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ABSTRACT
Memory biases for previous pain experiences are known to be strong predictors of postsurgical pain 
outcomes in children. Until recently, much research on the subject in youth has assessed the 
sensory and affective components of recall using single-item self-report pain ratings. However, 
a newly emerging focus in the field has been on the episodic specificity of autobiographical pain 
memories. Still in its infancy, cross-sectional work has identified the presence of various memory 
biases in adults living with chronic pain, one of which concerns the lack of spatiotemporal 
specificity. Moreover, a recent prospective longitudinal study found that adults scheduled for 
major surgery who produced fewer specific pain memories before surgery were at greater risk of 
developing chronic postsurgical pain up to 12 months later. The present review draws on this 
research to highlight the timely need for a similar line of investigation into autobiographical pain 
memories in pediatric surgical populations. We (1) provide an overview of the literature on 
children’s pain memories and underscore the need for further research pertaining to memory 
specificity and related neurobiological factors in chronic pain and an overview of the (2) important 
role of parent (and sibling) psychosocial characteristics in influencing children’s pain development, 
(3) cognitive mechanisms underlying overgeneral memory, and (4) interplay between memory and 
other psychological factors in its contributions to chronic pain and (5) conclude with a discussion of 
the implications this research has for novel interventions that target memory biases to attenuate, 
and possibly eliminate, the risk that acute pain after pediatric surgery becomes chronic.

RÉSUMÉ
Les biais de mémoire concernant les expériences douloureuses antérieures sont connus pour être 
de puissants prédicteurs de la douleur post-chirurgicale chez les enfants. Jusqu'à récemment, la 
plupart des études sur ce sujet menées auprés des jeunes évaluaient les composantes sensorielles 
et affectives du souvenir en utilisant des auto-évaluations de la douleur comportant un seul énoncé. 
Cependant, la spécificité épisodique des souvenirs autobiographiques de la douleur a récemment 
fait son apparition en tant que nouveau centre d’intérêt dans le domaine. Bien qu’ils en soient 
encore à leurs premiers balbutiements, des travaux transversaux ont déterminé que divers biais de 
mémoire étaient présents chez les adultes vivant avec la douleur chronique, dont l’un concerne le 
manque de spécificité spatiotemporelle. De plus, une étude longitudinale prospective récente a 
révélé que les adultes en attente d’une chirurgie majeure qui avaient moins de souvenirs 
spécifiques de la douleur avant la chirurgie étaient plus à risque de développer de la douleur 
post-chirurgicale chronique jusqu’à 12 mois plus tard. La présente étude s’appuie sur cette étude 
pour souligner la nécessité de mener des études similaires sur les souvenirs autobiographiques de 
la douleur au sein de la population chirurgicale pédiatrique. Nous (1) faisons un survol de la 
littérature sur les souvenirs de la douleur chez les enfants et soulignons la nécessité de poursuivre 
la recherche sur la spécificité de la mémoire et sur les facteurs neurobiologiques liés à la douleur 
chronique, ainsi qu’un survol (2) du rôle important des caractéristiques psychosociales des parents 
(et des fréres et sœurs) dans le développement de la douleur chez les enfants, (3) les mécanismes 
cognitifs qui sous-tendent la mémoire surgénérale et (4) l’interaction entre la mémoire et d’autres 
facteurs psychologiques qui contribue à la douleur chronique et (5) concluons par une discussions 
sur les implications de cette étude pour les interventions novatrices qui ciblent les biais de mémoire 
pour atténuer, et possiblement éliminer, le risque que la douleur aigue aprés une chirurgie 
pédiatrique devienne chronique.

ARTICLE HISTORY 
Received 26 October 2021  
Revised 14 March 2022  
Accepted 18 March 2022 

KEYWORDS 
chronic pain; postoperative 
pain; pediatric pain; surgery; 
memory; hippocampus; pain 
mechanisms; psychological 
functioning; children; 
parent–child

CONTACT Anna Waisman anna79@yorku.ca Department of Psychology, York University, BSB 232, 4700 Keele St, Toronto, ON M3J 1P3, Canada; 
Joel Katz jkatz@yorku.ca Department of Psychology, York University, BSB 232, 4700 Keele St., Toronto, ON M3J 1P3, Canada.
Dr. Toby Newton-John served as Action Editor for this article. The Editor-in-Chief, Joel Katz, was blind to the review process, including, selection of reviewers, 
identities of reviewers, and the decision process.

CANADIAN JOURNAL OF PAIN                          
2022, VOL. 6, NO. 2, 121–141 
https://doi.org/10.1080/24740527.2022.2058474

© 2022 The Author(s). Published with license by Taylor & Francis Group, LLC. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which 
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://orcid.org/0000-0002-1548-9158
http://orcid.org/0000-0003-3752-8055
http://orcid.org/0000-0002-8686-447X
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/24740527.2022.2058474&domain=pdf&date_stamp=2022-07-23


Introduction

The term “pain memory” has been used to refer to various 
phenomena in the field of pain. First introduced by Dennis 
and Melzack1 to explain the persistence of pain behaviors 
in a rodent model of deafferentation, it was later used in 
a human context by Katz and Melzack2 to describe phan-
tom limb sensations and pains in limb amputees that 
closely resembled those that they had experienced in the 
limb before amputation and that persisted despite removal 
of the affected limb. The authors distinguished between 
two memory components underlying these experiences: 
The somatosensory component, which refers to uncon-
scious, nondeclarative/implicit memories, and the cognitive 
component, pertaining to declarative/explicit memories 
characterized by conscious retrieval processes responsible 
for contextualizing painful experiences, sometimes through 
recollections of specific events. Since its introduction 31 
years ago, investigation into the latter has led to the dis-
covery that certain aspects of declarative memory are in 
fact distorted in chronic pain,3 often with compromising 
implications for postsurgical pain outcomes in adults and 
in youth.4,5 As such, it is unsurprising that a growing area 
in the field of chronic pain has focused on the study of 
various types of memory biases (i.e., differences in the way 
people remember information) and their effects on indivi-
duals’ pain trajectories. The term pain memory has subse-
quently been used in a different context to refer to patients’ 
declarative memories of how intense their pain was when it 
was first experienced.4–6 The usage of the term henceforth 
refers to this definition.

Chronic postsurgical pain (CPSP) is a common man-
ifestation of chronic pain that develops as a consequence 
of surgery.7 In youth, approximately 15% to 25% of 
patients go on to develop moderate to severe pain that 
persists years after surgery.8–10 Given its high incidence 
and morbidity, research on the development of pediatric 
CPSP is critical to improving our understanding of the 
condition itself and also to serve as a useful general 
model for studying how, why, and in whom pain 
becomes chronic. Moreover, identifying the causal, 
modifiable risk factors involved in CPSP is crucial 
because it can aid in the ultimate goal of developing 
effective prevention and management strategies.11

One factor that has been shown to predict CPSP in 
children is their memory for pain. At present, much of 
what is known about memory in chronic pain stems 
from studies conducted in adults. The paucity of 
research in pediatric populations underscores an urgent 
need for prototypical investigation. Nevertheless, the 
available literature can shed light on potentially shared 
mechanisms and provide valuable insight into the life-
long transmission of chronic pain. Furthermore, the 

research that has been conducted on pain memories in 
youth has predominantly assessed memory by compar-
ing responses on single-item pain measures adminis-
tered at the time of the inciting painful event and again 
at the time of recall. Though this approach taps the 
memory’s sensory and affective components, it does 
not assess the spatiotemporal and perceptual qualities 
that are integral to autobiographical memory. The pre-
sent review introduces a novel perspective by drawing 
on a broader understanding of autobiographical mem-
ory with the aim of describing strategies to advance our 
assessment, methodology, and understanding of chil-
dren’s memory for postsurgical pain that have implica-
tions for preventing and/or managing pain using specific 
memory-enhancing interventions. We focused our 
search on overgeneral memory (OGM) and included 
all the studies on OGM in chronic pain that we could 
find. We searched PubMed central using “OGM AND 
pain” and “autobiographical memory AND pain.” For 
the former, the search led to 5 articles, which we 
reviewed, and we included 3 of the articles we thought 
were relevant. With the latter, we retrieved 48 articles, of 
which we included 6. We also searched the reference 
sections of relevant papers for additional articles. The 
above searches were limited to empirical articles using 
adult or pediatric samples as well as animal studies and 
included only articles published in English.

