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a b s t r a c t
Pain can be endogenously modulated by heterotopic noxious conditioning stimulation (HNCS) through a
mechanism which is known as diffuse noxious inhibitory control (DNIC). Since DNIC can be impaired in
patients suffering from chronic pain, a comparable impaired itch inhibition may exist in patients suffering from chronic itch. The aim of the present study was to investigate whether heterotopic pruritic conditioning stimulation (HPCS) would display an impaired modulation of itch in patients suffering from
chronic itch compared with healthy subjects. To this end, electrical stimuli were applied before and after
histamine application (HPCS) to female patients with psoriasis and healthy female control subjects. Subjects reported the intensity of electrically evoked itch before and after HPCS. In order to replicate earlier
ﬁndings for DNIC, electrically evoked pain was additionally investigated before and after cold stimulation
(HNCS). As expected, the intensity of itch evoked by the electrical stimulus was signiﬁcantly less after
than before HPCS in healthy subjects, and the same was found for the intensity of electrically evoked pain
after compared to before HNCS. Contrarily, in the patients levels of electrically evoked itch were significantly higher after than before HPCS, and no signiﬁcant difference in pain intensity before and after
HNCS was observed. In line with pain modulation, results suggest that there is a DNIC analogous mechanism for itch, i.e., diffuse pruritic inhibitory control (DPIC), which is impaired in patients with chronic
itch, possibly due to a dysregulation of descending itch modulatory systems.
Ó 2010 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.

1. Introduction
Diffuse Noxious Inhibitory Controls (DNICs) have been proposed to play a major role in the modulation of pain, by which
painful conditioning stimulation of one part of the body inhibits
pain in a remote area [8,36,39]. When a spinal wide-dynamic range
neuron receives conditioning afferent nociceptive input from within its receptive ﬁeld, DNIC strongly inhibits convergent spinal afferent nociceptive input outside the neuron’s receptive ﬁeld via
descending bulbo-spinal pathways. DNIC will thus reduce pain
originating from any area outside the receptive ﬁeld being stimulated by the conditioning stimulus [35,51,52]. However in patients
suffering from chronic pain, dysregulation of the balance between
descending inhibitory and facilitating pathways is supposed to
play a main role in central sensitization processes. In particular,
the descending control by DNIC mechanisms seems to be inefﬁ-
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cient in these patients, as shown by the ﬁnding that heterotopic
noxious conditioning stimulation (HNCS) in different patient
groups suffering from chronic pain does not result in the modulation of experimentally induced pain [2,28–30,33]. For central sensitization processes in patients suffering from chronic itch, a
similar dysfunction of inhibitory control mechanisms, i.e., Diffuse
Pruritic Inhibitory Controls (DPICs), may play a role in the maintenance and increase of chronic itch symptoms [19,21,22,47]. However, to our knowledge, inhibitory control mechanisms for itch
have not been investigated yet. In addition, cognitive-affective factors, such as attentional focus on bodily sensations or negative outcome expectancies, measured by concepts such as negative
affectivity, anxiety, worrying and catastrophizing, are known to
play an important role in pain processing and may inﬂuence
DNIC-like mechanisms [14–16,18,26,27,48].
The aim of the present study was to investigate whether itch
can be centrally modulated by the application of a pruritic stimulus
to another location, i.e., by heterotopic pruritic conditioning stimulation (HPCS) in both healthy subjects and patients suffering from
chronic itch. We also attempted to replicate earlier ﬁndings on
pain modulation by DNIC in healthy subjects and investigated pain
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modulation in patients with chronic itch. A secondary goal was to
explore the role of cognitive-affective factors, speciﬁcally attention
to bodily sensations, anxiety sensitivity, worrying and neuroticism
in the modulation of itch and pain by DNIC-like mechanisms.
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2. Methods

than the healthy controls (mean = 0.2 ± 0.4 and mean = 0.2 ± 0.4,
respectively) at the start of the experiment, as assessed with a
VAS ranging from 0 to 10 (t = 5.5, p < 0.001 for itch and t = 2.2,
p < 0.05 for pain). Of the patients with psoriasis, 76% and 24% suffered from itch (ranging from 1 to 8) and pain (ranging from 3 to 8),
respectively, on the day of testing due to their skin disease, which
is comparable to norm groups of psoriasis outpatients [44,49].

