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General Section

Research Paper

Interpersonal behavior in anticipation of pain:
a naturalistic study of behavioral mimicry prior
to surgery
Claire E. Ashton-Jamesa,b,c,*, Joshua M. Tyburc, Tymour Forouzanfarb

Abstract
Introduction:Social relationships facilitate copingwith pain, but research suggests that itmay be difficult to galvanize social support
during an episode of acute pain.
Objectives: The current research examined whether social connections are optimized in the anticipation of pain by observing
patients’ mimicry of an interaction partner prior to surgery. We hypothesized that when controlling for their current experience of
pain, patients’ anticipation of pain would be associated with greater mimicry of an interaction partner.
Methods: Sixty-five patients were interviewed in the waiting room of a maxillofacial surgery unit prior to the removal of an impacted
wisdom tooth. Patients’ spontaneous mimicry of an interviewer was observed. Patients then rated the quality and intensity of their
anticipated pain, as well as the intensity of their current pain and their affective distress.
Results: Anticipated pain, current pain, and affective distress were positively correlated. Current pain was associated with less
frequent mimicry of an interaction partner. The zero-order correlation between anticipated pain and mimicry did not reach
conventional levels of significance; however, when controlling for current pain, anticipated pain predicted more frequent mimicry of
an interaction partner. The relationship between anticipated pain and mimicry was not explained by affective distress.
Conclusion: This is the first study to demonstrate that anticipated and current pain relate to behavioral mimicry in divergent ways.
Further research is needed to investigate whether the current pattern of results generalizes to other interpersonal behaviors that
facilitate social bonds.

Keywords: Anticipated pain, Perioperative pain, Affiliation, Interpersonal behavior

1. Introduction

People are generally better able to cope with pain and recover from
injury when supported by others [for a review, Ref. 31]. To a certain
extent, support from others is elicited by the expression of pain

behaviors, which trigger empathic concern andmotivate caregiving
behavior.57 However, an empathic response to another’s pain
largely depends on the strength of one’s social connection to that
person.9,10,44 A number of research findings suggest that in-
terpersonal behaviors that build social connections with others may
be impeded during the experience of pain, since it focuses attention
on self-protection and emotion regulation,20,30 and challenges
one’s ability to devote attention and care to others.20,55,57 Reflecting
this, experimental pain has been shown to increase aggression and
egocentricity7,38 and reduce perspective taking and cooperation.42

In view of these potential obstacles to forming social bonds during
the experience of pain (when social support is most needed), the
current research investigates whether people seek to connect with
others prior to the experience of pain, that is, in anticipation of pain.

Converging research findings suggest that in anticipation of an
impending need for social support, people spontaneously display
interpersonal behaviors that develop or fortify social bonds.6 For
example, the anticipation of future loneliness and social exclusion
(being ignored) elicits more mimicry of others,34 more positive
evaluations of others, more cooperative behavior, and more
interest in making new friends.39,41 While this research indicates
that people engage in more relationship-building behavior in
anticipation of what has been termed “social pain” (ie, exclusion
or hardship),19,36 there has been no research to date that
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examines interpersonal behavior in anticipation of acute noci-
ceptive pain. The current research takes the first step toward
addressing this gap in our understanding of interpersonal
behavior in anticipation of pain by observing patients’ mimicry
of an interaction partner prior to a potentially painful event.

Mimicry is a nonverbal behavior that plays an important role in
the formation andmaintenance of social bonds.35 Provided that it
is subtle and socially appropriate, mimicry elicits liking, trust, and
empathy from one’s interaction partner, and it promotes helping
and cooperation.5,32,49 While mimicry is a largely enacted without
intention or awareness,12 it is facilitated by attention to others and
a desire to form, consolidate, or repair social connections.13,33,34

In view of the difficulties associated with making social
connections during the experience of pain, we predicted that
current pain would be associated with less mimicry of an
interaction partner. However, in view of the value of social
support for coping with pain, we predicted that when controlling
for current pain, the anticipation of pain would be associated with
greater mimicry of an interaction partner. To test this hypothesis,
we examined patients’ mimicry of an interaction partner
immediately prior to a potentially painful wisdom tooth extraction.

