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Abstract

Background and aims: Conditioned Pain Modulation
(CPM) is a well-established phenomenon and several pro-
tocols have shown acceptable between-subject reliability
[based on intraclass correlation coefficient (ICC) values]
in pain-free controls. Recently, it was recommended that
future CPM test-retest reliability studies should explicitly
report CPM reliability based on CPM responders and non-
responders (within-subject reliability) based on measure-
ment error of the test stimulus. Identification of reliable
CPM paradigms based on responders and non-respond-
ers may be a step towards using CPM as a mechanistic
marker in diagnosis and individualized pain management
regimes. The primary aim of this paper is to investigate
the frequency of CPM responders/non-responders, and to
quantify the agreements in the classification of respond-
ers/non-responders between 2 different days for 10 differ-
ent CPM protocols.

Methods: Data from a previous study investigating reli-
ability of CPM protocols in healthy subjects was used. In
26 healthy men, the test-stimuli used on both days were:
Pain thresholds to electrical stimulation, heat stimula-
tion, manual algometry, and computer-controlled cuff
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algometry as well as pain tolerance to cuff algometry. Two
different conditioning stimuli (CS; cold water immersion
and a computer-controlled tourniquet) were used in a
randomized and counterbalanced order in both sessions.
CPM responders were defined as a larger increase in the
test stimulus response during the CS than the standard
error of measurement (SEM) for the test-stimuli between
repeated baseline tests without CS.

Results: Frequency of responders and non-responders
showed large variations across protocols. Across the
studied CPM protocols, a large proportion (from 11.5 to
73.1%) of subjects was classified as CPM non-responders
when the test stimuli standard error of measurements
(SEM) was considered as classifier. The combination of
manual pressure algometry and cold water immersion
induced a CPM effect in most participants on both days
(n=16). However, agreement in the classification of CPM
responders versus non-responders between days was only
significant when assessed with computer-controlled pres-
sure pain threshold as test-stimulus and tourniquet cuff as
CS (k=0.36 [95% CI, 0.04—0.68], p=0.037).

Conclusions and implications: Agreements in classifica-
tion of CPM responders/non-responders using SEM as
classifier between days were generally poor suggesting
considerable intra-individual variation in CPM. The most
reliable paradigm was computer-controlled pressure pain
threshold as test-stimulus and tourniquet cuff as condi-
tioning stimulus. However while this CPM protocol had
the greatest degree of agreement of classification of CPM
responders and non-responders across days, this protocol
also failed to induce a CPM response in more than half
of the sample. In contrast, the commonly used combina-
tion of manual pressure algometry and cold water immer-
sion induced a CPM effect in most participants however it
was inconsistent in doing so. Further exploration of the
two paradigms and classification of responders and non-
responders in a larger heterogeneous sample also includ-
ing women would further inform the clinical usefulness
of these CPM protocols. Future research in this area may

© 2018 Scandinavian Association for the Study of Pain. Published by Walter de Gruyter GmbH, Berlin/Boston. All rights reserved.
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be an important step towards using CPM as a mechanis-
tic marker in diagnosis and in developing individualized
pain management regimes.

Keywords: conditioned pain modulation; pain sensitivity;
pain threshold; pain tolerance; reliability; test-retest; cuff
algometry.

1 Introduction

In chronic pain patients, several studies have demon-
strated impaired conditioned pain modulation (CPM)
compared with pain-free controls [1]. Moreover, the CPM
response has demonstrated some promise in predicting
future pain status [2], the efficacy of analgesics [3], and
non-pharmacological treatment [4] contributing to clini-
cal pain profile and management. Assessment of CPM is
frequently demonstrated as a change in a test stimulus
response (e.g. increase in pressure pain thresholds or
decrease in heat pain ratings) by a painful condition-
ing stimulus (e.g. cold water) applied contralaterally to
the test stimulus [5], although various modes of test and
conditioning stimuli have been used. In general, CPM is
a well-established phenomenon and several protocols
have shown acceptable between-subject reliability (based
on intraclass correlation coefficient (ICC) values) in pain-
free controls [6, 7]. ICC values is a measure of how much
of the total variability (within- and between-subject) is
explained by between-subject variability, thus reflect-
ing the protocols’ ability to differentiate CPM responses
between subjects.

