-

View metadata, citation and similar papers at core.ac.uk brought to you byf’f CORE

provided by VBN

Aalborg Universitet
AALBORG UNIVERSITY

DENMARK

Development of a new bed-side-test assessing conditioned pain modulation
a test-retest reliability study
Larsen, Jesper Bie; Madeleine, Pascal ; Arendt-Nielsen, Lars

Published in:
Scandinavian Journal of Pain

DOl (link to publication from Publisher):
10.1515/sjpain-2018-0353

Publication date:
2019

Document Version
Publisher's PDF, also known as Version of record

Link to publication from Aalborg University

Citation for published version (APA):

Larsen, J. B., Madeleine, P., & Arendt-Nielsen, L. (2019). Development of a new bed-side-test assessing
conditioned pain modulation: a test-retest reliability study. Scandinavian Journal of Pain, 19(3), 565-574.
https://doi.org/10.1515/sjpain-2018-0353

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

? Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
? You may not further distribute the material or use it for any profit-making activity or commercial gain
? You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: November 25, 2020


https://core.ac.uk/display/304614491?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://doi.org/10.1515/sjpain-2018-0353
https://vbn.aau.dk/en/publications/3d5a4ec9-7cf8-4b98-ae9c-f0333532a411
https://doi.org/10.1515/sjpain-2018-0353

DE GRUYTER

Scand ) Pain 2019; 19(3): 565-574

Original experimental

Jesper Bie Larsen, Pascal Madeleine and Lars Arendt-Nielsen*

Development of a new bed-side-test assessing
conditioned pain modulation: a test-retest

reliability study

https://doi.org/10.1515/sjpain-2018-0353
Received December 4, 2018; revised March 1, 2019; accepted March
4, 2019; previously published online March 28, 2019

Abstract

Background and aims: Conditioned pain modulation
(CPM) is of considerable interest within pain research.
Often CPM testing is conducted in experimental settings
using complicated instrumentation, thus challenging the
implementation in clinical settings. Being able to assess
CPM in a fast and reliable way in clinical settings could
lead to a new diagnostic tool allowing improved profiling
of pain patients.

Methods: A test-retest reliability study and a methodo-
logical development study were conducted based on
different populations. The reliability study included
22 healthy subjects, mean age 23.6 years (SD: 2.4) and
the methodological study included 29 healthy subjects,
mean age 21.5 years (SD: 1.6). As painful phasic test stim-
ulus, a 6-10 kg handheld, spring-based pressure algo-
meter was applied perpendicularly to the muscle belly of
the tibialis anterior muscle for 10 s and as painful tonic
conditioning stimulus, 1-2 standard clamps, inducing
a force of 1.3 kg, were applied extra-segmentally at the
ipsilateral earlobe for 60-120 s. Four different test pro-
tocols were evaluated, of which one protocol was inves-
tigated for reliability. Test protocol 1 used a 6 kg pressure
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algometer as painful phasic test stimulus and a single
clamp applied for 60 s as painful tonic conditioning stim-
ulus. Test protocol 2 used a 10 kg pressure algometer as
painful phasic test stimulus, and two clamps applied for
60 s as painful tonic conditioning stimulus. Test protocol
3 used a 10 kg pressure algometer as painful phasic test
stimulus and a single clamp applied for 120 s as painful
tonic conditioning stimulus. Test protocol 4 used a 6 kg
pressure algometer as painful phasic test stimulus and a
single clamp applied for 120 s as painful tonic condition-
ing stimulus.

Results: None of the stimuli caused any adverse events,
e.g. bruises. In the reliability study (test protocol (1),
non-significant CPM effects of 0.3 (SD: 1.6) and 0.2 (SD:
1.0) were observed in session 1 and 2, respectively. The
intra-class correlations were 0.67 and 0.72 (p =< 0.01) and
limits of agreement (LoA) ranged from -2.76 to 3.31. Non-
significant CPM effects of 0.2 (SD: 1.0), —0.1 (SD: 1.1), and
0.0 (SD: 1.2) were observed for test protocol 2, 3, and 4,
respectively).