We begin with an introduction to the development of 
autobiographical memory. This is followed by 
a discussion of several findings from neuroimaging stu-
dies that implicate changes in specific memory-related 
brain regions as risk factors for the development of 
adult CPSP. As a general rule, we refer to the relevant 
adult literature when similar work on youth has not been 
published. Returning to the cognitive–behavioral realm, 
we provide an overview of the current state of research on 
children’s memory for pain as it applies to CPSP. 
Considering the important role of parents in children’s 
pain development, we then address parent–child reminis-
cing in the context of autobiographical memory for post-
surgical pain. Next, we introduce certain biases in 
autobiographical memory, such as reduced spatiotem-
poral specificity and its manifestation in chronic pain, as 
well as the role of anxiety and catastrophizing in predict-
ing these biases. Finally, we discuss intervention implica-
tions and provide suggestions for future research.

Development of Autobiographical Memory

Autobiographical memory refers to a declarative memory 
system comprising specific past events (episodic mem-
ory) and factual knowledge about oneself and the world 
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(semantic memory).12,13 These two components are 
highly interdependent and often influence each other 
at various stages of memory processing.14,15 

Autobiographical memory is necessary for our ability 
to perform various fundamental, non-mnemonic func-
tions such as directing future behavior through imagi-
nation, problem solving, and decision making.16–20 It 
allows us to maintain a positive self-image21 and sense 
of self-continuity over time,22,23 foster and sustain social 
relationships with others,24,25 regulate negative 
emotionality,17,26 think creatively,27,28 and solve pro-
blems efficiently.29

The episodic component of autobiographical mem-
ory is defined by autonoetic consciousness, which is the 
ability to mentally project oneself across time to “re- 
experience” specific events from the past and to imagine 
the future.13 Rather than being exact replicas of prior 
experiences, episodic memories entail reconstructive 
processes that are prone to error.30–33 That is, episodic 
memory is considered to be the product of binding 
accurate event details with relevant semantic or sche-
matic knowledge and details from other events in order 
to fill gaps in remembering and make memories more 
coherent.30,34 Therefore, the way in which people 
remember and interpret their life experiences, to 
a great extent, depends on their preexisting knowledge 
and preconceptions about the world.31 On one hand, 
this can lead to biases that result in memory 
distortions.35 However, prior knowledge can also act to 
enhance new memories by integrating episodes within 
an existing semantic network.36,37 Younger children 
have a smaller repertoire of semantic knowledge to 
draw on, and this might be one reason why they are 
generally more susceptible to false memories and 
suggestibility.38 Though the inexact nature of memory 
retrieval might appear fundamentally disadvantageous, 
a memory system that is constructive in nature serves an 
adaptive role, because it allows individuals to categorize 
information, generalize knowledge across tasks, and 
imagine and simulate personal future events.16,39

Throughout early life, episodic autobiographical 
memory is associated with a more gradual developmen-
tal trajectory than semantic memory.40 In particular, 
infants develop semantic autobiographical memory 
before episodic memory,41,42 with the former potentially 
providing a foundation for the latter.43 Because of what 
has been called “infantile amnesia” and ”childhood 
amnesia,” beginning around 6 years of age, humans 
show an inability to recall episodic memories for events 
from before the age of 2 to 4.42,44–47 A prospective study 
by Peterson et al.46 found that in a sample of children 
aged 4 to 9 years old, younger children forgot most of 
their baseline memories, with the greatest amount of 

forgetting occurring in the first 2 years, whereas older 
children did not. Younger children also had more incon-
sistencies in their memories at subsequent assessments 2 
and 8 years later. These findings suggest that age 6 to 
7 years seems to be a defining point for children’s ability 
to remember and maintain consistency in the recollec-
tions of their earliest memories. Interestingly, other pro-
spective studies by this research group have shown that 
as children get older, they postdate their memories for 
events that were previously assigned earlier dates. 
Therefore, it is possible that our earliest memories may 
be even older than we believe.48,49 An alternative 
hypothesis on the etiology of infantile/childhood amne-
sia posits that immaturity of certain memory-related 
structures (e.g., dentate gyrus of the hippocampus and 
prefrontal cortex) during these early developmental 
years precludes memories from forming in the first 
place.42,50 The emergence of episodic memory later on 
in early childhood is often attributed to the maturation 
of these brain structures, along with influences from 
higher-order cognitive abilities such as executive 
functioning,51 language development,52 sense of self53 

and theory of mind,54,55 and cultural and social 
factors.41,52

Age-related improvements in autobiographical mem-
ory begin to emerge after early childhood. Episodic 
memory develops gradually across childhood into early 
adolescence, either with51 or without semantic memory 
(as well as other basic cognitive abilities).40 One study 
assessed autobiographical memory and memory for 
everyday events in youth between 8 and 16 years of 
age.56 In line with previous findings, the results showed 
temporal increases in memory, with a larger effect for 
episodic than semantic details. Females retrieved more 
episodic but not semantic details than males, although 
this difference decreased when retrieval was facilitated 
by probing questions from the experimenter. Taken 
together, with one possible exception, these studies sup-
port the suggestion that among children and adoles-
cents, autobiographical memory improves with age, 
with greater earlier increases in episodic than semantic 
memory.

Neural Substrates of Autobiographical Memory 
as Risk Factors for the Transition to Chronic Pain

Mechanisms underlying synaptic plasticity in memory 
and learning resemble those responsible for initiating 
and maintaining chronic pain states.57 In particular, 
similarities have been noted between hippocampal long- 
term potentiation (LTP) and hyperalgesia-associated 
central sensitization in the dorsal horn of the spinal 
cord.58,59 LTP has also been observed at C-fiber synapses 
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in the spinal dorsal horn.59,60 LTP at both hippocampal 
and spinal C-fiber synapses leads to changes in dendritic 
spine shape with implications for neuropathic pain.61

In addition, the N-terminal truncated form of protein 
kinase C zeta (PKMζ) is an atypical protein kinase 
C considered essential for sustaining late-stage LTP 
and long-term memory.62 The maintenance of these 
memories is disrupted by zeta inhibitory peptide.63 

Interestingly, PKMζ is also necessary for maintaining 
chronic pain states through spinal nociceptive plasticity, 
and the same inhibitory action of this molecule by zeta 
inhibitory peptide reverses persistent pain 
hypersensitivity.64 These findings raise the possibility 
of a common mechanism in the maintenance of LTP, 
memory, and chronic pain.65

