PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Granot M, Srulovici E, Granovsky Y,
Yarnitsky D, Kuperman P (2022) Dispositional and
situational personal features and acute post-
collision head and neck pain: Double mediation of
pain catastrophizing and pain sensitivity. PLoS ONE
17(1): €0262076. https://doi.org/10.1371/journal.
pone.0262076

Editor: Inmaculada Riquelme, Universitat de les
llles Balears, SPAIN

Received: December 22, 2020
Accepted: December 17, 2021
Published: January 10, 2022

Peer Review History: PLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publication of
all of the content of peer review and author
responses alongside final, published articles. The
editorial history of this article is available here:
https://doi.org/10.1371/journal.pone.0262076

Copyright: © 2022 Granot et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information
files.

RESEARCH ARTICLE

Dispositional and situational personal
features and acute post-collision head and
neck pain: Double mediation of pain
catastrophizing and pain sensitivity

Michal Granot®'**, Einav Srulovici'®, Yelena Granovsky?, David Yarnitsky??,
Pora Kuperman®

1 Department of Nursing, University of Haifa, Haifa, Israel, 2 Faculty of Medicine, Technion- Israel Institute of
Technology, Haifa, Israel, 3 Department of Neurology, Rambam Health Care Campus, Haifa, Israel

® These authors contributed equally to this work.
* granot@research.haifa.ac.il

Abstract

Pain variability can be partially attributed to psycho-cognitive features involved in its pro-
cessing. However, accumulating research suggests that simple linear correlation between
situational and dispositional factors may not be sufficiently explanatory, with some positing
a role for mediating influences. In addition, acute pain processing studies generally focus on
a post-operative model with less attention provided to post-traumatic injury. As such, this
study aimed to investigate a more comprehensive pain processing model that included
direct and indirect associations between acute pain intensity in the head and neck, pain cat-
astrophizing (using pain catastrophizing scale (PCS)), and pain sensitivity (using the pain
sensitivity questionnaire (PSQ)), among 239 patients with post-motor vehicle collision pain.
The effect of personality traits (using Ten Items Personality Inventory (TIPI)) and emotional
status (using Hospital Anxiety and Depression Scale (HADS) and Perceived Stress Scale
(PSS)) on that model was examined as well. To this end, three Structural Equation Modeling
(SEM) analyses were conducted. Overall, the data had good fit to all the models, with only
PSQ found to have a direct correlation with acute pain intensity. The SEM analyses con-
versely revealed several mediations. Specifically, that: first, PSQ fully mediated the relation-
ship between PCS and pain intensity; second, PCS and PSQ together fully mediated the
relationship between conscientiousness (personality trait) and pain intensity; and finally,
emotional status had direct and indirect links with PSQ and pain intensity. In conclusion,
these models suggest that during the acute post-collision phase, pain sensitivity intermedi-
ates between emotional states and personality traits, partially via elevated pain catastro-
phizing thoughts.
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1. Introduction

Nearly half of individuals who suffer acute pain due to injury resultant from motor vehicle col-
lisions will go on to report chronic pain [1, 2]. As such the need to explore potential predictors
which affect the transition from acute to chronic pain is obvious. However, while much
research addresses the correlation between personal traits and emotional states with the psy-
chology of pain among chronic pain patients, affective processing is less well-understood in
the context of acute pain intensity, such as that of post-collision. Given that, enhanced acute
pain intensity is the main predictor for chronic pain, addressing the dynamic role of psycho-
cognitive features as well as processes that underlie sensory and affective responses to nocicep-
tive input during the early acute pain phase may shed more light on the observed variability in
the magnitude of the pain experience [3-6].

A traditionally key element in determining variability in pain intensity is pain catastrophiz-
ing (PC), which was conceptualized as the tendency to overestimate the severity and conse-
quence of pain [7]. To quantify PC, the Pain Catastrophizing Scale (PCS) was developed to
incorporate feature of rumination, magnification, and helplessness toward pain, assumed to
attain either situational or dispositional elements [7, 8]. While the latter is considered as a sta-
ble characteristic, the former might be manifested in more flexible manner, such that under
particular circumstances, the expression of situational features may be altered after an expo-
sure to a demanding situation in either a short- or long-term manner. Although, the link
between PCS and pain can be changed over time—highlighting its situational characteristic,
previous studies have proposed a reciprocal relationship between situational and dispositional
PC. Namely, dispositional PC can be linked with pain intensity in the case that the nociceptive
stimulus or the painful event evokes enhanced situational PC and vice versa [8-10].

Indeed, the PCS is a generally well-accepted predictor of negative pain-related outcomes
and enhanced pain experience in both acute and chronic pain conditions [11-13]. Neverthe-
less, recent studies reported that PCS ratings were not associated with acute pain intensity
[14-17]. Interestingly, higher pain sensitivity ratings, as obtained by the Pain Sensitivity Ques-
tionnaire (PSQ), which assume to depict perceived or imagined response to various everyday
pain situations, were found to be directly associated with augmented intensity of acute pain
experience [17]. Thus, PCS and PSQ warrant consideration, as either or both may serve either
directly or indirectly as indicators of psycho-cognitive pain processing. In that they reflect the
manner in which cognitive representation, memories and imagination toward pain shape its
experience.

Two conceptual frameworks may be relevant to attain a broader understanding about the
relationships of pain catastrophizing and pain sensitivity as well as personal traits and emo-
tional states. First, the fear-avoidance model [18] indicates that an individual with catastrophic
thoughts toward pain following injury will tend to avoid activities due to the manner in which
the neuromatrix of nociceptive modulation processing enhances pain sensitivity which then
determines pain experience. Accordingly, higher PC will directly augment pain sensitivity as
expressed by enhanced pain intensity ratings. Based on this concept we hypothesized that:

Hypothesis 1: Higher pain catastrophizing ratings will be associated with higher pain sensitivity,
which in turn will be associated with higher acute pain intensity.

The second theoretical framework is the disposition and adjustment to chronic pain model
[19] which suggest that personality traits and emotional states (i.e., mental states) might shape
PC based on the individual vulnerability (e.g., stress, anxiety) and resource characteristics
available (e.g., extraversion, consciousness) toward pain. While an individual’s vulnerability
characteristics shape PC through activation of physiological mechanisms evoked in response
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to nociceptive stimulus, individual resource characteristics shape adaptive coping mechanism
recruited to allow them to manage their response to pain. Thus, each individual is located in a
different position on the continuum of pain modulation profiles [20] due to the specific amal-
gamation of ’stable-dispositional’ and ‘temporary-situational’ personal characteristics [21, 22].
This notion was supported by recent publications highlighting the role of mediation and/or
moderation effects [23]. For example, PCS was found as mediator between personality traits
and pain intensity [24-26]. Specifically, higher scores on agreeableness, extraversion, open to
experiences, and conscientiousness (e.g., resource characteristics) were associated with lower
PCS and higher scores on neuroticism (e.g., vulnerability characteristic) were associated with
higher PCS [27]. The role of PCS, as an independent variable in Hypothesis 1, might also be
mediated through pain sensitivity.

Hypothesis 2a: Higher scores on personality traits considered ‘resources’ according to the disposi-
tion and adjustment to chronic pain model will be associated with lower pain catastrophizing
ratings, which will in turn be associated with lower pain sensitivity, resulting in lower acute
pain intensity.

