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IMPORTANCE Effective treatments for chronic spinal pain are essential to reduce the related
high personal and socioeconomic costs.

OBJECTIVE To compare pain neuroscience education combined with cognition-targeted
motor control training with current best-evidence physiotherapy for reducing pain and
improving functionality, gray matter morphologic features, and pain cognitions in individuals
with chronic spinal pain.

DESIGN, SETTING, AND PARTICIPANTS Multicenter randomized clinical trial conducted from
January 1, 2014, to January 30, 2017, among 120 patients with chronic nonspecific spinal pain
in 2 outpatient hospitals with follow-up at 3, 6, and 12 months.

INTERVENTIONS Participants were randomized into an experimental group (combined pain
neuroscience education and cognition-targeted motor control training) and a control group
(combining education on back and neck pain and general exercise therapy).

MAIN OUTCOMES AND MEASURES Primary outcomes were pain (pressure pain thresholds,
numeric rating scale, and central sensitization inventory) and function (pain disability index
and mental health and physical health).

RESULTS There were 22 men and 38 women in the experimental group (mean [SD] age, 39.9
[12.0] years) and 25 men and 35 women in the control group (mean [SD] age, 40.5 [12.9]
years). Participants in the experimental group experienced reduced pain (small to medium
effect sizes): higher pressure pain thresholds at primary test site at 3 months (estimated
marginal [EM] mean, 0.971; 95% CI, –0.028 to 1.970) and reduced central sensitization
inventory scores at 6 months (EM mean, –5.684; 95% CI, –10.589 to –0.780) and 12 months
(EM mean, –6.053; 95% CI, –10.781 to –1.324). They also experienced improved function
(small to medium effect sizes): significant and clinically relevant reduction of disability at 3
months (EM mean, –5.113; 95% CI, –9.994 to –0.232), 6 months (EM mean, –6.351; 95% CI,
–11.153 to –1.550), and 12 months (EM mean, –5.779; 95% CI, –10.340 to –1.217); better mental
health at 6 months (EM mean, 36.496; 95% CI, 7.998-64.995); and better physical health at
3 months (EM mean, 39.263; 95% CI, 9.644-66.882), 6 months (EM mean, 53.007; 95% CI,
23.805-82.209), and 12 months (EM mean, 32.208; 95% CI, 2.402-62.014).

CONCLUSIONS AND RELEVANCE Pain neuroscience education combined with
cognition-targeted motor control training appears to be more effective than current
best-evidence physiotherapy for improving pain, symptoms of central sensitization, disability,
mental and physical functioning, and pain cognitions in individuals with chronic spinal pain.
Significant clinical improvements without detectable changes in brain gray matter
morphologic features calls into question the relevance of brain gray matter alterations in this
population.
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N onspecific chronic spinal pain (nCSP) is associated with
significant health care use and high rates of disability
worldwide.1 Currently, nonsurgical treatments for nCSP,

including nonsteroidal anti-inflammatory drugs, joint manipu-
lation, acupuncture, and exercise therapy, seem to have limited
benefits (small to moderate effect sizes).2 This finding may be ex-
plained by the fact that such treatments do not comply with re-
cent advances in chronic pain research.

These recent advances suggest hyperexcitability of the cen-
tral nervous system, including malfunctioning of descending no-
ciceptive inhibition, and gray matter morphologic changes in
people with nCSP.3-5 These brain alterations—with a trend toward
decreased gray matter volume—are reported in regions involved
in modulatory, emotional-affective, and sensory-discriminative
painprocessing.4 Moreimportant,thesemorphologicchangesare
suggested to be reversible in response to successful treatment.6

However, to our knowledge, controlled clinical studies investi-
gating this outcome in people with nCSP are currently lacking.

