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Abstract

Background and aims: Conditioned Pain Modulation
(CPM) is a measure of pain inhibition-facilitation in
humans that may elucidate pain mechanisms and poten-
tially serve as a diagnostic test. In laboratory settings, the
difference between two pain measures [painful test stimu-
lus (TS) without and with the conditioning stimulus (CS)
application] reflects the CPM magnitude. Before the CPM
test can be used as a diagnostic tool, its reliability on the
same day (intra-session) and across multiple days (inter-
session) needs to be known. Furthermore, it is impor-
tant to determine the most reliable anatomical sites for
both the TS and the CS. This study aimed to measure the
intra-session and inter-session reliability of the CPM test
paradigm in healthy subjects with the TS (pressure pain
threshold-PPT) applied to three test sites: the face, hand,
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and dorsum of the foot, and the CS (cold pressor test-CPT)
applied to the contralateral hand.

Methods: Sixty healthy participants aged 18-65 were
tested by the same examiner on 3 separate days, with an
interval of 2-7 days. On each day, testing was comprised of
two identical experimental sessions in which the PPT test
was performed on each of the three dominant anatomi-
cal sites in randomized order followed by the CPM test
(repeating the PPT with CPT on the non-dominant hand).
CPM magnitude was calculated as the percent change in
PPT. The Intraclass Correlation Coefficient (ICC), Coeffi-
cient of Variation (CV), and Bland-Altman analyses were
used to assess reliability.

Results: PPT relative reliability ranged from good to excel-
lent at all three sites; the hand showed an intra-session ICC
of 0.90 (0.84, 0.94) before CPT and ICC of 0.89 (0.83, 0.92)
during CPT. The PPT absolute reliability was also high,
showing a low bias and small variability when performed
on all three sites; for example, CV of the hand intra-session
was 8.0 before CPT and 8.1 during CPT. The relative reli-
ability of the CPM test, although only fair, was most reli-
able when performed during the intra-session visits on
the hand; ICC of 0.57 (0.37, 0.71) vs. 0.20 (0.03, 0.39) for the
face, and 0.22 (0.01, 0.46) for the foot. The inter-session
reliability was lower in all three anatomical sites, with the
best reliability on the hand with an ICC of 0.40 (0.23, 0.55).
The pattern of absolute reliability of CPM was similar to the
relative reliability findings, with the reliability best on the
hand, showing lower intra-session and inter-session varia-
bility (CV%=43.5 and 51.5, vs. 70.1 and 73.1 for the face, and
75.9 and 78.9 for the foot). The CPM test was more reliable in
women than in men, and in older vs. younger participants.
Discussion: The CPM test was most reliable when the TS
was applied to the dominant hand and CS performed on
the contralateral hand. These data indicate that using the
CS and TS in the same but contralateral dermatome in
CPM testing may create the most reliable results.

Keywords: pain assessment; pain measurement; condi-
tioned pain modulation; experimental pain; reliability;
test-retest.

© 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 psychophysical
phenomenon that describes endogenous pain modulation
pathways in humans [1, 2]. It is a surrogate measure for the
net effect of pain inhibitory and facilitatory mechanisms
in the descending pain control system. In laboratory set-
tings, the difference between two pain measures [painful
test stimulus (TS) without and with the conditioning stim-
ulus (CS) application] reflects the CPM magnitude [2]. The
reduction of TS pain with the CS application is a sign of
efficient CPM in healthy individuals [3]. In chronic pain
populations, pain inhibition shown via CPM has been
found to be deficient [3].

A clinical CPM test could be useful because patients
with impaired endogenous pain systems may benefit from
pharmacological agents or other methods that augment
CPM [4, 5]. In addition, CPM efficiency may be a prognos-
tic factor in chronic pain [4, 6-10]. Thus, a clinical CPM
test may be possibly utilized as a clinical diagnostic test of
pain inhibition efficiency in developing a more personal-
ized pain medicine approach for chronic pain populations
[4]; for example, temporomandibular disorders (TMD),
irritable bowel syndrome (IBS), or fibromyalgia [11]. It is
critical to optimize the test’s reliability before it is used in
the clinic [12].

Despite multiple investigations conducted on the reli-
ability of CPM, results have varied greatly, ranging from
excellent [13], to poor reliability [14]. In an attempt to
improve the CPM test reliability, studies have investigated
different modalities such as different TS and CS [8, 9].
Intervals between the tests have ranged from 15-min to
10 months [14, 15], and sample sizes from 12 and 230 sub-
jects, including healthy subjects and chronic pain patients
[16, 17]. The most common TS used was the PPT test [13,
14, 16, 18-24], and the most common CS used was the CPT
test [13, 14, 16-18, 22, 23, 25-28]. Most studies applied the
TS on the upper and lower extremities, with the CS on the
hand [13-20, 22, 25-30].

Numerous factors affect CPM effect and also CPM test
reliability, including the anatomical site of the TS and CS. In
particular, extrasegmental nociceptive stimulation effect
on pain modulation depends on the site of application
[31-33]. Previous CPM reliability protocols examined multi-
ple anatomical sites [14, 16, 21-24, 30], but showed limita-
tions in identifying which sites show the highest reliability.
The limitations included: small sample sizes, tested sites
were in the same dermatome, findings were not reported
by site, some used unstandardized protocols, and others
tested only subgroups. Thus, there is a strong need to
further investigate which anatomical test and conditioning
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sites are most reliable in CPM. Studies have shown that
CPM may be influenced by demographic factors such as
age [34, 35] and gender [36-40]. It has been suggested that
the CPM test is more reliable in women [17, 18], while the
effect of age on CPM reliability remains unclear.

