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Abstract

Background and aims: The choice of testing site for
quantitative sensory testing (QST) of pain sensitivity is
important and previous studies have demonstrated pat-
terns in pain sensitivity within discrete areas in different
body regions. Some areas are characterized by a relatively
high degree of spatial pain discrimination and recogniz-
able patterns of pain referral, whilst others are not. The
lumbar region is likely to have relatively low pain acuity
and overlapping of pain referral. The current study was
conducted to determine whether patterns of pain sensitiv-
ity (detection thresholds) could be identified in the lower
back, whether differences in such patterns exist between
different groups and whether such patterns could help
identify a clinical source of pain and localized increased
pain sensitivity.

Methods: Twenty-one patients with non-specific chronic
low back pain and 21 healthy controls were tested for
pressure and heat pain thresholds on 30 pre-defined loca-
tions over the mid and lower back. Topographical maps
of mean pain thresholds and variability were produced,
inspected visually and analyzed statistically. Between
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group differences in pain threshold were analyzed statis-
tically as an indicator of widespread increased pain sen-
sitivity. Evidence of segmental increased pain sensitivity
was examined by group statistical comparison of mid-line
lower range.

Results: A clear pattern of higher pain thresholds in the
mid-line was evident in both groups and for both pain
modalities. No discernible patterns were evident for vari-
ability within groups, but marked differences were seen
between groups: variability for pressure pain thresholds
appeared similar between groups, however for heat pain
threshold, variability was uniformly low in the control
group and uniformly high in the patient group. A highly
significant (p <0.0001) difference in pain thresholds for
pressure and heat was found with patients exhibiting
lower thresholds than controls. No between group differ-
ence was found for mid-line lower range for either modal-
ity (p>0.05).

Conclusions: The current study supports previous
findings of widespread, increased pain sensitivity in
chronic non-specific low-back pain patients. It also
indicates that there are discernible and similar topo-
graphical patterns of pain sensitivity in the dorsal area
in both groups, but that this pattern is related to the
lateral position of the test site and not the segmental
level. Specific segments with increased pain sensitiv-
ity could not be identified in the patient group, which
casts doubt on the utility of pressure and heat pain
thresholds as indicators of the clinical source of spinal
pain — at least in a population of chronic non-specific
low-back pain.

Implications: In a cohort of chronic non-specific low-back
pain patients and with the chosen methodology, topo-
graphical QST mapping in the lumbar region does not
appear useful for identifying the spinal segment respon-
sible for clinical pain, but it does demonstrate widespread
group differences in pain sensitivity.

Keywords: QST; pain threshold; topography; low back
pain.

© 2018 Scandinavian Association for the Study of Pain. Published by Walter de Gruyter GmbH, Berlin/Boston. All rights reserved.
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1 Introduction

Several studies using quantitative sensory testing (QST)
have reported widespread hyperalgesia and lowered pain
thresholds in chronic low back pain [1-9]. It is not clear
how best to assess hyperalgesia in a clinical setting [10, 11],
but such perturbed pain sensitivity may be important for
both prognosis and clinical management [3, 4, 7, 9, 12-14].

The test site is one of the variables that need careful
consideration when assessing pain sensitivity and a
number of studies have examined the spatial distributions
of pain sensitivity in the neck/shoulder region [15-19], the
head and scalp [20-22], the upper extremities [23, 24],
the lower extremities [25-27], and lower back [17]. Most
studies have used mechanical pressure pain thresholds
and some thermal stimuli [23, 24]. Many reported distinct
patterns of pain sensitivity in healthy volunteers and mus-
culoskeletal pain patients, but understanding of the clini-
cal importance is still lacking. See Alburquerque-Sendin
et al. for a review [28].

The ability to spatially discriminate superficial noci-
ception appears to be relatively poor in general [29], and
deteriorates during acute pain [30]. Furthermore, Mancini
et al. [31] described the whole-body spatial resolution of
superficial pain as becoming progressively poorer further
inferiorly in the torso and distally in the extremities (the
feet and hands being notable exceptions) probably due to
different nociceptor density.

