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Introduction: Music, sound, noise, and health 
 
The connection between music and medicine is an ancient 
one. According to Merriam [1], music and sound have been 
used in the healing practices of civilizations for centuries. 
Indeed, for the aboriginal cultures of Australia, the world was 
sounded into existence with the call of the didgeridoo, and 
chants, drums, bells, and shakers have been used by shamans 
and healers in every major civilization [2]. It may be no 
coincidence, then, that Apollo was embraced by the Greeks as 
the god of both music and medicine [3]. 

It seems as though the ancients were on to something: 
With the advent of new technologies and robust empirical 
investigation, a growing body of rigorous scientific research 
now demonstrates the profound ways in which music affects 
us whenever and wherever we hear it [4]. Music can help us to 
relax when we are stressed [5-7] and lift our spirits when we 
are depressed [8]. When we are incapacitated, such as when 
lying in a hospital bed, listening to music can distract us when 
we are bored, and change our perception of the passage of 
time [9]. There is even evidence to suggest that painful 

procedures can be made a little less unpleasant/painful by 
having the patient focus their attention on a pleasing tune or 
two [10-13].  

It has been shown that some of our behaviors can be 
entrained to a musical beat [14-15]. Music and ambient 
soundscapes can also be used to help provide a blanket of 
privacy and/or to mask other sounds, such as the unpleasant 
noises associated with the operation of medical apparatus – 
think here only of the whining of the dentist’s drill [16] or the 
cacophony of alarms in the intensive care unit [17-19]. While 
music is normally used in commercial settings and/or public 
spaces to attract people [20], there have also been occasions 
when it has been used deliberately to repel the gathering of 
certain groups of individuals [21]. For example, classical 
music acts as an effective deterrent to youths who might 
otherwise be tempted to congregate in public spaces [22-23]. 

Recognizing music’s impact on our perception, behavior, 
and neurophysiology across a wide range of everyday 
situations, it stands to reason that it might play an especially 
important role in the world of healthcare and wellness. So can 
music, in any meaningful sense, be said to help in the healing 
of those who hear it? There has been a surprisingly large 
amount of research in this area, spread across a variety of 
contexts: Music in the operating room (for the surgeon and 
so-called ‘support’ staff); music in peri-operational care; 
music, and the problem of noise, in patient wards; music to 
help people who are grieving. In the sections that follow, we 
take a closer look at each of these in turn, before finally 
broadening out the discussion to a consideration of music as 
but one component of multisensory atmospherics – 
Atmospherics, being an area of marketing concerned with the 
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creation of commercial spaces that elicit a particular 
atmosphere or mood, especially through the use of music. 
 
The ‘experience economy’ reaches healthcare 
 
Kotler [24], in his classic paper on store atmospherics, not 
only discusses the importance of getting the multisensory 
attributes of the atmosphere right in prototypical commercial 
spaces, such as shops, restaurants, and travel agencies, but 
briefly discusses the notion of atmospherics in the 
psychiatrist’s office as well. At the time, this foray into the 
healthcare ecosystem, broadly defined, perhaps seemed like 
something of an odd addition to a marketing paper. More 
recently, however, there has been a growing trend to think of 
patients as ‘consumers’ or ‘guests’, whose multisensory 
experience of healthcare (the consumer journey, in other 
words) needs to be carefully curated in order to meet (or 
possibly even to exceed) their expectations [25]. This 
emphasis on experience constitutes a potential point of 
differentiation, and is becoming ever more important in 
competitive healthcare environments, where hospitals with 
better patient-reported experience perform better financially 
[26] and produce more favorable clinical outcomes [27]. In a 
sense, one can think of this as a natural extension of the 
‘experience economy’ mindset [28-29] applied to healthcare 
[30]. 

In this context, there is a growing recognition that music 
(and soundscapes) can functionally enhance the experience of 
patients, and thus improve patient outcomes [31-32]. One 
finds early mention of the effects of atmospherics on patient 
satisfaction in the work of Andrus [33], specifically in the 
context of dental surgery offices [34]. Some hospitals have 
gone further, even introducing live music in an attempt to 
improve the quality of life for both the patients and the staff 
employed to look after them. Consider the case of the patients 
and staff at The Adelaide and Meath Hospital in Dublin, 
Ireland (associated with the National Children’s Hospital). 
They reported feeling more relaxed, happier and more 
positive after having listened to live music in the hospital 
setting. The patients’ perception of the hospital itself was also 
positively affected by the sound of live music in the waiting 
areas [35]. Likewise, Mogos et al. [36] reported that patients 
gave higher ratings for care when live music was provided 
bedside, in contrast to those for whom music was not 
provided. That being said, one also needs to be aware of 
demand characteristics (not the least of which being scalability 
and cost for the provision of live music) and the fact that 
subjective feelings of well-being do not always correlate with 
more objective measures in healthcare situations [37]. 

More recently, at Sloan Kettering Hospital’s Brooklyn 
Infusion Center in New York, some of the treatment pods 
have been equipped with custom chemotherapy chairs 
allowing the patients the opportunity to check their e-mail, 
shop online, listen to Pandora internet radio (note that 

Pandora is a large North American music streaming service; 
see www.pandora.com), and even control the lighting (in the 
pod). Consider too, the findings of Zhou et al. [38], where 
post-mastectomy women had significantly lower depression 
scores (and shorter hospital stays) if they were part of a music 
listening group that was given access to a music library that 
had been specifically curated for the study. Indeed, a number 
of interesting interventions have been executed in this space 
over the last decade or so [39-41]. At the same time, however, 
it is important to remember that there is likely going to be 
some cost implication associated with offering live or pre-
recorded music to those in healthcare settings. Crucially, in 
order for a successful sonic strategy to remain in place in the 
long-term, any costs associated with the playing of music will 
need to be well-justified. For unless a sound business case (if 
you’ll excuse the pun) can be made in terms of the benefits of 
introducing music and/or soundscapes into healthcare, such 
an approach is unlikely to stick in the long-term due to the all 
too frequent cost-cutting by accountants [42]. 

At the same time, however, one also finds a growing 
awareness of the negative consequences produced by 
seemingly ever-increasing levels of background noise, not 
only in the intensive care unit (ICU) but also in the public 
wards and neonatal units [43-53]. It certainly feels like we are 
a long way from the time, a little over half a century ago, when 
the sound levels in hospitals were recorded at no more than 
50-68 dB [54]. 
 
 
The professional’s perspective 
 
Music in the operating room 
 
Much like chefs slaving away in the kitchen [55-56], surgeons 
often like to have music playing in the background while 
operating on their patients [57-58]. Intriguingly, when 
Pennsylvanian surgeon Evan Kane first wrote a brief note to 
the JAMA, as cited by Bosanquet et al. [59], in which he 
declared himself a keen supporter of the “benefic [sic] effects 
of the phonograph within the operating room,” his concern 
was primarily with “calming and distracting the patient from 
the horror of their situation,” rather than distracting/relaxing 
the surgeon and or his/her team in the operating room [59]. 
Granted, improvements in anesthesia presumably mean that 
patients today often have less awareness of what is going on 
than would have been the case over a century ago when Kane 
wrote his letter. However, it is important to stress that while 
the focus amongst researchers has typically been on the 
desires of the surgeon in this regard, they are certainly not the 
only ones who want music to be played in the operating room. 
Indeed, according to a 2014 study [60], music, most often of 
the classical variety [61], is played in the operating room 
somewhere between 62-72% of the time [62]. Given the 
literature suggesting that people walk, shop, eat, drink, and 
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even drive faster while listening to loud music with a fast beat 
[63-64], one might legitimately want to know what listening to 
music does to a surgeon’s operating performance. A number 
of simulation studies have demonstrated that music aids task 
completion while, at the same time, lowering stress and 
muscle fatigue. The good (reassuring, one might say) news 
here is that the presence of background music in the operating 
room has been shown to improve both the speed and quality 
of surgical closures, at least in the context of plastic surgery, 
thus suggesting that it might indeed improve the surgeon’s 
efficiency, hence potentially translating into healthcare cost 
savings [65] (for reference, consider that 14 years ago, hospital 
operation room fees averaged out at $62 per minute [66] – 
thus time saved could be considered cost saved). Furthermore, 
in an often-cited early study, Allen and Blascovich [67] 
reported that autonomic (specifically cardiovascular) 
reactivity was reduced while mental task performance was 
enhanced in surgeons listening to music of their own choice as 
compared to no music, or a generic stress reduction music 
condition. While these studies are promising, it should be 
noted that in the previously cited surgical closers study, the 
music played was the preferred music of the individual doing 
the stitching, and the simple wound closure was actually 
carried out on pigs’ feet rather than a human patient, and in 
the case related to cardiovascular reactivity, all of the 
participants were music enthusiasts, the study was conducted 
in a soundproof laboratory, and the task was an arithmetic 
exercise. Future research in more ecologically valid settings is 
needed to truly understand the cost benefit. 

It can further be imagined how the opportunity to listen 
to background music likely becomes all the more important as 
the duration of the operation increases. In fact, over the years, 
a number of studies have considered the role/influence of 
music in the operating room, along with potential tensions 
that might be triggered in this unique environment – e.g., 
between the different healthcare individuals working in the 
same space who might, it can all too easily be imagined, have 
somewhat different musical preferences [68]. In one light-
hearted yet nevertheless interesting study, rock music was 
shown to impair the performance of men (but not women) 
when attempting multi-organ resection in the board game 
“Operation” [69]. 

Classical music has been shown to improve the 
performance of expert surgeons performing a laparoscopic 
task [70]. By contrast, in another study, the task performance 
of novice surgeons undertaking virtual laparoscopic 
interventions was found to be impaired by particularly 
aggressive or upbeat background music, as compared to 
soothing music or silence [71]. Meanwhile, Siu et al. [72] 
reported that trainee surgeons (N = 10) with limited 
experience performed various robot-assisted laparoscopic 
surgical tasks significantly faster when highly rhythmic music 
(e.g., Jamaican music or hip-hop) was playing in the 
background rather than jazz, classical, or else when the tasks 

were performed without any music. It should, however, be 
noted that no patients were operated on in this particular 
study. Notice too that when quizzed, anesthesiologists in 
another study rated reggae and pop music as the two most 
disturbing types of music that might be played in the 
operating room [73], though it is unclear what role expertise 
plays in the different results reported here. 

In spite of the potential benefits, the impact of music on 
the so-called ‘noise floor’ (the measure of the signal created 
from the sum of all the noise sources and unwanted signals 
within a system) is a concern. It has been estimated that music 
can add 87 dBA or more to these already noisy conditions in 
the operating room [74]. According to Kracht et al. [75], peak 
noise levels in operating rooms during orthopaedic and 
neurosurgical procedures exceed 100 dB for extended periods 
of time (i.e., > 40% of the time), a fact that is particularly 
troubling when one considers that the negative impact of loud 
noise is related to the duration for which people are exposed 
to it. Alarms, ‘suckers’, ‘intercoms’, etc. [76] all contribute to 
noise levels in this space [77-80]. Across a range of surgeries, 
average equivalent sound levels (also known as the time 
average sound level or LAT) of 62-66 dB (A) are common. 
Somewhat worryingly, the highest peak levels routinely 
documented during surgery exceed 120 dB [61]. Indeed, the 
peak noise levels in orthopaedic surgery are such that there is 
very real concern about long-term consequences (i.e., hearing 
loss) amongst orthopaedic staff [81-82]. Note here that the 
anaesthetized patients may also be at risk of hearing damage 
due to the fact that anaesthesia paralyses the stapedius muscle 
that normally protects the ears by attenuating the response to 
loud noise [83-84]. According to Liu et al. [85], many patients 
have reported finding the noise levels around surgery too 
loud.  