Despite a massive increase in the number of studies
investigating the magnitude and between-subject reliabil-
ity of different CPM paradigms in humans, the authors of a
recent systematic review investigating test-retest reliabil-
ity of CPM [6] concluded that the vast majority of studies
did not consider measurement error of the test stimulus
(e.g. standard error of measurement, SEM) as some of the
change in test stimulus during the conditioning stimulus
may be due to measurement error (e.g. habituation). Thus,
it was recommended that future CPM test-retest reliability
studies should explicitly report CPM reliability based on
responders and non-responders (within-subject reliabil-
ity) based on measurement error of the test stimulus.

A previous experimental cross-over study investi-
gated the between-days reliability of eight different CPM
protocols in 26 healthy subjects and reported poor to fair
between-subject test-retest reliability across 2 different
days for all protocols (all ICCs <0.54) [5]. Although the
coefficient of variations for the different test stimuli used
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were reported as a measure of intra-individual variation
between two repeated test stimuli without conditioning
stimulus, no information on frequency of CPM responders
and non-responders considering these intra-individual
variations were reported. As identification of CPM para-
digms with adequate within-subject reliability may be a
further step towards individualized pain medicine [8],
these data provide a good opportunity to describes the fre-
quency of CPM responders versus non-responders across
these 10 different CPM protocols considering the standard
error of measurement (SEM) for the test stimuli.

Thus, the primary aim of this explorative analysis
was to investigate the frequency of CPM responders/non-
responders, and to quantify the agreements in the classi-
fication of CPM responders versus non-responders using
SEM as classifier between 2 different days for 10 different
CPM protocols.

2 Methods

This explorative analysis was performed using data on
pain sensitivity assessed at 2 different days with four
different test modalities before and during two different
conditioning stimuli included in a previous experimen-
tal cross-over study [5]. Assessments were performed
in 26 healthy men (mean age of 25.3+5.6) years (range:
18-42) who provided written informed consent and the
experimental study was conducted in accordance with the
Declaration of Helsinki, and approved by the local ethical
committee (N-20150055).

2.1 Procedure

A complete description of the methodology has been pub-
lished previously [5]. In short, subjects participated in 2
identical test days at approximately the same time of the
day and separated by 1-3 weeks. On each day, pain thresh-
olds to electrical stimulation (Digitimer DS5; Digitimer,
Welwyn Garden City, UK), heat stimulation (ATS ther-
mode; Medoc Advanced Medical Systems, Ramat-Yishai,
Israel), manual algometry (Somedic Sales AB, Horby,
Sweden), and computer-controlled cuff algometry (Noc-
itech, Aalborg, Denmark) as well as the pain tolerance to
computer-controlled cuff algometry (Nocitech, Aalborg,
Denmark) were assessed on the dominant side of the body
in randomized and counterbalanced order. Assessment of
pain sensitivity to the different modalities was assessed
four times (two baseline assessments and two assess-
ments during conditioning pain stimuli) each day, before
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and during two different conditioning stimuli, respec-
tively. Conditioning pain stimuli were induced by cold
water immersion and a computer-controlled tourniquet
on the non-dominant side of the body in randomized and
counterbalanced order. During the conditioning stimuli,
subjects used a 10 cm electronic visual analog scale (VAS)
to rate the pain intensity due to the conditioning stimulus.
Zero and 10 cm extremes on the VAS were defined as “no
pain” and as “maximal pain”, respectively. The condition-
ing stimuli were separated by 45 min to avoid carry-over
effects. Previous studies have consistently demonstrated
short-lasting hypoalgesic effects of CPM of less than
15 min [9, 10].

2.2 Classification of CPM responders versus
non-responders

Subjects who had an increase in the test stimulus
response during conditioning which was larger than the
SEM of each of the test stimuli for the four baseline meas-
urements (two in each session) was classified as CPM
responders and subjects who did not have an increase
in the test stimulus response during conditioning larger
than the SEM of the test stimulus was classified as CPM
non-responders.

