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Can we make sense  
of pain without ‘tissues’?

๏ Don’t blame the tissues 
๏ it implies that the solution is tissue-repair! 

๏ it brings causation between pain and tissue damage (pain-as-symptom)  

๏ it may cause iatrogenic pain and decrease QoL in your patients

or
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Pain is an experience that only 
one can experience…

Describe 
• feelings 
• emotions 
• metaphors 
• similarities 
• patterns

Observe 
• body language 
• behaviours 
• semantics 
• attitudes 
• beliefs
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Biopsychosocial Model
๏ Not mutually excluding or separate factors 

๏ Opposed to dualism - not expanding it (‘trialism’) 
๏ Does not explain pain, but a platform that try combine 

1st person and 3rd person data  
๏ 1st person data (reports, metaphors, narratives) 
๏ 3rd person data (observations, measurements) 

๏ Enables us to study, discuss and understand pain 
๏ The ‘language’ is neuroscience
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Neuroscience

“A language that may help us communicate about our 
observations and the experience of the patients” 

๏ Measurements (e.g. biomarkers) 
๏ Observations (e.g. fear-avoidance behavior) 
๏ Reports (e.g. Pain Catastophising Scale) 
๏ Narratives (e.g. interviews)

neu·ro·sci·ence noun \ˌn(y)u̇r-ō-ˈsī-ən(t)s\    
(Medical Dictionary) !
Medical Definition of NEUROSCIENCE 
: a branch (as neurophysiology) of science that deals 
with the anatomy, physiology, biochemistry, or 
molecular biology of nerves and nervous tissue and 
especially their relation to behavior and learning 
—neu·ro·sci·en·tif·ic adjective
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I argue that
๏ we should not treat pain based on  

๏ anatomical region - e.g. lumbar spine (low back) 
๏ tissue - e.g. disc (derangement) 
๏ intervention - e.g. manipulation (joint dysfunction) 

๏ using the neuroscience to communicate 3rd person 
observations and 1st person experience will help us 
๏ recognise patterns and generate new theories 
๏ choose treatments and predict outcomes 
๏ systematically evaluate these theories 

๏ education in pain and nociception is best done by 
international standards (IASP Curriculum) to 
enhance multidisciplinary collaboration
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The Discriminative Validity of “Nociceptive,”
“Peripheral Neuropathic,” and “Central Sensitization” as
Mechanisms-based Classifications of Musculoskeletal Pain

Keith M. Smart, PhD,* Catherine Blake, PhD,w Anthony Staines, PhD,z
and Catherine Doody, PhDw

Objectives: Empirical evidence of discriminative validity is required
to justify the use of mechanisms-based classifications of
musculoskeletal pain in clinical practice. The purpose of this study
was to evaluate the discriminative validity of mechanisms-based
classifications of pain by identifying discriminatory clusters of
clinical criteria predictive of “nociceptive,” “peripheral neuro-
pathic,” and “central sensitization” pain in patients with low back
(±leg) pain disorders.

Methods: This study was a cross-sectional, between-patients design
using the extreme-groups method. Four hundred sixty-four
patients with low back (±leg) pain were assessed using a
standardized assessment protocol. After each assessment, patients’
pain was assigned a mechanisms-based classification. Clinicians
then completed a clinical criteria checklist indicating the presence/
absence of various clinical criteria.

Results: Multivariate analyses using binary logistic regression with
Bayesian model averaging identified a discriminative cluster of 7, 3,
and 4 symptoms and signs predictive of a dominance of
“nociceptive,” “peripheral neuropathic,” and “central sensitiza-
tion” pain, respectively. Each cluster was found to have high levels
of classification accuracy (sensitivity, specificity, positive/negative
predictive values, positive/negative likelihood ratios).

Discussion: By identifying a discriminatory cluster of symptoms
and signs predictive of “nociceptive,” “peripheral neuropathic,”
and “central” pain, this study provides some preliminary dis-
criminative validity evidence for mechanisms-based classifications
of musculoskeletal pain. Classification system validation requires
the accumulation of validity evidence before their use in clinical
practice can be recommended. Further studies are required to
evaluate the construct and criterion validity of mechanisms-based
classifications of musculoskeletal pain.