Recent neuroimaging studies in adults have found 
that the neural substrate of episodic autobiographical 
memory, the hippocampus and associated structures, 
undergoes morphological and volumetric changes in 
chronic pain. In one study, individuals with subacute 
back pain were followed for 3 years and assessed by 
magnetic resonance imaging at five time points (base-
line, 8, 28, 56, 156 weeks). The results showed that 
smaller hippocampal and amygdala volumes at the base-
line assessment were risk factors for the transition to 
chronic pain 3 years later.66 Transition to chronic back 
pain was also associated with changes in functional 
connectivity within the anterior hippocampus and 
between it and other cortical brain regions such as the 
medial prefrontal cortex and cingulate gyrus, suggesting 
possible disruptions in emotional learning.67 What 
remains unknown but equally important are the 
mechanisms underlying baseline levels of smaller hippo-
campal volume in the adult patients of this study. There 
is evidence that exposure to life stressors in early child-
hood is a risk factor for smaller hippocampal volume 
later in life.68 Therefore, when studying brain mechan-
isms and the subsequent development of pain, it is 
important to consider the influence of other circum-
stances or factors that might contribute to explaining 
the relationship. Another study found that nearly 80% of 
adults with chronic low back pain remembered pre-
viously experienced pain as more intense than originally 
rated, and this memory bias was associated with expan-
sion of an area in the left posterior hippocampus.69 In 
the only pediatric study we found, children (9–13 years) 
with complex regional pain syndrome had a smaller 
volume of gray matter in the hippocampus, among 
other brain regions, than sex and age-matched healthy 
controls.70

Chronic pain has been proposed to reflect a state of 
extinction-resistant emotional learning characterized by 
the acquisition and accumulation of negative memories 

associated with the experience of pain.71 Consistent with 
this suggestion, learning and memory formation in 
adults involves hippocampal neurogenesis, which also 
has been linked to the development and maintenance of 
chronic pain. This suggests that hippocampal associative 
learning might contribute to persistence of pain.72 

Moreover, a study in rodents with neuropathic pain 
showed that the downregulation of dorsal hippocampal 
circuitry, a region responsible for declarative and spatial 
memory processes, caused increased pain behaviors.73 

The authors of this study suggested that deactivating 
dorsal hippocampal circuitry might disrupt the extinc-
tion of declarative memories of pain, thereby permitting 
pain to persist.

In summary, evidence of overlapping brain circuitry 
between pain, memory, and emotion, as well as the 
structural and functional changes in this circuitry that 
predict pain chronicity, raises the possibility that the 
cognitive processes associated with dorsal hippocampal 
activity, such as autobiographical memory, might be 
causally involved in the transition from acute to chronic 
pain.

Children’s Memory for Postsurgical Pain

Until recently, much of the research in children has 
focused on investigating the accuracy of individuals’ 
recollections about painful experiences based on single- 
item self-report pain measures such as a 0 to 10 numeric 
pain rating scale (NRS) or 10 cm visual analogue scale 
for pain intensity and pain affect or anxiety. One 
approach has been to calculate the difference between 
the youth’s recall of pain intensity and the initial pain 
score obtained when the youth was in pain.74 Higher 
difference scores are taken as an indication of an “exag-
geration in negative memory” in which the memory of 
pain is greater than initial pain. Others use the terms 
“negatively biased pain memory” when the NRS score 
for recalled pain is higher than the initial pain score and 
“positively biased pain memory” when the initial NRS 
pain score is higher than recalled score.6

In youth, remembering painful events in a negative 
way is associated with worse postsurgical pain outcomes 
where children’s memory for postsurgical pain intensity 
has been found to be a stronger predictor of reported 
pain levels 5 months after the surgery than the initial 
pain ratings.5 Furthermore, in a prospective longitudinal 
study of 237 children who underwent various surgical 
procedures, Noel et al.6 demonstrated that children who 
developed negatively biased memories for pain intensity 
1 year after surgery had more intense pain at 6- and 12- 
month follow-up than those with accurate or positive 
memories. Psychological factors played an important 
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role in this relationship, where higher levels of baseline 
anxiety sensitivity and pain catastrophizing in the days 
after surgery while in hospital (i.e., 48 to 72 hours) 
predicted adolescents’ negatively biased memories at 
the 12-month follow-up. Parallel findings are evident 
in a previous study where parental anxiety and higher 
levels of postsurgical pain predicted negatively biased 
pain memories in young children undergoing 
tonsillectomy.75 Similarly, child and parent pain cata-
strophizing have also been shown to be associated with 
biased pain memory development in adolescents under-
going spinal fusion and pectus repair.76 Although these 
findings highlight the importance of memory biases in 
children’s pain outcomes, this method of assessing pain 
memories is somewhat limited in that it reduces mem-
ory for pain intensity or pain affect to a deviation from 
the original score or to a partial correlation coefficient 
controlling for initial pain measured using a simple sin-
gle-item NRS or visual analogue scale. A widely over-
looked area in the study of pain, including pediatric 
postsurgical pain, has to do with the episodic quality of 
the autobiographical memories themselves as generated 
by narrative descriptions.

Parent–Child Reminiscing about Past Pain

Children’s autobiographical memories do not develop in 
a vacuum. Reminiscing (i.e., talking about past events) 
with parents creates a powerful sociocultural context in 
which children’s memories can be retrieved, recalled, 
and reconstructed. Developmental psychology studies 
have repeatedly demonstrated that parent–child remi-
niscing predicts a host of developmental outcomes.77 

Children of mothers who reminisce about past distres-
sing events using an elaborative reminiscing style (i.e., 
detailed discussions about the past characterized by 
open-ended questions, new information, and emotion- 
laden language) in comparison to a repetitive style (i.e., 
use of closed-ended questions, frequent switches 
between topics, focus on facts as opposed to emotions) 
develop more detailed, coherent, and evaluative auto-
biographical memories.78,79 These children also go on to 
have better developmental outcomes in emotional reg-
ulation, cognition, and social competence.77,80–82 Novel 
work by Noel et al.83 linked parent–child reminiscing 
about a recent surgery to certain types of pain memory 
biases. A sample of 112 children undergoing tonsillect-
omy and their parents reminisced about the tonsillect-
omy 2 weeks after surgery. Children of parents who 
introduced new details about the surgery, used more 
positive emotion-related words (e.g., happy, laughing), 
and used fewer pain-related words (e.g., hurt, sore) 
remembered their pain accurately or in a less distressing 

way (i.e., recalled less pain compared to the initial 
report). These results suggest that elements of elabora-
tive reminiscing contribute to optimal pain memory 
development.83

Parent reminiscing style is amenable to change. 
Interventions aimed at teaching parents how to remi-
nisce elaboratively resulted in more optimal develop-
mental outcomes.84 It was hypothesized that there 
might be more constructive ways for children and their 
parents to reminisce about past pain to alter how chil-
dren remember their past pain.85 Findings from this 
research were used to inform the development of 
a novel parent-led memory-reframing intervention.86 

In a randomized controlled trial, 65 young children 
who were scheduled to undergo tonsillectomy and one 
of their parents were randomly assigned to a memory- 
reframing intervention or an active control group. In the 
intervention group, parents were taught to reminisce 
about past pain by focusing on positive aspects of pain, 
using fewer pain-related words, reducing negative exag-
gerations about past pain, and praising the child for their 
bravery and pain-related coping skills to foster pain- 
related self-efficacy. The results showed that children 
in the intervention group developed more accurate or 
positively biased memories for their pain intensity on 
the first day after surgery compared to the control group. 
These findings provide preliminary evidence that teach-
ing parents to implement certain reminiscing elements 
can have a positive impact on their children’s memories 
for pain after surgery. The study did not, however, find 
any effect of the intervention on children’s memories for 
pain that occurred on the day of their surgery, which 
could be attributable to residual effects of general 
anesthesia on memory during the immediate recovery 
stage.86 Consequently, this intervention was found to be 
both feasible and acceptable. Further research is needed 
to examine its efficacy in larger samples as well as the 
intervention’s potential to prevent CPSP.

