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Abstract.

BACKGROUND: Patient education is a recommended treatment strategy for persistent low back pain (PLBP). Pain neuroscience
education (PNE) is an emerging concept with boundaries still unclear.

OBJECTIVE: To clarify the PNE concept and identify its key characteristics in PLBP management.

METHODS: A systematic search was conducted using the following databases: Pubmed, ScienceDirect, Google Scholar,
Cochrane, and Pedro. Inclusion criteria: publications in English or French on pain neuroscience education and chronic low back
pain, educational books cited in white literature. Three reviewers independently selected eligible studies for final inclusion.
Numerical analysis and narrative synthesis were carried out from the extracted data.

RESULTS: From 919 identified publications, 54 were selected. Ten educational resources were added. PNE refers to a theoretical
framework, a specific educational intervention, and an overall care approach. It is characterized by the intention to help the patient
reconceptualize their PLBP from a tissue injury marker to a protective, neurobiological perspective, and then to increase adherence
to biopsychosocial rehabilitation and normalize cognitive-behavioral responses. Pain sciences concepts are presented with an
optimization of learning strategies.

CONCLUSION: PNE stands out from other educational and cognitive behavioral approaches through its objective of changing
the pain concept.

Keywords: Low back pain, chronic pain, neurosciences, education

1. Background

It is now well established that low back pain is a

complex condition whose persistence can be influenced

*Corresponding author: Nicolas Adenis, URePSSS University of by various modifiable and non-modifiable factors [1].
Lille, Lille, France. E-mail: nicolas.adenis.etu @univ-lille.fr. The patient’s beliefs about pain is a modifiable factor;
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hence, patient education may be a therapeutic strat-
egy capable of positively influencing the health trajec-
tory of patients suffering from persistent low back pain
(PLBP) [1]. Several educational models have been de-
scribed in the literature, including pain neuroscience ed-
ucation (PNE) [2]. PNE is designed for the management
of many chronic pain conditions, including PLBP [2—4].
Thanks to a large number of scientific [5-7] and ed-
ucational [8-10] publications on this theme, PNE has
grown in popularity over the past 20 years and was re-
cently mentioned for the first time in national practice
guidelines [11]. PNE is often described as a specific ed-
ucational intervention that seeks to explain pain from a
neuroscience perspective, with the objective of produc-
ing a therapeutic effect [12]. While some researchers
define PNE as a specific strategy, others describe it as
an overall approach to care [13]. Furthermore, PNE is
sometimes confused with other concepts in pain edu-
cation, such as cognitive behavioral therapy (CBT) [2]
and cognitive functional therapy [3,14], which blurs
the definition of this concept. Hence, in order to bet-
ter identify and understand PNE, it seems necessary
to clarify the concept and identify its key characteris-
tics. Although systematic reviews of PNE have been
published [5-7], they mainly focused on the concept’s
efficacy and thus included randomized, controlled trials
only. By broadening the inclusion criteria to literature
reviews, expert opinions and/or some or all of the gray
literature, scoping reviews are better suited to address-
ing broader issues (such as concept clarification) while
maintaining a systematic, rigorous search method [15].
Although a scoping review on PNE was published re-
cently, its aim was not to clarify the concept of PNE as
applied to the management of patients with PLBP [16].

Given this context, the objectives of the present scop-
ing review were to map the literature on PNE for PLBP,
clarify the PNE concept, and identify its key character-
1stics.

2. Methods

2.1. Ethical considerations

This study, as a literature review, is exempt from
Institutional Review Board approval.

2.2. Registration and protocol

The review is reported in compliance with the Pre-
ferred Reporting Items for Systematic Reviews and

Meta-analyses (PRISMA) and, in particular, the exten-
sion for scoping reviews (PRISMA-ScR). Our method-
ology was in line with the recommendations on scoping
reviews published by Arskey and O’Malley. The initial
protocol (detailing the context and the search method)
has been published elsewhere [17] and has been avail-
able at DOI: 10.1016/j.kine.2021.01.007 since February
241 2021.

2.3. Substantial modifications

The initial protocol has been substantially modi-
fied [17]. This methodological flexibility is allowed in
scoping reviews [15]. Given the extent of the collected
data, and in order to comply with the editorial guide-
lines of specialist journals, we decided to exclude two
of the initial objectives: (i) understanding how the PNE
concept is implemented, and (ii) identifying knowledge
gaps to determine research needs. These modifications
prompts the removal of the corresponding data extrac-
tion columns (e.g. skills, limitations, interview, physical
examination, clinical reasoning, and education in prac-
tice). The inclusion criteria were clarified. Firstly, the
term “educational book™ was replaced by “educational
resource”, so as to encompass educational resources
like digital formats. Secondly, the term “providing clari-
fication” has been replaced by “whose main objective is
to provide clarification”, in order to specify the criterion
during the selection process. The modification of this
last criterion required some adjustments to the publica-
tion selection process: some articles initially included
were subsequently excluded because clarification of the
PNE concept was not the main objective.

2.4. Research questions

The research questions for this review were (i) which
data are available in the white and educational literature
on PNE for the management of patients with PLBP?;
(i1) what are the “contours” of PNE (i.e. defining what
it is and, conversely, what it is not)?; and (iii) what are
the key characteristics of PNE?

2.5. Study selection criteria

The inclusion criteria were as follows: publications
in English or French; white literature on PNE and PLBP
(in a clinical trial dealing with non-specific persistent
spinal pain, at least 50% of the participants must have
low back pain); white literature on PNE and chronic
pain and whose primary objective was to clarify the
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PNE concept; and educational resources for patients and
clinicians cited in the white literature. We excluded grey
literature not mentioned in the selected white literature,
conference abstracts, comments, editorials, and cita-
tions. The eligible studies were as follows: systematic
reviews with or without a meta-analysis, non-systematic
reviews, narrative reviews, randomized controlled trials,
non-controlled clinical trials, qualitative studies, case
studies, protocol studies, and expert opinions.

