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Waning of “Conditioned Pain Modulation”: A Novel
Expression of Subtle Pronociception in Migraine

Hadas Nahman-Averbuch, MSc; Yelena Granovsky, PhD; Robert C. Coghill, PhD;
David Yarnitsky, MD, PhD; Elliot Sprecher, PhD; Irit Weissman-Fogel, PhD

Objective.—To assess the decay of the conditioned pain modulation (CPM) response along repeated applications as a
possible expression of subtle pronociception in migraine.

Background.—One of the most explored mechanisms underlying the pain modulation system is “diffuse noxious inhibitory
controls,” which is measured psychophysically in the lab by the CPM paradigm. There are contradicting reports on CPM
response in migraine, questioning whether migraineurs express pronociceptive pain modulation.

Methods.—Migraineurs (n = 26) and healthy controls (n = 35), all females, underwent 3 stimulation series, consisting of
repeated (1) “test-stimulus” (Ts) alone that was given first followed by (2) parallel CPM application (CPM-parallel), and (3)
sequential CPM application (CPM-sequential), in which the Ts is delivered during or following the conditioning-stimulus,
respectively. In all series, the Ts repeated 4 times (0-3). In the CPM series, repetition “0” consisted of the Ts-alone that was
followed by 3 repetitions of the Ts with a conditioning-stimulus application.

Results.—Although there was no difference between migraineurs and controls for the first CPM response in each series,
we found waning of CPM-parallel efficiency along the series for migraineurs (P = .005 for third vs first CPM), but not for
controls. Further, greater CPM waning in the CPM-sequential series was correlated with less reported extent of pain reduction
by episodic medication (r = 0.493, P = .028).

Conclusions.—Migraineurs have subtle deficits in endogenous pain modulation which requires a more challenging test
protocol than the commonly used single CPM. Waning of CPM response seems to reveal this pronociceptive state. The clinical
relevance of the CPM waning effect is highlighted by its association with clinical parameters of migraine.
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Abbreviations: ANCOVA analysis of covariance, ANOVA analysis of variance, COVAS computerized visual analog scale,
CPM conditioned pain modulation, Cs conditioning-stimulus, MOA migraine without aura, MWA migraine
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of variance, Ts test-stimulus

(Headache 2013;53:1104-1115)

From the Laboratory of Clinical Neurophysiology, Technion Faculty of Medicine, Haifa, Israel (H. Nahman-Averbuch, Y. Gra-
novsky, D. Yarnitsky, and E. Sprecher); Department of Neurology, Rambam Health Care Campus, Haifa, Israel (Y. Granovsky and
D. Yarnitsky); Department of Neurobiology and Anatomy, Wake Forest University School of Medicine, Winston Salem, NC, USA
(R.C. Coghill); Department of Physical Therapy Faculty of Social Welfare and Health Sciences, University of Haifa, Haifa, Israel
(I. Weissman-Fogel).

Address all correspondence to I. Weissman-Fogel, Department of Physical Therapy Faculty of Social Welfare and Health Sciences,
University of Haifa, 31905 Mount Carmel, Haifa, Israel, email: ifogel@univ.haifa.ac.il

Accepted for publication March 6, 2013.

Conflict of Interest: There are no conflicts of interest to report for any of the authors.

ISSN 0017-8748
doi: 10.1111/head.12117

Published by Wiley Periodicals, Inc.
Headache
© 2013 American Headache Society

1104



Pain inhibition during endogenous analgesia may
be elicited by several mechanisms. One of the most
explored mechanisms underlying the pain inhibitory
system is “diffuse noxious inhibitory controls,” which
is mediated by activation of a spino-bulbo-spinal
loop.1 This mechanism is based on the “pain inhibits
pain” phenomenon and can be measured psycho-
physically in the lab by the conditioned pain modula-
tion (CPM) paradigm.2 CPM is manifested as a
decrease in the perceived pain generated by a noxious
stimulus (test-stimulus; Ts) during or following appli-
cation of another noxious stimulus (conditioning-
stimulus; Cs).