2.3 Statistical analyses

Data were analyzed using SPSS Statistics, version 24 (IBM,
Armonk, NY, USA).

2.3.1 Baseline pain sensitivity assessments, SEM for the
different pain tests and pain intensity during CS

Mean and standard deviations (SD) were calculated for the
four baseline pain test measurements, and the absolute
difference between two baseline measurements within
the same day were investigated with 95% confidence inter-
vals (CI). Repeated measures analysis of variances (RM-
ANOVAs) between the four baseline pain test stimuli was
performed to investigate potential systematic bias across
time. Then, the group SEM for each pain test stimuli were
estimated as the square root of the mean square error term
in the RM-ANOVA output from the SPSS Statistics [11].
Similarly, mean and SD were calculated for the pain inten-
sity reported during cold water immersion and tourniquet
cuff as conditioning stimuli, and the absolute difference
between days were investigated with 95% CI. Intraclass
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correlation coefficients (ICCs) based on a single rating,
absolute agreement, 2-way mixed effect model were used
reflecting the ability of the different pain tests to differen-
tiate values between individuals. An ICC above 0.75 was
taken as excellent reliability, 0.40-0.75 was fair to good
reliability, and less than 0.40 defined poor reliability [12].

2.3.2 CPM responders versus non-responders

The numbers of CPM responders versus non-respond-
ers at day 1 and day 2 were calculated for the different
CPM protocols based on SEM as classifier as described.
Cohen’s kappa coefficient was used to investigate agree-
ment between which subjects were classified as CPM
responders versus non-responders on the 2 days for
each of the different CPM protocols. p-Values less than
0.05 were considered significant. Kappa values of 0.81-
1.0 was interpreted as almost perfect agreement, 0.61-
0.80 as substantial agreement, 0.41-0.60 as moderate
agreement, 0.21-0.40 as fair agreement, and 0.0-0.20 as
poor agreement [13]. In addition, and based on the rec-
ommendations for future research on CPM [6], the effect
of the conditioning stimuli on the test stimuli was calcu-
lated as the absolute change (Day 1 minus Day 2) and rela-
tive change [(Day 1 minus Day 2) divided by Day 1]*100%
in test stimuli during conditioning compared with before
conditioning, and SEM for the CPM responses between
days were also calculated.

3 Results

3.1 Baseline pain sensitivity assessments,
SEM for the different pain tests and pain
intensity during CS

Baseline assessments during the 2 days with the five dif-
ferent pain test stimuli (Table 1) showed no systematic
errors in day 1 or day 2, as indicated by the 95% CI of the
mean differences, where zero lies within the intervals.
However, significant differences in heat pain thresholds
and pressure pain threshold assessed with cuff algometry
across the four measurements were noted. The test-retest
reliability of electrical pain threshold, PPT, cPPT and cPTT
were excellent with ICCs above 0.80. The test-retest reli-
ability of heat pain threshold was fair to good.

Based on the SEM as classifier, the minimal differ-
ences in pain thresholds a subject needed to be considered
a CPM responder were 0.58 mA for electrical stimulation,
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Table 1: Absolute and relative within-day test-retest reliability for five different pain test stimuli.
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with computer-controlled cuff-algometry. p-Value based on repeated-measures ANOVA with the four time points as repeated measure. ICC based on two-way mixed-effects model with absolute

agreement, single measures.
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1.03°C for heat, 68 kPa for manual algometry, and 4.07
kPa for computer-controlled cuff algometry, respectively.
The minimal differences in pain tolerance a subject
needed to be considered a CPM responder was 5.91 kPa for
computer-controlled cuff algometry.

For the conditioning stimuli, cold water immersion
was rated as significantly more painful on the electronic
VAS compared with tourniquet cuff across days and pain
test stimuli, but no significant differences between days
were found for either of the CS (Table 2). It was noted
that the ICC values of pain intensity ratings (VAS scores)
between days during tourniquet cuff were somewhat
higher compared with cold water immersion.

