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ABSTRACT

Objective: The objective of this cross-sectional study was to analyze the relationship between symptoms of central
sensitization (CS) and important cognitive behavioral and psychosocial factors in a sample of patients with chronic
nonspecific low back pain.

Methods: Participants with chronic nonspecific low back pain for at least 3 months were included in the study. They
completed several questionnaires and a functional test. Pearson’s correlation was used to analyze associations between
symptoms of CS and pain behavior, functioning, pain, pain catastrophizing, kinesiophobia, and illness perceptions.
Additionally, a between-group analysis was performed to compare patients with and without clinically relevant
symptoms of CS.

Results: Data from 38 participants were analyzed. Significant associations were found between symptoms of CS and all
other outcomes, especially current pain (= 0.510, P =.001), mean pain during the past 7 days (» = 0.505, P =.001), and
pain catastrophizing (» = 0.518, P =.001). Patients with clinically relevant symptoms of CS scored significantly worse on
all outcomes compared with persons without relevant symptoms of CS, except on functioning (P = .128).
Conclusions: Symptoms of CS were significantly associated with psychosocial and cognitive behavioral factors.
Patients exhibiting a clinically relevant degree of symptoms of CS scored significantly worse on most outcomes,
compared with the subgroup of the sample with fewer symptoms of CS. (J Manipulative Physiol Ther 2018;41:92-101)
Key Indexing Terms: Low Back Pain; Central Nervous System Sensitization; Catastrophizing, Illness Behavior
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INTRODUCTION

Chronic nonspecific low back pain (CNLBP) is a major
problem today. Up to 84% of the general population
experiences an episode of LBP during their life, and for
about 90% of them, no specific medical cause can be
found. ' Instead, modern pain neuroscience has confirmed
that the involvement of impaired central pain modulation or
central sensitization (CS) might explain the patients’ pain
and symptoms.* Central sensitization can be defined as a
process of abnormal and intense enhancement of pain
caused by increased neuronal responses to stimuli in the
central nervous system.>'? This central hyperexcitability is
associated with altered sensory processing in the brain, >
malfunctioning of endogenous pain inhibitory
systems,”"'? increased activity of pain facilitatory
pathways, *'""'* and temporal summation of second pain
and/or wind-up,”'"*'* which leads to dysfunctional endog-
enous analgesic control.'? Recent studies have also
highlighted the role of an overactive network of brain areas
in the CS process.””'* Increased activity is found to be
present in brain areas involved in acute pain sensations (eg,
insula, anterior cingulate cortex, and prefrontal cortex), as well
as in other brain regions, such as different brain stem nuclei,
the dorsolateral frontal cortex, and the parietal associated
cortex.'*!> Furthermore, decreased y-aminobutyric acid
neurotransmission'® and long-term potentiation of neuronal
synapses in the anterior cingulate cortex '’ are contributing to
an overactive brain neuromatrix.” Besides these top-down
mechanisms, different bottom-up mechanisms are also
involved in CS, such as peripheral injury and other stressors
(eg, infections), triggering the release of proinflammatory
cytokines and the activation of spinal cord glia with
cyclooxygenase-2 and prostaglandin E2 expression in the
central nervous system.”'®?' Together, these mechanisms
lead to hyperalgesia and allodynia in regions close to and
outside the primary pain region. >

Symptoms of CS are present in a wide range of disorders,
for example, fibromyalgia,”> chronic whiplash-associated
disorders,?* irritable bowel syndrome,24’25 and chronic
fatigue syndrome.*® However, only a subgroup of CNLBP
patients appear to manifest features of CS.%*2’° Evidence
exists that subgroups of CNLBP patients exhibit altered
temporal summation, hyperalgesia, and allodynia for electri-
cal, pressure, and heat stimuli in regions outside the primary
painful region. Concerning the malfunctioning of descending
anti-nociceptive mechanisms in CNLBP patients, conflicting
evidence was found.**"!

It remains to be established why CS is present only in
some patients with CNLBP. Genetic predisposition” and the
influence of psychosocial and cognitive behavioral factors,
such as depressive feelings,?” pain catastrophizing,®* and
fear avoidance behavior, and more specifically
kinesiophobia,®*>> have been reported in patients with
CNLBP. These factors may enhance central hyperexcitability
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through the activation of limbic brain regions, which, in turn,
contributes to and sustains CS. '>28-%-3037

The relationship between CS and pain catastrophizing or
fear avoidance beliefs in patients with CNLBP has not yet
been studied. By unraveling which psychosocial and
cognitive behavioral factors underlie, cause, or maintain
the process of CS in CNLBP patients, more targeted
interventions could be integrated into their treatment, which
might lead to better outcomes for this population.

The first objective of the present cross-sectional study
was to analyze associations between symptoms of CS and
pain behavior, functioning, pain intensity, illness percep-
tions, kinesiophobia, and pain catastrophizing in people
with CNLBP. Second, this study aimed to compare the
aforementioned outcome measures between patients man-
ifesting and those not manifesting symptoms of CS to a
clinically relevant degree.

It was hypothesized that symptoms of CS would be
positively correlated with pain, pain behavior, catastro-
phizing, kinesiophobia, and negative illness perceptions
and inversely correlated with functioning. The second
hypothesis stated that persons with clinically relevant
symptoms of CS have worse psychosocial outcomes
related to CNLBP compared with people with fewer of
these symptoms.

METHODS
Study Design and Setting

This cross-sectional study was reported in accordance
with the Strengthening The Reporting of OBservational
studies in Epidemiology statement.>®

Participants were initially recruited to participate in a
randomized, controlled, triple-blind trial in which an
experimental treatment was compared with a placebo
treatment to examine the effectiveness of a new electro-
therapy device for the treatment of patients with CNLBP.*’
The protocol was approved by the University Hospital
Brussels (Universitair Ziekenhuis Brussel)/Vrije Universi-
teit Brussel ethics committee and was registered with
clinicaltrials.gov (No. NCT02256410).

The study was conducted at the University Hospital
Brussels, Belgium, from November 2013 to February 2015.
All participants provided their informed consent prior to
inclusion in the study.

The present cross-sectional study comprises a subanalysis of
the baseline values of the outcome measures of the initial trial.