Hypothesis 2b: Higher scores on personality traits considered ‘vulnerabilities’ according to the dis-
position and adjustment to chronic pain model will be associated with higher pain catastro-
phizing ratings, which in turn will be associated with higher pain sensitivity, leading to higher
acute pain intensity.

Furthermore, emotional states associated with the post-injury circumstance, such as stress,
depression, and anxiety, have been linked with PC [28, 29]. With this, mounting research has
failed to find direct correlations between state anxiety and depression, and pain in acute post-
operative patients [30-32], and emotional elements have been found to be only mildly related
to PSQ [33, 34]. Thus, it is possible that the three are interrelated, where emotional state ele-
ments (i.e., emotional status) might be indirectly related to pain intensity through PC, and as
suggested in Hypothesis 1, through pain sensitivity.

Hypothesis 3: A heightened post-collision emotional status will be linked to higher PC ratings, fol-
lowed by higher pain sensitivity and consequently higher acute pain ratings.

To explore these hypotheses, we chose to apply structural equation modeling (SEM), an
advanced statistical approach, which allows for the simultaneous examination of direct and
indirect relationships among latent dispositional and situational characteristics, and acute
post-traumatic pain intensity. Specifically, the current study aimed to test three models (Fig 1).
The first aimed to explore the mediating role of pain sensitivity in the link between PC and
acute post-traumatic pain intensity; the second aimed to investigate how the first model is
affected by personality traits; and finally, the third aimed to examine how the first model is
affected by emotional status.

2. Methods
2.1. Study design

Patients are part of a larger prospective non-interventional study where initial data was col-
lected between March 2016 and December 2019. A session was scheduled within 72 hours
post-injury for MRI, clinical, psychophysical (i.e., experimentally induced pain assessment),
psycho-cognitive and neurophysiological assessment which was completed at the testing site.
Additionally, blood was drawn for genetics and patients’ demographic and clinical baseline
assessments (i.e., socio-demographic information, self-reported pain levels, areas of post-
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Model 1. The mediating role of PSQ on the link between PCS and pain intensity
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Fig 1. Outline of proposed SEM analyses.

https://doi.org/10.1371/journal.pone.0262076.g001
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accident body pain, and use of analgesics) were obtained. For more information on the full
study protocol please see our previous work [17, 35, 36].

2.2. Study population

2.2.1. Participants. Patients were recruited when visiting the Rambam HealthCare Cam-
pus Emergency Room in Haifa, Israel. Inclusion criteria: road accident up to 24 hours before
ER arrival; direct or indirect head and neck injury with reports of pain, Glasgow coma scale
(GCS) 13-15 with no subsequent decline; no traumatic findings in computed tomography
(CT) if performed; age 18-70, both males and females. Exclusion criteria: lack of ability to
communicate in Hebrew; other major bodily injuries from the accident; prior chronic head/
neck pain that requires regular treatment; neurological disease that might affect testing ability
or interpretation such as neurodegenerative diseases; any head and neck injury in past year;
any pain condition that requires daily dose of pain medication. The institutional review board
of Rambam Health Care Campus approved the study protocol in accordance with The Inter-
national Helsinki Declaration (No. 0601-14). Written informed consent was obtained from
each participant in the presence of a certified physician prior to any data collection or
assessment.

2.3. Measures

2.3.1. Dependent measure. 2.3.1.1. Acute pain intensity. Was assessed via a Visual Analog
Scale (VAS) scale of 0-100 (0 represents ‘no pain’, 100 represents ‘worst pain imaginable’) for
the following parameters as it related to the preceding 24h: mean pain scores in the neck and
in the head. Participants provided this rating via a custom made smart-phone application. As
the cohort was comprised of post-collision individuals, and the study focused on the trajectory
of individuals with initial area-of-injury pain (i.e., head and neck), the mean rating for both
were considered primary outcome measures in the current study.

2.3.2. Independent measures. 2.3.2.1. The Ten Items Personality Inventory (TIPI). [37,
38], is a questionnaire used to assess the 5 dimensions of the Five Factor Model (FFM) of per-
sonality (neuroticism, extraversion, conscientiousness, open to experiences, agreeableness).
Each factor is independent and includes pairs of personality trait descriptors rated on a
7-point Likert scale (1 = strongly agree to 7 = strongly disagree). Sample items include the fol-
lowing: “I see myself as anxious or easily upset” and “I see myself as dependable or self-disci-
plined.” Scores are averaged for each factor, where each personality factor represents a
continuum of trait characteristic that ranges between two anchors in which the middle point
represents the baseline [39].

2.3.2.2. Emotional status. This latent variable contained two measures that represent emo-
tional status. Higher scores are considered as higher emotional distress (i.e., high stress, anxi-
ety, and depression levels).

2.3.2.3. Perceived Stress Scale (PSS). [40]- a self-report 10-item questionnaire devised to
measure the perception of stress. It is a measure of the degree to which situations which
occurred within the last month are appraised as stressful. The items are designed to assess how
unpredictable (‘how often have you been upset because of something that happened unexpect-
edly), uncontrollable (‘how often have you felt that you were unable to control the important
things in your life?’) and overloaded (‘how often have you felt that you were on top of things?’)
the subjects find their lives to be. The items are rated from 0 (‘never’) to 4 (‘very often’), 6
items are worded negative and 4 are positive. The subjects were instructed to relate to the acci-
dent as part of their last month. Cronbach alpha in the current study was 0.783.
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2.3.2.4. Hospital Anxiety and Depression Scale (HADS). [41]- a self-report 14-item question-
naire devised to be used to measure anxiety and depression in individuals with physical health
problems. The questionnaire focuses on non-physical symptoms so that it can be used to diag-
nose depression in people with significant physical ill health. The items are rated from 0 (nega-
tive response) to 3 (very positive response). Seven of the items relate to anxiety, and 7
depression, and as such HADS provides two scores. The range for each subscale is 0-21 points,
with higher scores indicating more symptoms of anxiety and depression. Cronbach alpha in
the current study was 0.866 for anxiety and 0.727 for depression.

2.3.3. Mediating measures. Patients filled out the following questionnaires, using the
Hebrew validated version [11, 42]:

2.3.3.1. Pain Catastrophizing Scale (PCS). [7]—a self-report 13-item questionnaire provid-
ing ratings based on painful life situations. Catastrophizing is conceptualized by cognitions
related to the inability to tolerate painful situations, thinking pain is unbearable, or ruminating
on the worst possible outcomes from the pain which is being experienced. As such, the instru-
ment represents the three components of pain catastrophizing: rumination (e.g., “I can’t seem
to keep it out of my mind”); magnification (e.g., “I wonder whether something serious may
happen”); and helplessness (e.g., “There is nothing I can do to reduce the intensity of pain”).
Participants are asked to rate each statement on a 5-point Likert scale ranging from 0 (‘not at
all’) to 4 (‘always’). The PCS provides a total score and three sub-scores. The three sub-scores
of PCS were used for analysis. Patients were not directed to focus on any particular pain event
they experienced in the past [7]. Cronbach alpha in the current study was 0.896.