MacDonald and Schlesinger [86] attempted to address 
music-related noise floor issues by creating a device that 
functions as a semi-automated music volume controller. The 
idea here is that the device would control music in the 
operating room and integrate it with vital sign data from the 
anesthesia monitor. A slowing heart rate, diminishing blood 
pressure, or declining oxygen saturation might then all be 
deemed salient events that necessitate a quieter operating 
environment in which the surgical team can communicate 
and concentrate on the patient in hand. Hence the idea is that 
the device would automatically lower the volume of the music 
at the relevant point(s). Note that a similar solution has also 
been considered for use in the interior of cars, where natural 
music levels of 130 dB have been reported [87]. 

The choice of music to play in the operating room is not 
an insignificant consideration. The head surgeon is typically 
given the choice, but his/her selection must then be listened to 
by the rest of the operating staff, and perhaps even by the 
unlucky patients themselves [88]. While music might help 
those working in the operating room to maintain their focus 
and avoid boredom when performing more intricate 
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operations, some researchers/commentators have highlighted 
a number of possible problems with the use of music during 
operations [89]. Here, it is perhaps also worth considering 
whether levels of boredom might not be higher in routine 
operations, rather than more intricate ones. That said, we are 
not aware of any information on this particular issue. 
Hawksworth et al. [73] surveyed 200 consultant anesthetists 
(senior doctors) in the UK to determine the prevalence of 
music playing in the operating room and anesthetists’ 
attitudes toward it. Of the 72% of those who responded, an 
equivalent percentage (N = 104) worked in an operating room 
where the playing of music was a regular feature. Roughly one 
quarter of the sample thought that music reduced their 
vigilance and impaired their communication with other staff 
with a little over 10% being concerned that music might 
distract their attention from alarms. A little over half felt that 
music was distracting when a problem was encountered 
during the operation. That said, a subsequent study by the 
same research group failed to identify any adverse effects of 
self-selected or classical music on psychomotor task 
performance (testing numeric vigilance, tracking, and RT) by 
residents (i.e., trainee doctors) in anesthesiology [90]. 

Ultimately, the effect/impact of music (either positive or 
negative) may differ depending on an individual’s role in the 
operating room [91], and given that the choice typically 
resides with the lead surgeon [62], whether or not the music is 
liked [73]. The loudness level is presumably also a relevant 
issue that is worthy of further consideration. Nevertheless, the 
evidence does support the suggestion that music can be a 
helpful adjunct, assuming its use is carefully managed. 
 
Music for the staff 
 
A number of studies have shown that music and ambient 
soundscapes can have a positive effect on employees in a 
working environment, including its role in helping to reduce 
fatigue [92], improve visual recognition [93], and increase 
productivity [94]. The implications of this research might be 
especially important when applied to healthcare providers, as 
any drop-in staff well-being and associated burnout has been 
shown to significantly impact patient safety [95-96]. 
Unfortunately, beyond a number of studies looking at the 
negative effects of noise on healthcare workers [46, 97-99], 
research into the specific effects of music and sound on 
healthcare practitioners, while promising, is currently quite 
limited [100-101]. Due to the critical nature of the work 
performed by many healthcare professionals, it’s imperative 
that we understand how sonic interventions that have been 
designed to improve the patient experience might also affect 
professionals, as they will likely be living with the 
consequences for longer. 
 
 
 

The patient’s perspective 
 
Detrimental effect of noise: Too much noise in wards 
 
Florence Nightingale was right when, back in 1859, she wrote 
that “Unnecessary noise is the most cruel absence of care 
which can be inflicted either on sick or on well,” as cited by 
Katz [79]. As anyone who has been in a hospital ward or ICU 
knows only too well, hospitals tend to be exceptionally noisy 
places [43, 47-48]. While the World Health Organization 
(WHO) recommends that noise levels inside hospital wards 
should not exceed 30 dBA at night [102], recent 
measurements show that the peak noise levels in some 
hospitals can rival that of a chainsaw, reaching more than 80 
dBA [103]. Such loud noise on the wards undoubtedly affect 
the patient’s ability to sleep, and hence must presumably 
deleteriously affect their recovery. Besides proving detrimental 
to rest, loud background noise also results in a number of 
other negative effects, including the suppression of the 
immune response to infection, increased pituitary and adrenal 
gland stimulation, and increased cardiovascular stimulation 
[104-106]. Poor sound absorption (due to the need for hard, 
cleanable, floors and surfaces), coupled with the plethora of 
warning signals, alerts, and bleeps, can all too easily create a 
cacophony of sound that is further complicated by noise from 
carts, intercoms, staff conversations and visitors. We have 
already touched on the problematic design of most effective 
alerts and warning signals for use in the operating room, or 
elsewhere [107]. “Effective” here being something of a 
euphemism for attention-capturing, which often translates 
into “disturbing” for anyone who is not interested in noticing 
it. Notice here how oftentimes those who are not interested in 
the alert are nevertheless aware of its presence. 

A number of researchers and practitioners have been 
attempting to address the problem of alarm noise and fatigue 
[108-109]. Tactile alerts (e.g., warning signals or notifications 
that are delivered with the skin surface) offer another potential 
solution and much more personalized (and less distracting to 
those who are not interested in them) [110], but their uptake 
has unfortunately been (s)low in this sector, particularly when 
compared to other sectors, like automotive [63]. At the same 
time, it is worth noting that alternative solutions to the 
problem of noise in hospitals may come from outside the 
medical sector, with musicians occasionally leading the way. 
One such example is Yoko K. Sen, a Washington, D.C., based 
composer and performance artist. Sen has collaborated with 
medical and design professionals at Sibley Innovation Hum, 
Stanford Medicine X, IDEO, and Medtronics to develop alarm 
sounds and hospital soundscapes designed to sonically 
improve the patient experience, while still adhering to 
standard alarm protocol [111]. The use of tactile alerts and 
enhanced sound alert design just two of the ways in which 
people are trying to limit the problem of noise in hospitals. 
 



Music & Medicine | 2019 | Volume 11 | Issue 4 | Pages 211 – 225             Spence & Keller | Medicine’s Melodies  

	
	

	
	
	

MMD | 2019 | 11 | 4 | Page 215 

Music in perioperative care 
 
Certainly, the use of music is not limited to the operating 
room. There is also a rich literature base on the impact of 
music and music therapy instituted for a broad range of 
medical populations, from neonates through the elderly in 
painful procedures and perioperative care [112-117]. 
Perioperative care is defined as the care that is given before 
and after surgery; Note that it commonly includes ward 
admission, anesthesia, surgery, and recovery. Feelings of 
anxiety and apprehension are understandably common 
amongst patients during the various phases of their surgical 
procedure or healthcare encounter. While there are 
undoubtedly a growing number of pharmacological agents 
that are available to ease their anxiety and pain, music can be 
seen as providing an alternative that is both cheap and 
effective [42, 118]. What is more, it can be used in 
combination with, or even on occasion, to replace anxiety-
reducing medications [119-121]. For example, Bringman et al. 
[120] reported on a randomized trial of 372 patients 
undergoing elective surgery, in which relaxing melodies (60-
80 bpm, coincidentally mimicking the resting heart rate) were 
found to be significantly more effective than midazolam as a 
pre-anesthetic anxiolytic. Music has also been shown to 
improve patient comfort and satisfaction during local 
anesthesia [12, 122-123]. Music may play an important role in 
keeping patients relaxed and “sonically isolated” from noise 
and conversations during the administration of general 
anesthesia. 

The postoperative use of music has also been shown to be 
effective in reducing anxiety, distress, pain, and medication 
consumption, while at the same time also improving patient 
satisfaction [124-130]. In one frequently cited study, Conrad 
et al. [131] found that the presence of music resulted in a 
significant decrease in the dosage of sedative needed to 
achieve a desired level (of sedation). Other studies have also 
alluded to the potential power of music as a sedative [132-
135]. Here, allowing the patient to choose the music (i.e., 
rather than the surgeon in the case of the music playing in the 
operating room) may lead to the best results [124]. 
In summary, then, the widely-held belief is that music plays an 
important role in helping to relax/calm those individuals who 
may be about to undergo an operation and/or any other 
stressful healthcare encounter [136-139]. At the same time, a 
positive role for music has also been reported in those 
undergoing mechanical ventilation [140-142]. In conclusion, 
therefore, from intake to anesthesia, surgery, and recovery, it 
is clear that music can play a valuable role in perioperative 
practice for a variety of patients. Indeed, perioperative care 
may be one of the most important places where music can be 
used to enhance the healthcare encounter from the patient’s 
perspective. 
 
 

Music to aid recovery 
 
While noise can have a negative impact on patients, some 
sonic interventions can be beneficial to patients and treatment 
outcomes. It is not enough simply to reduce noise; Adding 
soundscapes to healthcare settings is the other part of the 
equation. Indeed, it has been suggested that the introduction 
of intentionally-designed soundscapes can enhance the 
patient experience [143]. Positive soundscapes (operationally 
defined as those soundscapes that were rated positively by 
listeners) have been associated with faster cardiovascular 
stress-recovery in laboratory research [144], as well as with 
better self-reported health conditions in large-scale surveys 
(e.g., how often survey participants reported 
experiencing/feeling irritated, headaches, stomach discomfort, 
depression, etc.). Aletta et al. [145] have provided a systemic 
review of the associations between positive health-related 
effects and soundscapes. Additionally, the use of music has 
been shown to help reduce the postoperative pain suffered by 
children [146-147]. Särkämö et al. [148-149] found that the 
verbal memory and focused attention of recovering stroke 
patients improved when listening to music for a couple hours 
a day. The researchers suggested that listening to music may 
help recovery via three distinct neural mechanisms: 1) 
Stimulation of the damaged brain areas; 2) stimulation of 
general mechanisms related to brain plasticity (i.e., the ability 
of the brain to repair/renew neural networks); and 3) 
stimulation of the dopaminergic mesocorticolimbic system 
(i.e., the part of the nervous system associated with memory, 
motivation, reward and arousal).  

When considering music as part of the “recovery 
soundscape”, it should be noted that the type of music used 
makes a difference to the outcomes that are observed. Trappe 
[150] reported that vocal and orchestral music had a 
significant impact on correlations between cardiovascular and 
respiratory signals, whereas classical and meditative music 
were reported to produce the most beneficial effects on health 
for intensive care patients. By contrast, it has been suggested 
that heavy metal music or techno may not only be ineffective, 
but could actually lead to stress and life-threatening 
arrhythmias, giving a rather macabre twist to the genre known 
as ‘death metal’ (see also Bosanquet et al. [59] for a playful 
take on good and bad playlists during surgery). 

Finally, the use of music and soundscapes away from the 
healthcare setting can also prove effective as a component of 
treatment. Salivary cortisol is often used as a biomarker for 
stress [151]. Khalfa et al. [152] have reported that relaxing 
music has a beneficial effect after the induction of 
psychological stress, while Thoma et al. [153] found that 
listening to music had a positive impact on the 
psychobiological stress system. 
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Music interventions in the face of death and dying 
 
While composers have been writing music especially for those 
who are grieving for millennia [154], research into the use of 
music as it relates to the experience of death and dying has 
been limited. However, in the instances where research is 
available, the results are promising. One example is found in 
“music vigils” offered to terminally ill and/or actively-dying 
patients and their families, where it was found to improve 
patients’ breathing, relaxation, comfort, and ability to sleep 
[155]. Relevant here, Bernardi et al. [156] assessed 
cardiovascular and respiratory variables while their 
participants (both musicians and non-musicians, N = 12 in 
each group) listened to different kinds of music with differing 
rhythmic, harmonic, and melodic structures. As one might 
have predicted, fast tempo music was found to be arousing 
[157], whereas slow or meditative music was reported to be 
more relaxing instead. It may be worth noting that, though 
there has been little discussion to date regarding cross-cultural 
differences in music, there may well be a cultural component 
to the music that people deem appropriate to listen to in 
healthcare settings [158].  