Participants

Participants, both male and female, were recruited in the
pain clinic of the University Hospital Brussels, through an
online questionnaire and through flyers and posters in
health care centers and pharmacies in Brussels, Belgium.
Potential participants were screened during a telephone
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Inclusion
e Type of LBP
- Chronic, at least 3 months
- Nonspecific
- Non-radicular

e 18-65 years

e VAS 24/10 in the last 24 hours

e Stable treatment regime for at least 1 month

Exclusion
e Type of LBP
- Acute
- With a known cause
- Radicular syndrome

e <18 or >65 years

e VAS <4/10 in the last 24 hours

e Changes in treatment regime in the past month

e Serious or progressive neurologic deficits

e Presence of co-existing chronic pain conditions
other than LBP (eg, fiboromyalgia)

e Symptoms of serious underlying conditions such
as tumor, infection, vertebral compression
fracture, ankylosing spondylitis or clinically
significant spinal stenosis

e Cardiac pacemaker, defibrillator or other metallic
or electronic devices

e Sensory loss in the skin

e Skin inflammation or edema in the lower back

e Pregnant or until 1 year postnatal

o Epilepsy, cancer, arthritis (except osteoarthritis),
major psychiatric disorders

e Substance abuses and addictions

e Awaiting surgery or having had surgery in the past
6 months

e BMI 230

e Not able to read Dutch or French

Fig 1. Selection criteria for screening of potential patients. BMI,
body mass index; LBP, low back pain; VAS, visual analogue
scale.

interview for selection criteria, listed in Figure 1, prior to
participation.

Outcome Measures

Participants were invited to complete the assessments,
which consisted of completion of a demographic question-
naire, a number of self-report outcome measures, and a
functional test. Outcome measures were, first, the degree of
symptoms of CS, which was assessed using the Central
Sensitization Inventory (CSI), and second, pain behavior,
functioning, pain intensity, pain catastrophizing, kinesio-
phobia, and illness perceptions.

The CSI consists of 25 symptom-related opinions that
the patient has to score on a 5-point Likert scale.® Scores

Journal of Manipulative and Physiological Therapeutics
February 2018

>40/100 indicate the presence of CS (sensitivity: 81%,
specificity: 75%).%° The CSI has good clinimetric proper-
ties for assessing symptoms of CS in patients with chronic
pain. **!

The results of this questionnaire were used to divide the
sample into 2 subgroups, 1 containing persons with a
clinically relevant degree of symptoms of CS (CSI score
>40) and 1 containing persons with a lower degree of these
symptoms (CSI score <40).*°

Pain behavior was assessed using the 1-minute
stair-climbing test, which has been found to be a very
reliable test.** The patient was asked to climb and descend
5 stairs during 1 min as fast as possible, safely, without
running. Total number of stairs climbed and descended was
registered.

The Quebec Back Pain Disability Scale was used to
assess the patients’ limitations in functioning caused by
LBP. This questionnaire includes 20 activity-related
questions, which the patient has to rate on a 6-point Likert
scale (0 = no problem, 5 = not capable). The total score
represents a percentage of the patient’s limitations.****
This questionnaire is found to be valid, reliable, sensitive,
and responsive*™** and is recommended for use in a LBP
population. *’

A 100-mm visual analogue scale (VAS) was used to rate
current pain intensity and mean pain intensity during the
past 7 days. The minimal clinically important difference for
LBP is about 18-19 mm.*’ VAS measurements are found to
have good test-retest reliability. >

To measure the extent of pain catastrophizing, we used
the Pain Catastrophizing Scale, which consists of 13 items
exploring pain-related cognition, which the patient has to
score on a 5-point Likert scale (0 = not at all, 4 = all the
time).”' Scores >30/52 reveal a clinically relevant degree
of catastrophizing.>* This questionnaire is found to have
good internal consistency and test-retest reliability, as well
as proven construct and criterion validity.>*~°

To measure kinesiophobia, the Tampa Scale for
Kinesiophobia was used. Patients have to score 17 opinions
on a 4-point Likert scale (1 = highly disagree, 4 = highly
agree).®® Scores >37/68 indicate kinesiophobia. This
questionnaire has good internal consistency and test-retest
reliability. *

Finally, patients’ illness perceptions were measured
based on the Brief Illness Perception Questionnaire. The
patient has to rate 8 statements on a 10-point scale (1-10).°!
The higher the score, the greater is the extent to which the
patient’s illness perceptions are threatening him or her. '

Sample Size

Although the patient sample was adopted entirely from
the original trial, theoretical a priori sample size calculation
was performed for the present study, using G*Power 3
(Diisseldorf, Germany).®> Effect size, based on the
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correlation analysis between CSI and pain catastrophizing,
was assumed to be moderate (p = 0.3); the significance
level was set at o = 0.05 and power at 0.8. This analysis
revealed that the total sample should include at least
64 patients.

Statistical Methods

SPSS Version 22 (IBM, Armonk, New York) was used
to perform data analyses. Baseline data were analyzed to
describe group characteristics. Pearson correlation tests
were used to determine if there were significant associations
between CSI and other outcome measures.

After the sample was divided into 2 subgroups, 1 with
and 1 without clinically relevant symptoms of CS,
continuous variables were analyzed for between-group
comparability with independent sample #-tests or
Mann-Whitney U-tests depending on the normality of the
data. Non-continuous variables were compared using
Pearson x-square tests. Subsequently, independent sample
t-tests or Mann-Whitney U-tests were used to investigate
differences between the 2 groups with respect to pain
behavior, functioning, pain levels, illness perceptions,
kinesiophobia, and pain catastrophizing. Normality of the
data was analyzed using the Kolmogorov-Smirnov test. The
significance level was set at .05.

RESULTS

Participant Flow

In total, 39 participants (14 male, 25 female) were
included in the original study. All included patients
completed the assessments. One participant was excluded
later during the initial trial because she was diagnosed with
rheumatoid arthritis. Finally, data from 38 persons were
analyzed.

Outcomes

Descriptive statistics of the study sample are summa-
rized in Table 1.

Significant associations were found between symptoms
of CS and all other outcome parameters (Table 2). A
negative correlation was found between the CSI score and
the 1-minute stair-climbing test (» = —0.337, P = .039). All
other outcome parameters were positively correlated with
the CSI. The highest correlation coefficients were found for
the Pain Catastrophizing Scale (» = 0.518, P =.001), VAS
at this moment (» = 0.510, P=.001), and mean VAS during
the past 7 days (» = 0.505, P = .001).