2.3.3.2. Pain Sensitivity Questionnaire (PSQ). [43]—a self-report 17-item questionnaire,
based on pain intensity ratings of imagined painful daily life situations touching on various
somatosensory sub-modalities. The items are rated from 0 (‘not painful at all’) to 10 (‘worst
pain imaginable’), and span various thermal, chemical, and mechanical pain modalities, nox-
ious intensities and body sites. 14 items relate to situations that are painful for the majority of
persons. For example: "Imagine you trap your finger in a drawer" and "Imagine you pick up a
hot pot by inadvertently grabbing its equally hot handles". The remaining 3 items describe nor-
mally non-painful situations. For example: "Taking a warm shower". The latter are inter-
spersed in order to serve as non-painful sensory references for the subjects. The PSQ provides
a total score and two sub-scores of minor and moderate. The PSQ total score was calculated as
the average rating of all but the three non-painful items. A higher PSQ score indicates higher
pain sensitivity. Cronbach alpha in the current study was 0.932.

2.3.4 Control variables. As suggested in previous studies [e.g., 44], we collected partici-
pants’ age and gender to control for possible effects on pain perception.

2.4. Statistical analysis

First, descriptive statistics (mean and standard deviation, and proportions, as appropriate) and
correlations were conducted for all study’s variables. Second, SEM mediation analyses were
conducted. The SEM models were based on recent recommendations for mediation examina-
tion [45], where the independent variable can be linked to the dependent variable only through
the mediator. Following Bowen and Guo’s [46] recommendation, alternative models that are
based on the conservative recommendation of Baron and Kenny (1986), where the indepen-
dent variable must have a direct link with the dependent variable [47], were also conducted.
Specifically, six SEM analyses that simultaneously examined the direct and indirect relation-
ships among personality traits, emotional status, PCS, PSQ, and head and neck pain intensity
ratings were performed in addition to the inclusion of known control variables (i.e., gender
and age). This analysis was comprised of three primary SEM analyses and an alternative model
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for each one, which examined a direct path between the independent variables and head and
neck pain intensity ratings to emphasize best fit.

The fit of the data to the model was assessed, as accepted in the field of SEM [46], using a
maximum likelihood estimator and several fit indices: the chi-square test ()2), the comparative
fit index (CFI), the Tucker-Lewis index (TLI), and the root mean square error of approxima-
tion (RMSEA). The data were assumed to fit the model when the non-significant chi-square
test [48]; the obtained CFI and TLI were greater than 0.90; and the obtained RMSEA was
lower than 0.06 [49]. In order to determine whether the initial model or the alternative model
is the preferred one, the difference in chi-squares and degrees of freedom between the initial
model and the alternative model was examined using the chi square distribution table. A non-
significant difference between the models indicated that the simpler model (with more degrees
of freedom) is the preferred model. However, a significant difference between the models indi-
cates that the less parsimonious model is the preferred one [46]. A minimum sample size of
138 for the first model, 200 for the second model, and 156 for the third model was needed to
detect a small effect size with a power of 80% under alpha .05 [50, 51]. Descriptive statistics
and bivariate analyses were performed using SPSS software version 25, and models were tested
using SEM using IBM SPSS AMOS version 25.0. Significance was set at p < 0.05.

3. Results
3.1. Description of study cohort

A total of 239 acute post-collision patients were included in this study. About half were male
(n =134, 56.1%), aged 37.6 (£12.4) years on average (range 18-67 years old). The mean pain
intensity ratings were 47.65 (£27.66) and 52.49 (+28.13) for head and neck pain, respectively.
Descriptive statistics of study variables are presented in Table 1.

Table 1. Descriptive statistics of study variables.

Study variables Mean St. Deviation
Head pain 47.65 27.66
Neck pain 52.49 28.13
PSQ-pain sensitivity
PSQ- total 4.84 1.74
PSQ-minor 3.88 1.86
PSQ-moderate 5.30 1.79
PCS—Pain catastrophizing
Total score 23.46 11.48
Rumination 8.60 4.35
Magnification 4.79 2.88
Helplessness 10.07 5.88
TIPI-Personality traits
Extraversion 3.47 1.46
Agreeableness 4.98 1.05
Neuroticism 591 1.08
Conscientiousness 4.84 1.36
Open to experiences 5.43 1.12
Emotional status
HADS-Anxiety 6.65 4.99
HADS-Depression 3.80 3.24
PSS-Stress 14.54 6.68

https://doi.org/10.1371/journal.pone.0262076.t001
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Table 2. Correlations between study variables.

Study variables 1. 2.
1. PCS total 1

2. PSQ total 31 1
3. Extraversion -.06 .00
4. Agreeableness -.04 -.00
5. Neuroticism -.00 -.01
6. Conscientiousness -27% -20%*
7. Open to experiences -.09 -.08
8. Anxiety 19% .13
9. Depression 29% % 24
10. Stress 377 19"
11. Head Pain Avg .07 22+
12. Neck Pain Avg .02 22+

https://doi.org/10.1371/journal.pone.0262076.t002

3.2. Correlations between study variables

Some preliminary support for our hypotheses were observed in the Pearson correlation matrix
(Table 2). First, PCS and PSQ scores were significantly linked (r = .31; p<0.001). Second, only
PSQ scores were directly correlated with acute pain intensity for both the head (r = .22,

p =0.001) and neck (r = .22, p<0.001). Moreover, PCS scores were significantly related to con-
scientiousness (r = -.27; p<0.001), anxiety (r = .19; p<0.001), depression (r = .29; p<0.001),
and stress (r =.37; p<0.001).

3.3. Structural Equation Model (SEM) analyses

The first SEM analysis model simultaneously examined the direct and indirect relationships
among the latent independent variable pain catastrophizing (rumination, magnification, and
helplessness subscales), the latent mediator pain sensitivity (mild and moderate subscales) and
acute head and neck pain, adjusting for age and gender (Fig 2).

The data had a good fit to the models according to the fit indices as presented in Fig 2. Pain
catastrophizing was significantly associated with pain sensitivity for head and neck pain mod-
els (y =.36 and y = .37, respectively; p<0.001). In turn, pain sensitivity was significantly related
to acute head and neck pain: = .21, p<0.05 and B = .24, p<0.001, respectively. Both gender
and age were not significantly related to head or neck pain.

Alternative models with a direct path between the independent variable pain catastrophiz-
ing and head or neck pain found non-significant relationship (p = .686 and p = .193, respec-
tively). Additionally, the difference in chi square and degrees of freedom between the initial
models and the alternative models presented were not significant (p = .290 and p = .187,
respectively), thus the initial models are the preferred models since they are more
parsimonious.

In summary, the first SEM analysis suggests that higher pain catastrophizing is not directly
associated with higher acute head and neck pain intensity ratings. However, higher pain cata-
strophizing was significantly linked to higher pain sensitivity, which in turn was significantly
associated with higher acute head and neck pain intensity ratings. Thus, the relationship
between high pain catastrophizing and high acute head and neck pain was fully mediated by
high pain sensitivity.