There are different ways to induce CPM. The
most widely used method is one in which the Cs is
delivered in parallel with the Ts (CPM-parallel) in a
temporally overlapping fashion. Alternatively, CPM
can also be assessed during the sequential delivery of
the Cs and Ts, such that the Ts is initiated after the
termination of the Cs (CPM-sequential).3,4 However,
the CPM-sequential paradigm yields a lower CPM
response than CPM-parallel,5 suggesting that the 2
protocols represent different aspects of the CPM
process. The CPM-parallel represents the peak of
inhibitory capacity, while the CPM-sequential repre-
sents the temporal profile of this inhibitory capacity,
examining its extent during waning down from its
peak.

Patients with various pain disorders, such as
temporomandibular disorder,6-8 irritable bowel
syndrome,7,9 fibromyalgia,10-12 and tension-type head-
ache,13 exhibit less efficient CPM than healthy con-
trols. However, contradicting results exist in the
literature regarding CPM efficiency in migraine
patients. For example, migraine patients have been
reported to have marked alterations of CPM in that
they facilitate rather than inhibit the nociceptive
flexion reflex during and after using the cold pressor
test as a Cs.14 Similarly, they have been reported to
have no significant difference in laser-evoked poten-
tials, before, during, and after the use of capsaicin as a
Cs.15 In contrast, Coppola et al16 demonstrated no dif-
ference between migraine patients and healthy con-
trols in the recovery curve of the nociceptive-specific
blink reflex during an electrical Cs. Similarly, Perrotta
et al,17 using temporal summation threshold as Ts,

found a similar CPM response during and after the
Cs, in both migraine patients and healthy subjects. In
these studies that examined both males and females,
CPM was assessed in paradigms using a single appli-
cation of Cs, thus, no information is available regard-
ing the ability of migraineurs to sustain pain
inhibitory activity across repeated activations of
CPM.

In view of the contradicting results on efficiency
of CPM in migraineurs, as demonstrated for single
CPM series, our reasoning for this work was that
repeated CPM series might uncover a mild CPM dys-
function, not expressed in a single trial which might
be expressed as gradual decrease in efficacy across
series of trials. Thus, our aim was to examine the
temporal changes in the CPM efficacy along several
repetitions during 1 session, in healthy volunteers and
migraine patients, across 2 types of CPM paradigms.

METHODS
Subjects.—Twenty-nine migraine patients and 38

healthy female volunteers were enrolled in the study.
Three migraineurs and 3 healthy subjects could not
tolerate the stimuli and therefore were excluded.
Thus, 26 female migraine patients (age 35.3 � 11.6
years, mean � standard deviation; 12 without aura
(MOA) and 14 with aura (MWA)) who met the Inter-
national Headache Society criteria18 and 35 healthy
female volunteers (29.3 � 9.3 years) participated in
the study. None of the patients received any preven-
tive medication or episodic analgesic medication
within 24 hours before the testing. The tests were
performed at least 24 hours after the last migraine
attack termination. For healthy subjects, the exclusion
criteria were: acute or chronic pain, neurological or
psychiatric diseases, or use of medications related to
these fields on a regular basis, inability to communi-
cate or to understand the instructions of the study,
and inability to tolerate the stimuli. The study was
approved by the local Ethics Committee of Rambam
health care in Haifa, and informed consent was
obtained from all of subjects prior to the experiment.

Ts.—The Ts was a tonic heat pain delivered to the
lower left leg for 30 seconds at an intensity of 47.5°C.
The Ts was tested in the leg area and not in the face
because in previous studies, allodynia in the trigemi-
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nal nerve territory was found in migraine patients
in-between attacks and therefore we preferred to
choose a stimulation area that is outside the nerve
territory. In this way, the results would not be con-
taminated by the existence of allodynia. Moreover, as
we aimed to assess the central pain modulation
process, we applied the Ts on a remote body area.The
intensity of the Ts was determined based on the
results of a pilot study (data are not presented) indi-
cating that this was the optimal tolerable noxious
temperature along several stimulus repetitions.
Stimuli were delivered using the thermode
1.6 ¥ 1.6 cm2 of the Thermal Sensory Analyzer
(TSA2001, Medoc, Ramat Yishai, Israel). The tem-
perature increase and decrease rate was 5°C/second
from a baseline temperature of 32°C. The pain inten-
sity of the Ts was rated continuously during the expo-
sure to the contact heat stimuli using computerized
visual analog scale (COVAS, Medoc) ranging
between “no pain” and “worst pain imaginable,” and
later converted to a 0-100 scale. The average of the
COVAS ratings along each Ts application was taken
as the Ts pain rating.

