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a b s t r a c t
Sensitization of the nervous system can present as pain hypersensitivity that may contribute to clinical
pain. In spinal pain, however, the relationship between sensory hypersensitivity and clinical pain remains
unclear. This systematic review examined the relationship between pain sensitivity measured via quantitative sensory testing (QST) and self-reported pain or pain-related disability in people with spinal pain.
Electronic databases and reference lists were searched. Correlation coefﬁcients for the relationship
between QST and pain intensity or disability were pooled using random effects models. Subgroup analyses and mixed effects meta-regression were used to assess whether the strength of the relationship was
moderated by variables related to the QST method or pain condition. One hundred and forty-ﬁve effect
sizes from 40 studies were included in the meta-analysis. Pooled estimates for the correlation between
pain threshold and pain intensity were 0.15 (95% conﬁdence interval [CI]: 0.18 to 0.11) and for disability 0.16 (95% CI: 0.22 to 0.10). Subgroup analyses and meta-regression did not provide evidence
that these relationships were moderated by the QST testing site (primary pain/remote), pain condition
(back/neck pain), pain type (acute/chronic), or type of pain induction stimulus (eg, mechanical/thermal).
Fair correlations were found for the relationship between pain intensity and thermal temporal summation (0.26, 95% CI: 0.09 to 0.42) or pain tolerance ( 0.30, 95% CI: 0.45 to 0.13), but only a few studies
were available. Our study indicates either that pain threshold is a poor marker of central sensitization or
that sensitization does not play a major role in patients’ reporting of pain and disability. Future research
prospects are discussed.
Ó 2013 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.

1. Introduction
Pain sensitization, in which nociceptive neurons become sensitized by nociceptive input, manifests as pain hypersensitivity (eg,
hyperalgesia, allodynia) and may contribute to clinical pain [82].
A common assumption of the central sensitization model is that
people with enhanced pain sensitivity also report higher levels of
pain and/or disability [40,70]. Preliminary research has shown that
both evoked and spontaneous pain (ie, pain experienced by patients
without stimulation) can induce changes in pain sensitivity and
brain activity that are associated with the pain experienced by
the participant [3,4,16,66,74]. In healthy volunteers, neuroimaging
research has shown that capsaicin-induced central sensitization
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increases brain activity that correlates with the perception of pain
intensity induced by an experimental pain stimulus [45].
Sensory disturbances such as pain sensitivity are frequent features of chronic pain [5,25,48,56]. For example, the presence of
cold hyperalgesia characterizes people with lateral epicondylalgia,
who have higher pain and disability levels [12]. In patients with
spinal pain, sensitivity to painful stimulation can be associated
with the individuals’ experience of pain intensity and disability
[11,63,66]. Furthermore, increased pain sensitivity in the primary
area of pain (local pain) is considered a sign of predominantly
peripheral pain sensitization, whereas pain sensitivity in areas
anatomically remote from the primary area of pain is thought to
reﬂect a more central phenomenon [31,66,82].
The assessment of sensory function using quantitative sensory
testing (QST) has been advocated to explore the mechanisms
underlying local and widespread musculoskeletal pain [13,58,83].
Several studies using QST (mechanical/thermal pain thresholds)
have found that compared with healthy control subjects, patients
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with acute or chronic spinal pain (neck pain, low back pain [LBP])
show evidence of pain hypersensitivity. This has been interpreted
as reﬂective of peripheral and/or central nociceptive sensitization
[7,20,31,37,55,56]. However, the current evidence for the association between measures of QST and reported pain intensity and/or
disability in spinal pain is inconsistent. Findings of no correlation
or weak to moderate correlations may depend on the site of testing, the pain induction stimulus (eg, mechanical, thermal), the pain
condition (LBP, neck pain, whiplash), the pain type (acute, chronic),
and the outcome measured (eg, threshold, tolerance, temporal
summation, pain or disability) [11,29,40,42,63,66,79]. A better
understanding of the relationship between clinical features of
spinal pain and sensitivity, as well as of the impact of potential
moderators on this relationship, is vital to understand the role that
central sensitization plays in pain and disability.
The ﬁrst objective of this systematic review and meta-analysis
was to examine the relationship between established QST measures and pain or disability in spinal pain. The second objective
was to assess whether the strength of the relationship was moderated by variables related to the QST method and pain condition.
2. Methods

stimulation of the intervertebral disc) were excluded. Correlation
coefﬁcients (Pearson’s r or Spearman’s q) for the relationship between QST measured locally and/or at a remote site and pain/disability had to be reported or could be calculated from the data
reported in the study or from data obtained from the study
authors. Studies that only provided correlations between pain/disability and QST composite scores, ie, local and remote site combined, were excluded.
Two reviewers applied the inclusion criteria independently to
select the potentially relevant trials from the titles, abstracts, and
keywords of the retrieved literature. Articles that met the selection
criteria as well as articles with abstracts that were imprecise concerning the selection criteria were considered for full-text analysis.
Studies involving participants with nonspinal pain caused by other
conditions (eg, metastasis, neoplasm, fracture, infection, inﬂammation, osteoporosis, ﬁbromyalgia, temporomandibular joint disorder, rheumatoid arthritis, headache) or previous spinal surgery
were excluded. Studies were also excluded if they were conducted
on mixed populations (eg, acute/subacute/chronic, LBP/neck pain)
unless correlation coefﬁcients could be obtained for the separate
populations. Studies that included participants with neck pain
and WAD were eligible.