Spatial discrimination of deep somatic pain is gen-
erally poorer and more diffuse. Whilst deep pain from
individual cervical segments produce recognizable distri-
butions of referred pain [32], considerable overlap exists
between perceived pain area from different lumbar and
thoracic segments [33, 34]. Pain from lumbar segments
may overlap considerably with pain from the sacroiliac
joints [35] and even the hip joints [36].

The development of centrally mediated hyperalgesia
may muddy the picture even further: animal studies dem-
onstrate that the receptive fields of dorsal horn neurons
increase when they become sensitized [37, 38] and in a
clinical context, referred pain and secondary hyperalge-
sia is believed to reflect similar adaptations at the spinal
level [39, 40]. As the nociceptive drive is non-proportion-
ally amplified it may become evident as spreading pain
and hyperalgesia, and widespread painful comorbidity is
a common clinical finding in chronic low back pain [41,
42] and widespread hyperalgesia has been demonstrated
experimentally in several studies [3-5, 8, 9]. In knee oste-
oarthrosis, the temporal development of expanding and
increasingly diffuse pain has been demonstrated in step
with persistent pain from the underlying disease [43] and
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in LBP pressure pain threshold and temporal summation
of pain have been shown to decrease and increase, respec-
tively, as pain persists [44].

The aims of this study were to (a) develop topograph-
ical maps of pressure and heat pain threshold in healthy
volunteers and chronic non-specific LBP patients and
(b) examine within- and between-group differences of
such topographical mapping.

The hypotheses were that (a) recognizable patterns of
pain sensitivity could be discerned within and between
groups, (b) patients would in general be more pain sen-
sitive than healthy controls as a reflection of generalized
increased pain sensitivity, and (c) mid-line within indi-
vidual lower range would be greater in the LBP group as
a reflection of localized increased pain sensitivity in rela-
tion to the underlying cause of LBP.

2 Materials and methods

2.1 Participants

Participants were recruited from two different popula-
tions; (a) healthy controls and (b) patients with chronic
non-specific low back pain. The local Ethics Committee
approved the study (approval no: S-20150117), all partici-
pants gave informed consent and the study was conducted
in accordance with the Helsinki Declaration [45]. Informed
consent for participation was secured prior to the project.

2.1.1 Healthy controls

Inclusion criteria

— Age between 18 and 65

— No back pain or trouble prompting treatment within
the last year

— No other chronic pain condition requiring regular or
recurring treatment

— No use of pain medication within the last week

— No psychiatric diagnoses

— No non-specific pain syndromes

— No malignant or infections conditions

— Not pregnant

2.1.2 Non-specific low-back pain patients

Inclusion criteria
—  Age between 18 and 65
— LBP for more than 3 months
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— LBP currently and on average scored as more than 3
(0-10 visual analog pain scale)

— Noradicular pain below knee level

— No psychiatric diagnosis, non-specific pain syn-
dromes, malignant or infectious diseases

— No inflammatory spinal disorders, osteoporosis or
other specific LBP diagnoses, apart from degenerative
changes

— No clinically significant disk herniation/protrusion
on magnetic resonance imaging (MRI)

— No moderate-to-severe degenerative changes on MRI

— Nosignificant narrowing of the central spinal canal or
nerve root canals (lateral foraminae) on MRI

2.2 Clinical data

Prior to the QST examination, data was collected on: sex
(male/female), age (years), height (cm), weight (kg), dura-
tion of low-back pain (years/months), average low-back
pain intensity (0-10 NRS), smoking status (yes/no and
amount and duration), previous spinal surgery (yes/no
and type).

2.3 QST procedure

QST procedures were performed by four research assis-
tants (two for each group), following a detailed, scripted
procedure which included the exact wording of verbal
instructions as well as the QST procedures themselves.

Time was allocated before data collection for the
assistants to practice the procedures, both supervised (by
SON) and independently.

2.3.1 Test pattern

With a black felt-tip pen, 30 test sites were marked on the
back of the study participants in five columns (A-to-E from
left-to-right) (Fig. 1).