Conclusions: The bedside test developed for investigating
CPM was feasible and easy to use in healthy volunteers.
No significant CPM effects were measured and a large
variation in CPM effect ranging from -0.14 to 0.32 was
observed. Intra-class correlation (ICC) values for the pres-
sure algometer were interpreted as “good relative reliabil-
ity” (test protocol 1), and LoA revealed a somewhat low
absolute reliability.

Implications: The pressure algometer provided reproduc-
ible measurements and was useful for inducing phasic test
stimuli. Since no significant CPM effects were detected, no
recommendations for the bedside test can yet be made.
Further examinations will have to establish if the “one size
fits all” application of both test and conditioning stimuli
is useful. Future bedside studies involving patient popu-
lations are warranted to determine the usefulness of the
method.

Keywords: pain profiling; descending pain modulation;
reliability.

© 2019 Scandinavian Association for the Study of Pain. Published by Walter de Gruyter GmbH, Berlin/Boston. All rights reserved.
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1 Introduction

Conditioned pain modulation (CPM) is a measure of the
descending pain control system, and the descending
inhibitory modulation has been described as the “pain
inhibits pain” phenomenon in humans [1, 2]. Descending
pathways from the brainstem intermediate inhibition and
facilitation of nociceptive spinal cord neurons, and CPM
is an indirect estimate of the balance between the facili-
tating and inhibitory systems [1, 3, 4]. CPM is believed to
be involved as one factor involved in the manifestation of
pain sensitization. CPM is found impaired in a range of
chronic pain patients suffering from temporomandibular
disorder, low back pain, fibromyalgia, osteoarthritis and
tension-type headaches [5]. Therefore, CPM is suggested
to be one of the important mechanisms involved in central
sensitization [3, 6, 7].

CPM is measured experimentally in humans using
a painful phasic test stimulus (pain threshold or pain
rating), followed by a painful tonic conditioning stimulus
and then repeating the same painful phasic test stimulus
[8, 9]. The difference in pain intensity between the first
and the second phasic stimulus is defined as the CPM
effect. Several protocols have been proposed for examin-
ing CPM, e.g. electrical and heat stimulations, or pressure
and cuff algometry as test stimulus, and cold pressor test
or cuff algometry as conditioning stimulus [10, 11]. CPM
testing is often conducted in experimental settings using
complicated instrumentation, thus challenging its clini-
cal implementation. Furthermore, no golden standard
CPM testing method exists [11, 12]. A consensus paper
from 2014 gave recommendations for CPM testing but also
concluded that so far no specific CPM protocol has proven
superior to others [9].

Another major impediment to using CPM
assessment routinely in clinical settings is the gener-
ally large intra- and inter-individual variations [12, 13].
Further, one study found no significant correlations
between various CPM protocols. This underlines the
variations, which so far have not been explained [12].
Other studies have reported that the CPM effect is not
universal, and though most subjects will experience a
decrease in pain ratings (or increase in pain threshold),
others will report an increase in pain (or decrease in
pain threshold) [11].

The many studies showing impaired CPM in patients
with chronic pain have been conducted in experimental
settings underlining the need to examine CPM in clinical
setups [14-17]. Being able to measure CPM in a fast and
reliable way in clinical settings could lead to a new diag-
nostic tool allowing for a better profiling of the patient’s
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pain. Further, a reliable method could also assist in choos-
ing the best possible treatment option for the patient.

To our knowledge, no simple and reliable clinical
bedside CPM method exists. Therefore, the aims of this
study were (1) to evaluate the test-retest reliability of an
easy applicable bedside CPM method and (2) to refine the
methodology of the developed bedside CPM method.

2 Methods

The study was designed as (1) a test-retest reliability study
and (2) a methodological development study aiming to
refine the developed bedside CPM method. Two cohorts of
healthy subjects were included and none of the subjects
participated in both studies. Four different test protocols
were evaluated.