Cs.—The Cs consisted of immersion of the right
foot into a cold water bath for 60 seconds. The water
temperature was set to 10°C using cold water and ice
cubes, and measured by a thermometer before and
immediately after each CPM series. However, as each
CPM series comprised repeated immersions of the
foot in the bath, the temperature at the end of the
series increased up to 12°C. Subjects rated the pain
intensity from the Cs after 20 and 60 seconds verbally
using numerical pain scale with same 0-100 scale. The
average of the 2 ratings was taken as the Cs pain
rating.

Psychological Questionnaires.—Anxiety level was
assessed by Spielberger’s State-Trait Anxiety Inven-
tory,19 using the validated Hebrew version.20 This
questionnaire has 2 parts, anxiety state and anxiety
trait. Each part includes 20 items and the subjects
were asked to rate their feelings about each statement
on a 4-point scale (1-4).

Pain catastrophizing level was assessed by the
Pain Catastrophizing Scale (PCS)21 using the vali-
dated Hebrew version.22 This questionnaire contains
13 items representing the 3 components of rumina-

tion, magnification, and helplessness. Subjects were
asked to complete the questionnaire and relate to
previous pain events.

Study Design.—Prior to sensory testing, subjects
completed the psychological questionnaires, rated
their tiredness level (range of 0 – not tired at all, to
100 – very tired), and reported the number of days
from their last menstrual period. In addition,
migraine patients were interviewed regarding their
clinical characteristics including frequency, duration,
and pain intensity of their headache episodes and
their regular medication routine during the last
month episodes.Then, subjects were familiarized with
the study stimuli and with pain ratings procedure.The
familiarization included delivery of 3 heat stimuli to
the lower left leg (45, 47, and 49 degrees for 5 seconds
each) and 15 seconds of the Cs.Ten-minute break was
kept between the familiarization and the experiment.

For sensory testing, all subjects underwent 3
stimulation series (1) Ts-alone – the Ts was repeated
4 times with 40 seconds break between stimuli. This
series was always given first. (2) CPM-parallel – a
single administration of Ts, followed by 3 Ts adminis-
trations simultaneously with the Cs, with Ts given
during the last 30 seconds of the 60-second-long Cs.A
break of 40 seconds was kept between each repeti-
tion. (3) CPM-sequential – single Ts followed by 3
administrations of Cs, with Ts starting 15 second after
the termination of the Cs. Similarly, a break of 40
seconds was kept between each repetition (Fig. 1).
CPM-parallel and CPM-sequential were given in a
randomized order. Each series was delivered one
time with an 8-minute interval between series.

Statistical Analysis.—Statistical analyses were per-
formed using SAS (SAS Institute, Cary, NC, USA).Ts
pain was calculated as the average of the COVAS
ratings along each 30-second stimulus. The “CPM
response” was determined as the difference between
pain rating of the Ts obtained during the CPM series
and the match pain rating of the Ts obtained in the
Ts-alone series. An efficient CPM response is repre-
sented as negative value. In addition, the difference
between the last and the first CPM responses within
each series was calculated and defined as “CPM
change” value. A reduction of the CPM response (ie,
waning effect) is represented as positive value. Pain
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diminution following episodic medication was calcu-
lated as the difference between pain rating after epi-
sodic medication and pain rating before episodic
medication. A negative value indicates greater pain
reduction following medication.

Several analysis of variance (ANOVA) or analy-
sis of covariance (ANCOVA) models were used as
appropriate, depending on whether or not covariates
were included. All of these were repeated measures
analyses, implemented as mixed models using SAS
PROC MIXED, with subject as the random factor,
appropriate nesting as required, and optimum cova-
riance structure chosen among several candidates
based on inspection of statistical information criteria
and other ANOVA diagnostics. Post-hoc Tukey–
Kramer tests were employed as appropriate.