The second SEM analysis model included the five personality traits: extraversion, agreeable-
ness, conscientiousness, neuroticism and open to experiences, as independent variables that

3 4 5 6 7 .8 9 10 11 12
1

21 1

-.13 21%F 1

22% % 13 .09 1

06 07 .07 12 1

16 -11 .04 -28* % -.05 1

-.05 -.08 -.03 -24" 7 -19% 32+ 1

.08 -14" -15" -38" 7 -.00 34" 39" 1

.04 .01 .01 -.02 .01 .05 .07 .02 1

.02 -.04 .02 .00 .04 -.00 -.04 .05 557 1
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Fig 2. SEM analysis of the direct and indirect link between PCS, PSQ and head or neck pain intensity ratings.
Note: Estimates in black represent the model with head pain as an outcome and estimates in grey represent the model
with neck pain as an outcome. *p < .05 **p < .001.

https://doi.org/10.1371/journal.pone.0262076.9002

are both directly associated with pain catastrophizing and also correlated with each other
(Fig 3). Although the chi square p-values of both models were significant (p = .029 and p =
.021, respectively), other fit indices indicated that the data had a good fit to the models as pre-
sented in Fig 3.

Only the personality trait of conscientiousness was significantly negatively related to pain
catastrophizing y = -.32 (p<0.001) in both models. As in the initial model that was presented
in Fig 2, pain catastrophizing was significantly associated with the pain sensitivity, which in
turn was significantly related to both acute head and neck pain intensity ratings.

Alternative models with two new direct paths were examined. The first path was a direct
path between conscientiousness and pain sensitivity and the second path was a direct path
between conscientiousness and acute head or neck pain intensity ratings. Both new paths were
not significant in both head and neck pain models: for the acute head pain model p = .215 for
first path and p = .716 for second path; and for the acute neck pain model p = .207 for first
path and p = .560 for second path. Additionally, the difference in chi square and degrees of
freedom between the models without these additional paths and the alternative models were
not significant (p = .206 and p = .169, respectively), thus the models without these additional
direct paths are the preferred models.

In summary, the second SEM analysis suggests that personality traits were not directly asso-
ciated with higher acute head and neck pain intensity ratings. However, the trait of lower con-
scientiousness was significantly associated with higher pain catastrophizing, which in turn was
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Fig 3. SEM analysis of the direct and indirect link between personality traits, PCS, PSQ and head or neck pain
intensity ratings. Note: Estimates in black represent the model with head pain as an outcome and estimates in grey
represent the model with neck pain as an outcome. *p < .05 **p < .001.

https://doi.org/10.1371/journal.pone.0262076.9003

significantly linked to higher pain sensitivity, which in turn was significantly associated with
higher acute head and neck pain intensity ratings. Thus, the relationship between low consci-
entiousness and high acute head and neck pain intensity ratings was fully mediated by high
pain catastrophizing and high pain sensitivity.

The third SEM analysis model included an independent latent variable of emotional status,
as measured by stress (PSS), anxiety, and depression (HADS), which was directly associated
with pain catastrophizing (Fig 4). Fit indices indicated that the data had a good fit to the mod-
els. However, the chi square p-values of the model with head pain as dependent variable and
the model with neck pain as dependent variable were both significant (p<0.001 and p =.001,
respectively).

Emotional status was significantly related to pain catastrophizing in both models (y = .53,
p<0.001), indicating that higher anxiety, depression and/or stress were significantly associated
with high pain catastrophizing. In turn, pain catastrophizing was significantly associated with
the pain sensitivity (for the acute head pain model B = .38, p<0.001 and for the acute neck
pain model B = .39, p<0.001). Finally, higher pain sensitivity was significantly related to higher
head and neck pain intensity ratings (B = .20, p<0.001 and p = .24, p<0.001, respectively).

Two new direct paths were entered into alternative models (Fig 5). The first path was a
direct path between emotional status and pain sensitivity and the second path was a direct
path between emotional status and acute head or neck pain intensity ratings. While the first
path was significant for both models (y = .22, p<0.05 for head pain model and v = .23, p<0.05
for neck pain model), the second path was not (p =.730 and p = .161, respectively). The differ-
ence in chi square and degrees of freedom between the models without these additional paths
and the alternative models were significant for the neck but not the head pain intensity model.
In the neck pain model, there was a change in the chi square of 6.24 with 2 degrees of freedom,
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corresponding to p = .044. Thus, the alternative model with these additional direct paths is the
preferred one for neck pain intensity model.

In summary, the third SEM analysis suggests just like pain catastrophizing and personality
traits, emotional status had no direct association with acute head and neck pain intensity rat-
ing. However, unlike conscientiousness, which was not directly linked to pain sensitivity,
higher emotional status was significantly associated with higher pain sensitivity. Thus, the rela-
tionship between a heightened emotional status and high acute head and neck pain was par-
tially mediated by high levels of pain catastrophizing and fully mediated by high pain
sensitivity.

4. Discussion

The main findings of this study revealed that solely testing direct links of either situational or
dispositional personality characteristics may not be optimal to fully understand acute post-col-
lision pain variability. Rather, pain intensity can be explained by indirect links, through pain
sensitivity, with situational measures of anxiety, depression and stress, and dispositional per-
sonality traits, as well as pain catastrophizing.

There is a consensus among scholars in the field of chronic pain that pain catastrophizing is
a predictor of pain intensity. However, when we originally explored this factor in our cohort,
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we found no correlation between pain catastrophizing and the patients’ reported acute pain
intensity [17]. To parse these findings with the accumulative available evidence, we then
looked to explore whether pain catastrophizing relates to acute pain, via indirect links. Our
chosen mediator was pain sensitivity, a relatively new dispositional pain characteristic that has
shown correlation with both clinical and experimental pain intensity [34, 43, 52-54]. Unlike
other more well-explored pain-related questionnaires, the PSQ is distinct in the task which it
requires of the patient. In order to assign a value to the daily-life situations presented within,
individual’s need to both recall what was, and sometimes imagine what could be if the situation
is unfamiliar to them. Thus, within one task an individual summarizes several cognitive repre-
sentations of emotional and sensory processes which contributes to the pain experience.
Indeed, our findings revealed that the hypothesis of mediation was supported, for pain in both
the head and neck suggesting that reported pain intensity may be somewhat more of an
expression of inherent pain sensitivity, and not only a representation of direct injury.

Since Ruschewyh [43] introduced the PSQ as a tool for pain-related assessment evidence
has accumulated to support its contribution to deciphering the nature of *pain sensitivity’.
However, little has been suggested regarding its conceptualization. The theoretical links
described in the current findings however help to start elucidating its role, as one which con-
nects different facets of situational and dispositional pain processing. One possible suggestion
as to why it can fill a mediating role would be to consider the PSQ as a tool which represents
an individual’s imagination of pain. Imaging works [55-57] showed that pain imagination is
associated with increased activity of brain regions involved in the pain-related neural network.
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Thus, it can be assumed that mediating role of PSQ (which reflects deeper cortical representa-
tions of the pain matrix) stems from its ability to depict specific routes of pain modulation that
shape the manner in which individuals recall, process, and score a pain experience.

Interestingly, it seems that pain catastrophizing may have a dual role in explaining acute
pain intensity. Wherein, PCS, when obtained in circumstances of clinical pain, may represent
a more situational parameter and therefore is not directly linked with the pain experience, but
rather its influence is mediated by the PSQ. At the same time, the PCS also mediated the effect
of other dispositional (personality traits) and situational (emotional status) factors on acute
pain intensity. While catastrophizing has often been viewed as a personality trait that remains
stable in the absence of intervention [e.g., 58, 59], other findings that catastrophizing decreased
following pain relief, suggest dynamic, state-like aspects [60]. Thus, the PCS, may comprise
both situational and dispositional elements which are affected, among other reasons, by the
instructions provided (whether relate to current or on previous pain experience) [61]. Further-
more, Sullivan et al. [58] proposed that the extent to which one engages in catastrophizing
might change over time as a function of stimulus cues and social responses present in the indi-
vidual’s environment. It is thus possible that certain individuals have a tendency to catastro-
phize in response to pain but that this tendency is amplified under certain internal conditions
(depressed, anxious or stressed). A small number of studies have even begun to examine pain
catastrophizing as a mediating factor in the context of acute pain [13, 62], further strengthen-
ing this explanation.

