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Abstract Recent studies have shown that the nociceptive
withdrawal reflex threshold (NWR-T) and the electrical
pain threshold (EP-T) are reliable measures in pain-free
populations. However, it is necessary to investigate the reli-
ability of these measures in patients with chronic pain in
order to translate these techniques from laboratory to clinic.
The aims of this study were to determine the test—retest reli-
ability of the NWR-T and EP-T after single and repeated
(temporal summation) electrical stimulation in a group of
patients with chronic low back pain, and to investigate the
association between the NWR-T and the EP-T. To this end,
25 patients with chronic pain participated in three identical
sessions, separated by 1 week in average, in which the
NWR-T and the EP-T to single and repeated stimulation
were measured. Test-retest reliability was assessed using
intra-class correlation coefficient (ICC), coefficient of vari-
ation (CV), and Bland-Altman analysis. The association
between the thresholds was assessed using the coefficient of
determination (/%). The results showed good-to-excellent
reliability for both NWR-T and EP-T in all cases, with
average ICC values ranging 0.76-0.90 and average CV
values ranging 12.0-17.7%. The association between
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thresholds was better after repeated stimulation than after
single stimulation, with average r* values of 0.83 and 0.56,
respectively. In conclusion, the NWR-T and the EP-T are
reliable assessment tools for assessing the sensitivity of spi-
nal nociceptive pathways in patients with chronic pain.
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Introduction

The nociceptive withdrawal reflex (NWR) is a typical reac-
tion observed in almost all living species, with the purpose
of withdrawing the body from potential tissue-damaging
agents (Clarke and Harris 2004). This reflex was originally
named ‘flexion reflex’ (Sherrington 1910), although later
research showed that an extension reflex could also be elic-
ited (Hagbarth 1960) when an extremity was stimulated,
thus expanding the concept to the more general term ‘with-
drawal reflex’.

A NWR can be elicited by natural and artificial stimuli.
Examples of natural stimuli are heat and punctuate
pinprick, which activate specific nociceptors in the skin
(Schouenborg and Kalliomiki 1990). Electrical stimulation is
the most widely used artificial method for eliciting the NWR
in humans (Tgrring et al. 1981). This stimulus bypasses the
skin receptor and generates synchronous action potentials in
multiple sensory nerves, consequently evoking a synchro-
nized reflex. Moreover, it has been shown that repeated elec-
trical stimulation can induce temporal summation of the
NWR (Arendt-Nielsen et al. 1994), thus extending the poten-
tial of the NWR to the assessment of central pain processes
(Andersen et al. 2005; Serrao et al. 2004).
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The NWR has also been proven useful in the assessment
of physiological, chemical, and pharmacological modula-
tion of nociceptive transmission/processing and for investi-
gations in patients with chronic pain (for a review see
Sandrini et al. 2005). Patients with chronic pain syndromes
such as whiplash (Curatolo etal. 2001), fibromyalgia
(Graven-Nielsen etal. 1999), osteoarthritis (Bajaj et al.
2001), tension-type headache (Bendtsen et al. 1996), tem-
poromandibular joint pain (Svensson et al. 2001), postmas-
tectomy pain (Gottrup et al. 2000), and chronic low back
pain (O’Neill et al. 2007) display pain hypersensitivity after
sensory stimulation of healthy tissues, most likely resulting
from an alteration of the central processing of sensory input
(Curatolo et al. 2004). In this regard, it has been shown that
the NWR is a useful tool in the objective assessment of spi-
nal cord hyperexcitability that is present in chronic pain
disorders (Banic et al. 2004).

Reliability is essential if a pain test is used for follow up
in patients or to investigate the effect of pharmacological
interventions. Normative values and test-retest reliability
for the NWR threshold (NWR-T) and the electrical pain
threshold (EP-T) in pain-free subjects have recently been
published (Micalos et al. 2009; Neziri et al. 2010), conclud-
ing that both measurements are reliable to be used in exper-
imental pain studies. However, it is necessary to investigate
the reliability of the NWR-T and EP-T in patients with
chronic pain in order to translate these techniques from lab-
oratory to clinic.