Twelve patients scored >40 on the CSI and 26 scored
<40, on the basis of which the sample was divided into 2
subgroups. Statistical analyses revealed no significant
differences in demographic parameters between the 2
groups (Table 3). Data from the VAS at this moment,
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Table 1. Descriptive Statistics

Mean + SD Min-Max
Age,y 40.76 + 13.30 18-62
Length, cm 170.11 £9.53 150.00-191.00
Weight, kg 72.38 £11.38 52.00-107.00
BMI, kg/m? 24.98 +3.16 20.06-33.46
Sex, male * 14 (36.8)
Language, Dutch * 27 (71.1)
Language, French?® 11 (28.9)
CSI 32.92 £12.76 16-66
PCS 21.70 £ 11.86 0-46
VAS NOW 46.67 + 27.36 2-100
VAS 7D 50.74 + 22.81 11-100
Brief IPQ 47.74 £ 13.31 7-77
QBPDS 36.34 £ 17.35 1-79
TSK 39.74 + 7.98 24-57
IMSCT 90.34 +29.94 32-194

IMSCT, 1-min stair-climbing test; BMI, body mass index; Brief IPQ, Brief
Illness Perception Questionnaire; CS/, Central Sensitization Inventory;
Min-Max, minimum-maximum; PCS, Pain Catastrophizing Scale;
OBPDS, Quebec Back Pain Disability Scale; SD, standard deviation;
TSK, Tampa Scale For Kinesiophobia; VA4S 7D, visual analogue scale past
7 days; VAS NOW, visual analogue scale at this moment.

# Data are presented as n (%).

Brief Illness Perception Questionnaire, and 1-min
stair-climbing test were not normally distributed; therefore,
nonparametric tests were used to compare these outcomes.

Both groups differed significantly on all outcome
parameters except the Quebec Back Pain Disability Scale
(P = .128), as outlined in Table 4. Patients with clinically
relevant symptoms of CS scored higher on the question-
naires and lower on the functional test compared with
persons with fewer symptoms of CS. The mean Pain
Catastrophizing Scale score was >30/52 in persons with
symptoms of CS, which indicated a clinically relevant
degree of catastrophizing in this subgroup. The mean
Tampa Scale for Kinesiophobia score was >37/68 in both
groups, indicating that both had kinesiophobia. The scores
on the Brief Illness Perception Questionnaire were high in
both groups (mean scores >40/80), meaning that threaten-
ing illness perceptions seemed to be present in this sample
of CNLBP, regardless of their level of CS.

DiscussioN

This cross-sectional study examined the relationship
between symptoms of CS and pain behavior, functioning,
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Table 2. Pearson Correlation for Central Sensitization Inventory

n r Significance
PCS 37 0.518 .001*
VAS NOW 38 0.510 .001*
VAS 7D 38 0.505 .001*
Brief IPQ 38 0.403 .012*
QBPDS 38 0.395 014"
TSK 38 0.345 .034*
IMSCT 38 -0.337 .039°

IMSCT, 1-min stair-climbing test; Brief I[PQ, Brief Illness Perception

Questionnaire; n, number of participants; PCS, Pain Catastrophizing

Scale; OBPDS, Quebec Back Pain Disability Scale; r, Pearson correlation

coefficient; 7SK, Tampa Scale for Kinesiophobia; VA4S 7D, visual analogue

scale past 7 days; VAS NOW, visual analogue scale at this moment.
 Statistically significant correlation.

pain intensity, illness perceptions, kinesiophobia, and pain
catastrophizing in patients with CNLBP. The results
suggested a significant association between symptoms of
CS and all other investigated parameters. In addition, this
study examined differences between CNLBP patients
exhibiting a clinically relevant degree of symptoms of CS
(n = 12) and those with fewer symptoms of CS (n = 26).
Patients with more symptoms of CS scored worse on all
outcome parameters compared with patients with fewer
symptoms, except on the functioning questionnaire.

The relationship between CS and other relevant parameters
has been studied in several populations, for example, patients
with LBP and associated leg pain,”’ chronic whiplash-
associated disorders, fibromyalgia,®® knee osteoarthritis, **
and chronic trapezius myalgia.®> Psychosocial and cognitive
behavioral factors such as incorrect illness perceptions, pain
catastrophizing, and kinesiophobia could contribute to and
sustain the mechanisms of CS,?**? and these associations may
be bidirectional. Increased levels of CS were found to be
associated with high pain catastrophizing levels, low sleep
efficiency, and high clinical pain in patients with knee
osteoarthritis.** Patients with chronic trapezius myalgia and
CS exhibited more pain, anxiety, depressive feelings, poor
sleep quality, pain catastrophizing, fear avoidance behavior,
and disability compared with healthy control subjects.®
Patients with LBP and leg pain classified with a dominance
of CS reported more severe pain; poorer physical and mental
health—related quality of life; and greater levels of back
pain-related disability, depression, and anxiety compared with
those classified with a dominance of peripheral neuropathic
pain and nociceptive pain.”’” These results are in line with the
results of this cross-sectional study in patients with CNLBP, as
all investigated factors seem to be associated with symptoms of
CS, particularly pain catastrophizing and self-reported pain,
with correlation coefficients >0.50. Furthermore, this trial adds
valuable knowledge to the findings of Smart et al*’ in patients
with low back and associated leg pain, a population similar to
that with CNLBP, as the present study used outcome measures
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focusing particularly on the patient’s pain cognition, whereas
the aforementioned study was focused on the association
between CS and more general health-related outcomes (eg,
36-Item Short Form Health Survey [SF-36] and Hospital
Anxiety and Depression Scale).?’ Sleep efficiency, quality of
life, depression, and anxiety were not studied in this
cross-sectional study, although these parameters might be an
interesting topic for future research because they might also
have an important relationship with CS in CNLBP patients.

The associations between the presence of symptoms of CS
and the variables assessed in the present study may add a more
biopsychological level to the onset and maintenance of chronic
pain problems: it is possible that heightened CS may affect and
be affected by cognition and pain perception, resulting in a
vicious circle leading to chronic pain and disability.

