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Abstract

Experimental placebo analgesia is induced by building an expectation of reduced pain in a specific body part, usually using an
inert cream in the guise of a local anaesthetic in conjunction with conditioning. We investigated non-site-specific placebo analgesia
by conditioning subjects to expect the anaesthetic cream on one arm, without specifying if they will definitely receive the cream, or to
which arm it might be applied. Painful heat pulses (150 ms) from a CO2 laser were delivered randomly to both arms. A treatment
group (n = 24) underwent three experimental blocks (pre-cream, conditioning after cream, and post-conditioning). During the con-
ditioning block, the intensity of the stimulus was reduced on one arm only. In the post-conditioning block it was returned to the
painful level. We evaluated the change of intensity rating post-conditioning compared to the pre-cream block. In contrast to a con-
trol group (n = 16), the treatment group reported a significant reduction in intensity ratings (F1,38 = 12.1; p = 0.001). In the treat-
ment group, we observed a range of placebo responses: unilateral responders (33.3%), subjects with a placebo response in the
conditioned arm only; bilateral responders (33.3%), subjects reporting reduction in the intensity ratings in both arms, and non-re-
sponders, whose intensity ratings were not influenced by conditioning. We discuss these responses in terms of different levels of
expected analgesia, facilitated by the absence of a site-specific focus for the treatment. We suggest this allowed the individuals sug-
gestibility to influence their assessment of the pain experience by combining different levels of expectation with the information from
the actual pain stimulus.
� 2006 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.

Keywords: Placebo; Expectation; Conditioning; Bayesian statistics; CO2 laser
1. Introduction

There is an increasing interest in the psychophysio-
logical mechanisms that mediate placebo analgesia. Pla-
cebo analgesia is a reduction in pain sensation following
the administration of a pharmacologically inert sub-
stance in the guise of an analgesic drug. Experimental
placebo analgesia has been demonstrated by several
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groups using expectation and conditioning cues (Vou-
douris et al., 1985, 1989, 1990;Montgomery and Kirsch,
1996; Montgomery and Kirsch, 1997; Amanzio and
Benedetti, 1999; Benedetti et al., 1999; Price et al.,
1999; Petrovic and Ingvar, 2002; Wager et al., 2004; Bin-
gel et al., 2006; Zubieta et al., 2006).

The majority of studies used a placebo cream in the
guise of a local anaesthetic and specified the area of
the body to which the placebo would be applied. Aman-
zio and Benedetti (1999), Petrovic and Ingvar (2002) and
Zubieta et al., 2006, however used a saline injection as a
placebo. All of these studies explicitly informed the sub-
ublished by Elsevier B.V. All rights reserved.
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jects of the placebo’s potency as an analgesic. Mont-
gomery and Kirsch (1997), Benedetti et al. (1999) and
Bingel et al. (2006) tested other sites on the body, distant
from the area to which the placebo cream had been
applied. They found a reduction in pain sensation only
at the site to which the placebo had been applied, but
not at the distant sites. The anatomical specificity of
the placebo effect, in this context, may be due to the
explicit instructions focusing the subjects’ attention on
the site of the placebo cream. Legrain et al. (2002), Bent-
ley et al. (2004) and Kulkarni et al. (2005) showed that
when attention is not directed to the location of an
experimental pain stimulus, neural responses within
the pain matrix are altered. If similar changes in neural
processing occur during placebo experiments, the expec-
tation of analgesia and therefore placebo responses may
also change resulting in less site-specific response. Our
current study investigates this possibility by providing
ambiguity about the potential site of analgesia.

Using Bayesian inference as an analogy, Wager
(2005) suggested that the judgment about pain might
result from a balance between two components: (prior)
expectation and actual experience (evidence). Placebo
analgesia might therefore be regarded as influencing this
balance by putting more weight onto the expectation of
reduced pain than the evidence. De Pascalis et al. (2002)
found that the magnitude of the placebo response was
affected by personality traits like suggestibility. They
proposed that the individual differences in placebo
responses might be due to different levels of expectancy
or degree of belief in the treatment, adding support to
the expectation or ‘‘prior’’ component of Wager’s
model.

