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ABSTRACT

The purpose of the study was to examine the role of the
negative emotionality dimené%on of temperament as a factor
underlying individual differences in the facial expression of
pain in infants. It was also of interest to identify
developmental changes in the facial expression of pain during the
first two years of 1ife; both in the overall degree of pain
expressed and in individual facial actions.

Subjects were infants undergoing routine immunization
injections, which are administered at 2, 4,.6,'12, and 18 months
of age. Consequently, the five age groups were‘compared;
Temperament was assessed via a parent report questionnaire.

A hand-held video camera wés-used‘to record the reactions of
infants undergoing inoculation. The infants’ facial reactions,
as captured on videotape, were scqred'by’ﬁrained coders using two
systems: (1) the Neonatal Facial‘CQding.System (NFCS), ‘a brief
measure limited to actions related to pain, and (2) Baby FACS, a
comprehensive system with categories for all possiblé facial
actions. The coders scored three 10-second segments.for each
infant in order to capture a baseline, the infant’s immediate
reaction, and a recOvery'periodﬁ | |

The results of the studY'did not confirm a relationship
between temperament and a pain summary score derived by principal
components analysis. This finding was unexpected. The need for
further inveStigation of the stability of individual differences

in the pain reSponse and the impact of situational factors was

discussed.




The investigation of developmental changes revealed some
differences in the degree of pain expressed by infants in
different age groups. During the baseline and immediate readtion
to injection, 2-month old infants diéblayed more distress than 4-
month old infants and 6-month old iﬁfants,.but not more than 12-
or 18-month old infants. During the recovery period, 6-month old
infants and 18-month old infants displayed more distress than 4-
month old infants. No other differences were significant. While
these results require replication, theybare suggestive of a drop
in the degree of pain expressed around the age of 4 months.
Possible reasons for suqh a pattern were discussed, with
attention paid to the development of inhibitory mechanisms and
the impact of other negative emotions such as anger and anxiety.
Age-related changes in the occurrence of individual actions were
also identified. The results of the present study suggest that
clinicians assessing pain in infants be aware of developmental
changes such that they compare theif charges to infants of the

same age.
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INTRODUCTION

The last decade has seen sﬁbstantial changes in the concepts
of pain in infancy. Once considered nonexistent or negligible
(e.g., Sroufe, 1979), pain in the neonate is gradually becoming
recognized as a widespread phenomenon and a potentially dangerous
stressor (McLaughlin, Hull, Edwards, Cramer & Dewey, 1993).

These alterations in attitude reflect a growing body of research
concerned with the measurement and alleviation of pain in the
young child. This research has demonstfated that infants respond
to invasive stimuli with physiological, behavioural, and
metabolic reactions paralleling those of adults experiencing
acute pain (e.g., Anand & McGrath, 1993). Furthermore, the use
of better anesthetics during surgery has been shown to have a
dramatic effect on morbidity and mortality, especially in the
preterm, whose metabolic resources are limited (Anand & Hickey,
1992). However, a great deal remains to be understood.

There is a pressing need fof more research to contribute to
both basic and applied science. In clinical settings, new
methods of controlling pain in infants are in great demand.
However, effective pain prevention and pain control will require
the development of efficient, accurate measures of pain. Both
assessment and treatment will benefit from more basic knowledge
about factors underlying the experience and expression of pain.

A number of physiological and behavioural indices are
available for the assessment of infant pain (Craig & Grunau,
1993; Franck, 1986; Johnston & O’Shaughnessy, 1988; McGrath,

1990; Porter, Porges & Marshall, 1988). For example, researchers

have monitored heart rate, respiration rate, and oxygen




saturation (Stevens & Johnston, 1991) and examined temporal and
spectrographic characteristics of cry (Johnston & O’Shaughnessy,
1988). However, concerns about the specificity of physiological
measures (MeGrath, 1990) and ambiguous results in the cry
literature (e.g., Grunau, Johnston & Craig, 1990; Johnston &
O’Shaughnessy, 1983) have led to the essertion that the evidence
derived from facial expression is ‘‘most convincing to date’’
(McIntosh, Van Veen & Brameyer, 1993).

Infahté' facial expressions convey considerable
information, and a number of coding systems have beeh developed.
Objective, anatomically-based scales, such as Baby FACS (Oster &
Rosenstein, 1993) and the Neonatal Facial Coding System (NFCS;
Grunau & Craig, 1987) seem especially useful. Baby FACS is a
comprehensive measure, with little published material on its use
in pain assessment per se. NFCS was developed with pain
assessment in mind. However, with the exception of one
investigation (Johnston, Stevens, Craig & Grunau, 1993), which
examined the reactions of neonates and 2- and 4-month old
infants, all studies using NFCS to examine pain have looked at
neonatal pain. Descriptions of the facial display in older
infants, as measured by an objective instrument, are not
available.

The existing studies suggest that there are substantial
individual differences in infants’ behavioural responses to
painful stimuli (e.g., Grunau et 51., 1990). Relatively little
is known about the stability of such differences, or their

correlates. One construct hypothesized to be important (e.g.,

Hamilton & Zeltzer, 1994) is temperament. Temperament refers to




relatively consistent traits that appear early in life and
modulate expressions of activity, reactivity, emotionality and
sociability (Goldsmith et al., 1987). The dimensions comprising
temperament and the measures used. to assess these dimensions are
the subjeét of energetic debate among various theorists. Several
researchers have suggested_that temperament is related to
individual differences in psychobiological responses to stress
(Boyce, Barr & Zeltzef, 1992). It is therefore.plausible that
the expreséion of pain would be related to temperament,
particularly that aSpect éf temperament modulating the frequency
and_intensity of negative emotionality. This relationship may
shed iight on the etiology of individual differences in pain
perception.

Age, as an index of biological maturation, is likely to be
associated with the expression of pain and the experience of
pain. The first 2 years of life witness dramatic changes in
almost all areas of functioning.. Pain expression is likely to
change due to maturation, the development of different
communication skills, and the greater ability to remember painful
experiences. Studying the developmental course of pain
expression may help to understand the pain experiénce as
individuals get older. In addition, accounting for developmental
level is one of the‘primary concerns of any kind of assessment
carried out with infants and children. The study of
developmehtal changes in the expression of pain provides
informaﬁion relevant to accurate assessment;v Surprisingly, there

have been relatively few studies of developmental changes in pain

expression during infancy (e.g., Craig, McMahon, Morison, &




Zaskow, 1984; Izard, Hembree, & Huebner, 1987), and none used
objective coding systems for capturing changes in facial
activity, despité the importance of the face for communicating
infant distress. .

The present study investigated developmental changes in the
facial expression of pain.following routine immunization at ages
2, 4, 6, 12, and 18 months, using a cross-sectional design. 1In
addition, the study examined the relationship between facial

activity in response to the injection, and temperament as

measured by a parent report questionnaire.




_ LITERATURE REVIEW
The Capacity of the Infant to Experience Pain

Early researchefs concluded that newborn infants did not
feel pain because their nervous system was not sufficiently
developed to transmit this‘type of information (e.g., McGraw,
1943). As well, it was reésoned that a relative inability to
perceive pain would be adaptive during the birth process (Bondy,
1980). Such notions probébly persisted because of the
methodological difficulties inherent in studying a subjective
experience in subjects incapable of verbal communication. Also,
doctors feared that the use of analgesics might be damaging to
the neonate’s delicate physiological systems and cause
complications (Bauchner, May & Coates, 1992; Rogers, 1992).
Since they were reluctant to givé drugs, it was more acceptable
to believe that newborns could not feel pain.

These beliefs have resulted in the use of little or no
analgesics during pediatric préCedures. ~ Studies have shown a
reluctance to use anélgesic agents for both major and minor
surgery among paediatric anesthetists (Purcell~-Jones, Dbormon, &
Sumner, 1988) and directors of neonatal ihtensive care units
(NiCUs) in the United States and Canada (Bauchner et al., 1992).
However, attitudes may be changing. McLaughlin et al. (1993)
SUrvéyed doctors who were board certified in neonatal-perinatal
medicine. Almost all of the physicians affirmed the neonate’s
abiiity to perceive pain, and moré thén 75%.reported that in
their practice, anesthesia was always used intraoperatively for
major and minor surgical procedures, regardless of the patient’s

age. Post-operative analgesia was somewhat less common




(McLaughlin et al., 1993). The majority pf'physicians (87%)
reported that attitudes about pain and pain management in
newborns have changed recéntly (McLaughlin et al., 1993). This
shift reflects evidence that newborn infants do feel pain and
that anesthetic techniques can be used safely. Improvements in
the assessment of pain will facilitate the adéption of these
techniques and improve their efficacy.

The changing attitudes among physicians reflect several
developments in research.. Anand and Hickey (1987) carefully
reviewed the evidence and cohcluded that the nervous system of
the neonate is sufficiently developed to permit the perception
and localization of pain. Anatomical and functional requirements
such as nociceptive nerve endings, the laminar arrangement.of the
dorsal horn, synaptic interconnections, specific neurotransmitter
vesicles, the tachykinin system and the endogenous 6piate system
are all present. Although myelination may not be complete in
nociceptive nerve tracts, this will slow down transmission, not
prevent it. The decrement in speed is offset by the fact that
impulses travel shorter distances in the infant.

While it is possible to argue that some premature infants
may not have reached a sufficient level of development to
experience pain, most research conducted with preterm subjects is
consistent with the notion that pain is part of their experience.
For example, another research team has used the cutaneous flexor
reflex, in which‘a limb is withdrawn from a tactile stimulus, as
a measure of pain perception in preterm infants (?itzgerald,

Millard & McIntosh, 1989; Fitzgerald, Shaw & MacIntosh, 1988).

It was found that the threshold of this reflex in preterm




neonates is very low and gradually increases with post-
conceptional age, suggesting that preterms are actually
hypersensitive to pain, relative to fullterm infants and adults
(Fitzgerald et al., 1988). As well, it was found that repeated
stimulation produced sensitization rather than the habituation
seen in adults. Further studies (Fitzgerald et al., 1989)
demonstrated that the preterm infant’s flexion reflex was
exaggerated following tissue damage from heel stick, paralleling
the tenderness following injury experienced by adults.

Painful stimuli have long-term effects. Anand and Hickey
(1987) reviewed the metabolic stress response in infants
uhdergoing surgery. Over 24 hours, it was possible to observe
increases in various stress hormones and a decrease in insulin.
As a result, fat and carbohydrate stores were broken down,
resulting in hyperglycemia, the breakdown of proteins, and other
metabolic changes.

In the case of infants who are ill or premature, the
metabolic balance is already precarious. Consequently, the
stress response described above can be dangerous. Pain demands
too many resources; the stress of pain depletes body stores,
which is detrimental to recovery and growth. Anand, Sippell and
Aynsiey—Green (1987) studied the addition of fentanyl, an opioid,
to the minimal anesthesia routinely administered to infants
undergoing a surgical procedure to cloée é heart valve. Fentanyl
was found to reduce the major horménal responses. to surgery.
Anand and Hickey (1992) compared deep anesthesia with sufentanil

to light anesthesia with halothane and morphine in infants

subjected to surgery. It was found that deep anesthesia reduced




the stress response, and also had a substantial impact on
morbidity and mortality. Infants given sufentanil had a
significantly lower incidence of infection and other
complications. There were no post-operative deaths among the 30
neonates given sufentanil, while 4 of the 15 infants given.
halothane plus morphine died. The use of é drug with a stronger
anesthetic effect produced a marked improvement in the outcome of
surgery.

These data make a powerful case for the use of deep
anesthesia in neonates during major surgery to alleviate the
damaging effects of pain. Doctors have been urged to "extend to
neonates the principle that complete intraoperative anesthesia
improves the outcome of surgery, a concept that is widely
accepted in the care of adult.patients" (Rogers, 1992, p. 56).

Infants in the NICU are répeatedly subjected to procedures
that are less invasive than major surgery, but still painful.
Indices of pain observed during such procedures as heel stick for
blood sampling purposes or injection of vitamins or vaccines
raise the possibility that even these stressors may be
detrimental. |

Growth is particularly important in premature infants.
Infants who are otherwise stable are often kept in the NICU until
they gain weight. Interventions whiéh increase the amount of
energy available may facilitate growth (Deiriggi, 1990). Since
pain uses up metabolic resources, the reduction of even mild pain
may reduce energy expenditure and increase growth.

In addition to the detrimental physical sequelae of pain,

recent research suggests that long-term effects on behaviour may



also exist. Taddio, Goldbach, Ipp, Stevens, and Koren (1995)
compared male infants who had and had not undergone circumcision,
and found that circumcised males reacted to DPT injections with
greater vigour. Similarly, Grunau and her colleagues (Grunau,
Whitfield & Petrie, 1994; Grunau, Whitfield, Petrie & Fryer,
1994) studied toddlers who had been ektremely low birthweight
(ELBW) infants, and thus typically exposed to a number of painful
medical procedures. The results suggest that the ELBW group
differed from normal children on measures of pain sensitivity and
somatization. However, the direction and time course of this
difference are not clear, and the question requires further
study.

Alleviation of the intense pain of major and minor surgery,
and the repeated pain of procedures such as heel lance is
becoming a priority in neonatal wards. However, efforts at pain
reduction will not be éﬁcceséful without an aécurate means of
measufing the pain experienced by newborns and older infants.

Assessment is difficult, given that we are forced to infer a
. subjective state through nonverbal responses. However, infants
display a number of quantifiable changes following painful

stimulation.




Physiological and Behavioural Measures of Infant Pain

Craig, Lilley, and Gilbert (1995) have presented a model of
children’s pain behaviour which emphasizes its function as
communication, alerting caregivers to an infant’s distress.
Figure 1 presehts the medel, which delineates the role of the
child (experiencing and expressing pain) and the role of the
adult (interpreting behaviour and responding appropriately). The
model is presented here in order to draw attention to the fact
that the experience of pain and its expression are distinct,
though related, phenomena. However, the researcher or caregiver
has direct access to expression only. It is difficult, if not
impossible, to know how an infant experiences fhe world. 1It is
important to remain aware that any extrapolation from an infant’s
expression to his or her experience is an inference.

It may be argued that the anatomical substrates and
metabolic respdnses described above indicate nociceptive
activity, that is, activity in body systems sensitive to invasive
events, rather than subjective distress, However, infants do
respond to invasive stimuli with the physiological and
behavioural responses that accompany subjecﬁive3pain in adults.

Johnston and Strada (1986) described the neonate’s immediate
responses to vaccination. The initial4ree§ehse consisted of a
drop in heart rate, followed by a lbng,-high—pitched cry, then
by a period of apnea, rigidity of thebtorSO and limbs, and a
facial expression of peinw AThiS-ﬁas followed by a sharp increase
in heart rate, lower-pitched but dysphonated cries (in which more

effort was ekerted and the harmonies of the cry pattern were

10




(1) Experience

CHILD

Perception

Intrinsic -

- genetic program

- maturation

- psychological
capabilities

Formative

- family

- culture

Figure 1.

(2) Expression
"~ (Encoding)

. (5) Assessment

(Decoding)

ADULT

Observation and

Interpretation

Sensitivity

- attention

- perceptivity
Meaning

- interpretation
- acumen

v(4) .Actionv '

Dispositions

Intervention
- pharmacological
- behavioural

Withdi'awal

"= withhold care

Imposition

- inflict for
humane or brutal
purposes

A Communication Model for Understanding Children’s Pain

From “Social Barriers‘to Optimal Pain Management in Infants and Children” by K.D. Craig,
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obscured by overloading at the larynx), and less body rigidity.
The facial expfession of pain persisted. After 30 seconds, heart
rate remained elevated, cries were lower in pitch, mostly
phonated, and more rhythmic with a rising and falling pattern of
intonation. Body posture returned to normal and facial
expression returned to the at rest configuration.

A number of physiological indices have been used to assess
pain. Heart rate is a common measure, since it increases due to
activation of the sympathetic nervous system (Craig & Grunau,
1993). Respiration rate and transcutaneous oxygen levels
decrease (Craig, Whitfield, Grunau, Linton & Hadjistavropoulos,
1993). Oxygen saturation typically decreases in response to
painful events and intracranial pressure shows substantial
flﬁctuation (Johnston & Stevens, 1991; Stevens & Johnston, 1991).
Cardiac vagal tone, an indication of parasympathetic action,
decreases as the body devotes more resources to the stress
response (Porter et al., 1988). Vafiability in physiological
indices may carry as much information as changes in the mean
value (McIntosh et al., 1993). The use of physiologic measures
is somewhat problematic as such responses.aré'likely to reflect
stress in a general sense rather than pain (McGrath, 1990).
Accordingly, physiological measures are most useful when combined
with behavioural signs of distress.