In some pathologies (eg, fibromyalgia, chronic fatigue
syndrome, and chronic whiplash-associated disorders), the
presence of CS is typical.>***® Previous research has also
revealed the possible presence of CS in persons with CNLBP;
however, only a subgroup of CNLBP patients appears to exhibit
this phenomenon.®*=*” This is in line with findings of the
present study in which a minority (32%) had a clinically relevant
degree of symptoms of CS. Strikingly, this subgroup scores
significantly worse on all outcome parameters in comparison to
the group with fewer of these symptoms. A possible explanation
for the role of psychosocial factors in the development and
maintenance of chronic pain might be the “fear avoidance
model.” This popular theory explains the role of psychosocial
factors in the development of chronic pain.®®* It states that
some patients develop pain catastrophizing during a pain
episode, leading to fear avoidance behavior and resulting in
more disability and chronic pain. Previous research reported the
presence of pain catastrophizing and fear avoidance in persons
with CNLBP**"° and its contribution to pain and disability. '~
The results of the present study indicate that patients with a
clinically relevant degree of symptoms of CS have significantly
more pain, worse pain behavior, and a negative, although not
significant, tendency toward daily functioning in comparison to
patients with fewer symptoms. According to the aforementioned
fear avoidance model, this might be due to the significantly
higher scores in pain catastrophizing and kinesiophobia of
patients exhibiting a higher degree of symptoms of CS.
Therefore, the fear avoidance model might be more applicable
to a subgroup of CNLBP patients exhibiting more symptoms of
CS, compared with patients exhibiting fewer of these symptoms,
although kinesiophobia and threatening illness perceptions,
being components of the fear avoidance model,°*%’ were also
present to a clinically relevant degree in the subgroup of patients
exhibiting few symptoms of CS, but to a significantly lesser
extent.

An interesting topic for future research might be to
unravel why some patients with CNLBP who manifest pain
catastrophizing, fear avoidance behavior, and possibly
worse illness perceptions develop CS, whereas others do
not. In this way, important biopsychosocial factors could be
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Table 3. Descriptive Data for Subgroups With and Without Central Sensitization Symptoms

CSI 240 (n = 12) CSI <40 (n = 26)
Mean + SD Min-Max Mean + SD Min-Max Significance
Age, y 40.58 = 12.03 21-60 40.85 + 14.08 18-62 962
Length, cm 167.92 £9.73 153.00-184.00 171.11 £9.45 150.00-191.00 .594
Weight, kg 72.21 + 14.89 55.50-107.00 72.46 +£9.70 52.00-90.00 .169
BMI, kg/m? 25.45 +3.53 21.15-31.60 24.69 + 3.03 20.06-33.46 291
Language, Dutch * 6 (50.00) 21 (80.77) 520
Sex, male® 6 (50.00) 8 (30.77) 253

BMI, body mass index; CSI, Central Sensitization Inventory; Min-Max, minimum-maximum; SD, standard deviation.

? Data are presented as n (%).

Table 4. Outcome Measures for Subgroups With and Without Central Sensitization Symptoms and Statistical Analysis

CSI =40 CSI <40 Independent Sample #-Test
Mean (SD) Min-Max Mean (SD) Min-Max df F Significance
PCS 30.55 (11.97) 7-46 17.96 (9.80) 0-40 35 0.431 .002*
VAS 7D 65.58 (23.28) 11-100 43.89 (19.41) 12-81 36 0.069 .005*
TSK 44. 83 (7.43) 33-57 37.39 (7.18) 24-47 36 0.005 .006*
QBPDS 42.67 (17.25) 22-79 33.42 (16.92) 1-63 36 0.015 128
CSI >40 CSI <40 Mann-Whitney U-test
Median (IQR) Min-Max Median (IQR) Min-Max Mean Rank Sum of Rank Significance Group
IMSCT 77.50 32-94 100.00 44-194 12.04 144.5 .005* CSI =40
(60.50-85.00) (79.00-108.75)
22.94 596.5 CSI <40
VAS NOW 70.50 10-100 32.00 2-86 26.42 321 .009* CSI >40
(59.50-83.75) (22.50-56.25)
16.31 420 CSI <40
Brief IPQ 59.00 32-77 43.00 7-60 26.04 312.5 013 CSI >40
(43.00-69.00) (40.25-50.75)
16.48 428.5 CSI <40

IMSCT, 1-min stair-climbing test; Brief IPQ, Brief Illness Perception Questionnaire; CS/, Central Sensitization Inventory; df, degrees of freedom; F, sum of
squares; /QR, interquartile range (Q1-Q3); Min-Max, minimum-maximum; PCS, Pain Catastrophizing Scale; OBPDS, Quebec Back Pain Disability Scale; SD,

standard deviation; 7SK, Tampa Scale for Kinesiophobia; VAS 7D, visual analogue scale past 7 days; V’AS NOW, visual analogue scale at this moment.

@ Statistically significant difference.

defined that might contribute to, cause, and maintain the CS
process. Alternatively, it would be interesting to investigate
if CS, whether partly genetic or learned, might also be a
driving force of such psychological factors.

Limitations

First, this cross-sectional study used a small sample of 38
participants. The sample size calculation revealed that the
study was underpowered. However, post hoc power
analysis based on the effect size of the correlation analysis
between the CSI and Pain Catastrophizing Scale (» = 0.581,
P =.001) revealed a power of 0.99 for the current sample
size of 37 patients (a = 0.05). Additionally, the study
sample was divided into 2 groups to compare patients with
a clinically relevant degree of symptoms of CS and patients
with fewer symptoms, which led to a further decrease in
patient numbers for the analyses performed on these

subgroups. Post hoc power analysis for this subgroup
analysis based on the results of both subgroups on the Pain
Catastrophizing Scale still revealed a power of 0.88 for the
current sample of 11 patients in the subgroup with a
clinically relevant degree of symptoms of CS and 26
patients in the other group, with o = 0.05. Although the
sample size of this study is rather small, the results of the
post hoc power analyses make it hard to ethically justify the
inclusion of extra patients in this analysis.