3.2 CPM responders versus non-responders
3.2.1 Cold water immersion as conditioning stimulus

As illustrated in Table 3, the numbers of CPM responders
versus non-responders at day 1 and day 2 for the different
pain test stimuli showed large variation in number of sub-
jects classified as CPM responders on both days ranging
from five subjects (19.2%) subjects when computer-con-
trolled pressure pain tolerance was used as test stimulus
to 16 subjects (61.5%) subjects when manual pressure
pain threshold was used as test stimulus. Across the five
different test stimuli 11.5% to 46.2% were classified as
CPM non-responders. There was no significant agreement
in the classification of CPM responders between day 1 and
day 2 for any of the test stimuli in combination with cold
water immersion (k< 0.31, p>0.1).

3.2.2 Tourniquet cuff as conditioning stimulus

The numbers of CPM responders versus non-responders
classified at day 1 and day 2 for the different pain test
stimuli when tourniquet cuff was used as conditioning
stimulus (Table 4) also showed some variation in number
of subjects classified as CPM responders on both days
ranging from two subjects (0.1%) subjects when electrical
or heat pain thresholds or computer-controlled pressure
pain tolerance were used as test stimuli to six subjects
(23.1%) subjects when manual pressure pain threshold was
used as test stimulus. Across the five different test stimuli
30.8% to 73.1% were classified as CPM non-responders.
Examination of the agreement in classification of CPM
responders versus non-responders between days showed
a significant agreement only for CPM assessed with com-
puter-controlled pressure pain threshold as test stimulus
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Table 2: Absolute and relative between-day test-retest reliability for pain intensity rated during the conditioning stimuli (cold pressor test
and tourniquet cuff) in combination with five different pain test stimuli.

Conditioned Test Pain intensity (VAS: Pain intensity (VAS: Absolute difference in VAS p-Value 1CC (95% CI)
stimulus stimulus 0-10 cm) 0-10cm) Mean+SD (between
Day 1 Day2 (95% Cl) day 1 and
Mean+SD Mean+SD day 2)

Cold pressor test  Electrical 7.8+1.3? 7.8£1.4* 0.001+0.97 (-0.38 t0 0.40) 0.97 0.77(0.54-0.89)

Heat 7.9+1.92 8.0+1.5° -0.13+1.52(-0.71t00.51) 0.74 0.60(0.28-0.80)

PPT 7.6+1.62 7.6+1.4*° 0.02+1.43(-0.53 10 0.57) 0.96 0.59(0.27-0.80)

cPPT 7.5+1.62 7.4+1.8° 0.12+1.60(-0.54100.77) 0.72 0.55(0.20-0.77)

cPTT 7.5+1.62 7.4+1.8° 0.12+1.60(-0.54100.77) 0.72 0.55(0.20-0.77)

Tourniquet cuff Electrical 6.0+2.1 6.0£2.0 -0.01%£1.60(-0.66 10 0.64) 0.97 0.71(0.44-0.86)

Heat 5.8+2.0 5.842.0 -0.05+1.48(-0.65t00.54) 0.85 0.74(0.50-0.88)

PPT 6.0+2.2 6.0£2.1 -0.05+1.7 (-0.75t0 0.65) 0.88 0.69(0.41-0.85)

cPPT 6.0£1.9 5.9+2.0 0.12+1.22(-0.37t00.61) 0.62 0.81(0.62-0.91)

cPTT 6.0£1.9 5.9+2.0 0.12+1.22(-0.37t00.61) 0.62 0.81(0.62-0.91)

Pain intensity was rated on a 10 cm electronic visual analog scale (VAS) with 0 and 10 cm extremes on the VAS defined as “no pain” and as
“maximal pain”, respectively. PPT=pressure pain threshold assessed with manual algometry; cPPT=pressure pain threshold assessed with
computer-controlled cuff-algometry; cPTT=pressure pain tolerance assessed with computer-controlled cuff-algometry; VAS =Visual Analog
Scale. (®p < 0.001) Significant difference between pain intensity ratings due to cold pressor test and tourniquet cuff.

