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BACKGROUND: There is little knowledge regarding the association
between psychological factors and complex regional pain syndrome
(CRPS) in children. Specifically, it is not known which factors precipitate
CRPS and which result from the ongoing painful disease.

OBJECTIVES: To examine symptoms of depression and anxiety as well
as the experience of stressful life events in children with CRPS com-
pared with children with chronic primary headaches and functional
abdominal pain.

METHODS: A retrospective chart study examined children with CRPS
(n=37) who received intensive inpatient pain treatment between 2004
and 2010. They were compared with two control groups (chronic primary
headaches and functional abdominal pain; each n=37), who also received
intensive inpatient pain treatment. Control groups were matched with the
CRPS group with regard to admission date, age and sex. Groups were com-
pared on symptoms of depression and anxiety as well as stressful life events.
RESULTS: Children with CRPS reported lower anxiety and depression
scores compared with children with abdominal pain. A higher number of
stressful life events before and after the onset of the pain condition was
observed for children with CRPS.

CONCLUSIONS: Children with CRPS are not particularly prone to
symptoms of anxiety or depression. Importantly, children with CRPS expe-
rienced more stressful life events than children with chronic headaches or
abdominal pain. Prospective long-term studies are needed to further
explore the potential role of stressful life events in the etiology of CRPS.
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La détresse psychologique et les événements
stressants de la vie en cas d’algodystrophie
chez les enfants

HISTORIQUE : On ne sait pas grand-chose de I’association entre les
facteurs psychologiques et I'algodystrophie chez les enfants. Notamment,
on ne sait pas quels facteurs précipitent I'algodystrophie et quels facteurs
découlent de la maladie douloureuse continue.

OBJECTIFS : Comparer les symptdmes de dépression et d’anxiété et
I'expérience des événements stressants de la vie chez les enfants présentant
une algodystrophie a ceux d’enfants souffrant de céphalées chroniques pri-
maires et de douleurs abdominales fonctionnelles.

METHODOLOGIE : Les chercheurs ont effectué une étude rétrospective
des dossiers pour évaluer des enfants présentant une algodystrophie (n=37)
qui avaient été hospitalisés pour recevoir un traitement intensif contre la
douleur entre 2004 et 2010. IIs les ont comparés a deux groupes témoins
(céphalées chroniques primaires et douleurs abdominales fonctionnelles;
chacun n=37), également hospitalisés pour recevoir un traitement intensif
contre la douleur. Les groupes témoins ont été jumelés au groupe
d’algodystrophie en fonction de la date d’admission, de I’age et du sexe. Les
chercheur ont comparé les symptomes de dépression et d’anxiété et les
événements stressants de la vie entre les divers groupes.

RESULTATS : Les enfants présentant une algodystrophie obtenaient des
scores d’anxiété et de dépression inférieurs a ceux des enfants souffrant de
douleur abdominale. Les chercheurs ont observé plus d’événements
stressants de la vie avant et aprés la maladie responsable des douleurs chez
les enfants présentant une algodystrophie.

CONCLUSIONS : Les enfants présentant une algodystrophie ne sont pas
particulierement enclins & des symptdmes d’anxiété ou de dépression. Fait
important, ils éprouvaient plus d’événements stressants de la vie que ceux
souffrant de céphalées chroniques ou de douleurs abdominales. Des études
prospectives a long terme s’'imposent pour explorer davantage le role poten-
tiel des événements stressants de la vie dans I'étiologie de I'algodystrophie.

Complex regional pain syndrome (CRPS) is increasingly recog-
nized as a serious pain disorder in children and adolescents.
CRPS is associated with strong physical impairments and appears to
have unfavourable long-term outcomes in many affected children
and adolescents (1,2). Treating CRPS is challenging because there is
little knowledge on the etiology and pathophysiology of this disor-
der. Several different pathophysiological factors of CRPS have been
proposed, and include inflammatory processes, autoimmune
responses, abnormal cytokine production, sympathetic-sensory dis-
orders or functional changes in the central nervous system (3).
Additionally, psychological distress, such as anxiety or depression,
and psychosocial factors, such as stressful life events, are potential
etiological factors for CRPS (3,4). In the present study, we focus on
the role of psychological distress and the experience of stressful life
events in CRPS.