Both parent and child attachment styles are asso-
ciated with the formation and retrieval of children’s 
autobiographical memories (i.e., encoding, elaborating, 
retrieving, and reporting).87 The influence of attachment 
styles on autobiographical memory is particularly 
powerful for attachment-related memories (i.e., mem-
ories of events that involve parent–child interactions 
and/or emotion regulation).87 Attachment styles have 
been also studied in the context of parent–child reminis-
cing. The latter has been conceptualized as one of the 
manifestations of attachment security.88 Parents of 
securely attached children reminisced about distressing 
experiences89 using high levels of emotional availability 
and elaboration.90 In contrast, parents of insecurely 
attached children reminisced in a repetitive and topic- 
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switching manner.90 Given that children’s memories for 
past events involving pain are distressing and usually 
involve parent–child interaction, as well as emotion 
regulation, parent and child attachment status may 
play a key role in the formation of children’s memories 
for past pain.

Existing research has established the associations 
between attachment styles and chronic pain onset and 
maintenance in adult populations.91 Less is known 
about the contribution of attachment styles to pediatric 
chronic or persistent postsurgical pain. Attachment 
models highlight and explain some of the vulnerability 
(e.g., insecure attachment styles) and maintenance (e.g., 
maladaptive coping strategies, ongoing attachment- 
related anxiety) factors in pediatric chronic pain.92,93 

Compared to pain-free peers, youth with chronic func-
tional pain were more likely to have at-risk attachment 
patterns and unresolved loss and/or trauma.93 Future 
investigations of pediatric CPSP and associated memory 
biases should assess attachment styles, as well as inter-
generational transmission of trauma, to elucidate their 
role, as well as therapeutic potential, in pediatric post-
surgical pain trajectories.

Overgeneral Memory Bias

An autobiographical memory bias that has not been 
widely studied but is slowly gaining traction in chronic 
pain research concerns differences in autobiographical 
memory specificity.94–98 According to the self-memory 
system model of autobiographical memory 
organization,99 memories are stored and retrieved in 
a hierarchy of levels of representation that is arranged 
from general to specific. During recollection, the mem-
ory search begins at the highest, most general level of 
conceptual themes and lifetime periods (e.g., “my 20s”) 
before proceeding to intermediately general memories 
of repeated (e.g., “every time I stub my toe”) and 
extended (“My back ached for a week after my surgery”) 
events and ultimately ends with the lowest tier of the 
hierarchy, which is event-specific knowledge (“I felt 
relieved and pain-free the day I left the hospital”). The 
habitual tendency not to recollect specific memories 
from the final level is known as an overgeneral memory 
bias. This phenomenon is well established in mental 
health disorders such as depression, posttraumatic stress 
disosrder (PTSD), and complicated grief,100–102 includ-
ing in children and adolescents; there is strong evidence 
that OGM is associated103–105 with and even predictive 
of depression in youth.106,107 Common tools for asses-
sing autobiographical memory specificity typically 
involve tasks that assess participants’ abilities to freely 
recall specific events, sometimes in response to neutral 

or emotional cue words or incomplete sentence stems. 
Memory responses are then coded for the presence or 
absence of a temporally specific event and the number of 
each type of memory is summed to yield a composite 
score that represents the overall degree of specificity or 
OGM in an individual’s retrieval style.

Overgeneral Memory Bias in Chronic Pain

To our knowledge, OGM has yet to be examined in 
youth with chronic pain, because we were unable to 
find any published studies on the topic. In the adult 
literature, four studies have examined autobiographical 
memory specificity in individuals with chronic pain, all 
of which employed cross-sectional designs.94–98 Three of 
these identified an OGM bias in patients with chronic 
pain,94,95,97 whereas the fourth81 did not, largely because 
of methodological problems described below.

Liu et al.94 administered the Chinese version of the 
Autobiographical Memory Test108 (AMT) to a sample of 
170 healthy controls and 176 outpatients with hetero-
genous chronic pain conditions for a minimum of 
6 months. Participants were asked to describe the first 
specific personal event that came to mind in response to 
seeing positive and negative cue words. In line with the 
standard AMT protocol, nonspecific responses were fol-
lowed by a probe from the experimenter. After control-
ling for symptoms of depression and anxiety, compared 
to the healthy controls, participants who had chronic 
pain generated a greater number of overgeneral memory 
independent of cue type. Accounting for the same cov-
ariates, outpatients also showed slower overall retrieval 
latency (time to initial response), with a nonsignificant 
trend toward slower response times for positive cue 
words than for negative cue words. As would be 
expected, patients with chronic pain had significantly 
more symptoms of depression and anxiety, and lower 
pain self-efficacy scores predicted OGM across all 
patients. The authors concluded that the patients with 
chronic pain displayed distortions in autobiographical 
memory, which, together with the statistically nonsigni-
ficant delay in accessing positively cued memories, 
reflects an affective avoidance mechanism for regulating 
negative emotionality. Thus, individuals with chronic 
pain might find it more difficult to confront experiences 
associated with intense or negative emotions and there-
fore avoid recalling these specific memories.

Quenstedt et al.95 used an online version of the 
Sentence Completion for Events from the Past Test109 

and a future-oriented equivalent110 to assess specificity 
in memories and future imagination, respectively, in 
patients with chronic pain. Eighty-four participants 
with self-reported chronic pain and 102 self-identified 
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healthy controls generated specific memories and plau-
sible personal future events in response to neutral sen-
tence stems. Controlling for symptoms of depression 
and anxiety, the results not only corroborated previous 
findings of an overgeneral memory bias in individuals 
with chronic pain when recollecting the past but also 
showed the novel finding of an overgeneral memory bias 
when imagining personal events in the future. This 
observation aligns with the previously mentioned notion 
that the cognitive processes involved in future thinking 
overlap with those that underlie autobiographical 
memory.16,19,111 The authors of this study did not report 
correlations between performance on the memory and 
future thinking tasks. However, given what is known 
about the role of autobiographical memory processes 
in shaping our self-representations and future goals, it 
is likely that these same processes play an important role 
in healing and recovery from chronic pain.17,98

The third study, by Vucurovic et al.,97 investigated 
patients with fibromyalgia (>6 months’ duration) and 
their self-defining memories: a subset of autobiographi-
cal memories that correspond to one’s sense of identity 
and establish continuity in our personal life narratives. 
These memories are vivid and well-rehearsed, often 
encompassing an individual’s central goals in life and 
internal conflicts.112,113 The results showed that relative 
to healthy controls, patients with fibromyalgia exhibited 
significantly increased OGM (among other memory dif-
ferences, discussed in a subsequent section).

The fourth study96 recruited a Norwegian sample of 
43 patients with diverse chronic pain conditions and 
compared those with and without PTSD on autobiogra-
phical memory using the AMT. In contrast to Liu et al.,94 

the results failed to show differences between the two 
groups or a significant relationship between the extent of 
pain and memory specificity, although it did reveal 
another type of memory bias in which the memories 
were of more negative emotionality. The study by 
Siqveland et al.96 has several limitations, acknowledged 
by the authors themselves, that might explain the 
absence of differences in autobiographical memory. 
First, the sample size was very small, potentially preclud-
ing sufficient power to detect real effects. Moreover, the 
participants in the study had moderate-to-severe 
chronic pain. As a result, it is possible that the entire 
sample may have had more overgeneral memory, which 
would not have been detected due to the absence of 
a healthy control group.

Taken together, these findings suggest that people 
living with a chronic pain condition such as fibromyal-
gia might experience certain distortions in their sense of 
self that contribute to the maintenance of their pain. 
Overall, with one exception,96 the few published studies 

suggest that OGM plays an important role in chronic 
pain, with some evidence extending to individuals’ iden-
tities, emotional self-regulation abilities, and future 
imaginings.