[k=0.36 (95% CI: 0.04 to 0.68), p=0.037], indicating fair
agreement in classification of CPM responders versus
non-responders with SEM as classifier between 2 different
days when assessed with this CPM protocol.

On a group level, no significant differences were found
in magnitude of the CPM responses between days for any
of the CPM protocols [Table 5; F(1,25) <3.09, p > 0.09].

4 Discussion

This study investigated the frequency of CPM responders/
non-responders, and quantified the agreements in the
classification of responders/non-responders between 2
different days for 10 different CPM protocols. Across the
studied CPM protocols, a large and variable proportion
(from 11.5-73.1%) of subjects was classified as CPM non-
responders when the test stimuli standard error of meas-
urements (SEM) was considered as classifier. The number
of subjects who had an increase in the test stimulus
response during conditioning which was larger than the
SEM of the test stimulus showed large variations between
the different test and conditioning stimuli combinations.
Agreements in the classification between the 2 days were
in general poor across the protocols. Only when CPM was
assessed with computer-controlled pressure pain thresh-
old as test stimulus and tourniquet cuff as the conditioning
stimulus a significant and fair agreement in the classifica-
tion of CPM responders and non-responders between days
was noted. In addition, this CPM protocol had the lowest

intra-individual variation in CPM responses between the
2 days (3.5%).

It is noteworthy, that the commonly used CPM pro-
tocol using manual pressure pain threshold in combina-
tion with cold water immersion [6], which had the highest
percentage of CPM responders on both days (61.5% on
both days), and a relatively low intra-individual varia-
tion in CPM response between days (13%) showed a poor
and non-significant agreement in classification of CPM
responders versus non-responders between days. This
could be influenced by the small sample size and the small
number of CPM non-responders (n=3) in both days limit-
ing interpretation of the results. Moreover, the relatively
low ICC values for the pain intensity experienced during
the cold water immersion could influence the reliability of
the subsequent CPM response.

This explorative analysis is the first to investigate the
numbers of CPM responders versus non-responders using
test stimulus SEM as classifier between different days for 10
different CPM protocols. In combination with the previously
described between-days test-retest reliability ICC values for
the CPM protocols under study [5], these results suggest that
considerable intra-individual difference in CPM between
days exists. The discrepancies in individual CPM responses
between days can be caused by adaptation or expectation
effects [14]. Moreover, the variability could also be caused
by natural physiological variability, variability from the
assessment techniques, or variability introduced by the
experimenter, although this would potentially be reduced
with standardized computer-controlled techniques.
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Table 3: Crosstabulations of the CPM responders and non-responders at day 1 and day 2 assessed with cold pressor test in combination

with five different pain test stimuli.

CPM responders day 2

Yes No

A. Electrical pain threshold as test stimulus (EPT)
Cohen’s kappa coefficient:
[k=0.08 (95% Cl, —0.31 to 0.46), p=0.70]
% agreement (yes or no on both days): 53.8%
CPM responders day 1
Yes
No
B. Heat pain threshold as test stimulus (HPT)
Cohen’s kappa coefficient:
[k=0.31(95% Cl, —0.05 to 0.66), p=0.11]
% agreement (yes or no on both days): 65.4%
CPM responders day 1
Yes
No
C. Manual pressure pain threshold as test stimulus (PPT)
Cohen’s kappa coefficient:
[Kk=0.28 (95% Cl, —0.13 t0 0.69), p=0.15]
% agreement (yes or no on both days): 73.1%
CPM responders day 1
Yes
No
D. Computer-controlled pressure pain threshold as test stimulus (cPPT)
Cohen’s kappa coefficient:
[Kk=0.09 (95% Cl, —0.27 t0 0.46), p=0.62]
% agreement (yes or no on both days): 53.8%
CPM responders day 1
Yes
No
E. Computer-controlled pressure pain tolerance as test stimulus (cPTT)
Cohen’s kappa coefficient:
[Kk=0.26 (95% Cl, —0.11 t0 0.63), p=0.17]
% agreement (yes or no on both days): 65.4%
CPM responders day 1
Yes
No