The aims of this study were to determine the test—retest
reliability of the NWR-T and EP-T after single and
repeated (temporal summation) electrical stimulation in a
group of patients with chronic low back pain, and to inves-
tigate the association between the NWR-T and the EP-T.
The results of these analyses are presented and their rele-
vance is discussed in the context of the role of NWR
parameters in clinical research and in the assessment of
central hypersensitivity in individual patients.

Materials and methods
Sample size considerations

The sample size for a test-retest reliability study depends
on the minimally acceptable level of reliability p,, the tar-
get level of reliability p (measured as intraclass correlation
coefficient), and the number of repetitions of the measure-
ment n, given that the values for type I and type II errors
(o and ) are fixed, usually on typical values of 0.05 and 0.20,
respectively (Walter et al. 1998). Considering a minimum
number of measurements of n =2 (one measurement per
session and two different sessions), and with reliability val-
ues of py=0.5 as the minimally accepted reliability and
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p=0.8 as the expected reliability (Micalos et al. 2009;
Rhudy and France 2007), the minimum sample size for this
experiment should be 22 subjects. In order to account for
unexpected high variability, data from 25 patients were col-
lected.

Patients

The study was approved by the local ethical committee,
Inselspital of Bern, Switzerland (KEK Nr. 151/09).
Twenty-five patients with low back pain (13 males and 12
females, mean age 51 years, range 23-78 years) partici-
pated in the study. They were recruited at the Department
of Anesthesiology and Pain Therapy of the University Hos-
pital of Bern, Inselspital. Written informed consent was
obtained from all of them prior to participation and the
Declaration of Helsinki was respected.

Inclusion criteria were: age of 18-80 years, chronic low
back pain of at least 6 months duration, VAS (visual ana-
logue scale) score at the time of testing higher than 3 in a
0-10 range (0: no pain, 10: worst pain imaginable). Exclusion
criteria were any additional acute or chronic pain condition,
intake of any pain medication for less than 24 h before the
investigation, radicular pain, as defined by leg pain associ-
ated with an MRI finding of a herniated disc or foraminal
stenosis, insufficient knowledge of the German language,
pregnancy (as ruled out by pregnancy test in women in
reproductive age), and breast feeding.

Experimental procedure

All experiments were performed by the same researcher
(A.Y.N.). Each patient participated in three sessions sepa-
rated by 7.7 & 2.6 days (mean =+ standard deviation). Each
session was carried out in a climate-controlled room at the
same time of the day, in order to avoid effects derived from
circadian variations (Sandrini et al. 1986). Patients were
instructed to maintain their regular daily activities during
the testing period, and they were advised to refrain from
intake of any pain medication for at least 24 h before the
investigation.

Initial setup

The subjects were placed in supine position with a back
support, and a pillow was placed under the knee joint of the
leg to be stimulated, resulting in a knee flexion of approxi-
mately 45°, while the contralateral leg was extended. The
stimulation side was selected to match the side most
affected by the chronic pain, for both unilateral and bilateral
pain situations. EMG and electrical test stimulation elec-
trodes were mounted as described below, and then the sub-
jects were thoroughly familiarized with pain intensity



Eur J Appl Physiol (2011) 111:83-92

85

ratings and electrical stimulation to reduce any effects due
to high initial vigilance and/or anxiety (French et al. 2005).

EMG recordings

Activity in the biceps femoris (BF) and vastus lateralis
(VL) muscles was measured using surface EMG. Initially,
the skin was lightly abraded, and then two surface elec-
trodes (30 x 22 mm, type Neuroline 720, Ambu A/S,
Denmark) were placed along the muscle fiber direction
over each muscle with an inter-electrode distance of
20 mm. The signal was amplified (up to 20,000 times),
filtered (5-500 Hz, second order), sampled (2,000 Hz), and
stored (1,000 ms window including 200 ms of pre-stimulation
activity).

Reflex detection

NWR detection was performed online by the computer and
verified by the researcher carrying out the experiments
(A.Y.N.). The criterion used to determine the existence of a
NWR was the presence of significant EMG activity (quanti-
fied as one or more peaks with amplitude exceeding 20 pV
for at least 5 ms) in the 60—180 ms post-stimulation interval
of the signals recorded either from BF or from VL muscles,
taking into consideration that similar activity was also not
present in the pre-stimulation interval.