Initially, the height of the iliac crests were palpated as
an indicator of the L4-5 level and the inter-spinous space
of this segment was marked in the mid-line. In instances
where the L4-5 inter-spinous space was difficult to identify
by palpation, an ultrasound scanner was used to locate
it (Sonosite Titan, Bothwell, WA, USA 98021. L38 linear
probe).

The inter-spinous spaces below and above this level
was marked for the L5/S1, L3/4, L2/3, L1/2, T11/12, T9/10,
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Fig. 1: Test pattern. The 30 test sites were tested in random order.

T7/8, T5/6 and T3/4 segments. This mid-line column of test
sites was denoted “C”.

A further four columns were marked — “A” and “B”
on the left hand side of the mid-line and “D” and “E” on
the right. These four columns were only marked at the five
lumbar levels (L1/2 to L5/S1).

Columns “A” and “E” were placed lateral to the mid-
line, at a distance of half the width of the iliac crest.
Columns “B” and “D” were placed midway between
columns “A” and “E”, and the mid-line “C”, respectively.

A-priori, a computer-generated randomized test order
was produced for each test subject which included all
30 test sites. For each subject and each QST procedure,
five test sites were randomly chosen and tested twice to
allow for test/re-test analysis. These five extra tests were
deliberately performed as the first five tests.

The entire procedure lasted approximately 45 min.
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2.3.2 Pressure pain threshold

Using a pressure algometer (Somedic model 2, 1 cm?
probe, Horby, Sweden), the pressure pain thresholds was
measured by applying a gradually increasing pressure of
approximately 50 kPa/s until the participant indicated the
pressure was becoming painful (by pressing an indicator
button connected to the algometer).

In the mid-line (column “C”) the probe of the algome-
ter was placed in the inter-spinous space and stabilized by
the examiners non-dominant hand to prevent it slipping.

2.3.3 Heat pain threshold

Heat pain threshold was tested using a peltier thermode
(Medoc TSA II, 30 x 30 mm?, baseline temp =32 °C, rate of
increase=1°C/s). The test subject indicated pain thresh-
old with an indicator button after which the temperature
returned to baseline within 1-2 s.

2.3.4 Procedure for both QST

Pressure pain threshold was tested first for all test sites,
followed by heat pain threshold:

Initially, a single trial pain threshold test was per-
formed on the lower leg (dominant side) to familiarize the
participant with the stimulus.

Before the trial test and before the first pain threshold
test, participants were instructed (in Danish):

“I will now apply gradually increasing [stimulus] here (test site
indicated by light touch). When you find the [stimulus] becomes
painful, press this button and I will stop. It’s important that you
indicate when the [stimulus] starts to become painful — it’s not a
question of how much you can tolerate, but where the threshold
is, between something which is [stimulus] that doesn’t hurt and
where it starts to hurt. Do you understand? Are you ready?”

For each of the QST, the “[stimulus]” was replaced with
“pressure” or “heat” as appropriate.

On the subsequent 34 tests, participants were
instructed (in Danish):

“I will now repeat the same test, but at this point (test site indi-
cated by light touch). Are you ready?”

A minimum 10 s rest interval was observed between tests.
Each test site on the list was tested only once, except for the
five randomly chosen test/re-test sites. If no pressure pain
had been elicited by 1,000 kPa, this was recorded as the
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PPT. If no heat pain had been elicited by 50 °C, the system
would interrupt the stimulus, return the thermode to base-
line temperature and a heat pain threshold of 50 would be
recorded before testing proceeded to the next test site.

2.4 Statistical analysis
2.4.1 Summary and descriptive statistics

Descriptive statistics are presented as mean values with
standard deviation. Summary statistics of QST are pre-
sented as both non-parametric and parametric for com-
pleteness. Analysis was performed using R (v3.4.4) for
Linux (R Core Team, Vienna, Austria, 2018), including
packages “tidyverse” (v1.2.1), “stringr” (v1.3.0), “ggth-
emes” (v3.4.2), “pander” (v0.6.1), “BlandAltmanLeh”
(v0.3.1), “car” (ed2, 2011), “cccrm” (v1.2.1), “gridExtra”
(v2.3), “gstat”, “sp” and “colorRamps” (v2.3).