2.1. Participants

2.2. General procedure

Twenty-ﬁve female outpatients (mean age 47 years, range 20–
75 years) of the Department of Dermatology of the Radboud University Nijmegen Medical Center diagnosed with psoriasis by a
dermatologist and suffering from chronic itch due to psoriasis as
well as thirty-one healthy female controls (mean age of 52 years,
range 19–71 years), recruited via advertisements, were included
in this study. Exclusion criteria for both groups were comorbid
conditions (e.g., multiple sclerosis, diabetes mellitus, rheumatoid
arthritis, and ﬁbromyalgia), severe psychiatric disorders and pacemaker use. In addition, patients were excluded when their current
levels of acute itch or pain at the start of the experiment were 1.0
or higher on a visual analogue scale (VAS) which ranged from 0 to
10 for reasons other than their skin disease. In this study, one patient was excluded because of pain due to headache on the day of
testing (VAS pain 4.0). Healthy subjects were not included in the
study if they suffered from chronic itch or pain complaints either
currently or in the past. Healthy subjects were also excluded if they
had acute itch or pain levels of 1.0 or higher (on a VAS ranging from
0 to 10) at the start of the experiment. In this study we excluded
one healthy subject because of baseline pain levels of 5.0 on the
day of testing. Mean disease duration of the patients was 23 years
(range 2–57 years). Seventy-six percent of the patients and 65% of
the healthy controls had completed secondary education, and 24%
of the patients and 35% of the controls had completed tertiary education. Seventy-two percent of the patients and 48% of the healthy
controls were married or lived with a partner, and 20% of the patients and 35% of the controls used oral contraceptives. There were
no signiﬁcant differences between patients and healthy controls in
age, education level or proportion of subjects living with a partner.
All participants were of Caucasian ethnicity.
The protocol was approved by the regional medical Ethics Committee and all participants gave their informed consent prior to
investigation. Patients were asked not to alter their use of medication on the test day. On arrival at the test facility, participants were
informed about the procedure and asked about their menstrual cycle, cigarette smoking, and intake of caffeine and alcohol over the
previous 24 h. Participants had earlier been asked not to drink
black tea or coffee 1 h before testing. Subjects were asked about
their use of (topical) medication over the previous 24 h. Ninetytwo percent of the patients used topical creams or ointments,
79% of whom used corticosteroid creams. Ten patients had taken
systemic medication: 4 patients had taken medication for the
treatment of psoriasis [methotrexate (n = 3) and ciclosporin
(n = 1)] and 5 patients used other medication [antihypertensives
(n = 3), benzodiazepines (n = 1), thyromimetics (n = 1), platelet
aggregation inhibitors (n = 1), or selective serotonin reuptake
inhibitors (SSRIs) (n = 1), alone or a combination of medication].
Of the healthy controls, 2 HC had taken systemic medication [antihypertensives (n = 2), or statins (n = 1)]. The severity and extent of
the skin disease of the patients measured with the validated skin
status scale of the impact of chronic skin disease on daily life (ISDL)
showed that the severity of skin disease in our sample
(mean = 15.8 ± 3.4) was representative of that of norm groups of
psoriasis outpatients (mean = 16.9 ± 3.7) [11]. Patients also reported signiﬁcantly higher levels of current baseline itch
(mean = 2.7 ± 2.3) and current baseline pain (mean = 1.4 ± 2.6)

Self-report questionnaires were sent to the participants 1 week
before the experiment. On the test day, the subjects were told
about the procedure and familiarized with the stimuli in a pretest
trial with the electrical thresholds. Subjects were told that the
stimuli could provoke any type of sensation, for example itch
and pain. For each stimulus, participants were asked to rate their
perceived sensation using a 10-point-VAS for both itch and pain
ranging from no itch/pain (0) to the worst itch/pain imaginable
(10). Sensitivity to itch and pain was measured by applying the
same two single electrical test stimuli before and after both the
pruritic and noxious conditioning stimuli which were applied contralaterally to the test stimuli. Stimuli were applied to unaffected
body areas of the patients with psoriasis. We used iontophoretically applied histamine as pruritic conditioning stimulus and a cold
pressor test as noxious conditioning stimulus. The same experimenter administered all stimuli. First, electrical thresholds were
determined, and test stimulus intensities were calculated (see Section 2.3.1), and the ﬁrst electrical test stimulus was applied 5 min
later. After a 4-min interval, histamine (HPCS) was applied, followed by a 4-min interval after which the second electrical test
stimulus was applied. After a 20-min break, the participants received again the ﬁrst electrical test stimulus and 4 min later the
cold pressor test was applied. After an interval of 4 min, the second
electrical test stimulus was applied.