2.1. Study selection

2.2. Data extraction

The current study is reported in accordance with the PRISMA
statement for the reporting of systematic reviews and meta-analyses [51]. A computerized search for articles published between the
years 1966 and October 2012 was performed in the following databases: MEDLINE (OvidSP), EMBASE (OvidSP), CINAHL (EBSCO
host), PsycINFO (OvidSP), Cochrane Central Register of Controlled
Trials (OvidSP). Furthermore, reference lists of all retrieved articles
were manually checked for additional studies.
The updated search strategies of the Cochrane Back Review
Group (http://back.cochrane.org/sites/back.cochrane.org/ﬁles/uploads/PDF/CBRG_searchstrat_Jun2011.pdf) were used to identify
studies of LBP and neck pain. In addition, the search for self-reported measures of pain and disability included a combination of
subject headings and text words using keywords such as: pain, disability, function$, Visual Analogue Scale (or VAS), Oswestry, Neck
Disability Index (or NDI). The search for QST included keywords
such as quantitative sensory testing, hyperalgesia, pressure algometry, central/peripheral sensitization, hypersensitivity. The MEDLINE search strategy is provided in Appendix A.
To be eligible, studies had to meet the following selection criteria: cross-sectional or longitudinal study; randomized controlled
trial (RCT) or nonrandomized controlled clinical trial (CCT) (baseline data/no treatment arm); participants’ ages at least 18 years;
acute (less than 6 weeks), subacute (6 to 12 weeks) or chronic
(12 weeks or more) LBP or neck pain with or without referred pain
including idiopathic pain, whiplash-associated disorder (WAD),
myofascial pain syndrome, degenerative joint or disc disease, and
spondylolisthesis. Each study was required to assess both QST
and pain and/or disability using standardized and valid measures
eg, VAS, numeric rating scale (NRS), NDI.
QST was deﬁned as a method that quantiﬁes the magnitude of
physical stimuli (eg, pressure, heat, cold, vibration, electrical current) that is required to determine a speciﬁc pain perception (ie,
pain threshold, pain tolerance, temporal summation, pain magnitude rating) [83]. The application of the physical stimulus had to
be standardized and the physical stimulus had to be expressed in
quantitative terms eg, pressure: kg/cm2; heat/cold: °C. Likewise,
the evoked sensory and pain perception had to be reported quantitatively (eg, pressure: kg/cm2; heat/cold: °C; intensity ratings
using VAS or NRS). Studies using invasive forms of QST (eg, noxious

Data extraction from the included studies was performed by
one author (M.H.) using standard extraction forms and independently cross-checked by 2 of 3 other authors (A.L., N.M., T.R.). Study
characteristics and outcome data of interest included study design,
length of follow-up, number of participants, participants’ characteristics (age, sex, diagnosis, duration of symptoms), pain or disability scores, QST measure, and correlation coefﬁcient and other
relevant information such as P value and conﬁdence intervals
(CIs). For longitudinal studies, data collected at baseline and the
last follow-up were selected for reporting cross-sectional correlations for each time point if the 2 time points fell into different pain
stages (ie, acute/subacute versus chronic). Otherwise, cross-sectional correlations of baseline data or longitudinal correlations between baseline QST data and follow-up pain or disability scores
were used. If necessary, up to 3 attempts were made to contact
study authors via email to request missing or additional data.
Disagreements between the reviewers regarding the selection
of studies and the data extraction were resolved by discussion
and consensus. Persisting disagreements were discussed in a consensus meeting of all authors to make the ﬁnal decision.
2.3. Data synthesis and analysis
Included studies were grouped into acute/subacute (less than
12 weeks) or chronic (P3 months) according to the duration of
pain [27]. Measurement areas of QST were grouped into local or remote. Local was deﬁned as the primary area of pain, eg, over the
lumbar spine in LBP, over the cervical spine in neck pain, and/or
a site adjacent to the primary area of pain that was reportedly
painful, eg, gluteal muscle in LBP, trapezius muscle in neck pain.
Remote was deﬁned as a site that was anatomically distant from
the primary area of pain, eg, tibialis anterior muscle or thumb in
spinal pain. When QST was measured at several distant sites, the
most unrelated site was chosen, such as the tibialis anterior muscle
instead of the thumb for neck pain or thumb instead of tibialis
anterior muscle for LBP. When QST was measured at multiple sites
within the same area and thus several correlation coefﬁcients were
available for this area, eg, C2/3 and C5/6 in neck pain, the strongest
coefﬁcient was chosen. If tender and nontender points were tested
locally, ie, in the primary area of pain, the highest correlation
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coefﬁcient was used, regardless of whether it was a tender or nontender point.
The results of comparable studies were pooled by using a random effects model. We ﬁrst divided studies into those that investigated pain threshold, pain tolerance, temporal summation/
wind-up, or pain magnitude rating. Then, as we wanted to investigate the effect of several potential predictors on the size of the
correlations, we explored correlation coefﬁcients for subgroups of
studies, categorized by the following study characteristics: (1)
QST testing site (local, remote), (2) pain condition (LBP, neck pain),
(3) pain type (acute/subacute, chronic), and (4) type of pain induction stimulus (cold, heat, pressure, etc.).
Pearson’s r or Spearman’s q were synthesized together. Heterogeneity was examined using the Cochran’s Q test and the I2 statistic, which is the percentage of total variation across studies due to
heterogeneity rather than chance [36]. We considered P values of
<0.1 as indicating signiﬁcant heterogeneity and I2 values of 25%,
50%, and 75% as corresponding to low, moderate, and high heterogeneity, respectively [36].
Given sufﬁcient availability of data, mixed effects meta-regression was used to formally assess the effect of the potential categorical predictors (QST testing site, pain condition, pain type, type of
pain induction stimulus) on the strength of the relationship
between pain threshold and pain intensity/disability. The effect
of each categorical predictor was tested in a separate meta-regression. The variation in effect size (correlation coefﬁcient) explained
by the categorical model (QM or QB) was calculated and tested
against a v2 distribution. More than 1 effect size could have been
included in the meta analysis from an individual study due to different types of pain induction stimuli (eg, heat, cold, pressure) and
QST testing sites (ie, at the primary area of pain or a remote site)
[24,73].
As a guideline, we used 0.25, 0.5, and 0.75 as cut-off points to
interpret the strength of the relationship as little or zero (0.00 to
0.25), fair (0.25 to 0.50), moderate to good (0.50 to 0.75), and good
to excellent (above 0.75) [60]. Statistical analyses were performed
using the Comprehensive Meta-Analysis (version 2.2) and MetaWin (version 2.1) software.