It is indisputable that CRPS is associated with psychological dis-
tress, such as symptoms of depression or anxiety, and impairment in
psychosocial functioning such as decreased quality of life and role
functioning (3,5-8). However, it is difficult to determine the extent to
which impairment of emotional and psychosocial functioning is a
result of ongoing pain and disability in children with CRPS, or
whether these factors contribute to the development or maintenance
of CRPS. Evidence from prospective studies in adults indicates that
psychological distress does not cause CRPS (3,7,9). As such, no pro-
spective studies have investigated the association between psycho-
logical distress and CRPS in children. It may not be appropriate to
apply findings from adult research to the etiology of CRPS in chil-
dren, because CRPS in children presents differently than CRPS in
adults (1,10). Therefore, there may also be differences in the etiology
of the disorder.
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Some pediatric studies report comorbid psychiatric diagnoses in
children with CRPS (eg, mood disorders) (5,6). However, these stud-
ies do not compare CRPS patients with appropriate control groups.
Thus, psychological distress resulting from ongoing pain and disability
cannot be excluded. One study by Logan et al (11) implemented a
control group design and found no differences in depression and anx-
iety scores among patients with CRPS, headaches, abdominal or back
pain. Because children with CRPS are not more prone to psycho-
logical distress compared with children with other pain conditions,
psychological distress may result from the pain experience and may not
be associated with the development of CRPS.

Stressful life events are one factor that may increase an adult’s risk
for developing CRPS (12). Sherry and Weisman (13) discussed stress-
ful live events occurring before the onset of CRPS in children.
However, to our knowledge, the association between stressful life
events and the onset of CRPS has not been systematically examined in
children. Investigating stressful life events that occur before the onset
of CRPS may provide important clues to their role in the etiology
of CRPS.

The present study aimed to investigate the specific role of psycho-
logical distress and the experience of stressful life events for the
development of pediatric CRPS by comparing these factors between
children with CRPS and children with equally severe chronic primary
headache and functional abdominal pain. We expected no differences
in psychological distress among the groups (11) but a higher impact of
stressful life events before the onset of CRPS when compared with the
headache and abdominal pain groups.

METHODS

Procedure

The present retrospective study included children and adolescents
who received an intensive multimodal inpatient pain treatment at the
German Paediatric Pain Centre between 2004 and 2010. Participants
had been diagnosed with one of three pain conditions: CRPS I,
chronic primary headache or functional abdominal pain. All children
with CRPS (n=37) fulfilled the International Association for the
Study of Pain diagnostic criteria for CRPS I (14). Patients with pri-
mary headache (n=37) and functional abdominal pain (n=37) who
received intensive inpatient treatment were included in the study as
control groups because they had comparable pain severity levels.
Control groups were matched to the CRPS group on their admission
dates, age and sex.

Measures

Data were collected using a retrospective chart study design. Pain
characteristics were measured by the German Pain Questionnaire for
Children and Adolescents (15,16). This questionnaire is a compre-
hensive, multidimensional tool that allows for a structured assessment
of biopsychosocial pain parameters (also available in English [16]).
Pain intensity, school absence and pain-related disability were evalu-
ated. The average pain intensity over the past four weeks was reported
on a numerical rating scale (NRS; 0 = ‘no pain’ to 10 = ‘worst pain’).
School absence was assessed by the number of days absent from school
in the past four weeks (range zero to 20). The Paediatric Pain
Disability Index was used to measure pain-related disability in every-
day life (17). This brief 12-item tool has been validated for pediatric
patients with chronic pain and has good internal consistency
(Cronbach’s alpha = 0.87) as well as convergent validity (17). The
total score ranges between 12 and 60; higher Paediatric Pain Disability
Index scores reflect higher pain-related disability, while lower scores
reflect less disability.