Meanwhile, Holm et al. [159] conducted a focus group 
study examining the impact of music during care for family 
members and the deceased (i.e., after-death care). The study, 
which consisted of a series of interviews with ICU nurses, 
concluded that there were positive outcomes when music was 
part of the caregiving process. In addition to positive feedback 
shared with the caregivers by the bereaved (e.g., creating a 
more peaceful atmosphere, helping distract from other 
disturbing sounds in the environment, adding a sense of 
reverence), there was also a noticeable increase in the amount 
of time the grieving would spend with the deceased when 
music was playing. While the researched did not indicate if 
this increase in time spent was a positive or negative result, it 
is assumed that the caregivers saw this as a benefit to those 
grieving. What was also notable in this study was the self-
reported impact of music on the caregivers themselves: There 
were, for instance, reports of music providing more dignity 
during the preparation of the body of the deceased, leading to 
feelings of peacefulness and increased focus and mindfulness 
on the part of the nurses to the task at hand. Caring for those 
grieving after the loss of a loved one is understandably 
stressful. The suggestion here is that music may be used 
strategically in after-death care in order to help reduce 
anxiety, stress, and fear for both caregivers and those needing 
the care [160-161].  

By extension, one might also think about the important 
role that music often play at funerals or memorial services. 
Here it is worth noting that different types of music (e.g., 
classical, heavy metal, and personally curated playlists) have 
been shown to have differential effects on people’s ability to 
deal with stress [153, 162]. At the same time, it should be 
recognized that the extended period over which grieving 

normally takes place means that it is obviously not an easy 
subject for empirical research on the impact of music. It is also 
worth noting that music may help temper other kinds of loss-
related grief, including end-of-life care [163-165].  

Finally, when it comes to practical applications in this 
space, once again we find artists and composers willing to lend 
their talents. In 2013, composer/musician Brian Eno made a 
foray into creating music especially for the hospital setting 
[166], creating an ambient soundscape specifically for the 
“meditation room” at Montefiore Hospital in Sussex. We are 
not aware of any empirical research specifically designed to 
assess the effect of this particular soundscape on people’s 
response to grief, but the question arises as to whether 
music/soundscapes specially developed for healthcare 
situations would be more beneficial than music that may have 
been created for a variety of other purposes, including 
entertainment [167-169]. 

 
Music at mealtimes 
 
Long-term exposure to noise has been shown to have a 
detrimental effect on people’s health no matter where they 
happen to be – either hospital or home [170]. As has been 
noted earlier, public hospital wards tend to be exceptionally 
noisy places [171]. The research demonstrates that loud 
background noise also adversely affects people’s ability to taste 
food and drink [172-173]. All that noise is likely to impair the 
patients’ ability, if not to enjoy, at least to experience the food 
as acceptable, resulting in potentially adverse effects on 
maintaining a nutritionally-balanced diet. Indeed, it has often 
been commented on that continuing care patients experience 
particular problems at mealtimes [174]. It is great to see that 
some hospitals have been focusing on the provision of food 
[175, 176]. But can sound really be used to improve the 
patient experience and outcomes as they relate to food 
enjoyment and nutrition? As it happens, there is an extensive 
literature on the effects of music while dining [177]. As such, 
one might want to ask about similar applications in the 
hospital setting [178]. 

Certainly, music and soundscapes can be used to help 
calm agitated patients [179]. Courtright et al. [180] studied the 
effects of relaxing music on disruptive and violent aggressive 
behaviors during dinner amongst more than 100 psychiatric 
inpatients. The idea here was that music would buffer the 
general noise level that is typically found in dining rooms, so 
exerting a calming influence, and thus perhaps reducing the 
incidence of disruptive behaviors. In fact, according to the 
authors, playing the sound of sea gulls led to a drastic 
reduction in the incidence of aggressive behaviors. This is 
particularly interesting in the context of the use of sea gull 
sounds in a dish called the ‘Sound of the Sea’ [180-182], 
served in world-leading The Fat Duck three Michelin-starred 
restaurant. 
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Noise-cancelling headphones might provide another 
solution to the extremely loud noise in wards. In fact, the 
noise in wards is, in many cases, louder than the intolerable 
levels one increasingly finds in restaurants [172]. The key 
point to note here is that all that noise is likely to impair the 
patients’ ability to, if not enjoy, at least to experience the food 
as acceptable and hence to achieve a nutritionally-balanced 
diet. In addition, noise-cancelling headphones might help not 
only with the reduction of ambient noise, but also provide for 
the addition of music and/or soundscapes to the dining 
experience [56, 173]. While the use of headphones in some 
instances might be beneficial, it should be noted that their use 
obviously reduces the opportunity for socialization at 
mealtimes, when socialization is something that many older 
patients desperately want/need [183]. 

Looking to the future, there may also be the potential to 
use ‘sonic seasoning’ – defined as the use of specific pieces of 
music or soundscapes in order to season the food [184] - to 
help address poor nutrition, and possibly also taste disorders 
amongst various patient groups. One relevant example here 
comes from the Xin café in Beijing [185], where ‘sweet’ music 
(that is, high-pitched sounds, etc.; see Knöferle et al. [186] for 
a summary of the sonic parameters associated with ‘sweet’ 
music) is played so that less sugar can be added to a 
customer’s drink, while not having to compromise on taste (as 
the “sweet” music creates a perception of sweetness that might 
otherwise be missing). While this particular intervention 
smacks more of a marketing-led story than a genuine attempt 
by those concerned to nudge the populace towards better 
health, the idea is still definitely one worth exploring. It is 
striking how little thought is often given to the provision of 
healthy food options elsewhere within the hospital, 
particularly when one considers the foods available from 
vending machines and outlets which, typically, tend to be of 
very low nutritional content [171]. 

One could potentially also use music to enhance the 
perceived authenticity of food amongst patients [187-189]. In 
fact, the results of several studies have shown that the 
perceived authenticity of a dish can be enhanced simply by 
matching the music to the region where foods are thought to 
come from in order to [190]. Similarly, playing classical music 
has been shown to enhance perceived quality of food and 
drink [188]. To the extent that the food in the hospital is 
perceived as better, either because it is rated as more 
authentic, or because it appears to be of higher quality, this 
may improve health outcomes by enhancing the likelihood of 
the patients receiving somewhat better nutrition. There could 
also be an important role for music and food in triggering 
nostalgia, especially for those older patients who may be 
suffering from memory loss [191]. Consider the French 
palliative care hospital where proper meals are served by staff 
dressed as waitresses rather than as nurses [192], or the effect 
of nostalgia triggered by sound on flavor perception/meal 
experience [193]. One might, for example, think of playing the 

music of Vera Lynn for those octogenarians wasting away in 
the UK healthcare system. As yet, though, we have not seen 
anyone taking a systematic approach to applying this research 
in the hospital setting. The key point remains that in order to 
deliver meaningful food provision in the care sector, one 
needs to go beyond the current focus on the food itself, and 
think about the total experience – sonic elements play a key 
role here. 

 
 
The multisensory perspective 
 
Music and soundscapes (i.e., a sound or combination of 
sounds that are part of an immersive auditory environment) 
undoubtedly have an important role to play for both patients 
and the staff who look after/treat them. However, it is 
important to remember that the auditory environment (or 
atmosphere) constitutes but one element of the total 
multisensory experience [194-195]. Consider the research on 
the impact of olfactory cues both in helping to mask 
unpleasant, and/or stress-inducing odors, while at the same 
time potentially aiding relaxation [196-201]. What is more, 
the tactile elements of design, including the feel of materials 
and surfaces [202] as well as the interpersonal tactile elements 
of interaction in the hospital setting [203], are coming to be 
recognized as increasingly important, especially given the 
growing awareness of the so-called “touch hunger” facing so 
many in society today [204]. “Touch hunger“ can be defined 
operationally as the need for tactile stimulation that most 
people have, and which is evidenced by the typically positive 
health outcomes associated with increased tactile stimulation. 
Petting dogs and weighted blankets [37, 205] are both popular 
interventions in this space, not to mention the therapeutic use 
that massage therapy might play. The visual aspects too, can 
impact healthcare experiences and outcomes [206-207]. 
Everything from providing a view of nature through the 
patient’s bedroom window [208] to the restorative effects of 
viewing art [209-212]. There has been some consideration of 
the role of lighting and use of color as well [213-214]. 

Given these considerations, an informed approach to 
music/soundscape provision in the various stages of the 
healthcare encounter must recognize that, no matter the 
situation, we never just listen to sound in isolation (i.e., as a 
unisensory experience). Rather, we must consider the auditory 
environment in the context of the total multisensory 
experience [195].  

There are a number of uses of often relatively 
unstructured multisensory stimulation designed for its 
therapeutic value, as in psychiatric care [215-217]. Those 
working with the ‘Snoezelen’ concept try to develop 
multisensory environments that encourage both relaxation 
and sensory exploration (the term itself is derived from the 
Dutch verbs ‘to explore’ and ‘to relax’). The Snoezelen 
company has been supplying multisensory environments for 
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various healthcare applications for a number of years now 
[218-219]. While such environments often involve visual and 
olfactory stimulation, the auditory component (often 
consisting of relatively unstructured sound, i.e., without any 
vocal or explicitly musical components) is also important. 
Indeed, according to one anthropologist, hearing becomes 
more pronounced in the hospital environment from the 
patient’s perspective, precisely because the visual environment 
is typically dull/boring [220]. This kind of controlled 
multisensory stimulation (e.g., in the Snoezelen) has been 
shown to have beneficial effects in the control of chronic pain 
[221], as well as helping those with dementia [222-224] or 
severe brain damage [225]. 

Ultimately, though, a considered multisensory approach 
is likely going to deliver the biggest benefits for all of the 
interested parties. Indeed, if the impact of the various sensory 
manipulations are not coordinated, one may be in danger of 
delivering sensory incongruency [196, 226-227], or else 
perhaps even sensory overload [228]. Sensory incongruency is 
bad not only because it lacks processing fluency, but also 
because the end result might be confusion, with the various 
components actually counteracting one another [229]. 
Unpacking these terms, ‘sensory incongruency’ refers to when 
the senses do not match, while ‘processing fluency’ refers to 
the subjective ease of information processing. Incongruency is 
typically not processed fluently. Especially relevant here is 
research by Fenko and Loock [196] demonstrating that while 
music or ambient (i.e., environmental) scent (both chosen to 
be pleasant and minimally arousing) could be used to reduce 
stress in a plastic surgeon’s waiting room in Germany (N = 
117 patients), combining these two sensory interventions did 
not actually result in a significant reduction in patients’ self-
reported anxiety over the no sensory intervention baseline 
condition. However, it may be worthwhile to consider 
whether the study had sufficient power to detect an effect had 
there been one. 

Beyond Fenko and Loock’s study [196], the multisensory 
design of the waiting room environment is undoubtedly 
important, given that people may end-up spending a lot of 
time here, experiencing elevated levels of anxiety and/or stress 
[206, 230]. While the environment might well be designed to 
reduce stress/anxiety, another role for sensory design here 
could, of course, be used to help reduce the perceived duration 
of the wait too [231], though Fenko and Loock [196] found no 
influence of their environmental manipulations on this 
particular aspect of their participants’ ratings. 