(82%) participants. The mean age ranged from 29 to 58 years. One
study [66] involved a mix of patients with chronic neck pain
(N = 20) and chronic WAD (N = 29). Ten studies used a cross-sectional design, 1 study was a longitudinal design, and 8 studies were
RCTs. The longitudinal study provided cross-sectional data on participants with chronic WAD at 3-month follow-up.
Five studies included participants with acute WAD [40,63,80]
and acute/subacute neck pain and WAD [78,79]. Sample sizes ranged from 24 to 146, with 352 participants in total across all studies.
Studies included mostly female (70%) participants. The mean age
ranged from 35 to 40 years. Three studies used a cross-sectional
and 2 studies used a longitudinal design. One longitudinal study
provided cross-sectional data on participants with acute WAD,
and another one provided longitudinal correlations between baseline QST and follow-up disability scores.
In LBP, the most commonly used instruments to assess pain and
disability were the VAS (9 studies), the NRS (5 studies), and the
Oswestry Disability Index (7 studies). One study used the SF-36
pain and physical functioning subscales, and another used the
Hannover Functional Ability Questionnaire. In neck pain and
WAD, pain and disability were typically assessed using the VAS
(14 studies), NRS (4 studies), and NDI (13 studies). Two studies
used the Northwick Park neck pain questionnaire, and 1 study used
the patient-speciﬁc functional scale.
The most commonly reported QST measure was pressure pain
threshold (28 studies), followed by cold pain threshold (9 studies)
and heat pain threshold (8 studies). Only 1 study reported electrical current to assess detection and pain thresholds. Studies assessing pain tolerance used either pressure (2 studies) or cold stimuli
(2 studies), and 1 study used electrical current. Studies that assessed summation of pain (temporal summation/wind-up) in response to repetitive stimuli used heat in 3 studies and pin-prick
in 2 studies. Pain magnitude rating of 1 suprathreshold heat pulse
(ﬁrst pulse response, FPR) was tested in 2 studies. Appendix C contains an outline of all QST measures reported in the included
studies.

3. Results

Overall, pain thresholds were little correlated with pain intensity or disability in spinal pain. Fair correlations were found for
the relationship between pain intensity and heat-evoked temporal
summation or pain tolerance.

The search strategy retrieved 1516 studies, from which 228
full-text articles were assessed to determine eligibility (Fig. 1).
Eighty-four authors were contacted (132 articles), and 28 authors
provided additional data (36 articles) that could not be extracted
from the articles. Finally, 43 articles met the inclusion criteria
and were further considered for this review.
3.1. Description of included studies
Studies were included for LBP, chronic neck pain, and acute and
chronic WAD. The main characteristics of the included studies are
presented in Appendix B. Nineteen studies included 934 participants with LBP: 15 studies on chronic LBP [1,6–9,11,16,28,29,
35,41,49,59,65,81], 4 subacute LBP [20–23]. The mean sample size
for the 19 studies ranged from 16 to 180. Studies included mostly
female (61%) participants. The mean age ranged from 32 to
53 years. Eleven studies used a cross-sectional design, 1 study
was a longitudinal design, and 7 studies were RCTs. The longitudinal study provided cross-sectional correlation analyses of baseline
data.
Nineteen studies included participants with chronic neck pain
[14,15,18,38,43,44,46,47,53,54,68,72,76,77] and chronic WAD
[19,39,40,62,75]. Sample sizes ranged from 22 to 151, with 1043
total participants from all studies. Studies included mostly female

3.2. Meta-analysis

3.2.1. Correlation between pain threshold and pain intensity
The pooled estimate (72 coefﬁcients, 34 studies) for the correlation between pain threshold and pain intensity was 0.15 (95% CI:
0.18 to 0.11), indicating that lower thresholds demonstrated little or zero correlation with higher pain levels. Heterogeneity was
not signiﬁcant (P = .20, I2 = 12.0%).
3.2.2. Correlation between pain threshold and disability
The pooled estimate (52 coefﬁcients, 23 studies) for the correlation between pain threshold and disability was 0.16 (95% CI:
0.22 to 0.10), indicating that lower thresholds demonstrated
little or zero correlation with higher disability levels. There was
evidence for moderate heterogeneity (P < .01, I2 = 57.2%).
3.2.3. Correlation between pain tolerance and pain intensity
The pooled estimate (9 coefﬁcients, 7 studies) for the correlation between pain tolerance and pain intensity was 0.30 (95%
CI: 0.45 to 0.13), indicating that lower pain tolerance was
fairly correlated with higher pain levels. Although not signiﬁcant,
there was evidence for moderate heterogeneity (P = .07,
I2 = 45.2%).
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Fig. 1. PRISMA ﬂow chart of the study selection process.

3.2.4. Correlation between pain tolerance and disability
The pooled estimate (2 coefﬁcients, 2 studies) for the correlation between pain tolerance and disability was 0.32 (95% CI:
0.69 to 0.17), indicating that lower pain tolerance was fairly
but not signiﬁcantly correlated with higher disability levels. There
was evidence for high heterogeneity (P = .04, I2 = 75.4%).
3.2.5. Correlation between temporal summation/wind-up and pain
intensity
The pooled estimate (8 coefﬁcients, 5 studies) for the correlation between temporal summation/wind-up and pain intensity
was 0.16 (95% CI: 0.02 to 0.29), indicating that higher temporal
summation/wind-up demonstrated little or zero correlation with
higher pain levels. Heterogeneity was not signiﬁcant (P = .34,
I2 = 12.1%).
3.2.6. Correlation between FPR and pain intensity
The pooled estimate (4 coefﬁcients, 2 studies) for the correlation between FPR and pain intensity was 0.25 (95% CI: 0.16 to
0.66), indicating that higher intensity ratings (NRS) of the heat
stimulus were fairly but not signiﬁcantly correlated with higher
pain levels. Although not signiﬁcant, there was evidence for moderate heterogeneity (P = .34, I2 = 47.6%).
3.2.7. Subgroup analyses
The results of the exploratory subgroup analyses are presented
in Tables 1–4. In summary, similar to the overall estimates, the
subgroup analyses revealed little or zero correlations for correlations between pain threshold and pain intensity/disability. Regarding the temporal summation/wind-up and pain intensity
relationship, the subgroup analysis showed a stronger correlation
for the heat-evoked temporal summation/wind-up compared with
the pinprick-evoked. Forest plots for the correlations between pain

threshold, pain tolerance, or temporal summation/wind-up and
pain intensity/disability by pain condition (LBP, neck pain) are given in Appendix D.
3.2.8. Meta-regression
None of the selected predictors was signiﬁcantly associated
with the strength of the correlation coefﬁcients between pain
threshold and pain intensity (P P .44) or pain threshold and disability (P P .65).
4. Discussion
This systematic review and meta-analysis quantiﬁed the
strength of the relationship between QST measures and pain or
disability in people with spinal pain. The main ﬁnding from our
meta-analysis was that the relationship between pain threshold
and pain or pain-related disability was weak. Pain threshold
measures explained around 2% of the variance in pain or disability
in both neck and low back pain. Furthermore, 95% conﬁdence
intervals of the point estimates exclude the possibility of any
meaningful correlation. Somewhat stronger correlations were
found for the relationship between pain intensity and heat-evoked
temporal summation or pain tolerance. Those measures explained
around 7% or 9%, respectively, of the variance in pain or disability.
The results of the exploratory subgroup analyses and metaregression for pain threshold did not provide evidence that the
relationships found were moderated by the QST testing site, pain
condition, pain type, or type of pain induction stimulus. This means
that the relationship was the same whether the QST testing was
performed in the primary area of pain or at a remote site. Furthermore, the strength of the relationship did not differ either between
people with LBP or neck pain or among those with acute/subacute
or chronic pain. Although the correlations seemed to be slightly
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Table 1
Summary of correlation coefﬁcients between pain threshold and pain intensity by subgroups.
Group