The overall aim of this study was to determine if
intra-session and inter-session reliability of CPM varied
according to anatomical test sites (face, hand, and foot) in
healthy subjects. Furthermore, the intra-session and inter-
session reliability of the CPM test paradigm were stratified
by age and gender.

2 Methods

All tests were conducted by the same examiner (R.N.) who
is a dentist-scientist trained in pain assessment. The inves-
tigation was conducted at the Department of Oral Medicine,
University of Washington (UW) over 18 months, between
November 2014 and April 2016. It was approved by the UW
Institutional Review Board, and informed consent was
obtained from each participant. This study is classified as
a research reliability study, which does not fit any particu-
lar reporting checklist, to our knowledge. Therefore, three
checklists were used to standardize the reporting of the
study: the Quality Appraisal for Reliability Studies (QAREL)
checklist, the Strengthening of the Reporting of Observa-
tional Studies in Epidemiology (STROBE) statement, and
the Guidelines for Reporting Reliability and Agreement
Studies (GRRAS) checklist. The QAREL 11-item checklist is an
appraisal tool that evaluates the quality of studies of diag-
nostic reliability [41]. Our study met seven of the items, did
not meet three items related to blinding, and one item was
not applicable. The STROBE statement is a 22-item check-
list of information that should be included in a cohort study
[42]. Our study included 15 of the items, and the other seven
were not applicable. The GRRAS 15-item checklist is a set of
guidelines that are broadly useful and applicable to the vast
majority of diagnostic studies. This study met all 15-items
of the checklist [43]. The study outcomes were the overall,
intra-session and inter-session reliability — both relative and
absolute — of the CPM test among the three tested sites.

2.1 Design
2.1.1 Participants

Sixty-one healthy women and men (age-range 18—65 years)
who gave informed consent were recruited for this study.
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Exclusion criteria were: history of chronic pain, intake
of serotonin and norepinephrine reuptake inhibitors
(SNRIs), current spontaneous pain or injuries in the lower,
upper limbs or face, an inability to stop analgesic use for
24-h before their visit, pregnancy, current or previous
major medical conditions such as severe heart disease or
respiratory diseases, or a psychiatric condition. Potential
participants, who expressed interest or contacted a study
team member in response to the flyer or study handout,
were recruited using a standard script over the phone or in
person. They were instructed to stop any analgesic medi-
cation and not to smoke cigarettes for 24-h prior to their
scheduled visits. Participants were paid $150 as compen-
sation for completing all three visits.

2.1.2 Set-up

Participants were evaluated during three visits with an
interval of 2-7 days between each visit. All visits were
conducted in the same clinic, by the same examiner, at
the same time of the day for each participant. Partici-
pants were seated in a quiet clinic room. The examiner
explained the experiment to them at the beginning of the
first visit, and before each session, using a standardized
set of instructions. Each visit consisted of two identical
experimental sessions, with a 15-min break in between.
Both PPT and CPM tests were performed in every session
(Fig. 1). The recommended “pain inhibits pain” paradigm
to assess CPM was adopted in this study [2, 44, 45], using

One visit:
15-min
Session 1 »[ Session 2: Identical to session 1
PPT test: CPM test:

PPT --- PPT --- PPT
20-s  20-s

l 5-8 min

PPT --- PPT --- PPT
20-s  20-s

l 5-8 min

PPT --- PPT --- PPT
20-s  20-s

CPT + PPT ---CPT + PPT--- CPT + PPT
20-s 20-s

CPT + PPT---CPT + PPT--- CPT + PPT
20-s 20-s

CPT + PPT ---CPT + PPT--- CPT + PPT
20-s 20-s

Fig. 1: Study flow chart: H=hand; F=foot; M=masseter (side of
the face); PPT=pressure pain threshold; CPT=cold pressor test;
CPM=conditioned pain modulation. The order of testing of the
three sites assigned for each visit was counterbalanced in a random
fashion for each participant.
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the pressure pain threshold (PPT) as a TS and the cold
pressor test (CPT) as CS [46]. A training session for both
tests was performed on the hand at the beginning of the
first visit, before starting the experiment, until the partici-
pants were familiar with the testing procedures. The PPT
test was performed at three dominant-side (determined
by handedness) sites: masseter muscle below zygomatic
arch (referred to as the side of the face), the middle of the
thenar eminence (referred to as the hand), and the middle
of extensor digitorum brevis muscle at the dorsum of the
foot (referred to as the foot), while the non-dominant
hand was used for the CPM test (Fig. 2). The PPT test was
performed three times at a given site, followed by the CPM
test (PPT + CPT); then tests were performed on the next
anatomical site, thereby allowing additional time between
tests. There was a minimum of a 5-min up to 8-min break
between sites until subjects reported the cold sensation
to have completely faded away. One session served as an
intra-subject control, where lukewarm water (26.6 °C) was
used as a CS instead of CPT. This session was randomly
assigned using a list of test session sequences that coun-
terbalanced for session’s order by test type (control vs.
experimental) and test site.

2.1.3 Tests

2.1.3.1 Pressure pain threshold test — PPT (TS)

PPT was induced using the handheld Somedic Pressure
Algometer with a circular 2 cm silicon rubber tip (probe),
which can create a force from 0 to 1,000 kPa. The probe

Dominant side: PPT

Side of the face
(masseter muscle)

Non-dominant side: CPT

Hand
(immersed up to the wrist)

Hand
(thenar eminence)

Foot
(dorsum of the foot)

Fig. 2: Tested sites: the anatomical test sites and contralateral
conditioning site.
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was applied with a constant application rate of 30 kPa/s.
The PPT test was performed with three applications of the
algometer on a given site. A small template was used to
avoid the spatial overlap of the three assessments. The
pressure was increased until the participant pressed a
trigger button indicating that the pressure was perceived
as painful, at which point pressure was released, and the
readout was recorded (PPT defined in units of pressure-
kPa). Thresholds were computed as the average of the
three measures taken 20-s apart. The algometer was cali-
brated before each experimental session.