Individuals with nCSP also tend to have inappropriate pain
cognitions associated with poor treatment outcome, such as ki-
nesiophobia,hypervigilance,andpaincatastrophizing.7-9 Aswith
thechangesingraymattermorphology,currenttreatmentofnCSP
does not account for inappropriate pain cognitions.2 Therefore,
atreatmentaddressingbothgraymattermorphologicfindingsand
inappropriate pain cognitions might result in larger effect sizes
and clinically relevant changes. Such an approach (ie, combined
pain neuroscience education with cognition-targeted exercise
therapy) has previously been investigated in a pilot study with
1 year of follow-up, including a small sample of people with
chroniclowbackpain.10 Thereductionsinpainanddisabilitywere
high, but that study did not include a comparison with current
best-evidencephysiotherapyanddidnotincludeindividualswith
chronic neck pain, despite the similarities in underlying pain
mechanisms between people with neck pain and those with low
back pain.11

Based on the above-described voids, this sufficiently
powered, multicenter randomized clinical trial investigated
whether pain neuroscience education combined with
cognition-targeted motor control training is superior to cur-
rent best-evidence physiotherapy in reducing pain and
improving functionality, gray matter morphologic features,
and pain cognitions in individuals with nCSP.

Methods
Design
Data were collected from January 1, 2014, to January 30, 2017, in
the University Hospitals of Ghent and Brussels in Belgium. This
study was approved by the ethics committees of the University
HospitalofGhent(2013/1133)andBrussels(2013/385).Participants
providedwritteninformedconsent.Adetailedstudyprotocolhas
been published12 (see also study protocol in Supplement 1).

Blinding
The study participants, statistician, and outcomes assessors
were blinded (triple-blind study). Participants did not meet in
the waiting rooms (no contamination).

Study Population and Sample Size
Participants were recruited through flyers distributed to the uni-
versity hospitals and universities, occupational health services,
and primary care practices and via social media and advertise-
ments. Inclusion criteria were as follows: native Dutch speaking,
18 to 65 years of age, and having nCSP (≥3 days per week and
≥3monthsofchroniclowbackpain,failedbacksurgerysyndrome
>3 year prior, chronic whiplash, or chronic nontraumatic neck
pain). Participants were not allowed to continue other therapies,
except for usual medication. Participants were asked not to start
anewtherapyornewmedication6weeksbeforethetrialanddur-
ing study participation. Exclusion criteria were specific medical
conditions (neuropathic pain, neck or back surgery in the prior
3 years, osteoporotic vertebral fractures, or rheumatologic dis-
eases) or chronic widespread pain syndromes (fibromyalgia or
chronic fatigue syndrome) and residence more than 50 km away
from the hospital (to avoid dropping out of the trial).

Sample size was calculated using G*Power software (Uni-
versität Düsseldorf) based on the effects on pain in the pilot
study (partial η2 = 0.02, α = .05, power = 0.80) and ac-
counted for F tests and 30% loss to follow-up after 1 year, re-
sulting in a total sample size of 117 individuals.10

Randomization
Randomization was performed at the Biostatistics Unit (Ghent
University) by an independent investigator, using a stratified
permuted block allocation (block size of 4). Stratification fac-
tors were treatment center, dominant pain location, and sex.13

Outcome Measures
The clinimetric properties and details of the questionnaires (all
Dutch versions) can be found in the a priori published protocol.12

Primary Outcome Measures: Pain and Function
Pain was measured using 2 questionnaires (the Numeric Rat-
ing Scale [NRS]14 and the Central Sensitization Inventory
[CSI]15) and 2 experimental pain measures (pressure pain
thresholds [PPTs] and conditioned pain modulation [CPM]).
The NRS measures the mean pain intensity during the last 3
days using an 11-point scale, with a 30% decrease in the NRS

Key Points
Question Can a program of pain neuroscience education
combined with cognition-targeted motor control training reduce
pain and improve function, gray matter morphologic features, and
pain cognitions in individuals with chronic spinal pain?

Findings Results from this randomized clinical trial of 120
individuals with chronic spinal pain indicate that pain neuroscience
education combined with cognition-targeted motor control
training is superior to usual care at reducing pain and improving
function and pain cognitions. Gray matter morphologic features
did not change in response to treatment.