No. of studies

No. of effect sizes

Sample size

Correlation (95% conﬁdence interval)

QST site
Local
Remote

29
23

40
32

2187
1390

0.14 ( 0.19 to
0.15 ( 0.20 to

0.09)
0.10)

Pain condition
LBP
Neck pain

17
17

40
32

1709
1823

0.13 ( 0.18 to
0.16 ( 0.21 to

0.08)
0.11)

Pain type
Acute/subacute
Chronic

7
27

12
60

932
2645

0.19 ( 0.25 to
0.13 ( 0.18 to

0.12)
0.09)

QST modality
PPT
CPT
HPT
MPT
EPT

28
4
7
2
1

46
8
12
4
2

2747
314
446
130
78

0.17
0.07
0.07
0.08
0.25

(
(
(
(
(

0.21
0.18
0.17
0.26
0.45

to 0.13)
to 0.04)
to 0.03)
to 0.10)
to 0.02)

Note: A negative correlation indicates that lower pain threshold was correlated with a higher level of pain.
QST = quantitative sensory testing; LBP = low back pain; PPT = pressure pain threshold; CPT = cold pain threshold; HPT = heat pain threshold;
MPT = mechanical pain threshold; EPT = electrical pain threshold.

Table 2
Summary of correlation coefﬁcients between pain threshold and disability by subgroups.
Group

No. of studies

No. of effect sizes

Sample size

QST site
Local
Remote

Correlation (95% conﬁdence interval)

22
17

33
19

1839
1039

0.16 ( 0.23 to
0.16 ( 0.27 to

0.08)
0.06)

Pain condition
LBP
Neck pain

13
16

18
34

785
2063

0.17 ( 0.27 to
0.16 ( 0.23 to

0.05)
0.09)

Pain type
Acute/subacute
Chronic

6
19

11
41

593
2255

0.24 ( 0.33 to
0.13 ( 0.22 to

0.15)
0.06)

QST modality
PPT
CPT
HPT
MPT

29
5
4
1

36
9
5
2

3015
439
202
46

0.17
0.22
0.02
0.01

(
(
(
(

0.24
0.34
0.25
0.30

to 0.10)
to 0.09)
to 0.11)
to 0.30)

Note: A negative correlation indicates that lower pain threshold was correlated with a higher level of disability.
QST = quantitative sensory testing; LBP = low back pain; PPT = pressure pain threshold; CPT = cold pain threshold; HPT = heat pain threshold;
MPT = mechanical pain threshold.

Table 3
Summary of correlation coefﬁcients between pain tolerance and pain intensity by subgroups.
Group

No. of studies

No. of effect sizes

Sample size

QST site
Local
Remote

Correlation (95% conﬁdence interval)

2
7

2
7

63
203

0.26 ( 0.57 to 0.12)
0.32 ( 0.49 to 0.11)

QST modality
CPTol
EPTol
HPTol
PPTol

2
1
2
2

2
2
2
3

48
78
47
93

0.30
0.12
0.27
0.44

(
(
(
(

0.61
0.44
0.60
0.66

to 0.10)
to 0.23)
to 0.14)
to 0.16)

Note: All studies involve participants with chronic low back pain. A negative correlation indicates that lower pain tolerance was correlated with a
higher level of pain.
QST = quantitative sensory testing; CPTol = cold pain tolerance; EPTol = electrical pain tolerance; HPTol = heat pain tolerance; PPTol = pressure
pain tolerance.

higher for pressure pain thresholds, we did not ﬁnd that the stimulus modality predicted the strength of the relationship.
The results from this study are interesting given the large volume of data pertaining to QST measures in chronic pain conditions.
The presence of sensory hypersensitivity has been reported in
many chronic pain conditions with decreased pain thresholds as
well as pain-related disability often reported in LBP [20,30,55,61],

neck pain [38,79], and whiplash [10,33,66]. Preliminary evidence
has suggested that sensory hypersensitivity is particularly
common in those with higher levels of pain and disability
[11,26,70,71], and accordingly, the results from this review are surprising as a stronger relationship between pain thresholds and
pain and/or pain-related disability was expected. The weak
relationship indicates that pain intensity or disability is not solely
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Table 4
Summary of correlation coefﬁcients between temporal summation/wind-up and pain intensity.
Group

No. of studies

No. of effect sizes

Sample size

Correlation (95% conﬁdence interval)

QST site
Local
Remote

2
5

2
6

59
195

0.30 (0.03 to 0.53)
0.11 ( 0.04 to 0.14)

QST modality
TS, heat
TS, (WUR), pinprick

3
2

4
4

127
130

0.26 (0.09 to 0.42)
0.05 ( 0.13 to 0.23)

Note: All studies involve participants with chronic low back pain. A positive correlation indicates that higher temporal summation/wind-up was
correlated with higher levels of pain.
QST = quantitative sensory testing; TS = temporal summation; WUR = wind-up ratio.

