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Introduction

The placebo response can be described as a treatment effect caused not by the physical properties of treatment but by the mean-
ing ascribed to it. This short review will focus on placebo analgesia in relation to its physiological validity, mechanisms and clinical
relevance.

The use of placebos for pain therapy is probably as long-established as our civilisation. Some of the best known studies of placebo
analgesia came from Beecher [1] during and after the Second World War when he was forced to use saline instead of morphine
because he ran out of morphine. He found that placebo injections had remarkably sustained analgesic effects even in the context of
severe trauma. Unfortunately his studies were uncontrolled and, therefore, difficult to interpret but they laid the foundation for recent
interest in this important phenomenon. Since these remarkable studies, and until relatively recently, the placebo effect has been
regarded more as a nuisance in the context of clinical trials than a subject worthy of study. The problems with placebo analgesia
are often expressed in terms of its variability in magnitude and specificity (that is, some subjects will respond differently to differently
coloured tablets) [2]. This has led some authors to question its biological significance and others to suggest that it is not a real physi-
ological phenomenon but merely a product of regression to the mean or habituation [3]. Recent studies have established placebo as
a potent physiological phenomenon [4]. The variability of placebo analgesia turns out to be its strength in that this provides us with a
powerful means of using placebo analgesia as a manipulable physiological window into some of our brain-driven endogenous control
mechanisms [5].

Pain perception

Pain perception is different to other types of sensory perception in that the sensation of pain is almost always associated with un-
pleasantness. However, in other respects it is quite similar in that the perceptual experience is an integration of actual sensory input
with anticipated experience. Like other sensory experiences there is, therefore, a virtual reality component to the way in which pain is
processed. Functional brain imaging has provided us with a detailed knowledge of the ‘pain matrix’ [6] in the brain that is responsible
for pain perception. The ‘pain matrix’ is a dynamic parallel processing system that is as influenced by psychological cues (top-down)
as it is by nociceptive information from the peripheral nervous system (bottom-up). This means that we need to take a ‘whole-systems’
approach to assessing pain, to understanding the mechanisms of pain and in treating it.

Placebo analgesia: physiological phenomenon or artefact?

In this context it is, therefore, not surprising that the ‘top-down’ effects can have significant and lasting effects on the way we per-
ceive pain. In subjects who are very suggestible, pain can be induced experimentally without any nociceptive input, activating the
same areas of the pain matrix as are activated during noxious stimulation. In a similar way, pain can be reduced experimentally by
placebo medications just by the suggestion that they may have an analgesic effect [7]. One potential explanation for these effects is
that this is not a physiological response but is due to increased compliance. In other words, the subject or patient gives the response
they think is required, without actually feeling it differently. An alternative explanation is that placebo analgesia is due to habituation or
just regression to the mean. Recent combined behavioural, electrophysiological and functional imaging studies suggest that placebo
analgesia is a robust physiological phenomenon due to very specific changes in cortical and sub-cortical activity [4, 8]. This provides
us with the exciting prospect of understanding some powerful endogenous pain control mechanisms by studying placebo analgesia
in greater detail.
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The magnitude of the placebo effect is highly variable and dependent on the psychological context of the study design. High levels
of verbal reinforcement or suggestion will have a positive effect on the magnitude of placebo analgesia [9]. In general placebo anal-
gesic responses are reported as providing a mean reduction in pain of between 20-30 %, depending on the levels of reinforcement.
Because of the variability in the placebo response it has been assumed that it is not reproducible within individuals and is not related
to personality traits [10]. Recent studies suggest that when experimental conditions including suggestion are carefully controlled, the
placebo analgesia is highly reproducible in individuals and positively related to optimism [11].

Mechanisms

The primary mechanisms for the placebo response have to be brain derived, although there is evidence for secondary mechanisms
involving modulation of descending inhibitory control [12]. The brain mechanisms appear to be related to a number of interacting proc-
esses related to altered expectation, mood, desire for pain relief, somatic focus and conditioning. It is likely that there is a hierarchy
of related mechanisms that help to mediate placebo analgesia. The role of reduced expectation of pain in placebo analgesia has
been demonstrated by a number of experiments where the subjects’ expectation of pain relief were highly correlated with actual relief
[13]. However, alterations of mood, particularly in relation to reduced anxiety, have been implicated by a number of studies. Although
altered expectation would appear to be more important than classical conditioning in placebo analgesia, there is evidence for clas-
sical conditioning playing a more important part in other aspects of the placebo response, for instance in relation to a neuro-immune
response that can be demonstrated in human and animals [14]. It is, therefore, possible to construct simple and more complex models
of placebo response (Figure 1).