2.3. Somatosensory stimuli
2.3.1. Electrical stimulation
Self-adhesive skin electrodes (3M Red Dot Monitoring Electrode
2560; surface 40  35 mm) were applied to the non-dominant
forearm (2 cm distal to the lateral epicondyle of the humerus, C5
dermatome). A constant current nerve stimulator (MultiStim Vario,
Pajunk, Geisingen, Germany) was used to deliver electrical stimuli.
These stimuli were applied as 0.3-ms pulses at a frequency of
100 Hz to evoke itch [23]. First, electrical thresholds for perception,
unpleasantness and tolerance were determined in a ramping paradigm by continuously increasing the intensity by about 0.2 mA/s
until the participant said the respective threshold had been
reached (with an upper limit of 15 mA). The perception threshold
was deﬁned as ‘‘the moment that you experience a sensation for
the ﬁrst time”, the unpleasantness threshold was deﬁned as ‘‘the
moment that the sensation becomes unpleasant for the ﬁrst time”
and the tolerance threshold was deﬁned as ‘‘the moment that the
sensation becomes unbearable and you want to stop immediately”.
The deﬁnitions of these thresholds were based on the deﬁnitions of
the thresholds in pain literature [1,7], however without deﬁning
the nature of the sensation, i.e., by replacing painful by unpleasant
or unbearable. The thresholds were determined twice using a
ramping paradigm. Subsequently the mean current intensities of
these thresholds were calculated which served as an indicator for
the intensity of the short-lasting test stimuli. Deﬁnition of acceptable intensities for the test stimuli was based on two considerations. Firstly, previous studies [47,48] showing that the levels of
itch and pain evoked by ramping tolerance stimulation are low
to moderate. Secondly, the fact that at identical current intensities,
electrical test stimuli of short duration are generally perceived as
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less itching/painful than stimulation by ramping up to tolerance,
probably because energy transmission of short-lasting stimuli is
less than that of longer-lasting tolerance stimulation by ramping
[25,42]. Taking these considerations into account, electrical test
stimuli of 3-s duration were applied, at 100-Hz frequency with
0.3-ms pulse length, at 300% of the intensity of the (ramping)
unpleasantness threshold, with a maximum of 150% of the (ramping) tolerance threshold and an upper cut-off limit of 15 mA for
safety reasons. Our preparatory pilot study conﬁrmed that electrical test stimuli at the chosen intensity were, ﬁrstly, adequate to induce itch and pain, but, secondly, that they were experienced as
not inducing more than low to moderate mean itch and pain levels.
2.3.2. Conditioning stimulation
2.3.2.1. Heterotopic pruritic conditioning stimulation (HPCS) by
histamine iontophoresis. Histamine was applied by iontophoresis
(Chattanooga Group, Hixson, USA). Histamine dihydrochloride
(0.5%) was dissolved in a gel of 2% methylcellulose in distilled
water and 2.5 ml was placed in an electrode (Chattanooga Ionto Ultra Electrode medium, Hixson, USA) applied to the dominant forearm, 2 cm distal to the lateral epicondyle of the humerus (C5
dermatome). The reference electrode was applied to the skin of
the lateral side of the triceps brachial muscle. The current was
set at 0.4 mA and histamine was delivered for 2.5 min. Subjects
were asked to rate itch levels every 30 s during application and
3 min after histamine application.