2. Methods

2.1. Design

A cross-sectional research design was used to examine the
relationship between self-reported anticipated pain and observed
behavioral mimicry. The study was conducted in 2012 within the
oral maxillofacial surgery unit of a university (research) hospital in
the Netherlands. The participants selected for inclusion in the
present study were referred to the hospital for a complex third
molar extraction (the removal or an impacted wisdom tooth).
Despite the use of local anesthetic during these procedures,
patients often anticipate experiencing pain during their treat-
ment.56 Indeed, dental anxiety, a fear of experiencing pain or
harm during oral procedures, is reported by approximately 44%
of the Dutch population.50 Hence, it was expected that patients in
the current sample would be anticipating a certain degree of pain,
as well as distress, prior to their surgery.

We expected a small proportion of the sample to be
experiencing a certain degree of pain prior to surgery, based on
data indicating that approximately 12% of impacted wisdom
teeth require removal due to the onset of inflammatory disease,
which is associated with pain and swelling.24 As such, while we
expected most participants to be experiencing little to no pain
prior to surgery, measures of current pain were included in the
study and were statistically controlled in analyses.

2.2. Participants

Seventy-twopatientswere recruited from thehospitalwaiting room
prior to surgery to participate in this study. Of these, 7 did not
complete the questionnaire. Hence, our final sample included 65
participants (32 female and 32male patients; 1 gender unreported;
mean age 5 27 years; SD5 8.19; age range 5 18–61 years). All
participants were scheduled for a third molar extraction (the
surgical removal of a wisdom tooth). This sample size provides us
with 70% power to detect effects of r 5 0.30 (by convention,
a “medium” effect size) and99%power to detect effects of r5 0.50
(by convention, a “large” effect size).16 All wisdom tooth removals
were completed under a local anesthetic. Hence, it was not
expected that this sample would be experiencing hunger or thirst
as is often the case prior to surgery requiring general anesthetic.

2.3. Procedure

Hospital staff provided third molar extraction patients with
research information and consent forms on arrival. In the waiting
room prior to their surgery, all patients who were seen to be in
possession of these forms were asked to participate in the 5-
minute research study while they waited for their surgery. All
patients who were approached agreed to participate in the study.

The study was conducted in a private room adjacent to the
waiting room,whichwas free fromsurgical equipment. Participants
were interviewed by a research assistant and then completed
a brief questionnaire. The interview was orchestrated to measure
patients’ mimicry, and the questionnaire was designed tomeasure
patients’ anticipated pain, current pain, affective distress, and
demographic characteristics (age, gender).

All patient interviews were conducted in the presence of 2
(female) research assistants: an interviewer and an independent
observer. The interviewer and observer were blind to the research
hypotheses and trained to maintain a neutral interpersonal affect
in interaction with all participants.

2.4. Ethical considerations

Ethical approval to conduct the study was obtained from the VU
Amsterdam Human Ethics Committee of the Department of
Experimental and Applied Psychology after amending the study
design to exclude video footage of patient interviews. The
presence of an independent observer in the interview was put
in place to minimize error in the in vivo measurement of mimicry.