The aim of the current study was to investigate
whether placebo analgesia shows site-specificity even
when the instructions regarding the treatment are non-
site-specific.
2. Methods

2.1. Subjects

The study was approved by the Local Research Ethics
Committee and subjects gave written informed consent. Sub-
jects were randomly assigned to two groups: a treatment group
(15 females, 9 males, mean age 23.8 ± 0.77 years) and a control
group (7 females, 9 males, mean age 23.8 ± 3.7 years). Subjects
who had previously used local anaesthetic creams were exclud-
ed from the study.

2.2. Laser stimuli

The radiant heat stimuli were delivered by a continuous
wave 50 W CO2 laser with a computer-modulated pulsed out-
put. Laser pulses of 150 ms duration and with a beam diameter
of 15 mm at the skin were delivered at 15 s intervals to a
5 · 3 cm stimulation area marked on the dorsal surface of each
forearm. Stimuli were randomly moved around each stimula-
tion area, in order to minimise sensitisation and/or habituation
and possible skin damage. For each stimulation block, 10 laser
stimuli were delivered to each arm, alternating between each
arm in a pseudo-randomised manner. All subjects wore laser-
protective eyewear and earplugs to mask acoustic interference
from the laser.

Subjects were trained to rate the intensity of each laser stim-
ulus using a 0–100 scale, where 0 = not at all intense and
100 = extremely intense with verbal anchors for slightly and
moderately intense. The scale used was similar to that used
previously by Rainville et al. (1992). The laser energies corre-
sponding to each subject’s rating of slightly and moderately
intense were determined at the start of the study using a series
of stimuli of ascending intensities, and were checked for repro-
ducibility. The mean (±standard deviation) laser energy that
corresponded to the subjects rating of moderately intense for
arm A was 17.2 ± 2.7 mj/mm2, arm B 17.2 ± 2.4 mj/mm2

and a rating of slightly intense for arm A 8.9 ± 2.9 mj/mm2.
After each stimulus subjects reported whether it was painful
or not by answering with yes or no. Stimuli rated as slightly
intense were consistently reported as non-painful heat, whereas
those rated as moderately intense were consistently reported as
painful heat. These intensities were used in the study (see
Experimental design below).

3. Experimental design

3.1. Treatment group

The subjects’ forearms were pseudo-randomly
labelled A and B. The arm (left or right) that was
labelled A or B was counterbalanced across subjects.
Arm A was subsequently the side that was conditioned
in the treatment group but not in the control group.
Subjects in the Treatment group were explicitly told that
they may receive a local anaesthetic on one arm, but
they were not told which arm. They were also told that
inactive cream would be applied to the other arm. In
fact, subjects received an inactive cream on both arms.
Fig. 1(i and ii) indicates the experimental paradigm
and timing sequence of the laser pulses.

The experiment was divided into 3 blocks. The cream
was applied in between blocks 1 and 2.

3.1.1. Block 1 (pre-conditioning)
Prior to the application of the cream, subjects

received 10 laser stimuli of moderate pain intensity to
each arm, randomly alternating between arms. They rat-
ed the intensity of each stimulus.

3.1.2. Cream application

Inactive aqueous cream was applied to the entire laser
stimulation area on both arms. The cream was applied,
covered with an occlusive dressing and left in place for
1 h. Subjects were told that the cream would take effect
during this time. The appearance of the cream and the
application procedure were the same as those for the
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Fig. 1. Schematic of the experimental design. (i) Three experimental blocks for both the treatment and control groups. The pre-conditioning block
was identical for both groups; laser heat stimuli were delivered at a moderately intense level. During the conditioning block the intensity of the laser
stimulus was reduced on arm A only for the treatment group, the stimulus was not turned down on arm B. The laser heat stimulus remained at the
moderately intense level on both arms during the conditioning block for the control group. The post-conditioning block (2 min later) was identical
for both groups; laser heat stimuli were delivered at the moderately intense level used in the pre-conditioning block. (ii) In each of the three blocks 20
laser heat stimuli (150 ms) were randomly delivered between arms A and B (10 stimuli to each), with a 15 s inter-stimulus interval (ISI).
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commonly used local anaesthetic cream EMLA. After
this time, the dressing was removed and the cream wiped
off.