2.3.2.2. Heterotopic noxious conditioning stimulation (HNCS) by cold
pressor. Subjects were instructed to place their dominant hand in a
tank of cold water at about 4 °C (mean temperature 4.1 ± 0.6 °C)
‘‘for as long as possible, until the moment that the sensation becomes unbearable and you want to stop directly”. The participants
were not aware of the maximum time limit of 3 min [6]. The
immersion time was recorded and the level of pain during the test
was asked at the moment the subjects withdrew their hands. In
addition, levels of pain were assessed 3 min after immersion.
2.4. Self-report questionnaires
All self-report questionnaires used in the present study have
previously been shown to have satisfactory reliability and validity.
The Anxiety Sensitivity Index (ASI) was used to measure the
subjects’ fear of bodily sensations that are interpreted as having
potentially harmful, physical or psychological consequences. The
ASI consists of 16 items, rated on a 5-point Likert scale (1 = very little, 2 = little, 3 = some, 4 = much, 5 = very much). The total score
was obtained by summing the scores for the 16 items (range 0–
64) [43]. Cronbach’s alpha for the ASI in the present study was
0.90 in healthy controls and 0.89 in patients with psoriasis.
Negative affectivity was measured with the neuroticism subscale of the Eysenck Personality Questionnaire (EPQ) [12]. Cronbach’s alpha in the present study was 0.89 in healthy controls
and 0.85 in patients with psoriasis.
Worrying was measured with the Penn State Worrying Questionnaire (PSWQ) [38]. The PSWQ is a 16-item self-report questionnaire that measures concerns about worries, the extent to
which one is bothered by worries, and the extent to which one is
engaged in worries. Each item is rated on a 5-point scale
(1 = ‘‘not at all typical” to 5 = ‘‘very typical”), and a total score
was obtained by summing the items. Cronbach’s alpha for the
PSWQ in the present study was 0.84 in healthy controls and 0.91
in patients with psoriasis.
Attentional focus (i.e. the tendency to attend to internal bodily
sensations) was measured with the Body Vigilance Scale (BVS)
[45], which consists of four items, three of which assess the degree
of attentional focus, perceived sensitivity to changes in bodily sen-

sations, and the average amount of time spent attending to sensations. The fourth item contains 13 items concerning anxietyrelated bodily sensations (heart palpitations, chest pain, numbness,
tingling, shortness of breath, faintness, vision changes, dizziness,
hot ﬂash, sweating/clammy hands, upset stomach, nausea, choking/throat closing). Items were rated on a 10-point VAS. The ratings
for the bodily sensations of item 4 were averaged to obtain an
overall score for item 4. The total score of the BVS is the sum of
items 1–4. Cronbach’s alpha for the BVS in the present study was
0.85 in healthy subjects and 0.84 in patients with psoriasis.
The severity of skin disease was measured with the skin status
scale of the ISDL, which has previously been validated in patients
with psoriasis [11]. Items were rated for different body parts (face,
hairy scalp, neck, hands, arms, torso, legs, feet and genitals/anus)
on a 4-point Likert scale (1 = not at all, 2 = to some extent, 3 = to
a great extent, 4 = totally). The sum score reﬂects the overall severity of the skin condition [11]. At the day of testing, all participants
were also asked to indicate the current levels of itch and pain at the
start of the experiment as well as the itch and pain levels during
the past two weeks on a VAS ranging from 0 (no itch/pain) to 10
(worst itch/pain imaginable).
2.5. Statistics
All analyses were performed with SPSS 16.0 for Windows. Variables were checked for normal distribution. Slightly skewed distributions were only found for electrically evoked itch before and
after HPCS. For these variables, square root transformation was
performed that resulted in a normal distribution. As measures of
DNIC and DPIC, change scores were calculated by subtracting the
scores for electrically evoked itch and pain after HPCS and HNCS,
respectively, from the scores obtained before HPCS and HNCS.
Changes in itch and pain scores before and after applying the conditioning stimuli were analyzed in patients and healthy controls
separately, using GLM repeated measures ANOVA. The within-subjects factors were electrically evoked itch/pain scores before and
after itch/pain conditioning stimulation.