The dramatic results of preventing pain with analgesics
squest that newborns suffer from a limited ability to
communicate their pain to caregivers rather than a limited
ability to perceive pain (Craig & Grunau, 1993). However,

infants do have several means of communicating their experience.
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One of the most salient to caregivers is cry, which has obvious
adaptive value in summoning aid for the child. For this reason,
cry has been referred to as a "biological siren" (Zeskind &
Marshall, 1988). Cry contributed to adult judgments of sensory
intensity and affective discomfort in neonates undergoing heel
lance (Craig, Grunau & Aquan-Assee, 1988). Various parameters of
crying change in response to pain. When the painful stimulus of
injection was contrasted with non-painful stimuli, in this case
head restraint and exposure to a jack-in-the-box, spectral
analysis showed that pain cfies were more irregular, higher
pitched, and contained more energy in thé higher spectra
(Johnston & O’Shaughnessy, 1988). However, these results were
not replicated in a study that used different stimuli as the non-
invasive controls: Grunau et al. (1990) compared intramuscular
injection with two tactile stimuli, the application of dye to the
umbilicus and the application of an alcohol swab to the thigh,
and found that the pain cry differed only in having shorter
latency and longer duration of the first cry cycle. Recently, a
single pafaméter, the H-value, has been.pfoposed as an indicator
of overall level of distress (Xie, Ward, & Laszlo, 1990). This
index is derived from the "cry phonemes" of trailing, double
harmonic break, dysphonation,“hyperﬁhonation} and inhalation, as
well as the total duration of cry. However, the.H-value was
developed to reflect parents’ subjeétiVe ratings of distress and
may not be specific td pain.

Body movements also provide information. The Infant Body
Coding System (IBCS; Craig et al., 1993) provided a framework for

scoring motor activity relevant to pain. Movement was scored as

13




present or active for the hands, feet, arms, legs, head, and
torso of 56 preterm and full-term newborns undergoing heel
lancing. Activity increased during a preparatory swab procedure,
suggesting that the body movements studied do not discriminate
pain, although they became still more vigourous during the lance.

Increasingly, researchers are using scales based on facial
expression to assess pain. This modality has considerable
importance as a behavioural measure, because research has
consistently identified a number of facial actions associated
with physical distress, while there have been contradictory
findings in regards to the features of cry} Several systems
allow the quantification of infants’ facial activity during
painful stimulation. Izard, Hembree, Dougherty & Spizziri (1983)
observed 36 infants between the ages of 2 and 19 months during an
immunization procedure. Video records were used to score facial
expression using the Maximally Discriminative Facial Movement
Coding System (MAX; Izard, 1979). MAX is based upon - judgments
that infant facial expressions conform to prejudged templates of
specific emotions and physical distress, with the brow, eye, and
mouth regions of the face examined Separately. The MAX coded
expressions were later examined using a System called Affex, in
which templates are applied to the entire face. The
experimenters identified a.reliable ‘physical distress’
expression in response to theeinjection.

Other systems available for coding the facial expression of
pain_were derived from the Facial Action Coding System (FACS)
developed by Ekman and Friesen for use with-aduits (1978). FACS

may be used to score either still photos or videotapes using stop
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action and slow motion viewing. The system is anatomically based
and comprehensive, and involves scoring the presence or absence
of individual action units rather than global expressions.

Baby FACS (Oster & Rosenstein, 1993) was developed directly
from FACS. Like FACS, it is an exhaustive set of anatomicaliy
based action units which are coded without reference to
configurations thought to specify certain emotions. Because Baby
FACS is comprehensive and capablevof making very subtle
distinctions, it is extremely useful as a research tool.

Howevef, these virtues make it unwieldy and inappropriate for
clinical applications. Baby FACS was used to examine the pain
responses of 56 premature and fullterm infants undergoing heel
lance for blood sampling purposes (Craig, Hadjistavropoulos,
Grunau & Whitfield, 1994). The following actions were
significantly more common during heel lance than during a
preliminary swabbing: AU4-Brow Lower, AU6-Cheek Raise, AUl2-Lip
Corner Pull, and-AU26—Jaw Drop.

The Neonatal Facial Coding System (NFCS} Grunau & Craig,
1987) was adapted from applications of FACS to the study of pain
in adults, in order to index pain in infants. ‘NFCS is not
anatomically comprehensive, but is-iimitéd to facial actions
relevant to the expression of pain;j'Ten actions are scored: brow
bulge, eye squeeze, deepened naso-labial furrow, open lips,
vertical stretch mouth, horizontal.stretch mouth,.lip'purse, taut
tongue, chin quiver, and tongue protrusion. Grunau et al. (1990)
videotaped neonates whilé an intramuscular injection was
administered in the thigh, alcohol was ruﬁbéd on.thelopposite

thigh, and dye was applied to the umbilical stub. Trained coders
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blind to the type of stimulus used NFCS to score the tape. It
was found that NFCS allowed discrimination of the injection from
the other two non-invasive tactile events. The painful stimulus
provoked significantly greater total facial activity and a
shorter latency to facial movement. The fécial actions most
consistently associated with pain were brow bulge, eye squeeze,
deepénéd nasolabial furrow, and open mouth. NFCS has also been
used successfully with premature infants. Facial activity was
found to be significantly greater during heel lance than during
baseline, swab, or recovery intervals (Craig et al., 1993).
However, the premature infants in this study displayed less
facial activity in comparison with fullterm infants. Facial
activity was found to be more specific to the heel lance than
were measures of bodily activity (the IBCS) and physiological
responses.

In an earlier study (Grunau & Craig, 1987), infants
undergoing heel lancing for blood.sampling purposes were observed
in order to determine the effect of sleep/wake states and sex.
Awake/alert infants were found to display more facial activity in
response to the lance than infants in quiet sleep. Male infants
were faster to respond than female infants.

Nurses have reported that they incorporate information about
facial activity into judgments of infant pain (Pigeon, McGrath,
Lawrence & MacMurray, 1989). When adults were asked_to view
videotapes of newborns undergoing heel lance and judge the
intensity of their pain experience, the judges’ decisions were
influenced by facial expression (Craig et al., 1988;

Hadjistavropoulos, Craig, Grunau & Johnston, 1994). Both cry and
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facial activity determined the ratings they made, but scores
derived from NFCS were more influential than indices of cry.

The present study used facial expression as an index of
pain, since a behavioural measure with a record of consistent
findings was desired. Two coding systems weré used: the Neonatal
Facial Coding System (NFCS; Grunau & Craig, 1990) and Baby FACS
(Oster & Rosenstein, 1982, 1993). Both systems were included
because each has different strengths. NFCS is simpler and more
appropriate for clinical use but Baby FACS 1is mofe detailed and
better able to capture subtle distinctioné.

The Construct of Temperament

Babies vary widely in behavioural characteristics, and these
qualities are likely to reflect and influence an infanf’s
subjective experience and have an impact on the environment,
especially the social environment. For example, Korner (1971)
noted that differences in crying, soothability and self-
cdmforting are likely té affect the infant’s'expérience of
pleasure and pain and the memory tfaces these‘mayileave. They
are also likely to affect cafegivers"responses to the child.

Different authors offer competing definitions of
temperament. McCall (in Goldsmith et al., 1987) attempted to
integrate varying views by defining temperément as relatively
consistent, basic dispositions inherent in the person that
underlie and modulate the expressioﬁ'of activity, feactivity,
emotionality and sociability. Most researchers feel that
elements of temperament are present in infancy; and those
elements are likely to be strongly influenced by biological

factors. As children mature, the expression of temperament is
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increasingly dependent on experience and context (Goldsmith et
al., 1987).

The theoretical emphasis on bioclogy is supported by a
growing body of research on individual differences in
psychobiological responses to stress. It is hoped that the
temperament construct will elucidate the relationship between
stable individual differences at the level of the central nervous
system and stable individual differences at the level of
behaviour. This is particuiarly true of a component of
temperaﬁent-given various names in different formulations but
centefing around the experience and expression of negative
emotions.

Interest in infant temperament originated with the New York
Longitudinal Study (NYLS), carried out by Thomas, Chess, Birch,
Hertzig and Korn in 1963. These researéhers conceived of
temperament as behavioural style, that is, the how of behaviour
instead of the why or the what (Goldsmith et al., 1987). The
NYLS consisted of parent interviews which were then subjected to
an "inductive content analysis" in ordervtofderive nine
¢ategories of temperament: Activity Level, Approach/Withdrawal,
Regularity, Adaptability, Threshold,vIntensity, Mood,
Distractability, and Attention Span/Persistence (Thomas & Chess,
1977). The research interview was later simplified to produce
the Infant‘Temperament Questionnaire (ITQ; Carey, 1970) and the
Revised Infant Temperament Questionnaire (RITQ; Carey & McDevitt,
1978), using the same categories. These categories were also
combined to characterize three types of infant: easy, difficult,

and slow-to-warm-up. A difficult child, for example, was
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irregular in biological functions, slow to adapt, intense in
mood, showed relatively frequent negative mood, and tended to
withdraw from novel stimuli (Thomas et al., 1963). The authors
endorsed an interactive viewpoint in that they emphasize the
"goodness-of-fit" between temperament and environment (Thomas &
Chess, 1977). That is, whether a given child ie "difficult"
depends not only on characteristics of the child, but on the
match between qualities in the child and qualities in the parent.
The NYLS has been criticized because it offered no guidelines for
independent replication of the derivation of the nine categories
and because there were problems of overlap among the categories
(Goldsmith & Campos, 1982).

A different approach came from Buss and Plomin (1984), who
were dissatisfied with the broad definition of temperament used
by Thomas and Chess and diseppointed by thetpeychometric‘problems
of the NYLS and the RITQ. Buss and Plomin defined temperament as
a set of inherited personality traits that appear early in life
(Goldsmith et al., 1987), placing a considerable emphasis on
biology and genetics. They described three elements of
temperament. The first was labelled Emotionality, although it is
actually specific to negative emotions of fear, anger, and
distress. Emotionality is the teﬁdency to beCome-ﬁpset easily
and intensely. It is believed to stem from an inherited
sympathetic reactivity. Buss and Pfomin (1984) believe that
emotionality is largely responsible for the easy/difficult
dimension. The other elemente in their theory of temperament are
Activity, which refers to the tempo and vigour of behaviour, and

Sociability, a tendency to respond warmly to human contact.
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These dimensions were measured with age-appropriate versions of
the EAS Temperament Survey for Children (Buss & Plomin, 1984).
Bates (1980) utilized a definition of temperament very

similar to Buss and Plomin, but picked ﬁp on the dimension of
infant difficultness that originated with the NYLS.
Hypothesizihg that infant difficultness would be important for
individual differences in personality development, children’s
effect on adult socialization agents, and the early origins of
- childhood behaviour problems, Bates drew questions from various
sources, administered them to the parents of 322 infants and
factor-analyzed the results to produce the Infant Characteristics
Questionnaire (ICQ; Bates, Freeland, & Lounsbury, 1979). The
first factor of the ICQ, labelled Fussy-Difficult, concerned the
frequency and intensity of negative affect expressions. It
therefore corresponded to the Mood and Intensity categories of
the NYLS and RITQ, and the Emotionality dimension of the EASI
(Bates, 1980). The Fussy-Difficult factor accounted for 59.8% of
the variance on the ICQ, and showed-good reliability ahd validity
(Bates et al., 1979). The other factorg were Unadaptable, Dull,
and Unpredictable,_but these dimensions were somewhat
unsatisfactory in terms of reliability and validity. Bates
(1980) emphasized the fact that difficult temperament, as
measured by parent report questionnéires; ié'a social perception
bhaving both objective and subjectiﬁe components, but noted that
even the subjective aspects of pareqt perceptionbﬁay have
devélopmental importance. ‘

" Rothbart conceived of temperament as individual differences

in the reactivity and self-regulation of behavioural, endocrine,
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autonomic, and central nervous system responses (Goldsmith et
al., 1987). These characteristics were believed to show up as
differences in threshold, laténcy, intensity, rise time, and
recovery time for the elements of negative reactivity, positive
reactivity, behavioural inhibition to novel or intense stimuli,
and capacity through effdrt to focus and shift attention.
Goldsmith’s formulation also emphasized variables such as latency
and duration but predicted the independence of these parameters
for each of the primary emotions (Goldsmith et al., 1987).

Kagan (1992) studied infants’ behavioural responses to
unfamiliar stimuli and identified subgroups at the extremes of
the population distribution. The ‘inhibited’ group showed a
pattern of minimal motor activity and little crying; the
‘uninhibited’ group showed consistently high motor activity and
vigourous crying. These profiles were preserved from age 2 to
age 8 and were associated with peripheral physiological
characteristics implying stable variatidnS-in the threshold.of
the limbic system in response to novel and challéﬁging events
(kagan & Snidman, 1991).

Similarly, Michael Lewis has idéﬁtifiédrstable individual
differences in infants’ reactivity to stressfﬁl stimuli (1992).
He found that the intensity of an infant;s initial vocal and
facial response to heelstickias a newborn predidted the same
infant’s facial and vocal reaction to-immunization at 2 months of
age. An infant’s latency to quiet following each procedure was
also stable across time. Lewis interpreted the stability of
individual differences in behavioural response as reflections of

individual differences in threshold and dampening at the level of
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the nervous system. He also suggested that such parameters
underlie the construct of temperament (Lewis, 1992).

It should be noted that negative emotionality and the
expressionbof distress is centrél in all of the above
conceptions. In Chess and Thomas’ framework, -approach,
adaptability, mood, and intensity all tapped into negative
emotionality (1977), Buss and‘Plomin's Emotionality factor
(1984), Bates’ Fussy/Difficult factor (1979), and Rothbart’s
’Negative ﬁeactivity (Goldsmith et al., 1987) seem to be measuring
the same construct. The studies by Kagan (1992) and Lewis (1992)
likening temperament to psychobiological responses have focused
on behavioural expressions of distress such as cry, facial
expression, and motor activity.

Negative emotionality is also of concern in clinical and
theoretical research on adult populations. Larsen and Diener
(1987) reviewed the literature and concluded that adult
temperament has four major dimensions: éﬁotionality, activity
level, sociability/extraversion, and sensory arousability.
Clinically, emotional stability haS‘beén found‘to predict
psychological distress and psychological well-being in adult
subjects (Windle, 1989).. The Normative Aging Study of Boston
veterans demonstrated that emotionélity accounted for
approximately 23% of the variance in mental health status 10
years later (Levenson, Aldwin, Bosse & Spiro,.1988). Levenson
and his colleagues used this finding to argue for a general

construct of negative affectivity that is relatively stable over

time.
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The structure of theories of child and adult temperament,
and studies of individual differences in physiological reactivity
converge on the following hypothesis: individual differences in
behavioural responses to stress are an integral part of the
constrﬁct of temperament, and these differences are behavioural
manifestations of individual differences in psychobiological
responses to stress. These relationships have been most studied
for the temperamental dimension of emotionality. Assuming that
pain is an example of negative emotionality, it was hypothesized
that individual differences in an infant’s response to painful
stimuli would be related to the child’s teﬁperamental profile.
Specifically, infants high on negative emotionality were
predicted to show the most intense pain response.

In the present study, temperament is seen as a set of
individual difference facﬁors which appéar éarly in life and are
relatively-sﬁable. These factoré result in characteristic styles
of expression relating to activity, reactivity, emotionality, and
sociability. These styles of expfeésion may reflect individual
differences in psychobiological reactions to stimuli, especially
in regards to stimuli provoking negative emotionality. The
finding that behavioural expressions of pain are positively
related to scores on a measure of negative emotionality would
suggest that individual differencesvin‘the.pain response are
related to a stable trait apparent across diverse situations.