2.4.2 Topographical mapping

The pain sensitivity heat maps over the lumbar region were
generated using R packages “gstat” [46] and “ggplot2” [47]
based on inverse distance weighted interpolation. For ease
of comparison, mean values of pain sensitivity was mapped
onto the same color gradient scales (“matlab.like2”) as used
by Binderup et al. and Ribeiro et al. [17, 19]. Variation in
pain threshold was mapped to a blue-to-yellow color scale.

2.4.3 Group differences in mean pain threshold

Levenes test indicated a significant difference in vari-
ance (heteroscedasticity) between groups for heat pain
threshold only, but group size was roughly equal and the
difference in variance was considerably less than a factor
4 [variance ratio (heat) =1.64], and thus ANOVA was con-
sidered appropriate for use [48]. ANOVA is reported with
test site lateral-position (x), test site axial-position (y) and
group as independent variables for each QST procedure.

Post-hoc between-group comparison af pain thresh-
olds is reported as unpaired Wilcoxon test and distribu-
tions are presented as smoothed density plots.

2.4.4 Group differences in mid-line lower range

Pain sensitivity in the mid-line over the lumbar and tho-
racic regions is represented as bi-plots. The within-individ-
ual lower range (difference between median and minimum
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pain thresholds) was calculated for mid-line pain thresh-
olds and group comparison thereof was performed as un-
paired Wilcoxon test. Also the interaction of group and axial
y-position was included in the ANOVA described above.

2.4.5 Test/re-test reliability

Test/re-test reliability was assessed using Intra-class Cor-
relation Coefficients ICC3.2 for single fixed raters (similar
to Pearsons R) as a measure of correlation and Concord-
ance Correlation Coefficient as a measure of agreement, as
recommended by Carrasco [49]. Graphical illustrations of
test/re-test reliability are provided as customized Bland-
Altman plots, as recommended by Berchtold [50].

2.4.6 Analysis and annotation

Where p-values are presented as star notation, the follow-
ing applies: “ns”>0.05, *< 0.05, **<0.01, ***<0.001 and
**xx<0.0001.

Analysis was performed using R for Linux [51] version
3.4.4, extended with relevant add-on packages.

3 Results

3.1 Descriptive

Twenty-one healthy volunteers (10 females) were recruited
from a population of 5th year university students. The
average age was 279 years (SD=5.2), average height
was 175.7 cm (SD=9.3) and average weight was 76.5 kg
(SD=20). None were tobacco smokers.

Twenty-one consecutive patients with non-specific
LBP (13 females) were recruited from the patient popula-
tion at the Spinecenter of Southern Denmark. The average
age was 45.3 years (SD =15), average height was 170.2 cm
(SD=9.5) (one missing value), average weight was 82.6 kg
(SD=177). The mean LBP intensity (0-10 NRS) was 4.3
(SD=1.2) and duration ranged from 6 months to “many
years” (median =29 months). Two patients had had back
surgery: one cosmetic and could not specify. Seven were
tobacco smokers.

3.2 Summary

For the LBP group, no correlations were found between
mean pain thresholds (30 test sites) and clinical pain
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duration (p=0.21, p=0.37 for pressure and p=0.26,
p=0.26 for heat pain threshold). Similarly, no correlations
were found between mean pain threshold and clinical
pain intensity (p =-0.37, p=0.1 for pressure and p =-0.35,
p=0.12 for heat pain threshold). A highly significant cor-
relation was found for heat and pressure pain thresholds
(both groups) (p =0.58, p<0.0001).

A highly statistically significant (p<0.0001) differ-
ence (175 years) in mean age was found between groups.
No significant difference was found in height or weight.

Summary statistics of QST are presented in Table 1.

3.3 Group differences

Levenes test indicated significantly different variabilities
(heteroscedasticity) between groups for heat (p <0.0001),
but not for mechanical pressure.

