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Abstract 
Alexandra Ullsten (2019): Singing, sharing, soothing. Family-centred music therapy 
during painful procedures in neonatal care. Örebro Studies in Musicology 4. 
 
To sing is to communicate. The soothing, comforting and emotional regulating 
properties of a lullaby are well-known cross-culturally and historically. This doctoral 
thesis addresses neonatal pain management from a novel and groundbreaking 
perspective, studying the efficacy of live music therapy on infants’ pain responses 
during venepuncture. New research is needed to advance the non-pharmacological 
interventions in neonatal pain care, and neonatal music therapy (NICU MT) offers 
active methods to involve the parents in pain management. The doctoral thesis in-
cludes two empirical and two theoretical articles. In paper I, preterm and term 
infants (n=38) were subjected to venepuncture with and without live lullaby sing-
ing, in a randomised order with a crossover design. Parent-preferred lullabies were 
performed live by a music therapy student and standard care was provided for all 
infants. The results did not show any significant pain-alleviating effects, however, 
the live singing was not stressful for the infants.  

In paper II, the microanalysis disclosed that live lullaby singing is a communi-
cative reciprocal intervention that also applies to premature infants during painful 
procedures. Live lullaby singing is a tool suitable as a means to optimise the 
homeostatic mechanisms. The results from the theoretical papers III and IV are 
further developed and synthesised in the thesis into a theoretical strategy; The 
Nordic NICU MT pain management strategy, featuring the parents and their sing-
ing voices as mediators for pain relief. The role of the music therapist in neonatal 
pain management is as a facilitator and an educator for the parents. Coaching 
parents to better meet their infant’s attachment needs during a painful procedure 
may lead to more efficacious interventions. The biopsychosocial parental infant-
directed singing is presumably an applicable parent-driven non-pharmacological 
intervention, which promotes pain relief and attachment formation during painful 
procedures. Neonatal music therapy is still in its infancy in the Nordic countries, 
but the societal and healthcare contexts afford important prerequisites to further 
develop NICU MT as a truly family-centred approach. This doctoral thesis will 
hopefully contribute to the important interdisciplinary endeavour worldwide of 
involving and integrating parents in neonatal pain management.    

Keywords: music therapy, pain management, premature infants, family-centred, infant-
directed singing, venepuncture, parents, dynamic forms of vitality.  
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Prologue  
In December 2009, a nurse from the neonatal intensive care unit addressed 
me about one of their patients who had been in the ward for some months 
already, an extremely prematurely born boy, who seemed both overwhelmed 
and under-stimulated by his environment. Perhaps music therapy, she said, 
could help the boy and his parents to connect?  

Children with severe developmental disabilities and their often frustrated 
and exhausted parents are one of many patient populations I meet in my 
work as a music and art therapist at the Music and Art Therapy Depart-
ment, Region Värmland, Central Hospital in Karlstad, Sweden. These fam-
ilies are usually in great need of tools for communicating on a non-verbal 
level, which music therapy can offer. After a couple of years of working 
with this patient group, I asked myself if it was possible to prescribe music 
therapy earlier in the child’s life, at an earlier stage in the healthcare chain, 
to improve quality of life and communication conditions for these children 
and their parents.   

In March 2010, I received the first referrals from the NICU of two prem-
aturely born infants, one of them was the boy previously mentioned. I was 
curious to see if this might be the arena I was searching for in order to im-
prove quality of life for impaired children and their parents. Baby V, born 
in GW 24 and suffering from serious illnesses, had been cared for in the 
NICU for seven months when I first met him. His stressed cries had become 
a problem for the staff and other vulnerable infants in the multi-bed open-
bay unit. I will never forget baby V’s spontaneous reaction when I, the music 
therapist, first came to visit him and his mother. When I started to sing his 
name, he immediately stopped crying. His tensed little body relaxed in-
stantly, and his face lit up as if he was saying to me: “Finally, someone is 
talking with me”. I was deeply moved by baby V’s response, showing with 
all his being that he loved to communicate through singing. Both baby V 
and his parents benefitted from the music therapy interventions I provided, 
and I strongly felt that the focus for my research should be to hopefully 
improve the quality of life for the vulnerable hospitalised infants and their 
families in the NICU and beyond. 

In August 2010, I was invited by Joanne Loewy to an international sum-
mit for music therapists working in neonatal care. Dr. Loewy is the director 
of the Louis Armstrong Center for Music and Medicine at Beth Israel Hos-
pital in New York and one of the pioneers in neonatal music therapy re-
search. In this meeting, I met and talked to many of the distinguished music 
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therapists who have built the neonatal music therapy field with their long 
experience and significant research. The summit was the starting point for 
pursuing my PhD and the beginning of my pioneering work to implement 
music therapy in the neonatal ward in Region Värmland and within Swedish 
neonatal healthcare. With substantial support from the medical staff and 
the leadership of the Karlstad NICU, the Central Hospital became the first 
hospital in the Nordic countries to offer a family-centred music therapy ser-
vice for hospitalised infants and their parents. Today, nine years later, neo-
natal music therapy is fully implemented, established, respected and part of 
the regular neonatal healthcare services in Karlstad. 

Cultural sensitivity and cultural context are of crucial importance for 
knowledge translation and implementation work. The lack of Swedish con-
text-sensitive neonatal music therapy interventions and research became an 
issue for my implementation work in Karlstad, when existing research liter-
ature and models of practice for example lacked a focus on parental involve-
ment (paper IV). I soon understood that as part of the implementation pro-
cess, I needed research that was based on the Swedish healthcare context with 
music therapy methods that were sensitive to both context and culture.  

In 2011, when I started planning my PhD-project, I was influenced by 
the context I work in; the hierarchical hospital setting where EBP and ran-
domised controlled trials (RCT) are essential in building new healthcare 
practises. During my literature studies of neonatal music therapy research 
and related fields, I identified a knowledge gap. Neonatal music therapy as 
pain management was an area where research literature was scarce. I chal-
lenged myself to initiate a project with live music therapy as pain manage-
ment and an RCT seemed to best fit the context. Science is still looking for 
a gold standard to manage infant procedural pain. Therefore, continued re-
search is needed to advance the interventions in neonatal pain care. Perhaps 
live music therapy could be an adjuvant to the control of infant pain and 
should therefore be included in a future standard?  

During these years as a PhD student (2012-2019) my research work has 
inspired and informed my clinical music therapy work in the Karlstad NICU 
and vice versa. The pioneering efforts both in my clinical work and in my 
research have been exciting and extremely challenging. Thankfully, I have 
not been alone on this research journey and in the end of this doctoral thesis 
I express my sincerest gratitude to my fantastic interdisciplinary compan-
ions and collaborators along the way. 
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Introduction 

The scope of the doctoral thesis 
Music therapy with hospitalised infants and their families is a relatively new 
but expanding practice in the field of music therapy. More and more music 
therapy programs are implemented in neonatal intensive care units across 
the world (Shoemark & Ettenberger, in press). Research in neonatal music 
therapy is also growing in various parts of the world, but is still in its infancy 
in the Nordic countries. An important research area to advance is music 
therapy in neonatal pain management. Pain research in the field of music 
therapy has mostly focused on older children or adults. There is a dearth of 
research about live family-centred music therapy as procedural support in 
neonatal care. Most of the pain research with hospitalised infants has been 
infant focused, investigating the infant’s physiological and behavioural re-
sponses to recorded music undertaken by non-music therapists in the med-
ical and nursing professions (Shoemark & Dearn, 2016). New research is 
needed to advance the family-centred interventions in non-pharmacological 
neonatal pain care, interventions like music therapy that offer active meth-
ods to involve the parents in infant pain management. 

This doctoral thesis addresses critical knowledge gaps in the field of ne-
onatal music therapy as well as in the field of family-centred neonatal pain 
management. There is a lack of studies investigating the efficacy of live sing-
ing during painful procedures in preterm and term infants. There is also an 
urgent need for more knowledge and research which answers the questions 
if, how and why live music therapy may alleviate procedural pain in hospi-
talised infants, how live music therapy interventions should be designed to 
support the infant and the parents during painful procedures and what the 
role of the music therapist in neonatal pain management should be. This 
thesis therefore addresses “a much needed but under-researched population 
/…/ [and] opens new doorways for NICU music therapy and pain treatment 
possibilities” (Spintge & Loewy, 2017, p.71). 

Pain is a multidimensional phenomenon that is generally researched in 
interdisciplinary collaborations. Writing a doctoral thesis about music ther-
apy and neonatal pain requires a multifaceted and integrative approach, 
combining research from areas such as neuroscience, developmental psy-
chology, attachment theory, nursing science and music therapy. These var-
ious fields are intertwined in the chapters Background and Theoretical 
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framework and concepts, contextualising the topic and elaborating on im-
portant concepts and prerequisites to guide readers of diverse disciplines to 
better appreciate the four articles as well as the results, discussion and conclu-
sion of this thesis. The Background is organised in two sections. Section one 
presents an overview of current knowledge and previous research in music-
based interventions in neonatal pain management, distinguishing between 
music therapy research and music medicine research. Included in section 1 
is a historical backdrop to music therapy in health care and in neonatal care, 
together with neonatal music therapy in the Nordic countries as well as tra-
ditions and models of practice in the field of neonatal music therapy. Section 
2 gives the reader an overview of neonatal pain physiology, pain manage-
ment beyond medication and biopsychosocial aspects of neonatal pain man-
agement including the role of the parents. This section also presents diver-
gent applications of music-based interventions in pain management such as 
music for distraction versus music therapy as integration with relational as-
pects. Those pain theories and pain models that are scaffolding the conclu-
sions and the strategies in this thesis are also presented in section two.  

The qualitative and quantitative methods that have been applied in this 
research are presented in Methods. The main results from the empirical pa-
pers I and II are presented in A synthesis of the main results. In the same 
chapter, the results from the theoretical papers III and IV are further devel-
oped and synthesised into a theoretical strategy; The Nordic NICU MT pain 
management strategy. This strategy, also condensed and presented in a fig-
ure, builds on the pain models and theories previously presented in the chap-
ters Background and Theoretical framework and concepts. In the discussion 
part, the limitations of this doctoral thesis are discussed, as well as the rationale 
for including music therapy and qualified music therapists as advisors or service 
delivery experts in neonatal pain research. In the Conclusions, the concept of 
dynamic forms of vitality is linked to neonatal music therapy and neonatal pain 
management. The thesis ends with the chapter Further perspectives with impli-
cations for future neonatal music therapy research and practice.  

At Örebro University where this music therapy research project is situ-
ated, the research field of musicology is interdisciplinary with a specific in-
terest in human’s interactions with music. Music therapy researchers and 
professionals as well as readers from allied healthcare disciplines will con-
ceivably benefit from the interdisciplinary and synthesising content in this 
doctoral thesis. This is also a thesis that studies infants’ interactions with 
music during painful procedures analysing the lullaby singing per se, which 
might be of interest for readers within musicology research.  
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Aims and research questions 
The overarching aim of this doctoral thesis, addressed with empirical and 
theoretical approaches, is to evaluate live lullaby singing as an adjuvant to 
the control of infant pain. This aim is divided into the following more specific 
aims:  
 

1. To test the efficacy of live lullaby singing on behavioural and  
physiological pain responses during venepuncture in preterm and 
term neonates. 

2. To analyse live lullaby singing for premature infants during  
venepuncture in comparison to standard care, including infants’ 
physiological and behavioural responses emerging before, during 
and after venepuncture.  

3. To explore the underlying analgesic aspects and biopsychosocial 
rationale for involving parents in neonatal pain management in 
combination with live infant-directed singing through theory con-
struction.  

4. To propose a strategy for family-centred neonatal music therapy 
practice and research in neonatal pain management. 

 

The research questions pursued in this doctoral thesis are therefore: 

1. What effect does live lullaby singing have on behavioural and 
physiological pain responses during venepuncture in preterm and 
term neonates?  

2. How does live lullaby singing for preterm infants influence their 
physiological and behavioural responses before, during and after 
venepuncture compared to standard care? 

3. What are the respective roles of music therapy, the music therapist 
and the parents in family-centred non-pharmacological neonatal 
pain management?  

 
The first aim is pursued in paper I, which answers the first research ques-

tion with quantitative methods. The second aim and the second research 
question are explored in paper II within a mixed methods paradigm. In the 
theoretical papers III and IV, as well as in the chapter A synthesis of the 
main results, concepts as well as theories and previous interdisciplinary re-
search are synthesised to answer the third research question, fulfilling aims 
three and four. 
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Background 

Section 1: Music therapy in healthcare 
Music, of every kind, is part of almost every human being’s everyday life, 
creating and shaping our identity, social relations as well as promoting 
health (Ruud, 2011). Music as a health resource or “health musicking” 
(Stige, 2016, p. 545) can be curative, palliative, and promote personal 
strengths, resilience and wellness (Ruud, 2011; Rolvsjord, 2016). The music 
therapist Even Ruud (2011) describes music as human interaction in context 
and a tool to increase possibilities for action. Ruud links the concept of 
health and therapy to a salutogenic orientation, since health includes more 
than lack of illness.  

In the Oxford Handbook of Music Therapy, the editor Jane Edwards 
defines music therapy by emphasising the interactive, interpersonal and con-
textual aspects of music therapy practice: 

Music therapy is a relational therapy involving the use of music in therapeu-
tic processes with individuals and groups by a qualified practitioner who has 
undertaken appropriate training and undertakes ongoing professional devel-
opment. It is a unique way of working in which the dynamic capacities of 
music and musical relating are harnessed to serve the needs of the client, 
family, or group who is seeking help (Edwards, 2016a, p. 2). 

Bruscia (1998) emphasises the musical relational aspects of music therapy 
as a source for change, which emerges from a well-structured process with 
a qualified therapist: 

Music therapy is a systematic process of intervention wherein the therapist 
helps the client to promote health, using music experiences and the relation-
ships that develop through them as dynamic forces of change (Bruscia 1998, 
p. 20). 

Development of music therapy in healthcare practice and research 
Music therapy is a rather new discipline in healthcare settings, especially in 
neonatal care in the Nordic countries (paper IV). As such, music therapists 
might probably encounter some resistance when entering established 
healthcare teams and allied research fields (Ledger, 2016; paper IV). A lot 
of effort is spent negotiating a space for music therapy, securing boundaries 
and identities to gain credibility (Ruud, 2000). Prior to the establishment of 
music therapy in healthcare, history tells us how musicians in the late 19th 
century up until the 1940s in the UK and USA, negotiated a space in the 
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hospitals to offer live music “treatments” for the patients (Edwards, 2007). 
The “hospital musicians” longed for appreciation among the hospital staff 
for their role as health promoters, but their efforts to make music part of 
hospital care was met with resistance and scornful comments from the med-
ical establishment. At that time, the therapeutic and curative results of the 
environmental music interventions in the hospitals were mainly anecdotal 
and testimonial, and were not scientifically established. Furthermore, the 
musicians were criticised for not being proper educated neither in music nor 
in medicine (Edwards, 2007). 

 The discipline of contemporary music therapy formally began after 
World War I and II, when music both live and recorded was used in the care 
of traumatised war veterans (American Music Therapy Association, 2019; 
Hodges & Wilson, 2010). The first music therapy college training programs 
in the USA were established in the mid-1940s and in the late 1950s in the 
UK (Edwards, 2007). In Sweden, the first university course in music therapy 
started 1981. 

In the early 1950s when the music therapy profession just started to be 
recognised, clinicians felt a need to validate the professional status of the 
field by using a positivist approach to research within a quantitative para-
digm (Amir, 1993). Music therapy research became closely aligned with the 
behavioural and social sciences. The effects of music therapy on behaviours 
of patients were examined in RCTs, since behaviour modification was fea-
sible to observe and measure (Edwards, 2016b). The music therapy research 
tradition in the USA has therefore come to favour quantitative methods 
within a positivist epistemology (Bradt, Burns & Creswell, 2013; Edwards, 
2016b; Wheeler, 2016). In Europe and Scandinavia, music therapy practice 
has mostly involved techniques of interactive, improvisational music-making, 
which are interventions supposedly difficult to control and replicate in an 
RCT (Wigram, Nygaard Pedersen & Bonde, 2002). Since the early 1990s, 
the predominant research methodology in Europe and Scandinavia has been 
qualitative (Erkkilä, 2016).  

When striving for recognition and status of the music therapy profession 
in healthcare, music therapy research has been influenced by societal re-
quirements. These requirements have followed research trends in other 
fields, especially the medical field, and this is still the case today (Erkkilä, 
2016). Evidence-Based Medicine (EBM), later followed by the overarching 
term EBP, was introduced in the early 1990s (Edwards, 2004). EBP focuses 
on positivist research methods accentuating RCT as the gold standard in 
medical research, to assure that patient treatment is safe, effective and cost-



20 
 

ALEXANDRA ULLSTEN  Family-centred music therapy during painful procedures 
 

effective (Edwards, 2016b). Results from clinical studies inform clinical de-
cisions and recommended practices (Goodman, 1999). In order to persist 
and be accepted within the healthcare system, clinical music therapy re-
search, also in Europe and Scandinavia, has adapted to and complied with 
the EBP paradigm (Erkkilä, 2016). The qualitative versus quantitative re-
search paradigms have been debated in many allied healthcare fields, so also 
within music therapy (Amir, 1993; Edwards, 1999, 2002, 2004, 2005, 
2012; Bradt et al., 2013; Erkkilä, 2016). Health administrations round the 
world and also those working in other medical contexts expect the clinical 
care to be evidence-based, which put demands on music therapists to show 
documentation of clinical effectiveness for their interventions (Edwards, 
2012; Erkkilä, 2016). Yet, music therapy interventions encompass various 
abstract factors such as aspects of human affects and emotions, interaction, 
the music itself and its meaning, and is therefore challenging to research 
(Erkkilä, 2016). Lately, mixed methods, which is viewed as a third research 
paradigm, has become an approach that intrigue the music therapy theorists 
(Bradt et al., 2013). Mixed methods, using both qualitative and quantitative 
research methods, might be an approach that unveils complex music therapy 
phenomena and answers complex questions that are relevant to music therapy 
practice though within an EBP framework (Bradt et al, 2013; Erkkilä, 2016). 

Music therapy versus music medicine 
Other healthcare professionals than music therapists are today offering mu-
sic-based interventions in the context of healthcare. The tradition of “hos-
pital musicians” is also still active round the world. This has urged the music 
therapy field and professional associations for music therapy to articulate 
the boundaries and identity of clinical music therapy versus music medicine. 

In clinical music therapy practice, the above-mentioned definitions by 
Edwards (2016a) and Bruscia (1998), are operational. Music medicine is in 
turn described as the use of recorded music selected by medical personnel 
for distraction, without involvement of a qualified music therapist as an 
advisor or a service delivery expert (Stegemann, Geretsegger, Phan Quoc, 
Riedl & Smetana, 2019).  

When it comes to researching the effectiveness of music-based interven-
tions, music therapy and music medicine are two distinct areas of research, 
as illustrated in Table 1 and Table 2.  
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Table 1. Overview of music therapy research related to neonatal pain. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Music therapy requires a systematic therapeutic process developed be-

tween the patient and a trained music therapist through personally tailored 
music experiences including listening to live, improvised, or pre-recorded 
music, playing music instruments, improvising music and composing music. 
Music therapists use music for symptom management within a biopsycho-
social framework (Bradt et al, 2015). In music therapy, the music is used 
interactively. It is entrained to the patient’s affective, emotional and/or phys-
ical state, thus offering integration instead of distraction. 

With few exceptions, music medicine research usually uses pre-recorded, 
randomly selected music of various genres (Table 2). The music is predom-
inately researcher-selected and delivered without any involvement of a sys-
tematic therapeutic process (Bradt et al., 2015). In music medicine publica-
tions, the musical characteristics are often poorly described, which make 
them hard to replicate (Robb et al., 2018). 
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 Table 2. Overview of music medicine research related to neonatal pain. 
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Table 2. Overview of music stimulation research related to neonatal pain (continued). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Neonatal pain research is an interdisciplinary field where music therapy 

has not yet been established. Paper I in this thesis is the first RCT of its kind 
(Table 1). Music therapy studies on procedural pain are scarce in all study 
populations (Loewy, 2019). The limited music therapy literature about pain 
and pain management mostly refers to music therapy with children in pain 
and not to infants (e.g. Loewy, 1997; Bradt, 2013; Ghetti, 2012 & 2013). 
The evidence-based music therapy methods for pain management in chil-
dren are few; the methods are mostly clinically based and not based on re-
search (Ghetti, 2012; Bradt, 2013).  

Music medicine is the predominant approach in neonatal pain research 
(Table 2). Over the past decade, recorded music with no involvement of a 
music therapist is increasingly used as so-called music-induced analgesia 
(Juhl Lunde, Vuust, Garza-Villarreal & Vase, 2019) and as distracting stim-
ulus during skin puncture in hospitalised infants (Loewy, 2019). Recorded 
music of various kinds has shown statistically significant positive results as 
an adjuvant pain treatment, but the benefits are inconsistent (Table 2). No 
study has so far noted negative side effects of music. On the contrary, most 
studies have observed a stabilising effect of music on both preterm and term 
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infants’ physiology (Filippa et al., 2019a). In neonatal music medicine re-
search, music recordings are considered to be a simple, convenient, inex-
pensive and complication-free intervention (Azarmnejad, Sarhangi, Javadi 
& Rejeh, 2015; Kurdahi Badr et al., 2017). There is, however, a considera-
ble variability in results and many methodological issues, which display a 
broad diversity in designs and music types used in the research (Table 2). It 
is also a question of who is choosing the piece of music. Music medicine 
research acknowledges that music chosen by the patient/parent has been 
shown to have a greater analgesic effect than music chosen by the re-
searcher. Personal preference and familiarity have been emphasised as im-
portant factors in music-induced analgesia (Kurdahi Badr et al., 2017; Juhl 
Lunde et al., 2019). There is also a worldwide dilemma in music medicine 
pain research; a majority of the pain researchers include no treatment or 
placebo treatment to the control groups when conducting clinical pain trials 
in newborns, consequently withholding established and effective pain treat-
ments to present significant results (Campbell-Yeo, 2016, Table 2).  

Music medicine researchers do not yet know what drives the analgesic 
effect of music (Juhl Lunde et al., 2019). Cutting-edge research with brain 
imaging techniques shows that music-based interventions have a beneficial 
effect on the brain development in hospitalised preterm infants, especially 
when it comes to emotion regulation capacities (Filippa et al., 2019a; 
Lordier et al., 2019). The music stimuli are processed on multiple cortical 
levels in the infant brain beyond auditory cortex and involve a complex 
process in the brain that includes multisensory responses, triggering both 
cognitive and emotional mechanisms (Filippa et al., 2019a). In music med-
icine research, music is used both as a pain reliever on its own and as an 
adjuvant in connection with other types of interventions. Some researchers 
state that the analgesic effect of music might be found in the treatment con-
text rather than in the music itself (Juhl Lunde et al., 2019). There are sev-
eral psychosocial and contextual factors related to the patient’s perception 
of a treatment that may contribute to a treatment effect, such as pain ex-
pectations, information given about the treatment, and the environment 
surrounding the treatment (Juhl Lunde et al., 2019). To which extent music-
induced analgesia is related to the music per se or if the analgesic effect can 
be explained by general factors embedded in the treatment context, are im-
portant questions for future research (Juhl Lunde et al., 2019) and for music 
therapy. The analgesic effect is probably a result of a mix of these factors, 
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a theory that is discussed in paper III in relation to neonatal pain manage-
ment and parental infant-directed singing, and further elaborated on in the 
chapters A synthesis of the main results and Discussion. 

Neonatal music therapy traditions and models of practice  
The first research findings that showed that premature infants in the NICU 
benefit from auditory stimulation were published within the music medicine 
field, in nursing science, in the 1970s (Katz, 1971). Neonatal music therapy 
research began in the 1980s and 1990s with the pioneering work of Jayne 
Standley at Florida State University, USA. The study undertaken by Stand-
ley’s student Janel Caine (Caine, 1991), who used a study design with rec-
orded auditory stimulation, opened up a new context of practice for music 
therapy (Shoemark & Dearn, 2016). In the initial stages of developing neo-
natal music therapy, the music therapy pioneers used a music medicine ap-
proach with auditory stimulation through recorded music (Caine, 1991; 
Standley & Moore, 1995; Shoemark, 1999, Nöcker-Ribaupierre, 1999). 
Professionals in the NICU were protective of their fragile patients and ini-
tially there was resistance to music being present in the NICU since all 
sounds were perceived as noise (Standley, 2014). Research from the music 
therapy field, traditionally not included in medical treatment in the NICU, 
was met with scepticism (Standley, 2014). The existing care focus in neona-
tal care in the 1980s and 1990s undoubtedly influenced the models of prac-
tice and research in music therapy (paper IV). The brief history of NICU 
MT shows that from early on, neonatal music therapy was infant-focused 
and emphasised the infant's physical and medical needs. The parents were 
usually not able, encouraged or allowed to be present in the NICUs on a 
regular round the clock-basis. The benefits of neonatal music therapy were 
described using outcome measures which met medical standards and NICU 
MT research was supposed to comply with medical standards for appropri-
ate research design, methodology, and publication (Standley, 2014). Since 
NICU MT was first developed within an American healthcare context, the 
quantitative EBP paradigm with a positivist epistemology shaped neonatal 
music therapy in the early years (Standley, 2014). This is still the predomi-
nant perspective. NICU MT developed in different parts of the world, 
within different research and clinical contexts, from the late 1990s and on-
wards in the USA (Loewy, 2000), Germany (Nöcker-Ribaupierre, 1999), 
and Australia (Shoemark, 1999).  

During 30 years of NICU MT, the initial model of practice and research 
with recorded music stimulation and quantitative research designs has been 
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modified and developed. Today, the infant-focused music therapy interven-
tions have evolved to include both parents and staff, and they also increas-
ingly include qualitative research perspectives. Current NICU MT can be 
arranged into two main traditions, protocol-based NICU MT interventions 
and interactive NICU MT interventions. These traditions will be explicated 
in this section as a backdrop to the evolving family-centred Nordic ap-
proach to NICU MT (paper IV). 

Protocol-based NICU MT interventions 
Within the quantitative music medicine paradigm and protocol-based care 
framework, which aim to standardise healthcare delivery and outcomes 
(Ilott, Rick, Patterson, Turgoose & Lacey, 2006), a behavioural NICU MT 
program called the Pacifier Activated Lullaby (PAL) has been developed in 
the USA. PAL is a device that uses recorded music reinforcement for non-
nutritive sucking training to improve feeding among premature infants 
cared for in the NICU (Standley et al., 2010). Music is here used as a reward; 
when the infants suck strongly and long enough, they will receive music 
stimulation. Developmental and behavioural training is also the core focus 
for Music and Multimodal Stimulation (MMS) (Standley, 1998), also 
termed Developmental Multimodal Stimulation (Walworth, et. al, 2012). 
This is likewise a protocol-based music therapy treatment for premature 
infants to enhance faster habituation to stimulation and augment matura-
tion through auditory, tactile, visual and vestibular stimulation. MMS is 
based on the multimodal stimulation protocol known as the Audio Tactile 
Visual Vestibular (ATVV) (Burns, Cunningham, White-Traut, Silvestri, & 
Nelson, 1994), but instead of using speech as the auditory stimulus, live 
singing of lullabies is used as the initial and ongoing auditory stimulus 
(Standley, 1998). 

Another version of the behavioural and developmental approach is the 
initial German NICU MT method called Auditory Stimulation with the 
Mother’s Voice (Nöcker-Ribaupierre, 2004). This was a kind of music med-
icine intervention with recordings of the mother’s voice when she is hum-
ming, singing, talking and reading, with the intention to bridge the gap be-
tween mother and infant. This method, which is today used more as a 
method to encourage and facilitate parental live singing, was first initiated 
in the 1980s when the NICUs had restrictions on visiting hours for German 
parents (Haslbeck, Nöcker-Ribaupierre, Zimmer, Schrage-Leitner & 
Lodde, 2018).  
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Interactive NICU MT interventions 
The NICU MT methods used in the German speaking regions are nowadays 
moving away from the standardised, infant-focused approaches towards in-
dividualised, live, observation- and relationship-based methods with paren-
tal involvement based on the theories of the Newborn Individualized Devel-
opmental Care (NIDCAP), (Als et al., 1994). Typical German music therapy 
approaches today are live instrumental NICU MT (vibro-acoustic infant-
directed stimulation) within the anthroposophical-oriented music therapy, 
and live vocal NICU MT (responsive, finely tailored and adjusted infant-
directed humming and singing with pauses) within the Nordoff-Robbins 
approach to music therapy, also known as Creative Music Therapy (Has-
lbeck et al., 2018). The NICU Creative Music Therapy for premature in-
fants and their families (e.g. Haslbeck, 2012 & 2014) is an observation-
based live-singing treatment where improvised humming is based upon the 
breathing pattern in premature infants together with their facial expression 
and gestures. The improvised humming is attuned to the rhythms and subtle 
expressions of the premature infants, ensuring that they are not over-
whelmed (Haslbeck, 2012).  