2.1.3.2 Conditioned pain modulation test - CPM
(PPT+CPT)

Participants were directed to immerse their non-dominant
hand in a 5 °C cold water bath up to the wrist. In line with
previous protocols [28, 45], they were asked to report their
non-dominant hand pain level when it reached 7 out of 10
according to a numerical pain scale (NPS) — where 0 is no
pain and 10 is severe pain. Once they reached 7/10 level of
pain on a numerical pain scale, the PPT test was repeated
in the same fashion as was done before the CPT, with three
assessments, each with a 20-s interval break. While the
nondominant hand remained in the cold water during the
CPM test, participants were instructed to remove it from
the cold water during the 20-s pause of the PPT. A ther-
mometer was used to monitor the water bath temperature,
and ice was added as needed to keep it at the desired level.

2.2 Statistical analysis

Descriptive statistics were used to summarize demo-
graphic data. All data are presented as means with
standard deviations (SD) or frequencies and percentages.
The CPM effect was reported as the percent of change in the
average (Avg.) of the three PPT value during CPT and before
CPT, which describes the efficacy of pain inhibition. A posi-
tive value indicates an increase in threshold, while a nega-
tive value indicates a decrease in the threshold:

(Avg. of the 3 PPT during CPT — Avg. of the 3 PPT before CPT) x100
Avg. of the 3 PPT before CPT

CPM =

The absolute reliability was assessed with the stand-
ard error of measurement (SEM), the smallest detect-
able change (SDC), the coefficient of variation (CV) and
Bland-Altman analyses, while the intraclass correlation
coefficient (ICC) was used to measure the relative reli-
ability; these are all commonly used measures for reli-
ability assessment with continuous data [27, 28, 47, 48].
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The SEM was calculated as the standard deviation of the
difference divided by the square root of 2, and is consid-
ered to be a parameter for the amount of measurement
error present in an instrument. The SEM can be used
to provide a range around the observed value within
which the true, theoretical value, lies. The related abso-
lute reliability value, SDC, or the change in an instru-
ments score beyond measurement error, is calculated
as the 1.96 times the square root of 2, times the SEM for
an individual, and these SDC values then divided by the
square root of the sample size for the SDC of the group.
The ICC represents the measurement error relative to the
heterogeneity of the subjects [49]. The ICC parameter
ranges from O to 1, with values closest to 1indicating the
highest reproducibility. An ICC less than 0.4 was con-
sidered poor agreement; 0.4-0.59, fair agreement; 0.6—
0.75, good agreement; and greater than 0.75, excellent
agreement [50]. The ICC was calculated using variance
components estimated from a two-factor random effects
model, with a person as one factor and visit nested
within-person as the other. Variance components were
estimated using REML (restricted maximum likelihood),
and bootstrap 95% confidence interval for the ICC were
constructed based on 10,000 bootstrap simulations [51].
The bootstrap method was also used to construct 95%
confidence intervals for the difference in ICC between
the three anatomical sites [52]. The CV represents the
within-subject standard deviation (i.e. the standard
deviation of repeated measures over the same subject)
expressed as a percentage of the subjects’ average
threshold/rating [28, 47, 53]. The within-subject stand-
ard deviation was estimated by the square root of the
mean square error from the two-factor random effects
model and then divided by the mean of the outcome
being evaluated to compute the CV (and expressed as
a percentage). The CV shows the extent of variability in
relation to the mean of a given population. The higher
the CV, the greater the dispersion in the variable relative
the mean.

Bland-Altman analysis, a measure of absolute reliabil-
ity, is based on the evaluation of the average vs. the differ-
ence of two given measurements, from which the limits
of agreement (LoA) can be derived around the average
difference (bias). This method of Altman and Bland [54]
was used to compute the LoA. The LoA delimits the range
within which 95% of the differences between thresholds/
ratings in two sessions may be expected to lie, which can
be interpreted as the maximum difference that can be
expected due to measurement error. Testing if the bias was
equal to zero was performed using linear regression and
generalized estimating equations with robust standard
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errors to account for the multiple pairs of observations per
subject [55], and p <0.05 was considered significant.

Data from visits that included a control session
were excluded from the reliability calculations. We plan
to publish the control session data in a different manu-
script, as they are outside the aims of this paper, and had
a minimal effect on the present results. The intra-session
and inter-session reliabilities were calculated based on
all subjects, and by gender and age. In addition, intra-
session reliability was calculated separately for each visit
and inter-session reliability for each visit combination.
Statistical analyses were conducted using R statistical
software, version 3.5.0 [56].

2.3 Sample size

Both Morrow et al. and Olds et al. recommend that
“The analysis of the reliability of a test should not be
approached as a typical hypothesis-testing problem; as
such, significance levels and statistical power are not a
primary concern for sample size considerations” [57, 58].
Sample size estimation was based on two parameters:
the randomized order of the tested sites, and adequate
size for precise estimation of reliability measures.
In addition, the inclusion of the analyses into four
age-gender groups increased the required size of our
sample. A sample size of 60 participants, each tested
in three visits, generated a total of 180 visits. To avoid
potential bias, all possible orders of testing of the three
sites assigned for each visit were counterbalanced. The
evaluation of three sites in each session created six pos-
sible orders for each visit: side of the face (masseter)
(M), hand (H), foot (F) or MHF, then MFH, FMH, FHM,
HFM, and HMF. These six combinations were then ran-
domly assigned to each of the 180 visits; resulting in
30 sessions of each order. Of the total six sessions (i.e.
three visits) for each subject, the CS in one of the ses-
sions was lukewarm water instead of the CPT. At each
visit, the three anatomical sites were tested in the same
order in both sessions for a given participant.