Throughout this study, the term central sensitization
was replaced by symptoms of CS, as no other evaluations
but the CSI were applied to investigate the presence of CS.
The CSI can give an indication of the presence of CS and
indicates the presence of at least symptoms of CS.
However, the classification of CS has always been difficult
because no golden standard method of assessment exists.*
Recently, Nijs et al* proposed the first classification criteria
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for CS pain based on the main physiological and clinical
features of CS, most importantly the presence of pain
disproportionate to the primary injury or pathology,*®
generalized hyperexcitability of central nociceptive
pathways, **7* and hypersensitivity of senses unrelated to
the musculoskeletal system.*®* The CSI is 1 of the criteria
used in the proposed classification algorithm by Nijs et al.*
This classification is above all extremely valuable for the early
identification of CS in clinical practice. In further research, it
seems appropriate to screen study populations based on these
criteria, supplemented by more objective measures that do not
rely solely on self-report methods, to make a statement about
the presence of CS. For example, widespread hyperalgesia, as 1
of the characteristics of CS,> can be measured by assessing
pressure pain thresholds and tolerance using an algometer in
locations unrelated to the lumbar area (eg, lateral epicondyles,
midtrapezius regions).>">

Third, based on the analyses performed in this study, no
conclusions can be made on the causality of the relations,
although high correlation coefficients and significance
levels were found for certain parameters. Furthermore,
conducting multiple correlations leads to a higher risk of
type I errors, that is, false positives. No correction was
applied to the analyses to overcome this issue, because, to
our knowledge, there is still no “golden standard”
correction for multiple correlations, apart from the most
popular one, the Bonferroni correction, which is a very
conservative approach, leading to large numbers of type II
errors, that is, false negatives, in return. However, the
results of the present study are straightforward, with all
significant correlations, making it hard to question these
findings based on this issue.

Because of these limitations, no strong conclusions can
be drawn for the general population of patients with
CNLBP, although these results provide an indication of the
relationship between CS and other relevant psychosocial
and cognitive behavioral factors, providing a basis for
further research, especially because these results are in line
with previous research about CS in chronic pain
disorders.®:**7® Further research should use larger
study samples and proper diagnostic criteria of CS.

CONCLUSION

In patients with CNLBP, we found significant relation-
ships between the presence of symptoms of CS and pain,
pain behavior, functioning, pain catastrophizing, kinesio-
phobia, and illness perceptions. These results are in line
with findings of previous trials in different chronic pain
populations. A clinically relevant degree of symptoms of
CS was present only in a subgroup of the investigated
sample, possibly caused by worse psychosocial factors in
this subgroup. Patients manifesting more symptoms of CS
scored significantly worse on the outcome measures
compared with patients with fewer symptoms of CS.
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Practical Applications

® This study suggests that pain cognitions might
play an important role in the vicious circle of
central sensitization in patients with chronic
LBP. Therapists should consider implementing
interventions addressing pain cognitions, such
as pain neuroscience education.

® To our knowledge, previous studies investigat-
ing central sensitization in patients with LBP
were rather focused on more general
health-related outcome measures instead of
pain cognitions, which has been found to be
associated with the presence of central sensiti-
zation in many different patient populations.

® Future research should investigate why
central sensitization is only present in a
subgroup of patients with chronic LBP.

ACKNOWLEDGMENTS

Eva Huysmans, Kelly Ickmans, Jo Nijs, Andrea Polli,
Lisa Goudman, and Margot De Kooning are members of
the Pain in Motion International Research Group.

FUNDING SOURCES AND CONFLICTS OF INTEREST

The original randomized controlled trial was funded by
Nervomatrix Ltd., 4a Hagavish st., Netanya, 4250704, Israel.

Eva Huysmans and Lisa Goudman are PhD research
fellows of the Agency for Innovation by Science and
Technology (IWT)—Applied Biomedical Research Program
(TBM), Belgium. Kelly Ickmans is a postdoctoral research
fellow of the IWT-TBM, Belgium under IWT Project No.
150180. Jo Nijs is holder of the chair Exercise Immunology
and Chronic Fatigue in Health and Disease, funded by the
European College for Decongestive Lymphatic Therapy,
The Netherlands. Maarten Moens is a clinical investigator
and received the Lyrica Independent Investigator Research
Award (LIIRA). He received consultancy or speaker
honoraria from Medtronic and Pfizer.

CONTRIBUTORSHIP INFORMATION

Concept development (provided idea for the research):
EH., K.I,D.V.D, IN, Y.G, N.R., M.D.K.

Design (planned the methods to generate the results):
EH., D.V.D,JN., Y.G, M.DK,, AP, L.G.,, MM.
Supervision (provided oversight, responsible for organiza-
tion and implementation, writing of the manuscript): E.H.,
JN,KIL, Y.G,MDK, AP,L.G,MM,NR,DVD.



Journal of Manipulative and Physiological Therapeutics
Volume 41, Number 2

Data collection/processing (responsible for experiments,
patient management, organization, or reporting data):
M.D.K., N.R., D.V.D.

Analysis/interpretation (responsible for statistical analy-
sis, evaluation, and presentation of the results): E.H.,
JN,KI,Y.G,MDK,AP.,LG,MM.,NR,D.VD.
Literature search (performed the literature search): E.H.,
D.V.D.,, M.D.K.

Writing (responsible for writing a substantive part of the
manuscript): E.H., D.V.D., M.D.K.

Critical review (revised manuscript for intellectual content,

this does not relate to spelling and grammar checking):
JN, KL, Y.G,M.DK,, AP, LG, MM, N.R.

REFERENCES

10.

11.

12.

13.

. Cassidy JD, Carroll LJ, C6té P. The Saskatchewan health and

Back Pain Survey. The prevalence of low back pain and
related disability in Saskatchewan adults. Spine (Phila Pa
1976). 1998;23(17):1860-1866.

. Staal JB, Hendriks EJM, Meijmans M, et al. KNGF-Richtlijn

lage Rugpijn. Ned Tijdschr Fysiother. 2013;7(5).

. Becker A, Held H, Redaelli M, et al. Low back pain in primary

care: costs of care and prediction of future health care
utilization. Spine (Phila Pa 1976). 2010;35(18):1714-1720.

. Nijs J, Torres-Cueco R, van Wilgen CP, et al. Applying modermn

pain neuroscience in clinical practice: criteria for the classification
of central sensitization pain. Pain Physician. 2014;17(5):447-457.

. Nijs J, Apeldoorn A, Hallegraeff H, et al. Low back pain:

guidelines for the clinical classification of predominant
neuropathic, nociceptive, or central sensitization pain. Pain
Physician. 2015;18(3):E333-E346.

. Mayer TG, Neblett R, Cohen H, et al. The development and

psychometric validation of the central sensitization inventory.
Pain Pract. 2012;12(4):276-285.

. Yunus MB. Fibromyalgia and overlapping disorders: the

unifying concept of central sensitivity syndromes. Semin
Arthritis Rheum. 2007;36(6):339-356.