Given that these various sensory interventions have been 
shown to interact it is important to consider noise/music as 
but one albeit important element of the sensory milieu [232]. 
Ultimately, as desirable as music may be in many different 
healthcare settings, it needs to be cost-effective, financially-
speaking, in order to confirm its legitimacy. And, beyond the 
technical delivery of calming multisensory environments 
there is, of course, also the long tradition of the healing garden 

in healthcare facilities in many countries, from The United 
States and Canada to Europe and the UK [233-235]. As yet, it 
is unclear what aspect of the salutogenic nature inputs are key 
here. The term ‘salutogenic’, coined by Aaron Antonovsky 
[236], refers to an approach to medical practice that focuses 
on those factors that support human health and well-being, 
rather than on the factors that are responsible for causing 
disease (pathogenesis). However, it is likely to be that the 
sound of nature is not unimportant, especially if, as has been 
shown repeatedly, the sight and sound of nature can be offset, 
say, by distracting traffic noise [237-239]. The key point here, 
then, being one of how the beneficial effects of nature’s 
influence us – is seeing nature sufficient, or being in it, hearing 
nature, or perhaps feeling it [240-242]. 

 
 

Conclusions 
 
As this review of the literature makes clear, there is more to 
the topic of music and medicine than meets the eye (or more 
literally, “the ear”). There is a growing body of robust 
empirical research demonstrating the therapeutic role that 
music can play in a variety of contexts and for a variety of 
players [243], though as we have seen, there are undoubtedly 
also tensions [244]. It would seem that damping noise, aiding 
distraction, and delivering a bit of nature sonically might be 
most beneficial [245]. Key questions in this area include who 
gets to choose what music is listened to (and by whom), what 
type of music will be played, and at what volume. Looking to 
the future, we can imagine how better outcomes might be 
achieved by the use of music or soundscapes that have been 
especially composed for the various stages of healthcare 
provision, rather than simply picking music that was 
composed for some other primary purpose (and hence 
presumably not ideally suited to the constraints of the 
healthcare situation). The beneficial effects in this case being 
backed-up by a number of Randomised Control Trials (RCTs; 
in many ways, the gold standard), along with multiple 
Cochrane Systematic reviews assessing the impact of music at 
various stages of the consumer’s/patient’s healthcare journey 
[246-248]. 

Music’s ability to distract our attention can be good for 
the patient who is undergoing a painful medical procedure 
(e.g., wound dressing), while at the same time being bad for 
those who need to monitor safety critical machinery [249]. It 
is important to consider that multiple mechanisms may be in 
play simultaneously when trying to help explain the impact of 
music, soundscapes, and noise on the various players in the 
healthcare scenario. One important question for future 
research is the extent to which people need to attend to/be 
aware of the sensory cues, be they auditory or olfactory, in 
order for them to influence people’s cognitive, affective, or 
physiological state [196].  
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Although the auditory aspects of the healthcare 
environment are undoubtedly important, it is imperative that 
we consider them within the broader context of the 
salutogenic properties of the built environment as a whole [32, 
41, 250-255]. As we have seen time-and-again throughout this 
review, music’s influence is likely moderated by not only the 
type of music (and possibly the volume at which it is played) 
but also by the hedonic response to the music of those who 
hear it.  

The weight of the evidence summarized here makes it 
difficult to argue against the integration of sonic interventions 
into the regular practice and delivery of healthcare 
provision/services. The positive impact on patient health and 
wellness, not to mention on healthcare providers themselves, 
should be reason enough to explore a more intentional 
approach to the use of music and soundscapes in healthcare 
settings. Perhaps a further motivation can be found in taking a 
cue from retail and service marketing, where customer 
satisfaction and care can make all the difference between 
business success or failure [30]. Indeed, positive patient 
experiences have been associated with increased profitability, 
while a negative patient experience can lead to the opposite 
outcome [256]. The use of music and sound may be good not 
only for the health and wellbeing of patients and staff, but for 
the health and wellbeing of the healthcare business, too. 
Taking such a view may offer greater justification for 
management to devote more time and resources to 
“medicine’s melodies.” It’s certainly worth a look – and a 
listen. 
 
   
References 

1. Merriam AP. The anthropology of music. Evanston, IL: Northwestern 
University Press; 1964. 

2. Winn T, Crowe B, Moreno J. Shamanism and music therapy: ancient 
healing techniques in Modern Practice. Music Therapy Perspectives. 
1989: 7(1): 67-71. 

3. Morford M, Lenardon R, Sham M. Classical Mythology (11th Edition). 
Oxford, UK: Oxford University Press; 2018. 

4. North A, Hargreaves D. The social and applied psychology of music. 
Oxford, UK: Oxford University Press; 2008. 

5. Chlan L. Effectiveness of a music therapy intervention on relaxation and 
anxiety for patients receiving ventilatory assistance. Journal of Acute & 
Critical Care. 1998: 27(3): 169-176. 

6. Chlan LL, Weinert CR, Heiderscheit A, et al. Effects of patient-directed 
music intervention on anxiety and sedative exposure in critically ill 
patients receiving mechanical ventilatory support: A randomized 
clinical trial. JAMA. 2013: 309: 2335-2344. 

7. Knight J, & Rickard NS. Relaxing music prevents stress induced 
increases in subjective anxiety, systolic blood pressure and heart rate in 
healthy males and females. Journal of Music Therapy. 2001: 38(4): 254-
272. 

8. Maratos AS, Gold C, Wang X, Crawford MJ. Music therapy for 
depression. Cochrane Database Systematic Review. 2008: (1): 
CD004517. doi: 10.1002/14651858.CD004517.pub2. 

9. Schäfer T, Fachner J, Smukalla M. Changes in the representation of 
space and time while listening to music. Frontiers in Psychology. 
2013: 4: 508. doi:10.3389/fpsyg.2013.00508. 

10. Cepeda MS, Carr DB, Lau J, Alvarez H. Music for pain relief. Cochrane 
Database Systematic Review. 2006: 2:CD004843. 

11. Cole LC, LoBiondo-Wood, G. Music as an adjuvant therapy in control 
of pain and symptoms in hospitalized adults: A systematic review. Pain 
Management Nursing. 2014: 15(1): 406-425. doi: 
10.1016/j.pmn.2012.08.010. 

12. Nilsson U. The anxiety- and pain-reducing effects of music 
interventions: A systematic review. AORN Journal, 2008: 87: 780-807. 

13. Hsu KC, Chen LF, Hsiep PH. Effect of music intervention on burn 
patients' pain and anxiety during dressing changes. Burns. 2016: 42(8): 
1789-1796. doi: 10.1016/j.burns.2016.05.006. 

14. Clayton MSR, Udo W. In time with the music: The concept of 
entrainment and its significance for ethnomusicology. European 
Meetings in Ethnomusicology, 2005: 11, 3-142. 

15. Dalla Bella S, Białuńska A, Sowiński J. Why movement is captured by 
music, but less by speech: Role of temporal regularity. PLoS ONE: 2013: 
8: e71945. doi: 10.1371/journal.pone.0071945. 

16. Carlin S, Ward WD, Gershon A, & Ingraham R. Sound stimulation and 
its effect on dental sensation threshold. Science. 1962: 138: 1258-1259. 

17. Rubert R, Long L, Hutchinson M. Creating a healing environment in 
the ICU. In Kaplow R, Hardin SR. (Eds.). Critical care nursing: Synergy 
for optimal outcomes. USA: Jones and Bartlett Learning; 2007: 27-39 

18. Salandin A, Arnold J, Kornadt O. Noise in an intensive care unit. The 
Journal of the Acoustical Society of America. 2011: 130(6): 3754-3760. 

19. Ayoub C, Rizk L, Yaacoub C, Gaal D, Kain Z. Music and ambient 
operating room noise in patients undergoing spinal 
anesthesia. Anesthesia & Analgesia. 2005: 100: 1316-1319. 

20. Spence C, Puccinelli N, Grewal D, Roggeveen AL. Store atmospherics: A 
multisensory perspective. Psychology & Marketing. 2014: 31: 472-488. 

21. Forsyth AJM, Cloonan M. Alco-pop? The use of popular music in 
Glasgow pubs. Popular Music & Society. 2008: 31: 57-78. 

22. Lanza J. Elevator music: A surreal history of Muzak, easy-listening, and 
other moodsong. Ann Arbor, MI: University of Michigan Press; 2004. 

23. Taylor R. Big Mac or Brahms, sir? McDonald’s is pumping out classical 
music to calm rowdy customers in 24 hr restaurants. [published online 
July 11, 2017]. Daily Mail Online. 
http://www.dailymail.co.uk/news/article-4685726/McDonald-s-pump-
classical-music-calm-late-night-diners.html. 

24. Kotler P. Atmospherics as a marketing tool. Journal of Retailing. 1974: 
49(Winter): 48-64. 

25. Knapton S. It looks like a hotel, but this is the best hospital in the world 
- and it's opening its doors in London. [published online June 22, 2019]. 
The Telegraph https://www.telegraph.co.uk/health-fitness/body/looks-
like-hotel-best-hospital-world-opening-doors-london/. 

26. Betts D, Balan-Cohen A, Shukla M, Kumar N. The value of patient 
experience. Report: Deloitte Center for Health Solutions. 2016. 

27. Trzeciak S, Gaughan JP, Bosire J, Mazzarelli AJ. Association between 
Medicare summary star ratings for patient experience and clinical 
outcomes in US hospitals. Journal of Patient Experience. 2016: 3(1): 6-
9. https://doi.org/10.1177/2374373516636681. 

28. Pine II BJ, Gilmore JH. Welcome to the experience economy. Harvard 
Business Review. 1998: 76(4): 97-105. 

29. Pine II BJ, Gilmore JH. The experience economy: Work is theatre & 
every business is a stage. Boston, MA: Harvard Business Review Press; 
1999. 

30. Van Rompay TL, Tanja-Dijkstra K. Directions in healthcare research: 
Pointers from retailing and services marketing. Health Environments 
Research & Design Journal. 2010: 3(3): 87-100.  

31. Andrade CC, Devlin, AS. Stress reduction in the hospital room: 
Applying Ulrich's theory of supportive design. Journal of 
Environmental Psychology. 2015: 41: 125-134. 

32. Drahota A, Ward D, Mackenzie H, et al. Sensory environment on 
health-related outcomes of hospital patients. Cochrane Database 
Systematic Review. 2012: 3: CD005315. 



Music & Medicine | 2019 | Volume 11 | Issue 4 | Pages 211 – 225             Spence & Keller | Medicine’s Melodies  

	
	

	
	
	

MMD | 2019 | 11 | 4 | Page 220 

33. Andrus D. Office atmospherics and dental service satisfaction. Journal 
of Professional Services Marketing. 1986: 1(Summer): 77-85. 

34. Toet A, Smeets MAM, van Dijk E, Dijkstra D, van den Reijen L. Effects 
of pleasant ambient fragrances on dental fear: Comparing apples and 
oranges. Chemosensory Perception. 2010: 3: 182-189. 

35. Moss H, Nolan E, O’Neill D. A cure for the soul? The benefit of live 
music in the general hospital. Irish Medical Journal. 2007: 100(10): 636-
638. 

36. Mogos M, Angard N, Goldstein L, Beckstead J. The effects of live 
therapeutic music on patient’s affect and perceptions of care: A 
randomized field study. Complementary Therapies in Clinical Practice. 
2013: 19: 188-192. 

37. Lass-Hennemann J, Peyk P, Streb M, Holz E, Michael T. Presence of a 
dog reduces subjective but not physiological stress responses to an 
analog trauma. Frontiers in Psychology. 2014: 5: 1010. 