Thresholds to single electrical stimulation

Electrical stimulation was performed through surface
electrodes placed caudal to the lateral malleolus, at the
innervation area of the sural nerve. A 25 ms train-of-five
square-wave pulses, each lasting 1 ms, were delivered by a
computer-controlled constant-current stimulator (Noxitest
IES 230, Aalborg, Denmark). The stimulation train was
perceived as a single stimulus. The program delivered the
pulses at random time intervals (between 8 and 12 s), so
that the subject was not aware of when the stimulus was
applied. The current intensity was increased from 1 mA in
steps of 1 mA until: (1) a reflex was detected (single stimu-
lus NWR-T) and (2) a pain sensation was evoked (single
stimulus EP-T) (Neziri etal. 2010). The procedure was
repeated three times at 1 min intervals, and the median
thresholds were used in order to ensure internal consis-
tency, i.e., to make sure that the estimation of the reflex
threshold is stable independent of the chosen definition for
reflex detection.

Thresholds to repeated electrical stimulation

The stimulus burst used for single stimulation was repeated
five times with a frequency of 2 Hz at constant intensity

(Arendt-Nielsen et al. 1994). The current intensity of the
five constant stimuli was increased from 1 mA in steps of
1 mA until: (1) two or three consecutive reflexes with
increasing amplitude were detected (temporal summation
NWR-T) and (2) the subjects felt pain during the last two to
three of the five electrical bursts (temporal summation EP-T)
(Neziri et al. 2010). As for single electrical stimulation, the
procedure was repeated three times at 1 min intervals, and
the median thresholds were also used.

Data analysis and statistics

All values are presented as mean =+ standard error of the
mean (SEM). P values smaller than 0.05 were regarded as
significant. The NWR-T and EP-T to single and repeated
stimulation were compared using repeated measures analy-
sis of variance (RM ANOVA). Threshold (NWR or pain),
type of stimulation (single or repeated), and session (first,
second or third) were regarded as factors. A multivariate
approach was used to bypass the compound symmetry and
sphericity assumptions required in a classic RM ANOVA
approach (Park et al. 2009).

The between-session reliability (also referred to as sta-
bility over time) of the NWR-T and the EP-T to single and
repeated electrical stimulation was assessed using multiple
methods described below, along with guidelines to help
interpreting the results:

e Intraclass correlation coefficient (ICC): it measures the
relative homogeneity within sessions in relation to the
total observed variation between sessions. For this analy-
sis, a two-way mixed model using absolute agreement
was selected, and ICC for single measurements was
reported. ICC values above 0.75 are indicative of good
reliability (Portney and Watkins 2009). An F test with a
hypothesized ICC value of 0.5 (representing a fair reli-
ability level) was also carried out in order to determine if
the ICC values obtained are significantly different from
this level.

e Coeflicient of variation (CV): it represents the standard
error of measurement expressed as a percentage of the
subject’s average threshold. The CV can be interpreted
as the percentage of deviation from the average threshold
below which 68% of the differences between sessions
may be expected to lie (Atkinson and Nevill 1998).

e Bland-Altman agreement analysis: it is based on the
analysis of the average versus the difference of the thresh-
olds between two given sessions, from which the so-called
limits of agreement (LA) can be derived, as the average
difference +1.96 times the standard deviation of the
differences. The LA delimit the range within which
95% of the differences between thresholds in two single
sessions may be expected to lie. In close relation to this
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definition, the coefficient of repeatability (CR) is defined
as the value below which 95% of the absolute differences
between thresholds in two single sessions may be
expected to lie. If there is no systematic bias in the
thresholds between sessions, the average difference
between thresholds is expected to be zero, and the LA
and the CR should be similar (Bland and Altman 1999).