. Nijs J, Van Houdenhove B, Oostendorp RA. Recognition of

central sensitization in patients with musculoskeletal pain:
application of pain neurophysiology in manual therapy
practice. Man Ther. 2010;15(2):135-141.

. Nijs J, Meeus M, Van Oosterwijck J, et al. Treatment of

central sensitization in patients with ‘unexplained’ chronic
pain: what options do we have? Expert Opin Pharmacother.
2011;12(7):1087-1098.

Woolf CJ. Central sensitization: implications for the diagnosis
and treatment of pain. Pain. 2011;152(3 Suppl):S2-S15.
Staud R, Craggs JG, Robinson ME, Perlstein WM, Price DD.
Brain activity related to temporal summation of C-fiber
evoked pain. Pain. 2007;129(1-2):130-142.

Meeus M, Nijs J, Van de Wauwer N, Toeback L, Truijen S. Diffuse
noxious inhibitory control is delayed in chronic fatigue syndrome:
an experimental study. Pain. 2008;139(2):439-448.

Meeus M, Nijs J. Central sensitization: a biopsychosocial
explanation for chronic widespread pain in patients with
fibromyalgia and chronic fatigue syndrome. Clin Rheumatol.
2007;26(4):465-473.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Huysmans et al
Central Sensitization and Cognitive Behavioral Factors

Seifert F, Maihofner C. Central mechanisms of experimental
and chronic neuropathic pain: findings from functional
imaging studies. Cell Mol Life Sci. 2009;66(3):375-390.
George SZ, Wittmer VT, Fillingim RB, Robinson ME. Sex
and pain-related psychological variables are associated with
thermal pain sensitivity for patients with chronic low back
pain. J Pain. 2007;8(1):2-10.

Suarez-Roca H, Leal L, Silva JA, Pinerua-Shuhaibar L,
Quintero L. Reduced GABA neurotransmission underlies
hyperalgesia induced by repeated forced swimming stress.
Behav Brain Res. 2008;189(1):159-169.

Zhuo M. A synaptic model for pain: long-term potentiation in
the anterior cingulate cortex. Mol Cells. 2007;23(3):259-271.

Samad TA, Moore KA, Sapirstein A, et al. Interleukin-1beta-
mediated induction of Cox-2 in the CNS contributes to
inflammatory pain hypersensitivity. Nature. 2001;410(6827):
471-475.

Bazan NG. COX-2 as a multifunctional neuronal modulator.
Nat Med. 2001;7(4):414-415.

Watkins LR, Maier SF. Implications of immune-to-brain
communication for sickness and pain. Proc Natl Acad Sci U S A.
1999;96(14):7710-7713.

Maier SF, Watkins LR. Cytokines for psychologists: impli-
cations of bidirectional immune-to-brain communication for
understanding behavior, mood, and cognition. Psychol Rev.
1998;105(1):83-107.

Price DD, Staud R, Robinson ME, Mauderli AP, Cannon R,
Vierck CJ. Enhanced temporal summation of second pain and
its central modulation in fibromyalgia patients. Pain. 2002;
99(1-2):49-59.

Van Oosterwijck J, Nijs J, Meeus M, Paul L. Evidence for
central sensitization in chronic whiplash: a systematic
literature review. Eur J Pain. 2013;17(3):299-312.

Price DD, Zhou Q, Moshiree B, Robinson ME, Verne GN.
Peripheral and central contributions to hyperalgesia in irritable
bowel syndrome. J Pain. 2006;7(8):529-535.

Wilder-Smith CH, Robert-Yap J. Abnormal endogenous pain
modulation and somatic and visceral hypersensitivity in
female patients with irritable bowel syndrome. World J
Gastroenterol. 2007;13(27):3699-3704.

Nijs J, Meeus M, Van Oosterwijck J, et al. In the mind or in
the brain? Scientific evidence for central sensitisation in
chronic fatigue syndrome. Eur J Clin Invest. 2012;42(2):
203-212.

Smart KM, Blake C, Staines A, Doody C. Self-reported pain
severity, quality of life, disability, anxiety and depression in
patients classified with ‘nociceptive’, ‘peripheral neuropathic’
and ‘central sensitisation’ pain. The discriminant validity of
mechanisms-based classifications of low back (fleg) pain.
Man Ther. 2012;17(2):119-125.

Smart KM, Blake C, Staines A, Thacker M, Doody C.
Mechanisms-based classifications of musculoskeletal pain: part
1 of 3: symptoms and signs of central sensitisation in patients with
low back (+ leg) pain. Man Ther. 2012;17(4):336-344.

Smart KM, Blake C, Staines A, Thacker M, Doody C.
Mechanisms-based classifications of musculoskeletal pain:
part 3 of 3: symptoms and signs of nociceptive pain in patients
with low back (+ leg) pain. Man Ther. 2012;17(4):352-357.
Roussel NA, Nijs J, Meeus M, Mylius V, Fayt C, Oostendorp R.
Central sensitization and altered central pain processing in chronic
low back pain: fact or myth? Clin J Pain. 2013;29(7):625-638.
Nijs J, Meeus M, Cagnie B, et al. A modern pain neuroscience
approach to chronic spinal pain: combining pain neuroscience
education with cognition-targeted motor control training.
Phys Ther. 2014;94(5):730-738.

99


http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0005
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0005
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0005
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0005
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0005
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0010
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0010
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0010
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0015
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0015
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0015
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0015
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0020
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0020
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0020
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0020
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0020
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0025
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0025
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0025
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0025
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0025
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0030
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0030
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0030
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0035
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0035
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0035
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0035
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0040
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0040
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0040
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0040
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0040
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0045
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0045
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0045
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0045
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0045
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0050
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0050
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0050
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0055
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0055
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0055
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0055
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0060
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0060
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0060
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0060
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0060
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0065
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0065
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0065
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0065
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0065
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0070
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0070
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0070
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0070
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0075
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0075
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0075
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0075
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0075
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0080
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0080
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0080
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0080
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0085
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0085
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0085
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0090
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0090
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0090
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0090
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0090
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0095
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0095
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0100
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0100
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0100
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0100
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0100
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0105
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0105
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0105
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0105
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0105
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0110
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0110
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0110
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0110
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0110
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0115
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0115
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0115
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0115
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0120
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0120
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0120
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0120
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0125
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0125
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0125
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0125
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0125
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0130
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0130
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0130
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0130
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0130
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0135
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0135
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0135
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0135
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0135
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0135
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0140
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0140
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0140
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0140
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0140
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0140
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0145
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0145
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0145
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0145
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0145
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0150
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0150
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0150
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0150
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0150
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0155
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0155
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0155
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0155

100

Huysmans et al
Central Sensitization and Cognitive Behavioral Factors

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Waxman SE, Tripp DA, Flamenbaum R. The mediating role
of depression and negative partner responses in chronic low
back pain and relationship satisfaction. J Pain. 2008;9(5):
434-442.