3.1.3. Block 2 (placebo conditioning)

The intensity of the laser stimuli delivered to arm A
was reduced to each subjects’ slightly intense (non-pain-
ful) level, whilst those delivered to arm B remained at
the moderately intense (painful) level. Subjects were
not told that the intensity had been decreased for arm
A. They received 10 laser stimuli to each arm, randomly
alternating between arms, and rated the intensity of each
stimulus.

3.1.4. Block 3 (post-conditioning)

This block was identical to the pre-conditioning
block; in that ten moderately intense (painful) laser stim-
uli were delivered to each arm, randomly alternating
between arms, and rated the intensity of each stimulus.

3.1.5. Post-experiment questionnaire

Following the study session, subjects in the treat-
ment group were given a questionnaire adapted from
Borkovec and Nau (1972), to determine the success
of the conditioning block (i.e. how strongly subjects
believed that a local anaesthetic cream had indeed
been applied to the skin). Subjects were told that
the purpose of the questionnaire was to evaluate the
effectiveness of the cream. Each subject was asked
the following questions and responded by selecting
the appropriate answer:

(1) ‘‘How confident would you be that this treatment

would be successful in eliminating the pain associat-

ed with, for example a needle injection or having a

cannula inserted into a vein in your arm?’’
(2) ‘‘How confident would you be in recommending this

treatment to a friend who was extremely anxious

about the pain they may feel when they had an injec-

tion or a cannula inserted into a vein in their
arm?’’Answers to both questions: (1) Not at all
confident; (2) Slightly confident; (3) Moderately
confident; (4) Very confident; or (5) Totally
confident.

(3) ‘‘If you were extremely anxious about the pain when

having an injection or cannula inserted, would you be

willing to undergo such a treatment?’’Answer: Yes
or No.

We ensured that the subjects understood the ques-
tions and terminology used in the questions.

3.2. Control group

This group was included to control for the effects of
conditioning, expectation (as in Voudouris, 1990), habit-
uation and duration of the experiment on stimulus
intensity ratings.

Subjects in the control group were treated in the same
way as the treatment group except they were told that an
inactive cream would be applied to both arms. In addi-
tion, the intensity of the laser stimuli was not turned
down during the conditioning period and remained at
the subjects’ moderately intense (painful) level for all 3
blocks. In each block, 10 laser stimuli were applied to
each arm, alternating randomly between arms. Subjects
rated the intensity of each stimulus.

3.3. Data analysis

For each subject, the change in intensity rating
between the pre and post conditioning blocks for both
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arms A and B was calculated. A placebo response was
defined as a reduction in a subject’s perceived intensity
rating during the post-conditioning block (block 3) com-
pared to their rating during the pre-conditioning block
(block 1), over and above any difference reported by
the control group between the equivalent blocks of
stimuli.

For both the control and treatment groups mean and
standard deviation stimulus intensity ratings were calcu-
lated. Comparisons were made between the control and
treatment groups using repeated measures ANOVA.
Paired t-tests were used to evaluate the change in inten-
sity rating between the three experimental blocks for
both the control and treatment groups.

4. Results

ANOVA comparing the stimulus intensity ratings for
the pre-conditioning and post-conditioning blocks
between the control and treatment groups revealed a sig-
nificant effect of experimental block (F1,38 = 12.1;
p = 0.001) and a group · block interaction
(F1,38 = 20.4; p < 0.001). This demonstrates that the
change in intensity rating from the pre-conditioning to
the post-conditioning block is different between the
two groups.