2.1 Subjects

In the reliability study, 22 healthy subjects (15 men) with a
mean age of 23.6 years (SD: 2.4) participated (Table 1). For
the methodological study, 29 healthy subjects (nine men)
with a mean age of 21.5 years (SD: 1.6) were included. The
subjects were recruited through postings on the campus
of Aalborg University, Denmark. The inclusion criteria for
both studies were age between 18 and 40 years, healthy,
pain-free on the test day, and able to speak either Danish
or English. Furthermore, the subjects were asked not to
consume alcohol or medication on the day of the test.
The subjects were given detailed written information and
verbal explanation and they signed an informed consent
before participating in the study. All included subjects
completed the studies with no loss to follow-up. The study
was approved by the local Ethics Committee (N-20170088)
and was conducted according to the declaration of Hel-
sinki. The reliability study followed the GRRAS recom-
mendations [18].

Table 1: Demographics

Reliability Methodological

study cohort study cohort

(n=22) (n=29)

Age (mean +SD) 23.6 (+2.4) 21.5(¢1.6)
Sex (females, %) 7 (32%) 20 (69%)
Dominant leg side? (right, %) 18 (82%) 26 (90%)

Leg side was determined by asking the question “which leg would
you use to kick a football”.
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2.2 Experimental protocol

The same rater (JBL) conducted all tests in both cohorts.

2.2.1 Test-retest reliability: test protocol 1

Test protocol 1 was developed through pilot testing of the
CPM method. Two assessment sessions were conducted
in which the same test setup was used. The subjects were
in a supine position and the dominant leg was used as
the testing limb. As the painful phasic test stimulus, a
6 kg handheld, spring-based pressure algometer (SMI,
Aalborg University, Fig. 1) was applied perpendicularly
to the muscle belly of the tibialis anterior muscle for 10 s
(measurement 1). The subjects rated the pain intensity
on a 0-10 numerical rating scale (NRS, “0” represented
“no pain” and “10” represented “worst pain imaginable”).
Then a standard clamp, inducing a force of 1.3 kg, was
applied extra-segmentally at the ipsilateral earlobe for
60 s as the painful tonic conditioning stimulus. After the
60 s, the subjects were asked to rate the conditioning pain
intensity. Finally, the application of the test stimulus was
re-introduced (measurement 2), while the clamp was still
applied to the earlobe. Subsequently, the subjects rated
the pain intensity of the test stimuli over the tibialis ante-
rior. For the second measurement, the test stimulus was
applied slightly proximally or distally to the first measure-
ment to minimize any residual and carry over effects of
the repeated stimuli. The same approach was repeated

Fig. 1: Pressure algometer and clamp
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24-48 h after the first test session to calculate reliability
values.

2.2.2 Methodological development: test protocols
2,3,and 4

Following the reliability study, a methodological study
(test protocols 2, 3, and 4) was conducted using different
test and conditioning stimuli, allowing for evaluation of
any differences in CPM effect between the protocols. Each
of the test protocols consisted of one assessment session
using one of three different test methods. For all test proto-
cols, the subjects were in a supine position and the domi-
nant leg was used as the testing limb. The subjects rated
the pain intensities for both test and conditioning stimuli
using a visual analogue scale (VAS). The subjects rated the
current pain using a slider to mark the pain between one
end representing “no pain” and the other end representing
“worst pain imaginable”. For all test stimuli at the tibialis
anterior, the measurements were applied slightly proxi-
mally or distally to each other to minimize any residual
and carry over effects of the repeated stimuli. A 10 min.
resting period, during which the subjects relaxed in supine
position, was introduced to reduce any potential carry-over
effects. The sequence of the test setups was randomized for
each subject using a random sequence generator.

Test protocol 2: As the painful phasic test stimulus,
a 10 kg handheld, spring-based pressure algometer (SMI,
Aalborg University) was applied perpendicularly to the
muscle belly of the tibialis anterior muscle for 10 s (meas-
urement 1). The subjects were asked to rate the pain inten-
sity of the test stimulus. Then two standard clamps, each
inducing a force of 1.3 kg, were applied extra-segmentally
at the ipsilateral earlobe for 60 s as the painful tonic condi-
tioning stimulus. After the 60 s, the subjects were asked to
rate the conditioning pain intensity. Afterwards, while the
clamp was still applied, the phasic test stimulus was re-
applied (measurement 2). Subsequently, the subjects rated
the pain intensity of the test stimuli in the tibialis anterior.