Vlaeyen JW, Kole-Snijders AM, Boeren RG, van Eek H. Fear
of movement/(re)injury in chronic low back pain and its
relation to behavioral performance. Pain. 1995;62(3):
363-372.

Crombez G, Vlaeyen JW, Heuts PH, Lysens R. Pain-related
fear is more disabling than pain itself: evidence on the role of
pain-related fear in chronic back pain disability. Pain. 1999;
80(1-2):329-339.

Gheldof EL, Crombez G, Van den Bussche E, et al. Pain-
related fear predicts disability, but not pain severity: a path
analytic approach of the fear-avoidance model. Eur J Pain.
2010;14(8):870.e1-870.¢9.

Foster NE, Bishop A, Thomas E, et al. Illness perceptions of
low back pain patients in primary care: what are they, do they
change and are they associated with outcome? Pain. 2008;
136(1-2):177-187.

Lloyd D, Findlay G, Roberts N, Nurmikko T. Differences in
low back pain behavior are reflected in the cerebral response
to tactile stimulation of the lower back. Spine (Phila Pa 1976).
2008;33(12):1372-1377.

von Elm E, Altman DG, Egger M, et al. The strengthening the
reporting of observational studies in epidemiology (STROBE)
statement: guidelines for reporting observational studies. J
Clin Epidemiol. 2008;61(4):344-349.

Aguilar-Ferrandiz MA, Nijs J, Gidron Y, et al. Auto-targeted
neurostimulation is not superior to placebo in chronic low
back pain: a fourfold blind randomized clinical trial. Pain
Physician. 2016;19(5):E707-E719.

Neblett R, Cohen H, Choi Y, et al. The Central Sensitization
Inventory (CSI): establishing clinically significant values for
identifying central sensitivity syndromes in an outpatient
chronic pain sample. Clin J Pain. 2013;14(5):438-445.
Kregel J, Vuijk PJ, Descheemaeker F, et al. The Dutch Central
Sensitization Inventory (CSI): factor analysis, discriminative
power, and test-retest reliability. Clin J Pain. 2016;32(7):
624-630.

Harding VR, Williams AC, Richardson PH, et al. The
development of a battery of measures for assessing physical
functioning of chronic pain patients. Pain. 1994;58(3):367-375.
Kopec JA, Esdaile JM, Abrahamowicz M, et al. The Quebec
Back Pain Disability Scale. Measurement properties. Spine
(Phila Pa 1976). 1995;20(3):341-352.

Kopec JA, Esdaile JM, Abrahamowicz M, et al. The Quebec
Back Pain Disability Scale: conceptualization and develop-
ment. J Clin Epidemiol. 1996;49(2):151-161.

Davidson M, Keating JL. A comparison of five low back
disability questionnaires: reliability and responsiveness. Phys
Ther. 2002;82(1):8-24.

Wilhelm F, Fayolle-Minon I, Phaner V, et al. Sensitivity
to change of the Quebec Back Pain Disability Scale and the
Dallas Pain Questionnaire. Ann Phys Rehabil Med. 2010;53(1):
15-23.

Demoulin C, Ostelo R, Knottnerus JA, Smeets RJ. Quebec
Back Pain Disability Scale was responsive and showed
reasonable interpretability after a multidisciplinary treatment.
J Clin Epidemiol. 2010;63(11):1249-1255.

Yvanes-Thomas M, Calmels P, Béthoux F, et al. Validity of
the French-language version of the Quebec Back Pain
Disability Scale in low back pain patients in France. Joint
Bone Spine. 2002;69(4):397-405.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Journal of Manipulative and Physiological Therapeutics
February 2018

Hagg O, Fritzell P, Nordwall A, Group SLSS. The clinical
importance of changes in outcome scores after treatment for
chronic low back pain. Eur Spine J. 2003;12(1):12-20.
Ferraz MB, Quaresma MR, Aquino LR, Atra E, Tugwell P,
Goldsmith CH. Reliability of pain scales in the assessment of
literate and illiterate patients with rheumatoid arthritis. J
Rheumatol. 1990;17(8):1022-1024.

Sullivan MJL, Bishop SR, Pivik J. The Pain Catastrophizing
Scale: development and validation. Psychol Assess. 1995;
7(4):524-532.

Sullivan MJL. The Pain Catstrophizing Scale: User Manual;
1995;36. Available at: http://sullivan-painresearch.mcgill.ca/
pdf/pcs/PCSManual_English.pdf. Accessed December 27,
2017.

Osman A, Barrios FX, Kopper BA, Hauptmann W, Jones J,
O’Neill E. Factor structure, reliability, and validity of the Pain
Catastrophizing Scale. J Behav Med. 1997;20(6):589-605.
Osman A, Barrios FX, Gutierrez PM, Kopper BA, Merrifield
T, Grittmann L. The Pain Catastrophizing Scale: further
psychometric evaluation with adult samples. J Behav Med.
2000;23(4):351-365.

Van Damme S, Crombez G, Bijttebier P, Goubert L, Van
Houdenhove B. A confirmatory factor analysis of the Pain
Catastrophizing Scale: invariant factor structure across clinical
and non-clinical populations. Pain. 2002;96(3):319-324.
D’Eon JL, Harris CA, Ellis JA. Testing factorial validity and
gender invariance of the Pain Catastrophizing Scale. J Behav
Med. 2004;27(4):361-372.

Chibnall JT, Tait RC. Confirmatory factor analysis of the Pain
Catastrophizing Scale in African American and Caucasian
Workers’ Compensation claimants with low back injuries.
Pain. 2005;113(3):369-375.

Lamé IE, Peters ML, Kessels AG, Van Kleef M, Patijn J.
Test—retest stability of the Pain Catastrophizing Scale and
the Tampa Scale for Kinesiophobia in chronic pain over
a longer period of time. J Health Psychol. 2008;13(6):
820-826.

