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Modalities, Modes, and Models in Functional
Neuroimaging
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Suppression of Pain by Sound

Abstract, A procedure involving music
and noise has been effective in suppressing
pain in 5000 dental operations. The music
promotes relaxation, and the noise (the
main agent) directly suppresses pain. The
dental procedure and results are described,
and an explanatory hypothesis is sug-
gested.

Certain types of pain may be reduced
or abolished by intense acoustic stimu-
lation (7). We have studied “audio
analgesia” in dental situations and, with
others, have obtained preliminary Tre-
sults in hospitals and laboratory (2).

In Wallace J. Gardner’s dental office,
suppression of pain by sound has been
fully effective for 65 percent of 1000
patients who previously required nitrous
oxide or a local anesthetic in compar-
able operations. For 25 percent, sound-
induced analgesia was sufficiently effec-
tive that no other analgesic or anesthet-
ic agent was required. For 10 percent,
it was less than adequate. In only a
handful of cases has a patient reported

Reports

inducing the analgesic condition in-
volves the use of music and of noise.
The patient wears headphones and con-
trols the stimuli through a small con-
trol box in his hand. Before the opera-
tion, and until a potentially painful
procedure has to be employed, the
patient listens to stereophonic music.
As soon as he anticipates pain or feels
incipient pain, he turns up the intensity
of the noise stimulus. It is random
noise with a spectrum shaped by low-
pass filters to provide a compromise
between analgesic effectiveness and
pleasantness of quality.

The main function of the music is
to relax the paticnt. For most patients,
the noise is the main agent, the one
that drowns out the pain.

Several factors operate simultaneous-
ly in producing the analgesia (3). The
noise appears, in introspection, directly
to suppress the pain caused by the den-
tal operation. During cavity prepara-
tion, the noise also masks the sound of
the dental drill, thereby removing a
source of conditioned anxiety. The mu-
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of physicians in the Boston area. The
sources of pain included left heart
catheterizations, removal of toenails,
labor and childbirth, and the removal
of a polyp from the shoulder of one of
us. The audio procedure was effective
in over two-thirds of these applications.
When it was not effective, the patient
was not relaxed, or the pain was well
developed before the sound was turned
on, or it was not feasible to continue
intense stimulation throughout the op-
eration. Exposure to intense acoustic
stimulation must be carefully con-
trolled in order to avoid the possibility
of producing damage to hearing.

Audio analgesia is more effective
against some kinds of pain than others.
In the polyp removal, there was sharp-
ly localized pain (“pinprick™) at the
time of the incision and again when
the suturing needle passed through the
skin. The pain was clearly recognizable,
but quite small and inconsequential.
During the remainder of the operation,
there was nothing that could be called
pain—only pressure and tension. Some
patients report no pain at all when the
noise is on at high intensity. Others say
that there is detectable pain, but that
“it doesn’t hurt.”

Efforts to examine the phenomenon
in the laboratory have encountered the
difficulties noted in other nonclinical
studies of analgesia (4). If the sub-
ject pays attention to the nociceptive
stimulus and reports upon the magni-
tude of the resulting. subjective pain,
the effect of acoustic stimulation is
usually small. It is possible, however,
by duplicating the clinical context as
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artists on science

Orbitofrontal
ortex

Auditory —{—£ [ |}
cortex |

Eigute 1 The processing of sound waves froma musical instrument. After being transduced into neural
impulses by the inner ear, information t ravels through several waystations in the brainstern and midbrain
to reach the auditory cortex. The auditory cortex contains distinct subregions that are important for
decoding and representing the various aspects of the complex sound. In turn, information fromthe audi-
tory cortex interacts with many other brain areas, especially the frontal Iobe, for memory formation and
interpretation. The orbitofrontal region is one of many invelved in emetional evaluation, The metor
cortex is involved in sensory—metor feedback cirauits, and in controlling the movements needed to
produce musicusing an instrument,
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Music,
the food of
neuroscience?

Playing, listening to and
creating music involves
practically every cognitive
function. Robert Zatorre
explains how music can
teach us about speech,
brain plasticity and even
the origins of emotion.

We tend to consider art and culture from
a humanistic or historical perspective
rather than a biological one. Yet these prod-
ucts of human cognition must have their
origin in the function and structure of the
human nervous system. As such, they
should be able to yield valuable scientific
insights. This line of reasoning is nowhere
more evident than in the contemporary
interest in the neuroscience of music,
Music provides a tool to study numerous
aspects of neuroscience, from motor-skill
learning toemotion. Indeed, from a psychol-
ogist’spointofview, listening to and produc-
ing music involves a tantalizing mix of
practically every human cognitive function.
Even a seemingly simple activity, such as
humming a familiar tune, necessitates
complexauditory pattern-processing mech-
anisms, attention, memory storage and
retrieval, motor programming, <nsory—
motor integration, and so forth (Fig. 1).
Likewizse, the musician does not consider
music to be monolithic, but recognizes
within it multiple features including
melodies, chords, themes, riffs, thythms and
tempos. This complexity — both psychol-
ogical and musicological — makes music a
challenging topic for a scientific research
programme. Increasing numbers of investi-
gators are convinced that music can yield
valuable information about how the brain

NATURE|VOL434|17 MARCH 2005 [wwvanatre. com/natiare
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Music in stroke rehabilitation

Around a third of people who survive after stroke remain
reliant on others for their care. For both patients and
their families, rehabilitation services are crucial to reduce
disability and dependency after stroke.