The assessment of test—retest reliability and the compari-
sons of results from different studies should be done cau-
tiously, depending on the type of parameter used to
measure reliability (Atkinson and Nevill 1998). Following
their recommendations, the present reliability analysis first
includes a full examination of any systematic bias between
sessions in the measurements (using an ANOVA test).
Then, the ICC is analyzed, given that it has the advantage
over other correlation methods (such as Pearson’s correla-
tion coefficient), that it can be used when more than one
retest is performed. However, these methods depend on the
sample heterogeneity (Bland and Altman 1990), and thus
are considered measures of relative reliability, since the
more homogeneous a population is, the lower the measure-
ment error is needed in order to detect differences between
individuals in a population (Atkinson and Nevill 1998). In
contrast, measures of absolute reliability (such as standard
error of measurement, CV and LA) are not affected by the
range of measurements in use. The standard error of mea-
surement and the LA are reported in the same dimension
(i.e., units) of the test, whereas the CV is a dimensionless
statistic and thus it is useful to compare the reliability
among studies using different methodologies (Feltz and
Miller 1996).

Finally, the association between the NWR-T and EP-T
was measured using the coefficient of determination (rz, the
square of Pearson’s correlation coefficient), that represents
the percent of the variance in the dependent variable
explained by the independent variable. In addition, 95%
confidence intervals were calculated, which give a range of
values around which the true (population) mean of the

Fig. 1 Average NWR-T and
EP-T after single and repeated

Single stimulation

dependent variable for given levels of the independent vari-
able can be expected to be located.

Results

Differences across thresholds, types of stimulation,
and sessions

Average NWR-T and EP-T to single and repeated stimula-
tion are shown in Fig. 1. RM ANOVA showed that the
NWR-T was significantly higher than the EP-T (p < 0.001).
In addition, single stimulation thresholds were higher than
repeated stimulation thresholds (p <0.001). Apart from
that, neither a significant difference (bias) was detected
between sessions (p = 0.37) nor any significant interactions.

Reliability of the NWR-T and EP-T

Detailed ICC and CV values for every combination of ses-
sions are shown in Table 1. Average ICC values were 0.80
for the NWR-T threshold and 0.90 for the EP-T after single
stimulation, and the average ICC values after repeated stim-
ulation were 0.76 for the NWR-T and 0.78 for the EP-T. In
general, ICC values were above 0.75 and were significantly
different from 0.5 (as can be observed in Table 1), thus
indicating an overall good reliability. Regarding CV, aver-
age values were 17.7% for the NWR-T and 12.0% for the
EP-T after single stimulation, and the average CV values
after repeated stimulation were 16.9% for the NWR-T and
14.6% for the EP-T.

Bland—Altman plots and the corresponding LA for every
combination of session, threshold, and type of stimulation
are shown in Figs. 2 and 3. No systematic differences (bias)
between sessions were detected in the ANOVA test; there-
fore, the average differences between thresholds in two
given sessions were not significantly different from zero
(which can be observed in Figs. 2, 3, dashed line). Average
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Table 1 Detailed analysis for ICC and CV

NWR threshold (NWR-T)

Electrical pain threshold (EP-T)

Sessions 1-2

Sessions 2-3

Sessions 1-3

Sessions 1-2 Sessions 2-3

Sessions 1-3

Intraclass correlation (ICC)

Single stimulation 0.82%%* 0.85%*% 0.71 0.91%*%* 0.94 %% 0.84%%*
Repeated stimulation 0.80%* 0.84%%* 0.62 0.81%* 0.85%%* 0.68
Coefficient of variation (CV)
Single stimulation (%) 16.8 14.4 22.0 114 9.4 152
Repeated stimulation (%) 14.8 13.4 224 12.7 12.5 18.8
** p <0.01; ¥*¥* p < 0.001 in F test for ICC with hypothesized value of 0.5
Fig. 2 Bland—Altman plots for Session 1 vs. Session 2
the NWR-T and EP-T after sin- 10 10
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CR was 5.0 mA for the NWR-T and 2.3 mA for the EP-T

Average NWR-T (mA)

after single stimulation, whereas average CR was 2.9 mA

for the NWR-T and 2.3 mA for the EP-T after repeated

stimulation.