Temperament was measured using the Infant Characteristics
Questionnaire (ICQ; Bates et al., 1979). The ICQ is one of the
five most popular questionnaire series used to measure

temperament in the United States (Goldsmith & Rieser-Danner,
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1990). It has separate forms for infants aged about 6, 13, and
24 months, and data suggests that the different versions are
comparable (Bates, 1992). The ICQ was chosen because it has good
psychometric properties on the negative emotionality
(Fussy/Difficult) factor, compared to other temperament
questionnaires (Hubert, Wachs, Peters-Martin & Gandour, 1982).
Reviewers have recommended using theIICQ in studies where the
major goal is correlates of difficult temperament (Hubert et al.,
1982). In addition, it is brief and relatively age-appropriate.

The 6 month form is recommended for use with infants aged
aged 4-7 months; The decision to use it with 2 month old infants
in the present study was justified based on examination of the
items. The only item that may be ihappropriate for very young
infants concerns their reaction to solid food, and this item does
not contribute to the Fussy/Difficﬁlt factor. The ICQ hasbbeen
used previously with infants in this age range (e.g., Anderson &
Coll, 1989; Lester & Boukydis, 1992). The decision to use the 13
month form for infants aged 12 2 18 months was also based on
examination of the items.

Several investigators have examined the link between
temperament and pain in olderchildrenT :Davison, Faull and Nicol
(1986) found that in a Sample of 6 year o0ld children, boys who
suffered from recurrent abdominel pain seored higher oﬁ a measure
of temperamental difficulty than boys who did not report
recurrent pain. The relationship has‘not:significant among
girls. VYoung and Fu (1988) studied children eged 4 to 7
undergoing fingerstick or venipuncture. Scores on the

Rhythmicity and Approach dimensions of a questionnaire developed
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by Thomas and Chess (1977) were related to some facets of
subjective and behavioural response to the medical procedures.
However, the relationships, while significant, were extremely
small. Wallace (1989) looked at children between the ages of 3
and 7 undergoing elective surgery involving the urinary system.
Children rated as high on an emotional intensity factor received
a significantly greater number of postoperative analgesic
medications than children rated as low intensity. Schechter,
Bernstein, Beck, Hart and Scherzer (1991) found that in a sample
of 5 year olds receiving immunizations, children rated as
temperamentally difficult had highe; scores on observer ratings
of pain. The individual temperamental dimension of adaptability
was also predictiVe of behavioural distress. In summary, studies
with older children were consistent with the notion that high
scores on temperament scales measuring negative emotionality
predict greater behavioural responses to pain. It should be
noted that temperament is considered to be more predictive of
behaviour in infancy, because the effects of socialization are
fewer. Consequently, the relationship between temperament and
pain response in infancy was hypothesized to be stronger than
that seen in older children.
Developmental Changes in the Expression of Pain

Muéh of the literature on infant bain concerns neonates, and
there is a need to extend the knowledqe base to older infants.
If there are developmental changes in the expression of pain, the
'incorporation of age into normative data for measures could
result in increased acéuracy. Some age—relafed changes ih pain

response have been identified. Using a composite measure of
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facial expression and cry, Lewis and Thomas (1990) found that 6-
month old infants quieted faster than 2- or 4-month olds
following DPT immunization. Similarly, Maikler (1991) found
that, following inoculation, the duration of pain expression (as
measured by the MAX fécial expression of physical distress, cry,
and body. movement) was longer in infants under 4 months than in
infants over 4 months. Craig et al. (1984) noted developmental
changes in behaviour following an immunization injection.
Infants under 12 months of age showed a diffuse response while
infants aged 12 to 24 months demonstrated more goal-directed
behaviour. However, in fhe above studies, facial expressions
were not studied in detail.

Izard et al. (1983) used Affex to code the facial response
to immunization in infants aged 2 to 19 months. It was found
that older infants displayed the ‘physical distress’ expression
for a smaller proportion 6f time, and displayed anger and blended
expressions for longer proportions. This finding was later
replicated with a longitudinal sample (Izard et al., 1987).
However, in the Affex systen, coderS»compafe.observed appeérance
changes to formulas or templates representiné_specific emotions.
Affex is not sensitive to changes in the individual actions
making up a given expression, and a more molecular coding system,
such as NFCS or Baby FACS, is heeded to provide a detailed
description of developmental changes.

Oster, Hegley and Nagel (1992) pointed out that in the Affex
system, the distress-pain and anger expressions are very similar.
In fact, theFOnly difference between the twq is that the eyes are

closed for distress-pain and open for anger. Consequently, the
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results of Izard et al.’s (1987) study indicated that older
infants open their eyes immediaﬁely after the shot, while youhqer
infants keep them closed. Craig and Grunau (1993) noted that the
only major difference between the expression of pain in newborns
and in adults is that newborns characteristically squeeze their
eyes shut. Craig went on to argue that this may be an adaptive
difference, reflecting the fact that adults can use visual
information to protect themselves from the source of pain, while
infants have no such recourse. Thus, the changes in the
affective response identified by Izard et al. (1983) may also be
reasonably interpreted as reflecting variation in the expression
of pain. Others have suggested that these changes reflect
different intensities of distress'father than distinct emotions
(Camras, Sullivan, & Michel, 1993). Such debate is not
surpfising, given that opinions'differ.on_whether infants
experience distinct negative emotions or undifferentiated
distress (Camras et al., 1993).

Grunau and Craig’s coding system has uncovered some response
vdifferences related to age. Premature infants undergoing heel
lance displayed less total facial activity than fullterm infants
exposed to the same stimulus (Craig et al., 19935. Johnston et
al., (1993) compared (1) premature infants of 32 to 34 weeks
gestational age undergoing heel lance, (2) fullterm neonates
undergoing intramuscular vitamin K injection, (3) 2- and 4-month-
old infants undergoing subcutaneous injection of the diphtheria-
pertussis-tetanus vaecine. Preterm infants were found to display
more horizontal mouth stretch than 2- and 4-month old infants,

but less taut tongue than newborns. Fullterm newborns showed
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more horizontal mouth stretch thanvolder infants, and more taut
tongue than any of the other groups. The 2- and 4- month old
infants showed similar responses; and there were no other facial
differences among groups. Developmental changés deserve more
attention.
Summary and Hypotheses

The present study examined the bases of individual
differences in infants’ response to pain. Cross-sectional
samples of infants were observed undergoing immunizations at 2,
4, 6, 12, and 18 months of age. Ratings of pain based on facial
expressidn were related to age and parent report of temperament.
For the most part, the analysis of developmental changes was
descriptive, since the developmental course of the facial
expression of pain has generally not been sfudied with détailed
coding systems. However, it was predictéd that at older ages,
infants would keep their eyeé openvfollowing the injection. It
was also hypothesized that composite'pain ratings would be
positively related to scores on a measure of the negative

emotionality dimension of temperament as reported by parents.
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METHOD

Setting

The study was conducted at child health clinics run by the
West-Main and South Units of the Vancouver Health Department.
The clinics function as drop-in centres for parents and young
children, where the children can be weighed and measured, and
parents have an opportunity to speak to community health nurses
about any concerns they may have. Parents also made appointments
for immunizations on certain days.. There were four clinics in
all, serving areas of varied ethnic composition and socioeconomic
‘'status. Two or three nurses staffed each clinic, with a total of
11 different nurses who administered immunizations.
Sample

According to the guidelines of the Canadian Medical
Association (Canadian Immunization Guide, 1989), infants should
receive subcutaneous injections for immunization against
diphtheria, pertussis and tetanus (DPT), as well as Haemophilus
influenzae type b (Hib) at 2, 4, 6, and 18 months of age. Prior
to July 1994, these vaccines were given as two separate
injections; each 0.5 cc in volume; one shot was administered in
each thigh. After July 1994, these vaccines were combined into a
single shot, 0.5 cc. in volume, administered in the thigh. At 12
months of age, the guidelines.fecommend'that infants receive an
intramuscular injection; 0.5 cc. in &oiume, administered in the
upper arm, as protection against measles, mumps and rubella
(MMR). In the present study we examined infants in each of the

age groups subjected to these procedures.
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A convenience method of sampliﬁg was ﬁsed. 4Between January
1994 and April 1995, infants who met the inclusion criteria
participated in the study. Sampling continued until data froﬁ 15
infants had been collected for each age group. The inclusion
criteria were as follows:

- 1. Infants receivéd injections within 31 days of the median

age for a given shot;

2. A parent who spoke and read English accompanied the

infant.

3. The parent accompanying the infant agreed to have the

child participate in the study.

Refusers and infants excluded from the study

Of the 102 parents approached by a clinic nurse to
participate in the study, 79 (77%) agreed to take part. Although
the reasons for declining were not formally assessed, several
parents stafed that they themselves were afraid of needles or
found the immunization stressful, and consequently they ‘‘just
wanted to get it over with.’’ Others expressed concern that
questionnaire completion would take too long. Two infants were
excluded because they were given the wrong questionnaire package
(i.e. 18-month~old infants were given the ‘‘6 month’’ version of
the questionnaire), two infants were excluded because very little
of their facial expression was visible on the videotape. It is
not possible to rule out the hypothesis that parents who knew
that their infants reacted particularly violently to injections
declined to participate in the study or delayed in bringing the
children to be immunized such that they did not meet age

criteria.
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Apparatus

A hand-held colour video camera was used to record the
infants’ facial behaviour. Two cameras were used in the course
of the study, the first a Sony CCD~-TR81 HandyCam, the second a
Minolta Master Series V18R. A Panasonic WJ-810 time-date
generator was used to superimpose a digital time display on the
video so that specific time segments could be selected and coded.
A JVC 20’’ colour monitor (AV-20CM4) and a Panasonic video
cassette recorder (AG—1970P)~wi£h remote control, stop action and
slow motion feedback were used during video coding.
Procedure |

Once informed consent was obtained, the immunization process
began. In each clinic, it was carried out in a small room
adjacent to the waiting room. Infants were seated‘on their
parent’s lap while the nurse swabbed the skin with alcohol to
cleanse it, and administered the injection. 1Infants in the 2, 4,
6, and 18 month age groups received the shots in‘the thigh.
Infants in the 12 month age group received the shot in the arm.
If the infant was receiving two injections (i.e. the standard
protocol for DPT and Hib injections prior to July, 1994), the
nurse quickly turned the infant after the first injection and
administered the second shot in the:contralaterél thigh.

Throughout the entire procedure, video recording was cafried
out by a technician, who focussed the camera on the infant’s
face. The nurse indicated the moment when the needle penetrated
the skin by saying "Now."

Following the immunization, parents were required to remain

‘in the waiting room for 15 minutes to ensure their child did not
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experience an adverse reaction to the vaccine. During this
period, they were given a package contéining (1) quéstions about
basic demographic information and other factors that may have
influenced the infant’s response, such as time since waking and
time since lastvfeeding, and (2) the Infant Characteristics
Questionnaire (ICQ; Bates, 1952). The parents of infants aged 2-
6 monﬁhs were given the "6 month" form; the parents of infants
aged 12-18 months were given the "13 month" form. The package
typically took less than 15 minutes to complefe. ' See Appendices
A and B for copies of the background characteristics
questionnaire and sample items‘from‘the ICQ.

It would have been preferable to have parents complete the
temperament questionnaire before the immunization procedure, in
order to avoid the possibility that their responses were biased
by their obserVations of the child during the injection.

However, the clinic staff found that this‘interfefed with the
nurses’ duties, and asked that the'questipnnaire be completed
during the 15 minute waiting period. The instructions on the
questionnaire stated "Please base your answers on how YOur baby
usually reacts, not on how your baby reacted to today’s shot."
Means>on the temperament scale were compared to available norms
in order to determine whether witnessing the injection altered
mothers’ perceptions of temperament.

Cogigg of Infants’ Facial Actions

Two systems were used to provide detailed descriptions of
facial activity: the Neonatal Facial Coding System (NFCS; Grunau
& Craig, 1990) and an adaptation of the Faciél Action Coding

System (FACS; Ekman & Friesen, 1978) intended for use with
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infants (Baby FACS; Oster & Rosenstein, 1982, 1993). See
Appendices C 2 D for detailed descriptions of the coding systems.
Each facial action described for NFCS or Baby FACS was‘scored as
present or absent during five successive 2-second segments coded
for each of three events (‘‘baseline,’’ ‘‘injection,’’ and
“recovery”); Baby FACS coding also assigns an intensity score
(1-5) to each of the'actioﬁs present. In addition to the facial
action>units, the Baby FACS system includes the option of coding
head and eye position. This was not done in the present study as
there is no empirical or intuitive reason this would be related
to pain, and as it greatly increases the time required to code an
event.

Coders were able to use slow mqtion and stop framerfeedback.
The segments on each tape were coded in random ‘order. The coders
were blind to the temperament scores and exact- age of the
infants. NFCS coding was carried out by two trained coders who
had demonstrated high levels of inter-rater reliability. Baby
FACS coding was carried out by a single trained coder certified
according to the FACS proficiency test (Ekman & Friesen, 1978).

Scores for each action unit were summed over five 2-second
segments for each event. Only those action units observed in
more than 16% of 2-second segments wefe analyzed. By current
conventions (Ekman & Friesen, 1992), both Adult FACS and Baby
FACS are coded on an intensity dimension, a scale which ranges
from 0-5. These scores were then summed over the 5-second
segments of each event in order to derive a single value for each
action. Total scores could range from 0 (no action) to 25

(action occurs at the highest level of intensity in every
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segment). As a result, the Baby FACS scores in the current
analysis are influeﬂcéd by the intensity of actions as well as
their frequency. This will serve to lessen the comparability of
NFCS and Baby FACS; however, both systems were included in the
preseht study with the intent to obtain different types of
information, rather than to compare the two directly.

For each of NFCS and FACS, a secondary coder scored 25% of
the segments in order to determine interrater reliability.
Reliability was calculated according to the formula given by
Ekman and Friesen (1978) which assesses the proportion of
agreement on actions recorded by two coders relative to the total
number of éctions coded. The resulting figures were 0.89 for
NFCS and 0.80 for Baby FACS. Since, as expected, only a small
proportion of Baby FACS actions met the criteria for inclusion in
the final analysis, reliability was also calculated on these
actions alone. Accordingifo this pfocédure, reliability feached
0.88. Intensity scoring for each of the agreed upon Baby FACS
AUs was correlated, yielding a Pearson product-moment coefficient
of 0.88. |

The following 10 second segments were coded whenever
possible: (1) a baseline period beginning 30 seconds prior to the
first injection, (2)vreaction to the first injection,‘and (3) a
recovery period beginning 20 seconds after the last injection.
However, the following exceptions arose:

Selection of the ‘‘baseline’’ event

The ‘‘baseline’’ event was included in the analysis as a

control, showing the infants’ facial actions during a period when

no invasive events are taking place. It should be noted that




infants will be subjected to some non-invasive tactile
stimulation during this period as they are typically being
undressed and positioned for the injection at this time. A
"true" baseline period was found to slow down the_nurses
considerably and interfere with the primary functions of the
clinic.

Whenever possible, a section of videotape from 30-20 seconds
befere the first injection was selected as a ‘‘baseline’’ event.
This was possible for 51 (68%) infants. However, for 24 (32%)
infants, there was less than 30 seconds of videotape prior to the
injection. Consequently, for 8 (10.7%) infants the ‘‘baseline’’
event occurred from 20-10 seconds before the first injection.
For another 11 (14.7%) infants the ‘‘baseline’’ event occurred
from 10 seconds before the first injection up to the injection.
The ‘‘no baseline’’ segment was missing completely for 5 (6.7%)
infants (see ‘‘Missing Data’’ below). There is no theoretical
reason that these events should differ in the facial actions
reflective of pain, as nothing painful is happening to the
infants in any case. This assumption was tested by conducting a
one-way MANOVA for each of the coding systems, with the relevant
facial variables as dependent measures andnthe temporal location
of the ‘‘baseline’’ event as the independent variable. Neither
MANOVA was significant (p>.2), and consequently the events were
treated as equivalent.

Selection of the ‘‘recovery’’ event.