Depression symptoms were assessed with the Depression Inventory
for Children and Adolescents (18), which is the German version of
the Children’s Depression Inventory (19). The Depression Inventory
is a one-dimensional self-report measure with 26 items. It has good
reliability (Cronbach’s alpha = 0.84) as well as good discriminant and
convergent validity (18). The Anxiety Questionnaire for Pupils (20)
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assesses general anxiety, fear of examinations and school aversion with
50 self-report items. It demonstrates good reliability (Cronbach’s alpha
range from 0.73 to 0.85) and validity (20). Normed scores based on a
German community sample (standardized T-scores with a mean [+ SD]
of 50+10) are available for both the depression and anxiety measures.

Stressful life events were classified by the Social Readjustment
Rating Scale by Coddington (21). This scale has been translated
with a cross-cultural translation method (22) and has been validated
in a clinical sample of pediatric pain patients (23). Stressful life
events are defined as “those events that require a readjustment on
the part of the individual, a change in his life” (24). This definition
includes events with positive (eg, outstanding personal achieve-
ment) and negative connotations (eg, serious illness requiring hospi-
talization of a parent). In the present study, 40 life events were
evaluated. The number of stressful life events were counted as well as
the severity, ie, each life event requires a different level of adjust-
ment, which is quantified in a numerical value of ‘life change units’
(LCUgs). The classification of stressful life events differs according to
age group. In the present study, three different age groups were used:
elementary school (<12 years of age), junior high school (12 to
16 years of age) and senior high school (>16 years of age).
Information about life events was gathered from the following chart
documents: the standardized doctor’s letter with a detailed descrip-
tion of the child’s and family’s history, notes taken at admission and
notes taken during multiprofessional ward rounds.

Statistics

ANOVAs were computed to compare the three groups (CRPS, head-
aches, abdominal pain) with regard to continuous variables, including
pain intensity, pain disability, school absence, pain onset, depression
and anxiety scores as well as the number and the severity (LCU) of life
events (before and after pain onset). A sensitivity analysis (G*Power)
revealed that an ANOVA can detect a medium to large effect
(eta?=0.125) with a significance level of P=0.05 and a power of 95% in
the present study sample (n=111). Post hoc pairwise comparisons were
calculated for significant results and adjusted with the Bonferroni cor-
rection. Effect sizes for significant group comparisons are reported to
aid interpretability of results (eta? >0.01 to 0.06 = small; >0.06 to 0.14 =
medium; >0.14 = large effect) (25).

Additional analyses of life events were conducted for positive and
negative events. Not all events could be clearly categorized as positive
or negative (eg, change in parents’ financial status, marriage of parent
to step-parent). These items were excluded in further analyses. In
total, five positive events and 27 negative events were included.
Additional analyses were conducted for family-related events (eg,
divorce of parents; total number of items = 23) or extrafamily events,
ie, events occurring outside the family system (eg, change in child’s
acceptance by peers; total number of items = 17) (26).

All analyses were conducted using SPSS version 22.0 (IBM
Corporation, USA) for Windows (Microsoft Corporation, USA).

RESULTS

Patients

Between October 2004 and September 2010, 37 CRPS patients
were treated in an intensive multidisciplinary inpatient pain pro-
gram at the German Paediatric Pain Centre and were included in
the present study. CRPS patients were mostly female (95%) and
had a mean (+ SD) age of 14+2.5 years (range 9.5 to 19.6 years).
Two age- and sex-matched control groups with chronic primary
headaches (n=37) and functional abdominal pain (n=37) were also
included in the study. The three groups did not differ according to
age or sex (P>0.05).

In CRPS patients, the upper limb was affected in 17 children
(46%), the lower limb in 15 children (40.5%), and the upper and
lower limbs in five children (13.5%). A total of 31 children described
minor injuries before the onset of their CRPS and six children did not
clearly remember the presence of an initiating noxious event.
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Psychological factors in CRPS

TABLE 1
Pain characteristics in complex regional pain syndrome (CRPS), headaches and abdominal pain

CRPS Headaches Abdominal pain F P eta?
Maximum pain (NRS 0—10) 9.1+0.9 8.7+1.8 8.7+1.7 0.799 0.452 -
Average pain (NRS 0-10) 7.8+1.5% 6.6+2.18 6.4+2.28 5.502 0.005 0.094
Pain disability, P-PDI* 37.2410.5 41.7+10.8 38.9+9.8 1.765 0.176 -
School absencet 5.3+7.0 6.4+6.1 6.1+5.1 0.333 0.717 -
Duration of pain, months 8.8+9.2% 24.9+22 58 25.4+27.0 7.444 0.001 0.125

