
Fifty shades of pain
The push to find reliable ways to measure pain 
is proving harder than generating it.

Science has produced such a bewildering array of tools and tech-
niques to cause gentle pain that to list them all can seem like 
describing a torture chamber in Toytown. To study the body’s 

responses, people are prodded with fingers, pricked with needles and 
pressed with ice. Toes are squeezed and ear lobes pinched. Muscles 
can be poked with sticks and zapped with electricity. Mustard oil is 
spread on the skin and capsaicin injected beneath it. Laser pulses offer 
a double hit: an initial prick followed by a burning sensation.

When properly performed, these human experimental pain models 
help researchers to understand both the mechanisms of pain and the 
effectiveness of new compounds that could help to relieve it. The trans-
lational bridge from animal experiments to human trials is built on the 
backs of countless volunteers who sign up for a little lab-based agony. 
(Special thanks indeed must go to the anonymous 18 brave souls who 
had “two series of rectal balloon distensions performed on two separate 
days” to help to study “cortical processing of visceral sensations and 
pain” (D. Lelic et al. Neurogastroenterol. Motil. 27, 832–840; 2015).)

Similar studies check on the pain caused by fully inflating a bal-
loon inside other internal organs. Although, as a review of these pain 
models noted in 2012, it is (perhaps counter-intuitively) more diffi-
cult to find people who are willing to take such balloons through the 
mouth to stretch the oesophagus: “Difficulties in tolerating balloon 

distension commonly results in poor recruitment rates as well as the 
potential for esophageal perforation” (K. S. Reddy et al. J. Res. Med. 
Sci. 17, 587–595; 2012).

When it comes to assessing, measuring and reducing pain, the science 
toolbox is less well stocked. We have thankfully moved on from the ear-
nest 1950s debates about how the pain tolerance of patients was linked 
to eye colour — discussions that were themselves coloured by racism. 
But there is much about pain that we still do not realize, and important 
knowledge remains beyond the reach of even the best-placed balloon. 

Some of what we do know is presented this week in an Outlook 
supplement (www.nature.com/pain). A series of articles describes the 
physical, neurological and psychological factors that seem to contrib-
ute, and offers a snapshot of current thinking on the best forms of relief. 

Science and medicine no longer use a person’s ethnicity and  
religion to mark how well they will tolerate the pain of a procedure, but 
equally, researchers have not yet found a reliable way to measure pain 
tolerance. The search for quantifiable ways to compare painful sensa-
tions, and to diagnose pain in those who are unable to communicate 
it, mirrors the effort in psychiatric research to find useful biomarkers 
for mental-health disorders.

For pain, expression of inflammatory mediators in the blood and the 
presence of metabolites in saliva could be biological guides to a person’s 
distress. So, too, could brain scans that reveal the neural signature of 
chronic pain. However, as Nature pointed out last year (Nature 518, 456; 
2015), such techniques must be introduced with care, not least because 
they could be used by insurance companies and others to demand 
‘proof ’ of pain as a way to overrule reported personal experience.

Science has already developed some weird and wonderful ways to 
deliberately cause pain. It should be wary that it does not inadvertently 
create some more. ■

the musical discrimination of the Tsimane’ villagers, the listeners 
experienced consonant and dissonant intervals as equally pleasant 
(J. H. McDermott et al. Nature http://dx.doi.org/10.1038/nature18635; 
2016). This is not a deficiency of affect, because the villagers can 
distinguish cheerful sounds (laughter) from less cheerful ones 
(gasps). They also recognize physically unpleasant sonic ‘roughness’  
— the beating sensation when two tones close in frequency are played 
at once. 

The reason for the villagers’ inability to distinguish what others 
would call pleasant sounds from unpleasant ones might be, in large 
measure, one of culture. The Tsimane’ do have music, but it is purely 
one of melody rather than harmony. They play or sing in single 
lines, and do not adhere to Western scales. This seems odd to those 
immersed in the European musical tradition, with its clear differences 
between pleasant and disagreeable harmonies. 

The differences are so clear, in fact, that we are inclined to think of 
them as innate. The mathematics behind the music seems to back this 
up. Consonant intervals, such as an octave, perfect fourth or perfect 
fifth, are integral ratios of harmonics — 2:1, 4:3 and 3:2, respectively. 
A reliably dissonant interval such as the augmented fourth, or tritone, 
has an irrational ratio of √2:1. Consonance and dissonance seem to be 
written into the fabric of the Universe. But the Tsimane’ results show 
that these structures are a human interpretation, and one that seems 
to be learned by experience.

The tale of the Tsimane’ should remind us that Western music was 
not always as richly polyphonic as it is now. In medieval times, music 
was as melodic as that of the Tsimane’. Chords were unknown, and so 
were modern musical scales. There were just eight notes, correspond-
ing to the white notes on a keyboard. The earliest keyboard instru-
ments had no black keys, and indeed no such thing as a musical key. 
Instead, there were ‘modes’, each determined by the unequal spacing 
of intervals, depending on which note you started from.

But then the Devil arrived, in jumps of three whole tones, in par-
ticular between F and B. This was the tritone, so obnoxious that 

ecclesiastical authorities described it as diabolus in musica (‘the Devil 
in music’) and banned it. Choristers presented with singing a tritone 
preferred to flatten the B, making a much more agreeable perfect 
fourth. Keyboard technology caught up by inserting the first black 
key, a B flat. The other black keys followed in time, and modal music 
evolved into the system of keys that we have today, followed rapidly 
by that most daring of innovations — polyphony. 

It is fair to say that the entire edifice of 
Western music has been built on the ten-
sion between consonance and dissonance. 
The music of Beethoven and Queen’s 
‘Bohemian Rhapsody’ take the listener on 
journeys that make sense only within that 
framework. Composers Harrison Birtwistle 
and Pierre Boulez travel routes that redefine 

the meaning of dissonance and (it must be acknowledged) thrill 
smaller audiences. Most readers of Nature, we hope, can resonate 
with the heartache and absolution in the song ‘Maria’ from Leonard  
Bernstein’s West Side Story, in which Tony sings the name of his 
inamorata — using a tritone that immediately resolves into a perfect 
fifth.

The Tsimane’ of Bolivia know nothing of Bernstein, let alone 
Birtwistle. Even when their traditional tunes were recorded, shifted 
in pitch and harmonized to make polyphonic arrangements and  
create consonance and dissonance, the listeners could not tell the  
difference between the two. One hopes that their patience wasn’t tried 
too sorely by outsiders playing fast and loose with their heritage (there 
are those of us who still bear the scars of hearing Bach murdered by 
The Beach Boys). 

But the key finding, the resolution, the crescendo, the cadenza, the 
Tierce de Picardie — one is tempted to say — is that the Tsimane’ do 
not find the tritone any more or less pleasant than any other interval. 
The Devil has not reached that part of Bolivia, it seems, and the tunes 
of the Tsimane’ might be such as those played in Eden. ■

“The Tsimane’ 
of Bolivia 
know nothing 
of Bernstein, 
let alone 
Birtwistle.”
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