In regard to the personality traits themselves, while neuroticism and extraversion have been
widely explored in previous pain literature [24, 25], the role of conscientiousness seems to be
less investigated. Individuals with high scores of conscientiousness are characterized by high
accountability as well as ethical responsibility and trustworthiness [63-65]. Previous work in
acute pain settings has explored the role of conscientiousness and health outcomes [66, 67].
Thus, one can assume that individuals who scored higher on conscientiousness also demon-
strate “more positive” attitudes when they face pain. A recent study [27] suggest that those
with high conscientiousness often engage in more adaptive health management behaviors,
which may also reflect increased self-efficacy and control perception. This line of thinking may
explain why post-collision participants with low conscientiousness exhibited higher catastro-
phizing thinking toward pain, because their conscientiousness trait served as a ‘buffer’ which
allowed them to construct a more adaptive cognitive representation towards pain which atten-
uates the negative meaning and consequence of their pain symptoms. Specifically, and in line
with our findings, Suso-Ribera et al., [66] noted that conscientiousness tended to be associated
with better health outcomes, including physical functioning and mental well-being, and Con-
rad and Stricker [67] showed that conscientiousness women demonstrated positive labor
experience.

Situational factors, such as emotional status (e.g., depression, anxiety, stress), were previ-
ously reported to be linked to both pain catastrophizing [28, 29], and pain sensitivity [33, 34].
As was observed in this cohort, previous work reported that those with state anxiety experi-
enced higher levels of acute pain in the presence of higher catastrophizing. Our work expands
on this by proposing that pain catastrophizing partially mediates an individual’s overall emo-
tional status, comprised of stress, anxiety and depression, which in turn affects their perception
of acute post-injury pain. This perspective of mediating factors is prudent as recent cumulative
work has failed to find direct correlations between state anxiety and depression, as reflected by
the HADS, and acute post-operative pain [30-32]. Furthermore, it supports very recent find-
ings [23], which are based on the Extended Dynamic Mediation Model that tested an integra-
tive theoretical model of the association between personality traits and trait affect in
combination with the dynamic mediation hypothesis [68]. Taken together, it seems that both
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PC and pain sensitivity mediate the relations between personality traits and emotional states,
and pain experience.

Despite the large clinical cohort and the advanced statistical methods employed several lim-
itations should be noted. First, given that a comprehensive amalgamation of features shape the
ability to perceive, cope with, and react to pain, the cross-sectional nature of the current study
does may not allow for a full exploration of the multidimension and fluctuation in the magni-
tude of the assessed variables. Second, the results regarding personality traits should be care-
fully interpreted due to the use of the TIPI, which is a short-form tool, and has been less
explored in the literature as compared with the full Big Five Inventory.

5. Conclusion

In conclusion, the wide variability in the manifestation of acute post-traumatic pain can be
better understood when addressed not as an isolated concept, but rather as a combination of
both dispositional and situational influences. Taking this enriched view, and by use of both
direct and indirect pathways, it allows for a more in-depth understanding of factors which
may affect the acute to chronic pain transition.

Supporting information

S1 Data.
(SAV)

Author Contributions

Conceptualization: Michal Granot, Yelena Granovsky, David Yarnitsky.
Data curation: Einav Srulovici, Pora Kuperman.

Formal analysis: Michal Granot, Pora Kuperman.

Funding acquisition: Michal Granot, Yelena Granovsky, David Yarnitsky.
Investigation: David Yarnitsky, Pora Kuperman.

Methodology: David Yarnitsky.

Project administration: Michal Granot.

Supervision: Michal Granot, Yelena Granovsky.

Writing - original draft: Michal Granot, Einav Srulovici, Pora Kuperman.

Writing - review & editing: Michal Granot, Einav Srulovici, Yelena Granovsky, David Yar-
nitsky, Pora Kuperman.

References

1. lezzi T, Duckworth MP. Motor Vehicle Collisions and Their Consequences—Part 1: Common Physical,
Psychosocial, and Cognitive Outcomes. Psychol Inj Law 2018; 11(3):202-217.

2. Nampiaparampil DE. Prevalence of chronic pain after traumatic brain injury: a systematic review. Jama.
2008; 300(6):711-719. https://doi.org/10.1001/jama.300.6.711 PMID: 18698069

3. Apkarian AV, Bushnell MC, Treede RD, Zubieta JK. Human brain mechanisms of pain perception and
regulation in health and disease. Eur J Pain. 2005; 9(4):463—484. https://doi.org/10.1016/j.ejpain.2004.
11.001 PMID: 15979027

4. Seifert F, Maihéfner C. Functional and structural imaging of pain-induced neuroplasticity. Curr Opin
Anesthesiol. 2011; 24(5):515-523. https://doi.org/10.1097/AC0O.0b013e32834a1079 PMID: 21822136

PLOS ONE | https://doi.org/10.1371/journal.pone.0262076  January 10, 2022 14/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262076.s001
https://doi.org/10.1001/jama.300.6.711
http://www.ncbi.nlm.nih.gov/pubmed/18698069
https://doi.org/10.1016/j.ejpain.2004.11.001
https://doi.org/10.1016/j.ejpain.2004.11.001
http://www.ncbi.nlm.nih.gov/pubmed/15979027
https://doi.org/10.1097/ACO.0b013e32834a1079
http://www.ncbi.nlm.nih.gov/pubmed/21822136
https://doi.org/10.1371/journal.pone.0262076

PLOS ONE

Pain sensitivity as a mediator of acute collision pain

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Davis KD, Moayedi M. Central mechanisms of pain revealed through functional and structural MRI. J
Neuroimmune Pharmacol. 2013; 8(3):518-534.

Ossipov MH, Morimura K, Porreca F. Descending pain modulation and chronification of pain. Curr Opin
Support Palliat Care. 2014; 8(2):143.

Sullivan MJ, Bishop SR, Pivik J. The pain catastrophizing scale: development and validation. Psychol
Assess. 1995 Dec; 7(4):524.