2.6. Search strategy

We searched the literature up until September 2020.
We have constructed our search query by combining
keywords designating PNE with keywords designating
PLBP. To designate PNE, the keywords were pain neu-
roscience education, therapeutic neuroscience educa-
tion, pain biology education, pain physiology educa-
tion, and pain neurophysiology education. The MeSH
terms associated with the individual keywords were
also included. To designate PLBP, the keywords were
chronic back pain and low back pain; again, the corre-
sponding MeSH terms were included. We searched the
following databases: PubMed, ScienceDirect, Google
Scholar, Pedro, and Cochrane Library. For example,
the PubMed search equation was: ((((((pain[MeSH
Terms]) OR (Pain[Title/Abstract]))) OR ((therapeu-
tic[MeSH Terms]) OR (therapeutic[Title/Abstract])))
AND (((((((Neuroscience[Title/Abstract]) OR (Neuro-
science[MeSH Terms])) OR ((Physiolog*[Title/
Abstract]) OR (physiology[MeSH Terms]))) OR ((Neu-
rophysiolog*) OR (neurophysiology[MeSH Terms])))
OR ((Biolog*[Title/Abstract]) OR (biology[MeSH
Terms])))))) AND (((Education[Title/Abstract]) OR
(Education[MeSH Terms])))) AND ((((chronic[Title/
Abstract]) OR (Persistent[Title/Abstract])) OR (Chronic
pain[MeSH Terms])) AND (((Low back pain[Title/
Abstract]) OR (Low back pain[MeSH Terms])))).

2.7. Study selection

We used the covidence.org web application to man-
age the publication screening and selection steps. The
investigators divided the screened databases between
them: NA and KG screened PubMed, Science Direct,
PEDRO, and the Cochrane Library, and NA and NS
screened Google Scholar. Publications were selected
on the basis of the title and the abstract; in the event of
doubt, the publication was provisionally selected. Next,
the full-text versions of all selected publication were
read. Disagreements between two investigators with
regard to the selection (or not) of a publication were
resolved by consensus or referral to a third investigator.

Table 1
Data extraction

Specific data on PNE

General data on the publication

— Author — Name

— Year of publication — Definition

— Country — Objective(s)

— Intervention — Content

— Comparator — Theoretical basis

— Study population — Practical aspects

— Objective(s) — Learning modalities
— Study design — Associated treatment
— Outcome measure(s) — Clinical posture

— Main outcome(s)

2.8. Data extraction

General and specific data were extracted from each
publication, using a specific table (Table 1). Additional
categories could emerge during the data collection pro-
cess. The raw data were extracted and then summarized,
to facilitate the narrative synthesis. The first ten publi-
cations to be selected were independently extracted by
two investigators (NA and KG), to determine whether
the extraction method was consistent from one investi-
gator to another. Once the method’s reliability had been
confirmed the data extraction task was shared between
the two investigators.

2.9. The numerical, narrative synthesis

In order to make sense of the data extracted from
the various sources, a numerical, narrative synthesis
was produced by one of the investigators (NA). The
narrative synthesis was constructed after a vertical and
horizontal reading of the extracted data (Table 1). KG
and NS reviewed and checked the level of consistency
between the extracted data and the narrative synthesis.
Considering the influence that a researcher can exert
on the results (including the narrative synthesis), it is
important to disclose his/her point of view; the reader
can then consider how this might have influenced the
study’s results. NA considers first that PNE can be a
cognitive mindset (based on a pain neuroscience model)
that influences how healthcare professionals communi-
cate with patients about pain and treatment. He believes
that PNE can secondarily be a person-centered educa-
tional strategy that blends cognitive and experiential
learning in a constructivist manner.

3. Results

3.1. Descriptive analysis

The initial search identified 919 publications. After
duplicates were removed, 698 publications remained.
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Fig. 1. Flowchart.
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Fig. 2. PNE as a theoretical model.

After application of the various selection criteria, 54
publications from the literature search were included.
After reading the fulltext publications, 10 educational

supports (including two for clinicians) cited in the se-
lected publications were added manually. Hence, a total
of 64 publications or documents were included in this
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Fig. 3. PNE as an overall approach.

review (Fig. 1). Specific data on PNE concept are shown
in Supplementary Table 1 and general data from the
included publications can be found in Supplementary
Table 2.

3.2. Numerical synthesis

Of the 54 publications from the literature search, 41
had been published since 2015 (76%) [2,6,7,12,14,17—
25,27-40,48,49,51,54-57,60-62,69-71,73] with 7 pub-
lished since 2010 (13%) [5,27,31,53,57-59,62], and
6 published since 2002 (11%) [41,42,44—47]. There
were 10 study protocols (19%) [17-21,57,61,62,69,70],
14 randomized, controlled trials (26%) [25,28,32,33,
35,41,45,47,49,51,53,54,56,71], 4 non-controlled tri-
als (7%) [31,37,46,73], 4 systematic reviews (7%) [5—
7,14], 1 non-systematic review (2%) [22], 1 qual-
itative study (2%) [48], 6 case studies or case se-
ries (11%) [23,24,29,34,44,58] and 14 expert opinions
or similar (26%) [2,12,26,27,30,31,36,38-40,42,55,59,
60]. Of the 10 educational resources included, 2 are
intended for clinicians only [13,18], 8 are intended for
patients and/or clinicians [8—10,63-66,68] (Table 2).

3.3. Narrative synthesis

Names used

In the literature reviewed here, several names were
used to designate the PNE concept: “pain neurophys-
iology education”, “explain pain”, etc. The most fre-
quently used name was “pain neuroscience educa-
tion” [7,17-39], which will henceforth be used in this

narrative synthesis.