ANOVA (Table 2) showed that pain threshold was
dependent upon group (and lateral but not vertical posi-
tion of the test-site), for both heat and pressure.

Table 1: Summary statistics by group and QST.

QST Group Median q25 q75 n Mean SD p-Value
Heat Control 40 38 42 630 40 2.8 p<0.0001
Heat nsLBP 38 36 41 630 39 3.5

Pressure Control 398 306 565 630 443 194 p<0.0001
Pressure nsLBP 322 227 469 630 372 196

Summary statistics (median, 25% and 75% quatrtiles, n, mean

and standard deviation) of pain thresholds. p-Values represent
unpaired Wilcoxon group comparison (control vs. LBP) for each QST.
“nsLBP” =“non-specific low-back pain”.

Table 2: ANOVA.

Var Df Sum.Sq Mean.Sq F p-Value

Heat
X 4 480 120 12 p<0.0001
y 9 35 3.9 0.4 p=0.005
Group 1 599 599 61 p<0.0001
y:group 9 30 3.4 0.34 p=0.05
Residuals 1,236 12,206 9.9

Pressure
X 4 1,103,870  2,75,968 7.4 p<0.0001
y 9  4,10,778 45,642 1.2 p=0.05
Group 1 1,609,930 1,609,930 43 p<0.0001
y:group 9 62,710 6,968 0.19 p=0.05
Residuals 1,236  4.6e+07 37,417

ANOVA table of pain thresholds.
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Fig. 2: Distribution of pain threshold. A density plot (smoothed
histogram) of pain thresholds for each stimulus type, by group.
Between-group differences were highly significant (p<0.001,
Wilcoxon test) for both stimulus types. Units: Celsius (heat) and kPa
(pressure). “nsLBP” =non-specific low-back pain.

Highly significant between-group differences in pain
thresholds were found (Table 1), with LBP patients having
alower pain threshold than healthy controls for both pres-
sure and heat (Fig. 2).

3.4 Topographical mapping

Topographical mapping of means and variance were
assessed by visual inspection of the lumbar region (Fig. 3
and 4) and the midline separately (Fig. 5).

Statistical analysis (ANOVA) indicated that pain
threshold was dependent on lateral position of the test-
site in the lumbar region, but not segmental level. Figure 3
suggested that the main difference was between the mid-
line (column C) and paraspinal test sites. Post-hoc testing
confirmed a significant difference between pain thresh-
olds in the mid-line versus lateral positions of the lumbar
region [unpaired Wilcoxon test p <0.0001 (heat), p <0.05
(pressure)].

3.5 Lower range

For the individual lower range of pain thresholds in the
mid-line (Table 3 and Fig. 6), no significant difference

DE GRUYTER

between groups was found (unpaired Wilcoxon test
p =0.05 for heat, p >0.05 for pressure).

No significant interaction of group and axial y-posi-
tion was found on analysis of variance (Table 2).

3.6 Test-retest reliability

The test-retest reliabilities (correlation and agreement)
were found to be acceptable, with coefficients between
0.82 and 0.86. The ICC3.2 and CCC are listed in Table 4 and
shown in Fig. 7.

When comparing the results of the first and second
QST value for each test/re-test site, a significant differ-
ence was found for heat (paired Wilcoxon test p <0.001)
with lower mean threshold (39.3°C) for the first tests
compared to the re-tests (40 °C). No significant difference
was observed for pressure pain thresholds (426.49 kPa vs.
420.11 kPa, p >0.05).

4 Discussion

A clear pattern emerged from topographic mapping: pain
thresholds were higher in the mid-line compared to para-
spinal tissues, in both groups and for both pain stimuli.
The data also supports significant group difference in
pain sensitivity with lower thresholds in the LBP group.
No significant differences in within-individual lower
ranges were observed between the two groups.

4.1 Patterns in topographical mapping of
mean pain thresholds

In the control group, pain thresholds for pressure were
higher para-spinally at the L5-S1 segment, but otherwise
pain thresholds were uniformly higher in the mid-line
compared to lateral test sites in both groups. These find-
ings are in line with the study on pressure pain thresholds
of Binderup et al. [17].