The recovery event was included in order to provide some
indication of the infant’s reaction over time. Originally, it

was planned that this event would take place from 20-30 seconds
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after the second injection, in the casé of infants receiving the
DPT and Hib vaccines, and 20-30 seconds after the first and only
injection in the case of 12 month—oid infanfs receiving the MMR
vaccine. However, in July of 1994, the Canadian immunization
guidelines were changed such that the DPT and Hib vaccines were
given in the same syringe, and all infants received a single
injection. For these infants; as in the 12-mon£hvgroup, the
‘‘recovery’’ segment was taken from 20-30 sécbnds after the first
and only injection. However, this meant that, within the same
cell, infants differed in the number of injectionsvthey had
received. Of the total sample, 49 infants (65.3%) had received
one injection, and 19 (25.3%) had received two injections. The
infant’s face was not visible during the ‘‘recovery’’ event for 7
infants (9.3%; see ‘‘Missing Data’’ below). As before, the
assumption that the two events (recovery after one shot versus
recovery after two shots) were equivalent was tested by
conducting a one-way MANOVA for each of the coding systems; with
facial variables as dependent measures and the number of shots as
the independent variable. In this case, thé MANOVA produced
signifiCant results in the case of the NFCS variables (Pillais
F(5,62)=5.55618, p<.001) and nearly significant results in the
case of the Baby FACS variables (Pillais F(10,43)=1.82697,
p<.10). Consequently.the two types of segments were not treated
as equal in further analyses.

Although inconvenient at present, the finding of differences
due to the number of painful stimuli is an interesting-one. The
time course of the pain reaction has not been studied in great

detail and the interaction between time and repeated painful
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stimuli is unknown. Follow-up analyses were conducted on the
NFCS data, in the form of univariate ANOVAs for each of the
facial actions. These analyses revealed that the difference lay
in three actions: brow bulge (F(1,66)=10.8891; p<.001), deepened
nasolabial furrow (F(1,66)=5.5825; p<.05), and taut tongue
(F(1,66)=6.4274; p<.05): infants who had undefgone a single shot
scored higher on brow bulge and deepened nasolabial furrow than
did infants who had undergone two injections. 1In contrast,
infants who had undergone two shots displayed more taut tongue
than those who had undergone a single éhot.
Coding of Parents’ Soothing Interventions

In addition to the coding of facial actions, some means of
describing parents’ efforts to soothe the_child wefe desired.
The following 10 categories of sooﬁhing interventiohs were
derived from a reading of the litefature {Bell & Ainsworth, 1972;
Gustafson & Harris, 1990; Papousek & Papousek, 1990) and an
examination of pilot data. '
1) Holding Laterally: Baby is cradled or held face up in
caregiver’s arms or hands.
2) Holding Ventrally: Baby is held against caregiver’s shoulder,
in an upright position, with chest toward caregiver.
3) Arm Restraint: Baby is held so that neither arm is free to
move, due to the position of the caregiver’s‘hands, arms, or
torso.
4) Vestibular Stimulaﬁion: Caregiver moves baby in a rhythmic
manner (including bouncing, swaying, rocking, or jiggling).

5) Tactile Stimulation: Caregiver pats, rubs, tickles, or kisses

baby, or strokes baby’s face, head, hands, etc.




6) Breast Feeding: Caregiver puts nipple in baby’s mouth.

7) Bottle Feeding: Caregiver puts nipple in baby’s mouth.

8) Giving Pacifier: Caregiver puts pacifier in baby's mouth.

9) Distraction: Caregiver attempts to divert baby’s attention
verbally (e.g., ‘‘Look at that’’/ or ‘‘What’s she doing?’’), or by
presenting a toy.

10) Soothing Vocalization: Caregiver speaks to the baby with a
soothing tone 2 message (e.g., ‘‘That’s OK’’ or ‘‘All finished
now’’), or makes soothing sounds (e.g., ‘‘Shhhhhh’’).

The above actions were coded as present or absent over an
interval stretching from the initial injection to 30 seconds
following the last injection given. Thus, the duration of this
interval varied from infant to infant. The primafy coder was an
undergraduate research assistaht; 'TWenty;fivé percent of the
tapes were coded by a secondary codér in.order to determine
réliability, which was 0.83 accordihg_to Ekman and Friesen’s
formula (1978).

Analyses
Preliminary analyses.

Descriptive statistics were compiled on background
characteristics of the sample, and the relétipnships among
background characteristics and the indgpendent variables were
examined using chi-square tests, ANOVAs, and correlation
coefficients, depending on the nature of the variables.
Similarly, the fréquency of the varibus soothing interventions
exhibited by parents were tabulated, and chi-square tests and
ANOVA were used to determine whether parents altered their

behaviour according to a child’s age and temperament. Next,
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descriptive statistics were calculated for the independent
variables. The relationship among the independent variables was
assessed using a oneway ANOVA.

Ihe‘reseagch questions.

The data were analyzed using SPSS/PC to answer the research
questions, with some additional hand calculations. All anaiyses
were conducted separately for NFCS and Baby FACS. In order to
derive a ‘‘pain summary s¢ore” for each coding system, variables
occurring in more than 10% of segments were entered into a
principal components analysis. Factor loadings from this
analysis were then used as weights in a linear combination of
facial variables. This procedure is consistent ﬁith previoﬁs
studies using NFCS. and Baby FACS (e.g., Craig et al., 1994). In
order to address the relationship between infant temperament and
reaction to the injection, cofrelation coefficients between the
pain summary scores and scores on the fussy-difficult dimension
were examined.

" As described above, results of preliminary analyses
indicated that, for the recovery eQent, it was not appropriate to
treat infants receiving two injections as equivalent to those
receiving a single injection. vConééquently, the analysis was
handled differently than originally planned. Where infants
received two injections, the interval between the injections was
variable. 1In six cases this interval was longer than 30 seconds,
and it was possible to recode a “recovery"levent»20—30 seconds
after the first injection. However, in 13 subjects the interval
was less than 30 seconds and fecoding was not possible. As a

result, the correlation coefficients calculated between

39




temperament scores and the facial action summary scores for the
““recovery’’ event were computed using only 55 infants. Since no
significant relationships between temperament and pain scores
were discovered, temperament was not included as a factor in
further analyses.

In order to examine developmental changes in the degree of
pain expressed in response to the shot, pain summary scores were
entered into an ANOVA. According to original plans, data was to
be entered into a 5x3 between-within ANOVA, with age as a
between-subjects factor having five levels (2, 4, 6, 12, and 18
months of age), and event as a within-subjects factor haﬁing
three levels (‘‘no pain,’’ ‘‘injection,’’ and “recovery"). In
order to examine developmental changes in the individual facial
actions comprising the pain expression, the basic design was then
to be repeated using a MANOVA format, with the individual facial
actions entered as dependent variables, rather than a single
éummary score.

However, as mentioned previously, 13 infants had received -
two injections before the ‘‘recovery’’ event and it was necessary
to exclude these subjects from the analysis. As a result, two
MANOVAs were conducted for each coding system, rather than the
one originally planhed. The ‘‘baseline’’ and ‘‘injection’’
events were analyzed in a 5x2 between-within MANOVA with age as
the between-subject factor and event aé the within-subject
factor. The full set of 75 subjécts was included in this
analysis. The ‘‘recovery’’ event was analyzed in a separate
oneway MANOVA with age as a between-subject factor. Infants for

whom it was not possible to code a ‘‘recovery’’ period after a
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single shot were deleted. 1In addition, five other infants were
randomly deleted such that cell sizes remained equal. This was
necessary in order that the results be robust to violations of
the assumption of homogeneity of variance-covariance matrices.

In considering the significance of correlations and of main

effects derived from ANOVAs and MANOVAs, an o level of .05 was

used. In follow-up analyses, the value of a was lowered

according to the number of groups or variables involved.

It should be noted that; in the 12 month group, age'is
confounded with stimulus properties as these infants were
immunized with a different vaccine at a different site on the
body. This confound is unavoidable and was considered when the

results were interpreted.
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RESULTS

Descriptive characteristics of the sample

Of the 75 infants included in the final analysis, 36 (48%)
were male and 39 (52%) were female. Male infants made up 8 (53%)
of the 2—monthbgroup, 6 (40%) of the 4-month group, 6 (40%) of
the 6-month group, 10 (67%) of the 12-month group; and 6 (40%) of
the 18-month group. Twenty-eight (37.3%) cf the infants were
first born, 32 (42.7%) were second born, 10 (13.3%) third born, 3
(4.0%) fourth born, and 1 (1.3%) sixtﬁ born. One parent did not
answer the question. Eight infants had been premature (10.7%).

All of the infants’ parents answered yes to the question ‘‘Is

your baby generally healthy?’’ but one infant suffered from

Turner's'Syndrome, a chromosomal abnormality usually associated
with intelligence in the low normal range. As all scores on
temperament, facial variables, and pain.summary scores were
within two standard deviations of the mean, the infant was

retained for the analysis. Analyses run without this subject

indicated that results were not different from those when the

infant was retained. ,

Sixty-three infants (84%) were held by.their mothers, and
twelve (16%) by their fathers. Forty-five (56%) of parents had
given their child acetominophen before the shot. This was
recommended by the clinic nurses as prcVentioh for the fever that
can result from immunization. It ié\not exﬁected to have any
effect on the pain of a needle stick. The time since feeding
ranged from half an hour to 7 hours, with a mean of 2.03 hcurs.
The time since waking‘rangea from 0 to 8 hours, with a mean of

2.58 hours.
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Relationships between these characteristics and the
independent variables of age and temperament were examined.
Where badkground characteristics were categorical (clinic, nurse,
gender, birth order, prematurity, parent, and use of medication),
chi-square tests were used to examine the relationship with age
and ANOVAs were used to examine the relationship with
temperament. Where background variables were continuous (time
since féeding.and time since waking), ANOVAs were used to examine
the relationship with age and correlation coefficients were used
to examine the relationship with temperament. These analyses are
‘summarized in Appendix E. None of the analyses were significant
(p>.0-5) .
Soothing Interventions

The percent occurrence of various interventions are given in

Table 1.
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Table 1

Percent of Parents Using Eac oothing I tervention

Intervention : % of Parents Using the

-Intervention
Soothing Vocalization . 93
Arm Restraint 4 , 67
Tactile Stimulation o . 64
Holding Laterally } 45
Holding Ventrally o 25
Vestibular Stimulation - 24
Distraction o 19
Giving Pacifier : 9
Breast Feeding | 4
Bottle Feeding | .0

n=75
Chi-square tests were used to examine whether the frequency

of each intervention varied with age. _Significant results were

obtained for Holding Laterally (% .=25.50, p<.0001), and Holding

Ventrally (%°,=13.67, p<.0l1). The frequencies of these actions

are shown graphically in Figure 2. Examination of the graphs
suggests that parents are more:likely to comfort young infants by
holding them laterally (i.e. cradling them in their arms).
Holding ventrally shows a slight decline interrupted by a sharp
increase in frequency at the age of 12 months. This may be due

to the fact that in this age group, the locus of injection was

the upper arm rather than the thigh. Holding ventrally may allow
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the nurse access to the arm while maintaining close contact
between parent and child. |

The relationship between child‘temperament and soothing
interventions was assessed throuéh a.éeries of t-tests, with the
presence or absence of each soothing inter&ention as the grouping
variable. None of the soothing variables reached significance at

the .05 level.

The Independent Variables
Age.

Since infants received immunizations at five different ages,
age was treated as a categorical variable, with 15 subjects per

group. The resulting groups are summarized in Table 2.

Table 2
Description of Age Groups.
Age Group Mean Age Standard Minimum Maximum Age
in Days Deviation Age in Days
in Days
2 nmonths . 68 7.38 59 84
4 months 132 13.60 104 154
6 months 201 16.38 176 228
12 months 380 12.41 362 407
18 months 563 17.86 536 594
n=15%

Temperament.

Scores on the fussy/difficult factor were calculated for
each version of the questionnaire. The means and standard
deviations are given in Table 3, along with the means and

standard deviations from Bates’ (1992) standardization sample.
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Table 3

Distribution of Temperament Scores

Current Sample:

Questionnaire Mean ' Stahdard |

Form . deviation
"W months’’/  17.29 —4.54

‘'12 months’’ 29.12 5.71

Standardization Sample:

Questionnaire Mean Standard
Form . deviation
"'6 months’’ 17.77 5.88

‘212 months’’ 28.64 7.43

Parents failed to answer a questioﬁ contributing to
temperament score in two instances, which represents 0.37% of the
questionnaire data. The scores were replaced with mean values
for the item according to Bates’ (1992) standardization data.

In order to have the scores from the two forms comparable,
the observed scores were standardized'using thé means and
standard-deviations from Bates’ sample. The standardized Scores

were used in subsequent analyses.
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The ;elgtiogsnip between age.and teﬁpérament.

The relationship between age and tempérament was examined
with a oneway ANOVA. There was no significant relationship
between the two (F(4,70)=0.37, p>.5). '

The Dependent Variables

Collapsigg of Baby FACS actions.

Previous studies using FACS to investigate the facial
expréssion of pain in adult sﬁbjects have noted the difficulty in
distinguishing between certain action units. For example, Ekman,
Friesen and Simons (1985) disregardéd the ‘‘finer diétinction"
between AU6 (cheek raise) and AU7 (lids tight) in their analysis
of the startle response. Others have found it difficult to
distinguish between AU9 (nose wrinkle) and AU1l0 (upper lip raise)
and suggested that these actions'are part of the same basic
process (Prkachin & Mercer; 1989). Consequently, Prkachin (1992)
has recommended that analyses be conducted on the composite
variables of "orbit tightening" (AU6/AU7) and "levator
contraction" (AU9/AU10). Oster and Rosenstein (1993) note that
"the distinction between AUs 6 and 7 is one of the most difficult
to make in infants....in many cases both are probably acting"
(pp. 18-19). Similarly they note that "confusion between AU 9
and AU 10 is even more frequent in infants than in adults....In
many cases, it is likely that both are acting....if it is not
clear.which are acting, it may be best to acknoWledge the
ambiguity by coding "AU 9 and/or 10" (p. 27). 1In light of these
comments, Prkachinfs recommendations seem suitable for infants as

well as adults, and the variables were collapsed accofdihg to his

instructions.
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Frequency of occurrence of facial variables.

Frequency and percent occurrence were calculated for the 10
NFCS action units and the 45 Baby FACS action units examined in
thié study. Percent occurrences are given in Appendix F.

The following five NFCS action units were observed to occur
in more than 10% of coded segments? Brow bulge, Eye squeeze,
Déepened nasolabial furrow, Open lips, and Taut tongue. These
actions were retained for further analyses. The other five
actions (Vertical mouth stretch, Horizontal mouth stretch, Lip
purse, Chin quiver, and Tongue protrusioﬁ) were dbserved to occur
in less than 10% of coded 2—second-segmenté, and thus were
discarded from further analyées, The following 10 Baby FACS
action units were recorded in more than 10% of coded segments: AU
1-Inher Brow Raise, AU 3-Browanit,rAU 4-Brow Lower, AU6/AU7-
Orbit Tightening, AU9/AUl0-Levator Contractioh, AU17-Chin Raise,
AU26-Jaw Drop, AU43-Eyes Closed, AU44-Squint, and AU75d-Tense,
Concave Tongué. These actions were retained for further
analyses, while the other Baby FACS actions were discarded.

Missing data.

Because parents and nurses were told to ‘‘proceed as
usual,’’ there were inevitably segments in which the infant’s
face was obscured. According to NFCS coders, the entire face was
not visible in 7.29% of segments. 1In addition, individual
actions were not visible in the following percentage of segments:
brow bulge, 1.07%; eye squeeze, 0.44%; nasolabial furrow, 1.42%,
and open lips, 1.69%. According to the primary FACS coder, the

entire face was obscured in 7.29% of segménts; the upper face was
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not visible in 0.98% of segments and the lowér face was not
visible in 2.13% of segments. |

If only one or two of the five segments from an ‘‘event’’
were missing, they were replaced with the mean score taken ffom
the visible segments for that infant. If more than two of the
segments were missing, that event was omitted from correlational
analyses conducted to examine the role of temperament. However,
in order to retain equal cell sizes in the MANOVA conducted to
examine. the role of age, the infant’s scores for the entire évent
were replaced with the mean values for that cell, i.e. the mean
values observed in infants in the same age group during the same
event. This was necessary for nine events (4% of the total).
There is precedence for such an approach in previous stﬁdies
(e.g., Craig et al., 1993).

Construction of the Pain Summary Séores.

In order to answer the research questions, a single index of
the amount of pain expressed by the infant was desired. With
this in mind, the facial actions observed within each coding
systen durihg the ‘‘injection’’ évent_were subjected to a
principal components analysis.