Need for Prospective Longitudinal Research on 
Memory Specificity in Pediatric Chronic Postsurgical 
Pain

Until recently, longitudinal studies have not been con-
ducted to evaluate the temporal relationship between 
autobiographical memory quality and the development 
of chronic pain over time. A study from our lab 
addressed these gaps by following a sample of 98 adults 
scheduled for major surgery over the span of a year.98 

Participants were administered the AMT before and 1 
month after surgery, when they were asked to describe 
specific memories in response to a series of positive and 
pain-related cue words that were verbally presented by 
the experimenter.98 After controlling for known risk 
factors for chronic pain (preexisting pain, psychological 
distress, age, and sex), individuals who produced fewer 
context-specific pain-related memories before surgery, 
as well as those who had slower response times for pain 
memories, were at greater risk of developing chronic 
pain 1, 3, 6, and 12 months later. The authors proposed 
that the characteristic preoccupation with abstract life-
time themes and categories of events related to pain 
associated with OGM might perpetuate self-schemas 
that become intertwined with pain114 and, in turn, initi-
ate and/or maintain the pain itself. Conversely, the ten-
dency to retrieve specific pain-related memories is 
posited to provide individuals with more concrete con-
textual, sensory, and perceptual information that serves 
to disconfirm potentially vague and inaccurate self- 
beliefs. Upon repeated activation, these perceptual 
details might contribute to a more adaptive schematic 
base that is conducive to recovery. Referring back to the 
literature on emotions, it is also possible that similar 
mechanisms of rumination, avoidance, and executive 
functioning impede the search for a specific and perso-
nal pain-related memory in individuals who show 
a cognitive bias for pain-related information. As dis-
cussed in the next section, an important line of future 
research will be to explore the prospective relationships 
between these psychological elements associated with 
OGM in youth with chronic pain.

Explaining the Link between OGM and Chronic Pain: 
the CarFAX Model

The cognitive processes associated with rumination, 
avoidance, and poor executive control, either separately 
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or in combination, have been posited to interfere with 
the search for a specific memory and to cause retrieval to 
remain fixed at the overgeneral level of the autobiogra-
phical knowledge base.115 The first component of the 
proposed CaRFAX model, capture and rumination 
(CaR), occurs when self-relevant cues activate repeated 
retrieval of general memories, thereby “capturing” the 
individual in a ruminative process that interferes with 
the search for a specific memory. Next, specific mem-
ories associated with unpleasant or intense emotional 
experiences are avoided to prevent activating intense 
and negative emotions in what is termed functional 
avoidance (FA). Finally, limitations in executive control 
(X) such as working memory and inhibition of irrelevant 
information can also impede event-specific retrieval. 
This model has been examined extensively in adults 
with mental health conditions, but it has not received 
much attention in the pediatric literature.

Two studies showed that negative rumination is 
linked to OGM in children.104 In one study, negative 
self-beliefs significantly predicted OGM generated in 
response to positive and negative cue words.116 Park 
et al.117 showed that teenagers with major depressive 
disorder exhibited increased OGM for negative cues 
after undergoing a rumination manipulation when 
compared to participants in a distraction condition. 
The observed bias for negative cues in particular aligns 

with the notion that individuals with negative self- 
beliefs are particularly susceptible to capture 
errors.104 Regarding executive functioning, findings in 
children with OGM are mixed. Two studies failed to 
find any associations between a cognitive measure of 
inhibition and OGM,118,119 whereas another found 
that inhibitory control on a measure of temperament 
and self-regulation mediated the relationship between 
depressive symptoms and OGM in primary school 
children.120 Additionally, adolescents with a history 
of maltreatment but no mental health disorders who 
were living in residential child care were found to 
have fewer specific memories and lower working 
memory scores on the Wechsler Intelligence Scale for 
Children IV Total Digit Span and Arithmetic 
subtests.121 Valentino et al.119 found that category 
fluency (the ability to retrieve semantically related 
words) but not letter fluency (the ability to quickly 
generate words beginning with the same letter) 
uniquely explained variance in the number of over-
general memory. Another study, however, did not find 
this relationship.103 Finally, to our knowledge, func-
tional avoidance has yet to be explored in children. It 
should be noted that when investigating these three 
mechanisms in pediatric populations, age is an impor-
tant factor to consider. For example, adolescents tend 
to exhibit greater rumination than preadolescents,122– 

Figure 1. CaRFAX Model in Chronic Postsurgical Pain. Processes of Capture and Rumination, Functional Avoidance and Issues with 
Executive Control are posited to, either independently or through interaction, lead to overgeneral memories (OGM) about prior pain- 
related experiences. According to this model, individuals who develop a consistent OGM bias have poorer prospects for recovery and 
worse pain trajectories after undergoing major surgery. The development of chronic postsurgical (CPSP) reinforces negative cognitive 
patterns, emotional states, and other mental health issues consistent with processes involving rumination about pain-related topics, 
avoidance of detailed aspects of pain-related memories, and executive control issues (e.g., working memory, attentional control and 
behaviours, inhibition, shifting, and self-regulation), all of which facilitate a positive feedback loop that maintains overgeneral memory 
and ultimately, chronic pain. Adapted with permission from Williams.115
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126 and this behavior increases with age.127 Conversely, 
challenges with executive control are more prevalent 
in younger children likely due to maturational factors, 
because working memory capacity and inhibition gen-
erally increase across childhood and into early 
adolescence.128–132 As such, different stages of devel-
opment should be accounted for in future research on 
OGM and its associated processes.

Research on OGM and its mechanisms in individuals 
with chronic pain is still very much in its infancy (see 
Figure 1 for a CaRFAX model proposed to explain the 
development of CPSP). Moreover, not one longitudinal 
study or pediatric study has been published on the sub-
ject. A recent cross-sectional study by Liu et al.129 com-
pared a sample of 331 adults with chronic pain to 333 
healthy controls on their performance on the AMT and 
Working Memory Index. Participants with chronic pain 
scored significantly lower on memory specificity and on 
working memory. Working memory scores also 
mediated the relationship between pain and OGM. In 
addition, the study of individuals with fibromyalgia that 
assessed self-defining autobiographical memories97 

found that along with an OGM bias, patients’ memories 
incorporated less personal significance, were less likely 
to shift from negative to positive affect, and were more 
negative but less intense than those of healthy controls.97 

Altogether, these results were interpreted to reflect 
a distorted sense of self fueled by functional avoidance 
of specific memories.

Though the CaRFAX model has not been evaluated in 
children with chronic pain, some of the processes that 
comprise the model have been shown to play an impor-
tant role in pediatric patients with acute pain postsur-
gery. Pain catastrophizing, defined as rumination about, 
magnification of the threatening aspects of, and feelings 
of helplessness in the face of pain, is a psychological risk 
factor for CPSP in children.130–132 Noel et al.76 examined 
the role of pain catastrophizing in the development of 
children’s and parents’ memories for pain after pediatric 
major surgery (e.g., spinal fusion, pectus repair) using 
a longitudinal design. The results showed that parents’ 
catastrophizing, specifically magnification and rumina-
tion about their child’s pain, predicted children’s nega-
tively biased memories for pain-related distress and 
parents’ negatively biased memories for children’s initial 
pain intensity, respectively. Moreover, though parents’ 
catastrophizing directly correlated with pain memories, 
children’s pain catastrophizing did not have a direct 
association with their own or their parents’ pain mem-
ories. Rather, children’s preoperative helplessness about 
pain was indirectly related to their own and their par-
ents’ pain memories through the mediating effect of 
children’s emotional distress during the acute recovery 

period. Additionally, parents’ ruminations about their 
child’s pain correlated with greater pain intensity in the 
child during the acute postsurgical period, which in turn 
was associated with children developing more distres-
sing memories of their pain. Parents’ trait anxiety has 
previously been shown to predict more negatively biased 
memories for pain-related fear in children even when 
the child’s own preoperative anxiety did not.133 As such, 
these findings emphasize the need to assess parents’ own 
affective states and memories of pain when investigating 
these factors in pediatric populations.