Bonferroni correction for post hoc analysis; within rows, means with different superscripts differ significantly. *Higher scores on the Paediatric Pain Disability Index
(P-PDI) (17) indicate higher disability (range 12 to 60); TDays absent from school in the past four weeks (range 0 to 20). NRS Numerical rating scale

TABLE 2
Psychological distress in complex regional pain syndrome (CRPS), headaches and abdominal pain

CRPS Headaches Abdominal pain F P eta?
General anxiety* 49.4+11.5% 53.3£12.2%8 57.4£13.28 3.517 0.033 0.067
Fear of examination* 50.0£13.9 48.3+x11.6 51.9+11.3 0.693 0.503 -
School aversion* 44.2+10.2% 49.9+11.218 53.0+£11.88 5.353 0.006 0.100
Depression’ 52.8+11.2% 54.3+11.4%8 60.5+14.08 3.795 0.026 0.071

Bonferroni correction for post hoc analysis; within rows, means with different superscripts differ significantly. *Assessed by the Anxiety Questionnaire for Pupils (20);
tAssessed by the Depression Inventory for Children and Adolescents (18)

Children with CRPS, chronic primary headaches and functional A
abdominal pain did not differ in maximal pain intensity, pain disability
or school absence (P>0.05) (Table 1). The average pain intensity was
significantly higher in children with CRPS compared with headache
and abdominal pain patients (F[2, 106]=5.502; P=0.005, eta?=0.094).
At the time of hospital admission, children with CRPS had a signifi-
cantly shorter pain duration compared with both other groups

(F[2, 104]=7.444; P=0.001, eta?=0.125).
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Psychological distress
Patients with CRPS, chronic primary headaches and functional
abdominal pain reported different levels of general anxiety, school

Number of stressful life events
R
o

aversion and depression (Table 2). In all comparisons, children with Ea Before pain onset After pain onset
abdominal pain had significantly higher values compared with CRPS meREs | Ceeslsie mldmnsl
patients. Children with headaches did not differ from those with
CRPS and abdominal pain. B *
120 *
Stressful life events
The number of stressful life events before the onset of pain differed 5 100 N
among groups (F[2, 108]=3.218; P=0.044; eta?=0.056). Children =
with CRPS experienced a mean of 1.9+1.52 stressful life events, £ 80
children with headaches experienced 1.1+1.08 and children with S o
abdominal pain experienced 1.6+1.26 (Figure 1A). The difference of )
the number of stressful life events between children with CRPS and g 4
those with headaches was statistically significant. Additionally, £ . ’_‘
CRPS patients experienced more stressful life events after the onset H
of the pain condition compared with children with chronic primary 0

headaches and functional abdominal pain (F[2, 108]=13.734; Before pain onset After pain onset
P<0.01; eta?=0.203).

Before the onset of pain, children with CRPS and abdominal pain

B CRPS [OHeadache [ Abdominal pain

experienced more event-related stress, ie, more LCUs, than children
with headaches. However, statistical analyses were not significant (F[2,
108]=2.848, P=0.062; Figure 1B). LCUs after the onset of pain were
much higher in patients with CRPS compared with the other two
groups (F[2, 108]=20.715; P<0.001; eta?=0.277).

