
The effect of auditory stimulation on 
blood pressure changes associated with pain 

The effects of auditory stimulation on systolic blood-pres
sure (SBP) increases elicited by the cold pressor procedure 
were studied in seven Ss, each S acting as his own control. 
It was found that auditory stimulation significantly depressed 
SBP over a no-stimulation control condition 

Gardner & Licklider (1959) have reported that sub
jective pain occurring during dental drilling without 
local or general anesthetic was markedly decreased 
by white noise delivered binaurally. Completely effec
tive analgesia, as gauged from subjective reports, 
was obtained in 63 percent of the 387 patients studied. 
Further investigations reported by these authors have 
involved variations in the auditory stimuli and the use 
of other pain-eliciting procedures including minor 
surgical operations and labor and child-birth. Results 
in these subsequent studies have been essentially the 
same as in the earlier work. The phenomenon of 
audio-analgesia is now widely known and employed 
in the practical control of subjective pain. 

One of the important problems set by the work on 
audio-analgesia is that of understanding the mech
anism(s) of the analgesiC effect. It might be argued 
that some form of attentional shift was operating 
and reduced the perception of the painful stimulus, 
consequently reducing the perceived intensity of pain. 
An extension of such a model as Broadbent's (1958) 
might be applicable. 

An equally important and related question concerns 
the possible identification of physiological concom
itants of audio-analgesia which, if successful, might 
aid in understanding the mechanism(s) of the audio
analgesic effect, as well as provide an objective mea
sure of audio-analgesia replacing the subjective pain 
response. 

A reliable physiological concomitant of pain as 
elicited by the cold pressor test is an elevation in 
blood pressure (McMurray & Jacques, 1959; Wolff, 
1951). These authors and others have shown that 
subjective pain is an essential component in response 
to the cold pressor test, and that this procedure 
eliCits a reliable and characteristic rise in blood 
pressure. The perception of pain, then, is correlated 
with an increase in blood pressure. 

It was of interest to establish whether audio-analgesia 
acted both on the perception of pain and on the pain
related Changes in blood pressure. On the basis 
of the work reviewed above, the following study was 
undertaken with the expectation that auditory stimula
tion might decrease both SBP and the subjective pain 
response during the cold pressor procedure. 
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Seven undergradude students (five male, two female) 
naive with respect to the purpose of the experi
ment were employed as Ss. The age range was 18-24 
years with a median of 21 years. No S reported a medi
cal history suggesting cardio-vascular disease, ab
normal blood pressure, insensitivity to pain, hearing 
difficulties, etc. 

A Cambridge Instrument Company recording sphyg
motonograph was used for the continuous measure
ment of systolic blood pressure (SBP). A 4000-1 beaker 
filled with continuously stirred ice and water at 10 _ 

4-1/20 C was employed in the cold pressor procedure. 
Auditory stimulation of a fixed frequency of 130 cps 
and a fixed intensity of 90 dB was produced by a 
Heath Model 200 AB audio-oscillator, with the auditory 
stimulation manually controlled by E and delivered 
binaurally using earphones. 

An experimental design was used in which each 
S acted as his own control. Each S received one 
condition of 3 min. duration-that is, the cold pressor 
test with (or without) acoustic stimulation, followed 
by a 10 min. rest, and then the remaining condition 
of 3 min. duration-that is, the cold pressor test 
without (or with) acoustic stimulation. The experi
mental condition was differentiated from the control 
condition by the presence of auditory stimulation 
in the former. Three Ss received the experimental 
condition before the control condition, while four Ss 
received the reverse of this procedure, with the 
order being alternated across Ss. It is worth noting 
where the present design is concerned that Hines & 
Brown (Cited by McMurray & Jacques, 1959), McMurray 
& Jacques (1959) and Wolff (1951) have reported 
that the value of the increase in blood pressure 
associated with the cold pressor test is unaffected 
by previous tests. 

The test sessions for all Ss were conducted in 

the same room under undisturbed conditions; instruc
tions were the same for all Ss. All testing was done 
by one E. 