38. Zhou K, Li X, Yan H, Dang S, Wang D. Effects of music therapy on 
depression and duration of hospital stay of breast cancer patients after 
radical mastectomy. Chinese Medical Journal. 2011: 124: 2321-2327. 

39. Anon. Memorial Sloan-Kettering Cancer Center, Brooklyn Infusion 
Center - Brooklyn, NY. [published online June 30, 2012.] Healthcare 
Design Magazine. 
http://www.healthcaredesignmagazine.com/article/brooklyn-infusion-
center. 

40. Leber J. Reinventing cancer surgery—By designing a better hospital 
experience. [published online March 12, 2015] Fast Company. 
http://www.fastcoexist.com/3053883/reinventing-cancer-surgery-by-
designing-abetter-hospital-experience.  

41. Ziegler U. Multi-sensory design as a health resource: Customizable, 
individualized, and stress-regulating spaces. Design Issues. 2015: 31(1): 
53-62. 

42. Gawande A. The cost conundrum: What a Texas town can teach us 
about healthcare. [published online May 25, 2009]. The New Yorker 
https://www.newyorker.com/magazine/2009/06/01/the-cost-
conundrum. 

43. Derbyshire JL. Excessive noise in intensive care units. 
BMJ. 2016; 353:i1956. doi: https://doi.org/10.1136/bmj.i1956 

44. Falk SA, Woods NF. Hospital noise: Levels and potential health hazards. 
The New England Journal of Medicine. 1973: 289: 774-781. 

45. Hilton A. The hospital racket: How noisy is your unit. American Journal 
of Nursing. 1987: 87: 59-61. 

46. Juang D, Lee C, Yang T, Chang, M. Noise pollution and its effects on 
medical care workers and patients in hospitals. International Journal of 
Environmental Science and Technology. 2010: 7(4): 705-716. 

47. Knapton S. Critically ill patients disturbed every six minutes at night in 
noisy hospital wards. [published online March 30, 2016]. The 
Telegraph. http://www.telegraph.co.uk/news/science/science-
news/12207648/Critically-ill-patients-disturbed-every-six-minutes-
atnight-in-noisy-hospital-wards.html. 

48. Knapton S. Cambridge professor reduced to tears by noise before his 
death. [published online April 30, 2016]. The Telegraph. 
http://www.telegraph.co.uk/science/2016/04/15/cambridge-professor-
reduced-to-tears-by-noisy-hospital-before-de/. 

49. MacKenzie D, Galbrun L. Noise levels and noise sources in acute care 
hospital wards. Building Services Engineering Research and 
Technology. 2007: 28: 117-131.  

50. Saver C. Time to tone it down: Strategies for managing noise, 
distractions. OR Manager. 2011: 27(8): 12-14. 

51. Witt CL. Turn down the noise. Advances in Neonatal Care. 2008: 8(3): 
137-138. 

52. Gourévitch B, Edeline JM, Occelli F, Eggermont JJ. Is the din really 
harmless? Long-term effects of non-traumatic noise on the adult 
auditory system. Nature Reviews Neuroscience. 2014: 15: 483-491. 

53. Kluger AN, Rafaeli A. Affective reactions to physical appearance. 
Emotions and organizational life. Westport, CT: Greenwood Publishing 
Group; 2000. 

54. Minckley BB. A study of noise and its relationship to patient discomfort 
in the recovery room. Nurse Research. 1968: 17: 247-250.  

55. Schlegel C, Flower K, Youssef J, Käser B, Kneebone R. Mise-en-place: 
Learning across disciplines. International Journal of Gastronomy & 
Food Science. 2019. https://doi.org/10.1016/j.ijgfs.2019.100147. 

56. Spence C. Music from the kitchen. Flavour. 2015: 4:25. 
57. Pickrell KL, Metzger JT, Wilde NJ, Broadbent TR, Edwards BF. The use 

and therapeutic value of music in the hospital and operating room. 
Plastic & Reconstructive Surgery. 1950: 6: 142-152. 

58. MacClelland DC. Music in the operating room. AORN Journal. 1979: 
29: 252-260. 

59. Bosanquet, DC, Glasbey J, Chavez R. Making music in the operating 
theatre. BMJ British Medical Journal. 2014: 349(1): 7436. 
DOI:10.1136/bmj.g7436 

60. BMJ. What's on your surgeon's playlist? [published online December 11, 
2014]. Science Daily. 
www.sciencedaily.com/releases/2014/12/141211210036.htm 

61. Nahai F. Music in the operating room: “Can you hear me now?” 
Aesthetic Surgery Journal. 2015: 35(7): 899-901. doi:10.1093/asj/sjv045. 

62. Ullmann Y, Fodor L, Schwarzberg I, Carmi N, Ullmann A, Ramon Y. 
The sounds of music in the operating room. Injury. 2008: 39: 592-597. 

63. Ho C, Spence C. The multisensory driver: Implications for ergonomic 
car interface design. Aldershot, HA: Ashgate Publishing; 2008. 

64. Spence C, Reinoso-Carvalho F, Velasco C, Wang QJ. Extrinsic auditory 
contributions to food perception & consumer behavior: An 
interdisciplinary review. Multisensory Research. 2019: 32: 275-318. 

65. Lies S, Zhang A. Prospective randomized study of the effect of music on 
the efficiency of surgical closures. Aesthetic Surgery Journal. 2015: 35: 
858-863. 

66. Shippert RD. A study of time-dependent operating room fees and how 
to save $100 000 by using time-saving products. The American Journal 
of Cosmetic Surgery. 2005: 22(1): 25-34. 
doi:10.1177/074880680502200104. 

67. Allen K, Blascovich J. Effects of music on cardiovascular reactivity 
among surgeons. JAMA: The Journal of the American Medical 
Association. 1994: 272(11): 882-884.  

68. Moris DN, Linos D. Music meets surgery: Two sides to the art of 
“healing.” Surgical Endoscopy. 2013: 27: 719-723. 

69. Fancourt D, Burton TM, Willimon A. The razor’s edge: Australian rock 
music impairs men’s performance when pretending to be a surgeon. 
The Medical Journal of Australia. 2016: 205(11): 515-518. doi: 
10.5694/mja16.01045 

70. Conrad C, Konuk Y, Werner P, et al. The effect of defined auditory 
conditions versus mental loading on the laparoscopic motor skill 
performance of experts. Surgical Endoscopy. 2009: 24(6): 1347-1352. 
doi:10.1007/s00464-009-0772-0. 

71. Miskovic D, Rosenthal R, Zingg U, Oertli D, Metzger U, Jancke L. 
Randomized controlled trial investigating the effect of music on the 
virtual reality laparoscopic learning performance of novice surgeons. 
Surgical Endoscopy. 2008: 22(11): 2416-2420. doi:10.1007/s00464-008-
0040-8. 

72. Siu KC, Suh IH, Mukherjee M, Oleynikov D, Stergiou N. (2010). The 
effect of music on robot-assisted laparoscopic surgical performance. 
Surgical Innovation. 2010: 17: 306-311. 

73. Hawksworth C, Asbury AJ, Millar K. Music in theatre: Not so 
harmonious. A survey of attitudes to music played in the operating 
theatre. Anaesthesia. 1997: 52: 79-83. 

74. Gloag D. Noise and health: Public and private responsibility. British 
Medical Journal. 1980: 281: 1404-1406. 

75. Kracht J, Busch-Vishniac I, West J. Noise in the operating rooms of 
Johns Hopkins Hospital. The Journal of the Acoustical Society of 
America. 2007: 121: 2673-2680. 

76. Hodge B, Thompson JF. Noise pollution in the operating theatre. 
Lancet. 1990: 335: 891-894. 



Music & Medicine | 2019 | Volume 11 | Issue 4 | Pages 211 – 225             Spence & Keller | Medicine’s Melodies  

	
	

	
	
	

MMD | 2019 | 11 | 4 | Page 221 

77. Ball P. Patients disturbed by constant racket [published online 
December 20, 2005]. Nature Doi:10.1038/news051219-4.  

78. Busch-Vishniac IJ, West JE, Barnhill C, et al. Noise levels in Johns 
Hopkins Hospital. Journal of the Acoustical Society of America. 2005: 
118: 3629-3654. 

79. Katz J. Noise in the operating room. Anesthesiology. 2014: 121(4): 894-
899. 

80. Wallace M, Ashman MN, Matjasko MJ. Hearing acuity of 
anesthesiologists and alarm detection. Anesthesiology. 1994: 81: 13-28.  

81. Pearlman RC, Sandidge O. Noise characteristics of surgical space suits. 
Orthopedics. 2009: 32: 825. doi:10.3928/01477447-20090922-09. 

82. Willett KM. Noise-induced hearing loss in orthopaedic staff. Journal of 
Bone Joint Surgery Br. 1991: 73: 113-115. 

83. Rybkin I. Music’s potential effects on surgical performance. Quill & 
Scope. 2017: 10(1): 3. 

84. Siverdeen Z, Ali A, Lakdawala AS, McKay C. Exposure to noise in 
orthopaedic theatres - - do we need protection? International Journal of 
Clinical Practice. 2008: 62(11): 1720-1722. doi:10.1111/j.1742-
1241.2007.01689.x. 

85. Liu EH, Tan S. Patients’ perception of sound levels in the surgical suite. 
Journal of Clinical Anesthiology. 2000: 12: 298-302. 

86. MacDonald A, Schlesinger J. (2018). Canary in an operating room: 
Integrated operating room music. In de Waard D, di Nocera F, Coelho 
D, et al (Eds.). Proceedings of the Human Factors and Ergonomics 
Society Europe Chapter 2017 Annual Conference; 2018, 79-83. ISSN 
2333-4959.  

87. Ramsey KL, Simmons FB. High-powered automobile stereos. 
Otolaryngology-Head and Neck Surgery. 1993: 103: 108-110. 

88. Nilsson U, Rawal N, Unestahl LE, Zetterberg C, Unosson M. Improved 
recovery after music and therapeutic suggestions during general 
anaesthesia: A double-blind randomised controlled trial. Acta 
Anaesthesiology Scandinavia. 2001: 45(7): 812-817. 

89. Weldon SM, Korkiakangas T, Bezemer J, Kneebone R. Music and 
communication in the operating theatre. 2015: JAN: 2763-2773. 

90. Hawksworth CR, Sivalingam P, Asbury AJ. The effect of music on 
anaesthetists’ psychomotor performance. Anaesthesia. 1998: 53: 195-
197. 

91. Yamasaki A, Mise Y, Mise Y, et al. Musical preference correlates closely 
to professional roles and specialties in operating room: A multicenter 
cross-sectional cohort study with 672 participants. Surgery. 2016: 
159(5): 1260-1268. doi:10.1016/j.surg.2015.10.031. 

92. Guo W, Ren J, Wang B, Zhu Q. Effects of relaxing music on mental 
fatigue induced by a continuous performance task: Behavioral and ERPs 
evidence. PLoS ONE. 2015: 10(8): e0136446. 
doi:10.1371/journal.pone.0136446 

93. Pavlygina R, Frolov V, Davydov G, Milovanaova G, Sulimov A. 
Recognition of visual images in a rich sensory environment: Music 
accompaniment. Neuroscience and Behavioral Physiology. 1999: 29(2): 
197-204. 

94. Lesiuk T. The effect of music listening on work performance. 
Psychology of Music. 2005: 33(2): 173-191. 

95. Topf M, Dillon E. Noise-induced stress as a predictor of burnout in 
critical care nurses. Heart and Lung. 1998: 17: 567-573. 