10 6

16 4

5 3
12

Responders and non-responders are classified based on the standard error of measurement (SEM) for two repetitive test stimulus assessments
without conditioning. Responders are defined as an increase in the test stimulus during the conditioning stimulus larger than the test stimulus
before the conditioning stimulus plus 1 SEM. PPT=pressure pain threshold assessed with manual algometry; cPPT=pressure pain threshold
assessed with computer-controlled cuff-algometry; cPTT=pressure pain tolerance assessed with computer-controlled cuff-algometry.

On a group level, no significant differences in magni-
tude of CPM responses between day 1 and day 2 were found
suggesting no systematic group bias in CPM between days.

In patients with chronic pain, several studies have
demonstrated impaired CPM compared with asympto-
matic controls [1], however the frequency and agreement
of CPM responders considering measurement error of the
test stimuli between different days in patients with pain is
currently unknown.

Strict standardization procedures and reduced bias
induced by the person assessing pain sensitivity e.g.

via computer-controlled assessment methodology may
reduce the intra-individual variation of CPM protocols.

4.1 Implications

These results clearly indicate that choice of protocol used
to assess CPM has an influence on the number of subjects
who demonstrate hypoalgesia and on how reliable this
response is when tested on different days. These findings
may suggest that different pain inhibitory systems are
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Table 4: Crosstabulations of the CPM responders and non-responders at day 1 and day 2 assessed with tourniquet cuff in combination with

five different pain test stimuli.

CPM responders day 2
Yes No
A. Electrical pain threshold as test stimulus (EPT)
Cohen’s kappa coefficient:
[k=0.33(95% Cl, -0.13 t0 0.79), p=0.09]
% agreement (yes or no on both days): 80.8%
CPM responders day 1
Yes 2 2
No 3 19
B. Heat pain threshold as test stimulus (HPT)
Cohen’s kappa coefficient:
[Kk=0.235(95% Cl, -0.14 t0 0.61), p=0.15]
% agreement (yes or no on both days): 73.1%
CPM responders day 1
Yes 6
No 1 17
C. Manual pressure pain threshold as test stimulus (PPT)
Cohen’s kappa coefficient:
[Kk=0.08 (95% Cl, —0.30 to 0.46), p=0.69]
% agreement (yes or no on both days): 53.8%
CPM responders day 1
Yes 6 5
No 7 8
D. Computer-controlled pressure pain threshold as test stimulus (cPPT)
Cohen’s kappa coefficient:
[Kk=0.358 (95% Cl, 0.04 to 0.68), p=0.037]
% agreement (yes or no on both days): 69.2%
CPM responders day 1
Yes 7
No 1 13
E. Computer-controlled pressure pain tolerance as test stimulus (cPTT)
Cohen’s kappa coefficient:
[K=0.20 (95% Cl, -0.23 t0 0.62), p=0.32]
% agreement (yes or no on both days): 73.1%
CPM responders day 1
Yes 2 4
No 3 17

Responders and non-responders are classified based on the standard error of measurement (SEM) for two repetitive test stimulus assessments
without conditioning. Responders are defined as an increase in the test stimulus during the conditioning stimulus larger than the test stimulus
before the conditioning stimulus plus 1 SEM. PPT=pressure pain threshold assessed with manual algometry; cPPT=pressure pain threshold
assessed with computer-controlled cuff-algometry; cPTT=pressure pain tolerance assessed with computer-controlled cuff-algometry.

activated depending on the combination of test stimuli
(e.g. cutaneous of deeper tissue stimulation) and condi-
tioning stimuli which may trigger different mechanisms.
Further research are warranted in this area to better under-
stand potential consequences and treatment implications.