3 Results

3.1 Demographics

Sixty-one healthy participants were recruited. One subject
did not complete the third visit, therefore data collected from
60 subjects were included in the analysis; 38 women (age
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Table 1: Characteristics of the study population.

Description Women Men
n=38 n=22
Age (mean = SD) year 37.6+15.1 34.2+14.7
Race, n (%)
White 15 (39.5) 10 (45.5)
Asian 10 (26.3) 10 (45.5)
Black 5(13.1) 2(9.1)
Native Hawaiian 1(2.6) 0(0)
N/A 4(10.7) 0(0)
Others/more than 1 race 3(7.8) 0(0)
Ethnicity, n (%)
Non-hispanic 35(92.1) 20(91)
Hispanic 3(7.8) 1(4.5)
N/A 0(0) 1 (4.5)
Level of education, n (%)
High school or less 2(5.3) 3(13.6)
Some college or more 36 (94.7) 19 (86.4)

376+15.1 years) and 22 men (age 34.2+14.7 years) (Table 1).
The mean number of days between the 1st and 2nd visit was
3.5+1.4 days, and 3.1+2.8 between the 2nd and 3rd visit.
The mean session duration was 22+4.6 min, and one visit
(which included two sessions separated by a 15-min break)
lasted an average of 62.4+9.2 min. All participants reported
that they reached a conditioning pain intensity of 7/10 on
NPS before the PPT application to the tested site. The mean
water bath temperature during the CPT was 5.2+ 0.05 °C.

3.2 Detection of PPT and CPM effect

The PPT was recorded at all three tested anatomical sites
in all three visits for each participant, regardless of the CPT
application. All PPT values are presented as mean+SD
of three PPT readings before and during CPT applica-
tion in Table 2. The foot showed the highest-pressure
pain threshold, particularly during the CPT application
(585.4+199.7 kPa), followed by the hand, then the side of
the face.

The CPM effect was induced at all three tested ana-
tomical sites in all three visits for each participant, with
no significant differences among all sites. The CPM magni-
tude is presented as the mean + SD of the percent of change
between the PPT value during and before CS application.
Data from all CPT sessions were pooled and used for anal-
ysis (Table 3), and additional data of the CPM magnitude
by each session is reported in Table S1. The highest mean
CPM magnitude for all subjects was detected on the hand
(23.0£21.6) (p=0.34), followed by the side of the face
(19.2+21.3) (p=0.19), and the foot (19.1+23.1) (p=0.075),
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Table 2: Pressure pain threshold (PPT) (TS) before (baseline) and during CPT application: relative and absolute reliability by anatomical test site.

Absolute reliability of PPT

Relative reliability 1CC* (95% CI®)

PPT standard
deviation (SD)

Session
type

PPT meantSD
during (kPa)

PPT meantSD

before (kPa)

Test

SEMe

Bias p-value

cvd

Bland-Altman analysis bias (lower LoA -

site

upper LoA)

PPT  PPT  PPT  PPT  PPT

PPT
before during before during before during

PPT during

PPT before

PPT during

PPT before

PPT

PPT
before during

22.2 25.9

0.54
0.14

9.1 0.013

9.1

3.1(-98.8,105)

-10.6 (-95.7, 74.5)
-0.8(-107.9, 106.2)

0.84(0.77,0.91)
0.76 (0.66, 0.82)

36.7 0.85(0.77,0.91)
45.4  0.77 (0.66, 0.84)

31.5

287.2+91.23 Intrasession

243.4+80.51

Side

32.1

28.2

11.3 0.891

11.6

9.8(-112,132)

9.8

3

Intersession

of the
face

0.099 34.8 42.1
0.963

0.069
0.628

8.1 0.065

8.0

12.2(-152,176.)
-0.6 (222, 220.5)

0.89(0.83,0.92) 11.4(-123.9, 146.7)

59.5 0.90(0.84,0.94)
79.0 0.84(0.74,0.89)
36.7 0.84(0.75,0.88)
45.4 0.73(0.58,0.83)

9.3

3.8
67.0
8

4
6

Intrasession

522.6+176.63

432.7+153.75

Hand

55.9

10.7 0.296 45.1
0.011

10.4

0.81(0.71,0.86) -10.1(-186.6, 166.4)
0.86(0.78,0.90) -22.0(-203.5, 159.5)
0.71(0.56,0.82) -14.2(-247.1,218.8)

Intersession

54.8

47.4

9.4

9.5
2.1

18.6 (-194, 231)
-8.4(-309, 292)

550.9+166.62 585.4+199.73 Intrasession

Foot

77.5

60.5

0.271

13.2

1

5.5

Intersession

2ICC, intraclass correlation coefficient.

bCl, confidence interval.

“Bias, mean difference; lower LoA — upper LoA, limits of agreement (lower boundary, upper boundary).

dCV, coefficient of variation, (CPM standard deviation by session type/\/E/mean CPMx100%.

SD of difference/\/i.

eSEM, standard error of measurement
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with no significant difference across all three sites (Table 3).
Overall, the mean of the magnitude of CPM of all three sites
in the CPT session was (20.9£2.5).

3.3 CPM and PPT reliability
3.3.1 PPT reliability

3.3.1.1 Relative reliability

Intraclass correlations (ICC) values were calculated to
examine the relative reliability of the PPT with 95% CI.
All ICC values were consistently high when the PPT test
was performed on all three sites either before or during
the application of the CPT. The intra-session and inter-
session reliability ranged from good to excellent, and the
hand was slightly superior to the other two sites specifi-
cally; the intra-session reliability before the CPT applica-
tion was ICC=0.90 (Table 2).