The results of the principal components ahalysis conducﬁed
on the NFCS variables will be discussed first. The Kaiser-Meyer-
Olkin Measure of Sampling Adequacy was .71, above the .6 required
to conduct the analysis (Tabachnick & Fidell, 1989). The
Bartlett Test'of Sphericity was significant, indicating that
there were sufficient correlations among the variables to warrant
factor analysis. A single factor with an eigenvalue of 2.88 was

identified, and inspection of the scree plot confirmed the
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suitability of the single-facfor solution (Cattell, 1966). As
well, this factor structure is comparable to that found in
previous research (Craig et al., 1994). This factor accounted
for 57.7% of the variance in NFCS actions, a figure somewhat
lower than has been found in previous research (Craig et al.,
1994). Aall five of the NFCS actions 1oéded positively on the
factor, which makes conceptual sense. Factor loadings are

presented in Table 4.

Table 4

Factor lLoadings for the NFCS Facial Actions

Facial Action ‘ Factor Loading
Brow bulge ' .82
Eye squeeze ' .80
Deepened nasolabial furrow A .91
Open lips ’ .61
Taut tongue ’ f62

The principal components analysis conducted on the Baby
FACS action units produced similar results. The Kaiser-Meyer-
Olkin Measure of Sampling Adequacy was .70 and the Bartlett
Test of Sphericity was significant. The analysis identified
three factors with eigenvalues greater than one. However,
inspection of the scree plot (Cattell, 1966) suggested that the
singlevfactor solution was more appropriate. Furthefmore, the

second and and third factors were not easily interpretable and

somewhat unstable as they were based on only one or two action




units. As a result, the solution was restricted to one factor.
This factor had an eigenvalue of 4.29 and accounted for 42.9%
of the variance in Baby FACS actions. All of the Baby FACS
actions loaded positively on the factor, with the exception of
AUl, inner brow raise. Factor loadings ére presented in Table

5.
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Table 5

Factor loadings for the Baby FACS Actions

Facial Action - Factor Loading
AUl-Inner brow raise o . -.32
AU3-Brow knit : . .74
AU4—Brow lower | .76
AU6/7-0Orbit tighténihg | .89
AU9/10~Levator contraction .86
AU17-Chin raise ' ' .27
AU26-Jaw drop .75
AU43-Eyes closed .70
AU44-Squint .13

AU75d-Tense, concave tongue : .62

These factor loadings were highly consistent with
expectations. Within each coding systemn, the individualyaction
units previously observed to be associated with painful stimuli
loaded onto the factor. The factor loadings are seen as
representing the‘contributions of individual actions to the
global pain expression. By examining the actions that load
heavily on each factor, it is possible to derive a Qualitative
description of the ‘‘pain face’’ according to eéch coding system.
According to NFCS, the facial expression of pain'in infants is
created by lowering the eyebrows and drawing them together,
squeezing the eyelids together, deepening the nasolabial furrow
and pulling it upwards, épening the lips, and displaying a raised

tongue with sharp, tensed edges. According to Baby FACS, the
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facial expression of pain is created by knitting and lowering the

brows, tightening the muscles surrounding the eye, closing the

eyes, wrinkling the nose and raising the upper lip, dropping the
jaw, and displaying a tense, concave tongue. Although there are
some differences, these results are generally consistent with the
results of previous studies (Craig et al., 1993; Craig et al.,
1994; Grunau et al.,’1990). ﬁ

The factor loadings were used to derive pain summary scores:
for each coding system, the factor loadingsAwere used as weights
in a linear combination of facial actions. The same weights were
used to calculate pain summary scores for each infant for each
event. These pain summary‘scores‘wérévthen used as dependent
measures in further analyses.

Two measures of pain.

If the summary scores derived from the two coding systems
were each measuring pain, significant.correlations between the
two measures would be expected. Pearson product-moment
correlation coeffiéients were calculated between the NFCS pain
summary and the Baby FACS pain summary for each of the events
expected to be painful i.e. ‘‘injection’’/ and ‘‘recovery.’’ The

results are given in Table 6.

54



Table 6

Correlations between NFCS and Baby FACS pain summary scores

Event n r p
“‘injection’’ 75 .79 <.001

\“recovery’’ 55 . .79 <,001

Both of the above correlations were significant at the .001
level, consistent with the proposition that both summary scores
are measures of pain.

In order to fﬁrther examine concordance between the two
measures, the correlations between individual action units were
also computed. Two correlation matrices were constructed, one

for actions of the upper face (Table 7), and one for actions of

the lower face (Table 8).




Table 7
Correlations between NFCS Actions and Baby FACS Actions:

The Upper Face
NFCS Actions

Deepened
Baby FACS Brow Bulge Eye Squeeze Nasolabial
Actions _ _Furrow
AUl-Inner r=-.16 r=-.30 r=-.13
Brow Raise p<.10 | p<.001 p<.015
AU3-Brow Knit r=.49 r=.52 r=.45
p<.001 ' p<.001 p<.001
AU4-Brow r=.50 . .r=.63 r=.43
Lower p<.001 p<.001 p<.001
AU6 /AU7-Orbit r=.55 © O r=.76 r=.63
Tightening p<.001 p<.001 p<.001
AUS /AUl0- r=.58 . r=.68 - r=.65
Levator p<.001 " p<.001 p<.001
Contraction
AU43-Eyes r=.39 r=.66 r=40
Closed p<.001 p<.001 ‘ p<.001
AU44-Squint r=.,22 r=.25 r=.23

p<.015 p<.005 ' p<.01
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Table 8
Correlations between NFCS Actions and Baby FACS Actions:
The Lower Face

NFCS Actions

Baby FACS Actions Open Lips' ‘ Taut Tongue
AU17-Chin Raise r=.10 r=.13
p<.25 p<.15
AU26-Jaw Drop r=.49 r=.47
p<.001 p<.001
AU75d—Tense, r=.22 r=.68

Concave Tongue p<.05 p<.001

On the basis of content, the strongest correlations would be
predicted between a) NFCS Brow Bulge and Baby FACS AUs 3-Brow
Knit and 4-Brow Lower, b) NFCS Eye Squeezé and Baby FACS AU6/AU7-
Orbit Tightehing, c) NFCS Deepened‘Nasolabial Furrow and Baby
FACS AU9/AUl0-Levator Contraction, d) NFCS Open Lips and Baby
FACS AU26-Jaw Drop, and e) NFCS Taut Tongue and Baby FACS AU75d-
Tense, Concave Tongue. All of theée correlations were found to
be significaht. However, interpretation of the matrix is
complex. This issue will be examined further in the Discussion

section.
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The Relationship between Pain and Temperament

The first research question to be addressed focussed on the
relationship between facial expressiqn.in response to a painful
stimulus and the negative emotionality dimension of temperament.
It was hypothesized that infants who were rated by their parents
as more fussy or difficult would show the greatest facial
response to the injection.

Pearson product-moment correlation coefficients were
calculated to assess the relationship between pain summarylscores
and scores on the fussy-difficult factor for each event. The

results are summarized in Table 9.
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Table 9

Correlations between Pain Summary Scores and Temperament Scores

Analyses based on NFCS actions:

Event n r o]
‘‘baseline’’ 70 -.04 >.75 \
“winjection’’ 75 - -.14 >.20 4
‘‘recovery’’ 55 .00 | >.90

Analyses based on Baby FACS actions:

Event n r . jo)
‘‘baseline’’ 70 -.01 >.90
‘‘injection’’ 75 o -.09 >.40
““recovery’’ 55 -.13 >.30

Statistical significance was not observed in any of the
relationships reported. Infants perceived by fheir parents as
fussier and more difficult did not react to the injection with
greater intensity. Since no relationship was observed between
temperament and pain scores, and preliminary analyses had not
shown a relationship between temperament and age group,
temperament was not includedvas a factor in the MANOVAs conducted
to examine age differences in the pain response.

Developmental Changes in the Facial Expression of Pain

The second research question to be addressed involved the
identification of developmental change in the facial expression
of pain, both in the overall degree of pain expressed and the

individual facial variables.
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Developmental Changes in the Intensity of the Pain Reaction

To address this question, a series of ANOVAs were conducted
using pain summary scores as the outcome measure.

Analyses conducted on the ‘‘baseline’’ and “‘injection’/

events. |

For each coding system, a 5x2 between-within ANOVA was
conducted, with age as the between-subjects factor and event as
the within-subjects factor. Cell means and standard deviations

from the NFCS data are presented in Table 10.

Table 10
Cell Means gnd Standard Deviations:
NFCS Pain Summary Scores by Age by Event

Age Group:
Event 2 2 6 1z 18
' Months Months Months Months Months
‘‘baseline’’ M 8.74 3.39 4.01 3.35 5.69
SD 6.91 2.20 2.75 4.07 5.36
‘“injection’’/ M 14.74 12.06 14.58 14.37 13.43

SD 4.45 5.17 5.16 3.68 - 4.86

n=15

The ihteraction between age group and event was non-
significant (p>.10). Both the main effect of age group
(F(4,70)=2.61, p<.05) and the main effect of event
(F(1,70)=157.15, p<.001) were significant. With regards to the
main effect of event, examination of marginal means revealed that
the pain summary scores were, as expected, significantly higher
during the ‘‘injection’’ event than during the ‘‘baseline’’

event. The overall pain summary score for the ‘‘baseline’’ event
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was 5.04; for the ‘‘injection’’ event, it was 13.84. Follow-up
analyses (Tukey) of the age effect, with a dropped to the 0.01
level, revealed that 2 month old infants had pain summary scores
‘significantly higher than those of 4 month old infants. No other

differences were significant. These results are depicted

graphically in Figure 3.
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Figure 3

NFCS Pain Summary Scores by Age
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Cell means and standard deviations obtained from the baby

FACS data are presented in Table 11.

Table 11
Cell Means and Standard Deviations:

Baby FACS Pain Summary Scores by Age by Event

Age Group:

Event 2 4 6 12 18
Months Months Months Months Months
‘““baseline’’ M 30.94 8.00 6.67 5.73 17.67
SD 30.27 6.92 6.71 8.92 23.10
“injection" M 74.28 54.64 53.89 64.71 54,53
SD 21.61 27 .54 29.25 25.96 25.46

Again, both the main effect of age group (F(4,70)=4.37,
p<.005) and the main effect of event (F(1,70)=182.08, p<.001)
were significant. Examination of the margiﬁal means revealed
that pain summary scores were significantly higher during the
““injection’’/ event than during the ‘‘baseline’’ event. Tukey

tests performed as follow-up analyses of the main effect of age
with a dropped to the 0.01 level, revealed that 2-month old

infants had significantly higher'pain‘summary scores than 4-
month old infants or 6-month old infants. No other differences

were significant. Figure 4 is a graph of these results.

63




Figure 4
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Analyses conducted on the ‘‘recovery’’ event.

For each coding system, a oneway ANOVA was conducted , with
age group as a between-subjects factor. Cell means and standard

deviations are presented in Table 12.

Table 12
Cell Means and Standard Deviations

NFCS Actions: NFCS Pain Summary Scores by Age

Age Group:

2 Months 4 Months 6 Months 12 Months 18 Months

M 11.16 6.00 —11.91 10.74 12.63
SD 6.14 4.70 4.03 3.15 2.06

n=10

The main effect of age group (F(4, 50)=3.27, p<.05) was
significant. Follow-up analyses took the form of Tukey tests.
When a was dropped to 0.01, none of the differences reached
significance. However, at the 0.05 level, it was apparent that
4-month old infants had pain summary scores that were lower than
either 18-month old infants or 6-month old infants. No other
pair of means differed significantly. The differences, shown

graphically in Figure 5, should properly be regarded as trends.
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Cell means and standard deviations from the Baby FACS data

are presented in Table 13.

Table 13
Cell Means and Standard Deviations:
Baby FACS Pain_ Summary Scores by Age

2 Months 4 Months 6 Months 12 Months 18 Months

M 45.44 20.95 33.37 39.13 47.82
SD 28.67 18.26 21.12 16.22 24.30

n=10

The main effect of age group oﬁ‘Baby FACS pain summary score
during the ‘‘recovery’’ event did noﬁ"reach significance (p>.05).
The data are shown graphically in Figurela; }ExaminatiOn of the
figure indicates considerable vériability ahong the groups.
Developmental Changes in the Nature of the Pain Expression

To address this question, a series of MANOVAs were
performed, with the individual facial variables,as dependent
measures. Only those variables occurring in more than 10% of

segments were included in the analysis.

Analyses conducted on the ‘‘baseline’’ and

‘‘injection’’ events. |

The relationship between age and the facial expression of
pain during the ‘‘baseline’’ and ‘‘injection’’ events was
examined through‘a 5x2 between-within MANOVA with age as the
between subjects factor and event as the within-subjects factor.
Cell means and standard deviations obtained from this analysis

for the NFCS data are given in Table 14.
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Table 14

Cell Means and Standard Deviations:

NFCS Actions by Age

‘‘Baseline’’ event: Age group:

Action 2 73 3 12 18
Unit Months Months Months Months Months
Brow M 2.80 0.81 - 1.13 1.27 1.86
bulge SD 2.15 1.13 1.64 1.68 2.20
Eye M 1.67 0.00 ~0.00 0.29 0.29

squeeze SD 2.23 0.00 0.00 1.03 1.03

Deepened ,

naso- M 2.00 0.56 0.87 0.68 1.50
labial SD 2.33 1.17 1.36 1.30 2.13
furrow
Oopen M 4.20 3.65 3,63 2.41 3.32
lips SD 1.74 1.97 %.ll 2.43 2.20
Taut M1.20 0.00 0.13 0.00 0.91
tongue SD 2.08 0.00 0.52 0.00 1.76

n=15
‘“‘Injection’’ event: Age group:

Action 2 4 6 12 18
Unit Months Months Months Months Months
Brow M 4.43 3.77 4.40 4.47 4.21
bulge SDh 1.40 1.49 1.40 0.99 1.74
Eye M 3.93 2.93 3.72 3.47 2.93

squeeze SD 1.83 1.67 2.02 1.73 2.19

Deepened

naso- M 4.20 3.39 4,20 4.42 4.33

labial SD 1.74 1.61 1.61 0.91 1.76

furrow

Open M 4.67 4.00 4.73 4.63 4.93
lips SD 1.29 1.77 0.70 0.81 0.26
Taut M 2.13 1.82 2.13 1.80 1.13

tongue SD 2.36 2.06 2.23 2.04 2.07

n=15

Neither the interaction between age and event nor the main

effect of age was significant (p>.50 and p>.10 respectively).
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However, as expected, the main effect of event was significant
(F(5,66)=105.44, p<.001). Follow-up analyses in the form of 5
paired t-tests indicated that means for all of the NFCS actions
were greater during the ‘‘injection’’ event than during the

“Wbaseline’’ event.