The context

According to some researchers, the emergence of
PNE was prompted by observations of a lack of ef-
fectiveness of educational strategies and the modest
effects of treatment in people suffering from chronic

pain [2,13,40,41]. Moseley and Butler explained these
findings in terms of the counter-intuitive nature of the
existing educational models: the structural tissue-based
model (also covered by [42]), and the structural cen-
tralnervous system-based model [2]. The researchers
suspected an amalgam between nociception and pain,
implying that pain cannot be changed because a periph-
eral or central generator cannot be removed [2] (also
covered by [13,40]). Moseley and Butler rejected these
models because of their lack of coherence, biological
plausibility and clinical plausibility. The lack of coher-
ence was due to the suggestion that pain is influenced
by thoughts, emotions, behaviors, and therefore the pro-
gram aims to change them. On the other hand, it is ar-
gued that the purpose is not to reduce pain. The lack of
biological plausibility is due to the fact that pain can
decrease, depending on the meaning given to it, through
descending modulatory pathways. Finally, the lack of
clinical plausibility was due to evidences showing that
these programs, whose aim is not to reduce pain, have
an effect on pain.

Furthermore, Moseley and Butler wondered why a
patient would be motivated to commit to lasting behav-
ioral changes if he/she believed that their pain could
not be changed [2]. Other researchers hypothesize that
tissue-based educational strategies (i) do not sufficiently
target cognitive-behavioral aspects which are never-
theless strong predictors of pain chronicity [41], and
(ii) are likely to increase levels of fear and (indirectly)
pain [13,36]. Several researchers argue that PNE is
therefore designed to target these limitations, and in-
crease the effectiveness of treatment [2,13,36,41].

The initial concept

In his conceptual paper, Moseley defines PNE as an
educative strategy that aims to reconceptualize some-
one’s meaning of pain from a neurophysiological point
of view [42] (also covered by [2,8,13,19,26,27,38,39,
41,43-47]). Educational material is described in the
Explain Pain book [8] and includes detailed infor-
mation on the neurophysiology of pain (also covered
by [2,12,13,17,19,23,27,28,30,36,38,46,48-51]). Infor-
mation is presented accurately (rather than being diluted
for the sake of simplicity) and in a respectful manner
that acknowledges the patient’s suffering. The objective
is to reduce the threat value associated with pain (also
covered by [2,8,13,19,22,26,27,38,39,43,44,48,52,53])
by promoting deep learning of pain neurophysiology
(also covered by [2,8,20,36,39,43]) and assuming that
more appropriate cognitive, behavioral responses will
follow (also covered by [2,13,18,19,41,43-45,48,52,
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54-57]). Moseley distinguishes superfical learning and
deep learning; in the latter case, information is re-
membered and also understood, integrated in some-
one’s belief and attitude, and applied to solve problems
(also covered by [2,8,28,43]). To support deep learning,
metaphors (also covered by [5,13,17,23-25,27,28,32—
34,36,43,44,52,53,56,58-61]) and pictures (also cov-
ered by [5,13,17,23,32,43,44,53,58,61,62]) are used to
present educational material. In Moseley’s publication,
PNE is integrated into a multimodal approach (sev-
eral treatment modalities that target different mecha-
nisms or factors) based on its own theoretical model:
the pain neuromatrix also described in Explain Pain
(also covered by [2,8,13,27,27,39]). In this model, pain
is conceptualized as a protective output produced when
the brain perceives that body tissues are in danger, and
that action is required to protect them (also covered
by [2,8,9,13,17,43]). Pain occurs following the activa-
tion of an individual specific neuronal network called
the “pain neurotag” and is experienced in the virtual
body (also covered by [8,9,13,43]). Chronic pain is
thought to be promoted by impaired nociceptive and
nonnociceptive systems (beliefs and attitudes) that in-
crease the brain’s conviction that body tissues are in
danger, thereby increasing pain neurotag activity (also
covered by [8,13,43]). The longer the pain persists, the
more the pain neurotag undergoes profound changes —
including an increase in its synaptic efficacy (also cov-
ered by [8,13,43]). The aim of the multimodal approach

is to reduce the sensitivity of the pain neurotag by (i)
reducing threatening inputs (both nociceptive and non-
nociceptive); (ii) activating specific components of the
pain neurotag without activating the whole pain neuro-
tag; and (iii) increasing physical and functional toler-
ance of the pain neurotag through graded exposure to
threatening inputs by preventing flares-up (also covered
by [8]). PNE is integrated in this approach by targeting
a reduction in nonnociceptive inputs.

Variants of the PNE concept

Other researchers have subtly modified the initial
concept. For example, Nijs’ research group adapted ed-
ucational concepts from Explain Pain in a more syn-
thetic way [63] in order to implement it in two 30-
minute sessions before biopsychosocial CBT-based re-
habilitation [52] (also covered by [20,22,26,27,62].
Emphasis was placed on the central sensitization con-
cept, in order to explain chronic pain and the poten-
tial biopsychosocial factors that maintain it [52,62].
Louw’s research group offered metaphorical and sim-
plified adaptations of Explain Pain, together with origi-
nal content [10,13,64]. Pain concepts were approached
in a more “peripheral” way with an emphasis on the
nervous system rather than the brain (e.g. pain is more
related to peripheral nerve sensitization than pain neu-
rotag sensitization), in order to avoid strong reactions
like “do you think that pain is in my head?” [36]. Unlike
the first publications on PNE [41,46], Louw’s group
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included tissue stories (asymptomatic imaging and tis-
sue healing) [10,36,37] to deconstruct Cartesian beliefs
about pain before introducing an alternative view based
on biology [13]. Unlike other researchers who deliver
PNE in purely educational blocks [13,36], Louw et al.
offers to cut PNE into small educational pieces inte-
grated and spread over physical therapy session (paced
education) [13,36]. According to these researchers, the
objective is to better take account of the patient’s ex-
pectations so that they does not think that they are re-
ceiving “cognitive” treatment only [13]. Other educa-
tional resources from the white literature contain sub-
tle variations on the educational content, pictures and
metaphors used [65,66]. According to Moseley and
Butler, the unifying aspect of all these approaches is
explanation of the key biological concepts that underlie
pain, with the aim of giving the patient a functional
knowledge of it [2] (also covered by [43]). Thus, pa-
tients can integrate functional knowledge of pain into
their pain-related beliefs, attitudes, behaviors, treatment
and lifestyle choices, in a way that reduces pain and
improves function and quality of life [2] (also covered
by [43]).