Live infant-directed singing is also used in the Australian NICU MT 
method Contingent singing (Malloch et al., 2012; Shoemark, 2007, Shoe-
mark, 2016), which comprises interactive music therapy or interplay with 
hospitalised newborn full-term infants (Shoemark, 2007). The Contingent 
singing method was developed within a post-positivist and constructivist 
paradigm informed by developmental psychology and neuroscience, using 
both quantitative and qualitative research methods (Shoemark, 2007). This 
NICU MT method includes improvised infant-directed singing framed by 
MMS (Standley, 1998). Shoemark adapted the auditory stimulus with live 
lullaby singing into improvised singing to acknowledge the social maturity 
of the older infant (Shoemark, 2007). Contingent singing also includes the 
principals of Communicative Musicality (Trevarthen & Malloch, 2000; pa-
per III), and employs this theory in the intervention. Contingent singing is 
an act of shared singing, which has purposely been constructed for thera-
peutic interplay. It is formed by the spontaneous act of infant-directed sing-
ing and speech used by caregivers, but it has been consciously created for a 
specific therapeutic purpose (Shoemark, 2011). Contingent singing is 
guided by the infant’s availability for social engagement. The music thera-
pist primarily allows a time of silence to observe the infant before using the 
voice, combined with facial expressions, posture and gesture to stimulate 
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reciprocal interaction (Shoemark & Dearn, 2016). The music therapist ad-
justs the improvised infant-directed singing in response to observed facial, 
gestural and vocal cues and the moment-by-moment status of the infant to 
support infant development without causing harm (Shoemark, 2007). 
Within a family-centred care context, contingent singing offers live contin-
gent interactions with a sensitive counterpart to maintain a healthy pattern 
of infant neurodevelopment (Malloch et al., 2012).  

The New York-based RBL-model, First Sounds: Rhythm, Breath, Lullaby 
(Loewy, Stewart, Dassler, Telsey & Homel, 2013; Loewy, 2016), is a live, 
interactive music therapy model within the psychodynamic/psychothera-
peutic treatment domain, which provides interventions for both the infant 
and the parents, together or separately. The RBL-model uses special instru-
ments (ocean disc and the gato box) to simulate womb, heart, and breathing 
sounds, as well as live lullabies or adapted lullaby versions of parent-pre-
ferred songs identified by parents as important to their cultural heritage, so 
called “Songs of kin”, to enhance bonding and attachment (Loewy et al., 
2013). The live music and singing are provided by a certified music therapist 
with RBL-training and are entrained to the infant’s observed vital signs to 
improve the infant’s self-regulative abilities. Supportive psychotherapeutic 
music therapy sessions just for the parents in the NICU are likewise part of 
the RBL-model. This NICU MT model also acknowledges the physical en-
vironment in the NICU where random noxious noise may have negative 
impact on the infants, staff and parents. Environmental factors have a pow-
erful mediating effect on physiological and psychological factors. In Envi-
ronmental Music Therapy (EMT) the music therapist uses vocal and instru-
mental improvisation with the intention of lowering the amount of noise 
and stress that is perceived in the NICU environment (Nöcker-Ribaupierre, 
2013). The sound environment is assessed prior to initiating EMT and is eval-
uated throughout the intervention, taking into consideration the pitches of ma-
chine beeps, the tempo in the ward, the mood and any favourite music of the 
staff. EMT is an intervention for the traditional multi-bed, open-bay NICUs.  

Family-centred care informing Nordic neonatal music therapy 
Family involvement in the infant’s care and the parent-infant relationship 
are of central importance in the family-centred care (FCC) philosophy, 
which is a cornerstone in current neonatal and paediatric health care (Da-
vidson et al., 2017; paper IV). The family and healthcare staff share respon-
sibility for the infant's hospital care. Two of the core principles in FCC are 
participation and collaboration. A partnership between staff and parents 
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can lead to optimal clinical outcomes for the infant and the family, as well 
as enhanced satisfaction for the staff (Griffin & Celenza, 2014). Since the 
1990s, the concept of FCC has been part of an ongoing paradigm shift in 
neonatal care globally. In the United States and the UK, FCC in neonatal 
care was evolving as grassroots, consumer-driven movements as patients 
and families began to seek more control over their care (paper IV). Prior to 
the middle of the 20th century, most of the children in Sweden were born at 
home. However, during the 1940s and 1950s, home births decreased, and 
the infants were born in hospitals where infection control and medical in-
terventions increasingly led to improved health outcomes in perinatal care 
(Jackson & Wigert, 2013). Parents were only allowed to visit their infants 
during certain visiting hours and see the child through a windowpane. 
Members of families were seen as dangerous sources of contamination 
(Greisen et al., 2009). There were no high-tech intensive care units for prem-
ature births and sick newborns in Sweden until the 1970s (Jackson & 
Wigert, 2013). Even though FCC was introduced in the Swedish NICUs in 
the 1990s, it was not until the 21st century that the neonatal intensive care 
units started to implement family-centred care and more actively included 
both parents, and possible siblings in the infant’s care round the clock.  

Neonatal music therapy in the Nordic countries is still in its infancy. In 
this part of the world the cultural and healthcare contexts constitute a priv-
ileged approach to NICU MT (paper IV). The family-friendly parental leave 
policies within the Nordic healthcare systems, which are quite similar across 
the Nordic countries, are an important reason why the Nordic countries 
today are on the front line of welcoming and including parents and partners 
in the care of their infant round the clock. The FCC approach, which today 
is considered best practice in the Nordic countries, is an example of a soci-
etal requirement that defines and shapes the Nordic neonatal music therapy 
models of practice as well as research with inclusion of and collaboration 
with the parents in music therapy treatment (paper IV). In the Nordic coun-
tries, neonatal music therapy was first introduced in Finland as a research 
project in 2006 (Teckenberg-Jansson, Huotilainen, Pölkki, Lipsanen, & Jä-
rvenpää, 2011). The first Nordic systematic implementation process started 
in Sweden at Karlstad Central Hospital in 2010, followed by Norway in 
2017. In Denmark, there is no NICU MT practice yet, but a growing inter-
est. Even if most infants in the Nordic countries are still cared for in tradi-
tional multi-bed, open-bay NICUs, more and more hospitals are today built, 
or are under construction, to welcome parents round the clock, with sepa-
rate family rooms, couplet care with zero-separation, bedside rounds and 
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opportunities for siblings to stay in family rooms with no restrictions on 
visiting hours. 

Section 2: Pain in early life 

Describing pain only in terms of its intensity is like describing music only in 
terms of its loudness (von Baeyer, 2006). 

Pain is a complex phenomenon. The purpose of pain is to alert our body 
to danger and protect it from psychical or psychological harm. The affective 
aspects of pain are activated both when a person feels pain herself, including 
social rejection pain, and when she feels someone else’s pain, regardless of 
whether this pain is physical or psychological (Hart, 2008).  

Preventing and alleviating pain in hospitalised infants is as complex as 
pain itself. When an infant is born prematurely or with a critical illness, pain 
is inflicted on the infant for life-saving reasons and numerous painful pro-
cedures are often unavoidable. Research shows that infants cared for in the 
NICU, experience on average between 7 and 17 painful procedures per day 
and very few receive appropriate pharmacological and non-pharmacologi-
cal analgesic therapy (Carbajal et al., 2015; Roofthooft, Simons, Anand, 
Tibboel, & van Dijk, 2014; Cruz, Fernandes & Oliveira, 2016).  

Pain is hazardous for vulnerable infants. Exposure to painful stimuli in 
infancy can alter the physiological and behavioural profile of the adult and 
predispose individuals to chronic pain disorders (Walker, 2019). Physiolog-
ical and psychological developmental capabilities may change after substan-
tial exposure to severe or repetitive painful procedures (Walker, 2019). It is 
therefore essential to assess and manage pain in order to prevent, reduce, or 
stop pain sensations.  

There is still today no biologic gold standard for assessing pain in infants, 
who cannot verbalise their pain. Pain assessment is based on behavioural 
and physiological indicators of pain; facial expressions, cry, motor activity, 
heart rate, oxygen saturation etc. Understanding pain in preverbal infants 
is a challenge. The infant’s responses to pain are affected by many factors 
like the presence or absence of the parents, age, frequency of prior painful 
procedures, time since last procedure, duration of hospitalisation, the use of 
analgesics, the context in which pain occurs, the psychosocial setting, lights, 
noise, hunger and stress. All these components influence the infant’s percep-
tion and experience of the painful procedure as well as the effectiveness of 
the pain treatment. Healthy infants might elicit a robust cry in response to 
pain, but immature or acutely ill preterm and term infants may not cry. 
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Infants who are ventilated cannot cry in response to pain. Absence of cry 
cannot discount pain, neither can absence of motor activity. Sometimes it is 
difficult to distinguish between the absence of pain and the presence of so 
much pain that the infant cannot muster a response. A pain-exposed infant 
in constant hyperactive state becomes exhausted, passive and oversensitive 
to all handling and tries to preserve energy with less crying, weaker grimac-
ing and limp posturing (Franck, Greenberg & Stevens, 2000). Infants who 
experience multiple painful procedures may also become limp and flaccid 
in response to repeated pain (Pillai Riddell & Chambers 2007). When pain 
assessment tools are not designed to capture these manifestations of pain, 
the risk of undertreatment of the infant’s pain is high. This is something that 
is discussed in paper II. Moreover, few infant pain measures have been de-
veloped or validated with infants with neurological impairments, which 
might also result in the undermanagement of pain. 

Infants process pain within the context of the situation but are unable to 
understand the meaning or long-term consequences of the noxious stress. 
Infants have limited capacity to modulate the experience and suffering of 
the pain and have no concept of coping strategies, attributing meaning to 
the pain or realising there will be an end to the pain (Pillai Riddell & Cham-
bers, 2007). The infants’ limited ability to moderate their pain places great 
importance on the parents and other caregivers to accurately assess pain 
and determining when the infant is suffering.  

As recently as the mid-1980s, it was believed that infants did not feel or 
experience pain. For decades, the prevailing belief was that infants have no 
memories of painful experiences, nor a present perception or localisation of 
pain, or capability of interpreting pain in a manner similar to that of adults 
(Anand & Hickey, 1987). As a consequence of these traditional views, in-
fants underwent numerous painful and invasive procedures, including sur-
gery, without any pain treatment – and many of them died (Anand & 
Hickey, 1987; Anand, Stevens & McGrath, 2007). In most cases, parents 
are their infant’s advocate and it was a parent, a devastated mother, who in 
1985 started to challenge the neonatal practice and its denial of infant pain 
(Anand, Stevens & McGrath, 2007, p. 220; Tutelman & Chambers, 2016). 
This mother had a son who died after surgery and at no point during the 
surgical procedure had he been given any pain treatment. Other parents 
supported her efforts and so did the groundbreaking research by Anand & 
Aynsley-Green (1985), which contributed to the paradigm shift in standards of 
care in neonatal pain. Today, we know that infants, including premature born 
infants, feel, experience and have a sensory memory of pain and that they are 



32 
 

ALEXANDRA ULLSTEN  Family-centred music therapy during painful procedures 
 

more vulnerable to the negative effects of pain than older children and adults 
(Goksan et al 2015; Noel, Palermo, Chambers, Taddio & Hermann, 2015).  

Attachment and pain 
Infant pain should not be understood outside the interactive process involv-
ing both the infant and the parents, who in their turn are influenced by the 
context of the extended family, community and culture (Anand, Stevens & 
McGrath, 2007; Craig, 2015). The newborn infant enters a multisensory 
field of affective resonance with the parents via prosody, facial expressions, 
eye contact, body movements and timing, and through this resonance, in-
fant and parents share and engage in each other’s nervous systems (Hart, 
2008, Ham & Tronick, 2009; Tronick, 1989). Two nervous systems, the 
infant’s and the parents’, that are activated synchronously, create a reso-
nance phenomenon, which amplifies and co-regulates each other’s activity 
(Hart, 2008; Filippa et al., 2019a). Thus, when an infant is in pain, a pre-
sent, stable and responsive parent is also agonising. When the parent regu-
lates the interactions with the infant, the parent is not just regulating her/his 
own affects but acts as the external regulator of affects and neurochemistry 
in the infant’s brain as well, including the infant’s endocrine and nervous 
system, in a dyadic feedback loop. (Hart, 2008). Accordingly, it is of great 
importance to include parents in pain management techniques for hospital-
ised infants (Bucsea & Pillai Riddell, 2019).  

Understanding infant pain in a dyadic context means considering two 
specific behavioural reciprocal control systems; the attachment system and 
the caregiving system. Attachment theory, formulated by Bowlby (1988) 
and operationalised by Ainsworth (1979), is a framework within which the 
infant learns how to regulate negative affects during stressful situations 
where a secure attachment becomes a protective factor for the infant and 
her/his parents through life. Within the attachment system, the infant strives 
to attain and maintain proximity to the parent when security is an issue. 
The infant’s attachment behaviour is especially activated by pain, fatigue 
and frightening events including separation from the parent (Bowlby, 
1988). The innate caregiving system is triggered for example by the parents’ 
perceptions of danger to the infant. The goal of the caregiving system is to 
increase the proximity between parent and infant to protect the infant. The 
infant is wholly dependent on the parents and has an innate need for an 
unbroken secure early attachment to the parents.  
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Infants are equipped with innate predispositions to elicit protection. 
Through smiling, vocalising or crying the infant engages the parents in care-
taking behaviours. Similarly, reciprocal predispositions in the parents pro-
tect the infant and secure survival of the infant. Separation and ruptures in 
the processes and functions linked to attachment, for example related to 
painful procedures, are risk factors, while attachment security and caregiver 
sensitivity are protective factors against psychopathology in both parent 
and infant (Fonagy, 1999). Repeated, cumulative and inadequately treated 
procedural pain in addition to separation from the parents will harm the 
infant physically and psychologically in the short term, including increasing 
the risk for abnormally heightened sensitivity to pain (Taddio, Shah, 
Atenafu, & Katz, 2009; Filippa et al., 2019b). The infant’s nervous system 
and brain development respond to early extreme or mismatched environ-
mental conditions, like repeated painful procedures, with maladaptation 
that can hold a negative impact on development, correlating with later neu-
ropsychological deficits (Brummelte, 2017; Filippa et al., 2019a). It might 
also jeopardise the new family’s attachment process and mental health in the 
long term and for generations to come (Fonagy, 1999; Cirulli et al., 2010).  

The parents’ personal experiences of pain are influential, hence parental 
behaviour can either promote coping or exacerbate distress in an infant (Pil-
lai Riddell & Chambers, 2007). What seems to be most crucial for an infant 
before, during and after a painful situation as well as for future painful experi-
ences is the extent to which the parent is emotionally available and stable, ca-
pable of noticing and contingently interpreting cues and communications im-
plicit in the infant’s behaviour, responding adequately to the infant’s distress 
signals and being able to soothe, regulate and share the infant’s states (Pillai 
Riddell et al., 2011; paper III). Parents’ facial expression and tone of voice 
during painful procedures influence the infant’s pain experience. A parent 
who uses a reassuring tone of voice while the infant is in pain does not 
communicate a shared affect of the painful experience and subsequently the 
infant shows an increase in pain and distress (Pillai Riddell & Chambers, 
2007). A well-informed and emotionally stable parent is however a power-
ful agent of pain relief for the infant and should therefore be invited and 
supported as prescribed pain management (Pillai Riddell & Chambers, 
2007). Singing, sharing, soothing, holding skin-to-skin, rocking and breast-
feeding are simple and cost-effective evidence-based interventions that mod-
ify the infant’s pain if the strategies are well-timed (Pillai Riddell & Chambers, 
2007; Shahid, Florez & Mbuagbaw, 2019). Parent-driven pain alleviating ap-
proaches are efficacious when the infant distress is not too high. High levels of 
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distress disrupt the infant’s ability to be regulated by otherwise helpful soothing 
behaviours (Pillai Riddell & Chambers, 2007). These conditions have great im-
plications for music therapy in neonatal pain management (paper III). 

Parents’ role in neonatal pain management 
In the mid-1980s, a surge of research on infant pain was initiated as a result 
of parental advocacy to acknowledge infant pain. The parents’ role in the 
pain experience of older children has received considerable attention in re-
search, but parents’ participation in infant pain management has quite re-
cently become a focus for research in nursing pain science (e.g. Axelin, 
Lehtonen, Pelander & Salanterä, 2010; Franck, Oulton & Bruce, 2012; Ax-
elin et al., 2015; Olsson, Ahlsén & Eriksson, 2015; Palomaa, Korhonen & 
Pölkki, 2016). Research shows for example that when parents are present, 
the documentation of nursing pain assessment increases as well as the use 
of non-pharmacological pain-relieving methods, and parental presence can 
reduce the child’s pain intensity and behavioural distress (Johnston, Bar-
rington, Taddio, Carbajal, & Filion, 2011; Courtois et al., 2016).  

From the parent’s perspective, there is a confusion and frustration about 
their role in their infant’s pain management (Palomaa et al., 2016). The 
ongoing global paradigm shift with FCC has come a long way in welcoming 
and including parents in the everyday care of their infant, but in infant pain 
management there are still mindsets and staff behaviours that restrict pa-
rental participation in neonatal pain relief round the clock (Greisen et al., 
2009; Franck et al., 2012; Palomaa et al., 2016). In a study by Axelin et al. 
(2015), the authors found three types of nursing strategies in pain manage-
ment. When the nurses were controlling the pain management, the parents 
were absent or passive. The nurse thought this control was better for the 
infant and that it was protecting the parents from emotional distress. When 
the nurses shared some control with the parents, they provided information 
and opportunities for parental participation. But with a nurse and parent 
collaboration, the pain management was individually tailored and optimal 
for the infant. The collaborative approach was most evident for the nurses 
in the Swedish NICUs but not so common in the NICUs in Finland and the 
USA (Axelin et al., 2015).  

Parents are worried about the effects of pain and pain treatments on their 
infant and they have a need to fulfil their parental protective role during 
painful procedures. The desire of parents to be present and to participate in 
comforting their infant during painful procedures has been investigated 
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(Franck et al, 2011). 90 % of the parents who received evidence-based in-
formation about pain plus a hands-on demonstration how to apply the com-
forting techniques described, expressed a stronger preference to be present 
and actively involved during painful procedures, which poses a demand on 
the neonatal units to better respond to parents’ expressed desire for in-
creased knowledge and involvement in infant comfort. (Franck et al., 2011). 
Thus, interventions to improve parent knowledge and involvement may im-
prove infants’ pain management. The parents in the study by Palomaa et 
al., (2016) elaborated on this topic; parental counselling was the factor that 
generated most of the parents' participation, and lack of knowledge inhib-
ited them. Parents want a greater amount of and repeated instructions in 
various modalities such as verbal counselling, visualisation, hands-on 
demonstrations, which also take the parents’ diverse individual needs in 
consideration (Palomaa et al., 2016). According to the parents, there are 
also environmental factors that need to improve in the NICUs, such as the 
restrictive caregiving culture and the NICU design, where parent-infant 
closeness and couplet care with separate family-rooms promote parents' 
participation and create family-centred pain management (Lester et al., 
2016; Palomaa et al., 2016).  

Parents are an underused resource in pain management. They have 
unique knowledge and perspective of their infant’s needs and personality 
and can be effective partners in the care of the infant, also in neonatal pain 
management, if they are acknowledged by the NICU-staff (Palomaa et al., 
2016; Pölkki, Korhonen & Laukkala, 2018). According to the American 
Academy of Pediatrics (2016), the prevention and management of infants’ 
pain should be the goal of all healthcare professionals, and parents should 
receive education and guidance, not just verbal information, on how to mit-
igate their infant’s pain (Pölkki et al., 2018). Non-pharmacologic methods 
have proved useful to reduce pain scores among infants during short-term 
mildly to moderately painful procedures (American Academy of Pediatrics, 
2016). Non-pharmacologic methods are recommended particularly for pro-
cedural pain management in infants because there are no adverse effects and 
parents can use these approaches safely (Pölkki et al., 2018). There are still 
many non-pharmacologic methods of pain management that are not com-
monly used during painful procedures, such as singing and breastfeeding. 
Parents’ use of non-pharmacologic methods is related to the amount of the 
guidance provided by the nursing staff (Pölkki et al., 2018). 
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Pharmacological and non-pharmacological pain management 
Pharmacological pain management in infants is a complex field and beyond 
the expertise of this thesis, but in short, most drugs that are used in neonatal 
pain treatment are not approved for use in infants. For the most common 
procedure in the NICU, skin puncture by heel-stick, pharmacological agents 
are not as effective as non-pharmacological approaches (Larsson, Jylli, 
Lagercrantz & Olson, 1995), e.g. opioid analgesia has a slow onset of effect 
and is ineffective for procedural pain (Hartley et al, 2018). In addition, the 
use of analgesic drugs has negative developmental side effects (de Graaf et 
al., 2011; Shahid et al., 2019). Heel-stick is unfortunately still a common 
way of taking blood from infants, but it is also a very painful procedure. 
The recommended blood-sampling method today is instead venepuncture, 
which causes less pain than heel lance (Shah & Ohlsson, 2011). Oral sweet 
solutions as sucrose and glucose are today part of standard care in the NI-
CUs and are considered to have a calming and analgesic effect on infants 
during painful procedures (Fernandes, Campbell-Yeo & Johnston, 2011). 
Sweet solutions are considered to be pharmacological agents (Norman & 
Eriksson, 2016) and have been extensively investigated and found to reduce 
procedural pain from blood-sampling procedures in both preterm and term 
infants without serious side effects (Stevens, Yamada, Ohlsson, Haliburton 
& Shorkey, 2016).  

It is recommended that pharmacological pain therapies are only used in 
conjunction with non-pharmacological interventions (Anand & Hall, 2006) 
and that non-pharmacological interventions should in general be the first 
choice in procedural pain (Fernandes et al., 2011). Sucrose might for exam-
ple be more effective in combination with non-pharmacological interven-
tions than sucrose alone (Stevens et al., 2016). Non-pharmacological pain 
management involves interventions driven by nurses and parents and they 
are cost-effective and easy to administer (Campbell-Yeo, Fernandes & John-
ston, 2011). Swaddling and containment or facilitated tucking are parts of 
the developmental care, a family-centred nursing care concept, which strives 
to minimise infant stress and pain. Other nurse-initiated pain alleviating in-
terventions are positioning and non-nutritive sucking (Fernandes et al., 
2011). Parents can be included in most of these interventions, but parental 
presence is not required. Among the non-pharmacological approaches, the 
biopsychosocial perspective strongly supports parent-driven interventions 
(paper III). In the parent-driven non-pharmacological interventions, the par-
ent herself/himself is a mediator for pain relief (Campbell-Yeo et al., 2011). 
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Parent-driven interventions are skin-to-skin care, breastfeeding and multi-
sensory stimulation like vocalisation. They are all a combination of multiple 
sensory inputs comprising auditory, tactile and olfactory recognition. Re-
search has started to investigate breastfeeding in combination with kanga-
roo mother care for example, which has shown to be an effective mix (Leite 
et al., 2015). A multimodal approach that includes a combination of non-
pharmacological approaches is considered more effective than single strate-
gies and provides greater pain relief (Norman & Eriksson, 2016). Some ap-
proaches are effective during the actual procedure, whereas others promote 
the infant’s recovery after the procedure.  

A painful procedure consists of different stages; the skin breaking proce-
dure followed by a recovery phase. However, there is one more phase that 
receives less attention in the literature than it deserves, and that is the prep-
aration stage. The pain alleviating interventions should not just be present 
during the skin puncture. There is always a before and after. Swedish Med-
ical Products Agency has published recommendations concerning proce-
dural pain management in infants and children where age-appropriate pre-
procedural preparation is the base in the treatment pyramid and pharmaco-
logical agents are placed in the smallest top of the pyramid (Swedish Medi-
cal Products Agency, 2014). Parent-driven non-pharmacological biopsycho-
social interventions cover the whole procedure; preparation stage, blood-
sampling stage and recovery stage. When the infant and the parent experi-
ence a high degree of control in a challenging or stressful situation, the event 
is not always experienced as distressing. It is the perception of the stressful 
experience that for example determines the amount of stress hormone cor-
tisol that is released. Coping strategies or a sense of control before, during 
and after the blood sampling reduce the negative experience of stress (paper 
III). Therefore, combining interventions before, during, and after seems to 
offer additional benefits (Fernandes et al., 2011).  

Pain physiology in infants 
Pain sensation is processed in the brain, not in the tissues of the body. A 
distinction must be made between nociception and pain. Nociception in-
volves the stimulation of nerves that convey information about potential 
tissue damage to the brain. Pain is the subjective perception that results from 
the transmission and modulation of sensory information (Gatchel, Peng, Pe-
ters, Fuchs & Turk, 2007). There is no specific pain centre in the brain. Pain 
arises from a distributed network of brain activity, none of which is unique 
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to pain. During the experience of pain there are multiple central brain re-
gions involved and these regions process the affective, sensory, cognitive, 
motor, inhibitory, and autonomic responses stimulated by a noxious event. 
The “pain network” is viewed as a dynamic and interactive system (Verri-
otis, Chang, Fitzgerald & Fabrizi, 2016). Pain physiology in infants is com-
plex and more research is needed to understand how infants receive, expe-
rience, inhibit and express pain. The following overview will serve as scaf-
folding for comprehending the pain theories and models described in this 
thesis and for appreciating the results and conclusions of the same. 

Ascending nociceptive fibres 
When the infant is exposed to a skin breaking procedure, electrical impulses 
travel along the nerve cells carrying information to the infant’s spinal cord 
and further on to the infant’s brain. The spinal cord is a relay station or a 
gate, referring to the Melzack-Wall Gate Control Theory of Pain (Melzack 
& Wall, 1965). The electrical impulses are altered and modified in the spinal 
dorsal horn before they reach the brain. The spinal gating mechanism in the 
dorsal horn is also modulated by descending nerve impulses from the brain. 
Because the infant is so small, the sensory nerve cells endings, called noci-
ceptors, in the receptor fields in the infant’s skin are overlapped. A painful 
procedure therefore activates multiple nociceptors in the infant’s skin sim-
ultaneously and more pain signals are consequently sent to the brain, which 
is one reason why infants are more sensitive to pain than adults. Too much 
pain is toxic for the nerve cells especially in a nervous system that is grow-
ing, and nerve cells may die. This is also a reason for why it is important to 
prevent and manage pain in infants. 

There are two types of ascending nociceptive fibres that carry pain signals 
to the brain: A-delta fibres (Aδ) and C fibres. In addition to the Aδ and C 
fibres that carry noxious sensory information, there are primary afferent A-
beta (Aβ) fibres that carry non-noxious stimuli. Afferent neurons are neu-
rons that receive information from the sensory organs. Each of these fibre 
types possesses different characteristics that allow the transmission of dif-
ferent types of sensory information.  These fibres differ both in diameter 
and in the thickness of the myelin sheath that surrounds them. Aβ fibres are 
large in diameter and highly myelinated and therefore allow rapid signal 
conduction. They have a low activation threshold and usually respond to 
light touch and transmit non-noxious stimuli. The Aδ fibres are smaller in 
diameter and myelinated and therefore fast-pain pathways, which also carry 
the signals that trigger the withdrawal reflex within a few milliseconds after 
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a painful stimulus. The even smaller-diameter C fibres are non-myelinated 
and the transmission of nerve impulses is slower. The pain signals therefore 
reach the brain at different times. The transmission over Aδ fibres causes 
the “fast pain”, which goes away fairly quickly. The transmission over non-
myelinated C fibres causes the “slow pain”, which persists longer. The pain 
signals in these two ascending nociceptive fibres guide the brain to locate 
the sensation of pain and assign it an emotionally unpleasant connotation. 
There is no longer a dispute about the infant’s ability to perceive pain. How-
ever, the infant’s affective pain processing of the noxious stimuli has not 
been known until a study by Goksan et al., (2015) managed to show that 
infants are capable of interpreting pain in a manner similar to that of adults, 
and that almost all regions of the brain that are activated during acute pain 
in adults are also activated in healthy full-term newborn infants. This sug-
gests that infants have the capacity to experience an affective relevant con-
text related to incoming sensory input.  

As previously mentioned, pharmacological interventions are not investi-
gated enough in infants, but recent research implicates that pharmacological 
interventions are unsuccessful in alleviating procedural pain and can be haz-
ardous for infants in the long term (Carbajal et al., 2005; Anand & Hall, 
2006; Shahid et al., 2019). The infant’s kidney and liver mature slowly, and 
the blood-brain-barrier prevents efficacious concentration in the central 
nervous system. Therefore, there is a need to research and put into use effi-
cient non-pharmacological pain-alleviating interventions that work through 
the infant’s own descending pain modulatory system within the interactive 
and biopsychosocial attachment/caregiving systems. If we look at the in-
fant’s pain physiology again; are infants able to reduce pain signals travel-
ling up the ascending pathways, from the body to the brain? Do infants 
have the ability to diminish their pain experience? The answer is yes and no. 