Meaning Clinically relevant changes in response to effective
treatment without changes in gray matter morphologic features
question the relevance of the well-established alterations at brain
level in individuals with chronic spinal pain.
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score considered clinically important.14 The CSI assesses the
presence of hypersensitivity by evaluating 25 symptoms that
people with chronic pain might encounter (eg, sensitivity to
light or concentration difficulties) on a 5-point Likert-scale
(where 0 indicates that this symptom never occurs and 5 in-
dicates that this symptom always occurs).15 Pressure pain
thresholds (ie, the point of minimum pressure that induces an
unpleasant sensation) were determined using a digital pres-
sure algometer with a 1-cm2 tip (Wagner Instruments) at the
most painful side or at the dominant side in case of bilateral
pain. Pressure pain thresholds were randomly measured twice
at the symptomatic sites (trapezius muscle midway between
C7 and the acromion tip and 5 cm lateral of the spinous pro-
cess of L3) and at the remote sites (quadriceps muscle and the
web between the thumb and index finger). The CPM para-
digm evaluates the descending nociceptive inhibition effi-
cacy, using a cold-water bath (12°C; Versacool) for 2 minutes’
immersion of the hand contralateral to the PPT measure-
ments. After 30 seconds, PPTs were measured again. Initial
PPTs were subtracted from PPTs during the cold pressor test.
A negative value indicates an impaired inhibitory response (ie,
lower PPT than before the cold pressor test). A positive value
indicates an inhibitory response (ie, higher PPT than before the
cold pressor test).

Function was measured using the 36-Item Short Form
Health Survey (SF36),16 which evaluates health-related qual-
ity of life and is analyzed into 2 main domains (the physical
and mental component), and the Pain Disability Index (PDI),
which assesses the level of perceived disability due to pain dur-
ing 7 daily-life activities, such as family and home responsi-
bilities, recreation, and social activities. A decrease in PDI scores
of 8.5 to 9.5 is considered to be clinically relevant.17

Secondary Outcome Measures
Gray matter morphologic features were evaluated using mag-
netic resonance imaging (Siemens; 32-channel radiofre-
quency head coil). Details on the type of scan and the prepro-
cessing analysis in FreeSurfer (Athinoula A. Martinos Center
for Biomedical Imaging at Massachusetts General Hospital) can
be found in the eAppendix in Supplement 2. The gray matter
cortical thickness of 10 a priori selected cortical regions based
on the Desikan gyral parcellation18 (caudal middle frontal, in-
ferior parietal, inferior temporal, medial orbitofrontal, para-
hippocampal, postcentral, precentral, rostral middle frontal,
superior parietal, and supramarginal gyri) and the gray mat-
ter volumes of 5 a priori selected regions from the FreeSurfer
subcortical segmentation (amygdala, caudate, hippocam-
pus, putamen, and thalamus) were derived for further statis-
tical analysis.19 These selected regions of interest have shown
alterations after conservative treatments in populations with
chronic musculoskeletal pain.6

To evaluate pain cognitions, the following question-
naires were used: the Pain Catastrophizing Scale,20 which
evaluates catastrophic thoughts and feelings regarding pain;
the Tampa Scale for Kinesiophobia,21 which assesses fear of
movement or (re)injury; and the Pain Vigilance and Aware-
ness Questionnaire,22 which measures the participants’ aware-
ness of and attention to pain.

Intervention
Both interventions (duration, 12 weeks) comprised 3 educa-
tional sessions (group session, home-based online module, and
individual session) and 15 one-on-one exercise sessions. The
content of the therapy differed between groups (eTable 1 in
Supplement 2).