PNE as an educational approach

Researchers have variously defined PNE as a cogni-
tive [13,23,32,38,71], cognitive-behavioral [48,53,58,
68] and/or educational [2,12,14,17-19,28,31,33,37,38,
40,46,48,57,60] approach for explaining pain to patients
from a neurophysiological viewpoint [2,12,13,17,19,
23,27,28,30,31,36,38,46,48-51]. Moseley and Butler
stated that PNE can refer to a set of educational strate-
gies that aim to change someone’s understanding of
what pain is and what its purpose is [2] (also covered
by [40]). More precisely, the researchers consider that
PNE involves changing someone’s conception of pain
from a marker of tissue injury to the perceived need to
protect bodily tissues [2] (also covered by [7,28,40])
with a neurobiological perspective (e.g. brain output,
sensitive nervous system) [17,27,37,60]. Pain is pre-
sented as an emerging (rather than linear) phenomenon
that is counter-intuitive when viewed against dominant
structural models [2] (also covered by [42]). That is
why Moseley and Butler argue that PNE challenges
existing concepts based on optimizing learning and
multimedia strategies, rather than simply delivering
information [2]. To deliver it, several researchers be-
lieve that clinicians must first have a reconceptualiza-
tion of pain according to the neuroscience model of
pain [2,36,40,43,67]. By emphasizing a change in the
concept of the patient’s pain, PNE differs from edu-

cational approaches to pain neuroscience that consider
nociception and pain to be analogs (e.g. osteoarthritis
equals pain; also covered by [40]). The researchers also
differentiate between PNE and strategies that seek to
teach coping strategies (e.g. pacing, goal setting, prob-
lem solving, and relaxation training) — with which PNE
can nevertheless be combined (also covered by [40]).
Lastly, PNE differs from approaches that focus on psy-
chosocial aspects of pain [2] and can only be deliv-
ered through a biopsychosocial paradigm, with the in-
tegrated treatment of peripheral and central nocicep-
tive drivers [2] (also covered by [8,13,26,27]). Lotze
and Moseley differentiate between PNE and pain ed-
ucation provided in CBT based programs because the
latter are limited to applying science (e.g. teaching that
pain does not equal injury) rather than covering pain
science itself (e.g. teaching why pain does not equal
injury) [40]. Louw et al. conceptualized PNE as a cog-
nitive restructuring strategy integrated into a physi-
cal therapy, like a behavioral component of CBT [13].
However, some researchers point out that PNE can
use experiential elements from other approaches (e.g.
exercise, graded motor imagery, and manual therapy)
to reinforce previously integrated educational con-
cepts [38,40,43,60]. While PNE was evaluated as the
sole therapy in some clinical trials [19,23,28,35,44-48],
Moseley and Butler argue that this is not its intention;
rather, the goal is to increase adherence to biopsychoso-
cial rehabilitation, in order to reduce pain and disabil-
ity [2] (also covered by [7,8,13,17,18,36,43,47,52]). In
the literature reviewed here, PNE has been combined
with several other approaches, such as exercise/activ-
ity therapy [2,8-10,13,19,20,22,25-27,29-32,34,36,38,
39,41,43,45,53,54,56,58,61,63—66,68,69], manual ther-
apy [10,13,19,22,30,32,33,36,41,51,60,64,70], relax-
ation/meditation techniques [10,13,24,27,34,36,56,58,
64,65,69], hypnosis [67], sensory retraining [71], and
dry needling [49]. However, several researchers rec-
ommend that this management should include multi-
modal therapy based on cognitive-behavioral reactiva-
tion [2,13,20,26,27,39,40,42,58,62].

PNE as a theoretical model

In their narrative review, Moseley and Butler stated
that PNE refers to both an approach and a theoret-
ical model from which to consider the treatment of
pain [2]. This theoretical model was described ini-
tially in Explain Pain [8] and then adapted in sev-
eral publications [26,27,39,40,42] and educational re-
sources [9,10,13,43,63-66,68]. The model’s main tenet
is that pain is a marker of the brain’s perceived need
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to protect the body’s tissues, rather than a marker of
tissue injury [2] (also covered by [8,9,13,43,65,60]).
More specifically, pain is produced following the ac-
tivation of a set of neural networks in the brain called
the pain neurotag [42] (also covered by [8,9,13,43,68]).
Pain occurs when the brain concludes (after a proba-
bilistic evaluation of all nociceptive inputs (including
immune and endocrine molecules that stimulate noci-
ceptors and tissues) and nonnociceptive inputs (cogni-
tive, emotional, sensory and social factors) that body
tissues are in danger and action is required to pro-
tect them [42] (also covered by [2,8,9,13,43,65,66,68]).
Hence, pain is conceptualized as a perception combined
with other perceptive responses (e.g. thoughts, emo-
tions, and feelings) and neurobiological responses (e.g.
sympathetic, endocrine and motor responses) that seek
to protect and maintain homeostasis [43] (also covered
by [8,9,13]). Through descending nociceptive pathways
and the hypothalamic-pituitary-adrenal axis, this phys-
iological reaction can influence peripheral processes
such as blood flow, tissue healing and the inflamma-
tory response; in turn, these peripheral processes in-
fluence the information analyzed by the brain within
a circular system [43] (also covered by [8,9,13]). As
a result, nociceptive information is neither necessary
nor sufficient to produce pain: nociceptors are dan-
ger detectors and not pain detectors [8] (also covered
by [2,10,13,42,43,63-66]). This concept implies that
pain can occur in the absence of tissue damage if the
brain’s analysis concludes that tissues are in danger (i.e.
powerful danger perception). Conversely, tissue dam-
age can occur without causing any pain if the brain con-
cludes that its tissues are safe (i.e. strong safety percep-
tion). Excluding certain particular contexts, pain is con-
ceptualized as a protector that is triggered before tissues
get injured; in other words, there is a buffer zone be-
tween the pain threshold and the tissue tolerance thresh-
old [8] (also covered by [9,43]). In this model, chronic
pain is contrasted against acute pain as being more re-
lated to central nervous system sensitivity (including
the pain neurotag and the second-order neuron in the
dorsal horn) rather than the state of the tissues, which
heal linearly — at least after three to six months [8]
(also covered by [9,10,13,26,42,43,63—-66]). The brain
relies on erroneous information about the state of the
tissues, and the pain neurotag is likely to be activated
by events that are usually insufficient to activate it (e.g.
light movement, thoughts, and emotions) [8] (also cov-
ered by [9,13,43]). Pain becomes overprotective, in-
creasing the buffer effect between it and the tissue tol-
erance threshold [8] (also covered by [9,43]). Central