1. To test the order or carryover effects of the CPM,
we examined the first reading in each of the 3
stimulation series (Ts-alone, CPM-parallel, and
CPM-sequential), as this reading is produced
under equivalent stimulus conditions in all 3 series.
In the first analysis, we modeled group (migraines
vs controls), the order of the series (first, second, or
third), and their interaction, using mixed-model
ANOVA. The second analysis was similar, except

that we modeled the stimulus series rather than
the order (in both cases, the Ts was always the first
one administered).

2. To evaluate the CPM responses, repeated mea-
sures ANOVA (RM-ANOVA) model was utilized
and included group (migraines vs controls), series
(CPM-parallel and CPM-sequential), and repeti-
tion (first, second, and third repetitions) as inde-
pendent variables and the interactions between
them, taking the CPM response as a dependent
variable.

3. To examine the habituation of the Ts pain ratings
in the Ts-alone series, an RM-ANOVA model
including group (migraines vs controls), repeti-
tion (4 repetitions: zero, first, second, and third),
and the interaction between them was utilized,
taking the pain rating of the Ts as a dependent
variable.

4. To assess differences in the habituation of the Cs,
an RM-ANOVA was applied including group
(migraines vs controls), series (CPM-parallel and
CPM-sequential), repetition (first, second and
third repetitions), and the interaction between
them, taking the pain ratings of the Cs during the
CPM-parallel and CPM-sequential series as a
dependent variable.

Ts 

Test-alone  

CPMp

CPMs 

40″30″

Cs 

Ts Ts Ts Ts 

Ts 

Ts 

Ts 

Ts Ts 

Ts Ts 

Cs Cs 

Cs Cs Cs 

40″

60″ 15″

30″30″

30″40″

Fig 1.—Study design. The time-course of the Ts-alone, CPM-parallel (CPMp), and CPM-sequential (CPMs) series. In order to
examine the CPM response, heat stimuli were presented alone (test-alone), concurrently (CPMp), and following (CPMs) foot
immersion into cold water. CPM = conditioned pain modulation; Cs = conditioning-stimulus; Ts = test-stimulus.
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In the last 2 tests (habituation of the Ts and the
Cs), the model residuals were not normally distrib-
uted until an arcsine-square-root transformation was
applied.

Differences in age and personality variables
between the patients and controls and within the
migraine group were examined using t-test. Pearson
correlations were conducted between clinical and
personality characteristics, and the CPM responses as
well as the CPM change value. The correlations were
corrected for multiple comparisons using the Bonfer-
roni correction. Statistical significance was defined as
P < 0.05.

RESULTS
Subjects.—Clinical characteristics of migraine

patients (MWA and MOA) are presented in Table 1.
As can be seen from the table, there was no difference
between MWA and MOA in any of the clinical mea-
sures except for the mean pain rating during migraine
attacks after taking pain relief medication therefore,
they were considered as 1 group.

Migraine patients differed from healthy subjects in
years of age (35.3 � 11.6 and 29.3 � 9.3, respectively,
P = .036) and PCS score (30.6 � 11.7 and 23.4 � 9.4,
respectively, P = .015). No significant group difference
was observed between migraine patients and healthy
subjects in the number of days from last menstrual
period (12.0 � 10.6 and 18.6 � 20.0, respectively, P =
.140), tiredness (27.0 � 24.9 and 25.8 � 18.9, respec-
tively, P = .847), state anxiety (29.1 � 5.3 and 27.7 �

6.7,respectively,P = .405),and trait anxiety (36.9 � 10.2
and 34.8 � 9.4, respectively, P = .412) scores.

CPM Responses Differ Between Migraine Patients
and Controls.—Analyses of the pain readings in
response to single administration of the Ts, in each
series, indicated that no order or carryover effects of
the CPM were present. For the first analysis, neither
the group ¥ order interaction nor the order effect
was significant (P = .5 for each of them). Also for
the second analysis, neither the group ¥ series nor
the series effect was significant (P = .4 and P = .7,
respectively). Both analyses indicate that the
“washout” delay procedure of 8 minutes interval
between series was effective.