Additional analyses of stressful life events

A closer look at positive and negative life events before the onset of
pain revealed that no positive life events were documented in the
entire sample. A comparison of negative life events among groups
showed that children with CRPS had significantly more negative life
events (1.6+1.2) than children with headaches (headaches, 0.9+0.9;
abdominal pain, 1.3+1.1; F[2, 108]=4.345; P=0.015; eta?=0.074).
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Figure 1) Stressful life events. A Number of stressful life events; B Life
change units (overall severity of stressful life events). *Significant difference
between groups (Bonferroni post hoc comparison)

Finally, life events were split into events that were related to and
not related to family relations. Children with CRPS had significantly
more stressful family-related life events (1.5+1.3) than children with
headaches (headaches, 0.7+0.8; abdominal pain, 1.0+1.1) before
onset of pain (F[2, 108]=4.793; P=0.010; eta? = 0.082). Stressful
nonfamily life events did not differ among groups (CRPS, 0.4+0.6;
headaches, 0.5+0.6; abdominal pain, 0.6+0.8; F[2, 108]=0.854;
P=0.428).
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DISCUSSION
There is little evidence for the role of depression, anxiety and stressful
life events in the etiology of CRPS in children and adolescents. The
present study investigated these psychological factors among pediatric
patients with CRPS compared with pediatric patients with chronic
primary headaches and functional abdominal pain who experienced
comparable pain severity.

Psychological distress

Contrary to our hypotheses, depression and anxiety scores were lower
in children with CRPS compared with children with functional
abdominal pain. This finding challenges the etiological role of depres-
sion and anxiety in pediatric CRPS. At the same time, it demonstrates
that the heavy burden of disease in CRPS patients (ie, physical chan-
ges, functional deficiencies and, often, a relatively long history of
uncertainty regarding diagnosis) does not manifest in internalizing
problems. We can only speculate about reasons for this finding and
offer several interpretations. First, having a chronic disease increases
the risk for anxious and depressive symptoms (27). Assuming that a
longer course of disease increases this risk, children with CRPS have a
lower risk to develop these symptoms because many have a shorter
pain history compared with children with abdominal pain and head-
aches (28). This, however, does not explain why children with head-
aches only trended toward reporting a higher number of internalizing
symptoms; this was not statistically significant. Possibly, the difference
did not reach significance due to a relatively small sample size. Second,
the findings of less internalizing symptoms in children with CRPS may
also be explained by reactions of the social environment, eg, the
school environment. Teachers often have a dualistic view on chronic
pain and attribute it either to physical or psychological causes (29).
Research shows that teachers tend to react more positively toward
students with chronic pain if they attribute the pain to a physical etiol-
ogy (29); ie, teachers offer more instrumental support and show more
sympathy for the student. Because CRPS is associated with visible
changes in appearance, such as edema or coloured skin changes, a
physical attribution by the teacher may be more likely than in children
with ‘invisible’ headaches or abdominal pain. As a result, CRPS
patients may receive more support from their teachers and believe that
they are treated fairly. This kind of reaction may not be limited to
teachers but may also manifest in others within the patients’ social
environment. Therefore, patients with CRPS may not display the
degree of reactive psychological distress demonstrated in the abdom-
inal pain group. However, this interpretation again does not explain
the nonsignificant difference between CRPS and headache patients. If
headache patients and CRPS patients truly do not differ in their level
of psychological distress and the comparison did not fail to reach sig-
nificance due to the small sample size, anxiety and depression may be
a specific etiological and/or maintaining factor in functional abdom-
inal pain (30), but not in CRPS or chronic primary headaches.

Logan et al (11) also compared psychological distress in CRPS
patients with other chronic pain conditions (headache, abdominal
pain, back pain) in a similar study design. They did not find any differ-
ences between pain groups; ie, CRPS patients were as psychologically
distressed as children with other pain conditions. Compared with our
findings, the differences could be explained by the pain severity of the
patient groups. In the study by Logan et al (11), CRPS patients had
higher pain-related disabilities compared with headache and back pain
patients. School absence was significantly higher in abdominal pain
and headache patients compared with CRPS patients. In our study,
patients did not differ on pain disability, school absence or maximal
pain intensity. The similar levels of pain severity may be because all
children qualified for and received an intensive multiprofessional
inpatient treatment.

Taken together, Logan et al (11) and our study results suggest that
CRPS patients are not more psychologically impaired compared with
children with other chronic pain conditions. These results dispute the
idea that severe psychological distress is a specific vulnerability factor
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for CRPS. However, studies often measure psychological distress after
the onset of pain. Thus, evidence for this assumption is relatively
weak. Unfortunately, given the low incidence of CRPS, it is difficult to
conduct prospective studies on this condition.