96. Hall L, Johnson J, Watt I, Tsipa A, O’Connor, D. Healthcare staff 
wellbeing, burnout, and patient safety: A systematic review. PLoS ONE. 
2016: 11(7): e0159015. doi:10.1371/journal.pone.0159015 

97. Joseph A, Ulrich R. Sound control for improved outcomes in healthcare 
settings. The Center for Health Design. 2007: 1-15. 

98. Mahmood A, Chaudhury H, Valente M Nurses’ perceptions of how 
physical environment affects medication errors in acute care settings. 
Applied Nursing Research. 2011: 224(4): 229-237. 

99. Morrison W, Haas E, Shaffner D, Garrett E, Fackler J. Noise, stress, and 
annoyance in a pediatric intensive care unit. Critical Care Medicine. 
2003: 31(1): 113-119. 

100. Makama J, Ameh E, Eguma S. Music in the operating theatre: Opinions 
of staff and patients of a Nigerian teaching hospital. African Health 
Sciences. 2010: 10(4): 386-389. 

101. Preti C, Welch G. The incidental impact of music on hospital staff: An 
Italian case study. Arts & Health. 2012: 4(2): 135-147. 

102. Berglund B, Lindvall T, Schwela DH. Guidelines for community noise. 
Geneva, Switzerland: World Health Organization. 1999 

103. Yoder J, Staisiunas P, Meltzer D, Knutson K, Arora V. Noise and sleep 
among adult medical inpatients: Far from a quiet night. Archives of 
Internal Medicine. 2012: 172: 68-70. 10.1001/archinternmed.2011.603. 

104. Thomas K, Martin P. NICU sound environment and the potential 
problems for caregivers. Journal of Perinatology. 2000: 20(Suppl 1): 94-
99. 

105. Tomei F, Papaleo B, Baccolo T, Persechino B, Spano G, Rosati M. Noise 
and gastric secretion. American Journal of Industrial Medicine. 1994: 
26: 367-372.  

106. Wysocki A. The effect of intermittent noise exposure on wound healing. 
Advances in Wound Care. 1996: 9: 35-39. 

107. Baldwin CL, Spence C, Bliss JP, et al. Multimodal cueing: The relative 
benefits of the auditory, visual, and tactile channels in complex 
environments. Proceedings of the 56th Human Factors and Ergonomics 
Society meeting. 2012: 56: 1431-1435. 

108. Karnik A, Bonafide, C. A framework for reducing alarm fatigue on 
pediatric inpatient units. Hospital Pediatrics. 2015: 5(3): 160-163. 

109. Schlesinger J, Baum Miller S, Nash, K, et al. Acoustic features of 
auditory medical alarms – An experimental study of alarm volume. The 
Journal of the Acoustical Society of America. 2018: 143: 3688. 

110. Ferris TK, Sarter, N. Continuously informing vibrotactile displays in 
support of attention management and multitasking in anesthesiology. 
Human Factors. 2011: 53: 600-611. 

111. Boodman E. A medical device giant and a musician redesign a heart 
monitor's chirps. [published online September 10, 2018]. Statnews. 
https://www.statnews.com/2018/09/10/medtronic-musician-redesign-
heart-monitors-beeps/. 

112. AORN. AORN position statement on managing distractions and noise 
during perioperative patient care. Association of Perioperative 
Registered Nurses Journal. 2015: 99: 22-26. 

113. Byers JF, Smyth KA. Effect of a music intervention on noise annoyance, 
heart rate and blood pressure in cardiac surgery patients. American 
Journal of Critical Care. 1997: 6: 183-191. 

114. Good M, Anderson GC, Ahn S, Cong X, Stanton-Hicks M. Relaxation 
and music reduce pain following intestinal surgery. Research in Nursing 
and Health. 2005: 28: 240-251.  

115. Laopaiboon M, Lumbiganon P, Martis R, Vatanasapt P, Somjaivong B. 
Music during caesarean section under regional anaesthesia for 
improving maternal and infant outcomes. Cochrane Database 
Systematic Review. 2009: 2: CD006914. doi: 
10.1002/14651858.CD006914.pub2. 

116. Rudin D, Kiss A, Wetz RV, Sottile VM. Music in the endoscopy suite: A 
meta-analysis of randomized controlled studies. Endoscopy. 2007: 39: 
507-510. 

117. Loewy J, Stewart K, Dassler A, Telsey A, Homel P. The effects of music 
therapy on vital signs, feeding, and sleep in premature infants. 
Pediatrics. 2013: 131: 902-918. 

118. Moola S, Pearson A, Hagger C. Effectiveness of music interventions on 
dental anxiety in paediatric and adult patients: A systematic review. JBI 
Library of Systematic Reviews. 2011: 9(18): 588-630.  

119. Bradt J, Dileo C, Shim M. Music interventions for preoperative 
anxiety. Cochrane Database Systematic Review. 2013: 6: CD006908. 

120. Bringman H, Giesecke K, Thorne A, Bringman S. Relaxing music as 
pre-medication before surgery: A randomised controlled trial. Acta 
Anaesthesiology Scandinavia. 2009: 53: 759-764. 

121. Lee K, Chao YH, Yiin J, Hsieh H, Dai W, Chao YF. Evidence that music 
listening reduces preoperative patients' anxiety. Biological Research for 
Nursing. 2012: 14: 78-84. 



Music & Medicine | 2019 | Volume 11 | Issue 4 | Pages 211 – 225             Spence & Keller | Medicine’s Melodies  

	
	

	
	
	

MMD | 2019 | 11 | 4 | Page 222 

122. Newman A, Boyd C, Meyers D, Bonanno L. Implementation of music as 
an anesthetic adjunct during monitored anesthesia care. Journal of Peri-
Anesthesia Nursing. 2010: 25: 387-391. 

123. Nilsson U, Unosson M, Rawal N. Stress reduction and analgesia in 
patients exposed to calming music postoperatively: A randomized 
controlled trial. European Journal of Anaesthesiology. 2005: 22: 96-102. 

124. Ebneshahidi A, Mohseni M. The effect of patient-selected music on 
early postoperative pain, anxiety, and hemodynamic profile in cesarean 
section surgery. Journal of Alternative and Complementary Medicine. 
2008: 14: 827-831. 

125. Hole J, Hirsch M, Ball E, Meads C. Music as an aid for postoperative 
recovery in adults: A systematic review and meta-analysis. Lancet. 
2015: 386: 1659-1671 

126. Ikonomidou E, Rehnstrom A, Naesh O. Effect of music on vital signs 
and postoperative pain. AORN Journal. 2004: 80: 269-278.  

127. Nilsson U. Soothing music can increase oxycotin levels during bed rest 
after open-heart surgery: A randomized control trial. Journal of Clinical 
Nursing. 2009: 18: 2153-2161. 

128. Nilsson U. The effect of music intervention in stress response to cardiac 
surgery in a randomized clinical trial. Heart & Lung: The Journal of 
Acute & Critical Care. 2009: 38: 201-207. 

129. van der Heijden MJE, Oliai Araghi S, van Dijk M, Jeekel J, Hunink 
MGM. The effects of perioperative music interventions in pediatric 
surgery: A systematic review and meta-analysis of randomized 
controlled trials. PLoS ONE. 2015: 10(8): e0133608. 
https://doi.org/10.1371/journal.pone.0133608. 

130. Vaajoki A, Pietila AM, Kankkunen P, Vehvilainen-Julkunen K. Effects 
of listening to music on pain intensity and pain distress after surgery: 
An intervention. Journal of Clinical Nursing. 2012: 21: 708-717. 

131. Conrad C, Niess H, Jauch KW, et.al. Overture for growth hormone: 
Requiem for interleukin-6?*. Critical Care Medicine. 2007: 35(12): 
2709-2713. doi:10.1097/01.ccm.0000291648.99043.b9. 

132. Cruise CJ, Chung F, Yogendran S, Little DA. Music increases 
satisfaction in elderly outpatients undergoing cataract surgery. 
Canadian Journal of Anaesthesia. 1997: 44(1): 43-48. 
doi:10.1007/bf03014323. 

133. Koch ME, Kain ZN, Ayoub C, Rosenbaum SH. The sedative and 
analgesic sparing effect of music. Anesthesiology. 1998: 89(2): 300-306. 
doi:10.1097/00000542-199808000-00005. 

134. Lepage C, Drolet P, Girard M, Grenier Y, Degagn R. Music decreases 
sedative requirements during spinal anesthesia. Anesthesia & Analgesia. 
2001: 93(4): 912-916. doi:10.1097/00000539-200110000-00022. 

135. Tam WW, Wong EL, Twinn SF. Effect of music on procedure time and 
sedation during colonoscopy: A meta-analysis. World Journal of 
Gastroenterology. 2008: 14(34): 5336-5343. 

136. Haun M, Mainous RO, Looney SW. Effect of music on anxiety of 
women awaiting breast biopsy. Behavioral Medicine. 2001: 27(3): 127-
132.  

137. Lee KC, Chao YH, Yiin JJ, Chiang PY, Chao YF. Effectiveness of 
different music-playing devices for reducing preoperative anxiety: A 
clinical control study. International Journal of Nursing Studies. 2011: 
48, 1180-1187. 

138. Verheecke G, Troch E. Music while you wait. Patient acceptance of 
music in the preanesthetic period. Acta Anaesthesiology Belgica. 1980: 
31: 61-67. 

139. Wang SM, Kulkarni L, Dolev J, Kain ZN. Music and preoperative 
anxiety: A randomized controlled study. Anesthesia & Analgesia. 2002: 
94: 1489-1494. 

140. Bradt J, Dileo C, Grocke D. Music interventions for mechanically 
ventilated patients. Cochrane Database Systematic Review. 2010: 2: 
CD006902. 

141. Korhan EA, Khorshid L, Kyar M. The effect of music therapy on 
physiological signs of anxiety in patients receiving mechanical 
ventilator support. Journal of Clinical Nursing. 2010: 20(7): 1026-1034. 

142. Wong HL, Lopez-Nahas V, Molassiotis A. Effects of music therapy on 
anxiety in ventilator dependent patients. Heart and Lung. 2001: 30: 376-
387. 

143. Mackrill JB, Jennings PA, Cain R. Improving the hospital ‘soundscape’: 
A framework to measure individual perceptual response to hospital 
sounds. Ergonomics. 2013: 56(11): 1687-1697. 
DOI:10.1080/00140139.2013.835873 

144. Chafin S, Roy M, Gerin W, Christenfeld N. Music can facilitate blood 
pressure recovery from stress. British Journal of Health Psychology. 
2004: 9: 393-403. 

145. Aletta F, Oberman T, Kang J. Associations between positive health-
related effects and soundscapes perceptual constructs: A systematic 
review. International Journal of Environmental Research and Public 
Health. 2018: 15(11). 

146. Suresh S, De Oliveira GS, Suresh S. The effect of audio therapy to treat 
postoperative pain in children undergoing major surgery: A 
randomized controlled trial. Pediatric Surgery International. 2015: 
31(2): 197-201. doi: 10.1007/s00383-014-3649-9. 

147. Hatem TP, Lira PI, Mattos, SS. The therapeutic effects of music in 
children following cardiac surgery. Journal of Pediatry (Rio Journal). 
2006: 82(3): 186-192. doi: 10.2223/JPED.1473. 

148. Särkämö T, Tervaniemi M, Laitinen S, et al. Music listening enhances 
cognitive recovery and mood after middle cerebral artery stroke. Brain. 
2008: 131(3): 866-876. doi:10.1093/brain/awn013 

149. Särkämö T, and Soto D. Music listening after stroke: beneficial effects 
and potential neural mechanisms. Annals of the New York Academy of 
Sciences. 2012: 1252(1): 266-281. doi:10.1111/j.1749-
6632.2011.06405.x  

150. Trappe HJ. Role of music in intensive care medicine. International 
Journal of Critical Illness & Injury Science. 2012: 2(1): 27-31. 