The experimental intervention combined pain neuroscience
education with cognition-targeted motor control training. Pain
neuroscience education aims to reconceptualize patients’ beliefs
about pain, to increase their knowledge of pain and to decrease
its threat. The content included the following topics in nontech-
nical terms: the neuron, the synapse, descending nociceptive in-
hibition and facilitation, peripheral sensitization, and central
sensitization.23 The exercise program started with sensorimotor
control training, adapted to comply with modern pain neurosci-
ence using a time-contingent rather than pain-contingent ap-
proach (eTable 1 in Supplement 2) and aiming to change inappro-
priate beliefs and perceptions into correct ones. Simultaneously,
movementsthatparticipantsfearedandavoidedwereintroduced
using a graded approach with increasing complexity (ie, progres-
sion toward physically, cognitively, and psychosocially demand-
ing situations). The detailed treatment protocol is available
elsewhere.24

The control intervention comprised current best-evidence
physiotherapy,includingtraditionalbackandneckeducationand
general exercises.25,26 The education covered the following top-
ics: mechanical causes of back and neck pain; spine anatomy,
physiology, and biomechanics; the importance of self-care and
ergonomics; intradiscal pressure and joint forces; lifting tech-
niques; and the value of stretching and strength, endurance, and
fitness training. The pain-contingent exercise program focused
on treating biomedical dysfunctions of the spine (ie, mobility,
musclestrength,muscleendurance,andgeneralfitnessexercises),
with an evolution toward functional activities and physically de-
manding tasks while keeping the spine in physiologically neutral
positions. When the participant reported pain during or after an
exercise, the intensity or duration of the exercise was reduced.

Statistical Analysis
All data were analyzed using SPSS, version 24.0 (SPSS Inc). Mea-
surements of PPT and CPM at the primary body site (lower back
and trapezius muscle) were taken together using body site as a
covariateinthemodel.Foreachvariable,thepercentageofchange
compared with baseline was calculated. Effect sizes of the mean
group differences were calculated as the Cohen d. To assess the
difference between groups in response to treatment, a random-
interceptlinearmixedmodelsanalysis,usingBonferroniposthoc
analyses, was applied with an unstructured covariance matrix.
The model included treatment, time, and treatment × time as
fixed effects together with a random intercept for each patient.
P < .05 (2-sided) was considered significant.

Results
A total of 120 people with nCSP were included in the trial and
received pain neuroscience education combined with cogni-
tion-targeted motor control training (experimental treat-
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ment [n = 60]) or current best-evidence physiotherapy (con-
trol treatment [n = 60]) (Figure). The baseline characteristics
of these participants are presented in Table 1.

The primary outcome measures included pain and func-
tion (Table 2; eFigures 1 and 2 in Supplement 2). Although the
NRS did not show significant interaction effects, a significant
main effect of time was found. Significant treatment × time in-
teraction effects were found for primary site PPTs, the CSI, the
PDI, and the SF36 mental and physical subscale. Post hoc tests
showed larger improvements in the experimental group (small
to medium effect sizes): lower CSI scores at 6 months (esti-
mated marginal [EM] mean, –5.684; 95% CI, –10.589 to –0.780])
and 12 months (EM mean, –6.053; 95% CI, –10.781 to –1.324);
lower PDI scores at 3 months (EM mean, –5.113; 95% CI, –9.994
to –0.232), 6 months (EM mean, –6.351; 95% CI, –11.153 to
–1.550), and 12 months (–5.779; 95% CI, –10.340 to –1.217]);
higher SF36 mental health scores at 6 months (EM mean,
36.496; 95% CI, 7.998-64.995); and higher SF36 physical health
scores at 3 months (EM mean, 39.263; 95% CI, 9.644-
66.882), 6 months (53.007; 95% CI, 23.805-82.209), and 12
months of follow-up (32.208; 95% CI, 2.402-62.014]).