Cell means and standard deviations obtained for the Baby

FACS actions are given in Table 15.
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Table 15

Cell Means and Standard Deviations:

Baby FACS Actions by Age by Event

‘‘baseline’’ event: Age group:
Action 2 4 6 12 18
Unit Months Months Months Months Months
1 -
Inner Brow M 1.00 0.33 1.53 1.07 1.48
Raise SD 1.89 0.69 3.38 2.63 3.00
3 T
Brow M 5.60 0.17. 0.82 0.70 3.20
Knit SD 7.22 0.51 1.98 1.68 5.63
4
Brow Lower M 5.13 0.17 0.07 0.63 1.14
SD 6.74 0.51 0.26 1.69 4,12
6/7
Orbit M6.73 1.94 0.50 0.52 3.68
Tighten- SD 8.03 4.76 1.94 1.55 6.45
ing
9/10
Levator M 5.60 0.10 0.80 0.59 4.57
Contract- SD 7.41 7.41 2.08 1.81 6.44
ion
17
Chin Raise M 2.73 0.00 0.13 0.26 2.21
SD 5.18 0.00 0.52 0.86 5.68
26
Jaw M 11.78 7.69 6.93 5.06 8.09
Drop SD 6.21 4.69 4.46 5.46 6.62
43
Eyes M 2.60 0.31 0.08 0.36 1.21
Closed SD 4.60 0.69 0.32 1.29 4,38
44
Squint M 3.93 0.42 0.00 0.00 1.50
SD 7.11 1.28 0.00 0.00 5.41
75d
Tense,
Concave M 0.80 0.00 0.13 0.00 0.00
Tongue SD 1.52 0.00 0.52 0.00 0.00

n=15
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‘““Injection’’ event:

Age group:

Action 2 4 6 _ 12 18
Unit Months Months Months Months Months
1 -
Inner
Brow M 0.33 1.60 1.13 0.53 0.67
Raise SD 1.05 3.60 2.70 0.99 1.29
3
Brow M 14.32 12.35 6.89 12.60 9.93
Knit SD 6.88 6.31 5.43 7.77 7 .60
4
Brow M 12.67 9.78 7.69 12.33 7.53
Lower SD 8.03 5.54 6.59 6.60 7.32
6/7
Orbit

Tighten— M 15.78 11.85 _12.20 13.60 12.13
ing SD 5.22 7.38 7.32. 6.02 7.31
9/10

~Levator : :

Contract- ™M 17.30 12.38 12.20 15.56 13.78
ion SD 5.50 5.01 8.38 6.61 7.32
17
Chin M 4.57 2.67 2.33 3.33 1.78

Raise SD 5.38 5.64 6.14 5.04 4.30
26
Jaw M 17.79 11.98 16.47 16.05 15.77
Drop SD 4.92 6.34 4.93 4.72 5.45
43
Eyes M 12.52 9.12 11.05 8.93 8.33
Closed SD 6.70 7.90 7.88 7.19 7.24
44
Squint M 3.73 2.67 1.93 4,20 2.20
SD 8.77 4.19 6.24 5.16 6.47
754
Tense, v
Concave Mv2.26 1.52 1.60 1.53 0.93
Tongue sSD 2.09 1.82 2.10 1.96 1.34

n=15

In this analysis, both the main effect of age (F(40,

233)=1.80, Q<.005) and the main effect of event (F(10,




61)=38.13, p<.001) reached significance. The interaction

between age group and event was not significant (p>.10).

Follow-up analyses on the main effect of age were conducted

in the form of individual oneway ANOVAs for each of the 10

facial variables, with o dropped to the 0.005 level. The

results are presented in Table 16.

Table 16

Univariate Results: Baby FACS Actions by Age

"Action Unit F(4,70) )
AUl-TInner Brow
Raise 0.07 >.05
AU3-Brow Knit 2.17 >.05
AU4-Brow Lower 3.11 <.025
AU6 /AU7-Orbit
Tightening 2.46 >.05
AU9/AUl0-Levator
Contraction 6.86 <.001
AU17-Chin Raise 0.55 >.05
AU26-Jaw Drop 0.74 >.05
AU43-Eyes Closed 0.54 >.05
v
AU44-Squint 0.29 >.05
AU75d-Tense,
Concave Tongue 0.09 >.05

The analyses indicated a significant effect of age for

AU9-Levator Contraction.

AU4-Brow Lower, approached

significance. The other 8 ANOVAs were non-significant.

Follow-ups were performed on the mean scores for AU9, using
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the Tukey method, with a again set at 0.005. These

analyses indicated that 2 month old infants displayed more
levator contraction than 4, 6 and 12 month-old infants. The
mean scores on Lévator Contraction and Brow Lower for all 5
age groups are displayed in Figure 7.

Follow-up analyses on the main effect of event were

conducted in the form of paired t-tests for each of the
facial variables, with o dropped to 0.005. The results are

provided in Table 17.
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Table 17

Results: Baby FACS Actions by Event

Action Unit t » p
AUl—Inqgr Brow |
Raise 0775 >.40
AU3-Brow Knit 10.32 <.001
AU4-Brow Lower 10.92 o <.001
AU6/AU7-Orbit
Tightening 11.27 . <.001
AﬁQ/AUlo—Levator R
Contraction 13.57 _ <.001
AU17-Chin Raise | 2.48 . <.02
AU26-Jaw Drop 9.68 - <.001
AU43-Eyes Closed 10.19 - <.001
AU44-Squint | 3.03 ' {,005

AU75d~-Tense,
Concave Tongue 6.96 - <.001

The analyses revealed that the following variables
occurred more frequently during the ‘‘injection’’ event than
the ‘‘baseline’’ event: AU3-Brow Knit, AU4-Brow Lower,
AU6/7-0rbit Tightening, AU9/10-Levator Contraction, AU26-Jaw
Drop, AU43-Eyes Closed, AU44-Squint,.andvAU75d-Tense,
Concave Tongue. AU 17-Chin Raise was alsq more frequent
during the ‘‘injection’’ event but this finding did not
reach significance. AUl-Inner Brow Raise did not

discriminate between the two events.
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Analyses conducted on the ‘‘recovery’’ event.

The relationship between age and qualitative changes in the
facial expression of pain during the ‘‘recovery’’ event was
examined by conducting a oneway MANOVA with the five levels of
age as the independent variable and the various facial actions as
dependent variables. Once again, this was conducted separately
for each of the coding systems. Cell means ahd standard

deviations obtained from this analysis for the NFCS data are

given in Table 18.

Table 18
Cell Means and Standard Deviationss:
NFCS Actions by Age

Adge group:
Action 2. | 4 6 v 12 18
Unit Month Months Months Months Months
Brow M 4.10  2.03 4.20 3.43 4.35
Bulge SD 1.52 1.57 1.14 1.71 0.87
Eye M 3.00 0.58 2.10 1.58 1.50
Squeeze SD 1.89 1.58 2.08 1.83 1.72
Deepened
Naso- M 3.60 1.83 4.00 3.38 4.38
labial SD 1.96 1.76 1.49 1.10 0.84
Furrow
Open M 4.23 3.70 4,60 4,35 4.55
Lips SD 1.60 2.06 0.97 1.42 0.67
Taut M 1.70 0.22 0.60 0.95 0.00
‘Tongue SD 2.06 0.46 1.08 1.17 0.00
n=10
The main effect of age group (F(20, 137)=1.86, p<.05) was
significant. Follow-up analyses were conducted in the form of 5
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oneway ANOVAs on the individual facial action variables, with a

at the 0.005 level. The results are given in Table 19.

Table 19
Univariate»Results:'uFCS Actions by Age

Action Unit - F P
Brow Bulge 4.72 <.005
Eye Squeeze 2.37. <.10
Deepened Nasolabial
Furrow 4.30 <.005
Open Lips 0.64 >.50
Taut Tongue | 3.23 <.05

n=10
‘According to the 0=0.005 criterion, significant results

were obtained for Brow Bulge and’Deepehed Nasolabial Furrow.

Trends were present for Taut Tongue and Eye Squeeze. Follow-up
ahalyses (Tukey, a=0.005) on Brow Bulge and Nasolabial Furrow

revealed that 18 month old infants displayed more brow bulge and
deepened nasolabial furrow ﬁhan 4-month old infants, and that 6-
month old infants displayed more deepened nasolabial furrow than
4 month old infants. Figuré 8 dépicﬁs the means for each age
group. Inspection of the means for Eye Squeeze and Taut Tongue
suggested that 2-month old infants displayed more eye squeeze
than 4-month old infants, and that 2-month old infants displayed
more taut tongue than 18-month old infants.

Cell means and standard deviations obtained from the Baby

FACS coding are given in Table 20.
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Table 20

Cell Means and Standard Deviations: Baby FACS Actions by Age
Age group:

Action -2 , 4 6 12 18
Unit Months. Months Months Months Months
T .
Inner M 0.10 0.48 1.73 0.60 0.48
Brow SD 0.32 0.84 2.69 1.35 0.50
Raise
3
Brow M 9.03 2.48 6.26 7.98 8.59
Knit SD 7.12 2.31 4.71 5.25 5.48
4
Brow M 8.80 3.03 5.06 4.02 8.48
Lower SD 7.45 4.73 4,84 4.07 4,80
6/7 :
Orbit M 10.90 3.17 7.85 8.22 8.65
Tighten- SD 6.03 3.75 6.00 5.73 7.00
ing :
L
9/10 o
Levator M 10.50 4,23 7.85 10.67 10.90
Contract SD 6.45 6.62 6.42 5.37 5.15
-ion
17 ) ,
Chin M 3.20 1.22 2.30 3.35 3.00
Raise SD 6.25 3.46 3.83 5.21 5.49
26 . ;
Jaw M 15.90 12.25 13.70 12.27 14.45
Drop SD 7.28 3.97 3.36 4.68 3.81
43
Eyes M 6.10 1.79 5.48 3.43 4.08
Closed sSD 7.39 3.17 5.29 6.27 5.86
44
Squint M 3.20 0.68 2.70 1.67 2.28
SD 6.48 l1.62 5.46 3.33 4.03
754
Tense, M 1.20 0.03 0.73 1.27 0.55
Concave SD 0.08 1.35 1.64 0.93
Tongue 2.098
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The main effect of age group was not significant for the
Baby FACS actions during the ‘‘recovery’’ event (F(40,138)=1.23,

pR<.20).
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DISCUSSION

Facial Actions Expressing Pain in Infants

The present study is consistent with the literature on pain
in neonates (e.g., Craig & Grunau, 1993; Johnston et al., 1993)
in identifying a constellation of facial actions that occur in
response to a painful event. Higher scores were obtained
immediately following the injection than during the baseline
period for these actions: NFCS Brow Bulge, NFCS Eye Squeeze, NFCS
Deepened Nasolabial Furrow, NFCS Open Lips, NFCS Taut Tongue,
Baby FACS AU3-Brow Knit, Baby FACS AU4-Brow Lower, Baby FACS
AU6/AU7-Orbit Tightening, Baby FACS AU9/AUl0-Levator Contraction,
Baby FACS AU26-Jaw Drop, Baby FACS AU43-Eyes Closed, and Baby
FACS AU75d-Tense, Concave Tongue. Thus the infapts responded by
lowering and drawing together their brows, tightening the muscles
around their eyes, closing their eyes, deepening their nasolabial
furrows, opening their mouths and displaying a tense, cupped
tongue.

Principal components analyses determined that a single
factor solution was most appropriate for each coding system,
which is consistent with the view thatvthe different actions
reflect a single underlying construct, that of pain.

These,findings are lafgely congistent with other
descriptions of the infant pain ekpression. For example, the
infant pain expression, as defined in izard's MAX system (1979)
consists of sharply lowered and drawh together brows with bulges
between them, vertical furrows on the forehead, a broadened

bulging nasal root, tightly closed eyes with a horizontal furrow
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of the upper 1id, raised cheeks with an increase in tissue mass,
a deepening of the nasolabial fold, and an open, squarish,
angular mouth.

Using NFCS, Grunau et al., (1990)_identified the cluster of
lowered brow, deepened naso-labial furrow, eyes squeezed shut,
open lips, and a taut, cupped tongue, which is peffectly
consistent with the present study. Similar results were obtained
by Grunau and Craig (1987) and Johnston et al. (1993). While the
use of Baby FACS in the study of neonatal pain has been
infrequent, Craig et al. (1994) used an earlier version of Baby
FACS (Oster & Rosenstein, 1982)Ain coding the'facial expressions
of preterm and fullterm infants undergoing heel lance. They
found that the following actions were common immediately’
following a painful stimulus: AU4-Brow Lower, AU6-Cheek Raise,
AUl12-Lip Corner Pull, AU25-Lips Part, AU26rJaw'Drop, and AU43-
Eyes Closed. All but AUs 25 and 43 were significantly more
frequent following heel lance than during a preliminary swabbing.

In the present study, seven facial actions occurred with
sufficient frequency to be included'in‘the analysis, and showed a
significant difference between the "baseline" ahd "injection"
event§. Three of these, AUs 4, 6, and 26, were among those
identified by Craig et al (1994).

However, in contrast to the previous findings (Craig et al.,
1994), AUs 3, 9/10, 43, and 75d, did differ significantly between
"baseline" and "injection" segments in the present study. This
finding may be due to the addition of intensity coding, which was

not done in the earlier study. As well, most of the infants

studied by Craig et al. were premature. Consequently, age




differences may be responsible for discrépant findings. AU9/10-
Levator Contraction and AU43-Eyes Closed have been observed in
studies of adult facial éxpressions of pain using the FACS syétem
(e.qg., Hadjistavropdulos & Craig, 1994). AUs 3-Brow Knit and
75d-Tense, Concave Tongue are not scored in adults, as they are
modifications added to FACS to make it more suitable for use with
infants (Oster & Rosenstein, 1982).
Temperament and the Facial Expressidn-of Pain

Infants show considerable variability in their response to
painful stimuli (Grunau et al., 1990). Consequently, researchers
have spéculated that individual difference'factors such as
temperament may play a role (e.é., Grunau & Craig, 1987; Grunau
et al, 1990; Hamilton & Zeltzer, 1994). 1In the current study, it -
was hypothesized that scores on a questionnaire measure of the
negative emotionality dimension of temperament would predict the
degree of reéponse to a painful stimulus. This prediction was
not borne out by the results of the study. When correlations
.between pain summary scbres and temperament scores were examined,
the absolute value of r was very small; ranging from .00 to 0.14,
and none of the correlations reached statistical significance.

This finding was unexpected. An association between
negative emotionality and pain expression would seem extremely
logical. The negative emotionality dimension of temperament
refers to individual differences in the frequency, intensity, and
duration of expressions of negative affect. Since pain is a
prime exaﬁple of negative affect in the infant, it would seem
likely that children whose parents rated them as higher on

negative emotionality (i.e. "fussier" or "more difficult") would
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react to immunization with greater inténsity (scoring higher on
pain summary scores). Research with older children has
identified temperament as a predictor of pain-related behaviours
(Davison et al., 1986; Wallace, 1989; Schechter et al., 1991;
Young & Fu, 1988). However, it is noteworthy that a recent study
of immunization pain in infants (Taddio, Nulman, Goldbach, Ipp, &
Koren, 1994) found no relationship between temperament and pain
scores.

In light of the null findings, the power of the present
study was examined. It was determined that the power to detect a
correlation of medium magnitude (r=.30) duringAthe "injection"
event (n=75) was 0.75. At the "recovery" event, where the sample
size dropped to 55, power was 0.62. It‘Was concluded that the
study had moderate power to detect a correlation in the

population. However, the actual correlations obtained were very

small (r=0.14), such that even if the study had sufficient power,

and the results reached significance, temperament would predict
1.96% of the variance in pain fesponse, a proportion of little
practical significance. It is unlikely that the failure to find
the predicted relationship was caused by low statistical power.

" There is however, a second methodological concern in that
the use of pareﬁt report questionnaires in the assessment of
temperament has been heavily criticized. There is concern that
the instruments are too subjective and reflect more about the
parent than the child. Maternal characteristics, such as
demographicvand personality variables, have been found to predict

questionnaire scores (Bates et al., 1979; Vaughn, Taraldson,

Crichton & Egeland, 1981). However, while it is necessary to




acknowledge the subjective component of parent report, there
seems to be an objective component as well. For example, parent
reports correlate with home observation measures (Bates et al.,
1979), characteristics of crying including_frequéncy,'duration,'
and perceived aversiveness (Barr, Kramer, Pless, Boisjoly, &

Leduc, 1989; Lounsbury & Bates, 1982), and the adrenocortical

- response to laboratory tests involving maternal separation

(Gunnar, Mangelsdorf, Larson, & Hertsgaard, 1989). Consequently,
Bates (1992) has argued that parent report measures deliver "the
most meaning for the cost" and recommends their use as a first
probe in unresearched areas.

In addition to concerns about validity, Hubert etlal; (1982)
reviewed the available instruments and concluded that "no single
psychometrically adequate instrument is available" (p. 571).
However, the "Fussy/Difficult" dimension pf the Infant
Characteristics Questionnaire used in the present study has shown
high test-retest reliability and moderate to high stability,
prompting Hubert et al. (1982) to recommend its use for the
assessment of difficult temperament. While the éssessment of
temperament remains imperfect, its shortcomings probably do not
account for the-null findings discussed here.

A final methodological concern relates to the fact that the
dependent measures used in the present study were summary scores.
No attempt was made to tease apart the dimensions of frequency
and intensity of the expression of pain. It is possible that

temperament pfedicts one of these, and that such a relationship

was obscured by the composite measure used in the present study.