Child and parent pain catastrophizing has also been 
shown to be associated with children’s pain-related 
attention and avoidance behaviors.134 In a sample of 
healthy children, those who reported greater pain mag-
nification and whose parents reported greater rumina-
tion and helplessness were more likely to divert 
attention away from pain faces. Moreover, these chil-
dren with higher attentional avoidance showed greater 
behavioral avoidance, determined by their lower pain 
tolerance during a cold pressor task. Prior work has 
also found subclinical deficits in executive functioning 
on neuropsychological measures in adolescents with 
chronic pain, where pain catastrophizing was found 
to relate to working memory and sustained 
attention.135 Indeed, alterations in executive function-
ing are well established in youth with chronic pain. 
A recent study showed that relative to healthy controls, 
adolescents with chronic pain between the ages of 13 
and 17 years scored significantly lower on neuropsy-
chological tests and behavioral measures for working 
memory and divided attention, alternating attention, 
inhibition, and cognitive and emotional regulation.136 

Previous research has also demonstrated that one’s 
social context can interact with attention to affect nega-
tively biased memories for pain. In a study with healthy 
children, longer fixation on pain faces in an eye- 
tracking task was associated with an overestimation of 
pain-related fear assessed 2 weeks after the child com-
pleted a painful cold pressor task.137 Importantly, this 
relationship was moderated by lower levels of parental 
verbalizations that did not focus on the child’s pain. 
Based on these findings, the authors suggested that 
parent and child factors should be studied in tandem 
when considering memory biases that emerge in 
chronic pain.

In light of these findings and what is known about the 
psychological effects associated with chronic pain in 
children, it is possible that similar CaRFAX mechanisms 
observed in adult OGM exist in children undergoing 
surgery. A worthwhile avenue of future pediatric 
research in CPSP would be to elucidate the role of 
OGM and its associated mechanisms, as well as the 
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interactions between them. There is a need to explore 
the prospective relationship between these CaRFAX ele-
ments and chronic pain and for prospective studies to 
address whether this model applies to nonclinical, at- 
risk adult and child populations who have not yet devel-
oped chronic pain, such as those undergoing surgery or 
with injuries. Also of importance for future research, 
considering the complex interplay among these pro-
cesses, would be to assess parental (and sibling) cogni-
tive–affective factors in relation to children’s own 
cognitive, psychological, and memory characteristics.

Biases in Autobiographical Memory Content 
Related to Pain and Surgery

Cross-sectional studies on autobiographical memory in 
adults have found that individuals with various chronic 
pain conditions tend to recall more pain-related 
content95,138 and exhibit a bias in which they recall mem-
ories with more negative emotional valence.96,140,141 In 
regard to valence, it has been suggested by some that it is 
current pain, not chronic pain per se, that contributes to 
negative emotionality.139 An early study by Wright and 
Morley138 found that in a small sample of patients with 
chronic pain, memories including pain-related informa-
tion were accessed more quickly by patients than in 
healthy controls. In addition, as previously mentioned, 
self-defining autobiographical memories in patients with 
fibromyalgia were more negative but less intense than 
those of healthy controls.97 Unlike the other studies, indi-
viduals did not differ in the amount of pain-related con-
tent. A prospective longitudinal study conducted by 
Waisman et al.98 assessed autobiographical memory 
using the AMT in adults undergoing major surgery. 
One of the results of this study showed that relative to 
individuals who produced fewer memories, those who 
recalled more memories with surgery-related content 1 
month after surgery were more likely to develop pain up 
to a year later. Taken together, these findings implicate 
a mood congruency effect in individuals with chronic 
pain similar to that observed in people with emotional 
disorders,95,139,140 where one’s current affective state 
enables less effortful access to memories of similar content 
and emotionality.141

Memory and Identity in the Context of Chronic Pain

According to the self-memory system theory, an indivi-
dual’s goals and self-representations guide memory 
retrieval toward cognitively and emotionally compatible 
information.99 Evidence for this model largely stems 
from research in which individuals with various mental 

health disorders show a bias for recalling memories and 
imagining future events that match their current mood 
states.100 Recent findings that people with chronic pain 
tend to generate pain-related information when remem-
bering the past and imagining the future further indicate 
that these biases might extend beyond memory and have 
important implications for well-being.95

Consistent with this line of thought, pain enmeshment 
theory114 proposes that an individual’s emotional adjust-
ment to pain depends on the extent to which aspects of their 
self-image are “enmeshed” or intertwined with pain. This 
model originated from the observation that individuals 
with chronic pain, who also show substantial associated 
distress, tend to exhibit cognitive biases in attention, mem-
ory, and interpretation processes. The authors posited that 
these biases were the result of an overlap between the self, 
pain, and illness schemas. Support for these cognitive biases 
in youth with chronic pain is mixed.142 Very few studies 
have investigated pain-related attentional biases in this 
population and findings are equivocal, in some cases iden-
tifying increased attendance to pain-related stimuli143,144 

and in others failing to observe any attentional bias.145 

Discrepancies in findings between studies, especially in 
regard to memory biases, might in part be attributable to 
methodological problems where measures used to capture 
these abilities in adults are not always appropriate for 
children or adolescents (e.g., recalling word lists, as is 
often done in adults, as opposed to actual pain experiences, 
which would be more appropriate for younger 
individuals).142 However, identity development in adoles-
cents is linked to chronic pain in complicated ways. For 
example, chronic pain can rob young people of their indi-
viduality or, conversely, provide them with reasons to 
identify more strongly with unique characteristics of them-
selves that are unrelated to their diagnosis.146 Whereas 
some adolescents might experience a growth in emotional 
maturity as a result of living with chronic pain, others feel 
deprived of their sense of autonomy.146 Pain enmeshment 
theory was later expanded using the framework of self- 
discrepancy theory,147,148 which postulates that individuals 
self-regulate to account for discrepancies between different 
aspects of the self; namely, the actual self (aspects of the self 
as they currently are), the ideal self (aspects of the self as one 
would like them to be), and the ought self (aspects of the self 
that one thinks they should have). According to this model, 
discrepancies between the actual and ideal self are expected 
to lead to depression, whereas disparities between the actual 
and ought self lead to agitation. The authors suggested that 
individuals living with chronic pain are more likely to 
experience emotional maladjustment when they view pain 
as the reason why they cannot attain their desired selves. 
This notion was later tested and supported by Morley et al.-
149 in a study of 89 adults with chronic pain who reported 
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characteristics of their current self, their hoped-for self, and 
their feared-for self. Participants also reported the extent to 
which their future selves depended on the presence or 
absence of pain. The results showed that the number of 
characteristics of the hoped-for self that were deemed 
attainable even in the presence of pain was negatively 
correlated with depression and positively correlated with 
pain acceptance scores.149 Thus, the more accepting 
a person was of their pain, the less the pain interfered 
with a positive self-image. Similar findings emerge in ado-
lescents with chronic pain who tend to generate more 
negative affect, insight, and self-discrepancy words when 
describing their imagined future.150

Intervention Prospects

The literature reviewed above highlights an important 
role for autobiographical memory biases in the devel-
opment of CPSP, which, if causal, could have impor-
tant implications for pre- and postsurgical intervention 
strategies. In terms of memory specificity, pain man-
agement programs involving cognitive therapies could 
focus on altering patients’ retrieval styles to focus more 
on specific rather than general pain-related memories. 
From a preventive standpoint, individuals undergoing 
major surgery who are at risk of chronic pain might 
benefit from completion of these specificity-enhancing 
interventions in the period before or acutely after sur-
gery before pain becomes chronic. Memory Specificity 
Training (MeST) is one example of a validated inter-
vention program that shows promise for the prevention 
and treatment of mental health disorders through 
memory modification.151,152 The program uses cued 
recall to reframe individuals’ memories to be more 
specific while inhibiting generalization. It is typically 
conducted in a group format and incorporates psy-
choeducation sessions about autobiographical specifi-
city and situational factors that impede specificity. 
MeST improves autobiographical memory specificity 
and, to a lesser extent, reduces symptoms of depres-
sion. In a distressed sample of 23 bereaved adolescent 
Afghan refugees, it was found that even after control-
ling for depression scores, MeST significantly enhanced 
autobiographical memory specificity relative to 
a passive control group.153 The bereaved individuals 
also had significantly fewer depressive symptoms at 
a 2-month follow-up session relative to controls. 
A meta-analysis by Barry et al.151 concluded that 
MeST is associated with substantial benefits such as 
improved problem-solving and lower hopelessness. 
However, to date, MeST results have been short-lived 
and often not sustained at follow-up.