2.5. Measures

2.5.1. Mimicry

Using a method described by Ashton-James and Levordashka,4

mimicry was observed and recorded by 2 research assis-
tants—one functioning as an interviewer and the other as an
observer. The interviewer posed 5 innocuous questions unrelated
to pain, fear, or surgery (eg, “What are 2 of your favorite things to
do on the weekend? Where is the next place you want to go on
vacation and why? In what profession would you like to be
working andwhy?”). As each questionwas posed, the interviewer
enacted a scripted “target” behavior as naturally as possible:
a nose rub, an ear scratch, a hair scratch, a brow stroke, a mouth
touch, a posture shift, or a face touch. The interviewer and
observer then independently recorded whether they observed
the participant mimic the scripted behaviors. “Mimicry” was
defined as the participant’s (re)-enactment of the interviewer’s
target behavior during the course of their response to the
interviewer’s question. For example, mimicry was coded as being
observed if a participant was observed touching, scratching, or
wiping her nose after the interviewer’s scripted nose touch.
Hence, consistent with previous operationalizations of mim-
icry,4,48 the imitated behavior need not occur at precisely the
same moment (ie, in synchrony) or in precisely the same way (ie,
behavior matching or mirroring).

Since mimicry was measured in vivo (rather than being video
recorded and retrospectively coded), we expected the observa-
tion of mimicry to be somewhat underestimated by observers—
going unobserved when present, as opposed to being observed
when not present. Consequently, it was decided that partic-
ipants’ individual mimicry scores would be calculated as the sum
of behaviors that were observed by at least 1 of the 2 research
assistants who were monitoring for mimicry (notably, the total
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mimicry scores for observers strongly correlated with total
mimicry scores for interviewers, r 5 0.53).

Before computing a total mimicry score for each participant,
we examined the item-total correlations for each of the recorded
behaviors. This analysis was conducted to identify whether
behaviors were mimicked in the same way. Results revealed that
1 of the 7 target behaviors—the hair scratch–had a negative, near
zero item-total correlation (20.11), which suggests that head
scratching may have been predicted by extraneous variables
unrelated to mimicry. Item total correlations for the remaining 6
target behaviors ranged between 0.16 and 0.44. Excluding “hair
scratch,” the internal consistency of the composite mimicry score
was reasonable (Cronbach a 5 0.54) in consideration of the
brevity of the test (longer measures typically achieve higher
reliability estimates) and the natural heterogeneity of spontaneous
behavioral responses.17,27

2.5.2. Current pain

Participants used an 11-point scale (0 5 none at all, 1–3 5 mild
pain, 4–65moderate pain, 7–105 extreme or unbearable pain)
to indicate the severity of their pain (1) at the current moment and
(2) over the past 10 minutes. Given that these 2 items were
strongly related (r 5 0.92), they were collapsed into a single
assessment of current pain.

2.5.3. Anticipated pain

Participants used the same 11-point scale to indicate how much
pain they expected to feel during the wisdom tooth extraction.
They also qualified their anticipated pain experience by rating the
extent to which they expected to feel 12 pain descriptors adapted
from the Brief Pain Inventory-Long Form15 during their surgery (ie,
aching, stabbing, sharp, numb, throbbing, shooting, miserable,
penetrating, unbearable, exhausting, nagging). One item (antic-
ipated numbness) had a low item-total correlation (r5 0.11), and
it was removed from themeasure. The resulting 12-itemmeasure
had stronger item-total correlations (Mitem-total r5 0.73;a5 0.94).

2.5.4. Affective distress

Participants used an 11-point scale (0 5 not at all, 1–3 5
mildly, 4–6 5 moderately, 7–10 5 extremely) to indicate the
extent to which they felt a variety of affective states associated
with stress or threat (threatened, negative, angry, frustrated,
hostile, fearful, sad, helpless, and anxious; a 5 0.83, M 5
1.49, SD 5 1.46).

2.5.5. Data analytic technique

We used a multiple regression analysis to test our key
hypothesis—that when controlling for current pain, greater
anticipated pain would be uniquely associated with more
frequent mimicry. Participant sex did not statistically correlate
with anticipated pain or current pain and was only marginally
related to mimicry (Table 1), and it was not therefore included in
regression analyses as a covariate. Finally, we used bivariate
correlations to examine the relationship between anticipated
pain, experienced pain, and affective distress and a multiple
regression analysis to examinewhethermimicry was predicted by
anticipated pain when accounting for the role of affective distress.