3.3.1.2 Absolute reliability

The PPT consistently showed low intra-session and inter-
session variability (lower CV%) when performed on all
three sites, either before or during the CPT application. In
line with the relative reliability findings, the intra-session
reliability was the highest (lowest CV) before and during
the CPT (CV=8.0 and 8.1), respectively, when the PPT was
performed on the hand followed by the foot and the side
of the face (Table 2). The Bland-Altman analysis of the PPT
difference between visits showed an average near zero
(with 95% confidence intervals) for all three sites, indicat-
ing low bias and high agreement.

3.3.2 CPM reliability

3.3.2.1 Relative reliability

The ICC values were consistently higher when the CPM
test was performed on the hand than the foot and the
side of the face (Tables 3-5). The overall intra-session and
inter-session reliability were fair when performed on the
hand, ICC=0.57 and 0.40, respectively, and poor when
performed on the foot (0.22 and 0.15) and the side of the
face (0.20 and 0.13) (Table 3).

The CPM test continued to show higher reliability
when performed on the hand in both age groups, with fair
intra-session reliability in the younger group, ICC=0.53,
but poor inter-session reliability, ICC=0.30; good intra-
session reliability in the older group ICC=0.60, and fair
inter-session reliability, ICC=0.46 (Table 4).
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Table 3: Conditioned pain modulation (CPM) test magnitude, and relative and absolute reliability by anatomical test site.

Test site CPM  Session CPM standard Relative Absolute reliability of CPM
mean%+SD  type deviation (SD)  reliability of CPM, Bland-Altman analysis bias P Bias  SEM®
1CC? (95% CIY)
(lower LoA — upper LoA): p-value

Side of 19.2+21.3  Intrasession 19.0 0.20(0.03, 0.39) 7.3 (-43.6, 58.4) 70.1 0.002 13.5
the face Intersession 19.8 0.13(0.00, 0.29) 6.7 (-45.1,58.5) 73.1 0.008 14.0
Hand 23.0+21.6 Intrasession 14.1 0.57(0.37,0.71) -0.1(-39.4,39.3) 43,5 0.976 10.0
Intersession 16.8 0.40 (0.23, 0.55) 3.9 (-42.4, 50.2) 51.5 0.104 11.8

Foot 19.1+23.1 Intrasession 20.5 0.22(0.01, 0.46) 8.8 (-45.3, 63.1) 75.9 0.001 14.5
Intersession 21.3 0.15(0.00, 0.32) 2.0(-57.7,61.7) 78.9 0.475 15.0

2|CC, intraclass correlation coefficient.

°Cl, confidence interval.

‘Bias, mean difference; lower LoA — upper LoA, limits of agreement (lower boundary, upper boundary).
4CV, coefficient of variation, (CPM standard deviation by session type/ﬁ)/mean CPM x100%.

eSEM, standard error of measurement=SD of difference/x/i.

Table 4: Conditioned pain modulation (CPM) test magnitude, and relative and absolute reliability by anatomical test site stratified by

gender and age.

Test site CPM  Session CPM standard Relative Absolute reliability of CPM
mean%+SD type deviation (SD) reliability of CPM, Bland-Altman v Bias SEM®
1CC (95% CI°) .
analysis Bias (lower p-value
LoA - upper LoA)"
Age group 18-30 (n=27)
Side of the face 22.7+21.4 Intrasession 21.4 0.00 (0.00, 0.20) 12.3(-44.3,68.9) 66.8 0.002  15.2
Intersession 21.4 0.00 (0.00, 0.17) 5.5(-50.3,61.4) 66.8 0.142  15.2
Hand 25.0+19.6 Intrasession 13.5 0.53(0.21, 0.76) 1.1(-36.5, 38.7) 38.1 0.694 9.5
Intersession 16.5 0.30(0.12, 0.45) 7.0 (-35.4, 49.4) 46.6 0.038 11.6
Foot 20.7+£19.4 Intrasession 19.2 0.02 (0.00, 0.31) 9.8(-40.2,59.9) 65.5 0.003 13.6
Intersession 19.3 0.01 (0.00, 0.13) 1.8 (-51.5, 55.0) 66.0 0.638 13.7
Age group 31-65 (n=33)
Side of the face 16.3+£20.7 Intrasession 16.2 039(0.11, 0.60) 3.4(-41.4,48.2) 70.2 0.245 11.5
Intersession 18.6 0.20 (0.00, 0.43) 7.6 (-41.0, 56.1) 80.7 0.024 13.2
Hand 21.4+23.1 Intrasession 14.7 0.60 (0.34,0.75) -1.0(-41.9, 39.9) 48.5 0.664 10.4
Intersession 17.0  0.46(0.19, 0.65) 1.3(-47.6,50.3) 56.2 0.686 12.0
Foot 17.7+25.8 Intrasession 21.4 0.31(0.02, 0.59) 8.2(-49.3, 65.9) 85.7 0.011 15.2
Intersession 22.7 0.22(0.00, 0.43) 2.2 (-62.6,67.1) 90.9 0.588 16.1
Women (n=38)
Side of the face 16.7+21.5 Intrasession 19.8 0.15 (0.00, 0.38) 6.7 (-47.0,60.4) 83.9 0.039  14.0
Intersession 20.5 0.09 (0.00, 0.29) 7.9 (-45.5,61.2) 86.9 0.014 14.5
Hand 19.54+21.9 Intrasession 13.3 0.63(0.37,0.79) -0.1(-37.3,37.1) 48.3 0.967 9.4
Intersession 17.2 0.38(0.17,0.57) 2.8 (-44.3, 50.0) 62.4 0.385 12.2
Foot 17.2+£23.7 Intrasession 21.1 0.21 (0.00, 0.45) 9.3(-47.6,66.2) 86.7 0.001  14.9
Intersession 21.1 0.21(0.00, 0.41) 0.6 (-59.2, 60.4) 86.7 0.863 14.9
Men (n=22)
Side of the face 23.5+20.2 Intrasession 17.6 0.25(0.02, 0.55) 8.5(-37.7, 54.9) 53.0 0.017 12.4
Intersession 18.6  0.16(0.00, 0.37) 4.6 (-44.7,53.8) 55.9 0.259 13.1
Hand 29.0+19.9 Intrasession 15.4 0.41(0.08, 0.64) 0.0(-43.2, 43.2) 37.6 0.995 10.9
Intersession 15.9 0.37 (0.06, 0.53) 5.9(-39.3,50.7) 38.7 0.079 11.2
Foot 22.3+£21.9 Intrasession 18.7 0.27 (0.00, 0.68) 8.1(-41.7,57.9) 59.2 0.031 13.2
Intersession 21.9 0.00 (0.00, 0.14) 4.5 (-55.3, 64.4) 69.5 0.381 15.5