Descending pain modulatory system 
The descending pain modulatory system constitutes a network of widely 
distributed brain regions whose integrated function is essential for effective 
modulation of sensory input to the central nervous system and behavioural 
responses to pain (Goksan et al., 2018). In adults, pain perception is mod-
ulated by the descending pain modulatory system, which allows for envi-
ronmental, contextual and cognitive factors to influence the pain experi-
ences (Goksan et al., 2018).  The medical community has so far acknowl-
edged that infants are equipped with descending pain-control pathways, but 
have on the other hand assumed that these pathways are immature at birth 
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and that they develop slowly during the first years of life before they may 
inhibit pain sensations (Larsson, 2016). For a neonatal music therapist and 
other professionals who study non-pharmacological pain management in-
terventions, it is essential to know if the descending pain-control pathways 
are functioning in the infant from birth in order to be able to explain if, 
when, how and why non-pharmacological interventions alleviate pain in 
newborn infants. If the descending pain modulatory system functions opti-
mally from birth, it might explain the efficacy of multisensory and multi-
modal biopsychosocial parent-driven pain alleviating interventions, which 
are focusing on modifying and modulating the affective aspects of the pain-
ful experience. As previously mentioned, cutting-edge research in brain im-
aging has shown that infants experience the affective dynamics of pain like 
adults (Goksan et al., 2015), and the results have been confirmed in a study 
by Goksan et al. (2018). The same research team (Goksan et al., 2018) has 
now in a new study also proved that the descending pain modulatory system 
is fully functional at birth in term born healthy infants, similar to that ob-
served in adults. This may suggest that in the newborn term infant, the brain 
regions involved in descending pain modulation may be influential in damp-
ening down, altering and alleviating the painful experience as well as mod-
ifying pain behaviour. It is therefore reasonable to believe that infants are 
responsive to affective pain-alleviating interventions from birth, for exam-
ple music and singing. 

Findings from the study by Goksan et al., (2018) also show that when 
brain regions within the descending pain modulatory system are more func-
tionally connected, infants have a greater ability to regulate their brain ac-
tivity in response to incoming noxious stimulation. Functional connectivity 
analysis is used to better understand how networks of brain regions are in-
volved in complex functions (Goksan et al., 2018). The study by Goksan et 
al., (2018) did not investigate preterm infants, so we do not yet know if the 
descending pain modulatory system operates at birth in a less functionally 
connected brain, like the preterm infant’s immature brain. This might be 
one explanation as to why preterm infants are having problems with self-
regulation. The self-regulating arousal systems are among the systems most 
damaged by premature birth (Feldman, Weller, Sirota & Eidelman, 2002).  

Music for distraction and music therapy as integration  
Music for distraction and music therapy as integration are two dichotomous 
approaches in procedural support for infants and children. Distraction 
means focusing the attention away from the procedure, versus integration, 
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which is more established in psychotherapeutic music therapy, where the 
patient is focusing on the procedure or her/his internal responses in reaction 
to the procedure. In music therapeutic integration, the effectiveness of music 
is more than an audio-analgesic (paper III). Music therapy as procedural 
support also includes interactive and relational aspects. According to Ghetti 
(2012), procedural support in music therapy is the “use of music and aspects 
of the therapeutic relationship to promote healthy coping and decrease dis-
tress in individuals undergoing medical procedures” (Ghetti, 2012, p.6). 
Another definition proposed is: 

Procedural support in music therapy is the interactive use of music by a board 
certified music therapist during an invasive or painful medical procedure; the 
music is designed to specifically address a patient’s needs including reducing 
anxiety and pain perception, and to encourage healthy coping behaviors. 
(Beer & Lee, 2017, p. 266) 

In the Integrative Model of Procedural Music Therapy (Loewy, 2019), 
the central concept of integration signifies an emphasis on focusing on the 
pain while musical expression provides an externalising release, a release or 
description of pain or anxiety in sounds or words, for the experience of 
acute pain (Ghetti, 2012). When a patient in pain is crying or making loud 
unpleasant moans, the healthcare staff usually consider these expressions as 
negative, while Loewy (2019) argues that these expressions could be defined 
as a release-oriented coping strategy of self-expression and protection and 
should be addressed by a music therapist with suitable age-appropriate pain 
alleviating techniques (paper III). 

Entrainment is a fundamental principle in integration. Music and singing 
entrainment are used by music therapists to change the patient’s physiolog-
ical responses in order to reduce stress and anxiety. In entrainment, the mu-
sic therapist first matches the music pulse to the patient’s heart rate or res-
piratory rate to establish resonance between the music and the physiological 
responses, then gradually changing the tempo of the music or singing in the 
therapeutically desired direction. For example, it might involve gradually 
slowing down the tempo of the music or the singing while the respiratory 
rate or the heart rate follow the music to encourage deeper breathing or a 
more calm and regulated heart rate. Music entrainment is based on a pro-
cess in physics whereby two previously out-of-step oscillators lock into 
phase with one another, replacing the vibrational rate of one system with 
the vibrational frequency of another system (the music or the singing) 
(Bradt, 2013). Entrainment should not be confused with the term synchro-
nisation, which means that the music or singing is matched to the patient’s 
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external behavioural or physiological responses without the gradual pull 
from the music (Bradt, 2013). With the psychosocial support from the music 
therapist the musical release helps the patient to integrate the painful expe-
rience, and this integration might induce feelings of empowerment, increase 
the sense of control, coping and trust, and build a readiness for future proce-
dures. The integrative model of procedural music therapy is an option that in 
the long run may provide more potency and longevity (Loewy, 2019). 

Music as distraction is often used in the music medicine field. Distraction 
is the most common used tool in interdisciplinary paediatric pain manage-
ment globally. Current nursing and psychology research, supported by 
guidelines from for example the Canadian Paediatric Society (2014), sug-
gests that four bundled modalities should be offered for elective needle pro-
cedures in order to reduce or eliminate pain experienced by children. A top-
ical anaesthetic is used in both infants and children to numb the skin. Su-
crose or breastfeeding is used for infants 0-12 months. Breastfeeding might 
however be difficult to establish for very preterm neonates. Comfort posi-
tioning for infants includes skin-to-skin contact or facilitated tucking and 
for children six months and older it includes sitting upright, with parents 
holding them on their laps. The fourth modality is age-appropriate distrac-
tion such as singing, talking, or sucking (breastfeeding or soother) before, 
during, and after the needle, adding rocking of the infant/child after the 
needle and perhaps toys, books, blowing bubbles, electronic devices etc. 
(Canadian Paediatric Society, 2014). It is notable that within the interdisci-
plinary research field of neonatal pain there is a vanishingly small amount 
of research articles that address the vocal aspects of pain management and 
the voice of the parent (Jahromi, Putnam & Stifter, 2004). In the guide for 
parents on how to reduce pain in infants, the Canadian Paediatric Society 
states: “The way you distract your baby once may not work the next time. 
Be prepared to change what you are doing to keep your baby distracted” 
(Canadian Paediatric Society, 2014). Distraction is a momentary interven-
tion in pain management and its efficacy is therefore questionable (Loewy, 
2019). Distraction as a pain management technique should not be ruled out 
as an option for patients who choose such a tool, but it should be formally 
assessed as one option, and not taken as an assumption (Loewy, 2019). Dis-
traction should imply a child-volitional and engaging shift of attention, dis-
tinguished from a “trick” that essentially undermines trust. Trust is a piv-
otal point in pain management, a cornerstone of effective treatment and the 
basis for provisions necessary for the context of care throughout the treat-
ment and in future treatment trajectories (Loewy, 2019). 
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Pain theories and models informing neonatal music therapy 
Pain theories and models for pain management and procedural support are 
presented in Table 3 as a basis for the proposed Nordic NICU MT pain 
management strategy introduced in the result chapter of this thesis. 

Table 3. Transdisciplinary pain theories and models for pain management and pro-
cedural support. 

Pain model/ 
theory 

Author Description Age range 

The Gate 
Control Theory 
of Pain 

Melzack & 
Wall (1965) 

The first biopsychosocial model of pain. A gate 
control system in the spinal dorsal horn modu-
lates sensory input from the skin. By increas-
ing non-painful sensory input, for example in 
the auditory, visual and tactile domains, the 
pain perception might be modified via de-
scending inhibitory pathways. 

All ages 

Biopsychosocial 
model 

Engel 
(1977) 

Pain is the result of the dynamic interaction 
among physiologic, psychological, and social 
factors, which might augment each other over 
time. 

All ages 

DIAPR-R Bucsea & 
Pillai Riddell 
(2019) 

A biopsychosocial model grounded in attach-
ment theory underlining the importance of pa-
rental inclusion in the implementation of pain 
management interventions in hospital settings. 

Infants, 
procedural 
pain 

Social 
communication 
model of pain 

Craig (2015) A biopsychosocial model. Infants learn about 
pain through their families. Culture shapes the 
pain experience and pain expressions of the 
family.  

Infants, 
children, 
procedural 
pain 

Procedural 
comfort care 

Leroy et al. 
(2016) 

Age-appropriate pre-procedural preparation is 
crucial for mitigating pain. During the prepara-
tion phase and the procedure, the staff should 
continually monitor and coordinate between 
the comfort process and procedural process, 
and only proceed when comfort is optimal. The 
environment should be child-friendly, non-
threatening and family-centred. 

Children, 
procedural 
pain 

Working model 
of music 
therapy as 
procedural 
support 

Ghetti 
(2012) 

Pre-assessment and ongoing assessment are 
vital components in this model. The procedural 
support consists of the music therapist and the 
role of the music interacting with the re-
sponses from the patient. These factors serve 
as a treatment lens that filters the patient’s ex-
perience of the procedure. The music used is 
live, familiar to or preferred by the patient or 
improvised, in order to enable procedural sup-
port to be individually tailored.  

Children, 
procedural 
pain 
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The Gate Control Theory of Pain 
Pain theories have moved away from the uni-dimensional biomedical con-
ceptualisation of pain where the pain pathway was viewed as a fixed, direct-
line communication system from skin receptor to a pain centre in the brain 
without any psychosocial interplay, towards multidimensional models that 
recognise the complex interplay between the physiological, psychological 
and sociocultural mechanisms that form the pain experience. When Mel-
zack & Wall (1965) introduced their pain theory, this was the beginning of 
a paradigm shift; viewing pain as a dynamic and interactive system that 
incorporates sensory, affective and cognitive components. The gate was a 
metaphor for the gating mechanism in the spinal dorsal horn, a gate control 
system that modulates sensory input from the skin during a skin puncture 
before it evokes pain perception and response (Melzack & Wall, 1965). 
Strategies focusing on coping and stress reduction help to “close” the gate 
while negative states of mind, such as helplessness, hopelessness and anger, tend 
to amplify the intensity of the sensory input (Gatchel & Howard, 2008). Pain 
transmission can be modulated at various levels, including the dorsal horn of 
the spinal cord and via descending inhibitory pathways from different parts of 
the brain. The Gate Control Theory was later refined into the neuromatrix the-
ory of pain, suggesting that pain is the consequence of the output of the widely 
distributed brain neural network rather than a direct response to sensory input 
(Gatchel et al., 2007). The Gate Control Theory of Pain paved the way for 
modern transdisciplinary models of pain and is considered the first biopsycho-
social model of pain (Pillai Riddell, Racine, Craig & Campbell, 2013). The 
Gate Control Theory and the subsequent neuromatrix theory have led to the 
development of various non-pharmacological approaches, including neonatal 
music therapy, to alleviating pain in infants (Bradt, 2013).  

Biopsychosocial models 
In the biopsychosocial model, humans are considered to be multidimen-
sional, biological and social beings in a context of family and community 
(Engel, 1977). The biopsychosocial perspective provides an integrative and 
relational framework for understanding for example pain and pain manage-
ment. The model also allows for an interdisciplinary pain management ap-
proach, which makes it a relevant model for understanding and including 
music therapy in neonatal pain management.  

A biopsychosocial model of more recent date is the Development of In-
fant Acute Pain Responding (DIAPR) model, developed specifically for in-
fant procedural pain and grounded in attachment theory (Pillai Riddell et 
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al., 2013). The model has later been revised into the DIAPR-R-model 
(Bucsea & Pillai Riddell, 2019). Infants are biologically predisposed to seek 
the help of their parent in times of distress. The infant signals to the parent 
to engage in distress-reducing or mitigating interventions. Parents have an 
innate system that is activated by infants’ distress signals, which prompts 
the parent to respond in a soothing manner that will help regulate the in-
fant’s negative affect. Positive parent-infant interactions have been demon-
strated to employ a buffering effect on the connection between early neona-
tal pain exposure in preterm infants and subsequent cognitive functioning 
and mental health outcomes (Bucsea & Pillai Riddell, 2019). The model 
recognises the parent’s own pain experiences and cognitive pain schemas 
which will influence her/his autonomic nervous system physiology, her/his 
pain assessment and her/his management of the infant’s pain, which in turn 
influences the infant’s pain regulation and reactivity (Pillai Riddell et al., 
2013; Bucsea & Pillai Riddell, 2019). 

The Social communication model of pain acknowledges pain as a biopsy-
chosocial phenomenon, conceptualising the individual, familial, commu-
nity, and cultural influences on infant pain. This model describes pain as a 
process of dynamic interactions between infants/children and parent. The 
model distinguishes between experience of pain and expression of pain. The 
pain experience of the infant is influenced by sensory and affective qualities. 
However, the expression of pain does not only reflect internal experience 
and processes, but is also influenced by social reinforcement by the parent 
and by macro-social factors, such as the culture of the family and the healthcare 
system (Craig & Pillai Riddell, 2003, Craig, 2014).  

Procedural support models 
Procedural comfort care is mainly focused on the preparation phase where 
age-appropriate pre-procedural preparation is crucial for mitigating pain 
(Leroy, Costa, Emmanouil, van Beukering & Franck, 2016). Involving a 
combination of sensory and procedural information is associated with the 
largest and most consistent benefits (Suls & Wan, 1989). The physical and 
emotional environments are equally important to evaluate in the prepara-
tion phase. The environment should be child-friendly, non-threatening and 
family-centred (Leroy et al., 2016). A key factor in the model is that proce-
dural comfort starts with non-pharmacological strategies. These are not 
considered just as an adjunct to pharmacological interventions. Non-phar-
macological strategies result in better procedural care according to the 
model (Leroy et al., 2016). 
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The Working model of music therapy as procedural support (Ghetti, 
2012) is a model that aims to describe the mechanisms underlying proce-
dural support, which may include support to reduce anxiety and/or pain, as 
well as promote resiliency and healthy coping. The working model explains 
how the music therapist, the patient, the music, those around the patient, 
and the context act as partners in an ongoing reflexive process of supporting 
a patient through painful or anxiety-producing procedures (Ghetti, 2012). 
Ghetti’s intention is that this model is work in progress, which could evolve 
through dialogue and further theoretical development, and could serve as an 
initial systematic step toward theory construction in this area (Ghetti, 2012). 
Some vital parts of her results and model will be mentioned here, which will be 
further developed and elaborated on in A synthesis of the main results.  

The assessment prior to the procedure focuses on individual and proce-
dural factors that will moderate the experience of the procedure, such as 
music preferences, developmental level, coping strategies and demands of 
the procedure itself. Preparation makes an important contribution to the 
alleviation of pain and anxiety during the subsequent procedure. During the 
preparation phase, the music therapist should establish a rapport of trust 
and cooperation to relieve possible pre-procedural anxiety in the child and 
parent in order to promote comfort and coping. The ongoing assessment is 
considered a reflexive process. The music therapist adjusts her/his interventions 
and role over time according to the responses and changing needs of the indi-
vidual patient during the course of the procedure, altering the context and the 
environment within which the patient experiences the procedure. The music 
must be modified based on patient needs and preferences (Ghetti, 2012).  

In the model, the patient’s experience of the painful or anxiety-producing 
procedure is dependent on a merge of various interacting factors and each 
situation is unique. The model recognises the influences of context, environ-
ment, type of procedure as well as personal variables, such as previous pain-
ful experiences, pain sensitivity, family support etc. The procedural support 
in the model consists of the music therapist and the music, which interact 
with the responses from the patient. These factors serve as a treatment lens 
that filters the patient’s experience of the procedure. This ongoing filtering 
process results in a change of the patient’s perceptions of pain, anxiety and 
of the procedure itself as well as the patient’s behavioural expressions of 
this experience (e.g. coping responses and verbalisations). The music thera-
pist uses these outcomes to further adjust the treatment lens to positively 
influence outcomes (Ghetti, 2012).  
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Theoretical framework and concepts 
As delineated in the Background chapter, music and pain are complex phe-
nomena, described as subjective, multidimensional, perceptual, contextual, 
biopsychosocial experiences. The complexity in the studied objectives of 
this doctoral thesis allows for an integrative approach, incorporating re-
search from areas within the biological and the psychosocial realms. The 
thesis would therefore benefit from a theoretical framework that allows for 
a mutually enriching dialogue between neuroscience and developmental 
psychology. The framework chosen for this doctoral thesis is Neuroaffective 
developmental psychology theory (NADP), which operates as a “holding 
environment” (Winnicott, 1960) for those theories, concepts and processes 
presented in the Background as well as for the results, strategies and con-
clusions further on.  

Neuroaffective developmental psychology 
The theoretical synthesis of modern neuroscience and theory of develop-
mental psychology began in the 1990s (Hart, 2008; Hart & Lindahl Jacob-
sen, 2018). In Scandinavia, there has been a strong focus on synthesising 
developmental psychology based on research from Louis Sander, Daniel 
Stern and Colwyn Trevarthen, with neuroscience research from for example 
Paul MacLean, Peter Fonagy and others (Hart & Lindahl Jacobsen, 2018). 
The NADP is a theory based on relation and attachment theory derived 
from a psychodynamic tradition, and a psychological understanding of 
emotional development where neuroscience is used as an overall structural 
understanding of the complexity between psychological issues and how the 
nervous system matures (Hart & Lindahl Jacobsen, 2018).  

Humans are social beings, born to communicate and share emotions. 
Culture, in the broader sense, shapes the human brain and mind (Hart, 
2011). Our innate potential can only be realised through culture since na-
ture and nurture interact in an interdependent process and are inseparable 
(Hart, 2011). Human contact creates neural connections and environmental 
stimuli regulate the anatomical and cellular organisation in the developing 
nervous system (Hart, 2011; Filippa et al., 2019a). Hormones, stress, social 
interaction and pain will affect the neural structures in the infant. Early 
trauma, such as repeated painful procedures early in infancy and separation 
from the parent, can activate certain genes that lead to a reduced capability 
for interpersonal adjustment, which makes infants more sensitive to later 
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trauma (Hart, 2011). On the other hand, a stimulating and enriched envi-
ronment also has long-term effect on infants’ neurological structure and 
neurochemistry, enlarging or altering the infant’s brain (Hart, 2008, 2011; 
Filippa et al., 2019a). The parents shape their infant’s brain and nervous 
system in unique ways through constant interactions with the infant, since 
the human brain is designed to mature on the basis of experiences (Stern, 
2010; Hart, 2011). It is an ongoing dialogue, as each influences the other 
and shapes one another. The following paragraphs present the nature and 
nurture theories and concepts that have been both important in the analysis 
and reasoning process of paper I-IV as well as operational in the writing of 
this doctoral thesis. However, one must bear in mind that the following 
concepts and abilities might be damaged or underdeveloped in infants due 
to premature birth. 

Dynamic forms of vitality 
In paper III, the concept of vitality affects was one of the basic prerequisites 
for including parental live singing in neonatal pain management. Stern’s fi-
nal and more comprehensive concept, dynamic forms of vitality (Stern, 
2010), is a cornerstone for the results and conclusions of this doctoral thesis 
and will be explained in further detail below.  

Over many decades, Daniel Stern (2010) was elaborating on the dynamic 
aspects of experience. His interest began with observations of non-verbal 
mother-infant interactions and microanalysis of film and videotape of 
mother–infant face-to-face interaction, where the dynamic features of early 
human exchanges were more obvious. Stern discovered that the mothers 
used dynamic forms of vitality when they wanted to show the infant that 
they understood and shared what the infant was experiencing. Without vi-
tality forms there could not be the exquisite fine-tuning of these interper-
sonal interactions (Stern, 2010). Vitality forms are difficult to grasp because 
humans experience them in almost all waking activities, and they are highly 
subjective phenomena. The domain of dynamic forms of vitality is separate 
and distinct from the domains of emotion, sensation and cognition; it stands 
on its own. Vitality is more of a form than content and concerns the how, 
the manner of the experience (Stern, 2010). Vitality forms colour the expe-
rience of the content and are coloured by it as well. Dynamic forms of vi-
tality are ubiquitous and part of all experiences, according to Stern (2010). 
They may arise in very early development as the central place of arousal in 
the beginning of life (Stern, 2010).  



ALEXANDRA ULLSTEN   Family-centred music therapy during painful procedures   
 

49 
  

Stern has throughout the years used different terms to capture this dy-
namic aspect of experience; vitality affects, temporal feeling shapes, tem-
poral feeling contours, proto-narrative envelopes, vitality contours. He fi-
nally merged them all choosing the englobing term dynamic forms of vitality 
(Stern, 2010). In this concept, Stern also includes force, movement, space, 
directionality and aliveness, as well as time and intensity (Stern, 2010, p. 
17). Movement plays the primary role in creating forms of vitality. Each 
individual has a movement signature and humans experience each other on 
the basis of the vitality expressed in the other person’s movements; a specific 
walk or smile that carries the signature of their own unique vitality (Stern, 
2010). Humans move constantly, both physically and mentally. For exam-
ple, the respiration moves in cycles, gestures unfold in time, and the arousal 
levels shift. There is a time profile of the movement, a force to the move-
ment, a space where the movement happens, and it has intentionality and 
directionality. Together, these events form the dynamic experience of vital-
ity. The primary essentials of infant-directed singing, whether it is in play-
song style or lullaby-style, are the dynamic forms of vitality. Stern suggests 
that the intimate, well-timed and fine-tuned interactions of parent and in-
fant have musical qualities, where the dialogue between the parent and the 
infant is saturated with dynamic forms of vitality. Music is sound in motion 
(Stern, 2000). 

It has been established that infants have cross-modal capacities and that 
there is a multisensory integration early in cortical processing (Stern, 2010). 
Neuroscience suggests that there are neurons throughout the brain respond-
ing to stimuli from more than one single sense, meaning some neurons are 
multisensory (Stein & Stanford, 2008). The multisensory neurons exist even 
in brain areas thought to be devoted to only one sensory modality (Stern, 
2010; Stein & Stanford, 2008). In particular cortical motor areas, which 
traditionally were believed to possess functions purely related to movement, 
are now known to be actively involved in processing sensory information 
as well (Ammaniti & Ferrari, 2013). These findings may clarify some of the 
multimodality of dynamic forms of vitality (Stern, 2010). Vitality forms are 
modality non-specific. They belong to all sensory modalities (vision, audi-
tion, touch, smell etc). Vitality is a whole, which emerges from experiences 
of movement, force, time, space and intention (Stern, 2010). The infant is 
first and predominantly sensitive to vitality forms and can distinguish vital-
ity forms in their experiences, which makes the infant a multimodal being, 
though not yet mature enough to discriminate qualitative aspects of the mo-
dalities, the content, in their experiences. Dynamic forms of vitality can 
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therefore exist even for infants, but in a multimodal form with multimodal 
content, which is compatible with the findings on multisensory neurons 
(Stern, 2010). The richness of perceptual experience, as well as its usefulness 
for guiding behaviour, depends on the synthesis of information across mul-
tiple senses (Stein & Stanford, 2008). Whether a sound is heard or a move-
ment is visually perceived, the brain will deal with it as a multisensory event 
(Stern, 2010). However, there might be beneficial as well as harmful expe-
riences in infancy, such as repeated and untreated pain, which also affect 
the infant’s sensitive brain development in a multisensory way.  

Proto-musicality 
In the womb, the foetus grows familiar with the interior sounds of the 
mother, continuously enriched by the multimodal sensory environment; the 
steady rhythm of the mother’s heart and breathing, the flow of her blood-
stream and the music of her prosody where the musical qualities of the voice 
(pitch, volume, timbre and rhythm) are salient in the perinatal experience 
of speech (Moon, 2011 & 2017). From about three months before birth, 
the foetus can hear a variety of sounds from the extrauterine world. This 
enables the developing foetus to share and acquire preferences for the fam-
ily’s music, culture, voices and language (Moon, 2011; Moon, Lagercrantz, 
Kuhl, 2013).  

Volgsten (2019) suggests that music is fundamentally a social and affec-
tive phenomenon. Our developing sense of music emerges from the infant-
directed, preverbal and social dialogues between the parent and the infant. 
The musical elements that are imbedded in the dyad’s early interactions 
form the basis of musical encounters later in life; they emerge prior to mu-
sicking. In other words these musical elements are “proto-musical” (Vol-
gsten, 2019). The proto-musical elements are intensity, contour, tempo, 
rhythm, timbre, dynamic and shape (Stern, 2000; Volgsten, 2019). Infant-
directed singing contains these musical elements and is thus an apt medium 
for parents and infants to communicate in an affective mutual relationship. 
The proto-musical relationship between the parent and the infant is a dy-
namic intentional movement in time and space, where the parent constantly 
alters the timing, intensity and shape of the singing including her/his actions, 
based on the dynamic forms of vitality that the infant expresses. The proto-
musical elements of infant-directed singing are ideal for arousal regulation 
and affect coordination as well as for affect sharing between parent and 
infant, because the proto-musical elements bear resemblance to the dynamic 
forms of human affects (paper III).  
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Communicative musicality is a term coined by Colwyn Trevarthen and 
Stephen Malloch (Malloch & Trevarthen, 2009). Communicative musical-
ity is the duet of movements and sounds between the infant and the parent 
expressing directionality and intentional states with a synchronisation of 
the dyad’s behaviours, or with Stern’s words: a coupling of vitality dynam-
ics (Stern, 2010). When the parent and infant interact, communication takes 
place through the intentions and affects carried by the music-like elements 
of their joint vocalisations in combination with the joint “dance-like” ges-
tures of their bodies and facial movements (Malloch et al., 2012). Commu-
nicative musicality takes place within a shared sense of time through mutu-
ally contingent gestures, expression, and timing, which in turn enhance the 
infant’s ability to modulate feeling states (Malloch et al., 2012). Both Stern 
and Trevarthen have been key figures in the tradition of microanalysis of 
film and videotape of mother–infant face-to-face interaction (Beebe, Sorter, 
Rustin & Knoblauch, 2003). Both have focused on the dynamic features as 
central for intersubjectivity, but while Stern focuses on affect attunement 
with time-intensity matching of the inner state or of the dynamic forms of 
vitality (see below), Trevarthen analyses the interrelationship in the parent-
infant dyad through synchronicity and timing remaining at the level of be-
havioural correspondences (Beebe et al., 2003).  

Arousal systems 
Humans have an innate capacity for self-regulation which the infant devel-
ops through daily positive experiences and interactions with an engaged and 
emotionally available parent. The parent uses her/his own nervous and 
arousal systems to regulate the infant’s arousal levels (Hart, 2011). The par-
ents are, as Stern so accurately puts it, a “sound-light show” for the infant 
(Stern, 2010). The stimuli come from the parent’s voice, eyes, face and ges-
tures. The multimodal and multisensory interactions play upon the infant’s 
states of arousal, creating dynamic forms of vitality. The arousal systems 
are believed to be active already prenatally. For example, newborns can rec-
ognise a musical melody and the voices of significant others at birth, which 
requires some level of awareness and representation of vitality forms while 
still in the womb (Stern, 2010). After birth, infants manifest an intense in-
terest in the parents’ affective content in the prosody, and the infants try to 
synchronise their expressions with those of the parent (Marwick & Murray, 
2009). Prosody is the flow of vitality forms (Stern, 2010). Playful infant-
directed singing may increase infants’ arousal, which stimulates sustained 
infant attention or interest, while soothing forms of infant-directed singing 
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may reduce arousal level and induce sleep. Repetition helps the infant’s sys-
tem to self-organise and stabilise (Hart, 2011).  

Arousal is problematic to characterise because it does not have clearly 
defined physical boundaries and has a long history of poor definition (Pi-
card, Fedor & Ayzenberg, 2016a). Arousal is the force for behaviour, the 
most fundamental force in the nervous system, a force that throws motiva-
tions (hunger, attachment etc.) into action, sharpens the attention and initi-
ates movement (Stern, 2010).  Arousal determines when to do what we do, 
and the dynamic manner of doing. Arousal also includes turning off or turn-
ing down the arousal, calming the excitement or deactivating the motion. 
Multiple brain regions contribute to autonomic arousal; multiple sources of 
arousal interact in the brain and have different kinds of effects on the mind 
and body (Picard, Fedor & Ayzenberg, 2016b). Stern (2010) states that 
arousal has a central role in the emergence of the dynamic features of expe-
rience and the arousal systems may provide the neuroscientific underpin-
ning for the emergence of vitality forms. The complexity and differentiation 
of the arousal systems provide support for the idea that the arousal systems 
could produce a multitude of highly specific and complex arousal profiles, 
each eliciting a specific vitality form.  