151. Dantzer R, Kalin N. Salivary biomarkers of stress: cortisol and alpha-
amylase. Psychoneuroendocrinology. 2009: 34(1): 1. doi: 
10.1016/j.psyneuen.2008.11.002. 

152. Khalfa S, Bella SD, Roy M, & Peretz I. Effects of relaxing music on 
salivary cortisol level after psychological stress. Annals of the New York 
Academy of Sciences. 2003: 999: 374-376. 

153. Thoma MV, La Marca R, Brönnimann R, Finkel L, Ehlert U, Nater UM. 
The effect of music on the human stress response. PLoS One. 2013: 
8:e70156. 

154. Byrne D. How music works. New York, NY: Three Rivers Press; 2012. 
155. Ganzini L, Rakoski A, Cohn S, Mularski R. Family members’ views on 

the benefits of harp music vigils for terminally-ill or dying loved ones. 
Palliative and Supportive Care. 2013: 13: 41-44. 

156. Bernardi L, Porta C, Sleight P. Cardiovascular, cerebrovascular, and 
respiratory changes induced by different types of music in musicians 
and non-musicians: The importance of silence. Heart. 2006: 92: 445-
452. 

157. Van der Zwaag MD, Westerink JHDM, Van den Broek EL. Emotional 
and psychophysiological responses to tempo, mode, and percussiveness. 
Musicae Scientiae. 2011: 15: 250-269. 

158. Balan R, Bavdekar SB, Jadhav S. Can Indian classical instrumental music 
reduce pain felt during venepuncture? Indian Journal of Pediatrics. 
2009: 76(5): 469-473.  

159. Holm MS, Fålun N, Gjengedal E, Norekvål TM. Music during after-
death care: A focus group study. Nursing in Critical Care. 2012: 17(6): 
302-308. 

160. Evans D. The effectiveness of music as an intervention for hospital 
patients: A systematic review. Journal of Advanced Nursing. 2002: 37: 
8-18. 

161. Evans HM. Medicine and music: three relations considered. Journal of 
Medical Humanities. 2007: 28: 135-148. 

162. Labbé E, Schmidt N, Babin J, Pharr, M. Coping with stress: The 
effectiveness of different types of music. Applied Psychophysiology and 
Biofeedback. 2007: 32(3-4): 163-168. 



Music & Medicine | 2019 | Volume 11 | Issue 4 | Pages 211 – 225             Spence & Keller | Medicine’s Melodies  

	
	

	
	
	

MMD | 2019 | 11 | 4 | Page 223 

163. Bradt J, Dileo, C. Music therapy for end-of-life care. Cochrane Database 
Systematic Reviews. 2010: 1: CD007169. 

164. Hilliard RE. Music therapy in hospice and palliative care: a review of the 
empirical data. Evidence Based Complementary and Alternative 
Medicine. 2005: 2: 173-178. 

165. Magill L. The spiritual meaning of pre-loss music therapy to bereaved 
caregivers of advanced cancer patients. Palliative and Supportive Care. 
2009: 7: 97-108. 

166. Sherwin A. From Roxy Music to the cure? Brian Eno composes 
soundscapes to treat hospital patients. [published online April 18, 
2013]. The Independent. http://www.independent.co.uk/arts-
entertainment/art/news/from-roxy-music-to-the-cure-brian-eno-
composes-soundscapes-to-treat-hospital-patients-8577179.html. 

167. Thorgaard B, Henriksen BB, Pedersbaek G, Thomsen I. Specially 
selected music in the cardiac laboratory—An important tool for 
improvement of wellbeing of patients. European Journal of 
Cardiovascular Nursing. 2004: 3: 21-26. 

168. Thorgaard P, Ertmann E, Hansen V, Noerregaard, A, Hansen, V, 
Spanggaard L. Designed sound and music environment in 
postanaesthesia care units—A multicenter study of patients and staff. 
Intensive Critical Care Nursing. 2005: 21(4): 220-225. 

169. McCraty R, Barrios-Choplin B, Atkinson M, Tomasino D. The effects of 
different types of music on mood, tension, and mental clarity. 
Alternative Therapies. 1998: 4(1): 75-84 

170. Basner M, Babisch W, Davis A, et al. Auditory and nonauditory effects 
of noise on health. The Lancet. 2014: 383: 1325-1332. 

171. Spence C. Hospital food. Flavour. 2017: 6: 3.  
172. Burne J. Is the noise of modern life making you ill? It can trigger heart 

disease, blood pressure and weight gain – even when you are asleep. 
[published online June 10, 2014] Daily-Mail Online. 
http://www.dailymail.co.uk/health/article-2653249/Is-noise-modern-
life-making-ill-Ittrigger-heart-disease-blood-pressure-weight-gain-
youreasleep.html. 

173. Spence C. Noise and its impact on the perception of food and drink. 
Flavour. 2014: 3: 9. 

174. Davies A, Snaith P. Mealtime problems in a continuing-care hospital for 
the elderly. Age and Ageing. 1980: 9: 100-105. 

175. Jones D. Is this hospital a miracle cure for the NHS? It has a Michelin 
chef, happy patients and is run by doctors and nurses. And shock, 
horror, it’s operated for the state – at a profit – by a private firm. 
[published online May 27, 2014] Daily Mail Online.. 
http://www.dailymail.co.uk/health/article-2641055/Is-hospital-miracle-
cure-NHS-It-Michelin-chef-happy-patients-run-doctors-nurses-And-
shock-horror-operated-profit-private-firm.html.  

176. Cowen T. An economist gets lunch: New rules for everyday foodies. 
New York, NY: Plume; 2012. 

177. Kaiser D, Silberger, S, Hilzendegen C, & Stroebele-Benschop, N. The 
influence of music type and transmission mode on food intake and meal 
duration: An experimental study. Psychology of Music. 2016: 44: 1419-
1430. 

178. Sandman P, Norberg A, Adolfsson A, Eriksson S, Nystrom P. 
Prevalence and characteristics of persons with dependency on feeding at 
institutions for the elderly. Scandinavian Journal of Caring Sciences. 
1990: 4: 121-127. 

179. Goddaer J, Abraham, IL. Effects of relaxing music on agitation during 
meals among nursing home residents with severe cognitive impairment. 
Archives of Psychiatric Nursing. 1994: 8: 150-158. 

180. Blumenthal H. Further adventures in search of perfection: Reinventing 
kitchen classics. London, UK: Bloomsbury Publishing; 2007. 

181. Blumenthal H. The big Fat Duck cookbook. London, UK: Bloomsbury 
Publishing; 2008 

182. Spence C, Shankar MU, Blumenthal H. (2011). ‘Sound bites’: Auditory 
contributions to the perception and consumption of food and drink. In 
Bacci F, Melcher D. (Eds.). Art and the senses. Oxford, UK: Oxford 
University Press; 2011: 207-238 

183. Paquet C, St-Arnaud-McKenzie D, Ma, Z, Kergoat MJ, Ferland G, Dubé 
L. More than just not being alone: The number, nature, and 
complementarity of meal-time social interactions influence food intake 
in hospitalized elderly patient, The Gerontologist. 2008: 48: 603-611.  

184. Spence, C. Sonic seasoning. In Minsky L, Fahey C. (Eds.). Audio 
branding: Using sound to build your brand. London, UK: Kogan Page; 
2017: 52-68. 

185. Blecken D. Hold the sugar: A Chinese café brand is offering audio 
sweeteners. [published on February 13, 2017] Campaign. 
https://www.campaignasia.com/video/hold-the-sugar-a-chinese-cafe-
brand-is-offering-audio-sweeteners/433757. 

186. Knöferle KM, Spence C. Crossmodal correspondences between sounds 
and tastes. Psychonomic Bulletin & Review. 2012: 19: 992-1006. 

187. Muniz R, Harrington RJ, Ogbeidea GC, Seo HS. The role of sound 
congruency on ethnic menu item selection and price expectations. 
International Journal of Hospitality & Tourism Administration. 2017: 
18: 245-271. 

188. Spence C. Gastrophysics: The new science of eating. London, UK: 
Viking Penguin; 2017. 

189. Yeoh JPS, North AC. The effects of musical fit on choice between two 
competing foods. Musicae Scientiae. 2010: 14: 165-180. 

190. Zellner D, Geller T, Lyons S, Pyper A, Riaz K. Ethnic congruence of 
music and food affects food selection but not liking. Food Quality & 
Preference. 2017: 56(A): 126-129. 

191. Ragneskog H, Bråne G, Karlsson I, Kihlgren M. Influence of dinner 
music on food intake and symptoms common in dementia. 
Scandinavian Journal of Caring Science. 1969: 10: 11-17. 

192. Newton, J. French hospital plans wine bar to cheer patients’ last days. 
Daily Mail Online, [published online August 1, 2014]. Daily Mail 
Online. http://www.dailymail.co.uk/news/article-2713390/French-
hospital-open-wine-bar-cheer-terminallyill-patients.html. 

193. Leonor F, Lake J, Guerra M. Effect of nostalgia triggered by sound on 
flavour perception. In Bonacho R, de Sousa AP, Viegas C, Martins JP, 
Pires MJ, Estévão SV (Eds.), Experiencing food, designing dialogue. 
London, UK: CRC Press; 2018, 37-40. 

194. Schreuder E, van Erp J, Toet A, Kallen VL. Emotional responses to 
multisensory environmental stimuli: A conceptual framework and 
literature review. Sage OPEN. 2016: January-March: 1-19. doi: 
10.1177/2158244016630591 

195. Spence C. The ICI report on the secret of the senses. London, UK: The 
Communication Group; 2002 

196. Fenko A, Loock C. The influence of ambient scent and music on 
patients' anxiety in a waiting room of a plastic surgeon. HERD: Health 
Environments Research and Design Journal. 2014: 7(3): 38-59. 

197. Field T, Diego M, Hernandez-Reif M, et al. Lavender fragrance 
cleansing gel effects on relaxation. International Journal of 
Neuroscience. 2004: 115: 207-222.  

198. Lehrner J, Eckersberger C, Walla P, Pötsch G, Deecke L. Ambient odor 
of orange in a dental office reduces anxiety and improves mood in 
female patients. Physiology & Behavior. 2000: 71: 83-86. 

199. Marchand S, Arsenault P. Odors modulate pain perception. Physiology 
& Behavior. 2002: 76: 251-256. 

200. Martin GN. The effect of exposure to odor on the perception of pain. 
Psychosomatic Medicine. 2006: 68: 613-616. 

201. Spence C. A new multisensory approach to health and well-being. In 
Essence. 2003: 2: 16-22. 

202. Street R, Lewis F. Touch graphics: The power of tactile design. 
Gloucester, MA: Rockport Publishers, Inc.; 2001. 

203. Barnett K. A theoretical construct of the concepts of touch as they relate 
to nursing. Nursing Research. 1972: 21: 102-110. 

204. Field T. Touch. Cambridge, MA: MIT Press; 2001. 
205. Novak T, Scanlan J, McCaul D, Macdonald N, Clarke T. Pilot study of a 

sensory room in an acute inpatient psychiatric unit. Australasian 
Psychiatry. 2012: 20(5): 401-406. 