Though preferentially retrieving overgeneralized knowl-
edge at the expense of specific memories unequivocally 
leads to poorer mental health and well-being, the ability 
to recall abstract memories in and of itself is beneficial and 
even essential.151 Abstracting knowledge into schematic 
representations and drawing on reserves of positive and 
negative experiences facilitates the acquisition of important 
life lessons that ultimately shape identity formation and 
guide decision making.151,154 Memory Flexibility Training 
is an intervention that builds on this premise by training 
participants to efficiently switch between specific and non-
specific memories within the MeST paradigm.155 Overall, 
Memory Flexibility Training has been found to be effective 
for ameliorating symptoms in individuals with major 
depressive disorder and PTSD.155–158

Another experimental episodic specificity induction also 
led to improved well-being across various measures.159 

Individuals undergoing the specificity induction showed 
significant improvements in means-ends problem solving 
by engaging in more relevant steps compared to those who 
completed a control induction.160 Additionally, individuals 
in the induction group showed larger decreases in anxiety 
for worrisome future events, improved outlook on poten-
tial outcomes, and decreased perceived difficulty coping 
with negative outcomes.

In sum, specificity training appears to have beneficial 
outcomes for memory and a host of other processes essen-
tial to daily functioning and well-being. If autobiographical 
memory specificity is indeed discovered to be a causal 
factor for the development of CPSP, these forms of training 
could have important implications for health and pain 
outcomes in individuals undergoing surgery. Youth with 
chronic pain who have comorbid mental health issues such 
as anxiety, depression, and PTSD are known to be at higher 
risk for worsening pain161–165 and poorer responsiveness to 
pain-related interventions.130,166–168 By simultaneously tar-
geting chronic pain and other mental health problems, 
memory specificity training could prove to be an effective 
method for optimizing treatment outcomes. However, to 
effectively target co-occurring mental health disorders and 
the underlying processes that initiate or maintain both 
conditions, a “one-size-fits-all” approach is insufficient 
and tailored treatments are necessary. For this reason, 
future research should disentangle the unique contribu-
tions of OGM from other psychological factors that main-
tain chronic pain in order to facilitate identification of 
specific memory areas to target in individuals with diverse 
etiologies for their pain. An increased focus on autobiogra-
phical memory specificity can also be incorporated into 
psychotherapies that show efficacy for chronic pain from 
both preventative and treatment standpoints. Cognitive– 
behavioral therapy (CBT) is an effective, commonly used 
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modality for people living with chronic pain into which 
memory interventions can be easily integrated.169 It may 
also be possible to enhance autobiographical memory spe-
cificity with mindfulness-based stress reduction, accep-
tance and commitment therapy, as well as other 
psychotherapy modalities. A key component of CBT for 
chronic pain involves cognitive restructuring in which 
individuals’ maladaptive cognitions are challenged, often 
by drawing on specific memories for evidence, and subse-
quently modified and replaced with more accurate repre-
sentations of the self and the world. Particular attention can 
be paid to the episodic qualities of specific pain experiences 
when employing cognitive reframing techniques. 
Furthermore, specificity training could also be used to 
improve memory for the CBT sessions themselves, in 
order to enhance therapy outcomes.170 Finally, because 
adults who undergo surgery and develop pain may have 
a self-concept centered around these experiences,98,114 psy-
chotherapy interventions could also address the content of 
patients’ memories by reappraising maladaptive preoccu-
pation, restructuring memories to be more positive or 
accurate, and setting goals for the future.

Directions for Future Research in Pediatric 
Chronic Postsurgical Pain

There is a pressing need for further pediatric research in 
several areas of autobiographical memory and chronic 
pain. Table 1 shows a nonexhaustive list of some of the 
memory processes relevant to the pain literature along 
with common assessment measures and associated 
memory biases. Some of these memory types are specific 
to pain (negatively biased pain memories), whereas 
others are not (memory specificity and episodic rich-
ness) but nonetheless have relevance to people with 
chronic pain conditions.

Prospective longitudinal designs would help to deter-
mine the temporal relationship between OGM and the 
onset of CPSP and elucidate whether autobiographical 
memory quality is a risk/protective factor for the condi-
tion. These results should also be validated using alter-
native methods. Most studies that investigate memory 
specificity, and almost all studies in chronic pain 
described above, assess OGM using some variation of 
the AMT. Though the AMT is a popular and reliable 
tool,109,171 it has certain limitations that should be taken 

Table 1. A nonexhaustive list of memory processes, assessment instruments, and biases warranting study in chronic postsurgical pain.
Memory process of interest Common assessment methods Associated memory biases
Memory accuracy for sensory and 

affective components of painful 
experiences

1. Difference score between recall of pain intensity/affect 
and the initial rating obtained when the individual was in 
pain captured by single item, self-report pain measures 
such as a 0–10 numeric pain rating scale or 10 cm visual 
analogue scale for pain intensity and pain affect or 
anxiety74 

2. Comparison of recalled pain score measured using 
a simple single-item numeric rating scale or visual 
analogue scale score controlling for initial pain score4,6

Negatively biased (positively biased) memory: higher 
(lower) difference scores with pain recall being greater 
(less) than initial pain interpreted as an exaggeration 
(minimization) of actual pain

Autobiographical memory 
specificity

Autobiographical memories are typically elicited using 
cuing paradigms, sentence completion tasks, 
semistructured interviews, or open-ended retrieval 
methods. Memories are then assessed for temporal 
specificity based on the presence or absence of a single 
event. 

Examples include the Autobiographical Memory Test108 and 
Sentence Completion for Events from the Past Test.109 

See Waisman et al.98 for use of the Autobiographical 
Memory Test in predicting CPSP in an adult sample. 
Other measures also code for temporal specificity but not 
solely in that they also evaluate the content and episodic 
richness of memories (see next point).

Overgeneral memory bias: retrieved memories lack 
spatiotemporally specific events and instead consist of 
extended, categoric, and/or semantic memories.

Qualitative (phenomenal) 
characteristics and episodic 
richness of autobiographical 
memory

Similar methods as described in the above point are used to 
elicit autobiographical memories, which are then 
assessed for episodic specificity and phenomenal 
characteristics such as coherence, vividness, and 
spatiotemporal, sensory–perceptual, and emotional 
details. 

Examples include the Autobiographical Interview,172 Self- 
Defining Memories,173 Memory Characteristics 
Questionnaire,174 Memory Experiences Questionnaire,175 

Autobiographical Memories Questionnaire,176 

Autobiographical Memory Interview,177 Galton-Crovitz 
cuing method,178 and Test of Episodic Memory for the 
Autobiographical Past.179,180 These measures vary in the 
extent to which numeric scoring is used to assess 
memory function and recall.