Live singing provides a continuum in the regulation of the infant’s 
arousal systems. Live lullaby-singing is a repetitive emotion communication 
tool for parents in regulating the infant’s state and arousal levels (Rock, 
Trainor & Addison, 1999; Trainor, Austin & Desjardins, 2000; Trehub, 
2017; Cirelli, Jurewicz & Trehub, 2019). The soothing, comforting and 
emotion regulating properties of a lullaby are well-known cross-culturally 
and historically (Fernald, 1989; Rock et al., 1999; Trehub, 2019). The ubiq-
uity of singing to infants, the existence of specific songs for different care-
giving occasions across cultures, suggest that music serves a vital function 
in development with an important communicative function and is therefore 
a central part of the crucial interaction between parents and infants (Rock 
et al., 1999; Trehub, 2019). Music is universal because what music does for 
humans is universally valued in terms of emotional and aesthetic experience 
and identity formation (Patel, 2008). The human voice is produced within 
the body, vibrating inward while on the same time connecting us to others 
(Austin, 2011). Vocalisations to infants are more expressive than vocalisa-
tions to adults, and they are often accompanied by gestures in other modal-
ities (Trehub, 2017). Parents also smile more when singing to their infant 
than when talking. When their infant is absent or out of view, the parents 



ALEXANDRA ULLSTEN   Family-centred music therapy during painful procedures   
 

53 
  

are unable to produce these smiles and attuned vocalisations (Trehub, Plant-
inga, Russo, 2016; Cirelli et al, 2019). The parent’s expressiveness is influ-
enced not only by the presence of the infant but also by subtle feedback 
from the infant (Trehub, 2019). In addition, live parental infant-directed 
singing is considerably more effective than infant-directed speech in lower-
ing infants’ elevated arousal levels and ameliorating distress (Trehub, 2019). 
These reciprocal characteristics are intrinsic and individually tailored in the 
moment, and it is therefore not possible to reproduce them in a recording. 
Recorded infant-directed singing becomes non-salient for the infant.  

Mirror neurons 
Infants have an innate biological capacity for perceiving temporal forms in 
other people’s actions, which allows the infant to develop a sense of the 
other person’s intentions. The discovery of mirror neurons (e.g. Rizzolatti, 
Fadiga, Gallese & Fogassi, 1996) has been a breakthrough not only in neu-
roscience but also in child psychology (Ammaniti & Ferrari, 2013). The 
discovery of mirror neurons in the brain elucidates how the infant can be 
connected to their parents and other people in their environment from birth 
(Gerhardt, 2015). Early research found mirror neurons in the prefrontal 
motor cortex. However, later findings based on a meta-analysis of 125 hu-
man fMRI studies (Molenberghs, Cunnington & Mattingley, 2012) suggest 
that except the core network of brain areas, which are activated by visual 
observation (executed or imagined visual actions), there are more brain re-
gions with mirror properties. The additional brain areas with mirror prop-
erties are involved in somatosensory, auditory and emotional processing. 
The precise regions that are activated depend on the modality of the task, 
e.g. visual, auditory, somatosensory (Molenberghs et al., 2012). Research 
thus shows that the brain regions with mirror properties extend beyond ac-
tions to include sharing of emotions as well as understanding the intent of 
others (Molenberghs et al., 2012). The anterior cingulate cortex (ACC), a 
brain area just above the corpus callosum at the centre of the brain, is one 
of the key brain regions within the infant’s descending pain modulatory sys-
tem, which is influential in dampening down, altering and alleviating the 
affective components of pain. ACC is a region of interest in the search for a 
neural mechanism of affect sharing and affect contagion (Carrillo et al., 
2019). In animal models, research has shown that ACC contains emotional 
mirror neurons that respond selectively to pain. These mirror neurons re-
spond when someone is experiencing pain in the self, but they also respond 
to shared pain, when observing pain in others (Carrillo et al., 2019).  
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With the mirror neurons, nature and nurture are intertwined. The mir-
roring process, of which mirror neurons are a part, is the requisite for all 
relations (Hart, 2007). By the agency of the mirror neurons and the nervous 
system, the dynamic forms of vitality that are aroused in the infant are for 
instance visible as an expression in the infant’s face, voice and body. They 
influence the mirror neurons in the parents to fire in the same pattern, giving 
the parent a virtual experience of the infant’s experience through the dy-
namic forms of vitality, initiating actions by the parent. This in turn causes 
responses from the infant, bringing new dynamic forms of vitality into the dyad 
in a reciprocal social biofeedback loop (Hart, 2007, 2008; Stern, 2010).  

The capacity for imitation, mimicry and gestures is innate (Hart, 2011). 
The mirror neurons enable humans to empathise with others and engage in 
interactions. However, infants not only imitate their parents’ expressions 
and vice versa, but also perceive that the expression corresponds to a par-
ticular sensory impression or a set of dynamic forms of vitality (Hart, 2011). 
When the infant and the parent engage in moments of meeting, they move 
with synchronised temporal coordination, sharing aspects of each other’s 
dynamic forms of vitality (Hart, 2011). Lack of synchronisation with the 
parent will distress the infant, but emotional communication with mutual 
affect regulation gives the infant a sense of pleasure and vitality and pro-
motes development (Hart, 2011). Being with the other is accomplished by 
sharing the vitality dynamic flow (Stern, 2010). Affect-regulating mirroring 
via mirror neurons in the infant’s brain enables infants to self-regulate 
through the parent’s predictable actions. Since the process is reflexive, the 
parent’s mental state is communicated to the infant’s state, and the infant 
thus takes part in the parent’s state and arousal levels (Hart, 2008). The 
mirror neurons make situations and the environment predictable, both ben-
eficial as well as adverse situations, like a painful procedure (Hart, 2007). 
However, pain, anxiety, tension and stress reduce the sophistication of the 
mirror neurons, confining the parent’s ability to attune to their infant’s dy-
namic forms of vitality in order to regulate their infant well, but may also 
weaken the infant’s capacity to express her/his dynamic forms of vitality 
(Hart, 2007, 2008; Gerhardt, 2015). 

Affect attunement  
The mirror neurons make it possible for a parent to resonate on a neurobi-
ological, intrapsychological and interpersonal level with the infant, an ac-
tion that Stern termed affect attunement (e.g. Stern, 2000, 2010). Affect 
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attunement is the matching of the dynamic forms of vitality. Both the par-
ent’s and the infant’s attunement is amodal, i.e. cross-modal (Hart, 2011). 
The parent shares the infant’s subjective experience through matching the 
dynamics of the infant’s vitality form but not the modality because the par-
ent is not just imitating, the match becomes a match of internal feeling states 
not overt behaviours (Stern, 2010). The infant’s response is through amodal 
perception. The mirror neurons provide the infant with the innate general 
capacity to receive information derived from one sensory modality (e.g., 
hearing) and translate it into another sensory modality (e.g., motion). Such 
amodal perception plays a key role in affect attunement whereby the inten-
tion, through the characteristics of intensity, timing and shape in the inter-
action, can be perceived by the infant and parent on an implicit level and 
evoke an intersubjective reciprocally-related response from both parties, 
each changing with the other. This creates an experience of emotional con-
nectedness and a subjective experience of “I feel that you feel that I feel” 
(Stern, 2005, p. 91). For example, the parent’s prosodic contour, with cre-
scendos and diminuendos, and duration, are matching the infant’s facial-
kinetic contour in a playful interplay (from seen action to heard sound). The 
affect attunement carries the parent’s unique time-intensity signature, show-
ing the infant that the parent also felt what it felt like to do what the infant 
just did in this playful situation. Through affect attunement a sense of mu-
tual understanding and sharing has been established, creating intersubjec-
tivity; the sharing of another’s experience (Stern, 2010).  
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Ethical considerations 
Ethics of this neonatal music therapy study was approved by the Regional 
Ethical Review Board in Sweden (2012/1097-31/2; 2012/1754-32). Since 
critically ill infants are included in this research, written informed consent 
was acquired from each and one of the participating infants’ parents. In 
medical research, most interventions involve risks and burdens. Infants are 
a vulnerable group that should receive specifically considered protection in 
research. According to the ethical principles of the World Medical Associa-
tion Declaration of Helsinki for medical research involving human subjects 
(2013), research in infants is only justified if the research is responsive to 
the health needs or priorities of this group and the research cannot be car-
ried out in a non-vulnerable group. Pain management for infants is a top 
priority in neonatal care. There is a great need for advancing the non-phar-
macological interventions in neonatal pain care, which rationalises this 
study with infant-directed singing with live lullaby singing. The participat-
ing infants in the “lullaby-study” all received standard pain management. 
Standard care entailed facilitated tucking done by a nurse or the parent, oral 
glucose (300 mg/ml) and the opportunity to suck on a pacifier or on a par-
ent’s or a nurse’s plastic gloved finger. The parents were invited to attend 
both the venepuncture procedure with and the one without live lullaby sing-
ing. Only infants who were referred by a physician to have two routine ven-
epunctures during the study period were eligible to participate in the study, 
which meant that no extra pain burden was inflicted on the infants for re-
search reasons. Infant-directed singing with live lullaby singing as a non-phar-
macological intervention in neonatal pain care has no known side effects. 
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Methods 
This doctoral thesis consists of four papers (Table 4). Two of the papers are 
based on the clinical trial performed in the NICU at Danderyd-Karolinska 
University Hospital in Stockholm, Sweden in September 2012 to April 
2013. The other two are theoretical theory building papers.  

Table 4. Overview of included papers.  

 

 

 

 

 

 

 

 

 

Study design in the RCT 
An RCT with a crossover design, where the infants served as their own con-
trol, was chosen for this study. All infants cared for in the NICU ≥ 32 GA 
who were referred by a physician to have two routine venepunctures during 
the study period were eligible to participate in the study if a written in-
formed consent was acquired from each and one of the infant’s parents. 
Infants with known congenital malformations, severe illness, respiratory 
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support or on-going treatment with sedatives or analgesics were excluded. 
The infants received infant-directed live lullaby singing pre-, during and post 
venepuncture. The order of the lullaby intervention and the control situa-
tion was randomised. 48 infants were eligible for entering the study, seven 
declined participation and 41 were enrolled. Three of those were excluded 
because of incomplete data, such as equipment malfunction or blood sample 
collection failure. The study encompassed 38 infants (15 female and 23 male 
infants) for venepuncture on two separate occasions; lullaby intervention 
with standard care and the silent control with standard care only (Fig. 1). 
Standard care entailed facilitated tucking done by a nurse or the parent, oral 
glucose (300 mg/ml) and the opportunity to suck on a pacifier or on a par-
ent’s or a nurse’s plastic gloved finger. The venepuncture procedures were 
performed in the infant’s crib or on an examination bed.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Overview of lullaby intervention with standard care and control with 
standard care (period 1 to period 5) and of pain assessment periods with Behavioral 
Indicators of Infant Pain (BIIP) and Premature Infant Pain Profile-Revised (PIPP-
R). PIPP-R 2 and PIPP-R 3 are titled in parallel to the equivalent BIIP periods. 
According to the instructions no PIPP-R 1 was assessed. 

Live lullaby intervention 
The live lullaby intervention was based on previous neonatal music therapy 
research; the “Song of kin” intervention (Loewy, 2015), the musical seda-
tion procedure and singing as entrainment (Loewy, 2004, 2009, 2013), and 
contingent singing (Shoemark, 2011). 
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Infant-directed singing was chosen as the foundation for the live inter-
vention. Infant-directed singing provides a consistent and appealing com-
municative message to the infant, which may provide familiarity, safety and 
regulation. Songs provide predictable patterns of expectation and impro-
vised song is a profound source of contingency (Shoemark, 2007). 

The lullaby mode was chosen because of its intrinsic qualities to calm and 
sedate an infant. The songs used in the clinical study were parent-preferred 
traditional lullabies. In the cases where the parents did not identify a fa-
vourite lullaby, the music therapy student, in training to become a profes-
sional music therapist, chose a traditional Swedish lullaby. Even though the 
lullaby of choice was a pre-composed song, the lullaby was supposed to be 
performed in responsiveness with the infant, being sensitive to any possible 
signs of stress related to the singing and modifying the singing according to 
the infant’s state. In an attempt to standardise the lullaby intervention, a 
music therapy student was singing, not a parent. Since previous studies had 
shown it to be likewise effective in a non-painful setting, we chose a female 
singer, unknown to the infants, to perform the lullaby interventions (de L'E-
toile, 2006; Teckenberg-Jansson et al., 2011).   

The start of the lullaby intervention was informed by Shoemark (2007), 
where the singing is supposed to start with quiet, short “sing-song” vocal 
phrases of reassurance, which is downwardly inflected until the infant is 
oriented to the therapist and the physiological signs are stable. The lullaby 
melody should be sung a capella without lyrics, initially matching the state 
of the infant and gradually allowing the infant to entrain to and transition 
into a sedative state. The lullaby should be performed in a simple, repetitive, 
recognisable and sedative mode in 3/4 or 6/8, in a low pitch with slow steady 
and predictable pulse and rhythm, entrained to the breathing of the infant, 
with small variations in fundamental frequency, in consonant harmony, 
with a soft timbre in the voice without sudden shifts or modulations, with 
stable dynamics and with pauses between phrases. The infant-directed lull-
aby singing should start before the venepuncture, in order to lull the infants. 
The singing should continue during the blood sampling to support and pro-
vide a holding environment (Wigram et al., 2002; Winnicott, 1960) and 
continue after the venepuncture procedure to soothe and facilitate self-reg-
ulation. The protocol states that the singing should maintain a constant 
sound level, between recommended ≤55–65 dB on the A-scale (Neal & Lin-
deke, 2008; Philbin, 2000).  
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Statistical analyses 
Together with the interdisciplinary research team and a statistical consult-
ant, the author of this doctoral thesis discussed and formulated a statistical 
analysis plan where efficacy variables were defined as well as statistical 
methods. Because of the complex study design and the many variables in 
the data, the actual statistical analysis was performed by the statistical con-
sulting group. The statistical analyses of the data in the clinical study was 
performed on two groups, the Intention-to-Treat (ITT) population, where 
all randomised infants were included (N=38), and the Per-Protocol popula-
tion (PP), where all randomised subjects with no significant protocol viola-
tions were included (N=25). Procedures with only lullaby procedure or only 
control procedure was regarded as a protocol violation.  

The primary efficacy variable for the clinical study was pain measured 
with PIPP-R from first skin puncture and 30 seconds onward (Fig. 1). The 
secondary efficacy variables for the study were changes in HR, RR and 
SaO2 during blood sampling as well as in the other periods, change in BIIP 
3- score at skin puncture and in BIIP 4-score. The analysis included the total 
duration of the intervention versus control from the start of period 1 until 
the end of period 5, the number of skin punctures per intervention versus 
control, the duration of all skin punctures per intervention versus control 
(the total time for period 3), and the duration of time for handling before 
first venepuncture, that is the time from the beginning of period 3 until skin 
puncture.     

 For comparison between two groups, Mann-Whitney U-test was used 
for continuous variables, Fisher’s exact test was used for dichotomous var-
iables and Mantel-Haenszel chi-square test was used for ordered categorical 
variables. Continuous variables and changes in continuous variables were 
described by mean, standard deviation (SD), median, minimum and maxi-
mum. Categorical variables were described by numbers and percentages. All 
tests were two-tailed and conducted at 0.05 significance level. All analyses 
were performed by using SAS® v9.3 (Cary, NC).  

Pain assessment with BIIP and PIPP-R 
Two pain scales were chosen to assess pain in the infants who participated 
in the clinical study; BIIP (Holsti & Grunau, 2007), which was also used in 
the case study, and PIPP-R (Stevens et al, 2014). The infants’ pain expres-
sions were assessed from video films by a neonatal nurse expert on pain 
assessment who was blinded to the situation and whether the video showed 
intervention or control. Primary efficacy variable was pain measured with 
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PIPP-R from first skin puncture and 30 seconds onward (Fig. 1). Secondary 
efficacy variables were among others, the BIIP-score at skin puncture in pe-
riod 3 compared to the primary efficacy variable of PIPP-R 3, and the BIIP-
score from the last 60 seconds of period 4 to measure the infants’ ability to 
recover from the painful procedure with and without lullaby singing (paper 
I).  

Both BIIP and PIPP-R are validated tools for assessing procedural pain 
intensity in preterm and term infants. BIIP evaluates behavioural parameters 
in the infant’s state, level of arousal, face actions and hand actions (Fig. 2 
& paper II). PIPP-R combines behavioural (face actions), physiological (HR 
and SaO2) and contextual parameters (GA and behavioural state).  

The PIPP-R uses weightings to adjust for varying gestational ages and 
sleep/wake states. For example, there are additional pain score points if an 
infant is in quiet sleep. In the PIPP-R, GA and behavioural state are scored 
after the painful event only if there are changes in any of the physiological 
and/or behavioural variables in response to the painful stimulus (Stevens et 
al, 2014). The BIIP tool on the contrary, does not apply weightings to the 
scoring of GA and the sleep/wake states. The authors of the BIIP (Holsti & 
Grunau, 2007) argue that it is not possible to determine whether or not 
infants in deep sleep feel greater pain, and that weighting may hide im-
portant information with regard to arousal in these infants. In the BIIP tool, 
deep sleep, active sleep, drowsy and quiet awake states, are understood gen-
erally to be indicative of low distress and are assigned a score of 0 (Holsti 
& Grunau, 2007). 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Illustration of five facial actions and two hand actions indicating pain in 
the Behavioral Indicators of Infant Pain (BIIP), a tool for assessing pain in preterm 
and term infants. Illustration by Isabell Pettersson. (Reprinted with permission) 
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For paper I, pain assessment with BIIP was assessed in five periods, cho-
sen by the research team (Fig. 1). PIPP-R score was assessed according to 
the instructions of the PIPP-R tool, in two periods during the procedures, 
corresponding to the second and third BIIP scoring. In the case study (paper 
II), behavioural responses on pain were assessed with BIIP by the author of 
this thesis, according to the BIIP manual, for the first blood test in each 
intervention, from the skin puncture and 60 seconds onward (Holsti & 
Grunau, 2007).  

Case study with microanalysis 
Paper II is an explorative case study with microanalysis. The micro-details 
in the lullaby improvisations in interaction with the infants’ behaviours 
were studied. The sampling strategy was purposive with two premature in-
fants chosen from the larger RCT data set (Table 9). When looking through 
all video recordings of the 38 infants in the RCT data set, there was one 
infant, a prematurely born boy, who performed a strikingly synchronised 
moving pattern during the lullaby intervention. This pattern would be im-
portant to analyse to better understand the interactions in infant-directed 
singing in conjunction with painful procedures. The strategy was then to 
find another infant, approximately the same GA but of opposite gender, 
because there are implications in previous research that there are gender 
differences in responses to pain and to singing (Grunau & Craig, 1987; 
Standley & Walworth, 2010). Preferably, the infants in the case study 
would receive the same lullaby and have their parents present during vene-
puncture, at least in the lullaby condition. There was one prematurely born 
girl in the data set that matched these criteria. 

The two procedures with interactive live lullaby singing were transcribed 
into conventional music notation. These transcriptions were also peer-re-
viewed by two university teachers in music and composition. In total four 
episodes, two episodes per infant with and without lullaby singing, were 
hand-coded second-by-second. All episodes, including the music notation, 
were analysed with the microanalysis method described in paper II. Two 
prematurely born infants and four episodes may not be representative or 
typical of the larger population in the clinical study, but the hand-coded 
data collection and the microanalysis were fruitful and generated rich data 
on many levels (Table 5), especially relevant for the neonatal music therapy 
field.  
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Table 5. Example of a hand-coded second-by-second microanalysis of the videotape 
of the lullaby intervention with the prematurely born girl in the case study. Each 
video description included different layers over the same timescale, presented in ta-
bles using Excel software as a basic structure.  

There is a long tradition within developmental psychology research to 
analyse video and audio recordings and to use microanalysis to study par-
ent-infant moment-to-moment communication. Microanalysis was an ideal 
method for the case study in uncovering subtle occurrences and changes in 
a) the infant’s intrapersonal responses to the infant-directed singing, the skin

 

puncture and environmental noise, b) interpersonal communication and in-
teractions among the individuals present, c) the live lullaby singing itself and
the verbal communication nearby the infant. These micro processes were
studied with qualitative methods (hand-coded data collection, lullaby tran-
scripts and microanalysis) and quantitative methods (pain assessment,
change in HR, RR, SaO2 and dB). Validity was secured through a thorough
and systematic process, analysing each of the four videos until no new de-
tails was discerned, about 30 times per episode. A validated pain assessment
tool (BIIP) was used in this process. Validity was also secured through peer
reviewing of the lullaby transcripts by comparing the transcripts to the orig-
inal singing on the videos. Two independent researchers and university
teachers in music conducted the reviews, which resulted in some minor
changes. The results were discussed within the theoretical framework of de-
velopmental psychology. The pre-understanding of the author of this doc-
toral thesis is disclosed at the end of Methods.
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Theory building papers  
Paper III and IV are theoretical papers. Paper III is an argumentative re-
search article investigating the pros and cons of inviting parents as pre-
scribed pain management for their infant, determining the validity of the 
hypothesis that biopsychosocial parental infant-directed singing has the po-
tential to alleviate infants’ pain. The theoretical framework for paper III is 
the NADP theory. The theoretical paper III was motivated by the results in 
paper I. Paper I stated that a research area of great future interest is to in-
vestigate how live lullaby singing can be further individualised to empower 
the infant during painful procedures and encourage parents to participate 
more actively in the pain management of their infant. Since the analgesic 
aspects of parental infant-directed singing have not yet been empirically ex-
plored, a theoretical paper would fill some of the knowledge gap and lay a 
foundation for such a study. Paper III synthesises concepts, theories and 
previous interdisciplinary research to map the underlying analgesic aspects 
of the unexplored parental infant-directed singing intervention and to posi-
tion neonatal music therapy and the music therapist within neonatal pain 
management. The published literature was systematically reviewed in the 
databases PsycINFO, CINAHL, PubMed and Google Scholar using the key-
words “parents”, “infant”, “pain management”, “oxytocin”, “biopsycho-
social”, “music therapy”, “infant-directed singing”. A snowballing search 
method was also used for reviewing peer-reviewed literature within the 
scope of the paper. The literature was critically appraised. 

Paper IV has the form of an essay, reflecting upon and discussing the 
efforts and benefits of complying with the principles of family-centred care 
when establishing a Nordic NICU MT approach with parental participa-
tion. The essay also covers a historical review of the development of NICU 
MT and the Nordic cultural adaption process of NICU MT in Sweden and 
Norway. The published literature on family-centred care was systematically 
reviewed in the databases CINAHL, PubMed and Google Scholar using the 
keywords “family-centered care”, “NICU”, “parents” and “history”. A 
snowballing search method was used for reviewing peer-reviewed literature 
in the neonatal music therapy sections of the article. 

The therapist-researcher’s stance 
NICU MT implementation round the world has often been initiated by sin-
gle music therapists attempting to start a new program where the acceptance 
within the medical community is still being generated one NICU at a time 
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(Standley, 2014). Each neonatal music therapist usually has her/his own on-
tological and epistemological foundation informing the clinical practice and 
research. These eclectic and local versions of NICU MT practices are influ-
enced by for example the music therapist’s training background, the 
healthcare setting, the general social security system and the cultural con-
text. Diversity of practice is a strength of the music therapy discipline in that 
the therapist is not restricted to one philosophical orientation but may base 
treatment approaches on the particular needs of the infant and the family 
as well as the demands of the specific work setting (Scovel & Gardstrom, 
2012). Consequently, “References to workplace practices in music therapy 
must be contextualized otherwise they run the risk of producing research 
and techniques that when implemented elsewhere are either ineffective or 
run the risk of causing harm” (Edwards, 2016a, p. 6). So, what is the con-
text of the workplace practice of the writer of this doctoral thesis? 

When I, the music therapist, come to visit an infant who is cared for in 
the Swedish NICU, usually both the mother and the father/partner are pre-
sent. Music therapy is rarely offered without one or both parents partici-
pating. The NICU at the Central Hospital in Karlstad is one of the most 
modern level 2 units in Sweden. As a music therapy clinician, I am trained 
in a psychodynamic music therapy tradition and my clinical work in the 
NICU is humanistic resource-oriented (Rolvsjord, 2016), informed by de-
velopmental psychology, attachment theories, cognitive theory formation 
and the biopsychosocial neuroaffective developmental psychology model 
(Hart, 2008; Hart, 2011). As one of the “grandparents” of RBL, I have 
based the NICU MT practice in Karlstad on this model (Loewy, 2016). In 
my work, I emphasise the voice as the main instrument in the sessions since 
singing is a resource that parents always have available but perhaps not use 
purposely. When appropriate, a nylon string guitar is used as accompani-
ment. The RBL-instruments, gato box and ocean disc, are seldom applied. 
As a music therapist, I am role modelling and mentoring the parents to use 
their own voice with their infant to enhance mutual co-regulation, interac-
tion and attachment and promote salutogenesis. Improvised contingent 
singing (Shoemark, 2011) is used to endorse the social, emotional and neu-
rological development of the hospitalised medically stable infant (Malloch 
et al., 2012). Another important objective is to identify Songs of kin, cul-
turally specific and preferred songs in the families, which often inspire par-
ents to continue 'musicking' with their infant between the music therapy 
sessions as well as at home after discharge. Research shows that infants ex-
hibit greater social engagement in songs that are familiar to them, especially 
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songs learned from their parents (Cirelli, Trehub, & Trainor, 2018). Other 
music therapy techniques used with the families are for example singing as 
entrainment (e.g. Loewy, 2015), lullabies, play songs, musical sedation 
(Loewy, 2009; Loewy 2016), and music psychotherapy for caregiver sup-
port (Loewy, 2015). Receptive music therapy is also offered. Sometimes the 
parents want to rest, sitting skin-to-skin with their infant while I sing lulla-
bies or adapted lullaby versions of parent-preferred songs. The lullaby sing-
ing affords easily repeatable and recognisable affective patterns, to which 
the parent–infant dyad may attune. The songs foster intimacy and affection-
ate touch, relaxing the parents and often inspiring them to hum along, 
which helps to regulate the infant to sleep. These moments create a space 
for the parents to share their thoughts and emotions in a therapeutic dia-
logue. On other occasions, the slightly faster rhythms of the children’s songs 
and nursery rhymes engage both parents and infant in shared social affective 
interactions with mutual positive facial and vocal responses, where eye con-
tact is made and perhaps the infant’s first social smiles will appear. These 
shared present moments (Stern, 2005) offer the family a sense of coherence 
(Hart, 2008), empowerment and togetherness (Shoemark, 2016). In my po-
sition as a Swedish NICU MT clinician and neonatal music therapy re-
searcher, I build on the predecessors’ music therapy work, trying to establish 
a family-centred Nordic approach to NICU MT, which is culturally sensi-
tive to the Nordic public healthcare system and collaborative with the par-
ents and the NICU staff. 
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A synthesis of the main results 
The results are presented separately for paper I and paper II. The results 
from the theoretical papers III and IV are here further developed and syn-
thesised into a theoretical strategy, condensed and presented in a figure. 

The results of the RCT 
The participants in the RCT (paper I) are presented in Table 6. 

Table 6. Characteristics of the included 38 infants. 

 Total  
n (%) Median (Min-Max) Mean (SD) 

Gestational age, weeks+days  34 + 4 (25 + 0, - 42 + 0) 34 + 6 (4 + 3) 
Birth weight, grams  2 460 (736 - 4 245) 2 519 (1 019) 
Post-natal age at first blood 
test, days 

 3 (1 - 100) 13 (24) 

Female gender 15 (40)   
 

All comparisons in the statistical analysis were between groups; live lull-
aby intervention with standard care versus control with standard care only, 
conducted at the 5% significance level. There were an intention-to-treat 
(ITT) population and a per protocol population (PP) in the study. ITT in-
cluded all 38 infants and in the PP 25 infants fulfilled both the lullaby and 
the control test situation. Primary efficacy variable for the study was pain 
measured for the ITT population as well as for the PP population with the 
assessment tool PIPP-R in episode 3, from skin puncture and 30 seconds 
onward (Fig. 1). There was no statistically significant difference in PIPP-R 
score between lullaby intervention and control in either population, thus 
the primary hypothesis could not be supported. The absence of significant 
differences in PIPP-R and BIIP scores indicates an already effective standard 
pain management. The live lullaby singing compared to standard treatment 
did not negatively affect the primary outcome, and the effects must be dis-
cussed from other perspectives, for instance live singing as a means for in-
volving parents promoting attachment formation. Among the secondary ef-
ficacy variables there was a significantly calmer breathing pattern in the 
lullaby intervention versus control in both ITT and PP populations before 
skin-puncture, in the pre-needle stage, p=0.028 for ITT (Fig. 3) and 
p=0.0074 for the PP population (Fig. 4). This is an effect that probably car-
ries clinical significance as an indicator of a relaxation response, thus sug-
gesting that the live lullaby singing lowers stress and contributes to clinical 
stability (paper I). 
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  Figure 3. 

Figure 4.  

