_______________

H ee ls t ick f a c i a l  ac t ion  
C ry
H ear t  rate  

O x y g e n  .saturation 
In t ia c ran ia l  p t e s s u re

P h y s io lo g ica l  r e sp o n se s  w ere  s ign if ican t  bu t  not specif ic  to pain .  
B e h av io ra l  re sp o n se s  m o ie  p r o n u s tn g  p rem a tu re  n e o n a te s  b ehav io ra l  
re sp o n se s  s im ila r  to th o se  of fu l l te rm

2
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L aw re n c e  el al., I ‘W 3 41
N = 38 full te rm s
‘it) m in u te s  o f  v id eo ta p e

1 o  Test N e o n a ta l  In fan t  P a m  
S ea le  ( N ip s )  b e fo re ,  d u r in g  and  
a f te r  e ac h  p ro c e d u ie

Data  C o l le c te d  2 
M in  H e fo te  A n d  3 
M in u te s  Aftci  
C ap il la ry ,  V en o u s  
O r  A r te r ia l  N eed le  
Inse r t ion

Fac ia l  a c t io n  
C ry
B rea th in g  
A r m  m o v e m e n ts  
L eg m o v e m e n ts  
S ta te  o f  a rousa l

T h e  s ign if ican t  d i f fe ie n c e s  in N IP S  s c o ie s  o v e r  t im e ind ica te  scale  
m e a su ie s  in tensi ty  o f  infant r e sp o n se s  to in trus ive  p io c e d u ie s  A u thors  
c o n c lu d e  N IP S  is o b jec t iv e  tool that  must be  used  in c o n ju n c t io n  with 
c o n t in u o u s  an d  t h n io u g h  infant a sse ssm en t

C o m p a ra t iv e
H a d j i s ta v ru p n u ln s  et al.,  

I ‘>'i444
N^3(> n e o n a te s  

C o m p a ra t iv e

N o n - ln v a s iv e  

1 h igh  Hubs 
V i tam in  K 
In jec t ions

Fac ia l  a c t ion

C .y
S ix teen  w o m e n  o b s e iv e d  v id eo ta p es  o f  infants  u n d r ig o in g  p io c e d u ie s  ( i y  

va t ia b le s  a d d e d  lit tle  to  the  p ie d ic t io n  of l a tm g s  in c o m p a n s o n s  to facial 
ta t ings .  C r y  c o m m a n d s  a t ten t io n  bu t  facial  activ ity  la the i  th an  cry  
a cc o u n ts  foi m a jo r i ty  o f  var ia t ion  in a d u l t s '  ju d g m e n t  o f  n eo n a ta l  pa in

R a m e n g lu  et a l . , ] 9 ‘)<>4^
N =  15 h ea l th y  p re m a tu re  
n eo n a tes ,  32 -3 4  wks 
S u c ro se  e v a lu a te d  o n  2 
sep a ra te  o c c a s io n s  a n d  n o  
m o re  than  2 d a y s  apar t  
S te r ile  w a t e r / l n i 2 5 %  su c io s e  

B l in d  c ro ss  o v e r  d e s ig n

H cels t ick C ry  d u ra t io n  
Fac ia l  a c t ion  
1 o  ev a lu a te  b en ef i ts  o f  
S u c ro se

S ign if ican t  r e d u c t io n  m d u ra t io n  o f  first cry, p e rcen tag e  of tu n e  spent 
c ry ing  5 m in u te s  aftei  heel  lance  an d  facial ac t ions  sc o re s  foi suc iose  
g io u p  A u th o rs  c o n c lu d e  su c io se  h as  ana lg es ic  e ffec ts  in heal thy  
p re m a tu re  n e o n a te s

S te v en s  et al , M W 1'1 
N = I 2 4  p re m a tu re  n e o n a te s

H eel  stick S ev e r i ty  o f  i llness  
B e h a v io ia l  sta le  

f r y

M e a s u ie s  t ak en  at base l ine ,  d u r in g  a n d  fo l low ing  p io c e d u ie  Inc reased  
facial  a c t io n  a n d  c iy  ( fu n d am e n ta l  f req u e n c y  o f  cry, h a rm o n ic  s truc ture  
a n d  p eak  en erg y ) .  B e h av io ra l  stale  w as  fou n d  to  in f lu en ce  facial  ac t ion  
an d  sev e ri ty  o f  i l lness  m o d if ied  c ry  aco u s t ic s  N e o n a te s  w h o  w ere  as leep  
sh o w e d  less facial  a c t ion  an d  those  w ith  m c ie a se d  sev e ri ty  o f  illness had 
in c reased  c iy  re sp o n se s

Fe a io n ,  et al.,  I ‘)‘>747 
N I .S p i c l e n u  
G r o u p  1 -  sw ad d l in g  

fo l low ing
G r o u p  2=  no  sw a d d l in g  
( 'o m p ara l iv e

Heel  stick l l e a i t  tate
A l O I I S . i l

Fac ia l  a c t ion

Aftei p io c e d u ie ,  infants  less than  31 w e ek s  | iost co n ce p tu a l  age  d isp lay ed  
an  im m ed ia te  an d  sp o n ta n eo u s  l e tu in  to h c h av io ia l  p a t te rn s  b e lo te  
p ro c ed u re .  In fan ts  31 w eek s  post  c o n c e p tu a l  age  oi o ldet  d isp lay ed  
p io t i a c te d  be liavio i .i l  d i s tu ih a n c cs  that w e ie  s ign if ican tly  re d u ce d  by 

sw add l ing .
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A u t h o r s / S a m p l e S t i m u l u s R e s p o n s e s  M e a s u r e d F i n d i n g s

Jo h n s to n  cl a l , 199748 
N-^-KS p ie tc im  
S ucrose  a lone  
S im u la ted  lo c k in g  a lo n e  
Sucrose  an d  rock ing  
P laceb o

R a n d o m  4 g io u p  a ss ig n m en t

Hcels tick Heuil  la te  
fa c i a l  a c t io n s

N o  d i f f e ie n c e  b e tw ee n  s im u la ted  lo c k in g  a n d  c o n t io l  g ro u p s  m  eithei 
facial  a c t io n s  oi lieail  intc . ( i i o u p s  w h o  i c c c iv r d  su c io se  a lone  oi ill 
c o m b in a t io n  w ith  ro ck in g  sh o w ed  less facial  ac t ions  than lo c k in g  a lo n e  or 
p la c e b o  g ro u p s .