nervous system sensitization can help to make sense of
persistent, disproportionate, widespread pain states or
those triggered by non-physical factors [8] (also cov-
ered by [9,13,43]. According to the researchers, this
central sensitization is favored by the persistence of
factors that accentuate danger perception (e.g. beliefs of
vulnerability, catastrophic thoughts, and fear of move-
ment [2,8,9,13,26,40,42,43,65]), maladaptive behav-
iors (e.g. avoidance of fear, and perseverance despite
pain) [8-10,13,63,64,66], factors disrupting homeosta-
sis (e.g. sleep disturbance, sedentary behavior, and co-
morbidities) [10,26,64—66] or other overactive protec-
tive systems [10,26,64—66]. Protective systems (includ-
ing the nervous system) are considered to be plastic
and adaptable, meaning that chronic pain reversibility
is biologically plausible whatever the state of the body
tissues [43] (also covered by [8-10,13,64-66]). Active
coping and evidencebased treatment strategies that in-
clude PNE are designed to promote this reversibility and
recovery [43] (also covered by [8-10,13,26,27,39,40]).
This model offers a metaphorical rationale for concep-
tualizing pain management by integrating treatment of
peripheral and central nociceptive contributors (see the
initial concept). This theoretical framework has been
built from a wide range of anecdotes (e.g. various facts
of people who suffered from serious injuries without
experiencing pain, or people who felt pain without evi-
dence of injuries), other theories (e.g. Melzack’s neuro-
matrix theory, Bayesian predictive coding theory, and
conceptual change theory) and scientific research (e.g.
work on central sensitization, neuroimaging studies,
asymptomatic imaging studies, and so on) [2] (also
covered by [8,13]).

PNE as an overall approach to care

While PNE is mostly described as a specific educa-
tional intervention, some researchers give it a broader
definition [13,43]. Moseley and Butler describe PNE
as a way of thinking about pain based on an un-
derstanding of a theoretical model [43]. According
to Louw et al., PNE can be described as an over-
all approach that permeates all facets of care [13].
Other researchers describe this type of an approach
implicitly in the selected literature (e.g. pain neuro-
science approach, pain neuromatrix approach or PNE
plus) [12,26,27,36,39,42,55,60]. According to some
researchers, pain reconceptualization leads clinicians
to observe patients and manage them through the
prism of pain mechanism [12,26,27,39,40,42,55], the
biopsychosocial model [2,36,42] or danger and safety
evidence (including tissues) [40,43]. Patients can be
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observed through this lens from the initial assess-
ment and throughout their treatment [40] (also cov-
ered by [12,13,26,27,39,42,43,55]). According to Lotze
and Moseley, the unifying principle is always being
aware of providing evidence of safety [40]. For exam-
ple, Lotze and Moseley state that a friendly attitude,
being perceived as an expert, spending time focusing
on the person and their needs, and explaining pain and
rehabilitation in an understandable manner are all ele-
ments that can provide evidence of safety [40]. On the
same lines, Louw et al. recommend conducting an in-
depth interview, conscientiously examining the patient,
and taking care to explain the test results in a reassur-
ing manner when appropriate [36]. According to Louw
et al. PNE in the broad sense can represent a general
language for communicating with the patient [13]. Sev-
eral researchers recommend adjusting communication
during treatment in a way that remains consistent with
the educational model [13,22,38,40,60]. Communica-
tion has to use safe language while limiting the use
of words, metaphors and explanatory models reflect-
ing the structural model of pain, which are likely to
increase danger perception [12,13,22,36,43]. Several
researchers argue that exercise therapy must be adapted
and include a time- or load-contingent approach, rather
than symptomcontingent approach [40] (also covered
by [26,27,38,39,42,60]), and can include discussion of
pain cognition before and after exercise to facilitate
pain reconceptualization [20,26,27,38,39,62].

Key characteristics of PNE
The theoretical model

PNE is based on its own theoretical model which
includes biological concepts that underlie pain and its
management. The model predicates that education, re-
assurance, and graded exposure have important roles
in the therapeutic approach. The objective is to help
patients reconceptualize their pain, reduce the associ-
ated perceived threat (thus reducing the activation of
protective systems), and increase adherence to biopsy-
chosocial rehabilitation (thus desensitizing the central
nervous system). This model distinguishes PNE from
other educational and CBT-based approaches, and is
one of its key characteristics. More details are given in
the “context” and “initial concept” sections.