Figure 3 and 4. Box-plots showing distribution of respiratory rate (RR) during five 
periods (1-5) in intention-to-treat population (ITT) (Fig. 3), and in per protocol 
population (PP) (Fig. 4). O mean control, + mean lullaby intervention. Puncture 
stage (3) starts at the time of the first puncture. The top of the rectangle shows the 
third quartile (Q3), the horizontal line near the middle shows the median, the bot-
tom shows the first quartile (Q1). The vertical line extending from the top of the 
rectangle shows the maximum value within 1.5 * interquartile range (IQR) and the 
vertical line from the bottom indicates the minimum value within 1.5 * IQR . O and 
+ = scores more than 1.5 times the IQR below Q1 or above Q3. 
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Non-significant trends 
The statistical analysis also revealed some trends, which although not being 
significant, indicate positive effects of the live lullaby singing.  

The mean difference in the duration of the total procedure of the live 
lullaby intervention versus control, from the start of period 1 until the end 
of period 5, is shown in paper I (table 2 and 4 in paper I). In the ITT popu-
lation, the duration of the total procedure was 15.7 (4.1) minutes in the 
lullaby condition and 17.3 (6.5) minutes in the control condition (p=0.46). 
In the PP group, 15.6 (4.2) minutes in the lullaby condition and 17.7 (6.8) 
minutes in the control condition (p=0.13).  

In the ITT population, enough blood was collected during the first skin 
puncture in 73 % of the cases in the lullaby condition, versus in 57 % in 
the control (p=0.18). In the PP population, the corresponding numbers were 
72% versus 52% (p=0.45).  

The duration of all skin punctures per procedure, which means the total 
time for period 3 (Fig. 1), showed non-significant trends in favour of the 
lullaby condition in both the ITT (p=0.58) and PP (p=0.16) populations 
(tables 2 and 4 in paper I).  

The change in mean RR from baseline to the last 60 seconds of the post-
needle stage was in the ITT population 0.833 (11.064) in the lullaby condi-
tion and -1.72 (11.46) in the control condition (p=0.20). In the PP popula-
tion the corresponding numbers were 1.28 (11.42) for the lullaby interven-
tion and -3.04 (11.42) in the control condition (p=0.20). 

The change in mean SaO2 from baseline to last 60 seconds of post-needle 
stage was in the ITT population -0.604 (1.236) in the lullaby condition and 
 -0.005 (2.695) in the control condition (p=0.26). In the PP population the 
corresponding numbers were -0.600 (1.225) in the lullaby intervention and 
0.103 (2.392) in the control condition (p=0.26).  

The change in HR shows on the contrary slightly raised HR levels in the 
lullaby condition compared to the control condition during and after skin 
puncture in both populations. The change in mean HR from baseline to last 
60 seconds of post-needle stage was in the ITT population 2.76 (13.65) in 
the lullaby condition and -0.603 (12.443) in the control condition (p=0.54). 
In the PP population the corresponding numbers were 2.69 (15.43) in the 
lullaby condition and -1.71 (10.47) in the control condition (p=0.23). The 
physiological results by situation are shown in Table 7 for the ITT popula-
tion and in Table 8 for the PP population. 
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Table 7. Summary of secondary efficacy variables by situation in ITT population. 
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Table 8. Summary of secondary efficacy variables by situation in PP population. 
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Results of the microanalysis in the case study 
For the case study (paper II), two infants were chosen from the larger RCT 
study, a premature girl and a premature boy (Table 9). The lullaby perfor-
mance was analysed directly from the videotape and through the music tran-
scriptions. The two infants’ procedures with only standard care were also 
analysed with microanalyses. In the procedures with lullaby singing, 12 dif-
ferent layers were discerned and in the standard care procedures 10 layers, 
for example the infants’ physiological and affective responses emerging be-
fore, during and after the painful procedure (Table 5). 

 

Table 9. Background data of the premature infants in the case study. 

 

Irregular live lullaby performance 
The results of the microanalysis of the lullaby performances disclosed prob-
lems with the intervention fidelity with violations to the singing protocol, 
which affected the infants’ physiological and affective responses. There was 
a surprising irregular pattern in the singing style before, during and after 
the skin puncture. The intervention protocol stated that the lullaby inter-
vention was supposed to start with simple, short, calm, descending “sing-
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song” vocal phrases of reassurance, informed by Shoemark’s contingent 
singing model (Shoemark, 2007), which should be sung until the infant was 
oriented to the therapist and the physiological signs were stable. The tran-
scriptions of the live lullaby singing identified these vocal phrases of reas-
surance shown in the transcription as an improvised irregular introduction 
hummed by the music therapy student before she began singing the repeti-
tive lullaby melody. This intro, which in paper II is called the prelude, 
turned out to be performed in another key than the actual lullaby, that is, 
there was a key change from major to minor key in the start of the infant-
directed singing in both lullaby interventions (Fig. 5 and Fig. 6). 

Figure 5. Improvised irregular introduction hummed for the girl by the music ther-
apy student prior to the repetitive lullaby melody. 

Figure 6. Improvised irregular introduction hummed for the boy by the music ther-
apy student prior to the repetitive lullaby melody. 

The case study showed that the infant-directed interaction with the infants 
before venepuncture bears a resemblance to infant-directed speech. The in-
teraction in the preludes was irregular in rhythm and pitch contour and had 
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a bell-shaped melody contour, similar to the shape, intensity and temporal 
structures in infant-directed speech, which is more engaging than soothing.  

The actual lullaby melody, which the intervention protocol specified to 
be performed in a repetitive regular soothing style, was ornamented with 
extra notes in the melody during the intervention and was also interrupted 
by reassuring infant-directed speech in response to the infants’ reactions 
during venepuncture (Fig. 7 and Fig. 8). Previous research shows that a re-
assuring tone of voice while the infant is stressed or in pain, does not com-
municate a shared affect of the painful experience and subsequently the 
infant becomes more distressed. 

Figure 7. Interruption in the lullaby singing for the girl with reassuring infant-di-
rected speech during skin puncture.  

Figure 8. Interruption in the lullaby singing for the boy with reassuring infant-di-
rected speech during handling and skin puncture.  
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The transcription of the lullaby performances also revealed that the lull-
aby interventions ended with a sort of improvised coda, which was per-
formed in an irregular style of singing (Fig. 9 and Fig. 10). 

Figure 9. Improvised coda in six bars with descending minor thirds and long ex-
tended final notes at the end of the lullaby performance for the girl. 

Figure 10. Improvised coda at the end of the lullaby performance for the boy with 
an improvisational cadence, where the last phrase in the lullaby was repeated three 
times, bar 121–141. The cadence dissolved in a descending perfect fifth and a minor 
sixth, performed with glissandi and finally a descending minor third. 

As shown in the figures, the vocal performance in the lullaby interven-
tions was not predictable and regular all the way through in the temporal, 
shape and intensity structures, as intended. The singing did not start with a 
repetitive and regular lullaby melody but with an irregular prelude that was 
perhaps arousing the infants more than soothing them because of the simi-
larities to the shape, intensity and temporal structures of infant-directed 
speech, which is engaging infants. The prelude for the girl was shorter and 
more repetitive than the prelude for the boy, which might be one answer as 
to why the girl responded with less pronounced behavioural reactions and 
needed less time to self-regulate during her prelude. The boy’s rotating hand 
movements, finger splays and hand covering face responses during his prel-
ude, could be interpreted as signs of an infant trying to self-regulate from 
an over-stimulating interaction with infant-directed speech (Fig. 11). On the 
other hand, if one observes the boy’s smooth hand gestures while listening 
to the prelude, one can almost believe that it is the boy who is directing the 
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singer not vice versa. With his sense of time in movement, his hand gestures 
were synchronised with the impulses in the actions of the singer’s prosody 
in the prelude, and with her alterations of the regularity in the prelude. 
Through amodal perception and auditive mirror neurons, the boy perceived 
common temporal, shape and intensity levels in the prelude performance 
and, across modalities, transferred these into an attuned kinetic hand-dance. 
This response could be interpreted as a matching of the dynamic forms of 
vitality, where the boy is resonating on a neurobiological, intrapsychologi-
cal and interpersonal level with the singer and her expressed affects in the 
vocal performance. The boy’s response is either a result of affect attunement 
or affect contagion. Since anxiety, tension and stress reduce the sophistica-
tion of the mirror neurons, limiting the ability to attune to and express dy-
namic forms of vitality, the boy’s expressions and gestures during the prel-
ude are probably more related to a manifestation of dynamic forms of vi-
tality and affect attunement. It was not the intention or the purpose of the 
lullaby singing to engage the infants in arousing communication before, dur-
ing and after the painful venepuncture. The vocal performance was sup-
posed to be performed in a predictable style of singing to foster safety and 
ensure regular comfort from the start of the live singing intervention, to 
offer the infants a repetitive and soothing melody pattern to which they 
could attune and gradually feel supported by, thus promoting self-regula-
tion in the infants.  
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Figure 11. Parallel presentation of behavioural and physiological responses of the 
boy during the prelude in the lullaby intervention. (Reprinted with permission) 

Infant-directed speech and affect contagion 
Infant-directed speech is more arousal-eliciting than infant-directed singing, 
but both infant-directed singing and infant-directed speech must be prac-
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ticed cautiously within a pain context, so as not to cause adverse and unde-
sirable effects. In the control condition for the girl, infant-directed speech 
also caused problematic responses. There was a situation where the infant 
girl was responding negatively to the discouraging prosody in the nurse’s 
voice as well as to the nurse’s affective expression of no hope, when the 
nurse realised that she had to take a second blood sample from the girl (pa-
per II). The girl showed signs of a 30-second-long freeze response in her face 
and body. The body turned dull and limp, followed by a radical drop in HR 
as well as in RR. Compared to the boy’s hand-dance, this was a more obvi-
ous case of affect contagion; the induction of an affect in one person from 
seeing or hearing someone else’s affect display. In traumatic situations, 
which are perceived as hopeless and fear-provoking, a freeze response might 
automatically get activated, which involves behavioural immobility and 
marked drop in HR and RR. 

Deficiencies with pain assessment 
In the case study (paper II), the infants’ pain expressions were assessed with 
BIIP by the author of this doctoral thesis (Table 10). The highest possible 
score in BIIP is 9, and the scoring range is: 0–2 minimal or no pain, 3–6 
moderate pain and 7–9 significant pain (Holsti & Grunau, 2010). 

Table 10. Pain assessment with Behavioral Indicators of Infant Pain (BIIP) for the 
girl and the boy during venepuncture (from skin puncture and 60 seconds onward) 
in standard care only and in lullaby intervention with standard care. 

 
The problem with assessment of behavioural observations like the BIIP is 

the difficulty in discriminating between stress from causes other than pain, 
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for example environmental noise. The background was noisy in all test sit-
uations in this case study. The microanalysis of the infants’ overall pain 
expression revealed that the BIIP did not capture long time-out periods or 
signs of exhaustion. Lack of visible pain-related responses does not neces-
sarily imply absence of experienced pain. This was the case in the boy’s 
intervention with standard care only, with no parents present, where his 
BIIP score indicated minimal pain. At the same time, the physiological meas-
urements displayed stressed vital signs, as well as behavioural signs of ex-
haustion, with a 2-minute long time-out period at the end of the second 
attempt to sample blood. His physiological variables also indicated stress 
caused by handling during the control situation. A pain-exposed infant in a 
constant hyperactive state becomes exhausted, passive and oversensitive to 
all handling, trying to preserve energy with less crying, weaker grimace and 
limp posturing. These manifestations are unfortunately not included in BIIP 
and are therefore not considered as related to pain.  

Affective support versus over-stimulation 
The case study showed the reciprocity of physiological and behavioural ac-
tivity linked to live infant-directed singing and infant-directed speech be-
fore, during and after painful procedures.  

Despite the irregular singing style, the microanalysis of the overall phys-
iological and behavioural responses, as well as the pain assessment with 
BIIP, showed that live singing appeared to offer a general affective support 
to both infants, with decreased stress before the skin puncture and after, 
facilitating recovery and homeostasis (Fig. 12). The premature girl in the 
case study also seemed to benefit from the live lullaby singing during blood 
sampling. The case study highlighted the importance of preparation. The 
infant’s regulatory style and responses must be observed prior to the painful 
procedure. During venepuncture, the infant’s vital signs and behavioural 
responses must be constantly assessed during live singing in order to refocus 
the affective support within the present moment, to maintain emotional reg-
ulation. Live singing is a communicative reciprocal intervention which is 
also applicable for premature infants during painful procedures, used as a 
means to optimise the homeostatic mechanisms of the infant, provided that 
the vocal performance is repetitive, predictable and unceasing, and not in-
terrupted by infant-directed speech. In order to be audible and soothing, the 
vocal performance should use elongated breathy vowels instead of a closed 
humming and it is vital that the singing is predictable in the temporal, shape 
and intensity structures from the start until the end of the live singing. 
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Figure 12. Physiological responses for (A) the girl during standard care only, (B) the 
girl during lullaby intervention, (C) the boy during standard care only and (D) the 
boy during lullaby intervention. From the top and down on the y-axis: (green) heart 
rate (min−1), (red) saturation (%), (blue) respiration rate (min−1), (purple) blood 
sampling episodes. The duration of the procedures (h: m: s) is shown on the x-axis. 
The procedures with standard care only are longer than the procedures with lullaby 
intervention. In graph A, there are a few measurement errors with a sequence of 
zero values, probably caused by unattached electrodes. (Reprinted with permission) 
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The case study also generated an important overall question for live vocal 
interventions during venepuncture. Is the combination of vocal interaction 
and painful stimuli increasing the risk for over-stimulation during the skin 
puncture and therefore is live lullaby singing more beneficial in the pre- and 
post-needle stages? For the boy in the case study, infant-directed singing 
seemed to be arousing during some parts of the intervention, while the girl 
on the contrary seemed to be helped by the singing during the whole proce-
dure. Gender differences, which have been noted for example in speed of 
response following a heel-lance (Grunau & Craig, 1987), might be one rea-
son for these discrepancies in responses, the girl being neurologically more 
mature and the boy showing shorter time to cry and to display facial action 
following venepuncture. There might be individual differences in the in-
fants’ functional brain connectivity and abilities to regulate. Another an-
swer to this important question might be found in the style of singing, which 
was more regular in the performance for the girl and more irregular and 
arousing for the boy. An additional explanation could be the noise in the 
infants’ soundscape during the two lullaby interventions. A very important 
consideration when using singing in an already busy environment like the 
NICU is to assess the environmental noise. Background noise with loud 
conversations in the background, as well as high-pitched sounds from mon-
itors and phones, was an issue in all situations in the RCT and likewise in 
the case study, which could certainly have influenced the effect of the affec-
tive support. Non-pharmacological comfort and coping strategies like live 
lullaby singing applied in painful and stressful conditions, while other dis-
tracting events are occurring in the environment, become less effective. It 
was obvious in the microanalysis that background noise stressed both in-
fants and that noise in the NICU should be eliminated. In what phase the 
live lullaby singing is more beneficial during a blood sampling procedure is 
probably of less importance if a parent would sing the lullaby with an at-
tuned soothing and loving prosody, preferable having the infant in their 
arms with skin-to-skin contact, close to the heart.  

Live parental infant-directed singing 
In paper III and IV, the parent as prescribed pain management for the pain 
exposed infant is discussed from the perspective of a biopsychosocial neu-
roaffective developmental psychology approach and within a family-centred 
care context. The results in paper III and IV are in this thesis condensed into 
a plan of action; a strategy for the family-centred neonatal music therapy 
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approach in the Nordic NICUs. This strategy incorporates the multidimen-
sional theories and models (previously mentioned in this thesis in Pain the-
ories and models informing neonatal music therapy), which recognise the 
complex interplay between the physiological, psychological and sociocul-
tural mechanisms that form the pain experience. The Nordic biopsychoso-
cial family-centred neonatal music therapy pain management strategy (the 
Nordic NICU MT pain management strategy for short), proposed in this 
thesis, particularly elaborates on the Integrative Model of Procedural Music 
Therapy (Loewy, 2019) and the Working model of music therapy as proce-
dural support by Ghetti (2012). “Good models should represent current sci-
entific knowledge in the field and generate new ideas that can be subjected 
to empirical validation” (Pillai Riddell et al., 2013, p. 85). The Nordic 
NICU MT pain management strategy is an approach that embodies the cut-
ting-edge research in the neonatal pain field including neonatal music ther-
apy, affording prerequisites to further develop family-centred NICU MT to 
also include parent-driven pain management that may subsequently be sub-
jected to empirical validation. Below, the strategy is clarified step-by-step.  

The Nordic NICU MT pain management strategy 
A venepuncture procedure consists of three stages, the procedural prepara-
tion phase, the skin-breaking blood-sampling procedure followed by a re-
covery phase. During the first weeks of life, the hospitalised infant under-
goes repeated invasive procedures. Therefore, a referral to music therapy as 
early as possible in the family’s NICU care process is desirable. From a mu-
sic therapeutic point of view, preparing the parents to use their voices during 
a painful procedure starts already in the first music therapy session in the 
pre-procedure phase (Fig. 13). In the Nordic NICU MT pain management 
strategy, the music therapist uses music therapy methods and techniques to 
gradually prepare the parents and the infant for a painful procedure, en-
hancing self-efficacy and coping. Knowledge translation and psychoeduca-
tion is a vital part of the Nordic NICU MT pain management strategy, since 
education is considered an efficacious component of pain treatment (Zer-
nikow et al., 2017). The role of the music therapist in family-centred neo-
natal pain management is as guide, role model and facilitator for the par-
ents, coaching the parents to identify emotionally important songs or lulla-
bies that are easy and comfortable to sing in conjunction with painful pro-
cedures (paper III & IV). Together with the parents, the music therapist also 
assesses the intra- and interpersonal factors that are influencing the dyad’s 
pain experience and pain expressions in order to acknowledge these factors 
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and process them together with the parents. Influencing factors are a) indi-
vidual factors (both in the infant and the parent) such as age, sex, develop-
ment, temperament, affective state, prior pain experiences and possible ex-
periences of separation, b) social factors such as environment, type of pro-
cedure, culture, pain beliefs, musical preferences and c) ethnic and psycho-
biological factors such as nociceptor density, endogenous opioids, stress and 
pain sensitivity (c.f. Social communication model of pain, Craig, 2015, and 
DIAPR-R model, Bucsea & Pillai Riddell, 2019).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13. In the music therapy sessions before the procedure (in the Pre-procedure 
phase), the music therapist prepares the parents to use their voices during a painful 
procedure and assesses the intra- and interpersonal factors that are influencing the 
dyad’s pain experience and pain expressions. 

When the painful procedure is about to take place, the parents already know 
how to use infant-directed lullaby singing to regulate themselves and the 
infant during the preparation phase (Fig. 14). As previously mentioned, the 
core principle in procedural comfort care is for the infant and parent to be 
well regulated before the painful procedure begins (c.f. Procedural comfort 
care, Leroy et al., 2016). To become an emotionally available, stable and 
loving parent who is capable of noticing the infant’s signals and able to 
share and regulate the infant’s states during blood sampling, the parent 
needs time to prepare and become well-informed about non-pharmacologic 
methods. Parental infant-directed singing is a parent-driven non-pharmaco-
logical intervention that matches the prerequisites of the age-appropriate 
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pre-procedural comfort care. The live parental infant-directed singing is 
non-verbal, multisensory, multimodal and affective, tailored to the individ-
ual infant’s affect state and includes the parent in the infant’s pain manage-
ment (c.f. Bucsea & Pillai Riddell, 2019). During the procedural prepara-
tion phase, the parent should use the singing to match the level of the in-
fant’s affective intensity, gaining an emotional connection, before the parent 
gradually modifies and fine-tunes the singing to regulate the infant. The age-
appropriate pre-procedural preparation is crucial for mitigating pain. In the 
Nordic approach of NICU MT (paper IV), the parents are present and avail-
able for their infant round the clock. The music therapist is not. Venepunc-
tures are performed day and night and it is not feasible to expect a music 
therapist to be stand-by and present for all painful procedures for all the 
families admitted to the NICU. In the Nordic approach of NICU MT (paper 
IV), the parents are the most important pain alleviating mediators, not the 
music therapist. Though, the music therapist is very important as a consult-
ant, educator and therapist.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14. Since each painful situation is unique the procedural preparation needs 
to be individually tailored to the infant and parent. Live parental infant-directed 
singing is an intervention that aims for the infant and parent to be well regulated 
before the painful procedure is performed. The parent is emotionally available and 
stable, loving and caring, and capable of attuning and being responsive to the in-
fant’s signals in order to help the infant reach homeostasis and a state of regulation 
before the painful procedure. 
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During the painful procedure (Fig. 15), the procedural support in the 
Nordic NICU MT pain management strategy consists of multisensory and 
multimodal biopsychosocial parent-driven interactions with live parental 
infant-directed lullaby singing in combination with standard care such as 
skin-to-skin contact, breastfeeding and sweet solutions.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 15. The blood-sampling phase of the Nordic NICU MT pain management 
strategy. The treatment lens functions as a biopsychosocial filter of the infant’s and 
the parent’s experiences of the procedure. (Modified from Ghetti, 2012). 

The concept of the treatment lens appears in the working model of music 
therapy as procedural support (Ghetti, 2012). The concept, which accord-
ing to Ghetti (2012) focuses on the role of the music therapist, music and 
client, is adapted to instead encompass the biopsychosocial factors arising 
from parental lullaby singing (Fig. 16). These multisensory and multimodal 
biopsychosocial factors serve as a treatment lens that filters the infant’s and 
the parent’s experiences of the procedure. Coping strategies or a sense of 
control may reduce the negative experience of stress and pain (paper III). 
During the painful procedure the emotionally available, stable and well-in-
formed parent uses her/his dynamic forms of vitality to perceive the infant’s 
pain experience and to vocally and bodily adjust the biopsychosocial re-
sponse and regulation, i.e. the biopsychosocial filter in the treatment lens, 
in the moment to positively alter infant’s outcomes. 
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Figure 16. Biopsychosocial factors arising from parental lullaby singing. A close up 
of the biopsychosocial filter in the treatment lens in the Nordic NICU MT pain 
management strategy during the procedure phase. An adaptation of Ghetti, 2012. 

The parent continuously assesses the infant’s affective state (Fig. 17), us-
ing dynamic forms of vitality to show the infant that she/he understands 
and shares what the infant is experiencing in the moment. The concept of 
reflexivity as a process in ongoing assessment (Ghetti, 2012) is herein 
adapted to reflect how the parent (instead of the music therapist) alters and 
adjusts her/his biopsychosocial intervention over time in reaction to the in-
fant’s responses and changing needs. The constant assessment may deter-
mine for example what type of vocal adjustments are needed in the lullaby 
singing. The parent’s reflexive assessment and filtering process may modu-
late and modify the infant’s and parent’s perceptions of the painful proce-
dure in an ongoing infant-parent regulatory feedback loop (c.f. Bucsea & 
Pillai Riddell, 2019). It may maintain homeostasis and alleviate pain 
through release of endogenous pain-alleviating hormones and opioids in the 
dyad, decreasing stress and promoting attachment formation. The parent 
constantly refocuses the biopsychosocial intervention lens to positively in-
fluence outcomes (c.f. Ghetti, 2012). 
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Figure 17. The blood-sampling phase of the Nordic NICU MT pain management 
strategy. In an ongoing assessment the parent alters and adjusts her/his biopsycho-
logical intervention in a reflexive process over time in reaction to the infant’s re-
sponses and changing needs to positively influence outcomes. (Modified from 
Ghetti, 2012). 

During the recovery phase (Fig. 18), the live parental infant-directed sing-
ing may function as a real-time emotion regulator for the infant as well as 
for the parent, increasing self-regulation and stabilising affect. The parent 
uses the infant-directed singing to entrain to the infant’s affective state and 
gradually modify and fine-tune the style of singing to match, share and mod-
ulate the painful experience’s intense dynamic forms of vitality (c.f. Loewy, 
2019). Instinctively, parents might want to calm a distressed infant without 
first matching the infant’s distress, indirectly leaving the infant to calm 
down on her/his own. If the parent first shares the infant’s dynamic forms 
of vitality by entraining to the infant’s rhythm, before trying to calm the 
infant, the infant will feel supported by the parent in a shared attuned down-
regulating process.  
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Figure 18. The recovery phase of the Nordic NICU MT pain management strategy. 
During the recovery phase, the parent uses the infant-directed singing to entrain to 
the infant’s affective state and gradually modify and fine-tune the style of singing to 
match, share and modulate the painful experience’s intense dynamic forms of vitality 
in a shared attuned downregulating process. 

This Nordic family-centred parent-driven non-pharmacological biopsy-
chosocial NICU MT pain management strategy covers the whole process; 
the pre-procedural music therapy treatments, the procedural preparation 
phase, the blood-sampling phase and recovery phase. The live parental in-
fant-directed lullaby singing may offer the parent–infant dyad experiences 
of pleasure, happiness, love and joy instead of pain, worry and fear. Shared 
pleasure has the capacity to dissolve a negative painful affective spiral (pa-
per III). In family-centred pain management, the music therapist is a facili-
tator and an educator, collaborating with the parents to empower them to 
communicate with their infant in an infant-directed mode. The music ther-
apist can provide emotional verbal and non-verbal support for the whole 
family, the parents together with the hospitalised infant and possible sib-
lings during the pre-procedural music therapy sessions. Live parental infant-
directed singing also provides the parents with a pain management tool they 
can use at home after discharge. The theoretical biopsychosocial rationales 
give opportunities for live parental infant-directed singing and neonatal mu-
sic therapy to be included in the gold standard for non-pharmacological 
neonatal pain management (paper III). 
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Discussion  

Methodological considerations and limitations 
The following paragraphs in this chapter will not just discuss the chosen 
methods and the limitations of these choices, but they also include an ex-
planatory methodological background of the considerations and decisions 
concerning the design and methods used in this doctoral thesis. 

The RCT design 
The very first study protocol in Spring 2012 was called “The efficacy of 
non-pharmacological parental infant-directed singing and multimodal stim-
ulation in management of procedural pain in preterm neonates”. The initial 
suggestion in the research team was to randomise infants between the age 
of ≥ 34 GA to < 37 GA and their parents into an intervention group, with 
parental infant-directed singing in combination with multimodal stimula-
tion treatment (Whipple. 2000) and compare with a control group. This 
soon changed to a crossover design where the infants served as their own 
control. Recruiting infants to a separate control group would have been too 
time consuming. The parents in the intervention group were originally sup-
posed to be trained in how to use their voice in combination with the mul-
timodal stimulation before, during and after a venepuncture. A separate 
training/information session was planned for the participating nurses. The 
blood sampling was supposed to be performed while the infant was resting 
in the arms of the parent. A mixed methods study design was discussed 
where the physiological and behavioural measurements were combined 
with a qualitative semi-structured interview study with the participating 
parents.  

However, to train that many parents in infant-directed singing and mul-
timodal stimulation was unfortunately not feasible within the time frame 
we had. Instead, a music therapy student in training to become a profes-
sional music therapist sang to all infants, and the intervention with multi-
modal stimulation treatment was dismissed. The two research nurses who 
were supposed to perform all venepunctures left for other assignments and 
consequently different specialist nurses and midwives performed the vene-
punctures with some differences among the nurses concerning blood-sam-
pling preparation routines. During the initial phase of data collection, we 
became aware of the limitations of the inclusion criterion for GA and ap-
plied for a supplement approval by the Regional Ethical Review Board to 
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include all infants cared for in the NICU, both preterm and term born in-
fants, ≥ 32 GA. 

A dilemma for the study was the lack of sufficient previous research to 
inform the design of the music therapy intervention concerning time frames 
and power calculations. The sample size for the RCT was motivated by pre-
vious exploratory pain studies with neonates using recorded music. Sample 
sizes in these studies have been small, ranging from 13 up to 35 participants, 
yet demonstrating significant modulations of both behavioural and physio-
logical pain responses (Table 2). A major question in the beginning of the 
study was how many minutes the lullaby singing should continue before the 
skin puncture was initiated. There were also questions about how long the 
baseline was supposed to be and the silent period in the end of each proce-
dure (Figure 1). At that time, in the year of 2012, there were to our 
knowledge no other pain studies that had studied the effectiveness of live 
infant-directed singing before, during and after the skin puncture on infants’ 
pain expression. The available music medicine studies all used recorded mu-
sic interventions. We hypothesised that non-pharmacological interventions, 
like the live singing, needed some time to have an impact on the infant’s 
state before the blood sampling was introduced. Half through the study, a 
book chapter by Axelin, Eriksson & Gradin, (2013) was somewhat rein-
forcing this reasoning; “it takes between one and two minutes for the infant 
to adapt to and relax after a new sensory stimulus” (Axelin et al., 2013, p. 
117). We decided to start the lullaby singing 2 minutes and 30 seconds be-
fore the painful procedure so that the infant would adapt and relax to the 
singing. For the same reason, the time for the baseline and the silent period 
at the end of the intervention was set to two minutes each (Figure 1). Criti-
cally ill infants are vulnerable, and the time frame was also carefully set so 
as not to risk exhaustion of the infants. At the time of writing, the dosage 
and timing of live singing as well as recorded music stimulation are still not 
clearly defined and established. In recent published research, various dos-
ages are described (Table 2). It varies from for example 5 minutes or 10 
minutes before the blood sampling, continuing during the skin puncture un-
til 5, 10 or 20 minutes after the skin puncture and some music medicine 
studies decided not to play the recorded music during the painful procedure, 
but only after, to support recovery (Table 2).  