R am ele t ,  19994

N =85
Survey

S u rv e y  o f  nu rses C u e s  that m u s e s  use  to 
d if fe ren tia te  b e tw e e n  
p a in  a n d  a g ita t io n  in 
c rit ica l ly  ill infants

N o  s ign if ican t  d i f fe ien c e  found  b e tw ee n  c u es  m u se s  use to a ssess  p a in  and  
ag ita t ion .  A p a r t  f rom  d iagnos is ,  nu rse s  u se d  the fo l low ing  to m f o im  then  
d e c is io n  m ak in g  -  o w n  ju d g m e n t  ( 9 9 % ) ,  p a ren ts  (9 0 % ) ,  in fan ts ’ 
e n v i io n m c n t  a n d  d o c u m e n ta t io n  (7 8 % ) .  Fur the r  resea rch  w arran ted  
d is t in g u ish in g  b e tw e e n  p a in  an d  ag ita t ion  in crit ica lly  ill infants.

R o sm o s ,  2 0 0 0 'n 
N - 2 b  infants
C o m p ara t iv e  to  d i s t in g u ish  if  
d i f fe rences  in p a in  l e s p o n s e  
ev iden t  b e tw een  C h in e s e  an d  
n on -C h in ese  infanls

Im m ii iu /a t io i i f a c i a l  a c t io n
cry

M e a su re s  t a k e n  for 3 0  seco n d s  a fte r  in t ro d u c t io n  o f  needle.  C h in ese  
in fan ts  s h o w e d  g re a te r  total  facial  a c t ion  a n d  cry. N o  significant  d i f fe ren ce  
b e tw ee n  g i o u p s  for c irc ad ia n  rh y th m  an d  gcm le i

B ut t  &  K is i levsky ,  2 0 0 0 ”  
N = I 4  p r e te n n  n e o n a te s  2 9  to 
3 b  w ks ges ta t ion  
T es te d  benef i ts  o f  m u s ic  a n d  
n on-m usic  co n d i t io n s  b e tw e e n  
neo n a tes  w h o  w ere  less oi 
g rea te r  th an  31 w k s  g e s ta t io n

M ix e d  m o d e l  A N O V A

H eels t ick H ear t  la te  
O x y g e n  sa tu ra t io n  
S ta te  o f  a io u s a l  
Fac ia l  ac t iv i ty

S tress  r e sp o n se  ( in c re a sed  heart  ra te ,  d e c ie a s e d  o x y g e n  sa turat ion ,  
m c ie a s c d  sta te  of a io u sa l  an d  m cit-ascd  facial  a c t ion )  g iea te i  in o lder  
g roup .  F o r  o ld e r  g ro u p ,  m usic  l e su l te d  in m o re  rap id  re tu rn  to  base line  
h ea i t  la te ,  b e h a v io ra l  sta te  an d  facial  activity .
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A uthors/Sam plr Stim ulus

L arso n  et al.,  1‘WK 
120 h ea l th y  fu l l ten n  
V e n ip u n c tu ie  g io u p  
H eel  lance  sm all  lancet  g ro u p  
H eel  lance  la tge  lancet  g ro u p

H ee l  lance

R a n d o m
3 g io u p  a ss ignm en t

CZlGs

(.ininati et a l , 2 0 0 0  ’
N-d i4  e x t i e m c ly  low w eigh t  
h ir th  p re m a tu re  n eo n a te s

( o n v e iu e u ce  sam ple

L iu lo t ia ch e a l  
s u d i o m n g  
C h es t  p h y s io  
D iape i  c h a n g e  
N a s o g a s tn c  
feed in g

K esponses M easured

f a c i a l  ac t io n  
C ry

N 1D C A R  (neonata l  
in d iv id u a l iz ed  
d e v e lo p m e n ta l  c a ie  and  
a s se ssm e n t  p ro g in m  

sy s te m )  b o d y  act iv ity  
C h a n g e  in h ea i l  rale 
S le e p /w a k e  s ta les

Findings

N e o n a te s  u i u lc ig o m g  v e n ip u n c tu ie  c r ie d  less a n d  h ad  less facial  ac t ions  
c o m p a r e d  to  n e o n a te s  w h o  u n d e rw en t  heel lanc ing  V e n ip u n c tu ie  took less 
t im e  to  c o m p le te  c o m p a i e d  to the hee l  lance p rocedures .

' I i e m o r s ,  s ta r i le s  a n d  tw i tches  no t  le la te d  to d isco m fo r t  - afte i c o n t io lh n g  
for b a c k g io u n d  v a r ia b le s  finger sp lay ,  leg ex ten s io n  w ere  s ign if ican tly  
l e la te d  to o n g o in g  p ro ced u re s ,  f  a c ia l  b io w  la is ing  func tion  o f  n u m b er  o f  
inv as iv e  p i o c e d u i e s  R e c o m m e n d  o n g o in g  ' o f  b o d y  act iv ity  ovei 
longei  o b s e r v a t io n  p c n o d s

47
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