Average EP-T (mA)

Association between the NWR-T and EP-T

All correlations were significant at level p <0.001. The

degree of association 7> between the NWR-T and EP-T
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Fig. 3 Bland—Altman plots for Session 1 vs. Session 2
the NWR-T and EP-T after 6 - 6 1
repeated stimulation. Dashed
Mean difference between the 4 1 1,96 SD
two sessions, dotted limits of < ® B ° +1.96 SD
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Average NWR-T (mA)

after single stimulation was 0.53 for session 1, 0.59 for ses-
sion 2, and 0.56 for session 3. The degree of association r
between the NWR-T and EP-T after repeated stimulation
was 0.80 for session 1, 0.83 for session 2, and 0.87 for ses-
sion 3. The regression lines and 95% confidence intervals
for all estimations are shown in Fig. 4.

Discussion

In order to determine the reliability of the NWR-T and EP-T
in patients with chronic pain, single and repeated (temporal
summation) electrical stimulation were applied to 25
patients with chronic low back pain. Three identical sessions
were carried on, separated in average by 1 week, where the
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Average EP-T (mA)

NWR-T and EP-T after single and repeated stimulation were
assessed. RM ANOVA showed that the NWR-T was signifi-
cantly higher than the EP-T (p < 0.001) and that the thresh-
olds obtained after single stimulation were significantly
higher than those obtained after repeated stimulation
(p <0.001), but no significant differences (bias) were found
between sessions. Both NWR-T and EP-T presented good to
excellent test—retest reliability. After repeated stimulation,
the reliability values were similar for NWR-T and EP-T and
generally lower when compared to the results obtained after
single stimulation. Threshold reliability was highest when
the assessment was done between the second and third ses-
sions and lowest between the first and the last sessions.
Finally, the association between the NWR-T and EP-T was
better for repeated stimulation than for single stimulation.
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Fig. 4 Association between the NWR-T and EP-T for each session, after single (fop row) and repeated (bottom row) stimulation. Dashed Regres-

sion line, dotted 95% confidence intervals

Relationship between the NWR-T and EP-T

The relationship between the NWR-T and the EP-T has
been extensively addressed under several experimental
conditions but firm conclusions cannot be drawn. Some
studies have shown correlation between the thresholds
(Chan and Dallaire 1989; Willer 1977), others have shown
that the NWR-T is higher (Campbell et al. 1991; Neziri
et al. 2010; Terkelsen et al. 2001) or lower (Bromm and
Treede 1980; Micalos et al. 2009) than the EP-T. Moreover,
under particular conditions such as hypnosis (Danziger et al.
1998), voluntary muscle contraction (Rossi and Decchi
1994), and spinal cordotomy (Garcia-Larrea et al. 1993),
the NWR-T is dissociated from the pain sensation. In addi-
tion, supraspinal modulation has been reported to have a
differential effect on the NWR and the pain perception
(Defrin et al. 2007; French etal. 2005; Terkelsen et al.
2004; Willer et al. 1979).

In the present study, the NWR-T was significantly
higher than the EP-T after single and repeated stimulation.
From the published literature, it is not possible to conclude
that this is always the case; on the contrary, these discrep-
ancies between studies are more likely linked to variations
in the experimental procedures, e.g., threshold definitions,
electrode positioning or subjective pain intensity scales
among others (Micalos et al. 2009). On the other hand, the
association between the NWR-T and EP-T was signifi-
cantly better after repeated stimulation than after single
stimulation, in consistency with the results of previous

investigations (Arendt-Nielsen et al. 2000). However, the
influence of different measurement ranges for single and
repeated stimulation cannot be ruled out. The range of
intensities for single stimulation is almost twice as large as
the range for repeated stimulation, causing lower intra-ses-
sion variability in the measurements after repeated stimula-
tion, which can affect the estimation of the Pearson’s
correlation coefficient (Bland and Altman 1986). In any
case, the NWR-T and the EP-T are complementary (rather
than interchangeable) measurements, and their use will ulti-
mately depend on the type of hypothesis to be tested.