Pearson correlation coefﬁcients were calculated between
change scores for electrically evoked itch and pain, and the following variables: age, body mass index, educational level, menopausal
status, itch and pain scores evoked by the conditioning stimuli
(histamine and cold pressor, respectively), the cold pressor immersion time and individual characteristics (neuroticism, anxiety sensitivity, worrying and attentional focus on bodily sensations) for
both patients and healthy controls, and the current skin disease
severity and VAS itch and pain on the day of testing for the
patients.

3. Results
3.1. Conditioning stimuli and electrical test stimuli
Histamine evoked itch in 81% of the healthy controls and 88% of
the patients, with mean itch scores of 2.5 ± 2.0 for healthy controls
and 2.9 ± 2.5 for patients. The cold pressor test caused pain in 87%
of the healthy controls and 88% of the patients, with mean pain
scores of 4.1 ± 2.9 for healthy controls and 4.1 ± 2.9 for patients.
The mean cold pressor immersion time was 51.6 s (±51.6) for
healthy controls and was 51.4 s (±60.8) for the patients. There were
no signiﬁcant between-group differences in intensity of itch and
pain evoked by the conditioning stimuli or in the duration of cold
pressor immersion time for the patients or healthy controls except
for a signiﬁcant correlation between a longer cold pressor immersion time and higher pain levels evoked by cold pressor immersion
in the patients (R = 0.44, P < 0.05), but not in healthy controls.
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3.2. HPCS and electrically evoked itch
In healthy controls, the repeated measures ANOVA results for
analyzing the effectivity of itch modulation showed that the intensity of electrically evoked itch was signiﬁcantly lower after than
before histamine application (HPCS) (F1,30 = 10.96, p = 0.002)
(Fig. 1.). In contrast, the patients with psoriasis had signiﬁcantly
higher levels of electrically evoked itch after than before histamine
application (F1,24 = 5.28, p = 0.03). Similar results were obtained
when the data were analyzed only for those participants who reported itch elicited by histamine (F1,24 = 7.72, p = 0.01 for healthy
controls; F1,21 = 4.61, p = 0.04 for patients).
3.3. HNCS and electrically evoked pain
In healthy subjects, the repeated measures ANOVA results for
analyzing the effectivity of pain modulation showed that the intensity of pain evoked by electrical stimulation was signiﬁcantly lower
after the cold pressor test (HNCS) than before (F1,30 = 5.84, p = 0.02)
(Fig. 2.). However, no such signiﬁcant difference was found in the
patients with psoriasis, (F1,24 = 0.05, p = 0.83). Similar results were
obtained when the analysis was restricted to only those subjects
who reported pain evoked by the cold pressor test (F1,26 = 4.62,
p = 0.04 for healthy subjects; F1,21 = 0.05, p = 0.83 for patients).
3.4. Role of individual characteristics
The self-report measures of worrying, anxiety sensitivity, neuroticism, and degree of attentional focus on bodily sensations were
not signiﬁcantly correlated with change scores of electrically
evoked itch and pain before and after HPCS and HNCS (data not
shown). In addition, these change scores were not signiﬁcantly
associated with age, body mass index, educational level and menopausal status in patients and healthy controls, or the current
intensity of itch or pain and disease severity of the patients with
psoriasis.
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Fig. 1. Electrically evoked itch before and after histamine application. Mean levels
of itch evoked by electrical stimulation before and after application of HPCS
(heterotopic pruritic conditioning stimulation) by means of a histamine application
in both healthy controls (HC, n = 31) and patients with psoriasis (PSO, n = 25).
*p < 0.05; **p < 0.01; data are means ± S.E.M.
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3.50

Electrically evoked pain

There were ﬁnally no signiﬁcant correlations between the change
scores for electrically evoked itch and pain and the cold pressor
immersion time or the intensity of itch and pain evoked by histamine and cold pressor conditioning stimuli, respectively (data
not shown).
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Fig. 2. Electrically evoked pain before and after cold pressor application. Mean
levels of pain evoked by electrical stimulation before and after application of HNCS
(heterotopic noxious conditioning stimulation) by means of the cold pressor test in
both healthy controls (HC, n = 31) and patients with psoriasis (PSO, n = 25).
*p < 0.05; **p < 0.01; data are means ± S.E.M.

4. Discussion
The present study adds to our knowledge of pain and itch inhibitory processes in healthy subjects and patients with chronic itch.