5 Conclusion

For most CPM protocols, a large proportion of subjects
were classified as CPM non-responders when the test

stimuli standard error of measurement was considered as
classifier. Considerable intra-individual difference exists
between different days, and the agreements in classifica-
tion of CPM responders versus non-responders were in
general poor. The most reliable paradigm was computer-
controlled pressure pain threshold as test stimulus and
tourniquet cuff as conditioning stimulus. However while
computer controlled pressure pain threshold test stimulus
and tourniquet cuff had the greatest degree of agreement
of classification of CPM responders and non-responders
across days, this protocol also failed to induce a CPM

Brought to you by | Aalborg University Library
Authenticated
Download Date | 10/17/18 11:43 AM



736

Table 5: Absolute and relative between-day test-retest reliability for CPM assessed with cold pressor test and tourniquet cuff in combination with five different pain test stimuli.

Standard

p-Value

Relative difference in CPM response

Mean+SD (95% CI)

Absolute difference in CPM

CPM response Day 2
Mean +SD (95% Cl)

CPM response Day 1
Mean +SD (95% Cl)

Test

Conditioned

stimulus

error of

measurement

response

stimulus

Vaegter et al.:

Mean+SD (95% Cl)

0.82
1.04

0.68
0.14
0.24
0.37

0.

57.98+369.00 (-91.06 to 207.03)

0.1+1.16 (-0.38 t0 0.57)

0.73+£0.72(0.44-1.02)
1.11+0.92(0.74-1.48)
1234101 (83-164)

0.83+0.99(0.43-1.23)
1.55+1.26 (1.04-2.06)
153+141(96-210)

Electrical

Heat
PPT

Cold pressor test

132.92+£474.04 (-58.55 t0 324.39)

13+284(-102to 128)

0.44+1.48 (-0.15t0 1.04)

30+124(-21t079)

88
5.13
4.95
0.69
0.89

Within-subject CPM reliability

135.23+£246.61 (35.62-234.83)

1.30+7.25(-1.63 t0 4.23)
-2.38+7.00 (-5.20 to 0.45)

-0.22+0.97 (-0.61t0 0.17)
0.42+1.27 (-0.09 t0 0.93)

1+135(-54to 55)

4.12+6.53(1.48-6.75)
5.08£5.91 (2.69-7.46)

5.42+7.22(2.50-8.33)

cPPT
cPTT

10

-149.69+774.68 (-462.59 to 163.21)
-51.71+493.87 (-251.19 to 147.77)

10.37+133.18 (-43.42 t0 64.16)

118+313 (-8to 245)

2.70£8.04 (-0.55 to 5.95)

0.26

0.25%0.61 (0.001-0.49)

0.026+0.84 (-0.31 t0 0.37)
0.41+1.29(-0.11t0 0.93)

76+111(31-121)

Electrical
Heat
PPT

Tourniquet cuff

0.10
0.98
0.09

0.75

-0.01+1.19 (-0.49 t0 0.47)

75+80 (43-108)

95
3.44
5.43

3.52+£254.92 (-99.44 t0 106.49)

1.68+4.86 (-0.29 to 3.64)
0.49+7.68(-2.61t0 3.59)

1.59+4.35(-0.19 to 3.31)
1.59+6.41(-1.0to 4.18)

3.24+5.58 (0.99-5.49)

cPPT
cPTT

111.10+465.87 (-77.06 t0 299.27)

2.08+5.23 (-0.03 to 4.20)

pressure pain

pressure pain threshold assessed with manual algometry; cPPT=

CPM calculated as absolute difference between test stimuli with and without conditioning stimuli; PPT

threshold assessed with computer-controlled cuff-algometry; cPTT

pressure pain tolerance assessed with computer-controlled cuff-algometry.

DE GRUYTER

response in more than half the sample. In contrast, the
combination of PPT and cold water immersion was more
effective in inducing a CPM effect however it was inconsist-
ent in doing so. Further exploration of the two paradigms
and classification of responders and non-responders in
a larger heterogeneous sample also including women
would further inform the clinical usefulness of these CPM
protocols. Future research in this area may be an impor-
tant step towards using CPM as a mechanistic marker in
diagnosis and in developing individualized pain manage-
ment regimes.
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