accounted for by the degree of pain sensitivity. It is conceivable
that numerous other factors, including pain-related psychological
variables, also account for the variability in pain intensity or disability [17]. Previous studies identiﬁed variables such as pain
catastrophizing, pain self-efﬁcacy, depression, and anxiety as predictors for pain intensity and disability in chronic pain including
LBP [50,52,67]. Theoretically this indicates that patients with low
levels of hypersensitivity relative to other patients, but still high
levels of hypersensitivity compared with pain-free control subjects, can report high pain intensity and disability because of their
psychological status or other factors. In summary, even though
pain threshold might help to discriminate between groups (pain
versus no pain), the ability of pain threshold to predict the intensity of the pain or the severity of disability in patients seems limited. However, the ability of QST to discriminate between groups
according to their diagnosis was beyond the scope of our review
and is potentially a fruitful area for future research.
QST is a measure of large and small afferent ﬁber function,
depending on the modality used, their respective spinal pathways
(spinothalamic and dorsal column), as well as supraspinal centers;
the presence of lowered pain thresholds has been considered to reﬂect sensory gain in these pathways [34,64]. Sensitization is essentially an augmentation of neural signaling resulting in pain
hypersensitivity (lowered pain thresholds) [82], which may occur
within the central nervous system (central sensitization) or peripheral nervous system (peripheral sensitization). Should lowered
pain thresholds be evident at the site of primary pain, sensitization
could be local (peripheral) or a combination of both peripheral and
central. Should lowered pain thresholds be evident at sites remote
from the primary site of pain, then the argument for the presence
of central sensitization is stronger. If central sensitization is a key
neurophysiologic mechanism underlying chronic musculoskeletal
pain and assuming that pain threshold is a valid marker of central
sensitization, it is conceivable that the relationship between pain
threshold and pain intensity/disability would be at least fair. However, we did not ﬁnd evidence for such a relationship. A number of
explanations exist for the poor relationship found in our review.
One possible explanation for the lack of a relationship may relate to the validity of QST as a marker of sensitization. Because
established criteria for determining the presence of central sensitization are lacking [82], care must be taken when interpreting QST
ﬁndings as reﬂective of sensitization in the absence of other clinical information. The development of more objective biomarkers
and of reliable and valid diagnostic criteria of central sensitization
is highly desirable, and would likely aid the evaluation of the validity of QST.
QST represents a method for evoking pain, and is used to examine the presence of pain hypersensitivity. However, evoked pain
may not necessarily reﬂect the clinical experience of pain. In this
respect, the results from a recent study by Parks et al. [57] are
important to consider. This study outlined differences recorded
in cortical responses between evoked and spontaneous pain in

people with osteoarthritis of the knee. In addition to the typical
areas of the brain activated during somatosensory nociceptive processing, spontaneous pain, ie, pain experienced by patients without
stimulation, engaged the prefrontal limbic structures, ie, the area
of the brain more associated with an emotional state, whereas
evoked pain did not. This may mean that evoked pain, such as that
measured by thermal and mechanical pain thresholds, does not
measure the same construct of pain experienced by patients, and
may in part explain the ﬁnding that pain threshold correlated
poorly with measures of pain and pain-related disability in our
review.
If we assume that QST is a reasonable measure of pain sensitivity and the presence of lowered pain thresholds accurately reﬂects
the presence of sensitization, the absence of a correlation between
lowered pain thresholds and pain/disability may be explained by
the fact that in many of the participants in the included studies,
central processes did not or did not predominantly contribute to
pain hypersensitivity. Results from a recent clinical study involving
464 people with chronic LBP identiﬁed 106 (23%) of the participants as having central sensitization as their dominant pain mechanism [69], with the remaining 358 (77%) deemed (clinically) to
present with a dominance of nociceptive or neuropathic pain. If
the results from Smart et al. [69] are generalizable, it is quite conceivable that the majority of participants in the studies included in
this review did not present with clinical manifestations of central
sensitization, and as such, a link between sensitization as measured by QST and their pain and /or disability would not necessarily be expected. It would be interesting to investigate the
correlation between QST as a measure of sensitization and pain
intensity and disability in a subgroup of people who are deemed
to have evidence of central sensitization based on valid (clinical)
assessment. This would help to ascertain whether QST measures
add in any way to the clinical assessment of pain and sensitization.
A strength of this review is that although we only found a small
number of studies that reported correlations, we were eventually
able to include 43 studies after contacting authors, therefore
including as many correlations as possible in the meta-analysis.
However, there are several limitations that have to be acknowledged. The majority of studies included in this review used pain
threshold. It has recently been suggested that this static QST measure identiﬁes 1 point on a scale of sensations and is thus limited in
its capacity to capture the complexity of the pain-processing system [2]. Measures derived from dynamic QST are thought to better
capture a sensitized nociceptive system by assessing the temporal
and spatial summation as well as descending modulation of pain
[2]. In addition, pain magnitude rating for a suprathreshold stimulus allows for the study of suprathreshold pain processing [2]. Indeed, we found a stronger relationship between heat-evoked
temporal summation and pain intensity and a trend toward a
stronger relationship between magnitude rating (ie, FPR) and pain
intensity. However, because of the small number of included studies employing temporal summation or suprathreshold ratings, the
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relationship between dynamic QST measures and pain intensity/
disability in spinal pain should be ascertained in future studies.
As mentioned before, most of the studies showed moderate heterogeneity. We had too few studies using tolerance, temporal summation, or magnitude rating to formally examine the source of
heterogeneity. Furthermore, heterogeneity between trials of pain
thresholds could not be explained by meta-regression assessing
the effect of the potential categorical predictors QST i.e. testing site,
pain condition, pain type, or type of pain induction stimulus. It has
to be acknowledged that other differences in methodological
features of studies related to sample size, sampling methods, study
populations, diversity of QST protocols, and measures of pain
intensity and disability might have inﬂuenced the strength of the
relationship found in our review. For instance, most studies had
small sample sizes, only 12 studies had 50 or more and 6 studies
had 100 or more participants. Sampling methods were often not
described, which hampers appraisal of the generalizability of study
ﬁndings. Many studies did not provide sufﬁcient details on the QST
protocols used, including information on standardization of
instructions, training/experience of assessors, or test order. Furthermore, the pain tolerance tests presumably involve more affective/motivational aspects of pain than threshold tests [32], which
might affect their reliability.
In conclusion, this systematic review and meta-analysis did not
show any meaningful correlations between pain threshold and
pain or disability in spinal pain. There may be a number of explanations for this. First, this ﬁnding probably reﬂects that both
methods measure different constructs that may not be directly
interrelated. Second, assuming that central sensitization manifests
itself in pain hypersensitivity that contributes to clinical pain and
related disability, our study indicates that pain threshold is either
a poor marker of central sensitization or sensitization does not play
a major role in the participants’ reporting of pain or disability. The
reliance on threshold as the only valid measure of central or
peripheral sensitization is thus questionable. However, studies
using other methods, such as measures derived from dynamic
QST or pain magnitude rating, are limited. Future studies are required to elucidate the relationship between tests of suprathreshold pain processing, central integration, or descending control and
clinical features of spinal pain.

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Conﬂict of interest statement
[20]

There are no conﬂicts of interest.
Acknowledgements
M.H. is supported by a postdoctoral fellowship from the
German Academic Exchange Service (DAAD). T.R. is supported by
a National Health and Medical Research Council (NHMRC) of
Australia Fellowship.