The NICU context where the RCT-study was conducted also influenced 
the design of the study and there were some conflicts between research de-
sign and clinical practice. The NICU in Stockholm had a NIDCAP care pro-
file where standard care was blood sampling through venepuncture, not 
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heel-lance. Venepuncture is considered less painful for the infant than heel-
lance (Shah & Ohlsson, 2011), but on the other hand, venepuncture can be 
a difficult and somewhat complicated and drawn-out procedure, searching 
for these small and fragile veins in which to put the needle. Some blood-
sampling procedures in the RCT were more complicated and lengthier than 
others, since the nurse had up to three attempts per procedure to achieve 
the required amount of blood (Figure 1). After three attempts, the policy in 
the NICU was to change nurse or if possible, postpone the procedure if the 
infant needed rest. The skin punctures were performed in the infant’s crib 
or on the examination table, not in the arms of a parent, so we had to adapt 
to that routine in the design. Standard pain care comprised facilitated tuck-
ing by an assistant nurse or a parent and oral glucose two minutes before 
the venepuncture as well as on demand during the venepuncture. The infant 
was given the opportunity to suck on a pacifier or on a parent’s or a nurse’s 
finger. Before the blood sampling the infant was supposed to be newly fed.  

During the planning of the RCT, as an inexperienced researcher, I was 
not fully aware of how standard pain care would influence the measure-
ments of the effectiveness of the live lullaby intervention. The absence of 
significant results in PIPP-R and BIIP scores indicates an already effective 
standard pain management. The infants were in minimal or no pain in the 
control condition as well as in the lullaby intervention with mean pain 
scores less than 6 in both conditions measured with PIPP-R (paper I). The 
majority (70 %) of the neonatal clinical pain trials round the world that 
study interventions to reduce pain, include a no treatment or placebo con-
trol group in their studies, which means these studies purposely expose in-
fants to unnecessary harm to get a positive trial with a large effect (Camp-
bell-Yeo, 2016). In our RCT, we took all the necessary precautions to en-
sure the ethical conduct of neonatal pain trials by providing standard pain 
management for all involved infants. In this real-world research, we also 
had to ethically accept that not all infants underwent two routine blood-
sampling procedures, which affected the balance in the crossover design. 
We did of course not impose an extra skin puncture on the infants just to 
get a full data set.  

Although the parents were always invited to attend the venepuncture pro-
cedures, a limitation in the design was that they were instructed not to sing, 
hum or talk to their infant, which some parents felt to be a restraint. An-
other dilemma was the policy in the NICU to cover the infant’s eyes during 
blood-sampling procedures, since the bright light might arouse the infant. 
The pain assessment was done from video recordings of the infants’ face 



92 
 

ALEXANDRA ULLSTEN  Family-centred music therapy during painful procedures 
 

and hands. To cover half of the face would be detrimental for the core of 
the study. The assistant nurse or the parent was consequently instructed to 
shadow the infant’s eyes from the light with their hands like a cap so the 
video could still record the facial expressions. Some nurses felt very uncom-
fortable about this adjustment. 

Another limitation in the study design was for example the handling be-
fore blood sampling. The handling of the infant before the skin puncture, 
with divergent routines across the nurses, could also cause much distress 
influencing the pain experience, but it was not possible to account for in 
any assessment tool. The individual differences among the infants in the 
study were many and mixing results from both premature and term born 
infants was problematic. The sample size was too small to form subgroups 
in the statistical analysis. The background noise in the NICU was surpris-
ingly high, which could have influenced the effectiveness of the lullaby sing-
ing. A further problem was that the project had almost no funding and 
could not continue until the study was fully powered.  

The live lullaby intervention 
At the time of the planning of the RCT, there were no previous studies eval-
uating live music therapy in conjunction with painful procedures in a neo-
natal context and there was therefore no music therapy research to inform 
the design of the live music therapy intervention. The music therapy tradi-
tion in Scandinavian practice involves techniques of active and improvised 
music-making. In combination with the family-centred care perspective in 
Swedish NICUs, it was obvious that the music therapy intervention should 
be live. Live singing can be responsive to the infant in pain since live singing 
can be used to entrain to the infant’s state and induce calm, thus assisting 
the infant to self-regulate. Live singing is flexible in the moment and multi-
sensory, which recorded music is not. A useful source in deciding the music 
therapy content of the study was previous NICU MT research with infants 
in a non-painful situation that showed how live music therapy influences 
infant behaviour. Hearing is closely linked to the arousal systems (Shoe-
mark, 2007), and in the clinical study we hypothesised that in a painful 
situation the music therapy intervention should be designed to diminish 
stress, stimulation and arousal while maximising calm, trust, stability and 
the infant’s self-organising capacities, in order to alleviate the infant’s pain. 
There could be an advantage as well as a problem with choosing one singer 
for all infants; the female student in training to become a professional music 
therapist. This was an attempt to standardise the interventions complying 
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with medical standards for appropriate research design. On the other hand, 
we might have increased the risk of a “music therapist effect”, as described 
in Kain et al. (2004).  

The pain assessment 
A limitation with the pain assessments in the study was that either the BIIP 
nor the PIPP-R discriminate between pain stress and stress from causes other 
than pain, for example environmental noise. The loud background noise 
might have added extra stress to the painful situation. Another limitation 
with the assessment tools was that they did not capture the infants’ signs of 
exhaustion during and after skin puncture. Pain consists of more dimensions 
than just pain intensity. Absence of expressions in the infants’ state, face or 
hands during time-out periods did not generate any scores and were there-
fore not measurable items in the scales. On the other hand, in the PIPP-R 
there are additional pain score points if a prematurely born infant is in quiet 
sleep, since prematurity and quiet sleep dampen pain response (Johnston et 
al., 2008). Using weightings to adjust for varying gestational ages and 
sleep/wake states may hide important information with regard to arousal in 
these infants (Holsti & Grunau, 2007). This may decrease any differences 
between conditions if lullaby singing puts infants into a quiet state/sleep (c.f. 
Johnston et al., 2008). The issue of when to take baseline measures for the 
PIPP-R when the intervention begins many minutes before the venepuncture 
procedure also needs addressing. According to the PIPP-R guidelines, base-
line measures of state, heart rate and oxygen saturation levels are recorded 
just prior to the venepuncture. In studies such as this when the intervention 
starts prior to when the baseline measures would normally be recorded, the 
values of state, heart rate and oxygen saturation levels are not at baseline 
levels, because the lullaby singing has a modifying effect on each of these 
parameters. Future research with lullaby singing should take the baseline 
measures into consideration. 

In measuring and capturing biopsychosocial phenomena like pain and 
the influence of lullaby singing on infants’ pain experiences, BIIP and PIPP-
R are relatively blunt and reductionistic tools. Pain intensity is obviously 
only one dimension of the pain experience (Andersen, 2018). Researchers 
and clinicians use a structured pain measurement scale to quantify the in-
fants’ biobehavioural pain responses to obtain a numerical pain score for 
statistical analysis or for effective treatment of pain. To self-report pain is 
standard in healthcare today. However, non-verbal individuals, for example 
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infants, cannot self-report their pain and they are in the hands of an ob-
server who interprets and assesses if and how much pain the infant expresses 
(Andersen, 2018). There is always a risk for both under- and overestimation 
of the non-verbal infant’s pain, even though a scale is used (Andersen, Lan-
gius-Eklöf, Nakstad, Bernklev & Jylli, 2017). A crucial factor in pain as-
sessment is that the chosen pain scale is valid. Validity, reliability and re-
sponsiveness are important measurement properties. If a pain scale has in-
adequate measurement properties, it might not measure pain magnitude ad-
equately or identify changes in pain intensity (Andersen, 2018). The validity 
of a scale must be tested in repeated studies with different approaches, 
which is time consuming and expensive. Therefore, many published scales 
today have limited validity testing, and the pain assessment field has been 
more focused on developing new scales than on validating the existing scales 
(Andersen, 2018; Eriksson & Campbell-Yeo, 2019). A systematic review of 
reviews (Andersen et al, 2017), showed that there are today at least 65 pain 
scales for assessing pain in infants and children and the systematic review 
showed that there is little consensus on which of the published scales to 
recommend. The systematic review also found that the methodological 
quality was low in the studies that had evaluated the various pain scales and 
the included reviews of the various pain scales were flawed with high risk 
of bias. In sum, the recommended pain scales that are used in clinical prac-
tice and in research have low evidence value and should be interpreted with 
caution (Andersen et al., 2017). 

In medical and nursing research, pain scales are considered to be a quan-
titative measurement of infants’ pain expressions, but one has to remember 
that the numerical pain score rests heavily on qualitative and subjective in-
terpretation of the infant’s behaviour. The assessed pain score is then fol-
lowed by a new qualitative interpretation when the score is evaluated as 
minimal/no pain, moderate pain or significant pain as in the BIIP scale 
(Holsti & Grunau, 2007). The result of the pain assessment is also depend-
ent on who is assessing the pain and their previous training. The pain score 
may also vary depending on which variables of pain expressions are selected 
and included in the specific pain scale. There is a risk that the scales simplify 
the pain experience too much. Perhaps the best way for the future is to take 
a step back and reflect on how infants’ pain could be evaluated in a more 
consistent and comprehensive way, where the pain scales are one parameter 
of many in the assessment of pain, with a more individualised approach that 
also include the parents’ perspective and assessment (Randi Dovland An-
dersen, personal communication, 11 March 2019). 
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Inaudible parents in neonatal pain research 
The quintessence of this doctoral thesis is articulated straightforward in the 
following quote:  

Often, all that a child needs to get through a pain experience is to have someone 
nearby who understands and will share that experience (Muller, 1997, p. 80). 

The infant has an innate need for her or his parents, a physiological, psy-
chological and social need to be close to the parent and share the painful 
experience, and receive love and support from the parent before, during and 
after a painful procedure. The goals of pain management in infants are to 
minimise the pain experience along with other factors that can contribute 
to pain and stress (such as noise, handling and parental separation) and 
maximise the infant’s coping capacities to recover from the painful experi-
ence (Walter-Nicolet, Calvel, Gazzo, Poisbeau & Kuhn, 2017). There is a 
consensus that non-pharmacological strategies should be the first choice in 
procedural pain management (Swedish Medical Products Agency, 2014). 
These strategies reduce pain by for example blocking nociceptive transmis-
sion or by activating descending inhibitory pathways, which are supposed 
to be functioning at term birth.  

Neonatal pain research has studied a range of non-pharmacological pain 
alleviating strategies and has so far found that a combination of parent-
driven interventions has the best effect on pain expression, especially com-
binations of multimodal and multisensory strategies such as SSC, KMC plus 
breastfeeding (Leite et al., 2015). These results fully harmonise with the fact 
that infants are multisensory, biopsychosocial beings with an innate ability 
for amodal perception (Stern, 2010). The researchers in the study by Leite 
et al., (2015) discuss what aspects are in fact involved in pain relief when 
combined with SSC and breastfeeding: 

The analgesic mechanisms of maternal skin-to-skin contact are not known 
with certainty. This nonpharmacological measure brings together various 
stimuli such as the smell, voice, warmth, skin texture, sound of the heartbeat, 
movement of the chest during maternal breathing, restraint and prone posi-
tioning (Leite et al., 2015, p. 6).   

The aspects that the authors in the study by Leite et al. (2015) mention 
engages all senses at the same time in the dyad, and the mother’s multisen-
sory and multimodal voice is of course included in the list. Daniel Stern and 
his colleagues in developmental psychology research studied naturalistic 
mother-infant moment-to-moment communication, using microanalysis to 



96 
 

ALEXANDRA ULLSTEN  Family-centred music therapy during painful procedures 
 

discern for example the dyad’s coordinated vocal turn taking. They recog-
nised that multimodal actions, including music-like vocalisations, were 
overall present in a healthy naturalistic regulatory parent-infant interaction 
(Beebe, 2014). Nevertheless, in pain studies that are investigating non-phar-
macological approaches, the involved parents are surprisingly quiet. Sup-
posedly, these reciprocal multimodal music-like vocalisations must also be 
present in painful procedural situations, if the parents are permitted to par-
ticipate. In the study by Leite et al., (2015), the researchers sensibly state: 
“Another aspect that deserves to be better evaluated in future studies is the 
maternal behavior during breastfeeding and maternal skin-to-skin contact, 
as these strategies enable the active participation of mothers and may mod-
ify the response of newborns to the painful event” (p. 7).  

The efficacy of multimodal, soothing vocalisation behaviour has been es-
tablished in the study by Jahromi et al. (2004). The study was a naturalistic 
observation of mother-infant mutual regulatory interactions and the specific 
soothing behaviours used by the mothers, as well as the effectiveness with 
which these maternal behaviours relieved infant distress during immunisa-
tion. At 2 and 6 months, holding/rocking and vocalising combined were 
significantly related to reductions in infant crying at all levels of distress, 
even when the infant was highly distressed (Jahromi et al., 2004). Vocalisa-
tions in this study involved any vocalisations the mother made directed at 
the child, including talking, singing, “shushing,” and unrecognisable vocal 
sounds. The combination of holding/rocking and vocalising behaviours 
were found to be among those most frequently used by mothers at both 2 
and 6 months, implying that mothers are aware of the efficacy of these be-
haviours and consequently use them more frequently. Holding/rocking and 
vocalising behaviours were only effective if they occurred together (Jahromi 
et al., 2004). The second most effective behaviours, the feeding/pacifying 
behaviours when the mother gave the infant a bottle or pacifier or began 
breastfeeding, was found most effective when the infant was either at a low 
or moderate level of crying (Jahromi et al., 2004).  

These results lend support to later research results regarding the efficacy 
of SSC, KMC, breastfeeding and also the pharmacological agent sweet so-
lutions. Combined parental soothing behaviours that provide rhythmic 
(holding/rocking/vocalising) or orogustatory/orotactile (feeding/pacifying) 
stimulation that keep the mother/parent close are more effective in a painful 
context than those that take the mother away from addressing the pain, 
such as distracting behaviours, which require the mother/parent to focus 
their attention on something other than the infant. The study by Jahromi et 
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al. (2004) suggests that varying levels of infant distress may warrant differ-
ent types of parental regulatory behaviours and that parents change their 
use of behaviours to reflect infants’ developmental maturation.  

The results of the study (Jahromi et al., 2004) also clearly show that dis-
traction interventions are ineffective strategies at all levels of distress at both 
2 and 6 months, and that distraction behaviours are significantly less likely 
to reduce crying since distraction behaviours do not address the primary 
concern of the infant (Jahromi et al., 2004). Early maternal soothing behav-
iours also predict later infant distress (Jahromi & Stifter, 2007). Efficient 
and sensitive parent-driven pain management early on in infancy in terms 
of affection, touching, and vocalising have both immediate and long-term 
effects on infants’ self-regulation (Jahromi & Stifter, 2007; Atkinson, Gen-
nis, Racine & Pillai Riddell, 2015; Filippa et al., 2019a).  

The study by Jahromi et al. (2004) is, to my knowledge, the only natu-
ralistic music medicine study so far that has observed the efficacy of the 
parents’ singing behaviours in conjunction to painful procedures, though 
during an outpatient routine immunisation visit. It is worth mentioning that 
when neonatal pain researchers study parent-driven pain-alleviating inter-
ventions they do not generally report, and perhaps do not even register or 
measure, the dyadic music-like vocalisations occurring in the interventions, 
not even as “confounding factors”. Verbal communication is certainly eas-
ier to detect and assess than interactive subtle vocalisations in the dyad, 
which requires microanalytic work. Perhaps the researchers in pain studies 
even prevent parents from using their full range of multimodal and multi-
sensory communicative comfort strategies, including their voices, in order 
to distinguish certain single effects?  

The most significant, most multimodal and multisensory aspect of the 
dyadic relationship is the mother’s, and later on, the fathers voices (Filippa 
et al., 2019a). The first voice the foetus hears and ascribes significance to is 
the mother’s voice and the music of her prosody (Moon, 2017). The 
mother’s behaviour, the way she moves and acts, i.e. her dynamic forms of 
vitality, also become familiar to the foetus and is reflected in the mother’s 
voice. The musical qualities of the mother’s voice are salient in the perinatal 
experience of speech, enculturation and attachment. The mother’s voice is 
a multisensory and multimodal event both prenatally and after birth. The 
mother’s voice is accompanied by motion conjoint with sound intensity and 
rhythm, as well as motions in the mother’s diaphragm and through her ges-
tures. After birth the infant perceives the motion in the mother’s and father’s 
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facial expressions, eye contact, body movements, affectionate touch and 
timing (Moon, 2017).  

For decades, research has shown that infants, already at birth and per-
haps even earlier, are sophisticated musical communicators. Considering 
this, it is bewildering that hardly any research so far has investigated the 
impact of and the adjuvant role of the multimodal and multisensory paren-
tal voice on infants’ pain expressions. Not even the RCT in this thesis man-
aged to investigate the live parental infant-directed singing on infants’ pain 
responses. The RCT in this thesis studied the additional effect of live lullaby 
singing performed by a female stranger. Her voice and style of singing was 
probably not multimodally, multisensory or affectionately significant 
enough for the infants to alleviate their behavioural pain responses during 
venepuncture. As previously mentioned, a limitation of this study was the 
study design, where the parents were confined to use their voices in connec-
tion to the venepuncture in favour of a stranger’s voice.  

However, the results from the live lullaby RCT did not indicate that live 
singing was harmful. On the contrary, the power of a repetitive lullaby is 
still something to consider in painful situations in future research. Live pa-
rental infant-directed singing may augment the parent’s focus on the infant 
in the moment, enhancing the parent’s emotional availability and respon-
siveness in the painful context and decrease stress, which have been con-
firmed in previous research in non-painful contexts (Loewy et al., 2013; 
Fancourt & Perkins, 2018). From research, we know that parents who are 
more emotional available use less verbal reassurance behaviours (Atkinson 
et al., 2015). The risks with using reassuring infant-directed speech during 
painful procedures have previously been investigated (McMurtry, Cham-
bers, McGrath & Asp, 2010), and have also been confirmed in this thesis. 
Verbal reassurance during painful procedures is known to increase the in-
fant’s pain stress, while infant-directed singing decreases infant stress 
(Bieleninik, Ghetti & Gold, 2016).   

One of the objectives for this doctoral thesis was to theoretically investi-
gate and present rationales for including vocalisation, or more specifically, 
infant-directed live singing performed by a parent among multimodal par-
ent-driven pain alleviating interventions before, during and after painful 
procedures. Parental live singing is a highly unexplored biopsychosocial, 
multimodal and multisensory contributor especially in combination with 
SSC, KMC, breastfeeding and sucrose. One reason for the effectiveness of 
parent-driven pain management is something as fundamental as love, a par-
ent’s love and empathy (Anand & Hall, 2008). Parental presence enables a 
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range of comforting parental interventions such as skin-to-skin contact, 
breastfeeding, rocking and soothing vocalisations, all of these are expres-
sions of a parent’s love for the infant (Anand & Hall, 2008). The attach-
ment theory (Bowlby, 1988) is essentially about love, parents’ love for their 
infant expressed within a multimodal and multisensory modality, which 
cannot be replaced by random persons in the environment, for example a 
music therapist. Singing with your infant might be a highly common activity 
among parents, but it is certainly not in the hospital context, and parents 
need instructions and support to implement this simple yet potent strategy 
(Shoemark & Dearn, 2008). The loss of “normal” parenthood in a hospital 
may result in the loss of opportunity for valuable contingent interaction, 
which is the basis of attachment (Shoemark & Dearn, 2008). NICU MT is 
a triadic relationship with the parent/s and the infant, in which they together 
share an expanded competence. The music therapist may serve as a source 
of respite or direct support for the parents (Shoemark & Dearn, 2008). 
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Conclusions 
This doctoral thesis has generated conclusions within macro (paper I), mi-
cro (paper II), biopsychosocial and relational (paper III), organisational and 
societal (paper IV) dimensions within the framework of Neuroaffective De-
velopmental Psychology Theory. 

The first research question addressed in paper I was: What effect does 
live lullaby singing have on behavioural and physiological pain responses 
during venepuncture in preterm and term neonates? There was no statisti-
cally significant difference in PIPP-R score between lullaby intervention and 
control in either ITT or PP population, thus the primary hypothesis could 
not be supported. The live lullaby singing compared to standard treatment 
did not negatively affect the primary outcome, and the effects must be dis-
cussed from other perspectives. There was a significantly calmer breathing 
pattern in the lullaby intervention versus control in both ITT and PP popu-
lations in the pre-needle stage, suggesting that live lullaby singing lowers 
stress and contributes to clinical stability.  

The second research question addressed in paper II was: How does live 
lullaby singing for preterm infants influence their physiological and behav-
ioural responses before, during and after venepuncture compared to stand-
ard care? The microanalysis disclosed that live infant-directed lullaby sing-
ing is a communicative reciprocal intervention, which also applies to prem-
ature infants during painful procedures. Lullaby singing is a communicative 
interaction tool suitable as a means to optimise the homeostatic mechanisms 
of the premature infant. Live singing affords the infants a soothing melody 
pattern to which they can attune and gradually feel supported by, provided 
that the vocal performance is repetitive and predictable in the temporal, 
shape and intensity structure, continuous from the start until the end of the 
procedure and not interrupted by infant-directed speech. The infant must 
be constantly observed during singing in order to refocus the affective sup-
port within the present moment, to maintain emotion regulation.  

Research question three, covering aims three and four, is addressed in 
papers III and IV as well as in the chapter A synthesis of the main results. 
The third research question was: What are the respective roles of music 
therapy, the music therapist and the parents in family-centred non-pharma-
cological neonatal pain management? Coaching parents to better meet their 
infant’s attachment needs during a painful procedure may lead to more ef-
ficacious interventions. The biopsychosocial rationales for including the 
parents’ live singing in neonatal pain management are demonstrated in the 
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literature. The biopsychosocial parental infant-directed singing is presuma-
bly an applicable parent-driven non-pharmacological intervention, which 
promotes pain relief and attachment formation during painful procedures. 
The music therapist, specialised in neonatal music therapy methods, is an 
important role model, coach and educator in family-centred neonatal care. 
The music therapist can support the parents to be sensitive, responsive, emo-
tionally available, stable and well-informed in using attuned live infant-di-
rected lullaby singing in combination with other parent-driven interventions 
in connection with painful procedures. The strategy proposed in this doc-
toral thesis, the Nordic NICU MT pain management strategy (Fig. 18), elu-
cidates how and why it is vital and relevant to include parents’ live singing 
as well as the music therapy expertise in a gold standard, in order to advance 
the interventions in non-pharmacological parent-driven neonatal pain man-
agement and contribute to the overall health outcomes of hospitalised in-
fants and their parents. Cultural sensitivity and cultural context are of cru-
cial importance for knowledge translation and implementation work when 
establishing and building neonatal music therapy services. The family-cen-
tred care approach in the Nordic NICUs, combined with the progressive 
family politics in the Nordic countries with generous parental leave schemes 
and gender equality in childcare, afford advantageous prerequisites to fur-
ther develop NICU MT into a family-integrated approach also in neonatal 
pain management.  

Dynamic forms of vitality as the principal link  
The overarching aim of this doctoral thesis is to evaluate live lullaby singing 
as an adjuvant to the control of infant pain. To evaluate this objective, the 
theoretical framework NADP and the concept of dynamic forms of vitality 
(Stern, 2010) have been operational. 

Pain is a biopsychosocial experience. Parental infant-directed singing is a 
biopsychosocial interactive intervention. The reciprocal interactions be-
tween the attachment system and the caregiving system are found to be bi-
opsychosocial and proto-musical (Volgsten, 2019). The common denomi-
nator in this complex mix of physiological, psychological and social pro-
cesses, the link between a) the dyad’s biopsychosocial pain experiences, b) 
the biopsychosocial parental infant-directed singing and c) the biopsycho-
social attachment/caregiving systems, is the concept of affect or more spe-
cifically, the dynamic forms of vitality.  
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Dynamic forms of vitality may elucidate how and why live parental in-
fant-directed singing in combination with other non-pharmacological par-
ent-driven strategies facilitates pain alleviation (Fig. 19). When an infant is 
in pain, dynamic forms of vitality related to pain are aroused in the infant 
influencing mirror neurons in the parent to fire in the same pattern. The 
dynamic forms of vitality, which are aroused in the parent, give the parent 
a virtual experience of the infant’s pain experience.  

Through affect attunement using multimodal and multisensory proto-
musical elements, the parent matches the infant’s dynamic forms of vitality, 
showing the infant that she/he understands the infant’s affects and shares 
the experience with the infant, sending a message to the infant that she/he 
is not alone in this situation.  

Simply sharing vitality affects might not be enough for mitigating the 
painful experience. The parent needs a down-regulating, real-time arousal 
regulator for the infant to attune to. Live parental infant-directed singing 
provides a continuum in the regulation of the infant’s arousal systems. The 
music therapist plays an important role coaching the parents to identify 
emotionally important songs or lullabies that are comfortable to sing in 
conjunction with painful procedures. 

The proto-musical elements used in infant-directed singing are intensity, 
contour, shape, tempo, rhythm, dynamic, the same elements as the pain ex-
periences comprise and the same type of elements of which dynamic forms 
of vitality consist. Since the live parental singing process is reflexive, the 
mental state of the responsive and stable parent is communicated to the 
infant through proto-musical elements, and the infant thus takes part in the 
parent’s state and arousal levels and is helped to self-regulate back to ho-
meostasis. In live parental infant-directed singing, both the infant and the 
parent become active agents in pain management and can modify their own 
affective state. 

When a parent sings, the music moves the infant in a multimodal and 
multisensory manner via the parent’s expressions of dynamic forms of vi-
tality. In this reflexive process, contingent upon the infant’s dynamic forms 
of vitality-response, the emotionally available and stable parent uses the re-
petitive lullaby singing to constantly alter the timing, intensity and shape of 
the singing and her/his other actions to regulate, comfort and soothe the 
infant before, during and after a painful procedure. 

When the parent interplays with both her/his own and the infant’s dy-
namic forms of vitality through live singing, the parent is resonating on the 
neurobiological, intrapsychological and interpersonal level to alleviate the 
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infant’s pain experience. Love and joy are important elements to provide a 
secure, safe and shared affective base. Shared positive dynamic forms of vi-
tality enhance the release of endogenous pain-alleviating hormones and opi-
oids in both infants and parents, which promotes pain relief and attachment 
formation. 

 
 
 

 

 

 

                                                                                                                                                                                                                                                                                 

                                                                                                                                                                                                                  

 

Figure 19. When the infant and the parent experience a painful procedure, dynamic 
forms of vitality related to pain are aroused in the dyad. Dynamic forms of pain 
affects are interwoven on physiological, psychological and social levels in the dyad. 
Biopsychosocial interventions, including parental lullaby singing, love, joy and com-
fort as well as reciprocal attachment interactions, gradually match, share, modify, 
and modulate the intense dynamic forms of vitality of the painful experience. The 
principal link between a) the dyad’s biopsychosocial pain experiences, b) the biopsy-
chosocial parental infant-directed singing and c) the biopsychosocial attach-
ment/caregiving systems, is the concept of dynamic forms of vitality. Family-centred 
multimodal standard pain management, such as SSC, KMC, breastfeeding and sucrose, 
is the scaffolding condition for the parental infant-directed singing intervention.  
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Further perspectives 
During the past 30 years, music therapy research has built evidence-based 
knowledge and practice in the neonatal context. However, research about 
music therapy as pain management for infants and their parents is a new 
research field that needs to be explored further. Neonatal music therapy is 
a salutogenic, resource-oriented and cost-effective approach, which involves 
parents in caregiving activities, including pain relief, and goes very well with 
the family-centred care philosophy. NICU MT could play an important role 
in family-centred preventive perinatal medicine and deserves to be consid-
ered and researched.  

One important question that is raised in this doctoral thesis is who should 
deliver the lullaby singing intervention during painful procedures. Is it allied 
healthcare professionals with recorded music? The music therapist with live 
lullaby singing? Or the parents, singing live in combination with other par-
ent-driven non-pharmacological strategies? Another consideration is when 
and where in the pain management process the music therapy service would 
be most wisely and successfully administered. Providing emotional support 
to the parents is today a recognised challenge for the NICU staff and the 
least developed aspect of FCC globally (Raiskila et al., 2016). Based on ex-
isting evidence, new guidelines (Davidson et al., 2017) have identified best 
practices for family-centred care in the NICU and have for example recom-
mended that family support and education programs should be included as 
part of clinical care. These programs have demonstrated beneficial effects 
in reducing anxiety, depression and stress and improved parental confidence 
and competence in the caregiving role, as well as improved parental psycho-
logical health during and after the NICU stay. By improving the parents’ 
knowledge and involvement, the infants’ pain management is also im-
proved, and parental counselling is one of the most important factors in this 
improvement. It is not just the infants’ pain management that needs to be 
individually tailored and adjusted in the moment. The instructions and 
training in parent-driven non-pharmacological strategies also need to be in-
dividually tailored and adjusted to the parents’ diverse individual needs. The 
music therapist, specialised in neonatal music therapy methods, can partner 
up with staff and parents in addressing these specific care needs. She or he 
can mentor parents in a non-confrontational manner to use non-pharmaco-
logical combinations in connection to painful procedures. The supportive 
and coaching functions could be most relevant for the music therapist to 
pursue and to research, preferably in participatory collaboration with the 
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parents. An important future research study would be to frame the results 
of this thesis into a strengths-based psychoeducation service for parents, 
building on for example Helen Shoemark’s program Time Together (Shoe-
mark, 2017), but for painful contexts, and to investigate the usefulness of 
the proposed Nordic NICU MT pain management strategy. 