Key Words: classification, pain mechanisms, validity

(Clin J Pain 2011;27:655–663)

Mechanisms-based pain classification refers to the
classification of pain based on assumptions as to the

underlying neurophysiological mechanisms responsible for

its generation and maintenance.1,2 Mechanisms-based
classifications of pain have been advocated in clinical
practice on the grounds that they may help explain
observed variations in the nature and severity of many
clinical presentations of musculoskeletal pain [eg, low back
pain (LBP) disorders] (1) in which pain is reported in the
absence of or disproportionate to any clearly identifiable
pathology, (2) in which pain is reported to persist after the
resolution of injury or pathology, (3) in which the severity
of pain reported by patients with similar injuries and
pathologies differs greatly, and paradoxically (4) in which
pain does not exist despite evidence of injury or pathol-
ogy.3–5 In addition, it has been suggested that mechanisms-
based approaches could improve the treatment of pain and
optimize patients’ outcomes by facilitating the selection
of clinical interventions known or hypothesized to target
the dominant underlying neurophysiological mechanisms
responsible for its generation and maintenance.6

Nociceptive pain (NP), peripheral neuropathic pain
(PNP), and central sensitization pain (CSP) (ie, “central
hyper-excitability”/“functional” pain) have been suggested
as clinically meaningful mechanisms-based classifications of
musculoskeletal pain,7–10 whereby each classification refers
to a clinical presentation of pain assumed to reflect a
dominance of nociceptive, peripheral neuropathic, or
central pain mechanisms, respectively.

In the absence of a diagnostic gold standard, it has
been hypothesized that mechanisms-based classifications of
patients’ pain may be undertaken clinically on the basis of
patterns of symptoms and signs assumed to reflect its
underlying neurophysiology.11 In this regard, attempts have
been made to develop a 3-category classification system
for musculoskeletal pain. Using a judgemental approach
toward classification system development, a Delphi survey
was undertaken to generate expert, consensus-derived lists
of clinical criteria associated with a dominance of “nocicep-
tive,” “peripheral neuropathic,” and “central” mechanisms
of musculoskeletal pain.12

Empirical evidence of discriminative validity is re-
quired to justify the use of mechanisms-based classifications
of musculoskeletal pain in clinical practice.13 For the
purpose of this study, discriminative validity was defined
as the extent to which the categories of a classification
system are able to differentiate between those with and
without the disorder.14 The discriminative validity of a
classification system is supported if it can be shown that the
presence or absence of specific clinical criteria can be used
to differentiate between and predict membership of the
categories that make up the classification system. To
continue the development of mechanisms-based classifica-
tions of musculoskeletal pain, the aim of this study was toCopyright r 2011 by Lippincott Williams & Wilkins
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criteria were retained and reentered into a subsequent
model (“Model 3”).

8. This process continued, with successive models labeled
consecutively as “Model 4,” “Model 5,” and so on, until
only criteria with a “posterior probability” of Z50%
remained. These models were considered candidate
“final models.”
The aim of each logistic regression was to produce an

optimum model guided by considerations of classification
accuracy and parsimony, that is to produce a discrimina-
tory cluster of symptoms and signs for each category of
pain, comprising the fewest clinical criteria while preserving
classification accuracy.19

Indices of classification accuracy [sensitivity, specifi-
city, positive and negative predictive values, positive and
negative likelihood ratios] with 2-sided 95% confidence
intervals (CIs) were calculated to assess the classification
accuracy of each final model. Univariate analyses were
carried out using SPSS (SPSS for windows, version 15).
Multivariate analyses were carried out in “R” (2009,
version 2.9.2).

RESULTS
A convenience sample of 551 patients with

musculoskeletal low back (±leg) pain disorders was invited
to participate in this study. Fifty-one patients were
ineligible according to the exclusion criteria, and 36 patients
with a mixed (n=35) or indeterminate (n=1) pain state
were excluded. Patient demographics for the final sample
(n=464) are presented in Table 2.

Univariate
A w2 test for independence indicated that “Criterion

17” [w2 (2, n=464)=2.30, P=0.32] and “sex” [w2 (2,
n=464)=1.59, P=0.45] were not significantly associated
with pain classification, and a one-way between-groups
analysis of variance [Browne-Forsythe F-ratio 0.23 (df 2,
463), P=0.80] indicated that there was no statistically
significant differences in the mean age of patients across

pain classifications. These variables were, therefore, ex-
cluded from the multivariate analyses.

Multivariate
Missing values were identified for 12 cases, thus

reducing the valid sample size from n=464 to n=452
(NP n=252, PNP n=102, CSP n=98). Model parameters
[regression coefficients and odds ratios (ORs) with 95% CI]
for each criterion in the final NP, PNP, and CSP models are
presented in Table 3 (where shortened criterion descriptions
are given; full descriptions are presented in Table 1).

Cross tabulations from which the indices of classifica-
tion accuracy were calculated for each final cluster are
presented in Tables 4 to 6.20 Indices of classification
accuracy, with 95% CIs, for each final model are presented
in Table 7.