Test protocol 3: As the painful phasic test stimulus,
a 10 kg handheld, spring-based pressure algometer was
applied perpendicularly to the muscle belly of the tibialis
anterior muscle for 10 s (measurement 1). The subjects
were asked to rate the pain intensity of the test stimulus.
Then a standard clamp, inducing a force of 1.3 kg, was
applied extra-segmentally at the ipsilateral earlobe for
120 s as the painful tonic conditioning stimulus. After the
120 s, the subjects were asked to rate the conditioning pain
intensity. Afterwards, while the clamp was still applied,
the phasic test stimulus was re-applied (measurement 2).
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Subsequently, the subjects rated the pain intensity of the
test stimuli in the tibialis anterior.

Test protocols 4: As the painful phasic test stimulus,
a 6 kg handheld, spring-based pressure algometer was
applied perpendicularly to the tibialis anterior muscle
for 10 s (measurement 1). The subjects were asked to rate
the pain intensity of the test stimulus. Then, a standard
clamp, inducing a force of 1.3 kg, was applied extra-seg-
mentally at the ipsilateral earlobe for 120 s as the painful
tonic conditioning stimulus. After the 120 s, the subjects
were asked to rate the conditioning pain intensity. After-
wards, while the clamp was still applied, the phasic test
stimulus was re-applied (measurement 2). Subsequently,
the subjects rated the pain intensity of the test stimuli in
the tibialis anterior.

2.2.3 Terminology

Measurement 1: Measurement of the pain intensity of the
first test stimulus (phasic stimulus).

Measurement 2: Measurement of the pain intensity of
the second test stimulus (phasic stimulus) while the con-
ditioning stimulus is applied (tonic stimulus).

CPM effect: A decrease in pain intensity from meas-
urement 1 to measurement 2. Subjects with a CPM effect
are defined as “CPM responders”.

2.2.4 Data analysis

Intra-class correlation: Reliability between measurement
1 (session 1) and measurement 1 (session 2) and between
measurement 2 (session 1) and measurement 2 (session 2)
using test protocol 1.

Paired samples t-tests were applied for all continu-
ous outcomes. Data are presented as mean +standard
deviation (SD) unless otherwise stated. Furthermore, the
CPM effect is presented in relative values as percentages.
Paired samples t-test for the CPM effect were applied in
order to evaluate the statistical significance.

Table 2: Conditioned pain modulation effect in the reliability study.
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CPM was calculated as the absolute difference in VAS
or NRS between measurement 1 (without conditioning
stimulus) and measurement 2 (during conditioning stimu-
lus). Positive values indicate an inhibitory CPM effect.

For the reliability study, the relative and absolute reli-
abilities across the test sessions were calculated using
intra-class correlation coefficients (ICC) (ICC 2.1 for abso-
lute agreement), standard error of measurement (SEM)
and Bland-Altman plots with limits of agreement (LoA)
[19]. ICC reliability coefficients interpreted as less than 0.4
are considered of “poor reliability”, between 0.4 and 0.59
of “fair reliability”, between 0.6 and 0.75 of “good reliabil-
ity”, and greater than 0.75 of “excellent reliability” [11, 20].

SEM represents the measurement error, which can be
interpreted as an estimate of the variation of the meas-
urements if the test was repeated without any underlying
change in the subjects.

SD are the standard deviation of the CPM effect in
both sessions and the ICC are the relative reliability. SEM
represents the same unit as the pain intensity (NRS) and
was calculated by means of the following formula [21]:

SEM =SD4/(1-1CC)

A significance level of 0.05 was used and 95% confi-
dence intervals (CI) will be presented. All analyses were
performed by means of the statistical software SPSS,
Version 25.0 (SPSS Inc., Chicago, IL, USA).

3 Results

Table 1 reports participant demographics. No adverse
events, e.g. bruises or muscle damage, were identified,
and all subjects completed all measurements.