Campbell CM, Kronfli T, Buenaver LF, Smith MT, Berna C, Haythornthwaite JA, et al. Situational versus
dispositional measurement of catastrophizing: associations with pain responses in multiple samples. J
Pain. 2010; 11(5):443-53. https://doi.org/10.1016/}.jpain.2009.08.009 PMID: 20439057

Sturgeon JA, Zautra AJ. State and trait pain catastrophizing and emotional health in rheumatoid arthri-
tis. Ann Behav Med. 2013; 45(1):69-77. https://doi.org/10.1007/s12160-012-9408-z PMID: 22915012

Procento PM, Rand KL, Stewart JC, Hirsh AT. Pain Catastrophizing Mediates and Moderates the Link
Between Acute Pain and Working Memory. J Pain. 2021. https://doi.org/10.1016/j.jpain.2021.03.138
PMID: 33727160

Granot M, Ferber SG. The roles of pain catastrophizing and anxiety in the prediction of postoperative
pain intensity: a prospective study. Clin J Pain. 2005; 21(5):439—445. https://doi.org/10.1097/01.ajp.
0000135236.12705.2d PMID: 16093750

Sullivan MJ, Thorn B, Rodgers W, Ward LC. Path model of psychological antecedents to pain experi-
ence: experimental and clinical findings. Clin J Pain. 2004; 20(3):164—173. https://doi.org/10.1097/
00002508-200405000-00006 PMID: 15100592

Kapoor S, White J, Thorn BE, Block P. Patients presenting to the emergency department with acute
pain: the significant role of pain catastrophizing and state anxiety. Pain Med. 2016; 17(6):1069—1078.
https://doi.org/10.1093/pm/pnv034 PMID: 26814269

Carty J, O’Donnell M, Evans L, Kazantzis N, Creamer M. Predicting posttraumatic stress disorder
symptoms and pain intensity following severe injury: The role of catastrophizing. Eur J Psychotrauma-
tol. 2011; 2(1):5652.

Nahman-Averbuch H, Yarnitsky D, Sprecher E, Granovsky Y, Granot M. Relationship between person-
ality traits and endogenous analgesia: the role of harm avoidance. Pain Pract. 2016; 16(1):38—45.

Edgley C, Hogg M, De Silva A, Braat S, Bucknill A, Leslie K. Severe acute pain and persistent post-sur-
gical pain in orthopaedic trauma patients: a cohort study. Br J Anaesth. 2019; 123(3):350-359.

Kuperman P, Granovsky Y, Bahouth H, Fadel S, Lulu HB, Bosak N, et al. Explaining very early acute
mild traumatic brain injury after motor vehicle collision pain variability: additive value of pain sensitivity
questionnaire. Pain Rep. 2020; 5(3):e821. https://doi.org/10.1097/PR9.0000000000000821 PMID:
32903910

Leeuw M, Goossens ME, Linton SJ, Crombez G, Boersma K, Vlaeyen JW. The fear-avoidance model
of musculoskeletal pain: current state of scientific evidence. J Behav Med. 2007; 30(1):77-94. https://
doi.org/10.1007/s10865-006-9085-0 PMID: 17180640

Ramirez-Maestre C, Esteve R. Disposition and adjustment to chronic pain. Curr Pain Headache Rep.
2013; 17(3):312. https://doi.org/10.1007/s11916-012-0312-9 PMID: 23338768

Yarnitsky D, Granot M, Granovsky Y. Pain modulation profile and pain therapy: between pro-and antino-
ciception. Pain; 155(4):663-5. https://doi.org/10.1016/j.pain.2013.11.005 PMID: 24269491

Linton SJ, Shaw WS. Impact of psychological factors in the experience of pain. Physical Ther. 2011; 91
(5):700-711.

Zuroff DC, Sadikaj G, Kelly AC, Leybman MJ. Conceptualizing and measuring self-criticism as both a
personality trait and a personality state. J Pers Assess. 2016; 98(1):14—21. https://doi.org/10.1080/
00223891.2015.1044604 PMID: 26046620

Kritzler S, Krasko J, Luhmann M. Inside the happy personality: Personality states, situation experience,
and state affect mediate the relation between personality and affect. J Res Pers. 2020; 85:103929.

Banozic A, Miljkovic A, Bras M, Puljak L, Kolcic I, Hayward C, et al. Neuroticism and pain catastrophiz-
ing aggravate response to pain in healthy adults: an experimental study. Korean J Pain. 2018; 31(1):16.
https://doi.org/10.3344/kjp.2018.31.1.16 PMID: 29372022

Bar-Shalita T, Cermak SA. Multi-sensory Responsiveness and Personality Traits Predict Daily Pain
Sensitivity. Front Integr Neurosci. 2019;13. https://doi.org/10.3389/fnint.2019.00013 PMID: 31031602

Qazvini SJ, Kiapei FH, Mirzaian B. Evaluating the relationship between personality traits, coping strate-
gies and pain catastrophizing in patients with chronic pain. Int Electron J Med 2020; 6(2):1-13.

Day MA, Young G, Jensen MP. Differentiating state versus trait pain catastrophizing. Rehabil Psychol.
2021; 66(1):39. https://doi.org/10.1037/rep0000318 PMID: 32212754

PLOS ONE | https://doi.org/10.1371/journal.pone.0262076  January 10, 2022 15/17


https://doi.org/10.1016/j.jpain.2009.08.009
http://www.ncbi.nlm.nih.gov/pubmed/20439057
https://doi.org/10.1007/s12160-012-9408-z
http://www.ncbi.nlm.nih.gov/pubmed/22915012
https://doi.org/10.1016/j.jpain.2021.03.138
http://www.ncbi.nlm.nih.gov/pubmed/33727160
https://doi.org/10.1097/01.ajp.0000135236.12705.2d
https://doi.org/10.1097/01.ajp.0000135236.12705.2d
http://www.ncbi.nlm.nih.gov/pubmed/16093750
https://doi.org/10.1097/00002508-200405000-00006
https://doi.org/10.1097/00002508-200405000-00006
http://www.ncbi.nlm.nih.gov/pubmed/15100592
https://doi.org/10.1093/pm/pnv034
http://www.ncbi.nlm.nih.gov/pubmed/26814269
https://doi.org/10.1097/PR9.0000000000000821
http://www.ncbi.nlm.nih.gov/pubmed/32903910
https://doi.org/10.1007/s10865-006-9085-0
https://doi.org/10.1007/s10865-006-9085-0
http://www.ncbi.nlm.nih.gov/pubmed/17180640
https://doi.org/10.1007/s11916-012-0312-9
http://www.ncbi.nlm.nih.gov/pubmed/23338768
https://doi.org/10.1016/j.pain.2013.11.005
http://www.ncbi.nlm.nih.gov/pubmed/24269491
https://doi.org/10.1080/00223891.2015.1044604
https://doi.org/10.1080/00223891.2015.1044604
http://www.ncbi.nlm.nih.gov/pubmed/26046620
https://doi.org/10.3344/kjp.2018.31.1.16
http://www.ncbi.nlm.nih.gov/pubmed/29372022
https://doi.org/10.3389/fnint.2019.00013
http://www.ncbi.nlm.nih.gov/pubmed/31031602
https://doi.org/10.1037/rep0000318
http://www.ncbi.nlm.nih.gov/pubmed/32212754
https://doi.org/10.1371/journal.pone.0262076

PLOS ONE

Pain sensitivity as a mediator of acute collision pain

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.
47.

48.

49.

Gilliam WP, Craner JR, Schumann ME, Gascho K. The mediating effect of pain catastrophizing on
PTSD symptoms and pain outcome. Clin J Pain. 2019; 35(7):583-588. https://doi.org/10.1097/AJP.
0000000000000713 PMID: 30950871

Hampton SN, Nakonezny PA, Richard HM, Wells JE. Pain catastrophizing, anxiety, and depression in
hip pathology. Bone Jt J. 2019; 101(7):800-807.