3. Results

3.1. Descriptive statistics

As described in Table 1, the mean observed mimicry score was
0.22 (SD 5 0.22), indicating that, on average, participants
mimicked 22% of the scripted behaviors exhibited by the
interviewer. This is comparable to mean levels of mimicry
reported elsewhere in the literature.4 On average, participants
reported very low levels of pain and affective distress prior to
surgery (M 5 0.98; SD 5 1.97 and M 5 1.49; SD 5 1.46,
respectively). By contrast, participants reported anticipatingmild-
to-moderate levels of pain (M 5 3.65; SD 5 2.19).

3.2. Predicting mimicry from anticipated and current pain

As shown in Table 1, at a bivariate level, anticipated pain was
positively related to current pain, but anticipated pain and current
pain shared opposite relationships with mimicry (although at the
bivariate level, the relationship with anticipated pain and mimicry
failed to reach conventional levels of significance). When we
regressedmimicry on anticipated and current pain simultaneously,
current and anticipated pain had statistically significant, opposite
relations with mimicry. As predicted, when controlling for individual
variation in current pain, higher levels of anticipated pain predicted
more frequent mimicry (b 5 0.26; P 5 0.04). By contrast, when
controlling for levels of anticipated pain, higher reported current
pain was predictive of less mimicry (b 5 20.41; P 5 0.003).

3.3. Role of affective distress

As shown in Table 1, affective distress positively correlated with
both anticipated pain and current pain. A multiple regression
analysis revealed that both anticipated pain (b5 0.56; P, 0.001)

Table 1

Correlations and descriptive statistics.

Mean 1 2 3 4 5 6 7

1. Mimicry 0.22 (0.22)

2. Current pain 0.98 (1.97) 20.38*

3. Anticipated pain 3.65 (2.19) 0.13 0.34*

4. Negative affect 1.49 (1.48) 0.10 0.41* 0.63*

5. Positive affect 4.09 (2.22) 20.19 0.13 20.06 20.18

6. Liking 6.46 (1.33) 20.04 0.31* 0.21 0.02 0.26*

7. Participant sex 0.50 (0.50) 0.25† 20.15 0.21 0.38* 20.37* 20.23

Sample size is 65 for all correlations except for those involving participant sex, since 1 participant failed to report his or her sex. Standard deviations appear in brackets beside the means.

* Correlation is significant at the P , 0.05 level.

† P 5 0.05.
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and current pain (b 5 0.21; P 5 0.04) contributed uniquely to
affective distress. However, affective distress was not related to
mimicry at the bivariate level (r5 0.10; P. 0.14), nor was it related
to mimicry when controlling for current and anticipated pain (b 5
0.14; P 5 0.35). Hence, distress did not mediate or explain the
relationship between anticipated or current pain and mimicry.

4. Discussion

Previous research has demonstrated that mimicry of others
facilitates liking and rapport, elicits empathic concern, and
increases cooperation and helping between social part-
ners.37,49,53 When people are mimicked, they are more likely to
have empathic concern for and come to the aid of the person by
whom they are mimicked.5,11,53 Making social connections with
others is adaptive in many respects, not least because empathic
concern and social bonds increase the likelihood that one will
receive social support when experiencing pain.14,21,25 In view of
the benefit of social bonds for coping with pain, and the utility of
mimicry for forming and consolidating social bonds, the current
study examined the hypothesis that when holding current levels
of pain constant, patients would mimic others more closely in
anticipation of a painful event. We tested this hypothesis by
measuring patient’s spontaneous mimicry of an interaction
partner prior to a wisdom tooth extraction. The results of our
analyses provide support for this hypothesis: higher ratings of
anticipated pain were associated with greater mimicry of an
interaction partner when controlling for levels of current pain,
which by contrast was associated with less mimicry. Additional
analyses revealed that affective distress did not explain the
relationship between current pain or anticipated pain and
mimicry.