[21]

[22]

[23]

[24]

Appendix A. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.pain.2013.05.031.
References
[1] Agostinho CM, Scherens A, Richter H, Schaub C, Rolke R, Treede RD, Maier C.
Habituation and short-term repeatability of thermal testing in healthy human
subjects and patients with chronic non-neuropathic pain. Eur J Pain
2009;13:779–85.
[2] Arendt-Nielsen L, Yarnitsky D. Experimental and clinical applications of
quantitative sensory testing applied to skin, muscles and viscera. J Pain
2009;10:556–72.
[3] Baliki MN, Chialvo DR, Geha PY, Levy RM, Harden RN, Parrish TB, Apkarian AV.
Chronic pain and the emotional brain: speciﬁc brain activity associated with

[25]

[26]
[27]

[28]

[29]

[30]

1503

spontaneous ﬂuctuations of intensity of chronic back pain. J Neurosci
2006;26:12165–73.
Baliki MN, Geha PY, Fields HL, Apkarian AV. Predicting value of pain and
analgesia: nucleus accumbens response to noxious stimuli changes in the
presence of chronic pain. Neuron 2010;66:149–60.
Bennett RM. Emerging concepts in the neurobiology of chronic pain: evidence
of abnormal sensory processing in ﬁbromyalgia. Mayo Clin Proc
1999;74:385–98.
Bialosky JE, Bishop MD, Robinson ME, Zeppieri Jr G, George SZ. Spinal
manipulative therapy has an immediate effect on thermal pain sensitivity in
people with low back pain: a randomized controlled trial. Phys Ther
2009;89:1292–303.
Blumenstiel K, Gerhardt A, Rolke R, Bieber C, Tesarz J, Friederich HC, Eich W,
Treede RD. Quantitative sensory testing proﬁles in chronic back pain are
distinct from those in ﬁbromyalgia. Clin J Pain 2011;27:682–90.
Brands AMEF, Schmidt AJM. Learning processes in the persistence behavior of
chronic low back pain patients with repeated acute pain stimulation. PAINÒ
1987;30:329–37.
Chatchawan U, Thinkhamrop B, Kharmwan S, Knowles J, Eungpinichpong W.
Effectiveness of traditional Thai massage versus Swedish massage among
patients with back pain associated with myofascial trigger points. J Bodyw
Mov Ther 2005;9:298–309.
Chien A, Eliav E, Sterling M. Hypoaesthesia occurs with sensory
hypersensitivity in chronic whiplash—further evidence of a neuropathic
condition. Man Ther 2009;14:138–46.
Clauw DJ, Williams D, Lauerman W, Dahlman M, Aslami A, Nachemson AL,
Kobrine AI, Wiesel SW. Pain sensitivity as a correlate of clinical status in
individuals with chronic low back pain. Spine 1999;24:2035–41.
Coombes BK, Bisset L, Vicenzino B. Thermal hyperalgesia distinguishes those
with severe pain and disability in unilateral lateral epicondylalgia. Clin J Pain
2012;28:595–601.
Courtney CA, Kavchak AE, Lowry CD, O’Hearn MA. Interpreting joint pain:
quantitative sensory testing in musculoskeletal management. J Orthop Sports
Phys Ther 2010;40:818–25.
Cramer H, Baumgarten C, Choi KE, Lauche R, Saha FJ, Musial F, Dobos G.
Thermotherapy self-treatment for neck pain relief—a randomized controlled
trial. Eur J Integr Med 2012:e371–8.
Cramer H, Lauche R, Hohmann C, Choi KE, Rampp T, Musial F, Langhorst J,
Dobos G. Randomized controlled trial of pulsating cupping (pneumatic
pulsation therapy) for chronic neck pain. Forsch Komplementmed
2011;18:327–34.
Derbyshire SWG, Jones AKP, Creed F, Starz T, Meltzer CC, Townsend DW,
Peterson AM, Firestone L. Cerebral responses to noxious thermal stimulation in
chronic low back pain patients and normal control subjects. Neuroimage
2002;16:158–68.
Edwards RR, Cahalan C, Mensing G, Smith M, Haythornthwaite JA. Pain,
catastrophizing, and depression in the rheumatic diseases. Nat Rev Rheumatol
2011;7:216–24.
Elliott J, Sterling M, Noteboom JT, Darnell R, Galloway G, Jull G. Fatty inﬁltrate
in the cervical extensor muscles is not a feature of chronic, insidious-onset
neck pain. Clin Radiol 2008;63:681–7.
Elliott J, Sterling M, Noteboom JT, Treleaven J, Galloway G, Jull G. The clinical
presentation of chronic whiplash and the relationship to ﬁndings of MRI fatty
inﬁltrates in the cervical extensor musculature: a preliminary investigation.
Eur Spine J 2009;18:1371–8.
Farasyn A, Meeusen R. The inﬂuence of non-speciﬁc low back pain on pressure
pain thresholds and disability. Eur J Pain 2005;9:375–81.
Farasyn A, Meeusen R. Effect of roptrotherapy on pressure-pain thresholds in
patients with subacute nonspeciﬁc low back pain. J Musculoskelet Pain
2007;15:41–53.
Farasyn A, Meeusen R, Nijs J. A pilot randomized placebo-controlled trial of
roptrotherapy in patients with subacute non-speciﬁc low back pain. J Back
Musculoskelet Rehabil 2006;19:111–7.
Farasyn AD, Meeusen R, Nijs J. Validity of cross-friction algometry procedure in
referred muscle pain syndromes: preliminary results of a new referred pain
provocation technique with the aid of a Fischer pressure algometer in patients
with nonspeciﬁc low back pain. Clin J Pain 2008;24:456–62.
Ferguson E, James D, Madeley L. Factors associated with success in medical
school: systematic review of the literature. Br Med J 2002;324:952–7.
Fernandez-Carnero J, Fernandez-de-las-Penas C, Sterling M, Souvlis T, ArendtNielsen L, Vicenzino B. Exploration of the extent of somato-sensory impairment
in patients with unilateral lateral epicondylalgia. J Pain 2009;10:1179–85.
Fillingim RB, Edwards RR, Powell T. The relationship of sex and clinical pain to
experimental pain responses. PAINÒ 1999;83:419–25.
Furlan AD, Pennick V, Bombardier C, van Tulder M. 2009 Updated method
guidelines for systematic reviews in the Cochrane Back Review Group. Spine
1976;34:1929–41.
George SZ, Wittmer VT, Fillingim RB, Robinson ME. Fear-avoidance beliefs and
temporal summation of evoked thermal pain inﬂuence self-report of disability
in patients with chronic low back pain. J Occup Rehabil 2006;16:95–108.
George SZ, Wittmer VT, Fillingim RB, Robinson ME. Sex and pain-related
psychological variables are associated with thermal pain sensitivity for
patients with chronic low back pain. J Pain 2007;8:2–10.
Giesbrecht RJ, Battie MC. A comparison of pressure pain detection thresholds
in people with chronic low back pain and volunteers without pain. Phys Ther
2005;85:1085–92.