The question that prompted the current study remains
unanswered. Substantial individual differences in the response
to painful stimuli were observed in the present study and in
previous research (Grunau et al., 1990). Furthermore, there is
evidence of moderate stability in the response to pain. For
example, Worobey and Lewis (1989) fbund that reactivity to heel
stick at 2 days of age correlated with reactivity to DPT
injection at 2 months of age. Izard et al. (1987) found that the
amount of time that an infant displayed the facial expression of
"anger" rather than "pain" following immunization remained stable
from 2 to 19 months. It should be noted that the long-term
stability of the facial expression of pain as indexed in the
present study (i.e. by NFCS or Baby FACS) has not been firmly
established, although the Izard et al. (1987) finding is
suggestive. If such stability in response to painful stimuli
exists, it would suggest some dispositional factor or trait.
However, the results of the presenﬁ study suggest that such a
trait is independent of the nsgative~emotionality dimension of
temperament.

What might account for individual differences in response to
pain stimuli? One recent report suggests that previous pain
experiences may play an important role. Taddio et al. (1995)
found'that male ihfants who had undergone circumcision received
“higher pain scores following immunization injections at 4 and 6
months of age, relative to uncircﬁméised infants. Circumcised
infants cried longer following the injectibn and received higher
scores on a composite pain measure derived fromvcry, facial

expression, and body movements. It is possible that children who
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are subjected to more painful stimuli become sensitized and
respond to pain with greater intensity. However, the analysis
conducted by Taddio et al. (1995) was post-hoc in nature and
needs to be replicated. It is consistent with evidence
suggesting that toddlers who experienced prolonged
hospitalization and multiple painful procedures as infants differ
from normal controls on measures of pain sensitivity and
somatization (Grunau, Whitfield & Petrie, 1994; Grunau,
Whitfield, Petrie, & Fryer, 1994).

The present study fails to confirm eipectations that
temperament mediates the response to painful stimuli. In order
to elucidate the factors behind individual différences in
response to painful stimuli, it will be ﬁecessary to first
establish whether the pain response remains stable across age.
Longitudinal studies, though difficuit to execute, are sorely
needed. If stability of response is determined, researchers
should further investigate the role of previdus‘paih experience.
Anatomical vafiations may also be of interést.= During the
present study, one of the nurses hypothesized that the
musculature of the infant may mediate the pain response ("It’s
the skinny ones that scream").

If the pain response does not prove to be stable with age,
attention should be focussed on variability relating to
situational factors. Other factors such as the experience of the
nurse, the anxiety level of the parent, or thevphysiological
state of the infant prior to the injection may also play'a role.

It is likely that both dispositional and situational factors have

an effect.
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Developmental Changes in the Facial Expression of Pain in Infants

The present study also aimed to present a descriptive
account of age-~related changes in the facial response to a
painful stimulus. Age-linked changes in the degree of pain
expressed will be discussed first.

The analyses revealed that 2 month old infants scored higher
than 4 month old infants on pain summary sCofes derived from the
NFCS coding. Similarly, 2 month old infants scored higher than 4
and 6 month old infants on summary écoreS'derived from the Baby
FACS coding. 1In the “recovery“.period, both 18-month old infants
and 6-month old infants scored higher than 4-month old infants on
the pain summary scores derived from NFCS coding. No other
differences were significant. Of the five significant
differences, four involved the 4-month age group, suggesting a
dip in the intensity of pain expressed at that age. Such a
decrease may reflect either a change in the inténsity~of the pain
experienced, or a change in expression independent of what is
felt.

It was surprising that, in the analyses conducted on the
"baseline" and "injection" events, the inﬁeraction between age
and event did not reach significance. This indicates that the 2-
month old infants received higher pain scores than other groups
during both events, i.e. éven before the pain stimulus was
introduced. It is thus possible that the youngest infants
reacted to the relatively low level stimulation of the baseline
‘period (such as being undressed and positioned for the injection)
with distress, and continued to react to the injection with

greater intensity. In fact, inspection of the means for each age
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group for each event'(see Table 10 and 11) support this
hypothesis; as the difference betweén the 2-month éld infants and
other groups is actually greatest during the “base?ine" event.
Possibly, an analysis of covariance would have'béeﬁ appropriate.
Nevertheless, the developmental changes that were ﬂncovered in
this period are consistent with previous research,?and it is
believed that they represent consistent difference# in the pain
expression. |

Previous research,-while ranging widely in thé indices of
pain used, supports the notion of a decrease in-thé intensity of
physiological and behavioural responses to pain'ar&und the age of
4 months. For example, Lewis and Thomas (1990) studied the rise
in.cortisol (a stress hormone) following DPT injecﬁion, and found
that the increase was greater in z—month oid infangs than in 4-
month old infants. In’behavioural analyses (the dépendent
variable combined facial expression and cry), the ?—'and 4- month
old groups did not differ, but 6-month infants quiéted faster
than either of the two younger groups. Ramsay-andéLewis (1994)
found that, for those infants showing a rise in coﬁtisol, 2-month -
old infants showed a more intense pain reactidn an& a greater
increase in cortisol than é6-month old infants. Mai?ler (1991),
studying infants aged 2-6 months, split her sampleiinto two
groups, under 16 weeks and over 16 weeks (approxima&ely*4
months). She found that the duration of the pain expression, as
measured by facial expreséion, cry, and body movemeht, was longer
for the youngef group. She also noted that "exCept?onally

dramatic behavior [was] observed in the younger infhnts. Their

behavior was generally characterized by the rigid extension of
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all extremities and intense crying" (p. 402). Takgn as a whole,
the available evidence suggests a drop in the degree of response
to painful stimuli at approximately 4 months of agé.

However, the present study found little‘evidehce of a linear
decrease in the pain response over the first 2 yea#s of life.
The data were at least suggestive of a later increase in the
degree of pain response, in that 18-month old infaﬂts and 6-month
0ld infants scored higher than the 4-month group oﬁ the NFCS pain
summary score during the "recovery" event. Since Fhese
differences were not significant immediately after;the injection,
it seems likely that older infants do not initiall§ respond with
greater intensity than the 4-month olds. Instead,;they take
longer to quiet, such that 20 secdnds_aftér the injection, they
are still-achieﬁing high scores on the pain summar§ measure.

Beyond the age of 6 months, there is a dearthiof information
on developmental changes in the pain response. Izérd et al.
(1983) found that the duration of the "physical diétress"
expression was shorter in 19 month old ihfants thaﬂ in 2-month
old infants or é6-month old infants.~ These resuits;were
replicated by Izard, Hembrée, and Huebner in 1987.} However, the
duration of the "anger" expression was found' to indrease with
age. The "physical distress" and "anger"'expressisné are
actually extremely similar (Oster et al., 1992), yét they were
treated as mutually exclusive in Izard’s studies. |Consequently,
if Izard’s data were coded with NFCS or Baby FACS d differént
conclusion may have been reached,vand it is difficult to compare

t
i

the results to the present study.
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While properties of the stimulus weré confounded with age
(i.e. the 12-month old infants recei?ed a differenﬁ injection,
administered to the arm rather than the leg) it isjunlikely that
this affected the conclusions substantially. 1In fact, the
infants in the 12-month group were not found to be%significantly
different from othef age groups on any of the vari%bles.

However, it remains possible that differences that{might
otherwise have been identified were obscured by this confound.

Analyses 6f the relationship between age groué‘and various
background characteristics did not identify any faétors
confounded with the age distribution. However, it{was noted that
there were differences in the interventions parent; chose to
soothe infants of different ages. There was a gen%ral decrease
with age in holding laterally (cradling the infant face up). As
well, parents were more likely to hold their child ventrally
(with the child’s chest towards the caregiver’s sh&ulder) during
the 12-month MMR injection. These differences are likely
mediated by practical concerns: it is considerablyimore difficult
to cradle a toddler than an infant. Since the MMREimmunization
'was the only shot administered in the arm, the Venﬁfal position
probably allowed the nurse easier access to the chi&d and
protected the sore arm from inadvertant contact with the mother.
It remains plausible that differences in pafental soothing style
contributed to differences in the pain response, but they do not
seem to explain the results. |

It is possible to speculate about the reasons ?qr the
observed developmental changes. A number of alternétives exist,

including physical maturation, change in coénitive bapacities,

!
1
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changes in affect, and the effects of socialization. In
addition, these factors are likely to interact.

While the basic physiological mechanisms necessary for the
perception of pain are in place at birth (Anand & éarr, 1989),
the nervous system continues to develop as the chi}d grows. This
development may be manifested in age-related diffefences in the
pain response. Using the cufaneous flexor reflex aé an index of
pain, Fitzgerald, Shaw, and McIntosh (1988) determined that
preterm neonates were hypersensitive to nociceptivé input (the
application of graded von Frey hairs) in comparisoﬁ with fullterm
neonates. It was hypothesized that the age-related increase in
pain thresholds reflected the maturation 6f inhibiéory controls
descending from the brain to the spinal cord. It ﬁas further
noted that the threshold in fullterm~infants (less?than 2g) was
still much lower than that found in adults, which is 30g or
higher. Thus, the threshold must‘coﬁtinue to.incréase during the
postnatal period. While Fitégerald and her colleééues studied
the pain threshold rather than the intensity of re%ponse,'a

change inrinhibitory mechanisms would likely affect both.

'_Consequently, the observed decrease in pain-response at

approximately 4 months of age may reflect the samezprocess of
change that has been suggested to occur in youngeriinfants: the
maturation of mechanisms which inhibit the transmiésion of pain.

At this point, it is necessary to return to tﬂe model of
pain behaviour and communication‘(Craig et al., inipress), and
recognize the distinction between-expreésion and e%perience. In
spite of evidence regarding the cutaneous flexor réflex

(Fitzgerald et al., 1988) and the physiological and metabolic
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stress response mounted by the preterm infant (Anand & Hiékey,
1987), which suggest hypersensitivity, studies of the premature
infant’s fadial response to pain (e.g., Craig et alﬂ, 1993) have
suggested that, relative to fullterm newborns, pregerms show less
activity in response to painful stimuli. It was concluded that
premature infants are less capable'of expréssing tﬁeir pain, but
not less capable of éxperiencing i£ (Craig*et al.;i1993).

In comparison with prémature infants,‘it is 1ﬂkeiy that the
4-month o0ld does have a greater capacity to exprésé the pain that
she feels, since 4-month old infants display greatér behavioural
organization in a number of realms. However, the QOint that
experience and éxpressidn are distinct, though difficult to
differentiate experimentally, is well taken. The ﬂresent study
is not able to differentiate among the two, and it;is possible
that the differences observed in the 4 month age g%oup were
differences in the way in the degree to which pain:and distress
‘'were expressed rather than the degree to which thei were
experienced by the infant. For example, these chaqges may
reflect a greater dégree of self-modulation or self-control, such
that there is less need of adult intervention and less need to
communicate one’s pain.

Factors that may underlie the observed increaﬁe in pain
response for the 6- and 18-month old infants duriné the
"recovery" event also deserve attention. One possible
explanation emphasiées the role of cognitive development. The

older infant is more capable of attributing meaning to the

situation. This may result in a more complex emotional reaction

that takes longer to decay. At 6-8 months, pain bégins to be




confounded with anticipatory and concurrent anxiet§ (Craig &
Grunau, 1991). As well, older infants may bé more%likely to
express anger following immunization (Izard et al.g 1983; Izard
et al., 1987). |

The literature on pain in adults emphasizes tﬁe inter-
relations of pain and negative emotions such as anéer, fear, and
sadness (e.g., Melzack & Wall, 1988). In the infa?t'literature,
Izard et al. (1983) have suggested that negative e@otions such as
anger; fear, and sadness may “amplify énd sustain ﬁhe overall
negative affective experience" (b.'419). ‘Similarly, Peterson,
Harbeck, Farmer and Zink (1991) have noted.that it is difficult
to separate anger and anxiety from a child’s pain éxperience, and
that these emotions can result in'a“‘épiraling in@rease in
experienced‘pain" (p. 44). There is empirical support for this
proposition in that the tiﬁé‘reqﬁired for an ipfanﬁ to quiet
after immunization is positively associated with tﬁe proportion
of time that the facial expression éf ‘““anger’’ is éxpressed
(Izard et al., 1983). Thus, older infants’ ability to extract

information from the situation (for example, to realize that

someone they trusted held them so that another aduIt could stick

something sharp into their skin) may have caused tﬂem to react
with outrage and anxiety, which then prolonged or intehsified
their expressions of distress. !

We must once again acknowledge that the obserjed age
differences may exist in the perception of pain, tﬁe
communication of what is felt, or both. Older infints may not
experience more pain, but simply be more effectiveiin expressing

| .
distress. They may also have acquired socialized display rules.
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It is interesting to note that, in the second year%of life,
speech becomes a progressively more viable and useful tool for
the child. This study did not examine differencesiin cry or
language. Despite the increased availability and use of speech,
the facial expression remained an important mode of expression
for infants over a year of age.

Turning to individual action units, a number af age-related
changes were identified. 1In the "baseline" and "injection"
periods, a significant difference was identified id Baby FACS
AU9/AU10-Levator Contraction. It was determined tﬂat 2-month old
infants displayed'more levator éonfrabtion thén thé 4-, 6-, oOr
12-month old groups. A trend on Baby FACSAAU4-Broﬁ Lower
approached significance, suggesting that'z-mohth ofd infants
achieved higher scores on brow lowering thah.did 6Jmonth old
infants. During the "recbvery" period, differenceszwere revealed
in NFCS Brow Bulge and Deepened Nasolabial Furrow. Analyses
determined that 4-month old infants scored lower tﬂan 18-month
old infants on brow bulge, and lower than 6—mohth'41d infants on
deepened nasolabial furrow.

These differences are roughly cdnsistent with phe results of
the previous analyses in suggesting that 2-month oid infants
differed from other groups during the "baseline" and "injection"
events, and 4-month old infénts differed from other groups during
the "recovery" period. Analyses on individual acti%n units
suggested that there are developmental changes in the facial
actions which (1) lower the eyebrows and draw them together and

(2) raise the upper lip and deepen the nasolabial furrow. The

NFCS action of Brow Bulge and Baby FACS AU4-Brow Lower are




i

roughly similar, as are NFCS Deepened Nasolabial Ferow and Baby
FACS AU9/AUl0-Levator Contraction. Despite this similarity, only
actions from a single coding.system achieved significance during
a given event (NFCS during the ‘‘baseline’’ and ‘‘injection’’
events, Baby FACS dufing the ‘‘recovery’’ event); suggesting that
the differences are fairly subtle. The task of interpreting the
results of the two coding systems will be discussed in a later
sectioh. |

The only previous investigation of age-relatei changes 1in
individual action units was conducted by Johnston et al. (1993),
who compared premature, full-term, 2- and 4-month Jld infants
using NFCS coding. The pain stimulus was DPT injeétion in both
the 2 and 4 month groups. The 2- and 4-month old infants were
not found to differ on any of the NFCS actions. In light of
these conflicting findings, and because of the difficﬁlty of
interpreting the pattern of findings in the present study,
developmental changes in individual action units should be
replicated before conclusions are drawn. ‘

The final issue to be.addréssed in terms of‘dévelopﬁental
change is the issue 6f age—related changes in eye qlosure. Izard
and his colleagues (Izard et al., 1983; Izard et ai., 1987) have
noted that with increasing age, the facial expressfon of anger
becomes more prevalent. Because the facial expreséion of angér
as defined by MAX is similar to the facial expression of pain in
every detail but that the eyes are open‘instead of;tightly
closed, it was hypothesized that infants would show an age-
related decrease in Baby FACS AU43-Eyes Closed. A#though the

!

means showed a slight decrease with age (see Tables 15_andv20),
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it did not reach significance. Further research will be needed
to evaluate the conflicting findings.