In the absence of an experimental control group, our results do
not indicate whether the observed relationship between antici-
pated pain (or current pain) and mimicry is causal. However, our
findings are consistent with a 1990’s experiment in which
participants faced with the threat of (bogus) task described as
“very painful” showedmore behavioral mimicry of their interaction
partners than those who faced the same task described as not
being painful.26 In contrast to the present research, the aim of this
earlier research was to test of the impact of stress (induced by the
anticipation of a painful event) on interpersonal behavior, and
consequently, anticipated pain was not measured. Interestingly,
consistent with the present findings, while the threat of a painful
event (vs a painless event) was associated with greater mimicry of
an interaction partner, the reported levels of stress of the
participants was not related to their mimicry behavior [Ref. 46].
Compounding evidence therefore supports the notion that
people show greater mimicry in anticipation of a painful event,
independent of the stress induced by the threatening event.

4.1. Strengths and limitations

Despite fundamentally influencing the formation and mainte-
nance of social relationships, mimicry has rarely been studied in
the context of illness or disease [Ref. 54], and never has it been
studied in the context of pain. Research into the impact of pain on
social relationships and behavior typically use self-report meas-
ures, which may be prone to memory bias when retrospectively
reported and tend to reflect interpersonal intentions rather than
actual behavior when prospectively reported.1 By contrast,
mimicry is an interpersonal behavior that occurs without
awareness or intention13 and hence may be a better predictor
of relationship outcomes than self-reports.33 Mimicry has been

shown to predict a wide variety of interpersonal outcomes (Refs.
28,43,53) and hence may be a valuable addition to research
examining the interpersonal consequences of pain.

While studies of mimicry typically measure a single behavior (eg,
the amount of face touching that is mimicked33), the current study
measured the extent to which participants mimicked a variety of
behaviors, as would naturally occur in social interaction. This
approach has advantages over single-itemobservations (eg, greater
construct coverage). However, the modest reliability (alpha5 0.54)
highlights the potential benefits of evenmoremimicry observations in
future studies. Using the Spearman–Brown prediction formula, we
estimate that future studies could aim to observe 12 mimicry
behaviors to achieve an alpha of 0.70 or 20 mimicry behaviors to
achieve an alpha of 0.80. However, loss in validity when reliability is
0.54 relative to 0.70 ismodest,18 and effect sizes reported herewere
likely not severely attenuated by unreliability.

In experimental (laboratory) settings, participants’ mimicry of an
interaction partner is typically captured on video (Ref. 33), which
offers coders the potential to check the accuracy of their
observations. In contrast, the present study of mimicry was
conducted in a naturalistic setting (in a hospital waiting room), with
patients (rather than students) awaiting a potentially stressful
procedure. In this context, the potential benefits of video recording
participant behavior needed to be weighed against the potential
costs of doing so, including selective sampling of patients with low
levels of preoperative anxiety and the exacerbation of patients’
preoperative anxiety by video monitoring of their interactions.

The levels of affective distress, current pain, and anticipatedpain
reported by participants in the current study were relatively low
(mild–moderate). This may reflect a lack of sensitivity in our
measures, the influence of social desirability bias, or indeed
acontext effect onpain reporting.Patientswereawaiting a relatively
simple surgical procedure in a hospital (rather than a dental clinic),
and perhaps by comparison with other patients in the hospital
waiting room, they felt that their pain, and the pain associated with
their procedure, was minimal. While it is possible that the results of
the present study may not be generalizable to patient populations
who report experiencing or anticipating more severe levels of pain,
we expect that more intense pain would be associated with even
greater attention to self-protection concerns and that more intense
anticipated pain would be associated with greater motivation to
form social attachments in preparation for coping with pain, and
this requires empirical investigation.