Stroke rehabilitation has been criticised for not being
rooted in science. However, over the past 10 years an
evidence base for rehabilitation has been building and
interest in stroke recovery is being revitalised. New
potential therapies are under investigation and include
the use of virtual reality to simulate real-life learning and
robotic devices to increase the amount and intensity of
limb exercise.

Lastweek, the publication of asingle-blind randomised
trial on listening to music after middle-cerebral-
artery stroke raised another intriguing possibility for
rehabilitation. In a 60 patient trial, Finnish investigators
found that patients who listened to self-selected
music daily during the first 2 months after stroke had
better cognitive recovery and mood when compared
with those who listened to audio books or those with
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no listening materials. Patients’ verbal memory and
focused attention improved significantly more in the
music group than in the language or control group when
measured 3 and 6 months post-stroke.

Despite these findings, whether music affects patients’
bhehaviour and improves their function (eg, relevance
and speed of conversation, quicker or fuller recovery of
independence) remains unclear. Additionally, measures of
memory function are influenced by mood. So music might
have improved the patients’ mood and subsequently their
cognitive function rather than having a direct effect.

However, the investigation of music in a stroke
trial is new and interesting. And research into stroke
rehabilitation, once a neglected area, should only be
encouraged. Worryingly, a 2005 study showed that
patients in European stroke rehabilitation centres
typically spend most of their day in non-therapeutic
activities. Asking early-stage stroke patients to listen
to music could therefore offer a simple way in which to
improve their care and aid their recovery. B The Lancet

www thelancet. com Vol 371 March 1, 2008
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Il ATHE NEUROSCIENCE OF

Recent brain-imaging studies reveal some
of the complex neural choreography
behind our ability to dance

By Steven Brown and Lawrence M. Parsons

o natural is our capacity for rhythm
KEY CONCEPTS S that most of us take it for granted: when
o Diainci i s fundsinerist o we hear music, we tap our feet to the
of human expression that likely ~ Deat or rock and sway, often unaware that we
avolved together with music are even moving. But this instinct is, for all
as a way of generating thythm,  infents and purposes, an evolutionary novelty
among humans. Nothing comparable occurs in

nther mammale nor aenhahly aloawrhers in rhe

m Itrequires specialized mental
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though space? How do they pace their steps?
How do people learn complex series of pat-
terned movements? The results offer an intrigu-
ing glimpse into the complicated mental coor-
dination required to execute even the most basic

dance steps.

I Gnt Rhvthm
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Love: Neuroscience reveals all

Poetryitisnot. Nor is it particularly romantic. But reducinglovetoits component parts helps us to understand
human sexuality, and may lead to drugs that enhance or diminish our love for another, says Larry J. Young.

In his Lovek Trinity, the Victorian poet laureate
Alfred Austin sums up the holistic view of love
that has long held sway:

Soul, heart, and body, we thus singly name,
Are not in love divisible and distinct,
But each with each inseparably link'd.

Now researchers are attempting to isolate
and identify the neural and genetic components
underlying this seemingly uniquely human
emotion. Indeed, biologists may soon be able
to reduce certain mental states associated with
love to a biochemical chain of events. This has
implications for the evolution of human sexu-

of drugs to modulate m ; X

mental processes. '
Animal models

have greatly aided

our understanding of

the mechanisms that regulate

emotions — particularly for evolution-

arily conserved states such as fear and anxiety.

These advances have led to pharmaceutical

therapies for anxiety, phobias and post-trau-

— the same circuitry that drugs such as nico-
tine, cocaine and heroine act on in humans to
produce euphoria and addiction.

There is intriguing overlap between the
brain areas involved in vole pair bonding and
those associated with human love. Dopamine-
related reward regions of the human brain are
active in mothers viewing images of their child.
Similar activation patterns are seen in people
looking at photographs of their lovers.