3.1 Test-retest reliability: test protocol 1

Table 2 reports NRS scores for measurements 1, 2, and
conditioning stimuli. The CPM effects in session 1 and

Reliability study cohort-test protocol 1 (n=22)

Measurement 1 Measurement 2 CPM effect (95% Cl) Conditioning stimuli
NRS (mean +SD) (session 1) 3.9 (+1.7) 3.6 (+1.6) 0.3 (-0.37; 1.01) 4.4 (+1.7)
NRS (mean +SD) (session 2) 3.6 (+2.2) 3.3 (+2.0) 0.2™(-0.20; 0.66) 3.9 (+1.7)

NRS =numerical rating scale; ns=non-significant; CPM =conditioned pain modulation; Cl=confidence intervals. CPM effect is the decrease

in pain intensity from measurement 1 to measurement 2.
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session 2 were 0.3 (SD: 1.6) and 0.2 (SD: 1.0), respectively;
illustrating no significant CPM effect (p-values: 0.35 and
0.29). This equals a relative decrease in pain intensity of
8.2% and 6.5%. CPM responder rates showed a CPM effect
in nine subjects (40%) in session 1 and in 10 subjects
(45%) in session 2.

Table 3 reports the test-retest reliability coefficients.
The ICCs for measurement 1 and measurement 2 were
0.67 and 0.72, respectively (p-values: <0.01). Measured
in NRS, the SEM values were 1.9 and 2.1 for measurement
1and 2, respectively (Table 3).

In the Bland-Altman plots, LoA between sessions
were -2.3 to 3.0 and -2.8 to 3.3 for measurement 1
and 2, respectively (Figs. 2 and 3). The LoA for the dif-
ference in CPM effect between sessions were 2.0 to 2.8
(Fig. 4).

Table 3: Reliability indicators.

Reliability study cohort-protocol 1 (n=22)

1CC (95% Cl) SEM (NRS)
Measurement 1 0.67%(0.36; 0.85) 1.9
(session 1 vs. session 2)
Measurement 2 0.72°(0.44; 0.87) 2.1

(session 1 vs. session 2)

ICC=intra-class correlation coefficient; SEM = standard error of
measurement; NRS=numerical rating scale. ?p-value <0.05.
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3.2 Methodological development: test
protocols 2, 3 and 4

Table 4 reports CPM effect for test protocols 2, 3, and 4
and conditioning stimulus for each test protocol. The CPM
effects for test protocols 2, 3, and 4 were 0.2 (SD: 1.0), -0.1
(SD: 1.1), and 0.0 (SD: 1.2), respectively (p-values: 0.29,
0.49, and 1.00). The CPM effect equals a relative decrease
in pain intensity of 4.3% in test protocol 2, an increase in
pain intensity of 3.3% in test protocol 3, and no changes in
pain intensity in test protocol 4. Overall, 13 subjects (45%)
in test protocol 2, 11 subjects (38%) in test protocol 3, and
12 subjects (41%) in test protocol 4 could be categorized as
CPM responders.

4 Discussion

The present study found that a newly developed bed-side-
test for investigating CPM was feasible, easy and fast to
use in healthy volunteers and showed ICC scores inter-
preted as “good relative reliability” (test protocol 1). When
reviewing the absolute reliability, the LoA indicated a
somewhat low absolute reliability. A large intra-individual
variation in CPM effect (from -0.1 to 0.3) was observed
and no significant CPM effect could be observed. CPM
responder rates were between 38 and 45% across the test
sessions. Despite our efforts to refine the methodology,
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Fig. 3: Bland-Altman plot and limits of agreement for measurement 2 in the reliability study. Values are pain intensities measured with

numerical rating scale.
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Table 4: Conditioned pain modulation effects in the methodological study.

Methodological study cohort-test protocols 2, 3 and 4 (n=29)

Measurement 1 Measurement 2 CPM effect (95% Cl) Conditioning stimuli
VAS (mean £ SD) (test protocol 2) 4.5 (+2.2) 4.3 (+2.1) 0.2"(-0.17; 0.55)
VAS (mean + SD) (test protocol 3) 4.3 (+2.1) 4.4 (+2.0) -0.1"(-0.55; 0.28)
VAS (mean £ SD) (test protocol 4) 2.4 (+1.6) 2.4 (+1.6) 0.0" (-0.45; 0.45)

See method section for description of test protocols. VAS =visual analog scale; SD = standard deviation; ns =non-significant; Cl=confidence
intervals. Conditioned Pain Modulation effect is defined as the decrease in pain intensity from measurement 1 to measurement 2.
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no stronger CPM effect could be retrieved from the modi-
fications made (test protocols 2, 3, and 4). Therefore, no
further reliability testing was required.