Educational content

PNE’s educational content is intended to promote
the reconceptualization of pain [41]. The content cov-
ers broad pain concepts explained through neuro-
scientific knowledge [40,43]. In their narrative re-

view, Moseley and Butler describe the key biologi-
cal concepts that PNE can include: the variable re-
lationship between nociception and pain (also cov-
ered by [8-10,13,63-66,68]), the powerful influence
of context on pain (also covered by [8,43,65]), sensi-
tization of the nociceptive system when pain persists
(also covered by [8,13,26,36,43,52,58,60,65,66]), the
coexistence of several protective systems (including
pain) (also covered by [8,9,13,43]), the potential in-
fluence of other protective systems (sympathetic, en-
docrine, immune and motor systems) on pain (also
covered by [8,9,13,43]), the adaptability/trainability of
our biology (also covered by [8-10,13,43,63-66,68]),
the knowledge that a return to normal is likely to be
slow (also covered by [43]) [2]. In Explain Pain Su-
percharged, Moseley and Butler add some further con-
cepts: pain is normal, personal and always real (also
covered by [8,10,13,63-66,68]), there is danger recep-
tor and no pain receptor (also covered by [8,9,13,63—
66,68]), pain depends on the balance between danger
and safety (also covered by [8-10,13,42,63-66,68,73]),
pain involves distributed brain activity (also covered
by [8,9,13,26,43,52,64]), learning about pain can help
the individual and society (including that knowing pain
can ease pain) and active treatment strategies promote
recovery (also covered by [2,8-10,13,63-66]) [43]. In
Recovery strategies, Lehman addresses some subtle
variations of the original concepts (e.g. pain is more
about sensitivity than damage, several factors can influ-
ence sensitivity, and the body is strong and adaptable)
and adds other key messages: different mobility does
not mean pain (also covered by [10,69]), the body does
not need to put back in place (also covered by [10]),
and no movement should be banned forever [66]. His-
torically, the knowledge used to explain this broader
pain concept was limited to pain neuroscience infor-
mation [41,42,47]. According to Louw et al., it can
include information about nociception and nocicep-
tive pathways (e.g. neurons, action potentials, synapses,
and primary and secondary nociceptors) [8,13,26,32,
42,43,46,47,52,63,65,66], spinal inhibition (also cov-
ered by [2,8-10,13,26,42,43,46,52,63,64,64,66,68,72]),
spinal facilitation (also covered by [2,8,13,26,42,43.45,
50,52,63,65,70]), peripheral sensitization (also covered
by [8,13,26,32,33,36,43,46,47,52,58,65]), central sen-
sitization (also covered by [8,13,26,28,32,33,36,43,47,
52,53,58-60,62,63,65,68]) and nervous system plastic-
ity [2,8-10,13,18,26,32,33,35,43,52,63-66]. The role
of the brain (e.g. the pain neuromatrix theory, and pain
as a brain output based on danger perception) is also
covered by many researchers [2,13,18,20,26,31-33,42,
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43,52,73]. The virtual body (Penfield’s homunculus) is
mentioned by some researchers [8,13,43,51,68]. How-
ever, PNE can include content on tissues and anatomy
if it promotes the de-education of pain misconceptions
or reinforces educational concepts (see the section on
variants of the PNE concept). On the same lines, con-
tent on biomechanics (e.g. spinal curves, leg length dis-
crepancies, etc.) [10,66], physical factors (e.g. posture,
load bearing, strength, and flexibility) [10,66,69,70]
can be found in some educational materials. Louw et
al. added that PNE can also include content on be-
liefs (e.g. fear avoidance) and psychosocial factors
(e.g. catastrophism, fear of movement, hypervigilance,
and avoidance and perseverance behaviors) that influ-
ence pain [13] (also covered by [5,8,10,18,31-34,36,52,
53,56,58,61,63-66,70]). Other biopsychosocial factors
such as lifestyle factors (e.g. a sedentary lifestyle and
sleep hygiene) [13,65,66,70] and comorbidities [66] are
considered by some researchers to contribute to nervous
system sensitivity in a biopsychosocial model. Specific
content related to low back pain is found in some stud-
ies [17,36,56,61,69], patient education books [8,10,66],
and clinicians education books [13,43]. These varia-
tions of content allow for taking into account anatomi-
cal (e.g. the solidity of the lumbar spine with “it’s not
out, never out”), neurophysiological (e.g. the solid but
sensitive nature of the lumbar spine with “the jewels of
the crown”), pathoanatomical (e.g. disc degeneration
with “stable platform”), diagnostic (e.g. the meaning
of the nonspecific low back pain label with “back pain
is like pimples™), or therapeutic particularities by inte-
grating it and representations around the management
of persistent low back pain (e.g. posture, ergonomics,
etc.) [43]. However, Moseley and Butler have pointed
out that PNE does not include simplistic explanations
such as gate control theory or the conflation of noci-
ception and pain (e.g. pain is caused by structural dam-
age to the central nervous system, and nerves send pain
messages to the brain) [2]. Lastly, several publications
did not consider the presentation of treatment options
to be part of PNE [12,23-25,39,44-48,68,71]; in con-
trast, other publications [28,32—-34,53,56,60,61,69,73]
and educational resources [8-10,13,43,64-66] encom-
passed treatment with a pain neuroscience perspective
(i.e. with the objective of desensitizing the nervous sys-
tem).

Optimization of learning strategies

According to Moseley and Butler, PNE refers to the
quality of the content taught and how the content is
taught [2]. They argue that deep learning requires the