Thesecondaryoutcomemeasuresincludedgraymattermor-
phologic features and pain cognitions (Table 2; eTable 2 and eFig-
ure 3 in Supplement 2). No significant interaction effects or in-
creased gray matter volumes at the subcortical level were found.
Regarding the cortical regions of interest, the supramarginal gy-
rus showed an interaction effect. Bonferroni post hoc analysis
showed that the experimental treatment led to a significantly
higher supramarginal thickness at 3 months (EM mean, 0.046;
96% CI, 0.000-0.093; P = .049) and 12 months (EM mean, 0.049;
95% CI, 0.005-0.092; P = .03).

TheTampaScaleforKinesiophobiaandthePainVigilanceand
Awareness Questionnaire showed significant group × time inter-
actioneffects(Table2).Bonferroniposthocanalysisshowedlower

scores in the experimental group on the Tampa Scale for Kinesio-
phobia (medium to large effect size) at 3 months (EM mean,
–8.680; 95% CI, –11.067 to –6.294), 6 months (EM mean, –9.810;
–12.301 to –7.320), and 12 months of follow-up (EM mean, –8.862;
95% CI, –11.097 to –6.628) and on the Pain Vigilance and Aware-
ness Questionnaire (medium to large effect size) at 3 months (EM
mean, –8.265; 95% CI, –12.959 to –3.571), 6 months (EM mean,
–7.269; 95% CI, –12.294 to –2.243), and 12 months of follow-up
(EM mean, –6.316; –11.070 to –1.561).

Discussion
Despite the inability to change gray matter morphologic fea-
tures, pain neuroscience education combined with cognition-
targeted motor control training improved pressure pain sen-
sitivity, central sensitization symptoms, mental and physical
functioning, kinesiophobia, and hypervigilance and reduced
disability in patients with nCSP. These effects were of clinical
importance (medium to large effect sizes and 50% improve-
ment in pain) and were maintained at long-term follow-up.

Primary Outcomes: Pain and Function
Despite the absence of treatment differences, only the experi-
mental group showed an increase in PPTs of more than 15%
(an increase of >1.5 kg/cm2 at the primary test site), which is
considered to be clinically relevant.27 Also, although the de-
crease in NRS pain scores exceeded the minimal clinically im-
portant difference (ie, 30%) in both groups,14 percentage
changes and effect sizes were considerably higher in the ex-
perimental group (42.79%-52.22% reduction) compared with
the control group (23.58%-33.13% reduction). Lastly, the ex-
perimental group showed significantly lower CSI scores after
treatment (medium effect sizes) than the control group.

Figure. CONSORT Flow Diagram

728 Assessed for eligibility

608 Excluded
339 Did not meet inclusion criteria
269 Declined to participate

120 Randomized

60 Analyzed

60 Randomized to experimental
intervention
49 Received experimental

intervention
11 Did not complete intervention

4 Started another treatment
7 Were too busy (school, work,

or other)

60 Randomized to control 
intervention
45 Received control intervention
15 Did not complete intervention

4 Started another treatment
10 Were too busy (school,

work, or other)
1 Had claustrophobia

(unable to undergo MRI)

60 Analyzed

3 Lost to follow-up
2 Were pregnant (unable to

undergo MRI)
1 Was not interested anymore

3 Lost to follow-up
1 Was pregnant (unable to

undergo MRI)
2 Were not interested anymore

MRI indicates magnetic resonance
imaging.
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Table 1. Demographic and Baseline Characteristics of the Participants With Chronic Spinal Paina

Characteristic Mean (SD) Median (IQR) [Range]
Demographic

Age, y

Experimental group 39.91 (11.95) 37.50 (24.00) [20-65]

Control group 40.53 (12.88) 40.00 (22.00) [19-65]

Body height, cm

Experimental group 172.86 (8.86) 172.00 (12.00) [157.00-201.00]

Control group 171.52 (10.65) 170.00 (17.00) [153.00-197.00]

Body weight, kg

Experimental group 69.68 (14.28) 66.00 (19.00) [49.00-110.00]

Control group 71.11 (13.78) 69.50 (18.80) [46.00-108.00]

Body mass indexb

Experimental group 23.16 (3.30) 23.31 (4.74) [16.65-32.41]