The CPM responses of the migraine patients and
healthy subjects across time are presented in Table 2.

Table 1.—Characteristics of Migraine Patients

P value Without Aura Aura

Duration (years) .261 14.4 � 10.9 19.4 � 11.0
Time from last episode (days) .686 16.7 � 19.9 11.7 � 10.5
Mean # of episodes/month .215 5.9 � 6.6 3.3 � 1.8
Episode duration (hours, no medication taken) .972 27.3 � 31.5 26.8 � 19.7
Episode duration (hours, after medication taken) .587 1.8 � 1.3 8.7 � 12.8
Mean pain (0-100 NPS, no medication) .877 83.1 � 16.2 83.7 � 16.2
Max pain (NPS, no medication) .605 90.6 � 9.4 94.0 � 11.4
Mean pain (NPS, after medication) .011 30.7 � 22.1 57.5 � 25.7
Max pain (NPS, after medication) .529 70.0 � 25.5 75.6 � 27.9

Data are presented as mean � standard deviation. The boldfaced value is for a significant P value.
Max = maximal; NPS = numerical pain scale.

Table 2.—The CPM Responses in the CPM-Parallel and
CPM-Sequential Series in Migraine Patients and Healthy

Subjects (Mean � Standard Deviation)

Repetition Number 1 2 3

Migraine
CPM response

CPM-parallel -16.3 � 20.3 -11.2 � 17.6 -2.2 � 20.1
CPM-sequential -9.5 � 19.6 -1.2 � 12.3 -4.5 � 18.8

Healthy
CPM response

CPM-parallel -10.1 � 14.0 -10.8 � 14.9 -7.5 � 11.7
CPM-sequential -3.9 � 10.8 -9.3 � 12.8 -1.6 � 13.0

CPM = conditioned pain modulation.
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We originally ran an ANCOVA including Cs pain
rating as a covariate; however, as this covariate was
not significant, it was dropped in subsequent models.
Three outlier observations (representing <0.9%
[3/336] of the data) were identified based on inspec-
tion of the mixed-model ANOVA residuals diag-
nostics (Q-Q plots and distributions, as well as
appropriate outlier box plots) and were removed
from the analysis. There was no effect of group.
However, a triple interaction of group, series, and
repetition was demonstrated (P = .002). Post-hoc
analysis revealed a change in CPM efficiency along
the repetitions within series. For migraine patients,
the first CPM response during the CPM-parallel
series was more efficient than the third CPM response
(–16.32 � 20.3 and -2.21 � 20.1, respectively, P =
.005), while no such change was observed for the con-
trols. Thus, the CPM change values during the CPM-
parallel series and the sequential series were
significantly different in the migraine patients (P =
.039), but not in the healthy subjects (P = .857). This
suggests a waning process of the CPM response for
the migraineurs as opposed to control subjects. In
addition, a significant difference was found in the
migraine group between the second CPM responses
in CPM-parallel compared with the CPM-sequential
(–11.2 � 17.6 and -1.2 � 12.3, respectively; P = .033,
Fig. 2). The CPM response was related to the series

(P = .006) with more efficient CPM response for
CPM-parallel than CPM-sequential.

The Pain Ratings for Ts-Alone Series.—The aver-
age pain ratings of each repetition of the Ts-alone
series are depicted in Table 3. ANOVA revealed no
effect of repetition (P = .104) and no group by repeti-
tion interaction (P = .427) indicating absence of tem-
poral changes of the Ts-alone (eg, habituation or
sensitization) neither in the controls nor in the
migraine patients. However, a trend was found for
difference in pain ratings between migraineurs and
healthy subjects (P = .053), indicating that patients
might have perceived higher pain from the Ts.