We investigated whether the application of heterotopic pruritic
conditioning stimulation would alter levels of induced itch by central mechanisms, analogous to the modulation of pain by heterotopic noxious conditioning stimulation via DNIC. DNIC is a
descending endogenous pain-modulatory system activated by
excitatory afferent signal from Ad- or C-ﬁbers, acting on all levels
of the spinal cord via processes originating and controlled supraspinally [35,39]. Itch modulation may be based on similar
mechanisms involving multireceptive neurons with a ‘‘wholebody-receptive-ﬁeld” [35,37]. Our ﬁndings show that in healthy
subjects experimentally induced itch can be modulated by a pruritic stimulus such as histamine by a mechanism analogous to
DNIC, suggesting DPIC. As expected, HPCS did not result in decreased itch induced after conditioning in patients with psoriasis
suffering from chronic itch. This is in line with earlier ﬁndings in
chronic pain, showing that descending pain control mechanisms
are dysregulated in these patients [2,29,30,33].
The conditioning stimuli applied in this study were appropriate
pruritic and noxious conditioning stimuli since more than 80% of
the subjects experienced itch with histamine application and pain
with the cold pressor test. Studies have shown that the effectiveness of endogenous analgesia mediated by DNIC is independent
of the conditioning stimulus location or modality, e.g., mechanical,
electrical or chemical, as long as the conditioning stimulus is perceived as painful [18,40,41]. We found that both the pruritic and
noxious stimuli were able to modulate experimentally evoked itch
and pain, respectively, in healthy controls, which shows that the
conditioning stimuli were of sufﬁcient intensity and duration
[41]. Even healthy individuals who did not report itch (19%) or pain
(13%) for the conditioning stimuli showed on average modulation
responses (mean decrease 0.9 ± 1.3 for itch; 0.8 ± 1.5 for pain), suggesting that itch and pain may be modulated even when the conditioning stimulation is not perceived as itching of painful. This
is congruent with reports showing DNIC-like responses to conditioning stimulation not overtly experienced as painful [34,39].
Nevertheless, descriptive comparison suggested that the modulation responses were less when subjects did not experience the conditioning stimuli in the expected way. Future research should
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elucidate whether modulation is more effective when conditioning
is overtly perceived as itch or pain.
The lack of the itch and pain modulation in the patients with
chronic itch suggests a role of central modulation of itch and pain
in chronic physical symptoms. This is supported by earlier studies
which showed that less efﬁcacious DNIC was associated with
chronic pain [10,39,53], while after surgical relief of pain DNIC responses returned to normal in patients with osteoarthritis [30].
Our results, and speciﬁcally the signiﬁcant increase in itch in the
patients with psoriasis after itch conditioning, might be indicative
of symptom-speciﬁc sensitization and a dysregulated itch and pain
modulation in patients with chronic itch. Future research is needed
to gain more insight into the underlying mechanisms of sensitization and central modulation, for example, whether the ongoing
chronic complaints induce dysregulation of DPIC and DNIC, or
whether patients are more predisposed to less efﬁcient DPIC and
DNIC modulation mechanisms.
Regarding the quality of sensation perception, patients with
chronic pain can perceive itch stimuli as painful [5] and patients
with chronic itch can perceive pain stimuli as itchy [22], which
are both in contrast to what is observed in healthy subjects. This
difference in sensation perception may be related to a dysregulated
itch and pain modulation in patients, possibly due to the long-term
time course and widespread localization of symptoms. However, in
the present study, mean levels of electrically evoked itch and pain
did not signiﬁcantly differ between these groups. Furthermore, as
we did not compare patients suffering from chronic itch with patients suffering from chronic pain in the present study, we cannot
conclude whether itch and pain modulation are sensation-speciﬁc
or generic processes. With regard to the speciﬁc itch-pain interactions, it is well known that pain can inhibit itch [54], for example
by scratching. One could thus expect that pain conditioning (e.g.,
cold stimulation) might also have a central modulating effect on
itch – in addition to its central pain modulating effects. Conversely,
we would not expect itch conditioning to affect pain heterotopically, since pain has not been described to be inhibited by itch to date.
Future research should elucidate whether DNIC and DPIC are separate processes or (partly) based on the same mechanisms and
structures.