Reliability of the NWR-T and EP-T

The reliability between the NWR-T and EP-T has so far
only been addressed in populations of healthy volunteers.
Dincklage et al. (2009) reported that the variability between
test and retest of the NWR-T after single stimulation, mea-
sured as the standard deviation of the differences between
measurements, was approximately 4.4 mA when the ses-
sions were approximately 16 weeks apart. Micalos et al.
(2009) reported that the reliability analysis of the NWR-T
after single stimulation showed in average a CV of 16.9%
and an ICC of 0.82, whereas for EP-T, also after single
stimulation, the values were in average a CV of 16.1% and
an ICC of 0.88, when the sessions were separated approxi-
mately by 4 days. Both studies concluded that the NWR-T
and EP-T are reliable measurements, and, therefore, can be
applied as tools in experimental pain studies. A similar
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conclusion was also reached by Lund etal. (2005) in a
study involving healthy subjects and pain patients; how-
ever, only sensory and pain thresholds to electrocutaneous
stimulation were tested, and a custom-designed device with
an ordinal scale was used, thus making it difficult to com-
pare these results against similar studies.

In comparison with these studies, the present results ren-
der similar reliability values. The EP-T appears to have
slightly better reliability than the reflex threshold after sin-
gle stimulation. A possible explanation lies the fact that the
nociceptive input that ultimately elicits the NWR is largely
processed in the spinal cord subjected to descending modu-
lation from supraspinal structures (Andersen 2007),
whereas report of a painful sensation is subjected to further
processing in the brain, that integrates this nociceptive
input with additional cognitive and perceptual information
(Price 2000, 2002). Thus, several other variables play an
important role in pain perception, and some of them (e.g.
habituation to electrical stimulation, attention, memory of
the ratings of previous stimulations) can affect in such a
way that the overall variability of the pain ratings is
decreased, resulting in an increase of the repeatability.
Interestingly, this effect is not so remarkable for temporal
summation, probably due to the fact that repeated stimula-
tion provides a more stable, long-lasting nociceptive input
that might allow a more reliable reflex response and a better
assessment of the pain sensation.

It should be noted that the differences in reliability
among the different tests were, in general, modest. There-
fore, it cannot be ruled out that at least some of these differ-
ences were the result of chance. In general, the reliability
was good to excellent for all tests. Lastly, and although
there is no systematic bias in the average NWRT and EP-T
between sessions, the reliability is best for the last two ses-
sions and worst when the first and the last sessions are used
for the assessment, possibly suggesting a learning effect
(Schouenborg 2004) or gradually lower vigilance, despite
the initial familiarization with the experimental proce-
dures. Thus, it is expected that the estimated reliability of
the NWR-T and EP-T will improve with an increasing
number of sessions and a smaller interval of time between
sessions (for instance, in crossover studies). Finally, spe-
cial caution should be taken when follow-up reliability stud-
ies are planned involving long periods of time between
sessions.

The reliability of the NWR-T and EP-T obtained in stud-
ies involving healthy volunteers appear to be comparable to
those presented in this study for patients with chronic pain.
Moreover, a number of studies have addressed the reliabil-
ity of other tests that are also used to assess somatosensory
function (including cutaneous and deep pain sensitivity),
such as the quantitative sensory test or QST (Arendt-
Nielsen and Yarnitsky 2009; Rolke et al. 2006). QST test

@ Springer

has been widely used to test for sensory differences in a
variety of human pain syndromes, such as low back pain
(O’Neill et al. 2007), whiplash (Sterling et al. 2003), irritable
bowel syndrome (Wilder-Smith et al. 2004), endometriosis
(Bajaj etal. 2003), and other pain states (Curatolo et al.
2006). In a recent review, Chong and Cros (2004) presented
a meta-analysis of the reproducibility of several QST meth-
ods (vibration perception threshold, heat-EP-T, cold per-
ception threshold, and warm perception threshold) in
normal subjects as well as in patients suffering from patho-
logical conditions (diabetic with or without neuropathy),
concluding that these tests appeared to be sufficiently
reproducible during short-term studies (intervals rang-
ing 1-8 weeks). In comparison to the values exhibited by
these methods, the reliability of the NWR-T and EP-T
reported here is similar or even better, therefore making
them suitable for clinical use.

Conclusion

The present results show that the NWR-T and EP-T after
single and repeated stimulation are a reliable research tool
in experimental and clinical pain that can be applied in the
assessment of central hypersensitivity state in individual
patients.
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