Parents need to and want to participate actively in their infant’s pain 
management. In future research, parents coached by a music therapist in 
advance can use their infant-directed singing to prepare the infant before 
the skin puncture, aiming for the infant and the parent to reach homeostasis 
and become well-regulated prior to the painful procedure. During the pro-
cedure, the infant and parent could share the painful experience while the 
parent comforts the infant through attuned moment-to-moment responsive 
lullaby singing, and after the skin puncture, parental infant-directed singing 
offers a means for the dyad to recover in an attuned, soothing down-regu-
lating process, where the parent leads the infant into a new but safer affec-
tive state. 

Being one of a handful of NICU MT music therapists in the Nordic coun-
tries, pioneering NICU MT research and practice in Sweden, I do not have 
the luxury of being too much of a professional protectionist. However, it is 
not merely pragmatic causes which lead me to suggest the Nordic NICU 
MT pain management strategy with parental infant-directed singing, but the 
infant’s and the parents’ needs. Searching for what is best for the patient 
and the family in a painful situation is what really unites all professions in 
the interdisciplinary research field of family-centred infant pain manage-
ment. A current trend in music therapy in general, as well as in interdisci-
plinary neonatal pain management research, is user involvement (for exam-
ple participatory action research). To perform research together with the 
parents is a democratic power sharing process, in line with the music ther-
apeutic ideas and the FCC philosophy, which could also be the link to nar-
rowing the 17-year research to practice gap (Morris, Wooding & Grant, 
2011), like a reversed translation. 

To sing is to communicate and singing belongs to all. A parent’s singing 
is love embodied in sound. This doctoral thesis will hopefully contribute to 
the important interdisciplinary endeavour worldwide of involving and inte-
grating parents in neonatal pain management, because “if a community val-
ues its children, it must cherish their parents” (Bowlby, 1951, p. 84). 
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Epilogue and acknowledgements 
Baby V is 10 years old today and he goes to a special needs school assisted 
by his personal assistant. Together with the school, I recently initiated a 
music therapy group for pupils with intellectual disabilities, including V. I 
meet V and the other children, together with their personal assistants, every 
second week at their school, singing and musicking together for develop-
mental purposes. After so many years, it is fascinating to resume the music 
therapy contact with V. Since V is blind, his hearing is his strongest but also 
most sensitive sense. His love for music is unquestionable and he is very 
expressive through sounds and in musical interplay. Musicking with V is 
like playing on him as an instrument; he entrains with dynamic shifts in the 
interplay and follows intuitively the temporal, shape and intensity contour 
in the musical communication. Just like when he was an infant, V still gets 
easily overwhelmed and overstimulated by his environment. The musical 
interplay with V in the music therapy group at his school must therefore be 
carefully fine-tuned to his individual needs, as well as taking the other chil-
dren’s needs into consideration, which is a balancing act many times. How-
ever, if or when the musical communication becomes too intense, a repeti-
tive and soothing lullaby will always rapidly regulate V and the other group 
members into a calmer state. The principles in this doctoral thesis are now 
in the process to be implemented in the NICU context within the health care 
in Region Värmland as well as in a wider community context. Thank you, 
baby V, and all my other patients and families for the inspiration to pursue 
this research project and for all the learning experiences you have offered 
me during these years! 

Pursuing a PhD is a lifestyle. For me personally, these years as a PhD 
student could be compared to a roller coaster ride with ups and downs, a 7 
year-long emotional, nerve-racking but highly enriching and insightful jour-
ney involving a lot of people to whom I owe sincere appreciation.  

This project started with the support and funding from the Centre for 
Clinical Research at Region Värmland, Karlstad, Sweden and with the kind 
support from my superiors at the unit for Rehabilitation Specialist Care, 
Eva Möllberg, Maria Andersson, Maria Hågelid and Åsa Hedeberg. Thank 
you for your consistent positive feedback, financial support and patience! 
My sincere thanks also go to the librarians at the Central Hospital library 
who have been a tremendous resource and help in searching and finding 
articles. This project has also been financially supported by Queen Silvia’s 
Jubilee Fund, Sweden, Linde Healthcare and Svensk Barnsmärtförening, 
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Sweden, Karin and Erik Gerdéns Foundation, Sweden, Berit and Carl-Johan 
Wettergrens Foundation, Sweden, Olu Birgit Jeppsons foundation for music 
therapy, Sweden. 

The leadership and the staff at the Karlstad NICU, Central Hospital, has 
played an essential role in pursuing my PhD and in the pioneering imple-
mentation work of neonatal music therapy in Sweden. Thank you K-G 
Ellström, Anita Berggren, Jessica Axelsson, Elisabeth Myrén and Ann Bredberg 
Johansson for welcoming me onboard and for your ongoing interest in de-
veloping music therapy on the neonatal ward! 

Dr. Joanne Loewy at the Louis Armstrong Center for Music and Medi-
cine at Beth Israel Hospital in New York and the Thanks to Scandinavia 
Fund, USA have supported me and my project with important scientific and 
clinical input. I feel grateful to have learned from one of the best music 
therapists and researchers in the NICU MT field. A likewise sincere thanks 
to Dr. Claire Ghetti at the Grieg Academy Music Therapy Research Centre, 
Norway, for her valuable and wise input as half time opponent and sup-
portive feedback along the way. 

Dr. Eva Georgii-Hemming at the Department of Musicology at Örebro 
University took me under her wings, showing faith in me and helped my 
project flourish like never before! Forever grateful, Eva! I have benefitted 
greatly from high-quality education with knowledgeable and enthusiastic 
professors and lecturers at the department. A special thanks to researchers 
and fellow PhD students in Örebro and elsewhere; Rebecca Dobre Bill-
ström, Susanna Leijonhufvud, Jonas Ålander, Samuel Lindlöf, Lena Uggla 
and many more, for knowledge-sharing and lively discussions during semi-
nars. And a very special appreciation to my friend and PhD-colleague Chris-
tina Larsson, who helped me finding my way to Örebro University and who 
proofread my transcriptions of the lullaby performance for paper II and 
opened my eyes for important results in the music. I am also very thankful 
to Dr. Philip Miller, at Ingesund School of Music, Karlstad University for 
his second review of the transcriptions of the lullaby performance. It was 
really lots of fun to write paper IV and a book chapter in collaboration with 
my dear and enjoyable NICU MT colleagues in Norway, Tora Söderström 
Gaden and Julie Mangersnes!  

There would be no research without the brave parents and their infants 
as well as the helpful clinicians and staff in the NICU at Danderyd-Karolinska 
University Hospital in Stockholm, who have participated and made this pro-
ject possible. I greatly appreciate the support when I started this journey in 
2012 to 2014 from Dr. Per-Henrik Holgersson with colleagues at the Royal 
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College of Music in Stockholm and their contribution to the application of 
the ethical approval for the Regional Ethical Review Board together with 
the collaborators at the Karolinska Institute, who also taught me the im-
portance of ethics in scientific research. 

A big thank you to all my kind friends in Stockholm who lent me a spare 
bed to sleep short hours during tough days and nights of data collection at 
Danderyd NICU, and a sincere thanks to Bengt and Karin Eklöf for your 
prompt technical help, which also included a warm breakfast, when the 
camera suddenly broke down two hours before the next blood-sampling 
procedure!   

I owe many special appreciations to Nina and Mattias Pérez and their 
late daughter Larissa. These super talented folk musicians helped me realise 
my idea to engage parents in singing to their infant by recording a sing-
along record. Thank you for instantly believing in my project! Larissa 
taught me the subtle emotional art of infant-directed communication. La-
rissa, du fattas oss!  

In 2014, I was invited to join the Nordic research network PEARL, Pain 
in early life, which was initiated at Örebro University by my eminent, warm-
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Sammanfattning (Summary in Swedish)
Vaggsång vaggar både barn och föräldrar till ro. Genom alla tider och i alla 
kulturer, har en vaggande repetitiv rytm och ett mjukt nynnande använts 
för att lugna och söva späda barn. Förälderns röst har hög igenkännings- 
och trygghetsfaktor för ett barn. Spädbarnsriktad vaggsång är ett medel för 
föräldrar att kommunicera med sitt spädbarn på affektnivå. I famnen, hud 
mot hud, blir sången en multimodal, multisensorisk och kanske också en 
smärtlindrande upplevelse för spädbarnet. 

Musikterapeutisk forskning om för tidigt födda och sjuka fullgångna 
spädbarn, har bedrivits internationellt under nära 30 år, företrädesvis i 
USA, Tyskland och Australien. Det område som är minst utforskat inom 
neonatal musikterapiforskning är musikterapins möjligheter att erbjuda de 
sjuka nyfödda smärtlindring vid smärtsamma procedurer som exempelvis 
blodprov. I Sverige har tidigare ingen forskning bedrivits inom neonatal mu-
sikterapi. Avhandlingsprojektet, som stöttats av Region Värmland, Örebro 
universitet, Kungl. Musikhögskolan, Karolinska Institutet och Karolinska Uni-
versitetssjukhuset, är därmed det första i sitt slag nationellt och internationellt. 

Denna sammanläggningsavhandling består av fyra artiklar. Den första 
studien är en randomiserad klinisk studie som undersökt den smärtlind-
rande effekten av vaggsång som framförs live före, under och efter en rutin-
blodprovtagning på för tidigt födda och fullgångna spädbarn som vårdas 
på en nyföddhetsavdelning. Vaggsången framfördes av en student under ut-
bildning till musikterapeut. Samtliga spädbarn erhöll gängse smärtlindring. 
Resultaten av den statistiska analysen av spädbarnens fysiologiska och be-
teendemässiga smärtuttryck visade statistiskt signifikant lugnare andnings-
mönster med vaggsång före stick och en trend till färre stick och kortare 
provtagning med vaggsång än utan. Analysen visade ingen statistisk signifi-
kant effekt av vaggsången på spädbarnens smärtuttryck men inte heller att 
det var skadligt eller stressande med vaggsång under provtagning.  

Från den randomiserade kontrollerade studien valdes två prematurt 
födda spädbarn ut, en flicka och en pojke, till en fallstudie (artikel två). 
Sammanlagt fyra provtagningar med och utan vaggsångsintervention ana-
lyserades; två per spädbarn. Provtagningarna, som videofilmats, handkoda-
des och analyserades på sekundnivå med mikroanalys. Spädbarnens beteen-
den, fysiologiska reaktioner och smärtuttryck före, under och efter blodpro-
ven samt omgivningsfaktorer analyserades i detalj. Vaggsången som fram-
fördes live i interaktion med de för tidigt födda spädbarnen, transkriberades 
till notskrift och analyserades med mikroanalys. Mikroanalysen visade att 
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interventionerna med vaggsång var hälften så långa i tid och i provtagning-
arna med vaggsång krävdes endast ett blodprov mot två i kontrollprovtag-
ningen. Flickan verkade hjälpt av sången för att reglera sitt beteende och sin 
fysiologi före, under och efter blodprovet. Pojken var hjälpt av sången före 
och efter blodprovet men under sticket syntes ingen effekt på hans smärtut-
tryck. Fallstudien visade att om vaggsången framförs på ett repetitivt och 
förutsägbart sätt samt individanpassas i nuet, blir sången ett stöd för det för 
tidigt födda spädbarnet före, under och efter en smärtsam provtagning.  

Att som förälder sjunga med sitt barn brukar ingå i den spirande föräldra-
barn relationen. Men i intensivvårdsavdelningens stressade miljö, där de 
sjuka spädbarnen måste genomgå upprepade smärtsamma undersökningar 
under sin vårdtid, avstannar ofta det hälsofrämjande sångsamspelet. Den 
tredje studien är en teoretisk sammanställning och diskussion av interdisci-
plinär forskning som visar på den smärtlindrande potentialen i föräldrarnas 
sångröster. Det teoretiska perspektivet som ramar in studie tre och avhand-
lingen likaså, är ett perspektiv som integrerar utvecklingspsykologi och neu-
rovetenskap och där arv och miljö samverkar som en odelbar helhet. Enligt 
den neuroaffektiva utvecklingspsykologin, som utvecklats av psykologen 
Susan Hart, är spädbarn från födseln predisponerade att knyta an till och 
samspela med sina föräldrar. Barn har en medfödd social förmåga och bio-
logiska förutsättningar att uppfatta omgivningens intentioner och dela 
andra människors affekter.  

Ett centralt begrepp i avhandlingen är vitalitetsaffekter eller ”dynamic 
forms of vitality”, utvecklat av utvecklingspsykologen Daniel Stern. Vitali-
tetsaffekter och intoning av dessa affekter, är människans allra första kom-
munikationsmedel. Föräldern och spädbarnet samspelar i ömsesidiga affek-
tiva och multisensoriska dialoger som utgörs av proto-musikaliska paramet-
rar, ett slags växelsång med variationer i rytm, tempo, intensitet, skepnad 
och timing. I det ömsesidiga proto-musikaliska samspelet tonar föräldern in 
spädbarnets vitalitetsaffekter och vice versa. Dyaden upplever och delar 
därmed implicit varandras intentioner och upplevelser genom att uppfyllas 
av den andra partens vitalitetsaffekter. Spädbarnsriktat tal och spädbarns-
riktad sång är saturerat av vitalitetsaffekter och är en form av icke-verbal 
kommunikation som förmedlas biopsykosocialt och som därmed blir me-
ningsfull för spädbarn. Interaktionen kännetecknas av ”kommunikativ mu-
sikalitet”, som hjälper barnet till affektiv och fysiologisk självreglering sam-
tidigt som hjärnans sociala och kognitiva förmågor utvecklas. 
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Smärta framkallar vitalitetsaffekter som varierar i rytm, tempo, intensi-
tet, dynamik, skepnad och kontur från individ till individ och därmed for-
mar en individuell smärtupplevelse. Spädbarnets vitalitetsaffekter ”smittar” 
föräldern. Varje gång ett spädbarn genomgår en smärtsam provtagning 
upplever även föräldern smärta. En förälder som är stabil, lugn, receptiv 
och tillgänglig använder multisensoriska och multimodala uttryck, bland 
annat sin sångröst, för att tona in och dela spädbarnets vitalitetsaffekter av 
smärta utan att själv överväldigas av dem. Förälderns vitalitetsaffekter av 
trygghet, kärlek och delad upplevelse hjälper barnet att omforma och re-
glera de intensiva vitalitetsaffekterna i den smärtsamma upplevelsen och 
därmed dämpas smärtan. Den repetitiva vaggsången blir ett redskap för den 
emotionellt tillgängliga föräldern att smärtlindra spädbarnet genom biopsy-
kosocial intoning och regleringen av spädbarnets vitalitetsaffekter av 
smärta. Detta minskar smärtstressen i dyaden och kan bidra till frisättning 
av de kroppsegna smärtlindrande hormonerna hos både barnet och föräldern.  

Utifrån resultaten i de tre tidigare nämnda delstudierna har en strategi 
utformats. I artikel fyra samt i avhandlingskappan utvecklas och förklaras 
strategin, som har sin bas i den familjecentrerade omvårdnadsfilosofin. En-
ligt strategin sker regleringen av spädbarnets vitalitetsaffekter före, under 
och efter ett blodprov, mest optimalt genom spädbarnsriktad vaggsång, som 
framförs av föräldern i kombination med andra multimodala och multisen-
soriska icke-farmakologiska interventioner som exempelvis amning och 
hud-mot-hud. Musikterapeutens roll i denna biopsykosociala smärtlind-
rande strategi är att på förhand inspirera, utbilda och vägleda föräldrarna i 
processen att vilja och kunna delta aktivt som smärtlindrare för sitt späd-
barn. En ökad förmåga hos föräldrarna att läsa av och reglera sitt spädbarns 
affekter kan komma till stånd genom exempelvis musikterapeutisk behand-
ling. Slutsatsen är: ingen effekt utan reglerad affekt!  

 
 
 

  



ALEXANDRA ULLSTEN   Family-centred music therapy during painful procedures   
 

113 
  

 

References 
Ainsworth, M. S. (1979). Infant–mother attachment. American Psycholo-

gist, 34(10), 932. 

Als, H., Lawhon, G., Duffy, F.H., McAnulty, G.B., Gibes-Grossman, R. & 
Blickman, J.G. (1994). Individualized developmental care for the very 
low birthweight infant: Medical and neurofunctional effects. Journal of 
the American Medical Association, 272, 853-858. 

American Academy of Pediatrics (2016). Prevention and management of 
procedural pain in the neonate: An update. Pediatrics, 137(2), 
Doi.org/10.1542/peds.2015–4271 

American Music Therapy Association (2019). Retrieved February 22, 
2019, from https://www.musictherapy.org/about/quotes/ 

Amir, D. (1993). Research in music therapy: Quantitative or qualitative? 
Nordisk Tidsskrift for Musikkterapi, 2(2), 3-10. 

Ammaniti, M., & Ferrari, P. (2013). Vitality affects in Daniel Stern’s 
thinking: A psychological and neurobiological perspective. Infant Men-
tal health journal, 34(5), 367–375. 

Anand, K. J. S., & Aynsley-Green, A. (1985). Metabolic and endocrine ef-
fects of surgical ligation of patent ductus arteriosus in the human pre-
term neonate: Are there implications for further improvement of post-
operative outcome. Modern Problems in Paediatrics, 23, 143-57.  

Anand, K.J.S. & Hickey, P.R. (1987). Pain and its effects in the human ne-
onate and fetus. The New England Journal of Medicine, 317(21): 
1321-1329. 

Anand, K. J. S., & Hall, R. W. (2006). Pharmacological therapy for anal-
gesia and sedation in the newborn. Archives of Disease in Childhood-
Fetal and Neonatal Edition, 91(6), F448-F453. 

Anand, K. J. S., & Hall, R. W. (2008). Love, pain, and intensive care. Pe-
diatrics, 121(4), 825-827. 

Anand, K. J. S., Stevens, B. J., & McGrath, P. J. (2007). Pain in neonates 
and infants. Toronto: Elsevier. 

Andersen, R.D., Langius-Eklöf, A., Nakstad, B., Bernklev, T., & Jylli, L. 
(2017). The measurement properties of pediatric observational pain 



114 
 

ALEXANDRA ULLSTEN  Family-centred music therapy during painful procedures 
 

scales: A systematic review of reviews. International journal of nursing 
studies, 73, 93-101. 

Andersen, R.D. (2018). Do you see my pain? Aspects of pain assessment 
in hospitalized preverbal children. (Doctoral dissertation). Stockholm: 
Karolinska Institutet. 

Atkinson, N. H., Gennis, H., Racine, N. M., & Pillai Riddell, R. (2015). 
Caregiver emotional availability, caregiver soothing behaviors, and in-
fant pain during immunization. Journal of pediatric psychology, 
40(10), 1105-1114. 

Austin, D. (2011).  Foreword. In F. Baker & S. Uhlig (Eds.) Voicework in 
music therapy: Research and practice (pp. 13-17). London: Jessica 
Kingsley Publishers. 

Axelin, A., Lehtonen, L., Pelander, T., & Salanterä, S. (2010). Mothers' 
different styles of involvement in preterm infant pain care. Journal of 
Obstetric, Gynecologic & Neonatal Nursing, 39(4), 415-424. 

Axelin, A., Eriksson, M., & Gradin, M. (2013). Smärta [Pain]. In K. Jack-
son & H. Wigert (Eds.), Familjecentrerad neonatalvård (pp. 111–119). 
Lund: Studentlitteratur. 

Axelin, A., Anderzén-Carlsson, A., Eriksson, M., Pölkki, T., Korhonen, 
A., & Franck, L. S. (2015). Neonatal intensive care nurses’ perceptions 
of parental participation in infant pain management: A comparative fo-
cus group study. The Journal of Perinatal & Neonatal Nursing, 29(4), 
363–374. 

Azarmnejad, E., Sarhangi, F., Javadi, M., & Rejeh, N. (2015). The effect 
of mother’s voice on arterial blood sampling induced pain in neonates 
hospitalized in neonate intensive care unit. Global Journal of Health 
Science, 7(6), 198. 

Beebe, B. (2014). My journey in infant research and psychoanalysis: Mi-
croanalysis, a social microscope. Psychoanalytic Psychology, 31(1), 4–
25. doi:10.1037/a0035575 

Beebe, B., Sorter, D., Rustin, J., & Knoblauch, S. (2003). A comparison of 
Meltzoff, Trevarthen, and Stern. Psychoanalytic dialogues, 13(6), 777-
804. 

Beer, L. E., & Lee, K. V. (2017). Music therapy and procedural support: 
Opportunities for practice. Music and Medicine, 9(4), 262-268. 



ALEXANDRA ULLSTEN   Family-centred music therapy during painful procedures   
 

115 
  

Bergomi, P., Chieppi, M., Maini, A., Mugnos, T., Spotti, D., Tzialla, C. & 
Scudeller, L. (2014). Nonpharmacological Techniques to Reduce Pain 
in Preterm Infants Who Receive Heel-Lance Procedure: A Randomized 
Controlled Trial. Research and Theory for Nursing Practice.;28(4), 
335-348. 

Bieleninik, Ł., Ghetti, C., & Gold, C. (2016). Music therapy for preterm 
infants and their parents: A meta-analysis. Pediatrics, 138(3), 
e20160971. 

Bo, L. K., & Callaghan, P. (2000). Soothing pain-elicited distress in Chi-
nese neonates. Pediatrics, 105(4), e49–e49. 
doi:10.1542/peds.105.4.e49 

Bowlby, J. (1951). Maternal care and mental health. World Health Or-
ganization Monograph (Serial No. 2). Geneva: World Health Organi-
zation. 

Bowlby, J. (1988). A secure base. Clinical Applications of Attachment 
Theory. New York: Routledge. 

Bradt, J. (2013). Pain management with children. In J. Bradt (Ed.) Guide-
lines for music therapy practice in pediatric care (pp. 15-65). Gilsum: 
Barcelona Publishers. 

Bradt, J., Burns, D. S., & Creswell, J. W. (2013). Mixed methods research 
in music therapy research. Journal of music therapy, 50(2), 123-148. 

Bradt, J., Potvin, N., Kesslick, A., Shim, M., Radl, D., Schriver, E., 
Gracely, E.J. & Komarnicky-Kocher, L. T. (2015). The impact of mu-
sic therapy versus music medicine on psychological outcomes and pain 
in cancer patients: a mixed methods study. Supportive Care in Cancer, 
23(5), 1261-1271. 

Brummelte, S. (2017). Introduction: Early adversity and brain develop-
ment. Neuroscience, 342, 1. 

Bruscia, K. E. (1998). Defining music therapy. Gilsum: Barcelona Publish-
ers. 

Bucsea, O. & Riddell, R. P. (2019). Non-Pharmacological Pain Manage-
ment in the Neonatal Intensive Care Unit: Managing neonatal pain 
without drugs. Seminars in Fetal and Neonatal Medicine. 
https://doi.org/10.1016/j.siny.2019.05.009. 



116 
 

ALEXANDRA ULLSTEN  Family-centred music therapy during painful procedures 
 

Burns, K., Cunningham, N., White-Traut, R., Silvestri, J., & Nelson, M. 
N. (1994). Infant stimulation: Modification of an intervention based 
on physiologic and behavioral cues. Journal of Obstetric, Gynecologic, 
& Neonatal Nursing, 23(7), 581-589. 

Butt, M. L., & Kisilevsky, B. S. (2000). Music modulates behaviour of 
premature infants following heel lance. The Canadian Journal of Nurs-
ing Research= Revue canadienne de recherche en sciences infirmières, 
31(4), 17–39. 

Caine, J. (1991). The effects of music on the selected stress behaviors, 
weight, caloric and formula intake, and length of hospital stay of prem-
ature and low birth weight neonates in a newborn intensive care unit. 
Journal of Music Therapy, 28(4), 180-192. 

Campbell-Yeo, M. (2016). ‘First, do no harm’–the use of analgesia or pla-
cebo as control for babies in painful clinical trials. Acta Paediatrica, 
105(2), 119-120. 

Campbell-Yeo, M., Fernandes, A., & Johnston, C. (2011). Procedural 
Pain Management for Neonates Using Nonpharmacological Strategies: 
Part 2 Mother-Driven Interventions. Advances in Neonatal Care, 
11(5), 312-318. 

Canadian Paediatric Society (2014). Reduce the Pain of Vaccination in Ba-
bies. Retrieved February 22, 2019, from http://www.caringfork-
ids.cps.ca/uploads/handout_images/3p_babiesto1yr_e.pdf 

Carbajal, R., Lenclen, R., Jugie, M., Paupe, A., Barton, B. A., & Anand, 
K. J. (2005). Morphine does not provide adequate analgesia for acute 
procedural pain among preterm neonates. Pediatrics, 115(6), 1494-
1500. 

Carbajal, R., Eriksson, M., Courtois, E., Boyle, E., Avila-Alvarez, A., An-
dersen, R. D., . . . Papadouri, T. (2015). Sedation and analgesia prac-
tices in neonatal intensive care units (EUROPAIN): Results from a pro-
spective cohort study. The Lancet Respiratory Medicine, 3(10), 796–
812. 

Cardoso, M.V., Farias, L.M. , de Melo, G.M. (2014). Music and 25% glu-
cose pain relief for the premature infant: a randomized clinical trial. 
Rev Lat Am. 22(5), 810-818. 



ALEXANDRA ULLSTEN   Family-centred music therapy during painful procedures   
 

117 
  

Carrillo, M., Han, Y., Migliorati, F., Liu, M., Gazzola, V., & Keysers, C. 
(2019). Emotional mirror neurons in the rat’s anterior cingulate cortex. 
Current Biology, 29(8), 1301-1312. 

Chirico, G., Cabano, R., Villa, G., Bigogno, A., Ardesi, M., & Dioni, E. 
(2017). Randomised study showed that recorded maternal voices re-
duced pain in preterm infants undergoing heel lance procedures in a ne-
onatal intensive care unit. Acta Paediatrica, 106(10), 1564-1568.  

Chou, L. L., Wang, R. H., Chen, S. J., & Pai, L. (2003). Effects of music 
therapy on oxygen saturation in premature infants receiving endotra-
cheal suctioning. Journal of Nursing Research, 11(3), 209-216. 
doi:10.1097/01.JNR.0000347637.02971.ec 

Cirelli, L. K., Jurewicz, Z. B., & Trehub, S. E. (2019). Effects of maternal 
singing style on mother–infant arousal and behavior. Journal of cogni-
tive neuroscience, 1-8. 

Cirelli, L. K., Trehub, S. E., & Trainor, L. J. (2018). Rhythm and melody 
as social signals for infants. Annals of the New York Academy of Sci-
ences, 1423(1), 66-72. 

Cirulli, F., Berry, A., Bonsignore, L. T., Capone, F., D’Andrea, I., Aloe, L., 
. . . Alleva, E. (2010). Early life influences on emotional reactivity: Evi-
dence that social enrichment has greater effects than handling on anxi-
ety-like behaviors, neuroendocrine responses to stress and central 
BDNF levels. Neuroscience & Biobehavioral Reviews, 34(6), 808–820. 

Courtois, E., Cimerman, P., Dubuche, V., Goiset, M. F., Orèvre, C., 
Lagarde, A., . . . Carbajal, R. (2016). The burden of venipuncture pain 
in neonatal intensive care units: EPIPPAIN 2, a prospective observa-
tional study. International Journal of Nursing Studies, 57, 48–59. 

Craig, K. D. (2014). Putting the social back in the biopsychosocial model 
of pain. In Psychology Serving Humanity: Proceedings of the 30th In-
ternational Congress of Psychology: Volume 2: Western Psychology 
(Vol. 2, p. 127). Psychology Press. 

Craig, K. D. (2015). Social communication model of pain. Pain, 156(7), 
1198-1199. 

Craig, K.D. & Pillai Riddell, R. (2003). Social influences, culture and eth-
nicity (pp. 159-182). In G.A. Finley & P.J. McGrath (Eds.) Pediatric 
pain: biological and social context. Seattle: IASP Press.  



118 
 

ALEXANDRA ULLSTEN  Family-centred music therapy during painful procedures 
 

Cruz, M. D., Fernandes, A. M., & Oliveira, C. R. (2016). Epidemiology of 
painful procedures performed in neonates: A systematic review of ob-
servational studies. European Journal of Pain, 20(4), 489–498. 