The difference in pain thresholds over the super-
ficial bony structures in the mid-line, compared to the
soft tissues para-spinally was observed for both pressure
and heat. Whilst, the difference in pressure pain thresh-
old could be due to differences in mechanical proper-
ties of underlying structures, this does not explain the
differences observed for heat pain. In fact, the differ-
ence was more pronounced for heat than for pressure,
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lumbar. Spatial distribution of mean pain threshold by group. Y-axis (L5-L1) refers to lumbar

segment. X-axis (A—E) refers to sagittal position, with C in the midline and A and E being midway to the Iliac crest. Units: Celsius (heat) and

kPa (pressure). “nsLBP” =non-specific low-back pain.

which suggests that the primary cause of the difference is
unlikely to be mechanical in nature.

A possible explanation for this finding, could be
differences in sensory innervation and acuity for the
two modalities, including spatial discriminatory ability
between the mid-line and lateral test sites. Mgrch et al. [52]
reported generally poorer acuity for nociceptive graphes-
thesia (laser stimulation) compared to tactile graphesthe-
sia and using two-point discrimination, Mancini et al. [31]
demonstrated that important differences in spatial pain
acuity exist between proximal and distal areas, and that
these differences were not simply a reflection of differ-
ences in tactile acuity. Our finding may be interpreted to
reflect such differences in spatial nociceptive acuity.

4.2 Patterns in topographical mapping of
variability of pain thresholds

There seems to be no obvious difference in variability of
pressure pain thresholds between groups, but an (albeit
imperfect) pattern within groups is evident: greater vari-
ability in test columns B and D, corresponding to the bulk
of the erector spinae muscles.

The greater variability in pressure pain threshold
para-spinally is likely a reflection of common muscle ten-
derness, present to varying degrees in the erector spinae
muscles. Such muscle tenderness is seen in low back pain
patients and pain free individuals alike, and albeit trigger-
points in lower back muscles are more prevalent in LBP
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Fig. 4: Heat maps of variation in pain threshold — lumbar. Spatial distribution of pain threshold variation by group. Y-axis (L5-L1) refers to
lumbar segment. X-axis (A-E) refers to sagittal position, with C in the midline and A and E being midway to the Iliac crest. Units: Celsius?

(heat) and kPa? (pressure). “nsLBP” =non-specific low-back pain.

patients, they are also quite common in healthy controls
[53, 54]. Whilst such commonplace muscle soreness is
insufficient to conceal a group difference in pain thresh-
olds, it does explain the similarity in patterns of variation
between groups.

By contrast, there appears to be no discernible pattern
in variability for heat pain thresholds within groups
— variability is uniformly low in the control group and
uniformly high in the LBP group. i.e. A very striking dif-
ference is evident between groups but no pattern discern-
ible within groups for heat pain. This observation can be
explained by widespread increased heat pain sensitivity
in some, but not all LBP patients and no such increase in
the control group.

Some studies have reported changes in pain sensitiv-
ity in areas of referred pain, whilst others have not [55-59]
and a study by Bajaj et al. suggests that such changes may
be modality-dependent [60]. As clinical low back pain is
typically of deep somatic origin it is likely to cause such
referred pain and could thus account for greater variabil-
ity within the test area of the present study.

4.3 Group differences and widespread
increased pain sensitivity

The wide-spread lower pressure and heat pain thresholds
in the LBP group is in concordance with previous findings
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Fig.5: Mid-line pain threshold. Mean values and standard error
of measurement of pain sensitivity in the mid-line. Units: Celsius
(heat) and kPa (pressure). “nsLBP” =non-specific low-back pain.

Table 3: Lower range (mid-line).