Paired t-tests for the control group showed no signif-
icant changes in intensity ratings throughout the exper-
iment (Fig. 2a). In the treatment group, stimulus
intensity ratings were significantly reduced between the
pre-conditioning, conditioning and post-conditioning
blocks (Fig. 2b).
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Fig. 2. Mean ± one standard deviation of subjects’ stimulus intensity ratings
The same laser energy was used in the pre- and post-conditioning blocks, set a
the laser was turned down on arm A to the subject’s slightly intense level (n
In the pre-conditioning block for the treatment group
the mean intensity (±standard deviation) ratings for
arms A and B were 57.1 ± 18.2 and 56.6 ± 17.2. When
the stimulus intensity was turned down for arm A only
during the conditioning block the subjects perceived
stimulus intensity rating for arm A reduced significantly
to 12.8 ± 12.9 (t(23) = 12.4, p < 0.001). Although the
stimulus was not turned down on arm B during the con-
ditioning block there was a significant reduction in
intensity rating to 46.5 ± 17.5 (t(23) = 4.4, p < 0.001).

During the post-conditioning block, when the stimu-
lus intensity was turned back up on arm A to the same
level used in the pre-conditioning block, the subjects
perceived mean intensity (±standard deviation) ratings
for arms A and B were 46.5 ± 19.7 and 50.0 ± 19.0,
respectively. Both arms A and B showed a significant
reduction in stimulus intensity rating compared to the
pre-conditioning block (t(23) = 6.0, p < 0.001),
(t(23) = 3.6, p = 0.001), respectively. The treatment
group shows a placebo response occurring on both arms
A and B.

We plotted the difference in intensity ratings between
the pre- and post-conditioning blocks for arm A against
the change in arm B for all subjects in the control and
treatment groups (Fig. 3). The vertical and horizontal
lines on the figure define the boundaries of pre-condi-
tioning minus post-conditioning changes reported by
the control group. The maximum reduction for arms
A and B in the control group was 8 and 7 (on the 0–
100 intensity rating scale), respectively.

The resulting four quadrants partition the range of
responses observed (Fig. 3). Quadrant 4 encompasses
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(using a 0–100 numerical scale) during the three experimental blocks.
t each subject’s moderately intense level (painful). During conditioning,
on-painful). **P < 0.01, ***P < 0.001.
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Fig. 3. Reduction in stimulus intensity rating (pre- and post-condi-
tioning) in arm A against arm B. The horizontal and vertical dotted
lines mark the extremities of the reduction in intensity reported by the
control group. Subjects above the horizontal line reported greater
reduction on arm A post conditioning than the control group. Subjects
on the right of the vertical line reported greater reduction in arm B.
Therefore, quadrant 1 marks a placebo response in arm A only, while
quadrant 2 marks a placebo response in both arms. Quadrant 4
contains the controls and the non-responders. Even when subject � was
considered an outlier, the results of the statistical analysis were
unchanged.
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the sixteen subjects in the control group and a subset
of eight subjects (33.3%) from the treatment group
whose reductions in stimulus intensity did not exceed
the reductions in the control group. We identified
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Fig. 4. Responses of the treatment group to the post experiment questions o
to question 3. The questions checked the efficacy of the conditioning block.
local anaesthetic treatment.
these subjects as non-placebo responders. Quadrants
1 and 2 show the placebo responders. Quadrant 1
encompasses eight (33.3%) subjects from the treatment
group who reported a change in intensity on arm A
(conditioned arm) we identified these subjects as uni-
lateral responders. Quadrant two encompasses eight
(33.3%) subjects who reported a reduction in both
arms A and B. We identified these subjects as bilateral
responders. There were no subjects who demonstrated
a placebo response on the unconditioned arm B alone
(quadrant 3).

The post experiment questionnaire aimed to deter-
mine the effectiveness of the conditioning session by
establishing how strongly subjects believed that a local
anaesthetic cream had been applied to the skin. Fig. 4
shows a breakdown of the answers to questions two
and two by the three types of placebo responders (uni-
lateral, bilateral and non-responders) we identified in
the treatment group (Fig. 3).

In general, the majority of the bilateral responders
were more confident that the ‘treatment’ would be suc-
cessful in eliminating the pain, and in recommending
the ‘treatment’ to an anxious friend prior to an injection.
Unilateral responders varied between slightly to very
confident, while the non-responders were generally less
confident that the ‘treatment’ would be successful.