4.2. Future research directions

In addition to testing the robustness of the relationships we have
observed between pain, anticipated pain, and mimicry in
contexts associated with greater anticipated pain, our proposi-
tion that relationships are optimized in anticipation of pain could
be further tested with other interpersonal behaviors that
contribute to the formation and maintenance of social connec-
tions. For example, controlling for the experience of current pain,
we expect that people would show more attention to others (as
indicated by eye gaze direction), more prosocial behavior
(helping, generosity, cooperation), and greater empathy and
perspective taking. By contrast, we expect that people’s current
pain levels will be inversely related to their attention to and
motivation to help others.

We have theorized that it may be adaptive for people to mimic
social partners in anticipation of a painful event, at which time they
may not have the attentional resources to form or reinforce social
bonds. It is notable, however, that the social relationships of people
with chronic pain do not appear to be adequately fortified by their
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(frequent) anticipation of pain. It is common for individuals with
chronicpain to experiencepredictable flare-upsof pain in response
to changes in activity levels, mood, and environment.3,8,22

However, the experience of chronic, inescapable pain can lead
to social resignation, helplessness,23,52 and social reticence.2,51

Hence, it is possible that when individuals have chronic pain, they
do not show greater mimicry (or other relationship-building
interpersonal behavior) in anticipation of a pain flare-up. Research
investigating the relationship between anticipated pain and
interpersonal behavior in the context of chronic pain is needed to
test this hypothesis. This line of research would provide much
needed insight into the interpersonal processes that contribute to
social isolation and relationship deterioration that is commonly
observed in people with chronic pain.

Finally, future research into mimicry and other interpersonal
behaviors in the context of anticipated or current pain should
consider possible moderators such as the relationship status of
the interaction partners,29,40 the perceived trustworthiness of
one’s social partner,47 the attachment styles of the person
experiencing or anticipating pain,45 and the availability of
alternative strategies for coping with pain.

5. Conclusion

When controlling for current pain, greater anticipated pain is
associated with greater mimicry of an interaction partner prior to
surgery. These results are consistent with the notion that
interpersonal behaviors in the service of forming social bonds
may be promoted by the anticipation of pain and a need for social
support. Further research is needed to test the robustness of
these findings, preferably with experimental controls to establish
causality. In consideration of the contribution of social relation-
ships to the modulation of pain, the current study represents an
important first step toward understanding the interpersonal
behavior of individuals who are currently anticipating or experi-
encing pain.
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[31] Krahé C, Springer A, Weinman JA, Fotopoulou A. The social modulation
of pain: others as predictive signals of salience—a systematic review.
Front Hum Neurosci 2013;7:386.

[32] Kret ME, Fischer AH, De Dreu CKW. Pupil mimicry correlates with trust in
in-group partners with dilating pupils. Psychol Sci 2015;26:1401–10.

[33] Lakin JL, Chartrand TL. Using nonconscious behavioral mimicry to create
affiliation and rapport. Psychol Sci 2003;14:334–9.

[34] Lakin JL, Chartrand TL, Arkin RM. I am too just like you—nonconscious
mimicry as an automatic behavioral response to social exclusion. Psychol
Sci 2008;19:816–22.

2 (2017) e605 www.painreportsonline.com 5

www.painreportsonline.com


[35] Lakin JL, Jefferis VE, Cheng CM, Chartrand TL. The chameleon effect as
social glue: evidence for the evolutionary significance of nonconscious
mimicry. J Nonverbal Behav 2003;27:145–62.

[36] MacDonald G, Leary MR. Why does social exclusion hurt? the relationship
between social and physical pain. Psychol Bull 2005;131:202–23.

[37] Maddux WW, Mullen E, Galinsky AD. Chameleons bake bigger pies and
take bigger pieces: strategic behavioral mimicry facilitates negotiation
outcomes. J Exp Soc Psychol 2008;44:461–8.