1504

Ò

M. Hübscher et al. / PAIN 154 (2013) 1497–1504

[31] Giesecke T, Gracely RH, Grant MAB, Nachemson A, Petzke F, Williams DA,
Clauw DJ. Evidence of augmented central pain processing in idiopathic chronic
low back pain. Arthritis Rheum 2004;50:613–23.
[32] Greenspan JD, Lee RR, Lenz FA. Pain sensitivity alterations as a function of
lesion location in the parasylvian cortex. PAINÒ 1999;81:273–82.
[33] Hagstrom Y, Carlsson J. Prolonged functional impairments after whiplash
injury. Scand J Rehabil Med 1996;28:139–46.
[34] Hansson P, Backonja M, Bouhassira D. Usefulness and limitations of
quantitative sensory testing: clinical and research application in neuropathic
pain states. PAINÒ 2007;129:256–9.
[35] Hickey OT, Burke SM, Hafeez P, Mudrakouski AL, Hayes ID, Keohane C, Butler
MA, Shorten GD. Determinants of outcome for patients undergoing lumbar
discectomy: a pilot study. Eur J Anaesthesiol 2010;27:696–701.
[36] Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. Br Med J 2003;327:557–60.
[37] Johnston V, Jimmieson NL, Jull G, Souvlis T. Quantitative sensory measures
distinguish ofﬁce workers with varying levels of neck pain and disability.
PAINÒ 2008;137:257–65.
[38] Johnston V, Jimmieson NL, Jull G, Souvlis T. Contribution of individual,
workplace, psychosocial and physiological factors to neck pain in female ofﬁce
workers. Eur J Pain 2009;13:985–91.
[39] Jull G, Sterling M, Kenardy J, Beller E. Does the presence of sensory
hypersensitivity inﬂuence outcomes of physical rehabilitation for chronic
whiplash? A preliminary RCT. PAINÒ 2007;129:28–34.
[40] Kamper SJ, Maher CG, Hush JM, Pedler A, Sterling M. Relationship between
pressure pain thresholds and pain ratings in patients with whiplashassociated disorders. Clin J Pain 2011;27:495–501.
[41] Kapitza KP, Passie T, Bernateck M, Karst M. First non-contingent respiratory
biofeedback placebo versus contingent biofeedback in patients with chronic
low back pain: a randomized, controlled, double-blind trial. Appl
Psychophysiol Biofeedback 2010;35:207–17.
[42] La Touche R, Fernandez-de-las-Penas C, Fernandez-Carnero J, Diaz-Parreno S,
Paris-Alemany A, Arendt-Nielsen L. Bilateral mechanical-pain sensitivity over
the trigeminal region in patients with chronic mechanical neck pain. J Pain
2010;11:256–63.
[43] Lauche R, Cramer H, Choi KE, Rampp T, Saha FJ, Dobos GJ, Musial F. The
inﬂuence of a series of ﬁve dry cupping treatments on pain and mechanical
thresholds in patients with chronic non-speciﬁc neck pain—a randomised
controlled pilot study. BMC Complement Altern Med 2011:11.
[44] Lauche R, Cramer H, Hohmann C, Choi KE, Rampp T, Saha FJ, Musial F,
Langhorst J, Dobos G. The effect of traditional cupping on pain and mechanical
thresholds in patients with chronic nonspeciﬁc neck pain: a randomised
controlled pilot study. Evid Based Complement Alternat Med 2012:2012.
[45] Lee MC, Zambreanu L, Menon DK, Tracey I. Identifying brain activity
speciﬁcally related to the maintenance and perceptual consequence of
central sensitization in humans. J Neurosci 2008;28:11642–9.
[46] Linari-Melﬁ M, Cantarero-Villanueva I, Fernandez-Lao C, Fernandez-De-LasPenas C, Guisado-Barrilao R, Arroyo-Morales M. Analysis of deep tissue
hypersensitivity to pressure pain in professional pianists with insidious
mechanical neck pain. BMC Musculoskelet Disord 2011:12.
[47] Lindstroem R, Graven-Nielsen T, Falla D. Current pain and fear of pain
contribute to reduced maximum voluntary contraction of neck muscles in
patients with chronic neck pain. Arch Phys Med Rehabil 2012;93:2042–8.
[48] Meeus M, Nijs J. Central sensitization: a biopsychosocial explanation for
chronic widespread pain in patients with ﬁbromyalgia and chronic fatigue
syndrome. Clin Rheumatol 2007;26:465–73.
[49] Meeus M, Roussel NA, Truijen S, Nijs J. Reduced pressure pain thresholds in
response to exercise in chronic fatigue syndrome but not in chronic low back
pain: an experimental study. J Rehabil Med 2010;42:884–90.
[50] Meredith P, Strong J, Feeney JA. Adult attachment, anxiety, and pain selfefﬁcacy as predictors of pain intensity and disability. PAINÒ 2006;123:146–54.
[51] Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. Br Med J
2009;21:339.
[52] Mok LC, Lee IF. Anxiety, depression and pain intensity in patients with low
back pain who are admitted to acute care hospitals. J Clin Nurs
2008;17:1471–80.
[53] Nabeta T, Kawakita K. Relief of chronic neck and shoulder pain by manual
acupuncture to tender points—a sham-controlled randomized trial.
Complement Ther Med 2002;10:217–22.
[54] O’Leary S, Falla D, Hodges PW, Jull G, Vicenzino B. Speciﬁc therapeutic exercise
of the neck induces immediate local hypoalgesia. J Pain 2007;8:832–9.
[55] O’Neill S, Kjaer P, Graven-Nielsen T, Manniche C, Arendt-Nielsen L. Low
pressure pain thresholds are associated with, but does not predispose for, low
back pain. Eur Spine J 2011;20:2120–5.
[56] O’Neill S, Manniche C, Graven-Nielsen T, Arendt-Nielsen L. Generalized deeptissue hyperalgesia in patients with chronic low-back pain. Eur J Pain
2007;11:415–20.
[57] Parks EL, Geha PY, Baliki MN, Katz J, Schnitzer TJ, Apkarian AV. Brain activity
for chronic knee osteoarthritis: dissociating evoked pain from spontaneous
pain. Eur J Pain 2011;15:10.