Lindberg MF, Miaskowski C, Rustgen T, Rosseland LA, Paul SM, Lerdal A. Preoperative pain, symp-
toms, and psychological factors related to higher acute pain trajectories during hospitalization for total
knee arthroplasty. PloS One. 2016; 11(9):e0161681. https://doi.org/10.1371/journal.pone.0161681
PMID: 27583551

Pinto PR, Mclntyre T, Aimeida A, Aratjo-Soares V. The mediating role of pain catastrophizing in the
relationship between presurgical anxiety and acute postsurgical pain after hysterectomy. Pain. 2012;
153(1):218-226. https://doi.org/10.1016/j.pain.2011.10.020 PMID: 22115922

Luna IE, Kehlet H, Petersen MA, Aasvang EK. Clinical, nociceptive and psychological profiling to predict
acute pain after total knee arthroplasty. Acta anaesthesiol Scand. 2017; 61(6):676—687. https://doi.org/
10.1111/aas.12899 PMID: 28508511

Hermesdorf M, Berger K, Baune BT, Wellmann J, Ruscheweyh R, Wersching H. Pain sensitivity in
patients with major depression: differential effect of pain sensitivity measures, somatic cofactors, and
disease characteristics. J Pain. 2016; 17(5):606—616. https://doi.org/10.1016/j.jpain.2016.01.474
PMID: 26867484

Coronado RA, George SZ. The Central Sensitization Inventory and Pain Sensitivity Questionnaire: An
exploration of construct validity and associations with widespread pain sensitivity among individuals
with shoulder pain. Musculoskelet Sci Pract. 2018; 36:61-67. https://doi.org/10.1016/j.msksp.2018.04.
009 PMID: 29751194

Kuperman P, Granovsky Y, Granot M, Bahouth H, Fadel S, Hyams G, et al. Psychophysic-psychologi-
cal dichotomy in very early acute mTBI pain: a prospective study. Neurology. 2018; 91(10):€931-938.
https://doi.org/10.1212/WNL.0000000000006120 PMID: 30068635

Kuperman P, Granovsky Y, Fadel S, Bosak N, Buxbaum C, Hadad R, et al. Head-and neck-related
symptoms post-motor vehicle collision (MVC): Separate entities or two-sides of the same coin?. Injury.
2021; 52(5):1227-33. https://doi.org/10.1016/j.injury.2021.03.003 PMID: 33731289

Goldberg LR. An alternative" description of personality": the big-five factor structure. J Pers Soc Psy-
chol. 1990; 59(6):1216. https://doi.org/10.1037//0022-3514.59.6.1216 PMID: 2283588

Gosling SD, Rentfrow PJ, Swann WB Jr. A very brief measure of the Big-Five personality domains. J
Res Pers. 2003 Dec 1; 37(6):504-528.

Tempelaar DT, Gijselaers WH, van der Loeff SS, Nijhuis JF. A structural equation model analyzing the
relationship of student achievement motivations and personality factors in a range of academic subject-
matter areas. Contemp Educ Psychol. 2007; 32(1):105-31.

Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J Health Soc Behav.
1983:385-396. PMID: 6668417

Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr Scand. 1983 Jun;
67(6):361-370. https://doi.org/10.1111/j.1600-0447.1983.tb09716.x PMID: 6880820

Bar-Shalita T, Deutsch L, Honigman L, Weissman-Fogel |. Ecological aspects of pain in sensory modu-
lation disorder. Res Dev Disabil. 2015; 45:157-167. https://doi.org/10.1016/j.ridd.2015.07.028 PMID:
26254166

Ruscheweyh R, Marziniak M, Stumpenhorst F, Reinholz J, Knecht S. Pain sensitivity can be assessed
by self-rating: Development and validation of the Pain Sensitivity Questionnaire. Pain. 2009; 146(1—
2):65—74. https://doi.org/10.1016/j.pain.2009.06.020 PMID: 19665301

Dorow M, Loebner M, Stein J, Konnopka A, Meisel HJ, Guenther L, et al. Risk factors for postoperative
pain intensity in patients undergoing lumbar disc surgery: a systematic review. PloS one. 2017; 12(1):
e€01703083. https://doi.org/10.1371/journal.pone.0170303 PMID: 28107402

Hayes AF. Beyond Baron and Kenny: Statistical mediation analysis in the new millennium. Commun
Monogr. 2009 Dec 1; 76(4):408—420.

Bowen NK, Guo S. Structural equation modeling. Oxford University Press; 2011.

Baron RM, Kenny DA. The moderator—mediator variable distinction in social psychological research:
Conceptual, strategic, and statistical considerations. J Person Soc Psychol. 1986; 51(6):1173.

Hoyle RH. The structural equation modeling approach: Basic concepts and fundamental issues. In
Hoyle R. H (Ed.), Structural equation modeling: Concepts, issues, and applications (pp. 1-15). Thou-
sand Oaks, CA: Sage.

Dimitrov DM. Testing for factorial invariance in the context of construct validation. Meas Eval Couns
Dev. 2010; 43(2):121-149.

PLOS ONE | https://doi.org/10.1371/journal.pone.0262076  January 10, 2022 16/17


https://doi.org/10.1097/AJP.0000000000000713
https://doi.org/10.1097/AJP.0000000000000713
http://www.ncbi.nlm.nih.gov/pubmed/30950871
https://doi.org/10.1371/journal.pone.0161681
http://www.ncbi.nlm.nih.gov/pubmed/27583551
https://doi.org/10.1016/j.pain.2011.10.020
http://www.ncbi.nlm.nih.gov/pubmed/22115922
https://doi.org/10.1111/aas.12899
https://doi.org/10.1111/aas.12899
http://www.ncbi.nlm.nih.gov/pubmed/28508511
https://doi.org/10.1016/j.jpain.2016.01.474
http://www.ncbi.nlm.nih.gov/pubmed/26867484
https://doi.org/10.1016/j.msksp.2018.04.009
https://doi.org/10.1016/j.msksp.2018.04.009
http://www.ncbi.nlm.nih.gov/pubmed/29751194
https://doi.org/10.1212/WNL.0000000000006120
http://www.ncbi.nlm.nih.gov/pubmed/30068635
https://doi.org/10.1016/j.injury.2021.03.003
http://www.ncbi.nlm.nih.gov/pubmed/33731289
https://doi.org/10.1037//0022-3514.59.6.1216
http://www.ncbi.nlm.nih.gov/pubmed/2283588
http://www.ncbi.nlm.nih.gov/pubmed/6668417
https://doi.org/10.1111/j.1600-0447.1983.tb09716.x
http://www.ncbi.nlm.nih.gov/pubmed/6880820
https://doi.org/10.1016/j.ridd.2015.07.028
http://www.ncbi.nlm.nih.gov/pubmed/26254166
https://doi.org/10.1016/j.pain.2009.06.020
http://www.ncbi.nlm.nih.gov/pubmed/19665301
https://doi.org/10.1371/journal.pone.0170303
http://www.ncbi.nlm.nih.gov/pubmed/28107402
https://doi.org/10.1371/journal.pone.0262076

PLOS ONE

Pain sensitivity as a mediator of acute collision pain

50.

51.

52,

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Soper DS. (2020). A-priori Sample Size Calculator for Structural Equation Models [Software]. Available
from https://www.danielsoper.com/statcalc

Westland JC. Lower bounds on sample size in structural equation modeling. Electron Comm Res Appl.
2010; 9(6):476-487.