Nociceptive
A dominance of NP was predicted by 7 criteria,

including the presence of 3 symptoms (criteria 5, 8, 11), the
“absence” of 3 symptoms (criteria 7, 15, 19), and 1 sign
(criterion 27). According to the NP model, the strongest
predictor of NP was criterion 8 (OR=69.79; 95% CI,
25.13-193.81] suggesting that patients with “pain localized
to the area of injury/dysfunction (with/without some
somatic referral)” were over 69 times more likely to be
classified with a dominance of NP compared with those
with non-NP, controlling for all other variables in the
model. The OR of 0.15 for criterion 15 was <1, indicating
that patients with “pain in association with other

TABLE 3. Model Parameters for Criteria in the Final “Nociceptive,” “Peripheral Neuropathic,” and “Central Sensitization” Pain Models

Criteria
Regression
Coefficient SD

95% CI
Lower

95% CI
Upper OR

OR 95% CI
Lower

OR 95% CI
Upper

Nociceptive
5 Intermittent 1.45 0.74 !0.00 2.89 4.25 0.99 18.25
7 Burning !1.28 0.37 !2.00 !0.56 0.28 0.14 0.57
8 Localized 4.25 0.52 3.22 5.27 69.79 25.13 193.81
11 Clear aggravating/easing 2.91 0.58 1.78 4.05 18.41 5.91 57.37
15 Dysesthesias !1.89 0.46 !2.79 !1.00 0.15 0.06 0.37
19 Night pain !1.51 0.38 !2.25 !0.77 0.22 0.11 0.46
27 Antalgic !1.41 0.40 !2.19 !0.63 0.24 0.11 0.53

Peripheral neuropathic
3 History of nerve injury 2.54 0.64 1.29 3.80 12.64 3.59 44.49
9 Dermatomal 3.19 0.69 1.85 4.53 24.29 6.33 93.18
29 Nerve movement tests 2.68 0.49 1.72 3.65 14.64 5.59 38.37

Central
4 Pain disproportionate to injury 2.72 0.63 1.48 3.96 15.19 4.39 52.48
13 Disproportionate aggravating/

easing
3.42 0.66 2.13 4.72 30.69 8.41 112.03

25 Psycho social symptoms 2.03 0.79 0.49 3.58 7.65 1.64 35.79
33 Diffuse palpation 3.32 0.75 1.84 4.80 27.57 6.28 121.09

95% CI indicates 95% confidence interval; OR, odds ratio.

TABLE 4. Classification Accuracy of the Final “Nociceptive” Pain
Model

Reference Standard
Positive

Reference Standard
Negative

Cluster
positive

229 patients 18

Cluster
negative

23 182
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LBP.9 A mechanisms-based classification system for pain
comprising 3 categories may allow for the classification
of broader populations of patients and be more useful
clinically.

Although the classification system proposed in this
study was comprised of three categories it is acknowledged
that other “categories” of pain mechanisms may exist, such
as “autonomic,” “neuroendocrine,” and “neuroimmune”
pain. A number of investigators and mechanisms-based
clinical reasoning strategies for pain have described the
potential influence of autonomic, neuroendocrine, and
neuroimmune mechanisms on pain transmission and
modulation.26–28 However, it has been suggested that
activity from within these systems may not be so readily
identifiable from clusters of symptoms and signs, and that
they operate simultaneously and synergistically more as
response and background systems in association with
activity in the peripheral and central nervous systems.10

Further elucidation of the role of these systems and the
recognition of clinical markers may facilitate their inclusion
into an expanded mechanisms-based classification system
for pain.

A further consideration concerns the homogeneity of
categorizations such as NP, PNP, and CSP, that is the
extent to which patients classified with a given dominant
pain state have pain attributable to common pathophysio-
logical mechanisms. Categorical labels for constructs such
as NP, PNP, and CSP, essentially describe and compart-
mentalize the highly complex and numerous pathophysio-
logical processes associated with each construct together
under a single umbrella term. For example, a patient with a
dominance of NP could have pain secondary to inflamma-
tory (tissue injury) or ischemic (tissue loading) mechan-
isms.10 A patient with a dominance of PNP may have pain
arising from the formation of “abnormal impulse generat-
ing sites,” which may themselves be variously mechano-
sensitive, ischemic-sensitive, or chemo-sensitive, or from

“cross-excitation” of injured axons from neighboring
uninjured neurons.29 And a patient with a dominance of
CSP may have pain secondary to one or more of the
following pathophysiological processes, such as “classic
dorsal horn-mediated central sensitization,” loss of spinal
cord inhibitory interneurones, or forebrain-mediated des-
cending facilitation.30–32 The manner in which these dif-
ferent processes manifest, and the extent to which they may
be identified and distinguished clinically is not known.
Furthermore, neurobiological research currently allows for
more mechanistic possibilities than can be distinguished
clinically.33