Memories differ in their phenomenology, including the 
extent to which qualitative details are re-experienced 
during retrieval.
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into consideration and addressed in future research. 
First, the AMT is not considered sensitive to OGM in 
nonclinical populations without mental health 
conditions.171 For example, expected correlations 
between AMT specificity and depression scores for non-
depressed individuals have been shown to be absent and, 
in some cases, even positive.109 It is thought that in 
clinically depressed individuals, an overgeneral style is 
the dominant mode of retrieval that, with time, becomes 
increasingly more difficult to inhibit. However, in cases 
where this cognitive pattern is less potent, it might be 
easier for individuals to overcome, especially when they 
are explicitly told to do so in the instructions.109 As such, 
the typical AMT task would fail to capture these sorts of 
at-risk individuals.

The Sentence Completion for Events from the Past 
Test is a more sensitive measure that was designed to 
address and circumvent these limitations.109 However, 
both tasks still require participants to provide brief 
descriptions of a single event, typically within a short 
time interval. The lack of opportunity to elaborate yields 
descriptions that tend to be very short, often making it 
difficult for scorers to reliably interpret. Furthermore, 
responses are scored in a dichotomous fashion where 
whole memories are categorized as either specific or 
nonspecific. This approach treats episodic and semantic 
components of autobiographical memory as categori-
cally distinct and isolated systems, artificially decon-
structing whole responses as belonging to either one or 
the other. Doing so neglects the natural co-occurrence of 
these two components during discourse and is not con-
sistent with neurocognitive theories that emphasize their 
interdependence.15 Therefore, a better alternative would 
be to use tasks such as the Autobiographical Interview/ 
Children’s Autobiographical Interview56,172 that allow 
for elaborative, free recall and more nuanced scoring 
techniques that segment, categorize, and quantify details 
pertaining to both types of memory within a single 
autobiographical narrative. Such an approach could pro-
vide a more informative look into the relative patterns of 
deficits and preservation in individuals’ pain memories 
in future research. If differences in the degree of episo-
dicity exist, the underlying mechanisms driving this 
relationship would warrant further investigation. Based 
on research in adult samples with emotional disorders, 
CaRFAX mechanisms of rumination, avoidance, and 
executive functioning are compelling starting points 
for future studies in youth. Primarily, it is of interest to 
examine whether these mechanisms can explain OGM 
in pediatric CPSP and, if so, whether they are also mean-
ingful contributors in nonclinical or at-risk samples. 
Given developmental differences in memory and other 
aspects of cognitive and psychological development, age 

is an important factor to take into consideration. Pairing 
this method of memory narrative elicitation with the 
more common approach of comparing recall to initial 
pain reports using single-item pain scales is important 
because it would further our understanding of the rela-
tionship between OGM and negative memory biases 
and, as a result, contribute a more nuanced model of 
memory bias in CPSP.

Though the literature on parent–child reminiscing 
demonstrates robust effects of parents’ elaboration remi-
niscing styles on children’s emotional adjustment and 
pain memories, to our knowledge, there is no research 
on how the quality of parents’ autobiographical mem-
ories about pain or surgery might influence the recollec-
tion styles and well-being of their children. A possible 
line of investigation could involve examining parents’ 
and children’s narratives of their own painful and surgi-
cal experiences to assess whether the ways in which 
children process these events relate to their parents’ 
narrative styles. Similarly, it would be interesting to 
compare parents’ and children’s memory descriptions 
of the child’s surgical experience and to relate the degree 
of specificity and content in each of their recollections to 
the child’s postsurgical pain outcomes.

Finally, considering the utility of autobiographical 
memory in other cognitive, emotional, and social func-
tions, future research could explore how these other 
domains are affected in chronic pain, particularly in 
child and surgical patients. It is possible that certain 
differences might be observed in abilities that are 
known to necessitate intact episodic autobiographical 
memory processing in adults, such as future imagination 
and problem solving.16,29 These functions are integral to 
establishing feelings of self-efficacy and maintaining 
a stable sense of self, especially in times of hardship; 
they enable individuals to set goals and envision attain-
able and positive futures for themselves. Within the 
context of pain, the common disruption of these func-
tions severely hinders patients’ abilities to lead a full life 
and recover from their afflictions. As such, understand-
ing relative difficulties in these areas could help identify 
new treatment targets and guide efforts aimed at pre-
venting and managing children’s postsurgical pain.

Summary and Highlights

● The accuracy with which youth remember sensory 
and affective components of painful events has been 
shown to predict their postsurgical pain outcomes.5,6

● Psychosocial factors play an important role in the 
relationship between memory for pain and post-
surgical outcomes, including the individual’s own 
psychological factors, as well as the familial context 
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in which youth reminisce about, and more gener-
ally discuss, their painful experiences.6,75,83,86

● An area of study in pain research that has largely 
been neglected concerns the spatiotemporal specifi-
city and phenomenal characteristics of individuals’ 
autobiographical memories. In addition to showing 
preoccupations with pain-related content and differ-
ences in memory valence, a handful of recent cross- 
sectional studies in adults has identified an overgen-
eral memory bias among individuals with chronic 
pain, whereby autobiographical memories are 
devoid of specific events.94,95,97,130

● One prospective, longitudinal study found autobio-
graphical memory specificity to protect against the 
development of chronic postsurgical pain in adults.98

● We call on future research to investigate these 
processes in pediatric populations. If found to be 
consistent with the adult literature, the study of 
memory biases and memory processes could point 
to an important new avenue for prevention or 
treatment strategies in individuals vulnerable to 
developing or living with chronic postsurgical 
pain, respectively.

Concluding Remarks

Memory biases for pain-related experiences robustly 
predict pain outcomes in children undergoing major 
surgery. Thus far, a predominant focus in the literature 
has been on children’s recall for prior pain assessed 
using self-report pain ratings and the influence of 
these memories on future pain trajectories. 
Recollections of postsurgical pain being more intense 
than originally reported predict worse long-term pain 
outcomes for children and adolescents. However, 
a newly emerging line of inquiry in the study of chronic 
pain concerns the quality of autobiographical mem-
ories themselves. Still in its early stages, cross- 
sectional work has identified alterations in the specifi-
city and content of autobiographical memories in indi-
viduals with chronic pain. Moreover, a recent 
prospective study found that highly generalized perso-
nal memories about pain that were generated before 
surgery as well as preoccupations with surgery in post-
operative recollections predicted the development of 
CPSP in adults up to 1 year after surgery. These find-
ings indicate an important relationship between the 
tendency to recollect memories that lack specificity 
and the initiation or maintenance of chronic pain 
after a stressful life event like major surgery. Our 
recommendation is to investigate these mechanisms 

in pediatric populations undergoing surgery. If similar 
patterns exist, memory-based interventions could 
prove effective in the effort to prevent lifelong trans-
mission of chronic pain. It will also be important to link 
the various memory biases to alterations in hippocam-
pal structure and functioning given this brain region’s 
pivotal role in the processing and maintenance of auto-
biographical memory as well as its similar, more 
recently discovered function in chronic pain. These 
relationships should be assessed in conjunction with 
other common cognitive biases pertaining to attention 
and interpretation, because they might be implicated in 
pediatric chronic pain as well. Finally, considering the 
important role of socialization, and especially parental 
socialization, in children’s processing of distressful and 
painful information, research into parents’ and chil-
dren’s narrative styles could further elucidate memory- 
driven contributions to CPSP. In the more than 
40 years since the term “pain memory” was coined, it 
has evolved to describe a heterogeneity of memory 
biases observed in chronic pain. Appreciating these 
multifaceted conceptualizations can aid us in develop-
ing a more complete picture of the phenomenon and, it 
is hoped, advance our goal of preventing children’s 
postsurgical pain from becoming chronic.
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