Tremblay I, Beaulieu Y, Bernier A, et al. Pain Catastrophizing
Scale for Francophone Adolescents: a preliminary validation.
Pain Res Manag. 2008;13(1):19-24.

Kori SH, Miller RP, Todd DD. Kinesiophobia: a new view of
Chronic Pain Behavior. Pain Manag. 1990;35(4):35-43.
Broadbent E, Petrie KJ, Main J, Weinman J. The brief illness
perception questionnaire. J Psychosom Res. 2006;60(6):631-637.
Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a
flexible statistical power analysis program for the social,
behavioral, and biomedical sciences. Behav Res Methods.
2007;39(2):175-191.

Coppieters I, Ickmans K, Cagnie B, et al. Cognitive
performance is related to Central Sensitization and Health-
related quality of life in patients with Chronic Whiplash-
Associated Disorders and Fibromyalgia. Pain Physician.
2015;18(3):E389-E401.

Campbell CM, Buenaver LF, Finan P, et al. Sleep, Pain
Catastrophizing, and Central Sensitization in Knee Osteoar-
thritis Patients With and Without Insomnia. Arthritis Care Res
(Hoboken). 2015;67(10):1387-1396.

Sjors A, Larsson B, Persson AL, Gerdle B. An
increased response to experimental muscle pain is related to
psychological status in women with chronic non-traumatic
neck-shoulder pain. BMC Musculoskelet Disord. 2011;12:230.
Banic B, Petersen-Felix S, Andersen OK, et al. Evidence
for spinal cord hypersensitivity in chronic pain after whiplash
injury and in fibromyalgia. Pain. 2004;107(1-2):7-15.


http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0160
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0160
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0160
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0160
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0160
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0165
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0165
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0165
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0165
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0165
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0165
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0170
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0170
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0170
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0170
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0170
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0175
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0175
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0175
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0175
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0175
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0180
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0180
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0180
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0180
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0180
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0185
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0185
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0185
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0185
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0185
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0190
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0190
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0190
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0190
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0190
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf9090
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf9090
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf9090
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf9090
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf9090
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0195
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0195
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0195
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0195
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0195
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0200
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0200
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0200
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0200
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0200
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0205
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0205
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0205
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0205
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0205
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0210
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0210
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0210
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0210
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0215
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0215
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0215
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0215
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0220
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0220
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0220
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0220
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0225
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0225
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0225
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0225
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0225
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0225
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0230
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0230
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0230
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0230
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0235
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0235
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0235
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0235
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0235
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0240
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0240
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0240
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0240
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0245
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0245
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0245
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0245
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0245
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0250
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0250
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0250
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0250
http://sullivan-painresearch.mcgill.ca/pdf/pcs/PCSManual_English.pdf
http://sullivan-painresearch.mcgill.ca/pdf/pcs/PCSManual_English.pdf
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0260
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0260
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0260
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0260
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0265
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0265
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0265
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0265
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0265
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0270
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0270
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0270
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0270
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0270
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0270
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0275
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0275
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0275
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0275
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0280
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0280
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0280
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0280
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0285
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0285
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0285
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0285
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0285
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0285
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0285
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0290
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0290
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0290
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0295
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0295
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0295
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0300
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0300
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0300
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0300
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0305
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0305
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0305
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0305
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0305
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0310
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0310
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0310
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0310
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0310
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0310
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0310
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0315
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0315
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0315
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0315
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0315
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0320
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0320
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0320
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0320
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0320
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0320
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0325
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0325
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0325
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0325
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0325

Journal of Manipulative and Physiological Therapeutics
Volume 41, Number 2

67.

68.

69.

70.

71.

Giesecke T, Gracely RH, Grant MA, et al. Evidence of augmented
central pain processing in idiopathic chronic low back pain.
Arthritis Rheum. 2004;50(2):613-623.

Vlaeyen JW, Linton SJ. Fear-avoidance and its consequences
in chronic musculoskeletal pain: a state of the art. Pain. 2000;
85(3):317-332.

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.

Picavet HS, Vlaeyen JW, Schouten JS. Pain catastrophizing
and kinesiophobia: predictors of chronic low back pain. Am J
Epidemiol. 2002;156(11):1028-1034.

Nagarajan M, Nair MR. Importance of fear-avoidance
behavior in chronic non-specific low back pain. J Back
Musculoskelet Rehabil. 2010;23(2):87-95.

72.

73.

74.

75.

76.

Huysmans et al
Central Sensitization and Cognitive Behavioral Factors

Meyer K, Tschopp A, Sprott H, Mannion AF. Association between
catastrophizing and self-rated pain and disability in patients with
chronic low back pain. J Rehabil Med. 2009;41(8):620-625.
Owens MA, Bulls HW, Trost Z, et al. An examination of pain
catastrophizing and endogenous pain modulatory processes in
adults with Chronic Low Back Pain. Pain Med. 2016;17(8):
1452-1464.

Sterling M, Jull G, Vicenzino B, Kenardy J. Characterization
of acute whiplash-associated disorders. Spine (Phila Pa
1976). 2004;29(2):182-188.

Clauw DJ, Williams D, Lauerman W, et al. Pain sensitivity as a
correlate of clinical status in individuals with chronic
low back pain. Spine (Phila Pa 1976). 1999;24(19):2035-2041.
Nijs J, Crombez G, Meeus M, et al. Pain in patients with
chronic fatigue syndrome: time for specific pain treatment?
Pain Physician. 2012;15(5):E677-E686.

101


http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0330
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0330
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0330
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0330
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0335
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0335
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0335
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0335
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0340
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0340
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0340
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0340
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0340
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0345
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0345
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0345
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0345
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0350
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0350
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0350
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0350
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0355
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0355
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0355
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0355
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0355
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0360
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0360
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0360
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0360
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0360
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0365
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0365
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0365
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0365
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0365
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0370
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0370
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0370
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0370
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0370
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0375
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0375
http://refhub.elsevier.com/S0010-7824(18)30033-7/rf0375

	Association Between Symptoms of Central Sensitization and Cognitive Behavioral Factors in People With Chronic Nonspecific L...
	Introduction
	Methods
	Study Design and Setting
	Participants
	Outcome Measures
	Sample Size
	Statistical Methods

	Results
	Participant Flow
	Outcomes

	Discussion
	Limitations

	Conclusion
	Acknowledgments
	Funding Sources and Conflicts of Interest
	Contributorship Information
	References