A more pragmatic perspective suggests that the
validity and usefulness of any classification system is
ultimately dependent on the extent to which it fulfills the
purposes for which it was designed.34 If categorical
designations such as NP, PNP, and CSP can be shown to
(1) help clinicians make sense of a patient’s pain presenta-
tion, (2) facilitate an appropriate assessment, (3) predict an
outcome (whether in response to natural history or
treatment), and (4) facilitate the selection of appropriate
interventions and/or discourage the selection of inappropri-
ate ones, thus optimizing clinical outcomes and the use of
healthcare resources, then arguably the classification system
has fulfilled its function regardless of the extent to which
its constituent categories can be said to exactly reflect
homogenous pathophysiological mechanisms. Therefore,
precise knowledge of the underlying pathophysiology of the
disorder, although desirable to enhance the specificity of
treatment selection, may not be an essential requirement for
clinical validity.35

Consistent with the findings of Scholz et al,11 who
developed a clinical tool for distinguishing neuropathic
from non-neuropathic pain, the findings from this study
suggest that relatively few symptoms and signs may be
required to distinguish between pain types. Differentiating
between the dominant mechanisms assumed to underlie

Symptom/sign (assumed Neurophysiology)

Musculoskeletal 
Pain

Nociceptive 

Peripheral 
neuropathic 

Central 
(sensitization) 

- Usually intermittent and sharp with movement /mechanical provocation; 
may be a more constant dull ache or throb at rest. 
- Pain localised to the area of injury/dysfunction (with /without some 
somatic referral). 
- Clear, proportionate mechanical/anatomical nature to aggravating and 
easing factors. 
Absence of: 
- Pain variously described as burning, shooting, sharp or electric-shock-like. 
- Pain in association with other dysesthesias. 
- Night pain/disturbed sleep. 
- Antalgic (i.e. pain relieving) postures/movement patterns. 

- History of nerve injury, pathology or mechanical compromise. 
- Pain referred in a dermatomal or cutaneous distribution. 
- Pain/symptom provocation with mechanical/movement tests (i.e. 
active/passive,neurodynamic, e.g. Straight leg raise test) that 
move/load/compress neural tissue. 

- Pain disproportionate to the nature and extent of injury or pathology. 
- Disproportionate, non-mechanical, unpredictable pattern of pain 
provocation in response to multiple/non-specific aggravating/easing factors. 
- Strong association with maladaptive psychosocial factors (e.g. negative 
emotions, poor self-efficacy, maladaptive beliefs and pain behaviours, 
altered family/work/social life, medical conflict). 
- Diffuse/non-anatomic areas of pain/tenderness on palpation. 

FIGURE 2. A summary of the mechanisms-based classification system for musculoskeletal pain.
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• Mechanical (e.g. strains) 
• Chemical 

• Ischaemic (e.g. muscular instability) 
• Inflammatory (e.g. sprains) 

• (Thermal) 

Smart K et al. (2011)
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Sensory discrimination

Temporal discrimination

Self-reported 
discrimination

Pain provocation 

Pain behavior
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Best practice?

Costigan/Woolf (2009)
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Suggesting a 1st/3rd person link
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Basale principper for sensorisk stimuli
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stimulus

LT/HT	

Neuron
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DH

No Pain

HT	

stimulus

HT	

Neuron

Neutral	

DH
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Pain (1:1)
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stimulus

LT	

Neuron
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Allodynia
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stimulus

Sensitised	

HT neuron

Neutral	

DH

Primary	

hyperalgesia

HT	

stimulus

HT	

Neuron

Sensitised	

DH

Secondary	

hyperalgesia

Modified from Costigan, Scholz,!
and Woolf (2009)
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Treating pain according to 
mechanisms 

๏ Nociceptive pain 
๏ Stimulus-dependent = remove the stimulus (noci-generator) 

๏ Inflammatory pain 
๏ Stimulus-independent + sensitization = control the pain and 

expect reversibility = rapid improvement (days) 

๏ Peripheral Neurogenic pain 
๏ Stimulus independent + pathological = treat symptoms and control 

the pain = focus on QoL 

๏ Dysfunctional pain 
๏ Stimulus independent, non-pathological = treat symptoms and 

control the pain = focus on QoL
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…if it was just so simple!
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Pain is more than nociception!

15

Placebo

Benedetti F et al. (2011)
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Treating pain is more about the 
individuals involved in the treatment 

than the technique they use!

www.videnomsmerter.dk / morten@fysiocenter.dk 
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www.videnomsmerter.dk

If you see this slide I was out of time !
sooner than I had hoped to be…!

!

You can get all slides for free on my blog:!
!

Get the slides on my blog: 
www.videnomsmerter.dk 
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