3ICC, intraclass correlation coefficient.

bCl, confidence interval.

“Bias, mean difference; lower LoA — upper LoA, limits of agreement (lower boundary, upper boundary).
¢V, coefficient of variation, (CPM standard deviation by session type/\/E/mean CPM x100%
¢SEM, standard error or measurement=SD of difference/\/g.
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By gender, the intra-session reliability was good,
ICC=0.63, and inter-session reliability was poor,
ICC=0.38 when performed on the hand in women (n=38)
(Table 4). Men (n=22) showed fair intra-session, ICC=0.41,
and poor inter-session reliability, ICC=0.37, when it was
performed on the hand. Both the intra-session and inter-
session reliability continued to be poor when applied to
the foot and the side of the face in both age groups and
both genders (Table 4).

By session, the CPM test continued to be most reliable
when performed on the hand, primarily at early sessions,
intra-session ICC=0.75. The highest inter-session reli-
ability occurred on the hand from the 2nd to the 3rd visit
ICC=0.66 (Table 5).

3.3.2.2 Absolute reliability
The CPT stimuli consistently evoked a smaller intra-ses-
sion and inter-session variability (lower CV%) CV=43.51

DE GRUYTER

and 51.5, respectively, when the CPM test was performed
on the hand than foot and the side of the face (Table 3).
In line with the relative reliability findings, the CPM test
showed lower intra-session and inter-session variability
when performed on the hand in both age groups, CV=38.1
and 46.6, respectively, for younger group, CV=48.5 and
56.2, respectively for the older group (Table 4), and both
genders, CV=48.3 and 62.4 for women, and CV=376
and 38.7 for men (Table 4). The test continued to be most
reliable when performed on the hand, primarily at early
sessions (2nd session), lowest intra-session variability
CV=73.1. The lowest inter-session variability occurred on
the hand from the 1st to the 2nd visit CV =44 (Table 5).
The Bland-Altman analysis in Table 3 showed the
hand demonstrating the lowest bias and range for the 95%
limits of agreement (LoA) for the intra-session reliability
[-0.1; (-394, 39.3)] and second best for the inter-session
reliability [3.9, (-42.4, 50.2)], compared to the foot (8.8
intra-session reliability and 2.0 inter-session reliability,

Table 5: Conditioned pain modulation (CPM) test magnitude, and relative and absolute reliability by anatomical test site at three different

time points.

Test site Time point CPM CPM Relative Absolute reliability of CPM
mean%+SD standard reliability of ,
deviation  CPM, ICC* (95% Bland-Altman  CV* Bias  SEM®
analysis bias p-value
(Sb) cr)
(lower LoA -
upper LoA):

Intrasession
Side of the Visit 1 23.0+£23.8 23.3 0.05 (0.00, 0.26) 12.4 (-47.9,72.8) 75.6 0.009 16.4
face Visit 2 18.1+20.5 17.9 0.24(0.00, 0.58) 5.9 (-43.0, 54.9) 70.1 0.127 12.7
Visit 3 18.3+21.5 19.9 0.14(0.01, 0.27) 3.6 (-37.2, 44.4) 77.1 0.278 14.1
Hand Visit 1 26.8+22.1 15.4 0.51(0.06, 0.75) 4.9 (-37.3,47.2) 40.8 0.136 10.9
Visit 2 20.9+£21.1 10.9 0.75(0.55, 0.85) -2.0(-32.5, 28.5) 37.1 0.417 7.7
Visit 3 21.9+£22.2 17.7 0.36 (0.23, 0.46) -3.3(-46.4,39.7) 57.2 0.334 12.6
Foot Visit 1 19.4+23.4 19.4 0.31(0.00, 0.61) 4.4 (-49.5, 58.3) 71.0 0.300 13.8
Visit 2 21.6%£25.4 24.4 0.08 (0.00, 0.50) 12.9 (-50.6, 76.3) 79.9 0.011 17.2
Visit 3 18.61+26.9 25.7 0.09 (0.00, 0.26) 9.6 (-33.6,52.7) 97.5 0.006 18.2