The individual characteristics of negative affectivity, anxiety
sensitivity, worrying and attentional focus on bodily sensations
were not associated with itch and pain modulation. Previous studies also showed negative affectivity and state and trait anxiety not
to be associated with the magnitude of DNIC [10,17,18]. In addition, while attentional focus might inﬂuence the experience of itch
and pain [26,27,48], we found no correlation with the modulation
responses. This ﬁnding is consistent with earlier ﬁndings showing
that DNIC-like effects are not dependent on attentional distraction
[32]. However, as catastrophizing has recently been found to be
associated with less effective DNIC [15,18], we expected worrying
may also be related to DNIC or DPIC, since this cognitive strategy
has been shown to play a prominent role in itch and pain [9,50].
Future research should further clarify the role of worrying and
catastrophizing in itch and pain modulation in experimental and
ﬁeld settings.
While our ﬁndings suggest that central inhibitory control mechanisms have a role in modulating itch by heterotopic pruritic stimulation, it is important to take some limitations and directions for
future research into consideration. First, test stimuli were applied
only once after conditioning stimulation, which meant that we
could not study the temporal effects of itch and pain modulation.
Second, although results of the HNCS in healthy subjects and patients with chronic itch were completely in line with the previous
ﬁndings on DNIC in healthy subjects and patients with chronic
pain, we cannot exclude that results with regard to the subsequent
application of HNCS might be affected by the HPCS applied previ-

ously. Third, although we tailored the intensity of the electrical test
stimuli based on the individual unpleasantness and tolerance
thresholds in a ramping paradigm, the absolute levels of itch and
pain evoked by the short electrical test stimuli were still relatively
low. Data from earlier studies [47,48] and our preparatory pilot
study indicated that the electrical test stimuli applied are perceived as less itching/painful than ramping tolerance stimuli for
identical current intensities. This is probably because energy transmission of short-lasting test stimuli is less than that of longer-lasting tolerance stimulation by ramping [25,42]. In future research, it
might be preferable to apply test stimuli tailored to subjects’ subjective ratings for itch or pain, e.g. determined by a score of 6 of 10
for itch or pain [3,18]. Fourth, the patients’ levels of itch (and pain)
on the day of testing as well as during the past two weeks were not
related to the modulation responses, as might have been expected
since worse DNIC responses have been related to more clinical pain
[10]. However, itch levels on the day of testing or during the last
two weeks may not be representative for disease related itch levels
in general. Future research should determine clinical itch and pain
over a longer period. Fifth, we studied women only, and so we cannot comment on the inhibitory control mechanisms of itch in men.
Besides gender differences in sensitivity to clinical and experimental pain [13], there is inconsistent evidence about the role of gender in pain modulation, while some studies did not ﬁnd any
gender effect [4,31,40], others indicated that DNIC might be less
effective in females [18,46]. Future research should investigate
the role of gender differences in central itch modulation. Sixth,
since itch perception can differ according to type of disease or
evoking somatosensory stimuli, e.g., patients with atopic dermatitis have been shown to be generally less sensitive to histamine-induced itch [20,24], investigation of patient groups suffering from
chronic itch other than psoriasis, would also provide further insight into itch modulation mechanisms.
To conclude, we showed for the ﬁrst time that, analogous to
DNIC in pain, DPIC mechanisms modulate itch. The combination
of histamine as heterotopic pruritic stimulation with electrical test
stimuli would appear to be a valid model to investigate the central
modulation of itch. In contrast to healthy subjects, itch and pain
modulation seemed to be dysregulated in patients with psoriasis
suffering from chronic itch. The ability to modulate pain in a
pain-free state has been found to be a predictor of postoperative
pain [10,53], which suggests that a person’s susceptibility to pain
disorders might depend on the effectiveness of pain modulation.
Our results suggest that similar mechanisms might play a role in
itch modulation. In line with a study of patients with osteoarthritis
showing that the DNIC response can be normalized by relieving
pain [30], future studies can offer a greater insight into whether
it is possible to restore dysregulated DPIC and DNIC mechanisms
by therapies aimed at rebalancing descending inhibition and facilitation mechanisms of itch and pain.
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