Healthy Subjects Habituated to the Cs.—The pain
ratings of the Cs are depicted in Table 3.There was no
effect of group (P = .105), but a trend was found for
the series effect (P = .056), ie, higher pain ratings were
observed during CPM-parallel compared with CPM-
sequential. In addition, there was a group by repeti-
tion interaction (P = .009) such that for controls, pain
rating of the last Cs was significantly lower than the
first (P = .023) and the second Cs (P < .001). For
migraine patients, the pain rating to second Cs was
significantly higher compared with the first (P < .001)
and the third Cs (P < .001, Table 3).

Correlations Between CPM Responses and Clini-
cal as Well as Personality Characteristics.—Pain
reduction following episodic medication use was
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correlated with the CPM change value along the
CPM-sequential series (r = 0.493, P = .028, Fig. 3) and
in trend for CPM change value along the CPM-
parallel series. Thus, maintaining of CPM response is
associated with better response to episodic medica-
tions use, and vice versa. This finding points toward
waning of CPM efficiency as indicator for a more
pronociceptive profile of the migraine.

Overall, there were no correlations between the
personality parameters (anxiety trait and state and
PCS score) and the CPM responses or the CPM
change values for both healthy and migraine patients.
However, ratings of the average and maximal pain
(without medication) during migraine attacks were
positively correlated with PCS scores (r = 0.655,
P = .016 and r = 0.605, P = .056, respectively). The r

Table 3.—Ratings of Test and Conditioning Stimuli in the Test-Alone, CPM-Parallel, and CPM-Sequential Series in Migraine
Patients and Healthy Subjects

Repetition Number 0 1 2 3

Migraine
Test stimulus ratings (COVAS ratings)

Test alone 29.6 (20.6-39.4) 35.0 (24.8-45.9) 33.8 (23.9-44.4) 34.8 (24.9-45.4)
CPM-parallel 29.6 (20.9-39.2) 18.7 (11.5-27.2) 21.5 (13.8-30.3) 31.0 (22.1-40.8)
CPM-sequential 29.8 (21.1-39.4) 26.0 (17.7-35.2) 30.5 (21.7-40.1) 29.5 (20.7-39.0)

Conditioning-stimulus ratings (NPS ratings)
CPM-parallel — 55.4 (40.5-69.8) 70.0 (55.7-82.6) 55.6 (40.6-70.1)
CPM-sequential — 51.4 (36.2-66.6) 62.6 (47.4-76.6) 51.3 (37.2-65.4)

Healthy
Test stimulus ratings (COVAS ratings)

Test alone 18.1 (11.8-25.5) 20.4 (13.3-28.7) 24.3 (16.7-32.8) 23.0 (15.6-31.2)
CPM-parallel 18.4 (12.2-25.6) 9.6 (5.1-15.3) 13.1 (7.8-19.5) 15.2 (9.5-21.9)
CPM-sequential 15.6 (9.8-22.3) 12.4 (7.3-18.7) 14.6 (9.0-21.2) 20.7 (14.2-28.1)

Conditioning-stimulus ratings (NPS ratings)
CPM-parallel — 45.4 (32.8-58.2) 52.3 (39.5-64.9) 37.7 (25.8-50.4)
CPM-sequential — 43.0 (30.2-56.3) 43.9 (31.2-57.1) 32.8 (21.9-44.8)

The values are back transformed and data are presented as average (95% confidence limit – based on standard error).
— = conditioning stimulus was not applied at time 0; COVAS = computerized visual analog scale; CPM = conditioned pain modu-
lation; NPS = numerical pain scale.
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and P values for all correlations are presented in
Tables S1 and S2.

DISCUSSION
The results of our study indicate that in-between

attacks, migraine patients demonstrate a waning in
efficiency of pain modulation along repeated CPM
administrations, suggesting a subtle pronociceptive
pain modulation pattern.

Previous studies indicated that migraine patients
demonstrate enhanced pain sensitivity to nociceptive
stimulation in-between attacks as expressed by
increased temporal summation and reduced pain
thresholds,23-25 pointing toward a possible state of
pronociception in their pain modulation. Neverthe-
less, when looking at reports on efficiency of CPM,
another essential test for detection of pronociception,
the literature is inconsistent. Several studies demon-
strated less efficient CPM in migraineurs compared
with healthy subjects,14,15 while others found no
difference.16,17 Although the aforementioned CPM
studies examined both male and females, in the
current study, we tested only females, which do not
allow a direct comparison with these studies. The
existence of sex differences in pain perception and
modulation is still controversial;26,27 therefore, by
examining one sex, we avoided a possible contamina-
tion of our results. Moreover, as migraine is more
prevalent in females,28,29 we studied only females.