4.1 Reliability study

Our study observed a CPM effect of 6-8% in the differ-
ent sessions. This is lower than in the study by Graven-
Nielsen et al., which observed a CPM effect of 13-18%
for pressure pain tolerance and pressure pain threshold
when using cuff-induced pain as conditioning stimulus
and cuff pressure algometry as test stimulus [22]. Nah-
man-Averbuch et al. observed a CPM effect varying from
0 to 56% with heat as conditioning stimulus and various
test stimuli (heat pain, pressure pain threshold, tempo-
ral summation) [12]. Discrepancies could be explained
by the different use of test and conditioning stimuli in
different intensity ranges. In the present study, pressure
pain was used as both test and conditioning stimulus.
The paradigm was applied as a “one size fits all” method
with same magnitude of force being applied to all sub-
jects as this is the approach most likely to be used for a
simple bedside test. Recently, a study by Schliessbach
et al. concluded that a decrease in pain threshold after
a conditioning stimulus was seen in more than 10% of
healthy subjects and that this does not necessarily indi-
cate an abnormal finding [23]. In line with the present
study, several other studies have reported large intra-
individual variation in CPM effects in healthy subjects
[12, 13, 23, 24], indicating that CPM might not be a par-
ticularly stable measurement.

Various CPM protocols have revealed different ICC
values and have reported different statistics, such as SEM
or LoA [11, 13]. A systematic review examining reliability
of different CPM protocols ranged the relative reliability
of the test stimulus from good-to-excellent when using
pressure pain threshold as stimulus [11]. The review also
reported that when using subjective pain rating for heat
pain as test stimulus, the relative reliability was lower
and ranged from poor-to-fair. In the present study, the
ICC values were interpreted as “good relative reliability”
(ICC 0.67-0.72) according to the recommendations [11,
20]. The measurements revealed similar ICC values for
the test stimulus; both with and without conditioning
stimulus. These values are similar to other studies exam-
ining the relative reliability of a test stimulus with and
without conditioning stimulus [11, 13]. This implies that
the bedside algometer test is reproducible. The absolute
reliability can be measured as SEM, which provides a
value for the measurement error in the same unit as the

Larsen et al.: Development of a new bed-side-test assessing conditioned pain modulation =— 571

measurement itself [21]. This study observed SEM values
for measurements 1 and 2 of 1.9 and 2.1, respectively. To
our knowledge, no other studies have investigated SEM
of subjective pain ratings during CPM testing. The Bland-
Altman plots show similar LoA between measurements
and for the CPM effect. The high values indicate large
intra-individual variation, which again indicates that
the absolute reliability was somewhat low. Thus, it was
not possible to evoke a reliable CPM effect in this popula-
tion of healthy subjects. The LoA observed in the study
were lower than in Lie et al. [24]. These authors reported
LoAs ranging from -3.4 to 3.3 and from -4.3 to 3.2 for the
test stimulus and from -2.3 to 3.2 for the CPM effect, indi-
cating a somewhat lower absolute reliability than in the
present study.

4.2 Test stimulus

A pressure algometer with the force of either 6 kg or
10 kg was applied as a phasic test stimulus to induce
pain. As expected, the 10 kg force resulted in higher
pain ratings. However, the pain ratings only increased
from 3.6 to 3.9 with the 6 kg force and from 4.3 to 4.5 with
the 10 kg force, which is regarded a somewhat small
increase. This could indicate that once a test stimulus
exceeds the pain threshold, a quite substantial increase
in the test stimulus is needed to further increase the
pain rating in healthy subjects when using a localized
pressure stimulus. Future studies are needed to examine
whether this phenomenon is apparent in patients with
chronic pain or whether more severe pain increases
can be observed with higher test stimuli. The applied
test stimuli were fixed to 6 or 10 kg and not individually
based. Thus, large variations of pain ratings were seen.
It is unknown whether this “one size fits all” approach
could influence the CPM effect. However, when exam-
ining the individual data from the participants, no ten-
dency towards higher test stimulus pain ratings leading
to larger CPM effect or vice versa were observed.