optimization of learning strategies [2] (also covered
by [13,36,43]) and is thus a key feature of PNE. While
a few studies have assessed the value of delivering ed-
ucational materials alone [73], several researchers (i)
acknowledge that this strategy alone does not produce
significant behavioral changes and clinical effects and
(ii) recommend that education be guided by a health-
care professional [13,43]. Although a lecture format is
described in some clinical trials [17,45,48,54,56,61,69],
several researchers do not recommend this learning
approach [13,22,43,53,62]. Moseley and Butler ar-
gue that it places the learner in a passive role that
does not promote conceptual change [43]. They rec-
ommend a constructivist approach, placing the clin-
ician as a guide and the patient in an active posi-
tion seeking to make sense of the information pre-
sented to him/her [43]. To this end, some researchers
present educational concepts in a conversational, in-
teractive style [13,22,23,26,38,40,43,56,57,61,63]. Nijs
et al. used a Socratic dialogue [39]. According to
Moseley and Butler, learning a concept produces a
neurotag associated with that concept, whose influ-
ence can be strengthened by the use of metaphors
(strengthening of the synaptic efficiency of the neuro-
tag), visual aids (increasing the precision of the neuro-
tag), repetition and variation of modalities to present
the same concept (increasing the mass of the neuro-
tag) [43]. That’s why many researchers state that the
message can be presented with metaphors [5,13,17,18,
20,23,24,27,28,32,33,35,36,42-44,52,53,56,60,61], ex-
amples [13,20,23,26,28,36,44,46,47,52,60] and/or sto-
ries [13,43]. Pictures can also be used, to illustrate
the therapist’s discourse [5,13,17,23,32,43,44,53,58,
62]. They can be prepared in advance [34,47,61]
or drawn freehand [13,35,42,46,50]. According to
these researchers, this content can take the form of a
graph [18,28,32,42], a diagram [47,50,52,56,61,62],
a video [13,18,23,34,43] and/or a photo [13]. Power-
Point presentations [24,28,32,33,49,52,54,69], books,
booklets, and brochures [2,8-10,13,20,27,31,52,56,63,
64,66,68,69,73] are frequently used to present these
pictures. Other researchers use websites [27,65,69],
video servers [23,24,34], infographics [18], posters [13]
and/or educational cards [13]. Moseley and Butler rec-
ommend that the messages must be understandable
(also covered by [20,26,38,40,43,56,61]), coherent (also
covered by [38,40,43,48]), attractive, and plausible [43].
Many researchers also recommend that educational
content should be individualized [18,20,24,31,32,36,
43,49,55,59]. For example, several researchers argue
that this content should take the patient’s concerns
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into account [13,24,36,43,58]. According to the re-
searchers, the content must take account of their signs
and symptoms [13,36,43,55,71], beliefs [43], experi-
ences [20], motivation to change [55], and/or intel-
lectual abilities [26]. Other educational strategies are
used by various researchers, such as prompting the
patient to read educational material [20,28,31,47,52,
62,69,71,72] or ask questions [13,26,28,36,49,50,69],
self-explanation [18,26,36,43,52,58], cognitive home-
work [13,23,36,49,57], paced education [13,36,43],
quiz [26,52,58], and explanatory feedback [43]. Fi-
nally, according to Blickenstaff et al., experiential
learning can reinforce (conceptual) change [38], that
is why several researchers describe the use of expe-
riential elements from other therapeutic approaches
to reinforce the accommodation of education con-
cepts [13,38,39,43,60].

4. Discussion

Our review showed that PNE can variously refer to
a theoretical model that conceptualizes pain and its
treatment a cognitive approach to healthcare and a spe-
cific educational approach. The review also clarified
the context from which the concept emerged and high-
lighted the concept’s evolution. The theoretical frame-
work (built from other existing theories, anecdotes and
scientific research) conceptualizes pain as a percep-
tual, protective response modulated by nociceptive and
nonnociceptive information (including the meaning of
pain). In contrast to acute pain, persistent pain is more
related to sensitization of the central nervous system
and prolongation of the (over)protective effect of pain
beyond the body tissues’ healing time. This neuronal
sensitization is presumed to be maintained biologically
by the persistence of factors promoting danger percep-
tion and/or factors disturbing homeostasis. These sys-
tems are assumed to be plastic, meaning that reversibil-
ity of chronic pain becomes plausible. According to this
model, understanding the pain mechanisms associated
with biopsychosocial rehabilitation (including graded
and multimodal reactivation) promotes plasticity of the
body and recovery. However, PNE is mostly described
as a cognitive educational approach that uses conceptual
change strategies about pain science to change the un-
derstanding of pain. More specifically, PNE is intended
to help the person reconceptualize their pain, with a
shift from a threatening, structural and immutable point
of view to a safe, biopsychosocial and modifiable point
of view. This conceptual change seeks to reduce the

threat perception related to pain by acquiring functional
knowledge about pain, making it possible to produce
more appropriate cognitive, emotional and behavioral
reactions to pain. It concomitantly increases adherence
to active strategies based on a biopsychosocial frame-
work and seeks to significantly reduce pain and disabil-
ity. PNE differs from therapies based on structural mod-
els that conflate nociception and pain, and emphasizes
pain management rather than pain treatment. PNE also
differs from cognitive-behavioral strategies in terms of
its emphasis on changing the understanding of pain
and thus painrelated cognition and behavior rather than
changing cognition and behavior directly. To this end,
PNE is characterized by teaching the patient key biolog-
ical concepts from its own theoretical model (e.g. pain
is a protective response based on a perceived threat;
chronic pain is more related to nervous system sensi-
tivity than the state of the tissue; protective systems
are plastic and can therefore be changed by active cop-
ing strategies) through knowledge of pain science (in-
cluding neurophysiological, anatomical and psychoso-
cial knowledge) and thus making sense of pain and its
treatment. More than delivering information, PNE is
characterized by the optimization of learning strategies
(including a constructivist, interactive approach rather
than a lecturing approach) through stories, metaphors
and multimedia strategies in an individualized, under-
standable manner. PNE can also borrow elements of
other therapeutic strategies (like exercise therapy) to
add experiential learning to cognitive learning. Lastly,
PNE has occasionally been defined more broadly as an
overall approach to care in which the clinician thinks
carefully, interacts with the patient and adapts the treat-
ment in accordance with the pain neuroscience model.
In this approach, clinician must be aware of the need to
provide evidence of safety in all phases of care, from
the initial assessment and throughout the treatment.