[38] Mancini A, Betti V, Panasiti MS, Pavone EF, Aglioti SM. Suffering makes
you egoist: acute pain increases acceptance rates and reduces fairness
during a bilateral ultimatum game. PLoS One 2011;6:e26008.

[39] Maner JK, DeWall CN, Baumeister RF, Schaller M. Does social exclusion
motivate interpersonal reconnection? resolving the “porcupine problem”.
J Pers Soc Psychol 2007;92:42–55.

[40] McIntosh DN. Spontaneous facial mimicry, liking and emotional
contagion. Polish Psychol Bull 2006;37:31.

[41] Mead NL, Baumeister RF, Stillman TF, Rawn CD, Vohs KD. Social
exclusion causes people to spend and consume strategically in the
service of affiliation. J Consum Res 2011;37:902–19.

[42] OmuleckiW, Laudanska-Olszewska I, Synder A. Factors affecting patient
cooperation and level of pain perception during phacoemulsification in
topical and intracameral anesthesia. Eur J Ophthalmol 2009;19:977–83.

[43] Ramseyer F, Tschacher W. Nonverbal synchrony in psychotherapy:
coordinated body movement reflects relationship quality and outcome.
J Consult Clin Psychol 2011;79:284.

[44] Riddell RRP, Craig KD. Judgments of infant pain: the impact of caregiver
identity and infant age. J Pediatr Psychol 2007;32:501–11.

[45] Sambo CF, Howard M, Kopelman M,Williams S, Fotopoulou A. Knowing
you care: effects of perceived empathy and attachment style on pain
perception. PAIN 2010;151:687–93.

[46] Schachter S. The psychology of affiliation: experimental studies on the
source of gregariousness. Vol. 1. Palo Alto: Stanford University Press,
1959.

[47] Stel M, Blascovich J, McCall C, Mastop J, Van Baaren RB, Vonk R.
Mimicking disliked others: effects of a priori liking on the mimicry-liking
link. Eur J Soc Psychol 2010;40:867–80.

[48] Stel M, van Baaren RB, Blascovich J, van Dijk E, McCall C, Pollmann
MMH, van LeeuwenML, Mastop J, Vonk R. Effects of a priori liking on the
elicitation of mimicry. Exp Psychol 2010;57:412–18.

[49] Stel M, Vonk R. Mimicry in social interaction: benefits for mimickers,
mimickees, and their interaction. Br J Psychol 2010;101:311–23.

[50] Stouthard ME, Hoogstraten J. Prevalence of dental anxiety in the
Netherlands. Community Dent Oral Epidemiol 1990;18:139–42.

[51] Strauss CC, Forehand R, Smith K, Frame CL. The association between
social withdrawal and internalizing problems of children. J Abnorm Child
Psychol 1986;14:525–35.

[52] Turk DC, Okifuji A, Scharff L. Chronic pain, depression—role of perceived
impact and perceived control in different age cohorts. PAIN 1995;61:
93–101.

[53] Van Baaren RB, Holland RW, Kawakami K, Van Knippenberg A. Mimicry
and prosocial behavior. Psychol Sci 2004;15:71–4.

[54] Vrijsen JN, Lange WG, Becker ES, Rinck M. Socially anxious individuals
lack unintentional mimicry. Behav Res Ther 2010;48:561–4.

[55] Walters ET. Injury-related behavior and neuronal plasticity—an
evolutionary perspective on sensitization, hyperalgesia, and analgesia.
Int Rev Neurobiol 1994;36:325–427.

[56] Watkins CA, Logan HL, Kirchner HL. Anticipated and experienced pain
associated with endodontic therapy. J Am Dent Assoc 2002;133:45–54.

[57] Williams AC. Facial expression of pain: an evolutionary account. Behav
Brain Sci 2002;25:439–55; discussion 455–488.

6 C.E. Ashton-James et al.·2 (2017) e605 PAIN Reports®