Control group 24.09 (3.81) 23.65 (4.69) [18.44-36.11]

Pain duration, mo

Experimental group 121.55 (100.77) 97.00 (154.50) [6.00-420.00]

Control group 103.41 (82.88) 68.75 (105.00) [7.00-348.00]

Baseline

PPT prim, kgfc

Experimental group 4.56 (2.40) 4.99 (3.35) [1.19-13.67]

Control group 4.43 (2.45) 4.35 (3.35) [0.80-11.57]

PPT hand, kgf

Experimental group 3.60 (1.88) 3.84 (2.25) [1.10-10.67]

Control group 3.60 (1.87) 3.39 (2.04) [1.31-11.63]

PPT leg, kgf

Experimental group 5.33 (2.57) 5.71 (3.77) [1.60-16.42]

Control group 5.08 (2.53) 4.90 (3.76) [1.97-14.58]

CMP prim, scorec

Experimental group 1.08 (1.38) 1.02 (1.59) [−2.18 to 5.69]

Control group 1.05 (1.30) 1.04 (1.79) [−3.43 to 5.96]

CPM leg, score

Experimental group 1.03 (1.25 1.09 (1.75[−2.17 to 6.08]

Control group 1.01 (1.46) 0.65 (1.48) [−3.32 to 7.31]

NRS score (out of 10)

Experimental group 5.15 (1.89) 5.00 (3.00) [2.00-10.00]

Control group 4.98 (1.90) 5.00 (4.00) [2.00-8.00]

CSI score (out of 100)

Experimental group 40.17 (11.43) 37.00 (13.00) [15.00-72.00]

Control group 39.88 (11.39) 39.50 (16.00) [12.00-64.00]

PDI score (out of 70)

Experimental group 21.92 (14.61) 19.00 (24.00) [4.00-63.00]

Control group 21.58 (13.43) 18.50 (16.00) [0.00-63.00]

SF36 mental health score (out of 400)

Experimental group 279.34 (70.63) 289.00 (89.50) [85.00-372.00]

Control group 280.24 (70.67) 289.00 (101.96) [105.50-390.00]

SF36 physical health score (out of 400)

Experimental group 235.75 (66.29) 237.50 (107.50) [30.00-347.50]

Control group 225.63 (79.30) 226.25 (130.60) [45.00-360.00]

TSK score (out of 68)

Experimental group 34.37 (7.09 33.00 (11.00) [21.00-51.00]

Control group 36.72 (6.85) 37.00 (10.00) [26.00-61.00]

PVAQ score (out of 80)

Experimental group 36.90 (11.92) 36.00 (19.00) [14.00-69.00]

Control group 35.77 (12.66) 33.50 (19.00) [4.00-70.00]

(continued)
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These significant changes in CSI scores and the clinical inter-
pretation of the PPTs and the NRS (medium to large effect sizes
and/or clinically important changes) demonstrate the superior-
ity of pain neuroscience education combined with cognition-
targeted motor control training compared with current best-
evidence physiotherapy for individuals with nCSP at reducing
pain.Although,toourknowledge,nopreviousstudieshaveevalu-
ated pain neuroscience education combined with cognition-
targeted motor control training, studies evaluating pain neuro-
science education alone report small effect sizes.28 The larger
effect sizes presented here (in the short term and long term) are
likely the result of integrating the newly derived pain neurosci-
ence understanding in specific fearful movements and activities,
enabling patients to deal with pain in daily life.

Although the statistical and/or clinically relevant changes in
thesepainparameterssupporttheeffectivenessoftheexperimen-
tal intervention, we did not find any effect on the efficacy of CPM.
The CPM paradigm evaluates the descending nociceptive inhibi-
tory systems, and previous research has reported less efficacious

CPM in people with chronic spinal pain compared with healthy
pain-free controls.29,30 Still, there is no association between CPM
and the intensity of chronic pain,31 and reduced CPM has been
found in healthy individuals prior to the development of chronic
neck pain.32 Together with the results of our present study, these
observations question the clinical importance of the CPM para-
digm for people with nCSP, which could explain why the CPM pa-
rameter did not change while other pain parameters improved
in response to the experimental treatment.