All twenty-four subjects in the treatment group
answered ‘‘yes’’ to whether they would be willing to
undergo ‘treatment’ prior to having an injection. Sub-
jects in the non-responders category reported that the
cream was effective in block 2 (during conditioning),
but was too short-acting for the effect to persist through
the 3rd block (post-conditioning). The bilateral and uni-
lateral responders appear to be more convinced by the
conditioning block than the non-responders, with the
1 2 3 4 5
Question 2

Recommend treatment ?

Bilateral responders n=8

Unilateral responders n=8

Non responders n=8

ne and two. All twenty-four subjects in treatment group answered ‘yes’
Subjects, including non-placebo responders, believed they received the
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bilateral responders being influenced most by the condi-
tioning block.

5. Discussion

Previous studies have provided instructions to direct
the subject’s attention to the stimulus location that
may be altered by the application of an inert cream. This
results in expectation of analgesia on a specific body site
(Voudouris, 1990; Montgomery and Kirsch, 1997; Price,
1999; Price et al., 1999; De Pascalis et al., 2002; Charron
et al., 2006). When the instructions regarding the treat-
ment are non-site-specific to the side of potential analge-
sic effect, as in the current study, a range of placebo
responders were identified in the treatment group:
non-placebo responders; those with a predominantly
unilateral placebo response on the side where the stimu-
lus intensity was turned down; and a group with a sub-
stantial bilateral response (Fig. 3).

The post experiment questionnaire was only intended
to measure how effective the conditioning block was in
generating the belief that subjects had received a local
anaesthetic cream. In general, all subjects including all
non-responders but one indicated some degree of confi-
dence that a local anaesthetic cream had been applied
and believed in the effectiveness of the cream (to varying
degrees). However, the results of the questionnaire also
suggest that the degree of confidence in the treatment is
reflected in the range of placebo responses observed,
whereby bilateral responders appear to be most con-
vinced by the experiment, while non-responders are
the least convinced.

The results of the unilateral group in the present
study are in line with previous studies on experimental
placebo response in that significant placebo responses
were obtained on the site where the placebo cream was
applied followed by conditioning (Voudouris et al.,
1985, 1989, 1990; Montgomery and Kirsch, 1996,
1997; Benedetti et al., 1999; Price et al., 1999; Wager
et al., 2004; Bingel et al., 2006). In addition, we also
identified a group of placebo responders with significant
reduction in pain on the sites where the cream was
applied in both the conditioned and un-conditioned
arms.

Voudouris (1990), Montgomery and Kirsch (1997),
Price et al. (1999), Price (1999), De Pascalis et al.
(2002), Charron et al. (2006) all asked their subjects to
rate expectancy of pain reduction either before or after
the administration of a placebo. In these studies, all sub-
jects were told that they would receive an active and
potent drug when infact they were given a placebo.
The current study involved a degree of ambiguity with
regard to the placebo, i.e. subjects may or may not
receive a local anaesthetic. Because of this ambiguity
we did not explicitly measure the expectation of pain
reduction. Asking subjects about their expected reduc-
tion in pain intensity prior to stimulus delivery could
alter their mind set and hence interfere with the actual
expectancy or the perception of the stimulus. Therefore,
if a measurement of expectancy is desirable, it would
have to be a covert one. Given that the pain stimuli
pre- and post-conditioning are physically the same, we
would have to conclude that any observed changes in
perception can only be modulated by a top-down pro-
cess. A reduction in anticipation is therefore a likely
explanation for such a change in perception (Wager
et al., 2004).

The range of responders observed in the current study
(Fig. 3) may be explained by reference to theories of
machine learning and Bayesian statistics in which deci-
sions (in this case a decision about intensity rating) are
made on the basis of a combination of prior expectations
and current stimulus experience (Brownstein, 2003;
Wager, 2005). The integration of these components will
influence the final decision on the intensity of the experi-
ence that is reported. On this basis subjects who did not
show any reduction in intensity rating beyond the condi-
tioning block could be more consistent with a decision
that is more influenced by current experience (intensity
of stimulation during and after conditioning) than expec-
tation. On the other hand, subjects who reported intensity
reduction in both arms may be more guided by their prior
expectation of pain reduction.