There has been a call for age-appropriate insﬁruments in the
assessment of pain in young children (Peterson et él., 1991).
" From the current study, it would seem our measuring instruments
adequately capture infant facial activity. The agé variation
appears primarily in the magnitude of response. H;wever, because

of these differences in the degree of response, clinicians

assessing pain may benefit from the use of age-specific norms.

i
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The Relationship between NFCS and Baby FACS Coding;

While both of the systems of facial coding used in this
study index certain actions reflective of pain, they are not

equivalent instruments. Baby FACS is a comprehensive system,

intended to record all of the facial actions instigated by an

event. NFCS is limited to actions bearing on the facial
expression of pain. While NFCS action units may bé similar to
Baby FACS AUs, the definitions are not identical. Familiarity
with both systems of coding suggests that the folléwing pairs of
actions would be the most closely related: NFCS Brow Bulge and
Baby FACS AU3-Brow Knit, NFCS Brow Bulge and Baby FACS AU4-Brow
Lower, NFCS Eye Squeeze and Baby FACS AU6/AU7—CheeK Raise, NFCS
Deepened Nasolabial Furrow and Baby FACS AU9/AU10-Levator
Contraction, NFCS Open Lips and Baby FACS AU26—JawiDrop, and NFCS
Taut Tongue and Baby FACS AU75d-Tense, Concave Tondue. The

examination of correlation coefficients (see Tableé 7 and 8 in

the Results section) revealed that the scores were significantly

. |
correlated for each pair. The values of r ranged from 0.49 (for

Brow Bulge and AU3) to 0.76 (for Eye Squeeze and AﬁG/AU?).
However, in evaluating the numbers, it is importanf to note that
significant correlations would be expected among a&tion units
indicative of pain, even if the actions were anatoﬁically
dissimilar. For example, the correlation between NFCS Deepened
Nasolabial Furrow and Baby FACS AU43-Eyes Closed wds 0.40.

Not only are the definitions of individual acﬁion units

slightly different in NFCS and Baby FACS, they are scored in a

very different fashion. NFCS action are scored solély for

presence or absence. Thus each 2-second segment receives either




a 0 or a 1, and scores for the event range from 0 to 5. 1In
contrast, Baby FACS cbding‘assigns an intensity'scdre to each
action in each 2-second segment. This score may range from 0 to
5. Thus when Baby FACS scores are_summed for the évent, they may
range from 0 to 25. Furthermore, if an infant were to display an
-aétion at a very low level throughout the entire event (for
example, if the lips were just slightly parted), tﬂe child would
receive a 5 out of 5‘in NFCS,‘but'bnly a 5 out of 25 in Baby
FACS. Consequently, it makes sense that the cOrre?ation between
between similar actions is less thaﬁ perfect. :Thié disparity
between the two systems is likely responsible for 5nalyses where
only one type of coding showed-a'siénificant diffeﬁence.

Given the differences between the two systems; it was
gratifying that the pain summary scores constructed from each
system correlated highiy (r=.79). Such a_finding sﬁggests that
the pain expression is robust enough to pfoduce similar scores on
instruments taking different approaches to measurement. While
the present study was not explicitly designed tO’cémpare the two
approaches, it does offer some information to investigators
wishing to choose a single instrument. While the fwo»systems
produce different results, there is little evidence{that one is
better than the other for uncovering differences in the pain
response. If a researcher must limit herself-to a éingle
instrument indexing the degrée of pain expressed, @e found 1little
reason that investigators should invest the time neCessary for
more complicated Baby FACS coding. However, the fa@t that each
coding system led to different patterns of findingsidoes suggest

that some additional information may be derived froh the use of
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the Baby FACS system, or from the addition of an iﬁtensity
dimension to NFCS.

The present study was the first to use NFCS with infants up
to 18 months of'age, while Baby FACS was designed for ‘‘infants
and young children.’’ Consequently, we examined the results for
any indication that NFCS is inappropriate for older infants. For
example, findings of significant age differences in Baby FACS
action units that have no counterpart in NFCS woulé have been
cause for concern. The individual actions that showed age-
related differences in the Baby FACS coding (AUs 4 and 9/10) are
actions that have rough equivalents in NFCS coding. There is no
evidence that NFCS is inappropriate for use with oider infants
and toddlers.

Differences in the Number of Pain Stimuli

Data collected for the present study providedlthe
opportunity to look at differences in the pain expression
resulting from the number of stimuli to which the infant was
subjécted.v Due to a change in the immunization prétocol, some
infants received two injections, the DPT vaccine and the Hib
vaccine. Others received both vaccines in a single injection.
The two groups (one injection versus two injection%) were
compared on scores for individual action units in fhe period 20~
30 seconds following the last invasive étimulus. It was found
that infants who received two injections displayed more taut
tongue than those who had recéived a single injection. However,
infants who were given a single injection displaye& more brow
bulge and deepened nasolabial furrow than infants snbjeéted to

two injections. In combination, these findings suggest that the
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cumulative effect of multiple pain stimuli is complex, defying a
simple judgment about the relative intensity of thé pain
experience in the two groups. The effect of multiﬁle stimuli
deserves further study, as it is relevant to-the-ndmber and
frequency of painful medical procedures that should be performed
on infants as part of optimal medical practice."
Conclusions

The present study was consistent with previoué research in
identifying a configuration df féciél actions associated with the
painful stimulus of immunization. The hypothesis that individual
differences in this response were mediated by the ﬁegative
emotionality dimension of temperament was not confﬁrmed.

Developmental changes in the facial expressioﬂ of pain were
identified. During the "baseline" and "injection":events, 2=
month old infants scored higher on pain summary scores than the
4-month old infants (according to both coding systéms) and than
6-month o0ld infants (according tokthe'Baby FACS coéing-system).
During the "recovery" period, 4-month old infants écored lower on
a pain summary score than did 18-month old infants'or 6?month old
infants (according to the NFCS coding system). Agé—related
changes in the individual action units of NFCS Bro& Bulge, NFCS
Deepened Nasolabial Furrow, and Baby FACS AU9/AU104Levator
Contraction were identified. These changes were roughly
consistent with the changes identified in pain summary scores.
Such developmental changes may have significance fdr the
assessment of pain in infants. | |

Limitations of the present study include the inability to

separate the experience of pain from its expression. This




confound is likely unavoidable. As well, our effoft not to
interfere with the routine practices of the nurses ‘and parents
observed meant that there was variability in the pain stimulus
and the conditions surrounding the injection. It Qas felt that
the lack of experimental control was warranted by the increase in
external validity. The study is also subject to tbe limitations
of parent report assessments of temperament. Finally, we did not
attempt to separate the dimensions of the pain response, such as
latency to the peak reaction, latency to quiet, ané intensity of
facial actions. Future étudies may:benefit frém uépacking these
aspects and considering them separately.

A number of questions deserve fﬁrther examination. The
surprising failure to identify a fdlé;for temperamént suggests
that further research will be necessary to delinéaﬁe the factors
underlying individual differences in the e#pressioﬁ of pain.

Such research would benefit from the an investigationvof the
stability of pain responses over the first 2 years 'of life, as
well as investigation of a number of;situétional characteristics.
The preéent findings on age-related changes in facialvexpression
should be replicated and integrated with research 6n other
components of the pain response such as cry and thé use of
language, physiological variables, and the métabolic stress

response.
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APPENDIX A
Background Characteristics Questionnaire

INFANT QUESTIONNATRE

Subject number:

Today’s date:

What is your baby’s birth date?

Was your baby premature?

If so, how many weeks before your due date was he or
she born?

]

What was ydur baby’s weight at birth?

Is this baby your first-born child?

If not, how many older children do you have?

Is your baby generally healthy?

|
If not, what illness or condition does he or she have?

[SV)

Is your baby male or female

What is your age?

How many hours has it been since your baby was fed?

How many hours has it been since your baby woke up?

Did you give your baby Tylenol or another medication before
the shot? , X

If so, what? )
Tylenol

Other:
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APPENDIX B

Sample Items from the Infant Charaéteristics‘Questionnaire
(Bates, 1992)

1. How easy or difficult is jt for you to calm or soothe

your baby when he/she is upset?

1 2 3 4 5 - . 6 7
very easy about average : o difficult

5. How many times per day, on the average, does your baby

get fussy and irritable - for either short or long periods

of time?
1 2 3 4 5 ‘ 6 7
never S 1-2 3-4 5-6 7-9 10-14 more
times times times times times than
per day per day per day per day per day 15

13. When your baby gets upset (e.g., before féeding;vduring
diapering, etc.), how vigorously or loudly does he/she cry

and fuss?

1 2 3 4 5 "6 7
very mild moderate . very loud
intensity - intensity . or intense,
or loudness or loudness : really cuts

' loose
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Action

Brow Bulge

Eye Squeeze

Deepened

Nasolabial Furrow

Open lips

Stretch Mouth

(Vertical)

APPENDIX C

NFCS Actions
(from Grunau & Craig, 1990)

Description

Bulging, creasing, and vertical furrows
above and betweén brows 6ccurring as a
result of the lowering and draﬁing

together of the eyebrows.

The squeezing or bulging of the eyelids.
Bulging of the fatty pads about the

infant’s eyes are pronounced.

The pulling upwards and furrow deepening
of the nasolabial furrow (a line or
wrinkle that begins adjacent tS the
nostril wings and runs down and outward

beyond the lip corners).
Any separation of the lips.

‘A tautness at the lip corners (vertical)
coupled with a pronounced downdard pull
of the jaw. .Often,seen when an already
wide open mouth is opened a fraction

further by an extra pull at the jaw.
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Stretch moﬁth
(Horizontal)

Lip purse

Taut tongue

Chin quiver

Tongue protrusion

A distinct horizontal pull at the

corners of the mouth.

The lips appear as if an "oo" sound is

being pronounced.

A raised, cupped tongue with sharp
tensed edges. The first occurfence of
taut tongue is usually easy tOfsee,
often occurring with a wide opgn mouth.
After this first occurrence, the mouth
may close slightly. .Téut tongue is
still scoreable on the basis of the

still-visible tongue edges.

An obvious high-frequency, up-down

motion of the lower jaw.

Tongue visible between the lips

extending beyond the mouth.
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APPENDIX D
Baby FACS Actions
(Oster & Rosenstein, 1993)

A. Upper Face Actions

Brow Actions: |

AU 1 - Inner Brow Raiser

AU 2 - Outer Brow Raiser

AU 3 - Brow Knitting Alone

AU 4 - Brow Knitting and Lowering

Cheek and Eyelid Actions:

AU 5 ~ Upper Lid Raiser

AU 6 - Cheek Raiser & Lid Compreséof

AU 7 - Lid Tightener

AU 40 - Eyes Normally Open (optional)

AU 41 - Lid Droop

AU 42 - slit

AU 43 - Eyes Closed

AU 44 - Squint

AU 45 - Blink

AU 46 - Wink

AU 49 - Tears in Eyes

Head and Eye Positions:

AU 47 - Looking at a Designated Person, Object or ﬁvent
(optional) |

AU 48 - Averting the Gaze from a Designated Person, Object,
or Event (optional) ‘

AU 51 - Head Turn Left

AU 52 - Head Turn Right

AU 53 - Head Up
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AU 54 - Head Down

AU 55 - Head Tilt Left

AU 56 - Head Tilt Right

AU 57 - Head Forward

AU 58 - Head Back

AU 59 - Head Shaking Up and Down

AU 60 - Head Shaking Side-to-Side

AU 61 - Eyes Turn Left

AU 62 - Eyes Turn Right

AU 63 - Eyes Up

AU 64 - Eyes Down

AU 65 - Crbsseye

AU 66 - Walleye

AU 67 - Looking Elsewhere, Searching or Looking Around
(optionél)

AU 84 - Neck Stretches Up

B. Lower Face Actions

Up-Down Actions:

AU 9 - Nose Wrinkling

AU 10 -~ Upper Lip Raising

AU 15 - Lowered Lip Cornérs.

AU 16 - Lower Lip Pulled Down

AU 17 - Chin Raising

AU 25 - Lips Part

AU 26 - Jaw Drop

AU 27 - Mouth Stretch

AU 80 - Lips Relaxed and Closed (optionél)

Horizontal Actions:
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AU 14 - Lip Corners Pulled Inward: Dimpler
AU 20 - Lips Stretched Laterally
Oblique Actions: | _
AU 11 - Upper Lip Raised Obliquely and Flattened
AU 12 - Lip Corners Raised Obliquely: Smiling §
AU 13 - Lip Corners Pulled Sharply Upward
i Orbital Actions: | |
AU 8 - Lips Towérd Each Otherv(seeh with Aﬁ 25, 26;'or 27)
AU 18 - Lip Pucker
AU 22 - Lip Funneler
AU 23 - Lips Tight
AU 24 - Lips Press
AU 28 - Lip Suck
Tongue Positions and Shapes:

AU 19 - Tongue Protrusion

AU 37 Lip Wipe

AU 73 - Tongue in Contact With Lip (not a wiping movement)

AU 74 Tongue Position in Mouth
AU 75 - Tongue Shape

C. Reflexes and Highly Stereotyped Facial Movements

AU 76 - Rooting
AU 77 - Yawning
AU 78 - Occipito-Frontalis Reflex

AU 79 - Startle
D. Miscellaneous Actions, Physiological Reactions
AU 81 - Chin Trembles

AU 82 - Head/Face Trembles or Shudders
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AU 84 - Low-Intensity, Indefinite Mouth Movements:
"Munchies"

AU 85 - Sneezes

AU 86 - Coughs

AU 87 - Swallows

AU 88 - Chokes

AU 89 - Nose Runs

AU 91 - Drools or Spits

AU §2 - Throws Up

E. Optional Codes for Facial Stilling and for Skipping

Segments of a Record | |
AU 90 - Facial Stilling (facial muscles relaxed, absence of

fleeting, low-level facial activity)

AU 99 - Not Coded (skipping)




APPENDIX E

Results of Preliminary Analyses

Associations Between Background Characteristics and Age Group

Effect Test statistic p value
Clinic x2,.=14.16256 >.25
Nurse x>, =17.90476 >.25
Parent X24=4-5é349 >.25
Birth Order X215=13-22271 >.25
Gender | %> .=3.41880 >.25
Medication X24=6-1111l >.15
Prematurity x=.=3.63806 >.25
Time Since F(4,70)=0.5029 >.5:0
Feeding _ ‘
Time Since F(4,70)=0.9395 >.25

Waking




Associations Between Background Characteristics and Temperament

Test statistic

Effect p value
Clinic F(3,71)=2.0242 >.10
Nurse F(4,70)=1.2714 >.25
Parent F(1,73)=1.6096 >.20
Birth Order F(4,69)=0.2935 >.50
Gender F(1,73)=3.6800 >.05
Medication F(1,73)=0.2405 >.50
Prematurity F(1,73)=0.0687 >.50
Time Since r=-.1468 >.20
Feeding
Time Since r=-.1239 >.25

Waking
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APPENDIX F

Frequency of Facial Actions

NFCS Actions

Action Unit Percent of Segments in Which

» Action was Observed

Brow Bulge 61
Eye Squeeze 36
Nasolabial Furrow 57
Open lips 83
Vertical Mouth 4

Stretch ;
Horizontal Mouth 1

Stretch

Lip Purse | 0
Taut Tongue 20
Chin Quiver _ 0]
Tongue Protrusion 2

Baby FACS Actions

Action Unit “Percent of Segments in Which

Action was Observed
AUl-Inner Brow 11 '
Raise
AU2-Outer Brow 6
Raise
AU3-Brow Knit 53
AU4-Brow Lower o o 42

AUS5-Upper Lid Raise 3
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Frequenc§ of Facial Actions (cOnt;)

Action Unit

Percent of Segments in Which
Action was Observed

AU6/AU7-Orbit
Tightening
AU9/Aﬁ10-Levator
Contraction
AU12-Lip Corners
Raised Obliquely
AUl4-Dimpler
AUl5-Lowered Lip
Corners
AUlé6-Lower Lip
Pulled Down
AU17-Chin Raise
AU18-Lip Pucker
AUl19-Tongue
Protrusion
AU20-Lips Stretched
Laterally
AU22-Lip Funneler
AU23-Lips Tight
AU24-Lip Press
AU26-Jaw Drop
AU28-Lip Suck
AU33-Blow
AU41-Lid Droop

AU42-Slit

56

58

15

123




Frequency of Facial Actions (contL)

Action Unit Percent of Ségments in Which
‘ Action was Observed
AU43-Eyes Closed _ 33 %
AU44-Squint N 1
AU45-Blink ' : 9
AU49-Tears in Eyes - 8
AU74b-Tongue Hooked o o

Behind Teeth or

Gcums
AU74c-Tongue Raised -~ 5 . E
AU75b-Tongue Flat ' : | 0
AU75c-Tongue Tip - ; )
Curled -
AU75c2-Tongue 0

Concave and Relaxed
AU75d-Tongue 16

Concave and Tense

AU76-Rooting ' 0
AU81-Chin Tﬁembles 0
AU82-Head/Face _ 1
Shudders

AU85-Sneezes | 0]
AU86—Coughs' . 0

AU89-Nose Runs 0 (
AU91-Drools or 2

Spits

124