QST Group Mean SD p-Value
Heat Control 2.3 1.1 p=0.05
Heat nsLBP 2 1.2
Pressure Control 142 74 p=0.05
Pressure nsLBP 109 64

Mean and standard deviation of individual lower range (median—
minimum difference) of pain thresholds in the mid-line. p-Value
represents un-paired Wilcoxon test. “nsLBP” =non-specific low-
back pain.
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Fig. 6: Mid-line pain threshold per individual. Box-plot of pain
sensitivity (all tested mid-line segments) for each individual, sorted
by median value. Box plots illustrate median value and inter-quartile
range. Whiskers represents nearest value to 1.5 * IQR. The lowest
value is thus represented as either the end of the lower whisker

or as an outlier (dot). Units: Celsius (heat) and kPa (pressure).
“nsLBP” =non-specific low-back pain.

[4-6, 8, 61] and may be interpreted as indicative of altered
central pain processing, more specifically sensitization of
central pain pathways and/or perturbations in descend-
ing inhibitory control.

A significant difference in age was observed at base-
line, which means groups were not directly comparable.
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Table 4: Test-retest correlation.

QST ICC p-Value ccc

Heat 0.86[0.82; 0.89] p<0.0001 0.83[0.8; 0.87]
Pressure 0.82[0.77; 0.86] p<0.0001 0.82[0.78; 0.85]

Intra-class correlation coefficient (1CC3.2) [95% Cl], statistical
significance levels of ICC, and concordance correlation coefficient
[95% Cl].
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Fig. 7: Test-retest Bland-Altman plot. Bland-Altman plot of test-
retest. Units: Celsius (heat) and kPa (pressure).
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However, a recent systematic review and meta-analysis
of the influence of age on pain sensitivity [62] based on
31 published articles, reported higher pain thresholds in
older individuals compared to younger individuals. In the
current study, the LBP patients had lower pain thresholds,
despite being on average 18 years older than the healthy
controls. In other words, the group difference in age does
not account for the observed difference in pain sensitivity
in the current study.

4.4 Localized increased pain sensitivity —
within-individual differences in mid-line
pain thresholds

The rationale for assessing localized increased pain sen-
sitivity by examining the individual lower range of pain
thresholds was, that a spinal segment with such increased
sensitivity would likely be the segment with the lowest
pain thresholds for that individual. No group difference
was found for either pain modality, however.

Care should be taken when interpreting this finding,
but it could indicate that any effect of localized increased
pain sensitivity at the site of clinical pain is obfuscated
by the effects of widespread increased pain sensitivity,
in this group of chronic LBP patients. As pain thresholds
were generally lower in the LBP group, any further local-
ized increased pain sensitivity would be less obvious due
to a flooring effect.

Also, the patients recruited in the present study
were included on the particular criterion that they had
non-specific low back pain. Patients with moderate or
severe degenerative changes on MRI, central or forami-
nal stenosis etc. were excluded. It is therefore perhaps
unreasonable to expect an anatomically or segmentally
well-localized source of LBP in the current patient group.

4.5 Test/re-test reliability

Of the five pairs of repeat-tests used for test/re-test analy-
sis, the first tests were performed as the very first five tests
for each participant for each QST. This might have biased
the test/re-test analysis towards lower coefficients of reli-
ability and agreement as it is often the case that the first
pain threshold measurements are lower than the follow-
ing. In any case, the test/re-test reliability and agreement
coefficients in the present study were found to be high and
comparable to those of previous studies [63-65].
Arguably, the shear volume of measurements could
be a separate problem. It is conceivable that repeated
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measurements could lead to altered sensitivity, fatigue
and loss of concentration. In the present study 70 pain
threshold measurements were performed for each partici-
pant, but a post-hoc test (not presented here) did not indi-
cate any significant correlation between test-order and
pain threshold.

5 Conclusions

Recognizable patterns of pain sensitivity were observed
as hypothesized and specifically high thresholds (lower
pain sensitivity) in the mid-line was apparent in both
groups.

The current data supported the hypothesis that LBP
patients were more pain sensitive than healthy con-
trols in a large dorsal area, as a reflection of spreading
increased pain sensitivity. This was evident despite a
baseline age difference which would tend to mask such
a difference.

Nodiscernible pattern between segments was observed
in the mid-line, in either group and the hypothesis that
within-individual differences (lower range) between seg-
ments would be greater in LBP patients as an indication
of localized increased pain sensitivity, was not supported.
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