Music & Medicine | 2019 | Volume 11 | Issue 4 | Pages 211 – 225             Spence & Keller | Medicine’s Melodies  

	
	

	
	
	

MMD | 2019 | 11 | 4 | Page 224 

206. Becker F, Douglass SJ. The ecology of the patient visit: Physical 
attractiveness, waiting times, and perceived quality of care. Journal of 
Ambulatory Care Management. 2008: 31(2): 124-137.  

207. Ulrich RS. Effects of interior design on wellness: Theory and recent 
scientific research. Journal of Health Care Interior Design. 1991: 3: 97-
109.  

208. Ulrich RS. View through a window may influence recovery from 
surgery. Science. 1984: 224: 420-421. 

209. Davies A, Knuiman M, Wright P, Rosenberg M. The art of being 
healthy: A qualitative study to develop a thematic framework for 
understanding the relationship between health and the arts. 2014: 4: 
e004790: 1-10. Retrieved from group.bmj.com website: 
https://bmjopen.bmj.com/content/4/4/e004790 

210. Harper MB, Kanayama-Trivedi S, Caldito G, et al. Photographic art in 
exam rooms may reduce white coat hypertension. Medical Humanities. 
2015: 41: 86-88. 

211. Hume V. Creative care: the role of the arts in hospital. Nursing 
Management – UK. 2010: 17(5): 16-20. 

212. Lankston L, Cusack P, Fremantle C, Isles C. Visual art in hospitals: Case 
studies and review of the evidence. Journal of the Royal Society of 
Medicine. 2010: 103(12): 490-499. 

213. Dalke H, Little J, Niemann E, et al. Colour and lighting in hospital 
design. Optics & Laser Technology. 2006: 38(4-6): 343-365. 

214. Gulak MB. Architectural guidelines for state psychiatric hospitals. 
Hospital and Community Psychiatry. 1991: 42(7): 705-707. 

215. Baillon S, van Diepen E, Prettyman R. Multi-sensory therapy in 
psychiatric care. Advances in Psychiatric Treatment. 2002: 8(6): 444-
450. 

216. Champagne T. Creating sensory rooms: Environmental enhancements 
for acute inpatient mental health settings. Mental Health Special 
Interest Quarterly. 2006: 29(4): 1-4. 

217. Champagne T, Stromberg N. Sensory approaches in inpatient 
psychiatric settings: Innovative alternatives to seclusion and restraint. 
Journal of Psychosocial Nursing and Mental Health Services. 2004: 
42(9): 34-55. 

218. Hulsegge J, Verheul A. Snoezelen: Another World. Chesterfield: 
ROMPA; 1987. 

219. Hauck YL, Summers L, White E, Jones C. A qualitative study of 
Western Australian women's perceptions of using a Snoezelen room for 
breastfeeding during their postpartum hospital stay. International 
Breastfeeding Journal. 2008: 3(1): 1-9. 

220. Rice T. Soundselves: An acoustemology of sound and elf in the 
Edinburgh Royal Infirmary. Anthropology Today. 2003: 19: 4-9. 

221. Schofield PA. A pilot study comparing environments in which 
relaxation is taught: Investigating the potential of Snoezelen for chronic 
pain management. American Journal of Recreation Therapy. 2005: 4(4): 
17-27. 

222. Baker R, Dowling Z, Wareing LA, et al. Snoezelen: Its long-term and 
short-term effects on older people with dementia. British Journal of 
Occupational Therapy. 1997: 60: 213-218. 

223. Collier L, Jakob A. The Multisensory Environment (MSE) in dementia 
care: Examining its role and quality from a user perspective. Health 
Environments Research & Design Journal. 2017: 10(5): 39-51. 

224. Guetin S, Portet F, Picot MC, Pommie L. Effect of music therapy on 
anxiety and depression in patients with Alzheimer's type dementia: 
Randomised, controlled study. Dementia and Geriatric Cognitive 
Disorders. 2009: 28(1): 36-46. 

225. Hotz AG, Castelblanco A, Lara IM, Weiss AD, Duncan R, Kuluz JW. 
Snoezelen: A controlled multi-sensory stimulation therapy for children 
recovering from severe brain injury. Brain Injury. 2006: 20: 879-888. 

226. Mattila AS, Wirtz J. Congruency of scent and music as a driver of in-
store evaluations and behavior. Journal of Retailing. 2001: 77: 273-289. 

227. Spangenberg ER, Grohmann B, Sprott DE. It’s beginning to smell (and 
sound) a lot like Christmas: The interactive effects of ambient scent and 

music in a retail setting. Journal of Business Research. 2005: 58: 1583-
1589. 

228. Malhotra NK. Information and sensory overload. Information and 
sensory overload in psychology and marketing. Psychology & 
Marketing. 1984: 1(3‐4): 9-21. 

229. Winkielman P, Ziembowicz M, Nowak A. The coherent and fluent 
mind: How unified consciousness is constructed from cross-modal 
inputs via integrated processing experiences Frontiers in Psychology. 
2015: 6: 83. https://doi.org/10.3389/fpsyg.2015.00083 

230. Arneill AB, Devlin AS. Perceived quality of care: The influence of the 
waiting room environment. Journal of Environmental Psychology. 
2002: 22: 345-360.  

231. Baker J, Cameron M. The effects of the service environment on affect 
and consumer perception of waiting time: An integrative review and 
research propositions. Journal of the Academy of Marketing Science. 
1996: 24: 338-349.  

232. Erwine B. Creating sensory spaces: The architecture of the invisible. 
New York, NY: Routledge; 2017. 

233. Franklin D. How hospital gardens help patients heal. [published online 
March 1, 2012]. Scientific American. 
https://www.scientificamerican.com/article/nature-that-nurtures/.  

234. Ottoson J, Grahn P. (2005). A comparison of leisure time spent in a 
garden with leisure time spent indoors: On measures of restoration in 
residents in geriatric care. Landscape Research. 2005: 30: 23-55. 

235. Therapeutic Landscape Network Gardens/Gardens in Healthcare and 
Related Facilities page. Therapeutic Landscapes Network site. Available 
at: http://www.healinglandscapes.org/healthcare-gardens/index.html. 
Accessed July 22, 2019. 

236. Antonovsky A. Health, stress and coping. San Francisco, CA: Jossey-
Bass Publishers; 1979. 

237. Benfield JA, Belli PA, Troup LJ, Soderstrom N. Does anthropogenic 
noise in national parks impair memory? Environment and Behavior. 
2010: 42: 693-706. 

238. Mace BL, Bell PA, Loomis RJ. Aesthetic, affective, and cognitive effects 
of noise on natural landscape assessment. Society & Natural Resources. 
1999: 12: 225-242. 

239. Weinzimmer D, Newman P, Taff D, Benfield J, Lynch E, Bell P. Human 
responses to simulated motorized noise in national parks. Leisure 
Sciences. 2014: 36: 251-267.  

240. Liu Z. The application of therapy by means of aromatics to gardens. 
Forest Inventory and Planning; 2005: 30(6): 91-93. 

241. Xiao J, Tait M, Kang, J. The design of urban smellscapes with fragrant 
plants and water features. In Henshaw V, McLean K, Medway D, 
Perkins C, and Warnaby G. (Eds.). Designing with smell: Practices, 
techniques and challenges. New York, NY: Routledge; 2018: 83-95. 

242. Sherman SA, Varni JW, Ulrich, RS, Malcarne VL. Post-occupancy 
evaluation of healing gardens in a pediatric cancer center. Landscape 
and Urban Planning. 2005: 73(2): 167-183. 

243. Tang HY, Vezeau T. The use of music intervention in healthcare 
research: A narrative review of the literature. Journal of Nursing 
Research. 2010: 18(3): 174-190. doi: 10.1097/JNR.0b013e3181efe1b1. 

244. Gatti MFZ, da Silva MJP. Ambient music in emergency services: The 
professionals’ perspective. Latin American Journal of Nursing. 2007: 
15(3): 377-383. 

245. Prigg M. Should your office pipe in the sound of a mountain stream? 
Researchers say natural sounds can improve productivity and boost 
brainpower. [published online May 20, 2015]. Daily Mail Online. 
https://www.dailymail.co.uk/sciencetech/article-3089947/Should-
office-pipe-sound-mountain-stream-Researchers-say-natural-sounds-
improve-productivity-boost-brainpower.html. 

246. Bradt J, Dileo C, Grocke D, Magill, L. Music interventions for 
improving psychological and physical outcomes in cancer patients. 
Cochrane Database Systematic Review. 2011: 8: CD006911. doi: 
10.1002/14651858.CD006911.pub2. 



Music & Medicine | 2019 | Volume 11 | Issue 4 | Pages 211 – 225             Spence & Keller | Medicine’s Melodies  

	
	

	
	
	

MMD | 2019 | 11 | 4 | Page 225 

247. Bradt J, Magee WL, Dileo C, et al. Music therapy for acquired brain 
injury. Cochrane Database Systematic Review. 2010: 7: CD006787. doi: 
10.1002/14651858.CD006787.pub2. 

248. Vink AC, Birks JS, Bruinsma MS, Scholten RJ. Music therapy for people 
with dementia. Cochrane Database Systematic Review. 2004: 3: 
CD003477. doi: 10.1002/14651858.CD003477.pub2. 

249. Stevenson RA, Schlesinger JJ, Wallace MT. Effects of divided attention 
and operating room noise on perception of pulse oximeter pitch 
changes: A laboratory study. Anesthesiology. 2013: 118: 376-381. 

250. Gillis, K, Gatersleben, B. A review of psychological literature on the 
health and wellbeing benefits of biophilic design. Buildings. 2015: 5: 
948-963. doi:10.3390/buildings5030948 

251. Harris PB, Ross C, McBride G, Curtis L. A place to heal: Environmental 
sources of satisfaction among hospital patients. Journal of Applied 
Social Psychology. 2001: 32(6): 1276-1299. 

252. Mazuch R. Salutogenic and biophilic design as therapeutic approaches 
to sustainable architecture. Architectual Design. 2017: 87(2): 42-47. 

253. Salonen H, Lahtinen M, Lappalainen S, et al. Design approaches for 
promoting beneficial indoor environments in healthcare facilities: A 
review. Intelligent Buildings International. 2013: 5(1): 26-50. 

254. Mourshed M, Zhao Y. Healthcare providers' perception of design 
factors related to physical environments in hospitals. Journal of 
Environmental Psychology. 2012: 32(4): 362-370. doi: 
10.1016/j.jenvp.2012.06.004. 

255. Schweitzer M, Gilpin L, Frampton S. Healing spaces: Elements of 
environmental design that make an impact on health. The Journal of 
Alternative and Complimentary Medicine. 2004: 10(1): 71-83. 

256. Richter J, Muhlestein D. Patient experience and hospital profitability: Is 
there a link? Health Care Management Review. 2017: 42(3): 247-257. 

 

Biographical Statements 
 
Charles Spence is Professor of Experimental Psychology at the 
University of Oxford, the UK. His research focuses on how a 
better understanding of the human mind will lead to the better 
design of multisensory foods, products, interfaces, and 
environments in the future. Over the last two decades, Charles 
has consulted for a number of multinational companies 
advising on various aspects of multisensory design, packaging, 
and branding. He has published many books and almost 1,000 
peer-reviewed academic articles on the senses in everyday life. 
  
Steve Keller is Sonic Strategy Director for Pandora, US, and is 
recognized as one of the leading experts in the field of sonic 
strategy and identity. His work explores the ways music and 
sound impact consumer perception and behavior. Steve is the 
recipient of the iHeartMedia Scholarship for Leadership in 
Audio Innovation, and is currently completing an Executive 
MBA through the Berlin School for Creative Leadership, 
examining how brands can more effectively measure and 
predict returns on audio investments. 
 
 

 

 