The notion that pair bonding in humans
may have evolved through a tweaking of the
brain mechanisms underlying maternal bond-
ing could explain certain unique characteristics

of human sexuality. For example, female sexual
desire may have become decoupled from fertil-
ity, and the female breast may have become an
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relationships than do those of men lacking it.
For both voles and humans, AVPRIA genetic
polymorphisms predict how much vasopressin
receptor is expressed in the brain.
The view of love as an emergent property of
a cocktail of ancient neuropeptides and neuro-
transmitters raises important issues for society.
For one thing, drugs that manipulate brain
systems at whim to enhance or diminish our
love for another may not be far away. Experi-
ments have shown that a nasal squirt of exytocin
enhances trust and tunes people into others’
emotions. Internet entrepreneurs are already
marketing products such as Enhanced Liquid
Trust, a cologne-like mixture of oxy-

are unlikely to do any-
thing other than boost
users’ confidence, studies
are under way in Australia
to determine whether an oxy-
tocin spray might aid traditional
marital therapy.
‘We don't yet know whether the drugs com-
monly used to treat disorders from depression
to sexual dysfunction affect people’s relation-

ality, and raises important societal tocinand pheromones “designed to %
issues given our increasing use boost the dating and rela- ﬁ
of genetic tests to screen for tionship area of your life”
certain behaviours, and Although such products
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CORRESPONDENCE

LINK TO ORIGINAL ARTICLE

LINK TO INITIAL CORRESPONDENCE

Real magic: future studies of magic
should be grounded in neuroscience

Stephen L. Macknik and Susana Martinez-Conde

‘We recently proposed, in collaboration

with five professional magicians, that
neuroscientists and magicians should join
forces in the study of human perception and
cognition (Attention and awareness in stage
magic: turning tricks into research. Nature
Rev. Neurosci. 9, 871-879 (2008))". Our
two-pronged approach was that, first, magic
techniques could be used as powerful tools
in cognitive neuroscience research, and that,
second, the perception of magic tricks will
be best understood from a neurobiological
perspective.

While commending our Perspective,
Lamont and Henderson (Nature Rev.
Neurosci. 29 Jan 2009 (doi:10.1038/
nrn2473-c1))? point out that scientific
interest in magic is not new, and that previ-
ous attempts to establish a theory of magic
have failed. They also mention that Lamont
and Wisemanss classification of conjuring
effects® — adopted in our Perspective — did
not merely list the main categories, but also

Tatler’s paper® as “...the first study to have
correlated the perception of magic with
any physiological measurement” (REF. 1).
Thus, interest in the psychology of magic
has waxed and waned, but interest in the
neuroscience of magic is novel (see also
REFS 9,10). Indeed, the neuroscientific study
of magic has already proved more produc-
tive (with just a handful of studies over the
past few years) than previous attempts at
psychological magic theory. Lamont and
Henderson kindly note that our Perspective
is more focused than previous efforts; we
further believe that it brings forth a
significant shift in focus.

Lamont and Wiseman deserve high
praise for their pioneering efforts, and their
book on magic theory is extensively cited
throughout our Perspective. We are aware
that their original classification included
a description of the mechanics by which
magic tricks are accomplished. However, to
fully understand why a magic trick works,
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position in the detection of magic tricks,
and found that detection rates were not
significantly influenced by how far the target
was from the centre of vision at the time
of its disappearance. Thus they concluded
that the magician primarily manipulates the
spectators’ attention rather than their gaze.
A wonderful video featuring an experiment
by Henderson (who co-authored the reply
to our Perspective) and Tim J. Smith further
supports this idea (see the Continuity Boy
blog for further details). Henderson and
Smith tracked the eye movements of nine
observers viewing Richard Wiseman’s
Colour Changing Card Trick. In the video
narrator’s words, the only subject that
noticed the change “..was looking in exactly
the same place as all of the others.” Thus,
although Lamont and Henderson assert that
when observers “..are looking at a chang-
ing object, they notice the change” (REF. 2),
Henderson’s own research shows otherwise.
Future research on the neural bases of
magic should follow in the footsteps of
studies such as these. We are confident
thata clearer picture will emerge as the
neuroscience of magic gains footage, aided
by brain imaging and other neural activity
recording techniques.

Stephen. L. Macknik and Susana Martinez-Conde are
at the Barrow Neurological Institute, 350 West Thomas
Road, Phoenix, Arizona 85013, USA.

Solvalla 2010



OPINION BEING HUMAN

ESSAY

Religion: Bound to believe?

Atheism will always be a harder sell than religion, Pascal Boyer explains, because a slew of cognitive traits

predispose us to faith.

Is religion a product of our evolution? The
very question makes many people, religious or
otherwise, cringe, although for different rea-
sons. Some people of faith fear that an under-

relations or ethnic coalitions. Findings from
cognitive psychology, neuroscience, cultural
anthropology and archaeology promise to
change our view of religion.
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NATURE| Vol 455]23 October 2008

that people best remember stories that include
a combination of counterintuitive physical feats
(in which characters go through walls or move
instantaneously) and plausibly human psycho-
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