Each S was seated confortably and the sphygmotono
graph cuff was attached high on the left arm. Head
phones were fitted firmly over both ears; this was 
done in both the experimental and control conditions. 
Blood pressure recording was begun before immers
ing the S's right hand to wrist height in the beaker, 
and in the experimental condition the auditory stim
ulation was delivered at the onset of hand immersion. 

Recording of SBP was taken for 3 min. under each 
condition, with a 10 min. rest period between condi-
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tions during which time no apparatus was attached 
to S. Following termination of the second condition, 
S was requested to report on any subjective differ
ences noted between the two conditions. 

The procedure used in handling the SBP recordings 
was that employed by McMurray & Jacques (1959) 
in which the point of hand immersion was designated 
as 0 min., and SBP read in mm of mercury at approxi
mately every 30 sec. throughout the (3 min.) record. 
The mean of the resulting six readings for each S 
under each condition was entered into the statistical 
analysis. 
Results and Discussion 

The experimental mean SBP was lower than the 
control mean SBP; this difference achieved signifi
cance on a t-test for correlated means (t=2.29, df= 
6, p< .05). 

Turning to the subjective reports of pain, it was 
found that two Ss definitely felt less pain under the 
experimental condition than under the control condi
tion, two Ss reported slightly less pain under the 
experimental condition, and the final three Ss re
ported no difference between conditions. It is interest
ing that those Ss showing the greatest difference in 
SBP between the two conditions (SBP lower under 
the experimental condition) were the Ss who reported 
less or slightly less pain occurring during the experi
mental condition. (All Ss reported that the cold pressor 
procedure elicited pain.) 

The lack of a clear-cut audio-analgesic effect sug
gests that where the perception of pain was concerned, 
the (pure tone) auditory stimulus was not entirely 
effective, and that something closer to the random 
noise employed by Gardner & Licklider (1959) would 
be preferable. However, the remaining findings of 
the study are provocative in indicating that the auditory 
stimulation was influencing SBP in some unspecifiable 
direct or indirect manner. 

A body of research that seems related to the present 
work is that on autonomic response patterning (Lacey. 
Kagan, Lacey, & Moss, 1963). Lacey et al have shown 
that under conditions in which S is required to attend 
to environmental input ("environmental intake" situa
tion) , blood pressure decreases and heart rate decelera
tion occurred, but under conditions that seemed more to 
involve inattention to or "rejection" of environmental 
stimulation (eg., during periods of "mental Work") 
blood pressure increases and heart rate acceleration 
were noted. Photic (flash) stimulation reduced blood 
pressure and decelerated heart rate. Unpleasant white 
noise (" .•• flucuated irregularly in loudness, reach
ing peak intensities in excess of 100- dB above thresh
old." Lacey et aI, p. 172) produced heart rate decel-
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eration, but elicited a modest rise in blood pressure. 
Reasons for the latter finding were not discussed by 
Lacey et al. Given that white noise produced but a 
small rise in blood pressure, one may speculate that 
a pure tone as used in the present study, being less 
unpleasant than a white noise such as that of Lacey 
et al (which would lead to "rejection" of such en
vironmental stimulation) would demand "attention" 
rather than "rejection" and accordingly would be 
associated with decreased blood pressure. Such a 
pure tone then would have an effect closer to that 
of flash stimulation than that of white noise. This is, 
of course, mere speculation, and if no less, the 
results of Lacey et al in which white noise slightly 
increased blood pressure, taken in conjunction with 
other work suggesting increased blood pressure under 
intense auditory stimulation (Woodworth & Schlosberg, 
1954) make the present finding of yet greater interest. 

One other possible interpretation that cannot un
equivocally be ruled out stems from the degree to 
which pain is subject to suggestion, in that it may 
in the present case be to some extent the suggestive 
effect of the additional stimulus, rather than the effect 
of the sound itself, that was measured. 

For the present, this study indicates the possibility 
of using an objective measure of audio-analgesia 
(decreased SBP) as opposed to the subjective measure 
of felt pain. 

Clearly, further research is required, and should 
include larger samples, variations in the auditory 
stimulus, pain eliciting procedures other than the cold 
pressor test, and a necessary control condition in 
which the effects of auditory stimulation on SBP per se 
are studied, without a pain elicitation procedure. 
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