For perceived pain disability and mental and physical health,
the experimental group showed greater improvement compared
with current best-evidence physiotherapy (small to medium ef-
fect sizes). This outcome is in line with a pilot study for individu-
als with chronic low back pain.10 Again, these positive effects can
be attributed to the content of the experimental treatment as par-
ticipantslearntoputpainintotherightperspective,tomoveregu-
larly,andtobephysicallyactive.Consequently,participantsprob-
ably feel empowered, whereas, previously, they viewed pain was
as a life-controlling factor.

Table 1. Demographic and Baseline Characteristics of the Participants With Chronic Spinal Paina (continued)

Characteristic Mean (SD) Median (IQR) [Range]
PCS score (out of 52)

Experimental group 16.53 (9.75) 15.00 (14.00) [0.00-39.00]

Control group 16.85 (10.52) 14.50 (16.00) [0.00-48.00]

Participants, No. (%)

Dominant pain problem

Experimental group

Neck pain 32 (53)

Low back pain 28 (47)

Control group

Neck pain 32 (53)

Low back pain 28 (47)

Sex, No. (%)

Experimental group

Male 22 (37)

Female 38 (63)

Control group

Male 25 (42)

Female 35 (58)

Educational level, No. (%)

Experimental group

No degree 0

Lower secondary school 4 (7)

Higher secondary school 11 (18)

Higher education 45 (75)

Control group

No degree 0

Lower secondary school 8 (13)

Higher secondary school 13 (22)

Higher education 39 (65)

Handedness, No. (%)

Experimental group

Left-handed 5 (8)

Right-handed 55 (92)

Control group

Left-handed 3 (5)

Right-handed 57 (95)

Abbreviations: CPM, conditioned
pain modulation; CSI, Central
Sensitization Inventory;
IQR, interquartile range; kgf, kilogram
force; NRS, Numeric Rating Scale;
PCS, Total Score of the Pain
Catastrophizing Scale; PDI, Pain
Disability Index; PPT, pressure pain
threshold; prim, primary (pain) test
site; PVAQ, Pain Vigilance and
Awareness Questionnaire;
SF36, 36-Item Short Form Health
Survey; TSK, Tampa Scale for
Kinesiophobia.
a There were 60 participants in the

experimental group and 60
participants in the control group.

b Calculated as weight in kilograms
divided by height in meters
squared.

c Values of people with neck pain and
low back pain measures at the
primary test site were analyzed
together, using PPT location as
confounding factor.
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Secondary Outcomes: Gray Matter Morphologic Features
and Pain Cognitions
Basedonpreviousstudies,4,6 weexpectedtofindincreasesofgray
matter volume or thickness in response to treatment. However,
no substantial increases (or decreases) were found in any of the
evaluated brain areas. This outcome indicates that neither inter-
vention led to a change in gray matter morphometry. Some might
argue that this is not a surprising result because the interventions
did not include surgery or medication, both elements that are
knowntoaffectbraingraymattermorphologicfeatures.33,34 How-
ever, the absence of changes in gray matter morphologic features
in response to treatment is clearly at odds with an uncontrolled
study35 reportingimprovementsingraymatteraftercognitivebe-
havioraltreatmentinpeoplewithchronicspinalpain.Thisstudy35

comparedpatientsbeforeandaftertherapywithhealthyindividu-
als at baseline, whereas our study is unique in evaluating brain
morphologic features using a randomized clinical design with 2
different therapies. Taking into account the significant clinical re-
duction in pain and improvement in function in response to pain
neuroscience education combined with cognition-targeted mo-
torcontroltraining,webelievethatthesefindingsatthebrainlevel
question the previously reported brain changes in response to
therapy in uncontrolled studies.