4.1. Theoretical reflections

The aim of this review was to clarify the PNE con-
cept and identify its key characteristics, not to perform
a critical analysis of the concept. However, the comple-
tion of this synthesis work has raised several reflections:
1) What is the quality of scientific basis on which the
theoretical model is based? For example, a group of re-
searchers argue that the concept that “nociception is not
necessary to produce pain” is based only on weak evi-
dence (clinical trials where characteristics of requests
are not controlled [74]), biased extrapolations of case
series and anecdotes [75]. They criticize the PNE model



1006 N. Adenis et al. / Clarification of the “pain neuroscience education” concept in the management of patients with PLBP

for its use of speculative extrapolations presented as
facts (e.g., it is the brain that decides to produce pain),
and its excessive use of teleological arguments (e.g.,
pain is a marker of the need for protection) [76]. It
would be relevant to explore the strength and relevance
of the scientific foundations that support the model’s
core concepts, such as the “bioplasticity of the body”
concept or the idea that “reconceptualizing pain can
reduce it”. ii) Is Pain Neuroscience Education the most
appropriate name for this educational approach? On the
one hand, it allows us to differentiate it from structural
model-based educational approaches and approaches
that teach coping strategies. On the other hand, the
primary goal of this approach is to help the patient
to reconceptualize his/her pain from a neurobiological
and protective point of view. To do this, this narrative
synthesis highlighted that PNE did not only consist of
cognitive strategies of neuroscience content learning,
and that experiential and reflective learning strategies
could be used to favor the reconceptualization of pain.
Some authors prefer the term ‘“Pain Education” as it
does not systematically include neuroscience content
or “Guided Discovery [of Pain]” to incorporate a more
constructivist and experiential vision of learning [77].
iii) Given the narrative synthesis, one could wonder
if the content of PNE changes for persistent low back
pain. While it is true that many contents and concepts
can be used interchangeably with different painful con-
ditions, adaptations may be necessary depending on
anatomical, neurophysiological, diagnostic, prognostic
and therapeutic particularities to increase consistency
with the clinical context (see “educational content” sec-
tion). Furthermore, since low back pain is a heteroge-
neous clinical condition, content can be adapted accord-
ing to clinical presentation. For example, for chronic
low back pain with a predominance of nociceptive pain,
the explanation of peripheral sensitization or the use of
a more vague metaphor such as the alarm system may
be preferred to content explicitly illustrating central
sensitization. iv) Finally, PNE is mostly described as a
specific educational strategy, particularly in controlled
and randomized trials whose aim is to evaluate its ef-
fectiveness [25,32,33,35,41,45,47,49,51,53,54,56,71].
While the interest of these clinical trials is obvious,
the described format may not be suitable for every-
day care contexts in physiotherapy [36,78]. To imple-
ment the approach, Barbari et al. suggest that clinicians
keep in mind that the main goal is to help patients to
reconceptualize their pain according to the neuroscience
model [78]. Therefore, PNE can be conceptualized as a
new mode of communication where all the characteris-

tics of rehabilitation (e.g. therapeutic alliance, reassur-
ance, positive expectations, explaining persistant low
back pain and treatment, gradual exposure) are thought
of and built through the perspective of pain neuro-
science, in order to take into account the clinical context
and the individual characteristics of the patient. This
implementation proposal is reminiscent of the charac-
teristics of PNE in a broad definition [13,40,43]. From
our point of view, Cognitive Functional Therapy can be
likened to a broad sense of PNE, integrating experien-
tial learning strategies and little neuroscience content,
but whose aim is to help the patient reconceptualize
his/her low back pain with a safe, biopsychosocial and
modifiable perspective [79,80].

4.2. Limitations

This scoping review had several limitations. Firstly,
we did not assess the methodological quality of the in-
cluded publications; this decision was taken because
(i) this type of assessment did not particularly match
the review’s objectives, (ii) this flexibility is allowed
in Arskey and O’Malley’s methodology, and (iii) the
assessment is not required by the PRISMA-ScR guide-
lines. Secondly, we cannot rule out bias in the selection
process; relevant publications might have been missed
by our search equation, our language criteria (publica-
tions in English or in French only), and the exclusion of
part of the gray literature (i.e. educational resources not
cited in the selected white literature) or certain types
of publication (editorials, comments, and conference
abstracts). Thirdly, doubts were expressed during the
selection of certain publications because the PNE term

9 .

was not clearly cited (e.g. “patient education”, “pain ed-
ucation”, “modern pain education”, etc.), even though
the spirit and content of the publication was consistent
with the concept of PNE. We tried to limit this bias by
having three investigators select the publications in four
steps. Fourthly, the clarification of certain objectives
led us to modify the selection process while the narra-
tive synthesis was being written, which may have intro-
duced bias during the updated selection stage. Fifthly,
we cannot rule bias during the extraction stage, which
was mainly carried out by one investigator (NA). We at-
tempted to reduce this bias by improving the reliability
of the extraction approach: extraction instructions were
written down, and data from the first ten publications
were extracted independently. The results were pooled
and discussed in order to determine whether our extrac-
tion approach was coherent and to increase the level
of inter-rater reliability. Furthermore, NS reviewed the
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extracted data to ensure consistency with the extraction
categories. Lastly, we cannot rule out bias during the
narrative synthesis created solely by NA. We are aware
that the investigator may have paid particular attention
to certain extracted data when drafting the synthesis, as
acknowledged by Arksey and O’Malley. To limit this
bias, the other investigators reread and checked the con-
sistency between the extracted data and the narrative
synthesis.

5. Conclusion

PNE refers to both an approach and the theoretical
model that conceptualizes this approach. In a broad
sense, PNE can be described as an overall approach to
care. Strictly speaking, it can be described as a set of
educational strategies intended to make people under-
stand the key biological concepts underlying pain. PNE
does more than providing new information; it seeks to
accommodate potentially challenging concepts based
on pain science. The idea is that patients will integrate
functional knowledge on pain that can then change their
beliefs, attitudes and behaviors in a way that reduces
pain and disability. To this end, PNE is characterized by
its own theoretical model, educational concepts based
on that model, and the optimization of strategies that fa-
cilitate the learning of educational concepts. PNE does
not solely use cognitive strategies; it can also adopt
experiential learning techniques from other approaches
and reinforce biological concepts. Understanding that
PNE can be an overall approach to care and that it can-
not be applied without considering the corresponding
theoretical model and educational skills will help clini-
cians to define their learning priorities and thus to im-
plement PNE. Lastly, our review should prompts re-
searchers publishing in this field to clarify what they
mean by PNE, so that the reader can be confident that a
misconception of PNE is not being evaluated.
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