In the present study, migraineurs had a CPM
response that was not different from controls during
the first CPM stimulus of each series. Yet, they failed
to maintain their CPM response along repetitions
during CPM-parallel series, the more robust CPM
paradigm. This finding indicates that the efficacy of
their endogenous analgesia waned over time in a
manner different from that of healthy controls. We,
therefore, suggest that migraineurs have a partial
deficiency in their endogenous pain inhibition, which
is not strong enough to be expressed in a standard,
single administration of a CPM paradigm, in the way
seen for patients with idiopathic pain syndromes.
Rather, a more demanding CPM paradigm is
required in order to uncover this more subtle deficit.
Challenging the endogenous analgesia system to
inhibit pain along a series of CPM applications shows

the reduced ability of migraineurs to maintain the
inhibitory capacity as compared with controls.

A second finding of our study is the less efficient
CPM response shown by migraineurs for the second
CPM-sequential block within series as compared with
the CPM-parallel.This sequential paradigm is consid-
ered more challenging and demanding for the pain
inhibitory system than the parallel one, in part
because it may be related to the duration of CPM.
Taken together with the waning observed with the
CPM-parallel series, this finding raises the possibility
that the effective duration of CPM is shorter in
migraineurs than healthy subjects.

These findings are made clinically relevant by the
fact that a change in CPM efficiency along the
repeated CPM-sequential series was associated with
the severity of migraine attacks. This is in line with
previous finding from our lab that increased summa-
tion was found to correspond with more severe clini-
cal parameters of migraine patients.25 It, therefore,
might be suggested that endogenous pain inhibitory
capacity is a contributing factor to pain severity in
migraine, such that patients with better pain inhibi-
tory capacity suffer less pain, and vice versa.
However, one cannot rule out the reverse explana-
tion, that severe migraine attacks, due to other
factors, had “consumed” the inhibitory capacity of
patient’s pain processing system, rendering it less effi-
cient.We, hence, suggest waning of CPM to be a novel
test protocol for revealing the mild pronociceptive
state of migraineurs.The lack of correlations between
the CPM response and the clinical characteristics of
the migraine patients in previous studies14,30 might
stem from their use of only one CPM response for the
correlation.

Although the use of both CPM-parallel and
CPM-sequential paradigms is acceptable,31-33 a signifi-
cant effect of series was found, despite using the same
stimulation parameters in both paradigms. The CPM
response in the sequential series was less efficient
than the parallel series.This was also demonstrated in
previous studies that investigated the efficiency of the
endogenous analgesia mechanism using single repeti-
tion of CPM. Lewis et al34 found in their study that in
healthy subjects, pressure pain thresholds measured
during and 1 minute after cold pressor test or
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ischemic pain were higher compared with baseline,
meaning that the CPM response was induced in both
parallel and sequential paradigms. Treister et al35

compared pain ratings from heat stimuli obtained
during and 12 seconds after cold pressor test applica-
tion in healthy subjects and found that the CPM
response during the Cs was higher than after the Cs.
Sandrini et al14 examined the nociceptive flexion
reflex in healthy and migraine subjects during and
immediately after the cold pressor test. While healthy
subjects showed significant inhibition of the nocicep-
tive reflex during Cs, which decreased to baseline fol-
lowing Cs, migraine patients showed facilitation of
the reflex, which was terminated with the end of the
Cs such that no CPM response was observed in any
type of paradigm.