Regardingkinesiophobia,theexperimentaltreatmentshowed
larger reductions than current best-evidence physiotherapy.
Whereas both groups showed baseline Tampa Scale for Kinesio-
phobia scores around the cutoff to indicate kinesiophobia, only
the experimental group showed decreases exceeding the mini-
mally important change of 5.5 (large effect sizes).36 Similarly, hy-
pervigilance improved more in the experimental group (medium
to large effect sizes) than in the control group. Again, the combi-
nation of pain neuroscience education with cognition-targeted
exercises reveals its added value, as previous research indicates
that pain neuroscience education alone did not significantly re-
duce hypervigilance.37

No effect was seen for pain catastrophizing, although we ex-
pected a greater decrease in the experimental group. Combining
pain neuroscience education with cognition-targeted motor con-
trol training stimulates people to put pain into the right perspec-
tive, to understand the pain problem, to increase functionality,
andtousephysicalactivitytopositivelyinfluencesymptoms.10,38

However, our results imply that this approach is not better than
current best-evidence physiotherapy to reduce pain catastro-
phizing. Still, there was a reduction of 46.50% (3 months’ follow-
up) to 63.40% (12 months’ follow-up) in the experimental group,
whereas the control group showed reductions of 25.84% (3
months’ follow-up) to 43.69% (12 months’ follow-up) (Table 2).

Practical Implications and Recommendations for Research
Our results emphasize the need for a shift from a biomedical ap-
proach toward a biopsychosocial approach that combines pain

neuroscience education with cognition-targeted motor control
training for people with nCSP. Clinicians should integrate mod-
ern pain neuroscience into the management of nCSP, rather than
focusing on a possible biomedical origin of pain.

However,becausethisstudyincludedpeopleonlywithnCSP,
other populations require study to see if these results can be gen-
eralizedtoabroadpopulationwithchronicpain.Furtherresearch
should investigate if the combination of pain neuroscience edu-
cation with cognition-targeted exercises is also effective in sub-
groups,suchasindividualswithchronicwhiplash–associateddis-
orders, and other populations with chronic pain, such as chronic
knee osteoarthritis and postcancer pain. In addition, future re-
search should focus on other brain imaging techniques, such as
white matter properties, and functional connectivity analyses.

Limitations and Strengths
This study has some limitations. Statistical analyses were not cor-
rected for hormonal influences, which may affect pain and other
outcome measures, but it is still unclear what the hormonal ef-
fects on pain intensity are.39

This study also has several strengths. To our knowledge, this
is the first experimental study examining the possible treatment
effects on brain morphologic features in people with nCSP. Like-
wise, to our knowledge, this is the first triple-blind, adequately
controlled randomized clinical trial examining the effectiveness
ofpainneuroscienceeducationcombinedwithcognition-targeted
motor control training for people with nCSP. This multicenter
study was carried out using a large sample and exhibited substan-
tial improvements and corresponding effect sizes among mea-
suresofpain,function,andpsychosocialcorrelates.Thetrialcom-
pared balanced treatment arms, was sufficiently powered, used
current best-evidence physiotherapy as the control intervention,
reliedonapublishedtrialandtreatmentprotocol,12,24 andapplied
blinded outcomes assessments up to 1 year after treatment.

Conclusions
Combining pain neuroscience education with cognition-targeted
exercises does not affect brain gray matter morphologic features
but can reduce pain and disability and improve mental and physi-
cal functioning and pain cognitions in people with nCSP (clini-
cally important results, long-term benefits, medium to large
effect sizes, and 50% improvement in self-reported pain). The
presence of significant clinical improvements without changes
at the brain level challenges the clinical relevance of these altera-
tions in gray matter morphologic findings in people with nCSP.
This finding emphasizes the need for a shift toward a biopsycho-
social focus (ie, cognition and perceptions underlying the pain
problem), rather than maintaining a focus toward a purely bio-
medical origin when treating these patients in clinical practice.
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