The underlying mechanisms of expectancy have been
proposed to play a role in placebo analgesia and pain
perception (Fields, 2000; Fields and Price, 2005; Wager,
2005). Lorenz et al. (2005) and Koyama et al. (2005)
have shown that when subjects are cued to expect a stim-
ulus which they had previously reported as painful to be
less painful, they actually perceive it as less painful.

The subjects that showed a reduction in intensity on
both arms may have been influenced to a greater extent
by expectation or prior information. The laser stimulus
was positioned over the subject’s arm approximately 5 s
prior to each stimulus so it is possible that the subject
had prior expectation or anticipation of the impending
stimulus. Wager et al. (2004) have shown that placebo
analgesia involves a change in expectancy processing.
This modulation of expectation may be related to
endogenous opioid system activation (Petrovic and Ing-
var, 2002; Wager et al., 2004).

This rationale appears to provide a potential explana-
tion for the inter-individual differences in placebo
response. It also provides a potential explanation for
the differences in site-specificity of placebo effects
between our results and those of Benedetti et al.
(1999), Montgomery and Kirsch (1996) and Bingel
et al. (2006). In the absence of clear instruction as to
which arm to expect an analgesic effect there is a well-de-
fined group who will achieve a more expectation-driven
non-site specific response (i.e. bilateral response).
Whereas in our study there is also a well-defined group
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of more experience-driven site-specific placebo respond-
ers (unilateral responders) who correspond more closely
to the group within the study of Benedetti et al. (1999),
Montgomery and Kirsch (1996) and Bingel et al. (2006)
who were given site-specific information.

An alternative explanation is that the inter-individual
differences are due to the demand characteristics of the
experiment, i.e. the bias introduced where the individual
reports an effect the experimenter expects them to report.
In other words this could just be an effect of subject com-
pliance. This is unlikely, as a preliminary study with a sim-
ilar design, showing similar variability of bilateral
responses, demonstrated that the intensity of pain report
correlated with the amplitude of laser-evoked potentials
during placebo response (Watson et al., 2005).

If the variability observed in the current study is
proven to be reproducible, it may provide a way of
establishing the physiological and pharmacological basis
of the prior and current information-driven components
of the placebo response. This may also have implications
for the design of studies of different pharmaceutical
agents. In this study, the control and treatment groups
were not gender matched although there are reported
gender differences in pain threshold and tolerance, there
is no evidence of gender difference in placebo response in
healthy subjects. However future studies should take
into consideration the possibility that such a difference
may exist. At present, it is only possible to speculate
on the pharmacological basis of the variability of place-
bo response. Dopamine has been shown to be important
in expectation and reward processing (Schultz, 1998,
2001, 2002; Zald et al., 2004) including expectations of
therapeutic effect (Fuente-Fernandez and Stoessl, 2002)
and may also be involved in the tonic and dynamic reg-
ulation of pain (Hagelberg et al., 2002). It is therefore
possible that in individuals with more prior informa-
tion-driven placebo responses (expectation and condi-
tioning), their placebo responses may be more
dopamine dependent. However, more current experi-
ence-driven placebo responders may be more susceptible
to manipulation of the opiate system, which is likely to
modulate both nociceptive processing (current experi-
ence) and reward. The latter would be consistent with
the demonstration of partial naloxone reversibility of
the site-specific responders (Benedetti et al., 1999).

This study shows that there are at least two patterns
of placebo responses with some subjects showing a site-
specific response and other subjects showing a more gen-
eralised response. However, when the temporal and spa-
tial components of the responses are examined in
individuals there appear to be distinctly different pat-
terns of response that can be attributed to differences
in cognitive styles. A better understanding of these dif-
ferent cognitive styles may aid the design of trials of
pharmacological interventions that are less susceptible
to the variability of placebo response.
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