As the outcome measure for subjective pain rating,
both VAS and NRS were used. These methods have been
shown to measure almost the exact same pain intensities
when used simultaneously [25]. NRS was implemented
since it is often used in clinical settings and as it is an
easy method to administer for the subjects tested [26].
VAS has commonly been used in other CPM studies [1, 13,
27]. NRS was used in the reliability study. However, since
the test stimulus pain ratings were repeated with short
intervals, it was considered that the recalling of the first
pain rating might bias the second pain rating. Therefore,
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a VAS was used in the methodological study since it was
considered less prone to bias.

4.3 Conditioning stimulus

Previously, a conditioning pain intensity of VAS=4 has
been used when evaluating CPM [16]. In the present
study, the mean conditioning pain intensity varied from
NRS 3.8 to 4.6. A study by Graven-Nielsen et al. [22]
showed that different CPM responses could be obtained
with the use of different conditioning pain intensities.
Therefore, the methodological study introduced the
use of two clamps and longer duration of the applied
stimuli to increase the evoked conditioning pain inten-
sity. These changes led to a lower conditioning stimulus
intensity in the range of VAS 2.2 to 2.9. This was contrary
to our expectation as it has previously been observed
that stimulation of large areas results in decreased pain
threshold, indicating spatial summation [15]. A study by
Staud et al. [28] found that when separating the probes
used for mechanical pressure by 8 cm, both fibromyalgia
patients and healthy subjects reported higher pain inten-
sity compared with separating the probes by 4 cm only.
This could indicate that higher pain ratings are more
likely to occur when stimulating across spinal segments.
However, this is contrary to our test protocol using two
clamps applied to the same earlobe. Furthermore, it is
possible that some pain adaption occurred during the
longer duration of the conditioning stimulus (i.e. more
than 60 sec) resulting in lower pain intensities after a
prolonged period of conditioning stimulus. In future
studies, it is required to evaluate whether a higher con-
ditioning stimulus will induce a larger CPM effect. This
could not be examined in the present study despite the
attempt to induce higher conditioning pain.

4.4 CPM responder

Our study defined a subject as a CPM responder when
experiencing a CPM effect during the test, which ranged
from 38 to 45% of the subjects. A study by Schliessbach
et al. [23] attempted to establish reference values for the
CPM effect by evaluating CPM effects at the 5th, 10th
and 25th percentiles. The authors found a CPM effect
of less than zero at both the 5th and 10th percentiles
and concluded that the choice of cut-off value should
depend on the particular clinical or scientific question.
Fundamentally, such reference values should be statisti-
cally determined as z-scores from large normative cohort

DE GRUYTER

studies. The largest CPM study to date based on around
2,000 subjects could be used to define statistical ranges
around the mean [29]. The complicated aspect is that
the normative data and the size of the CPM responses
vary from methodology to methodology. It has also been
shown that within the same subjects, different CPM
methods elicit different responses and that subjects
may be a responder to one method but a non-responder
to another method [13, 30]. However, it is evident that
the CPM effect is a variable parameter and currently all
the many parameters influencing the response are not
known.

4.5 Limitations

Sex has been shown to have an influence on CPM as
several studies have found stronger pain inhibitory
capacity in males versus females [31-33]. The two popula-
tions in the present study consisted of 68% males in the
reliability study and 31% in the methodological study.
The reliability study revealed a better CPM effect than the
methodological study and this might partly be explained
by the inclusion of more males than females. The use of
both VAS and NRS to assess pain intensities may have
introduced a potential bias in the comparison between
groups. Since the purpose was to compare the within-
group pain intensity, the possible bias is unlikely to affect
the CPM effect.

5 Conclusion

Abedside CPM method was developed based on a pressure
algometer as phasic test stimulus and a clamp attached
to the earlobe as a tonic conditioning stimulus. No sig-
nificant CPM effects were observed and varying test and
conditioning stimuli systematically did not significantly
change the CPM effect. The reliability study observed ICC
values interpreted as, “good relative reliability” from the
bedside pressure algometer. LoA revealed a somewhat low
absolute reliability. Future attempts to refine the bedside
method should be performed to examine whether a
significant CPM effect can be observed in healthy subjects.
Furthermore, bedside studies involving patient popula-
tions are warranted.
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