Intersession
Side of the Visits 1 and 2 19.0+19.4 19.4 0.00 (0.00, 0.13) 2.7 (-46.7,52.1) 72.0 0.501 13.7
face Visits 1 and 3 19.7+23.4 22.1 0.11(0.00, 0.32) 12.7 (-43.3, 68.6) 79.4 0.006 15.6
Visits 2 and 3 18.8+21.2 17.3 0.34(0.00, 0.72) 7.1(-39.2,53.3) 64.8 0.061 12.2
Hand Visits 1 and 2 21.6+15.9 13.5 0.29(0.03, 0.44) 2.8(-34.7,40.2) 44.0 0.424 9.5
Visits 1 and 3 26.4+21.6 20.6 0.10 (0.00, 0.28) 0.1 (-39.9, 40.0) 55.1 0.982 14.6
Visits 2 and 3 20.9+26.4 15.5 0.66 (0.41, 0.80) -3.2(-44.1,37.5) 52.5 0.260 11.0
Foot Visits 1 and 2 20.9+22.9 20.2 0.23(0.00, 0.39) 5.9 (-45.1, 56.8) 68.3 0.111 14.3
Visits 1 and 3 16.9+£21.2 21.2 0.00 (0.00, 0.04) 8.6 (-50.0, 67.3) 88.7 0.036 15.0
Visits 2 and 3 19.2+25.2 21.6 0.28(0.00, 0.59) 12.5(-41.0, 66.0) 79.5 0.002 15.3

2ICC, intraclass correlation coefficient.
5Cl, confidence interval.
°Bias, mean difference; lower LoA — upper LoA, limits of agreement (lower boundary, upper boundary).
dCV, coefficient of variation, (CPM standard deviation by session type/\/E)/mean CPM x100%.

¢SEM, standard error or measurement=SD of difference/\/E.
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Fig. 3: Bland-Altman plots display the mean of CPM on the x-axis, and the difference between CPM tests on the y-axis, for both intra-
session and inter-session measures for each of the anatomical sites. The mean difference in the visits (bias) is marked as the heavy dashed
line, with the line at zero for no bias; the estimated 95% limits of agreement (LoA) are shown as thin dotted lines in which 95% of the data
are expected to lie. The lower the limits, the closer the values between both measurements and the better the reliability.
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and face (7.3 intra-session reliability and 6.7 inter-session
reliability, respectively). The corresponding Bland-Altman-
plots (Fig. 3) display the relationship between the mean
of CPM on the x-axis, and the difference between CPM at
each visit on the y-axis, for both intra-session and inter-
session measures for each one of the tested anatomical
sites. In these plots, the mean difference between meas-
urements (bias) as noted above is marked as the dashed
line, and the estimated 95% limits of agreement (LoA) as
thin dashed lines in which 95% of the data are expected to
lie. The lower the limits, the closer the values between both
measurements and the better the reliability. These plots in
Fig. 3 show all the measured values distributed close to
the mean difference of zero from one session to another,
meaning there is minimal bias between measurements,
which indicates high agreement i.e. good reliability. The
lowest bias values and 95% CI were for the intra-session of
the hand (-0.1), inter-session of the foot (2.0) and inter-ses-
sion of the hand (3.9). The hand measures show a smaller
LoA and fewer large outliers than the foot and face. A few
subjects for each of the six measures (range -1 to 5) were
either above or below the 95% limit of agreement line.

As shown in Table 2, the SEM for the CPM effect of the
PPT before (34.8 kPa) and during (42.1 kPa) the CPM in the
hand intra-session group means that one can be 68% con-
fident (£1 SEM) that the “true” PPT value of a subject can
be found between 398 and 467 kPa before, and between
481 kPa and 565 kPa during the CPT. The SDC for the indi-
vidual for the CPM effect of the PPT for this same group
would be 96.2 kPa before and 116 kPa during CPM. This
would mean that the PPT from CPM would need to change
at least 116 kPa before the observed change can be consid-
ered a true change in the PPT related CPM.

4 Discussion

To our knowledge, this is the first study to specifically
compare the reliability of the CPM test paradigm among
three anatomical test sites. The CPM test was consist-
ently more reliable when the TS was performed on the
dominant hand and the CS performed on the contralateral
hand than at the side of the face or foot test sites (Table 3).

The PPT test alone showed good to excellent reliability
in all anatomical sites. This indicates that the PPT meas-
urement, by itself, is highly repeatable, but the coupling
of the PPT before and during cold pressor as calculated as
the CPM is more variable. This finding may be due to pain
modulation as a more complex psychophysical phenom-
enon, influenced by many factors. In subgroup analyses,
the test was more reliable in women than men, and more

DE GRUYTER

reliable in older than younger subjects. Also, the study
findings showed the inter-session reliability — over days
— to be consistently lower than intra-session (same day)
reliability, where the interval between tests was less than
half an hour.

Previous CPM test reliability findings have been
inconsistent, ranging from poor [13-15, 19, 22-24, 28, 30]
reported as ICC of —-0.40 [14] to excellent [14, 20] ICC of
0.85 [14]. This variation is likely due to multiple factors,
such as: (1) differences in methodological approaches,
including the type of stimuli used for CS and TS, and the
anatomical sites for both stimuli; (2) different subject pop-
ulations, e.g. healthy individuals vs. patients; (3) differ-
ent reported reliability measures, e.g. ICC vs. CV; and (4)
the possibility that human endogenous pain modulation
itself may be highly variable from day to day.

A sample size ranging between 25 and 50 participants
is usually sufficiently accurate for reliability studies [48].
This study’s findings were based on data collected from
60 healthy participants to assure an adequate number of
participants in subgroups of both genders and two age
groups.

CPM test reliability studies have examined different
protocols with time intervals between tests of 15-min to
10 months [14, 15]. The intra-session time intervals have
ranged from 2 to 60-min between sessions on the same day
[17, 21]. In line with Lewis et al., a 15-min break between ses-
sions was found to be sufficient to allow the pain system to
reestablish its baseline status [14]. A carry-over effect may
be a factor in reliability studies. Reviewing previous studies,
Cathcart et al. waited for 2-min at each location after the
previous PPT was taken, and to establish their baseline for
CPM they waited for 5 min after completion of the previous
TS assessment [21]. Imai et al. also waited for 5 min within
the same session [22]. Graven-Nielsen et al. waited for 5 min
between the baseline TS and the CS [24], and Valencia et al.
waited for 2-min [17]. In the current study, there was a break
of 5-8 min until subjects reported that the cold sensation
completely faded away before testing the next site. There-
fore, the time between tests for the present study was well
within the time intervals of previous work.