Figure 1
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A simple construct of a possible model of the placebo response.
Kirsch 1. The emperor’s new drugs: exploding the antidepressant myth. London: Random House, (in press).
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We are just beginning to understand the brain substrates of placebo analgesia. A number of functional brain imaging studies have
shown reductions in activity within the pain matrix during placebo response. A more interesting question is what circuitry initiates and
maintains these responses. There is now evidence for a number of brain regions that appear to be responsible for at least a part
of the neuromodulation during placebo response which include the dorsolateral prefrontal cortex (DLPF), medial prefrontal cortex,
orbito-frontal cortex (OFC) and cingulate cortex (CC). These areas are involved in memory, executive control, self-appraisal, atten-
tion and reward, as well as nociceptive processing (DLPF, CC) [15]. Work from our group [15] has looked at the whole sequence of
experimental placebo from pre-conditioning (noxious stimulation), conditioning (administration of inactive cream with instruction that
it may contain anaesthetic after which the pain stimulation energy is turned down) and post-conditioning (return to previous level of
noxious stimulation). There would appear to be a common circuitry involving the DLPF, OFC, anterior mid cingulate (aMCC) that is
responsible for the modulation of expectation during conditioning and the post-conditioning (Figure 2) (OFC being activated during
anticipation only during post-conditioning). Only aMCC is modulated during expectation (during conditioning and post-conditioning)
and placebo analgesia and represents the interaction between these two processes. It is possible that the aMCC mediates the inter-
actions between higher cognitive control mechanisms and placebo analgesia and self-appraisal. This would fit well with its functions
in emotional control and the high concentrations of opioid receptors in this area of the cingulate cortex [16]. Structures necessary for
the placebo response are activated in terms of memory comparison with previous experience and locations (post-cingulate, DLPF),
stimulus appraisal and error monitoring (aMCC), and control of attention (aMCC, DLPF) and affect (aMCC, MFC) and maintenance of
belief (DLPF) and reward (OFC). If the reward is the reduction in pain which elevates mood, then this may be what drives the higher
control centres to reduce attention to the mismatch between expected stimulus intensity and actual stimulus intensity with consequent
modulation of nociceptive processing within the pain matrix.

Figure 2
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Common brain areas activated during pain anticipation in both the placebo conditioning and post-conditioning stages compared to the pre-treatment
stage. DLPFC (left dorsolateral prefrontal cortex) (mni -22, 52, 18, BA 9), left BA 8, mni -6,44,34) and left aMCC mni -6,32,24)). The images are
shown in axial and sagittal orientation and radiological convention (right side of the brain on the left side of the picture). This image has been ac-
cepted for publication in an Elsevier journal.
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The neurochemical mediators of placebo response

The first evidence that the placebo effect may be mediated by endogenous opioids was provided by Levine and colleagues [17]
using naloxone to block the placebo analgesic effects of infusions of saline. These have been variably reproduced by subsequent
pharmacological studies since, but naloxone has been found not to completely block placebo analgesic effects [18]. This may be be-
cause of incomplete blockade of mu and other receptor subtypes or because there are other neurochemical mediators. Recent PET
studies [19] have provided more direct evidence of placebo analgesia being associated with changes in endogenous opioid activity,
particularly within structures associated with reward, motivational processing and control of executive function such as the aMCC,
ACC (pre-genual cingulate) and orbito-frontal cortices. Interestingly it would appear that negative suggestion effects (nocebo) have
different modulators and are blocked by cholecystokinin antagonists which have no effect on placebo analgesia.

Clinical relevance

The clinical relevance of this is that suggestion and empathy have key effects on the efficacy and even the valance of therapeutic
interventions. This means that the way in which a therapeutic intervention is introduced will often have a significant effect on the
positive and negative effects on the patient. The skill of the physician is, therefore, to balance the information given about therapy
with sufficient positive reassurance to maximise the clinical benefit [20]. The development of new pharmaceutical agents, that in-
hibit the breakdown of endogenous opioids in the brain, provides the possibility of enhancing the brain’s own endogenous control
mechanisms, including placebo effects. This will provide an interesting challenge to clinical trial design. Placebo analgesia provides
a difficulty to clinical trials. There is a suggestion that a significant proportion of the most recent 18 trials of new analgesics failed
because of a high placebo response in the control arm. The assumption of any controlled trial is that there will be an equal proportion
of placebo responders in each group. The larger the trial, the greater is the likelihood that this is going to be true. However, because
of the variability of placebo effects it is not possible at the moment to estimate the point for any therapeutic intervention where this
becomes adequate to test the null hypothesis. However, with further studies of placebo analgesia in different clinical and non-clinical
populations it should be possible to substantially reduce the uncertainty of clinical trials of pain therapies.

Key Learning Points

» Placebo analgesia is a powerful physiological phenomenon and is not due to habituation effects or increased subject
compliance.

» The magnitude of placebo analgesia is highly dependent on the psychological context of the administration of the placebo.

» Early evidence suggests that reproducibility of placebo effects may be correlated with psychological traits such as
optimism.

» The mechanisms of placebo analgesia are just beginning to be understood and appear to be related to adaptive changes
within orbito-frontal structures in the brain concerned with reward, memory, attention and mood.

» The neurochemical basis of placebo analgesia is less well understood but there is some evidence that the release of
endogenous opioids, which normally modulate nociceptive activity, may be enhanced during placebo analgesia.
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