Stressful life events

The role of stressful life events in the development of CRPS has long
been discussed (12). In adults, stressful life events appear to be associ-
ated with the development of CRPS [ (12). An observational study of
children (13) described one major or several minor stressful events
before the onset of CRPS. Our study showed that children with CRPS
experienced more stressful life events before the onset of the pain
compared with children with chronic primary headaches.

Studies in the general population show that the occurrence of
stressful life events is associated with age (24). A peak in stressful life
events emerges between six and seven years of age when the child
starts school; a second, much larger peak in stressful life events occurs
between the ages of 12 to 14 years at the beginning of puberty when
turmoil increases (24). During this time, the child expands and chan-
ges her/his social sphere, which increases the number of life events,
both positive and negative, and requires increased readjustment. In
the present study, the average age of children at the onset of CRPS is
approximately 13 years (13.4+2.4 years). At this age, children are
likely to experience an increase in life events. Children with head-
aches and abdominal pain are younger at the onset of pain (headaches,
12.1£2.7 years; abdominal pain, 11.9+3.2 years).

We found that family-related stressful events occured more often in
CRPS patients. Although this has not previously been systematically
investigated, family problems have been reported in previous studies
on pediatric CRPS. Kachko et al (31) reported migration history, low
socioeconomic status, divorce, chronic physical and mental conditions
in parents or siblings, and inappropriate parenting behaviour, such as
overprotective and controlling behaviour, in CRPS patients. In addi-
tion, Sherry et al (13) described difficult family environments in
CRPS patients: either a very close relationship between parent(s) and
child, or a bonded parental relationship for which the child often felt
responsible. The impact of family events has a higher impact in
younger children (21). Thus, difficult family environments established
early in life over a longer time period may be permanent stressors.
Along these lines, additional stressors that occur during puberty may
be the straw that breaks the camel’s back.

If stressors are important in the etiology of CRPS, they may also be
important in the maintenance of the condition. In this sense, CRPS
patients report a high number of stressful life events after the onset of
pain. Additionally, in most children with CRPS, at least one of the
stressors was having a visible deformity or not attending an extra-
curricular activity in which the child likes to be involved. These fac-
tors may partially explain the difficult treatment and high relapse rates
in children with CRPS (1).

In summary, our results suggest that stressful life events may be one
of several etiological factors for developing or maintaining CRPS.
General health research has also demonstrated that stressful life events
are associated with the etiology of illness (24). However, the present
study design has several methodological limitations; therefore, results
should be interpreted with care. More studies are needed to make
conclusions on the etiological role of stressful life events.

One idea on how stressful life events may influence the develop-
ment of CRPS is that they may alter the brain and make it more sus-
ceptible to develop a CRPS after a (minor) physical trauma. Several
studies have shown that early stressful life events (eg, sexual, physical
or emotional abuse, emotional or physical neglect as well as parental
loss) lead to various neurobiological changes of the brain (32-34).
These structural changes make the individual more prone to develop
depression and a number of other disorders, such as chronic fatigue
syndrome or dissociative disorder, later in life (32,33,35). The risk for
developing a mental disorder is modulated by numerous environ-
mental factors, genotypes and epigenetic processes (36). One of the
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neurobiological changes after early life stress is an altered or increased
brain connectivity (37,38), which has also been observed in children
with CRPS and may be partially reversed following successful treat-
ment (39,40). Clearly, a multifactorial disease model is needed to
explain the development and maintenance of CRPS (41). Thus,
stressful life events may predispose to develop CRPS later on in life,
but this is neither a necessary nor a sufficient requirement. Altered
brain anatomy and function due to stressful life events may be one link
between psychological and biological aspects of the condition. These
neurobiological changes may also occur in stressful life events that may
be less obvious than abuse or neglect.

Limitations

Data for the present study were collected retrospectively. Additionally,
critical life events were extracted from medical charts and not directly
from patients. This procedure may cause reporting bias; eg, no positive
life events were documented in the charts. In addition to reporting
bias for negative events, many children may have not reported events
that did not appear to be important to them in the context of their
pain condition. For future studies, a systematic assessment of events is
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