The difference found between the 2 CPM series
in the present study can stem from lower pain ratings
of the Cs reported by our subjects, or less distraction
of Cs on the Ts in the CPM-sequential series. In the
latter, the Ts is delivered after the end of the Cs,
drawing all of subject’s attention, while in the parallel
series, the 2 stimuli are delivered simultaneously and
thus the attention is probably divided. Attention has
an effect of pain perception and usually, attention to a
painful stimulus leads to increase in pain intensity
while distraction leads to its decrease.36 Indeed, fibro-
myalgia female patients demonstrated reduced tem-
poral summation pain ratings under CPM paradigm
only when the stimuli were applied concurrently with
a distraction (when the patients were instructed to
attend to the Cs and not to the Ts).37 However, for
migraine patients, no decrease in pain ratings of
suprathreshold stimuli was found during a mental
arithmetic distraction task.38 Therefore, we suggest
that differences between CPM-parallel and CPM-
sequential are not due to distraction effect. This is
further supported by recent findings from our lab that
CPM-parallel response has more than just distrac-
tion.39,40 Thus, the CPM-sequential paradigm might be
more sensitive to the temporal changes of CPM, while
the CPM-parallel paradigm might be more sensitive
to the maximal analgesic effect of CPM. Still, the
difference in the extent of the CPM response should
be taken into consideration when choosing the CPM
paradigm.

Migraine patients show impaired habituation to
repeated stimuli of various modalities.41,42 In the
present study, neither migraineurs nor controls exhib-
ited habituation. Healthy subjects usually habituate to
repeated painful stimuli,43,44 and this is even more
prominent in women than in men.45,46 However, in
accordance to our results showing no such habituation,
Lev et al47 showed no habituation to repeated painful
heat stimuli in healthy subjects. Moreover, Hashmi and
Davis45 showed that the habituation was related to the
temperature of the stimulus, and in higher tempera-
tures (as was the case in our study), subjects do not
habituate. Furthermore, the lack of difference in pain
ratings in the test-alone series between the migraine
and healthy subjects indicates that the CPM responses
reflect different pain modulation capability which is
not due to habituation of the Ts.

Accumulating evidence points to the key role of
pain catastrophizing in pain perception and modula-
tion, and higher pain catastrophizing levels were
associated with lower CPM efficiency.4,48,49 However,
Granot et al50 found no relation between pain catas-
trophizing and CPM efficiency. The lack of correla-
tions between the pain catastrophizing scores and the
CPM responses that were found in the current study
may stem from difference in CPM methodology.
Higher pain catastrophizing scores were found in
chronic pain patients51,52 and were associated with
pain severity and sensitivity.53 In line with these
reports, in the current study, it was found that pain
catastrophizing scores differed between patients and
healthy subjects, and it was correlated with the clini-
cal pain ratings of the migraine attacks.

A possible disadvantage to this study is the
decreased pain ratings across the Cs repetitions that
were demonstrated for both migraine and healthy
subjects. The effect of the Cs painfulness on the CPM
efficiency was previously addressed and it was sug-
gested that the CPM efficiency is independent of the
pain ratings of the Cs, as long as the Cs is perceived as
painful.50,54 The water temperature that was chosen in
the current study was previously found to evoke CPM
response in healthy controls.50 Another study limita-
tion is lack of control for menstrual cycle. The effect
of menstrual cycle on pain perception is controver-
sial. Some studies found no difference in experimen-
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tal pain perception along the menstrual cycle in
healthy females.55-57 However, Tousignant-Laflamme
and Marchand56 found differences in the CPM effi-
ciency across the menstrual cycle, and thus, it may
affect our results. Nevertheless, we did not find differ-
ences between patients and controls in the number of
days from last menstrual period. Another potential
limitation is the different inter-Ts interval along the
time-course of the different series. A 40-second break
was maintained between successive noxious stimuli
(whether they were Ts or Cs). However, since the
timing of the Ts relative to the Cs varied across series,
the interval between successive Ts was 40 seconds in
the Ts-alone series, 70 seconds in the CPM-parallel
series, and 115 seconds in the CPM-sequential series.

CONCLUSIONS
Migraineurs have a subtle dysfunction of their

endogenous analgesia capacity, which can be revealed
only by repeated CPM testing, and which is associated
with the severity of their attacks, potentially in a
pathophysiological relationship.We propose repeated
CPM testing as a new member in the psychophysical
tool box, allowing finer sensitivity in assessing
patient’s pain processing capacity.
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