CPM testing recommendations were published in 2015
[44] while the current research was conducted beginning
in 2014. Nevertheless, the fundamentals of CPM testing
“pain inhibits pain” paradigm can be done through a
variety of protocols that usually generate similar results.
Granovsky et al., compared different paradigms and
reported higher reliability with single test stimulus proto-
col [30]. Among the different types of conditioning stimuli.
CPT was the most frequently used and one of the most effi-
cient to induce CPM. In particular, when combined with
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PPT as TS using manual algometry, it shows good test-
retest reliability [46, 59].

Previous reliability studies — which may have not com-
pared the reliability among different anatomical sites- have
provided data that may potentially explain the superiority
of the hand as shown in the present study. Graven-Nielsen
et al. showed that the highest point estimates of inter-rater
reliability occurred when both the TS and CS were in the
same body location but on opposite sides, and generally
lower when the TS and CS were in different locations [24].
Also, TS and CS (via tight cuffs) showed the highest reli-
ability while on the lower but opposite legs, versus the TS
on the right thigh and CS on the left upper arm, or when
the TS was on the right upper arm and CS on left lower
leg. In an earlier study, Oono et al. explored the reliabil-
ity among different sites where the forearm and orofacial
regions showed the smallest intra-individual and inter-
individual variability [16], specifically with the CS applied
to a close contralateral segment, compared to a distant
site, which was the leg. Taken together with these two pre-
vious studies, our work suggests that the application of the
CS to the contralateral dermatome of the TS may enhance
CPM reliability.

Another explanation of why the CPM reliability was
highest on the hand is that the concomitant CPM magni-
tude was also highest in this region (23.0%) vs. the foot
(19.1%) and side of the face (19.2%). If the CPM effect is
more robust, the variability from test to test may be less-
ened in comparison. Graven-Nielsen et al. hypothesized a
similar reason — greater CPM magnitude — greater CPM reli-
ability [24]. However, in subgroups analyses for CPM test
location by age and gender, men at the hand site showed
higher CPM magnitude than women (29% vs. 19.5%) yet
lower relative CPM intra-session and inter-session reli-
ability. Absolute reliability, however, was consistent with
the high CPM magnitude (Table 4). More work is needed
to determine why same dermatome TS-CS may have both
higher CPM magnitude and greater reliability than other
methods.

Our findings also suggest that the CPM test may lack
reliability over the 1-2-week time period, either between
visits or even between sessions, especially when per-
formed multiple times in a short time frame. Martel et al.
found the CPM test to be more stable in female patients
over a short time period (10 days) vs. months [18]. In addi-
tion, CPM has previously been shown to lack reliability and
stability over long periods of time, such as 7-10 months
[15]. Graven-Nielsen et al. showed that the TS reliability
over 1-month was high; while the CPM reliability was low
[24]. These results support the concept that CPM may be
an unstable trait in some people [27] and that numerous
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factors may contribute to the test’s lack of temporal stabil-
ity over extended periods [60].

Personal factors such as age have been known to
affect CPM efficiency in healthy individuals. The CPM was
reported to be significantly higher in younger than older
individuals[34,60, 61].Interms of CPMreliability, ourresults
showed the CPM test to be more reliable in middle-age/
older (31-65 years) than in younger (18-30 years) individu-
als. This may be related to the finding that older adults
showed less inhibition of cold stimulation [34, 62], allow-
ing older people to possibly have a less aversive pain expe-
rience and thereby allowing more precise interpretation
of that experience. Also, the foot was the least sensitive
site to pain in older adults, which may be due to lower
extremities in older adults being less sensitive to pain [63,
64], especially to a PPT test [65].

This study’s findings appear to have more important
implications for CPM testing methodology in general,
rather than clinical implications. CPM may be assessed
using different protocols fundamentally based on the
“pain inhibits pain” concept. Therefore, incorporating
others’ findings (e.g. testing the hand in this case) in addi-
tional research on CPM test reliability is needed before the
potential use of CPM as a diagnostic test. Also, the lack
of CPM test reliability in men may limit its use in clinical
settings, and the rather large SDC in PPT may limit the
overall utility of CPM use in the clinic.

The strengths of this study should be noted. First, the
larger-than-usual sample size allowed for more precise
estimation of both absolute and relative reliability and a
robust comparison between the anatomical sites. Second,
a wide age range of both women and men were tested,
increasing the potential generalizability and allowing for
intra-study comparison of age on reliability. Third, sub-
jects were blinded as to how CPM works, minimizing the
chance they could influence the outcome of the tests.

This study has limitations. All healthy subjects had
multiple tests performed within a relatively short time
period - three tests at each anatomical site without the
CS, then three more tests with the CS, followed by a short
break, and then a repeat of these tests. This was repeated
2-7 days later, and then once more after another 2-7 days.
Thus, the large number of tests completed in each subject
in a relatively short amount of time may have caused pain
adaptation [66, 67]. Other effects such as fatigue of testing,
lack of attention to the detailed instructions may all have
played a role to alter the repeatability of the findings, and
make them less generalizable. In addition, further strati-
fying each anatomical site by gender and two age groups
created smaller subgroups thereby inducing lower statis-
tical power.
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5 Conclusion

The CPM test showed superior reliability — both relative
and absolute — when the PPT (TS) was performed on the
hand and the CPT (CS) done on the contralateral hand,
when compared to the foot and face sites. Additional work
to reproduce these findings and clarify the specific role
of the anatomical site of stimuli in the reliability of CPM
appears warranted.
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