[58] Pavlakovic G, Petzke F. The role of quantitative sensory testing in the
evaluation of musculoskeletal pain conditions. Curr Rheumatol Rep
2010;12:455–61.
[59] Perez-Palomares S, Olivan-Blazquez B, Magallon-Botaya R, De-La-TorreBeldarrain MML, Gaspar-Calvo E, Romo-Calvo L, Garcia-Lazaro R, SerranoAparicio B. Percutaneous electrical nerve stimulation versus dry needling:
effectiveness in the treatment of chronic low back pain. J Musculoskelet Pain
2010;18:23–30.
[60] Portney L, Watkins M. Foundations of clinical research: applications to
practice. Upper Saddle River, New Jersey: Pearson Education; 2009.
[61] Puta C, Schulz B, Schoeler S, Magerl W, Gabriel B, Gabriel HH, Miltner WH,
Weiss T. Somatosensory abnormalities for painful and innocuous stimuli at the
back and at a site distinct from the region of pain in chronic back pain patients.
PLoS ONE 2013;8:15.
[62] Rickard B, Sterling M. Relationship between self reported pain and disability
and physical measures in chronic whiplash associated disorder (WAD). J
Whiplash Relat Disord 2006;4:11–22.
[63] Rivest K, Cote JN, Dumas J-P, Sterling M, De Serres SJ. Relationships between
pain thresholds, catastrophizing and gender in acute whiplash injury. Man
Ther 2010;15:154–9.
[64] Rolke R, Magerl W, Campbell KA, Schalber C, Caspari S, Birklein F, Treede RD.
Quantitative sensory testing: a comprehensive protocol for clinical trials. Eur J
Pain 2006;10:77–88.
[65] Schliessbach J, Arendt-Nielsen L, Heini P, Curatolo M. The role of central
hypersensitivity in the determination of intradiscal mechanical hyperalgesia
in discogenic pain. Pain Med 2010;11:701–8.
[66] Scott D, Jull G, Sterling M. Widespread sensory hypersensitivity is a feature of
chronic whiplash-associated disorder but not chronic idiopathic neck pain.
Clin J Pain 2005;21:175–81.
[67] Severeijns R, Vlaeyen JW, van den Hout MA, Weber WE. Pain catastrophizing
predicts pain intensity, disability, and psychological distress independent of
the level of physical impairment. Clin J Pain 2001;17:165–72.
[68] Siegenthaler A, Eichenberger U, Schmidlin K, Arendt-Nielsen L, Curatolo M.
What does local tenderness say about the origin of pain? An investigation of
cervical zygapophysial joint pain. Anesth Analg 2010;110:923–7.
[69] Smart KM, Blake C, Staines A, Doody C. The Discriminative validity of
‘‘nociceptive’’, ‘‘peripheral neuropathic’’, and ‘‘central sensitization’’ as
mechanisms-based classiﬁcations of musculoskeletal pain. Clin J Pain
2011;27:655–63.
[70] Sterling M. Testing for sensory hypersensitivity or central hyperexcitability
associated with cervical spine pain. J Manipulative Physiol Ther
2008;31:534–9.
[71] Sterling M, Jull G, Vicenzino B, Kenardy J. Sensory hypersensitivity occurs soon
after whiplash injury and is associated with poor recovery. PAINÒ
2003;104:509–17.
[72] Strom V, Roe C, Matre D, Knardahl S. Deep tissue hyperalgesia after computer
work. Scand J Pain 2012;3:53–60.
[73] Tracz S, Elmore P, Pohlmann J. Correlational meta-analysis: independent and
nonindependent cases. Educ Psychol Meas 1992;52:879–88.
[74] Valencia C, Fillingim RB, George SZ. Suprathreshold heat pain response is
associated with clinical pain intensity for patients with shoulder pain. J Pain
2011;12:133–40.
[75] Van Oosterwijck J, Nijs J, Meeus M, Van Loo M, Paul L. Lack of endogenous pain
inhibition during exercise in people with chronic whiplash associated
disorders: an experimental study. J Pain 2012;13:242–54.
[76] Waling K, Sundelin G, Ahlgren C, Jarvholm B. Perceived pain before and after
three exercise programs—a controlled clinical trial of women with workrelated trapezius myalgia. PAINÒ 2000;85:201–7.
[77] Waling K, Sundelin G, Nilsson L, Järvholm B. A comparison of variability of pain
ratings and pain thresholds in women with trapezius myalgia. Adv Physiother
2001;3:163–8.
[78] Walton D, Macdermid J, Nielson W, Teasell R, Chiasson M, Brown L. Reliability,
standard error, and minimum detectable change of clinical pressure pain
threshold testing in people with and without acute neck pain. J Orthop Sports
Phys Ther 2011;41:644–50.
[79] Walton D, Macdermid J, Nielson W, Teasell R, Nailer T, Maheu P. A descriptive
study of pressure pain threshold at 2 standardized sites in people with acute or
subacute neck pain. J Orthop Sports Phys Ther 2011;41:651–7.
[80] Walton D, Macdermid J, Nielson W, Teasell R, Reese H, Levesque L. Pressure
pain threshold testing demonstrates predictive ability in people with acute
whiplash. J Orthop Sports Phys Ther 2011;41:658–65.
[81] Wang H, Akbar M, Weinsheimer N, Gantz S, Schiltenwolf M. Longitudinal
observation of changes in pain sensitivity during opioid tapering in patients
with chronic low-back pain. Pain Med 2011;12:1720–6.
[82] Woolf CJ. Central sensitization: implications for the diagnosis and treatment of
pain. PAINÒ 2011;152:18.
[83] Yarnitsky D, Pud D. Quantitative sensory testing. In: Binnie CD, Cooper R,
Mauguiere F, Osselton JW, Prior PF, Tedman BM, editors. Clinical
neurophysiology: EMG, nerve conduction and evoked potentials, vol.
1. Amsterdam: Elsevier; 2004. p. 305–28.