Ruscheweyh R, Verneuer B, Dany K, Marziniak M, Wolowski A, Colak-Ekici R, et al. Validation of the
pain sensitivity questionnaire in chronic pain patients. Pain. 2012; 153(6):1210-1218. https://doi.org/10.
1016/j.pain.2012.02.025 PMID: 22541722

Larsson B, Gerdle B, Bjork J, Grimby-Ekman A. Pain Sensitivity and its Relation to Spreading on the
Body, Intensity, Frequency, and Duration of Pain. Clin J Pain. 2017; 33(7):579-587. https://doi.org/10.
1097/AJP.0000000000000441 PMID: 27648588

Grundstréom H, Larsson B, Arendt-Nielsen L, Gerdle B, Kjglhede P. Associations between pain thresh-
olds for heat, cold and pressure, and Pain Sensitivity Questionnaire scores in healthy women and in
women with persistent pelvic pain. Eur J Pain. 2019; 23(9):1631-1639. https://doi.org/10.1002/ejp.1439
PMID: 31192501

Ogino Y, Nemoto H, Inui K, Saito S, Kakigi R, Goto F. Inner experience of pain: imagination of pain
while viewing images showing painful events forms subjective pain representation in human brain.
Cereb Cortex. 2007; 17(5):1139—-1146. hitps://doi.org/10.1093/cercor/bhl023 PMID: 16855007

Fairhurst M, Fairhurst K, Berna C, Tracey |. An fMRI study exploring the overlap and differences
between neural representations of physical and recalled pain. PloS One. 2012; 7(10):e48711. https://
doi.org/10.1371/journal.pone.0048711 PMID: 23119093

Gécs B, Szolcsanyi T, Csathé A. Opposite patterns of change in perception of imagined and physically
induced pain over the course of repeated thermal stimulations. Eur J Pain. 2017; 21(7):1165-1172.
https://doi.org/10.1002/ejp.1017 PMID: 28230300

Sullivan MJ, Thorn B, Haythornthwaite JA, Keefe F, Martin M, Bradley LA, et al. Theoretical perspec-
tives on the relation between catastrophizing and pain. Clin J Pain. 2001; 17(1):52—64. https://doi.org/
10.1097/00002508-200103000-00008 PMID: 11289089

Hevik LH, Winther SB, Foss OA, Gjeilo KH. Preoperative pain catastrophizing and postoperative pain
after total knee arthroplasty: a prospective cohort study with one year follow-up. BMC Musculoskelet
Disord. 2016; 17(1):1-7. https://doi.org/10.1186/s12891-016-1073-0 PMID: 27188877

Wade JB, Riddle DL, Thacker LR. Is pain catastrophizing a stable trait or dynamic state in patients
scheduled for knee arthroplasty?. Clin J Pain. 2012; 28(2):122—128. https://doi.org/10.1097/AJP.
0b013e318226¢c3e2 PMID: 22001663

Lape EC, Selzer F, Collins JE, Losina E, Katz JN. Stability of Measures of Pain Catastrophizing and
Widespread Pain Following Total Knee Replacement. Arthritis Care Res. 2020; 72(8):1096—1083.
https://doi.org/10.1002/acr.24000 PMID: 31173484

Pinto PR, Mclntyre T, Aratjo-Soares V, Costa P, Ferrero R, Almeida A. A comparison of predictors and
intensity of acute postsurgical pain in patients undergoing total hip and knee arthroplasty. J Pain Res.
2017; 10:1087. https://doi.org/10.2147/JPR.S126467 PMID: 28533697

Barrick MR, Mount MK. The big five personality dimensions and job performance: a meta-analysis.
Pers Psychol. 1991; 44(1):1-26.

Walumbwa FO, Schaubroeck J. Leader personality traits and employee voice behavior: mediating roles
of ethical leadership and work group psychological safety. J Appl Psychol. 2009; 94(5):1275. https://doi.
0rg/10.1037/20015848 PMID: 19702370

Drach-Zahavy A, Srulovici E. The personality profile of the accountable nurse and missed nursing care.
J Adv Nurs. 2019; 75(2):368-379. https://doi.org/10.1111/jan.13849 PMID: 30209825

Suso-Ribera C, Sullivan MJ, Suso-Vergara S. Pain Intensity Is Not Always Associated with Poorer
Health Status: Exploring the Moderating Role of Spouse Personality. Pain Res Manag. 2018;2018.

Conrad M, Stricker S. Personality and labor: a retrospective study of the relationship between personal-
ity traits and birthing experiences. J Reprod Infant Psychol. 2018; 36(1):67-80. https://doi.org/10.1080/
02646838.2017.1397611 PMID: 29517297

Wilt J, Noftle EE, Fleeson W, Spain JS. The dynamic role of personality states in mediating the relation-
ship between extraversion and positive affect. J Pers. 2012; 80(5):1205—-1236. https://doi.org/10.1111/j.
1467-6494.2011.00756.x PMID: 22092066

PLOS ONE | https://doi.org/10.1371/journal.pone.0262076  January 10, 2022 17/17


https://www.danielsoper.com/statcalc
https://doi.org/10.1016/j.pain.2012.02.025
https://doi.org/10.1016/j.pain.2012.02.025
http://www.ncbi.nlm.nih.gov/pubmed/22541722
https://doi.org/10.1097/AJP.0000000000000441
https://doi.org/10.1097/AJP.0000000000000441
http://www.ncbi.nlm.nih.gov/pubmed/27648588
https://doi.org/10.1002/ejp.1439
http://www.ncbi.nlm.nih.gov/pubmed/31192501
https://doi.org/10.1093/cercor/bhl023
http://www.ncbi.nlm.nih.gov/pubmed/16855007
https://doi.org/10.1371/journal.pone.0048711
https://doi.org/10.1371/journal.pone.0048711
http://www.ncbi.nlm.nih.gov/pubmed/23119093
https://doi.org/10.1002/ejp.1017
http://www.ncbi.nlm.nih.gov/pubmed/28230300
https://doi.org/10.1097/00002508-200103000-00008
https://doi.org/10.1097/00002508-200103000-00008
http://www.ncbi.nlm.nih.gov/pubmed/11289089
https://doi.org/10.1186/s12891-016-1073-0
http://www.ncbi.nlm.nih.gov/pubmed/27188877
https://doi.org/10.1097/AJP.0b013e318226c3e2
https://doi.org/10.1097/AJP.0b013e318226c3e2
http://www.ncbi.nlm.nih.gov/pubmed/22001663
https://doi.org/10.1002/acr.24000
http://www.ncbi.nlm.nih.gov/pubmed/31173484
https://doi.org/10.2147/JPR.S126467
http://www.ncbi.nlm.nih.gov/pubmed/28533697
https://doi.org/10.1037/a0015848
https://doi.org/10.1037/a0015848
http://www.ncbi.nlm.nih.gov/pubmed/19702370
https://doi.org/10.1111/jan.13849
http://www.ncbi.nlm.nih.gov/pubmed/30209825
https://doi.org/10.1080/02646838.2017.1397611
https://doi.org/10.1080/02646838.2017.1397611
http://www.ncbi.nlm.nih.gov/pubmed/29517297
https://doi.org/10.1111/j.1467-6494.2011.00756.x
https://doi.org/10.1111/j.1467-6494.2011.00756.x
http://www.ncbi.nlm.nih.gov/pubmed/22092066
https://doi.org/10.1371/journal.pone.0262076