Davidson, J. E., Aslakson, R. A., Long, A. C., Puntillo, K. A., Kross, E. K., 
Hart, J., ... & Netzer, G. (2017). Guidelines for family-centered care in 
the neonatal, pediatric, and adult ICU. Critical care medicine, 45(1), 
103-128. 

Declaration of Helsinki (2013). World medical association declaration of 
Helsinki: ethical principles for medical research involving human sub-
jects. Retrieved February 22, 2019, from https://www.wma.net/what-
we-do/medical-ethics/declaration-of-helsinki/  

de Graaf, J., van Lingen, R. A., Simons, S. H., Anand, K. J., Duivenvoor-
den, H. J., Weisglas-Kuperus, N., . . . van Dijk, M. (2011). Long-term 
effects of routine morphine infusion in mechanically ventilated neo-
nates on children’s functioning: Five-year follow-up of a randomized 
controlled trial. Pain, 152(6), 1391–1397. 

de L'Etoile, S.K. (2006). Infant behavioral responses to infant-directed 
singing and other maternal interactions. Infant Behavior and Develop-
ment. 29(3), 456-470. 

Edwards, J. (1999). Considering the paradigmatic frame: Social science re-
search approaches relevant to research in music therapy. The Arts in 
Psychotherapy. 26, 2, 73–80. 

Edwards, J. (2002). Using the evidence based medicine framework to sup-
port music therapy posts in healthcare settings. British Journal of Mu-
sic Therapy, 16(1), 29-34. 

Edwards, J. (2004). Can music therapy in medical contexts ever be evi-
dence-based. Music Therapy Today, 5(4), 1-16. 

Edwards, J. (2005). Possibilities and problems for evidence-based practice 
in music therapy. The arts in psychotherapy, 4(32), 293-301. 

Edwards, J. (2007). Antecedents of contemporary uses for music in 
healthcare contexts: the 1890s to the 1940s. In J. Edwards (Ed.), Mu-
sic: Promoting health and creating community in healthcare contexts 
(pp. 181-202). Newcastle: Cambridge Scholars Publishing. 



ALEXANDRA ULLSTEN   Family-centred music therapy during painful procedures   
 

119 
  

Edwards, J. (2012). We need to talk about epistemology: Orientations, 
meaning, and interpretation within music therapy research. Journal of 
Music Therapy, 49(4), 372-394. 

Edwards, J. (2016a). Conceptualizing music therapy: five areas that frame 
the field. In J. Edwards (Ed.), The Oxford handbook of music therapy 
(pp. 1-16). New York: Oxford University Press. 

Edwards, J. (2016b). Music therapy research: context, methodology, and 
current and future developments. In J. Edwards (Ed.), The Oxford 
handbook of music therapy (pp. 709-719). New York: Oxford Univer-
sity Press.  

Engel, G. L. (1977). The need for a new medical model: a challenge for bi-
omedicine. Science, 196(4286), 129-136. 

Eriksson, M. & Campbell-Yeo, M. (2019). Assessment of pain in newborn 
infants. Seminars in Fetal and Neonatal Medicine. 
DOI:10.1016/j.siny.2019.04.003. 

Erkkilä, J. (2016). Mixed methods research in music therapy. In J. Ed-
wards (Ed.), The Oxford handbook of music therapy (pp. 815 -826). 
New York: Oxford University Press. 

Fancourt, D., & Perkins, R. (2018). The effects of mother–infant singing 
on emotional closeness, affect, anxiety, and stress hormones. Music & 
Science, 1, 2059204317745746. 

Feldman, R., Weller, A., Sirota, L., & Eidelman, A. I. (2002). Skin-to-skin 
contact (kangaroo care) promotes self-regulation in premature infants: 
sleep-wake cyclicity, arousal modulation, and sustained exploration. 
Developmental psychology, 38(2), 194. 

Fernald, A. (1989). Intonation and communicative intent in mothers' 
speech to infants: Is the melody the message? Child Development, 60, 
1497-1510. Doi:10.2307/1130938 

Fernandes, A., Campbell-Yeo, M., & Johnston, C. C. (2011). Procedural 
pain management for neonates using nonpharmacological strategies: 
Part 1: Sensorial interventions. Advances in Neonatal Care, 11(4), 
235–241. 



120 
 

ALEXANDRA ULLSTEN  Family-centred music therapy during painful procedures 
 

Filippa, M., Lordier, L., De Almeida, J. S., Monaci, M. G., Adam-Darque, 
A., Grandjean, D., Kuhn, P. & Hüppi, P. S. (2019a). Early vocal con-
tact and music in the NICU: new insights into preventive interventions. 
Pediatric research, 1. 

Filippa, M., Poisbeau, P., Mairesse, J., Monaci, M. G., Baud, O., Hüppi, 
P., Grandjean, D. & Kuhn, P. (2019b). Pain, parental involvement, and 
oxytocin in the neonatal intensive care unit. Frontiers in psychology, 
10, 715. 

Fonagy, P. (1999). Attachment, the development of the self, and its pa-
thology in personality disorders. In J. Derksen, C. Maffei & H. Groen 
(Eds.) Treatment of personality disorders (pp. 53-68). Boston: 
Springer. 

Franck, L. S., Greenberg, C. S., & Stevens, B. (2000). Pain assessment in 
infants and children. Pediatric Clinics of North America, 47(3), 487–
512. 

Franck, L. S., Oulton, K., Nderitu, S., Lim, M., Fang, S., & Kaiser, A. 
(2011). Parent involvement in pain management for NICU infants: a 
randomized controlled trial. Pediatrics, 128(3), 510-518. 

Franck, L. S., Oulton, K., & Bruce, E. (2012). Parental involvement in ne-
onatal pain management: an empirical and conceptual update. Journal 
of Nursing Scholarship, 44(1), 45-54. 

Gatchel, R. J., Peng, Y. B., Peters, M. L., Fuchs, P. N., & Turk, D. C. 
(2007). The biopsychosocial approach to chronic pain: scientific ad-
vances and future directions. Psychological bulletin, 133(4), 581. 

Gatchel, R.J. & Howard, K.J. (2008). The Biopsychosocial Approach. 
Practical Pain Management, 8, 4. 1-6. 

Gerhardt, S. (2015). Why love matters: How affection shapes a baby’s 
brain. Hove, England: Brunner-Routledge. 

Ghetti, C. M. (2012). Music therapy as procedural support for invasive 
medical procedures: Toward the development of music therapy theory. 
Nordic Journal of Music Therapy, 21(1), 3-35. 

Ghetti, C. M. (2013). Pediatric intensive care. In J. Bradt (Ed.) Guidelines 
for music therapy practice in pediatric care (pp. 152-204). Gilsum: Bar-
celona Publishers.  



ALEXANDRA ULLSTEN   Family-centred music therapy during painful procedures   
 

121 
  

Goksan, S., Hartley, C., Emery, F., Cockrill, N., Poorun, R., Moultrie, F., 
Rogers, R., Campbell, J., Sanders, M., Adams, E., Clare, S., Jenkinson, 
M., Tracey, I, & Slater, R. (2015). fMRI reveals neural activity overlap 
between adult and infant pain. Elife, 4, e06356. 

Goksan, S., Baxter, L., Moultrie, F., Duff, E., Hathway, G., Hartley, C., 
Tracey, I, & Slater, R. (2018). The influence of the descending pain 
modulatory system on infant pain-related brain activity. Elife, 7, 
e37125. 

Goodman, S. N. (1999). Toward evidence-based medical statistics. 1: The 
P value fallacy. Annals of internal medicine, 130(12), 995-1004. 

Greisen, G., Mirante, N., Haumont, D., Pierrat, V., Pallás‐Alonso, C. R., 
Warren, I., ... & Cuttini, M. (2009). Parents, siblings and grandparents 
in the Neonatal Intensive Care Unit A survey of policies in eight Euro-
pean countries. Acta paediatrica, 98(11), 1744-1750.  

Griffin, T., & Celenza, J. (2014). Family-centered Care for the Newborn: 
The Delivery Room and Beyond.  New York: Springer Publishing 
Company. 

Grunau, R. V., & Craig, K. D. (1987). Pain expression in neonates: facial 
action and cry. Pain, 28(3), 395-410. 

Ham, J. & Tronick, E. (2009). Relational psychophysiology: Lessons from 
mother–infant physiology research on dyadically expanded states of 
consciousness. Psychotherapy Research, 19:6, 619-632, DOI: 
10.1080/10503300802609672 

Hart, S. (2007). Spejlneuroner, kontakt og omsorg [Mirror neurons, con-
tact and caregiving]. Psykolog nyt, 11, 14-20. 

Hart, S. (2008). Brain, Attachment, Personality: An Introduction to Neu-
roaffective Development. London: Karnac books. 

Hart, S. (2011). The impact of attachment: Developmental neuroaffective 
psychology. New York: WW Norton. 

Hart, S., & Lindahl Jacobsen, S. (2018). Zones of Proximal Emotional 
Development—Psychotherapy Within a Neuroaffective Perspective. 
Journal of Infant, Child, and Adolescent Psychotherapy, 17(1), 28-42. 

Hartley, C., Moultrie, F., Hoskin, A., Green, G., Monk, V., Bell, J. L., 
King, A.R., Buckle, M., van der Vaart, M., Gursul, D., Goksan, S., 



122 
 

ALEXANDRA ULLSTEN  Family-centred music therapy during painful procedures 
 

Juszczak, E., Norman, J.E., Rogers, R., Patel, C., Adams, E. & Slater, 
R. (2018). Analgesic efficacy and safety of morphine in the Procedural 
Pain in Premature Infants (Poppi) study: randomised placebo-con-
trolled trial. The Lancet, 392(10164), 2595-2605. 

Haslbeck, F. B. (2012). Music therapy for premature infants and their par-
ents: An integrative review. Nordic Journal of Music Therapy, 21(3), 
203–226. doi:10.1080/08098131.2011.648653 

Haslbeck, F.B. (2014) Creative music therapy with premature infants: An 
analysis of video footage. Nordic Journal of Music Therapy, 23(1), 5-
35, DOI: 10.1080/08098131.2013.780091 

Haslbeck, F. B., Nöcker-Ribaupierre, M., Zimmer, M. L., Schrage-Leitner, 
L., & Lodde, V. (2018). Music therapy in neonatal care: a framework 
for German speaking countries and Switzerland. Music and Medicine, 
10(4), 213-223. 

Hodges, A. L., & Wilson, L. L. (2010). Preterm infants’ responses to mu-
sic: An integrative literature review. Southern Online Journal of Nurs-
ing Research, 10(3), 1-16. 

Holsti, L., & Grunau, R. E. (2007). Initial validation of the behavioral in-
dicators of infant pain (BIIP). Pain, 132(3), 264-272. 

Ilott, I., Rick, J. O., Patterson, M., Turgoose, C., & Lacey, A. (2006). 
What is protocol‐based care? A concept analysis. Journal of nursing man-
agement, 14(7), 544-552. 

Jackson, K. & Wigert, H. (2013). Familjecentrerad neonatalvård [Family-
centred neonatal care]. Lund: Studentlitteratur. 

Jahromi, L. B., Putnam, S. P., & Stifter, C. A. (2004). Maternal regulation 
of infant reactivity from 2 to 6 months. Developmental psychology, 
40(4), 477-487. 

Jahromi, L. B., & Stifter, C. A. (2007). Individual differences in the contri-
bution of maternal soothing to infant distress reduction. Infancy, 
11(3), 255-269. 

Johnston, C.C., Filion, F., Campbell-Yeo, M., Goulet, C., Bell, L., 
McNaughton, K., Byron, J., Aita, M., Finley, A. & Walker, C. D. 
(2008). Kangaroo mother care diminishes pain from heel lance in very 
preterm neonates: a crossover trial. BMC pediatrics, 8(1), 13. 



ALEXANDRA ULLSTEN   Family-centred music therapy during painful procedures   
 

123 
  

Johnston, C.C., Barrington, K. J., Taddio, A., Carbajal, R., & Filion, F. 
(2011). Pain in Canadian NICUs: have we improved over the past 12 
years? The Clinical journal of pain, 27(3), 225-232. 

Juhl Lunde, S., Vuust, P., Garza-Villarreal, E. A., & Vase, L. (2019). Mu-
sic-induced analgesia: how does music relieve pain? Pain, 160(5), 989-
993. 

Kain, Z., Caldwell-Andrews, A., Krivutza, D., Weinberg, M., Gall, D., 
Wang, S., & Mayes, L. (2004). Interactive music therapy as a treat-
ment for preoperative anxiety in children: A randomized controlled 
trial. Anesthesia & Analgesia, 98, 1260-1266. 

Katz, V. (1971). Auditory stimulation and developmental behavior of the 
premature infant. Nursing Research, 20(3), 196-201. 

Kurdahi Badr, L., Demerjian, T., Daaboul, T., Abbas, H., Hasan 
Zeineddine, M., & Charafeddine, L. (2017). Preterm infants exhibited 
less pain during a heel stick when they were played the same music 
their mothers listened to during pregnancy. Acta Paediatrica, 106(3), 
438–445. 

Larsson, B. A. (2016). Smärtsinnets biologiska utveckling [The develop-
ment of the pain system]. In S. Lundeberg & G. L Olsson (Eds.). 
Smärta och smärtbehandling hos barn och ungdomar (pp. 36-47). 
Lund: Studentlitteratur.  

Larsson, B. A., Jylli, L., Lagercrantz, H., & Olson, G. L. (1995). Does a 
local anaesthetic cream (EMLA) alleviate pain from heel‐lancing in ne-

onates?. Acta Anaesthesiologica Scandinavica, 39(8), 1028-1031. 

Ledger, A. (2016). Developing new posts in music therapy. In J. Edwards 
(Ed.), The Oxford handbook of music therapy (pp. 875-893). New 
York: Oxford University Press. 

Leite, A.M., da Silva, A. dCTO., Castral, T.C., Nascimento, L.C., de 
Sousa, M.I. & Scochi, C.G.S. (2015). Breastfeeding and skin-to-skin 
contact for pain relief of newborns during hepatitis B vaccination. Re-
vista Eletrônica De Enfermagem, 17(3). 

Leroy, P.L., Costa, L.R., Emmanouil, D., van Beukering, A. & Franck, 
L.S. (2016). Beyond the drugs: nonpharmacologic strategies to opti-
mize procedural care in children. Curr Opin Anaesthesiol. 29 (Suppl 
1), S1-S13. doi: 10.1097/ACO.0000000000000312. 



124 
 

ALEXANDRA ULLSTEN  Family-centred music therapy during painful procedures 
 

Lester, B. M., Salisbury, A. L., Hawes, K., Dansereau, L. M., Bigsby, R., 
Laptook, A., ... & Padbury, J. F. (2016). 18-month follow-up of in-
fants cared for in a single-family room neonatal intensive care unit. The 
Journal of pediatrics, 177, 84-89. 

Loewy, J. (1997). Music therapy and pediatric pain. Cherry Hill, NJ: Jef-
frey Books. 

Loewy, J. V. (2000). Music therapy in the NICU. New York, NY: 
Satchnote Armstrong Press. 

Loewy, J. (2004). A clinical model of music therapy in the NICU. In M. 
Nöcker-Ribaupierre (Ed.) Music therapy for premature and newborn 
infants (pp. 159-175). Gilsum: Barcelona Publishers.  

Loewy, J. (2009). Musical sedation: Mechanisms of breathing entrain-
ment. In R. Azoulay & J. Loewy (Eds.), Music, the breath and health: 
Advances in integrative music therapy (pp. 223–232). New York: 
Satchnote Press. 

Loewy, J. (2013). Respiratory care for children. In J. Bradt (Ed.) Guide-
lines for music therapy practice in pediatric care (pp. 403-441). 
Gilsum: Barcelona Publishers. 

Loewy, J. (2015). NICU music therapy: Song of kin as critical lullaby in 
research and practice. Annals of the New York Academy of Sciences, 
1337, 178–185. doi:10.1111/nyas.12648 

Loewy, J. V. (2016). First Sounds: Rhythm, Breath, Lullaby Trainer Com-
pendium. New York: Satchnote Armstrong Press. 

Loewy, J. V. (2019). Efficacy of Pain Management: Integration versus Dis-
traction. Music and Medicine, 11(1), 55-63. 

Loewy, J., Stewart, K., Dassler, A.-M., Telsey, A., & Homel, P. (2013). 
The effects of music therapy on vital signs, feeding, and sleep in prema-
ture infants. Pediatrics, 131(5), 902–918. doi:10.1542/peds.2012-
1367. 

Lordier, L., Meskaldji, D. E., Grouiller, F., Pittet, M. P., Vollenweider, A., 
Vasung, L., Borradori-Tolsaa, C., Lazeyrase, F., Grandjean, D., Van 
De Villee, D. & Hüppi, P. S. (2019). Music in premature infants en-
hances high-level cognitive brain networks. Proceedings of the Na-
tional Academy of Sciences, 116(24), 12103-12108. 



ALEXANDRA ULLSTEN   Family-centred music therapy during painful procedures   
 

125 
  

Malloch, S., & Trevarthen, C. (2009). Musicality: Communicating the vi-
tality and interests of life. In S. Malloch & C. Trevarthen (Eds.) Com-
municative musicality: Exploring the basis of human companionship, 
(pp. 1-11). New York: Oxford University Press. 

Malloch, S., Shoemark, H., Črnčec, R., Newnham, C., Paul, C., Prior, M., 
Coward, S. & Burnham, D. (2012). Music therapy with hospitalized 
infants: The art and science of communicative musicality. Infant Men-
tal Health Journal, 33(4), 386–399. 

Malone, A. B. (1996). The effects of live music on the distress of pediatric 
patients receiving intravenous starts, venipunctures, injections, and heel 
sticks. Journal of Music Therapy, 33(1), 19-33. 

Marwick, H. M., & Murray, L. (2009). The effects of maternal depression 
on the'musicality'of infant directed speech and conversational engage-
ment. In S. Malloch & C. Trevarthen (Eds.) Communicative musical-
ity: Exploring the basis of human companionship, (pp. 281-300). New 
York: Oxford University Press. 

McMurtry, C. M., Chambers, C. T., McGrath, P. J., & Asp, E. (2010). 
When “don’t worry” communicates fear: Children’s perceptions of pa-
rental reassurance and distraction during a painful medical procedure. 
Pain, 150(1), 52–58. 

Melzack, R. & Wall, P.D. (1965). Pain mechanisms: A new theory. Sci-
ence. 150:971–979. 

Molenberghs, P., Cunnington, R., & Mattingley, J. B. (2012). Brain re-
gions with mirror properties: a meta-analysis of 125 human fMRI stud-
ies. Neuroscience & Biobehavioral Reviews, 36(1), 341-349. 

Moon, C. (2011). The role of early auditory development in attachment 
and communication. Clinics in perinatology, 38(4), 657-669. 

Moon, C. (2017). Prenatal experience with the maternal voice. In M. Fil-
ippa, P., Kuhn, & B. Westrup (Eds.) Early Vocal Contact and Preterm 
Infant Brain Development (pp. 25-37). Cham: Springer International 
Publishing.  

Moon, C., Lagercrantz, H. & Kuhl, P.K. (2013). Language experienced 
utero affects vowel perception after birth: a two-country study. Acta 
Paediatrica, 102(2), 156–60. 



126 
 

ALEXANDRA ULLSTEN  Family-centred music therapy during painful procedures 
 

Morris, Z. S., Wooding, S., & Grant, J. (2011). The answer is 17 years, 
what is the question: understanding time lags in translational research. 
Journal of the Royal Society of Medicine, 104(12), 510-520. 

Muller, B. (1997). Working with children and pain: The music therapist’s 
perspective. In J. Loewy (Ed.) Music therapy and pediatric pain (pp. 
69-80). Cherry Hill, NJ: Jeffrey Books. 

Neal, D. O., & Lindeke, L. L. (2008). Music as a nursing intervention for 
preterm infants in the NICU. Neonatal Network-Journal of Neonatal 
Nursing, 27(5), 319. 

Noel, M., Palermo, T. M., Chambers, C. T., Taddio, A., & Hermann, C. 
(2015). Remembering the pain of childhood: applying a developmental 
perspective to the study of pain memories. Pain, 156(1), 31-34. 

Norman, E. & Eriksson, M. (2016). Nyfödda barns smärta [Pain in new-
borns]. In S. Lundeberg & G. L. Olsson (Eds.) Smärta och smärtbe-
handling hos barn och ungdomar (pp. 205-226). Lund: Studentlitteratur. 

Nöcker-Ribaupierre, M. (1999). Premature birth and music therapy. In T. 
Wigram & J. De Backer (Eds.) Clinical applications of music therapy in 
developmental disability, paediatrics and neurology (pp. 47-65). Lon-
don: Jessica Kingsley Publishers. 

Nöcker-Ribaupierre, M. (Ed.). (2004). Music therapy for premature and 
newborn infants. Gilsum: Barcelona Books. 

Nöcker-Ribaupierre, M. (2013). Premature infants. In J. Bradt (Ed.) 
Guidelines for music therapy practice in pediatric care (pp. 66-116). 
Gilsum: Barcelona Publishers. 

Olsson, E., Ahlsén, G., & Eriksson, M. (2015). Skin‐to‐skin contact reduces 
near‐infrared spectroscopy pain responses in premature infants during 
blood sampling. Acta Paediatrica, 105(4), 376-380. 

Palomaa, A. K., Korhonen, A., & Pölkki, T. (2016). Factors influencing 
parental participation in neonatal pain alleviation. Journal of Pediatric 
Nursing, 31(5), 519–527. 

Patel, A. D. (2008). Music, language, and the brain. New York: Oxford 
University press. 

Philbin, M. K. (2000). The influence of auditory experience on the behav-
ior of preterm newborns. Journal of Perinatology: Official Journal of 



ALEXANDRA ULLSTEN   Family-centred music therapy during painful procedures   
 

127 
  

the California Perinatal Association, 20(8 Pt 2), S77–87. 
doi:10.1038/sj.jp.7200453 

Picard, R. W., Fedor, S., & Ayzenberg, Y. (2016a). Multiple arousal the-
ory and daily-life electrodermal activity asymmetry. Emotion Review, 
8(1), 62-75. 

Picard, R. W., Fedor, S., & Ayzenberg, Y. (2016b). Response to Commen-
taries on “Multiple Arousal Theory and Daily-Life Electrodermal Ac-
tivity Asymmetry”. Emotion Review, 8(1), 84-86.  

Pillai Riddell, R., & Chambers, C. T. (2007). Parenting and pain during 
infancy. In K. J. S. Anand, B. J. Stevens & P. J. McGrath (Eds.) Pain in 
neonates and infants. (pp. 289-298). Toronto: Elsevier. 

Pillai Riddell, R., Campbell, L., Flora, D. B., Racine, N., Osmun, L. D., 
Garfield, H., & Greenberg, S. (2011). The relationship between care-
giver sensitivity and infant pain behaviors across the first year of life. 
Pain, 152(12), 2819–2826. 

Pillai Riddell, R. P., Racine, N. M., Craig, K. D., & Campbell, L. (2013). 
Psychological theories and biopsychosocial models in paediatric pain. 
In P. J. McGrath, B. J. Stevens, S. M. Walker, & W. T. Zempsky 
(Eds.). Oxford textbook of paediatric pain. (pp. 85-94). New York: 
Oxford University Press.  

Pölkki, T., Korhonen, A., & Laukkala, H. (2018). Parents' Use of Non-
pharmacologic Methods to Manage Procedural Pain in Infants. Journal 
of Obstetric, Gynecologic & Neonatal Nursing, 47(1), 43-51. 

Qiu, J., Jiang, Y. F., Li, F., Tong, Q. H., Rong, H., & Cheng, R. (2017). 
Effect of combined music and touch intervention on pain response and 
b-endorphin and cortisol concentrations in late preterm infants. BMC 
Pediatrics, 17(1), 38. 

Raiskila, S., Lehtonen, L., Tandberg, B. S., Normann, E., Ewald, U., Ca-
ballero, S., Varendi, H., Toome, L., Nordhøv, M., Hallberg, B., 
Westrup, B., Montirosso, R. & Axelin, A.  (2016). Parent and nurse 
perceptions on the quality of family-centred care in 11 European NI-
CUs. Australian Critical Care, 29(4), 201-209. 

Rizzolatti, G., Fadiga, L., Gallese, V., & Fogassi, L. (1996). Premotor cor-
tex and the recognition of motor actions. Cognitive brain research, 
3(2), 131-141. 



128 
 

ALEXANDRA ULLSTEN  Family-centred music therapy during painful procedures 
 

Robb, S. L., Hanson-Abromeit, D., May, L., Hernandez-Ruiz, E., Allison, 
M., Beloat, A., Daugherty, S., Kurtz, R., Ott, A., Oladimeji Oyedele, O, 
Polasik, S., Rager, A., Rifkin, J. & Wolf, E. (2018). Reporting quality of 
music intervention research in healthcare: A systematic review. Com-
plementary therapies in medicine, 38, 24-41. 

Rock, A. M. L., Trainor, L. J., & Addison, T. L. (1999). Distinctive mes-
sages in infant-directed lullabies and play songs. Developmental Psy-
chology, 35(2), 527–534. 

Rolvsjord, R. (2016). Resource-oriented perspectives in music therapy. In 
J. Edwards (Ed.), The Oxford handbook of music therapy (pp. 557-
576). New York: Oxford University Press.  

Roofthooft, D. W., Simons, S. H., Anand, K. J., Tibboel, D., & van Dijk, 
M. (2014). Eight years later, are we still hurting newborn infants? Neo-
natology, 105(3), 218–226. 

Ruud, E. (2000). Music Therapy—History and Cultural Contexts: Two 
major new texts on music therapy. Nordisk Tidsskrift for Musikkte-
rapi, 9(2), 67-76. 

Ruud, E. (2011). Musikk, identitet og helse–hva er sammenhengen? [Mu-
sic, identity and health – what are the connections?], in NMH-pub-
likasjoner; 2011:3, Skriftserie fra Senter for musikk og helse;4, pp. 13-
23. 

Scovel, M., & Gardstrom, S. (2012). Music therapy within the context of 
psychotherapeutic models. In R. Unkefer & M. Thaut (Eds.) Music 
Therapy in the Treatment of Adults with Mental Disorders: Theoretical 
Bases and Clinical Interventions (pp. 117-132). Gilsum: Barcelona 
Publishers. 

Shabani, F., Nayeri, N. D., Karimi, R., Zarei, K., & Chehrazi, M. (2016). 
Effects of music therapy on pain responses induced by blood sampling 
in premature infants: A randomized cross-over trial. Iranian Journal of 
Nursing and Midwifery Research, 21(4), 391–396. 

Shah, V. S., & Ohlsson, A. (2011). Venepuncture versus heel lance for 
blood sampling in term neonates. Cochrane Database of Systematic 
Reviews, (10). 



ALEXANDRA ULLSTEN   Family-centred music therapy during painful procedures   
 

129 
  

Shah, S. R., Kadage, S., & Sinn, J. (2017). Trial of music, sucrose, and 
combination therapy for pain relief during heel prick procedures in ne-
onates. The Journal of pediatrics, 190, 153-158. 

Shahid, S., Florez, I. D., & Mbuagbaw, L. (2019). Efficacy and Safety of 
EMLA Cream for Pain Control Due to Venipuncture in Infants: A 
Meta-analysis. Pediatrics, 143(1), e20181173. 

Shoemark, H. (1999). Indications for the inclusion of music therapy in the 
care of infants with bronchopulmonary dysplasia. In T. Wigram & J. 
De Backer (Eds.) Clinical applications of music therapy in developmen-
tal disability, paediatrics and neurology (pp. 32-46). London: Jessica 
Kingsley Publishers. 

Shoemark, H. (2007). The markers of interplay between the music thera-
pist and the medically fragile newborn infant (Doctoral dissertation). 
Melbourne: University of Melbourne. 

Shoemark, H. (2011). Contingent singing: The musicality of companion-
ship with the hospitalized newborn infant. In F. Baker & S. Uhlig 
(Eds.) Therapeutic voicework in music therapy (pp. 231-251). London: 
Jessica Kingsley Publishers. 

Shoemark, H. (2016). How can music foster intimacy? Voices: A World 
Forum for Music Therapy, 16(2). 

Shoemark, H. (2017). Time Together: A feasible program to promote par-
ent-infant interaction in the NICU. Music Therapy Perspectives, 36(1), 
6-16. 

Shoemark, H., & Dearn, T. (2008). Keeping parents at the centre of fam-
ily centred music therapy with hospitalised infants. Australian Journal 
of Music Therapy, 19, 3-24 

Shoemark, H., & Dearn, T. (2016). Music therapy in the medical care of 
infants. In J. Edwards (Ed.), The Oxford handbook of music therapy 
(pp. 24-52). New York: Oxford University Press. 

Shoemark. H. & Ettenberger, M. (Eds.). (in press). Music Therapy in Neo-
natal Intensive Care: Influences of Culture. Dallas, TX: Barcelona Pub-
lishers. 

Shukla, V. V., Bansal, S., Nimbalkar, A., Chapla, A., Phatak, A., Patel, D., 
& Nimbalkar, S. (2018). Pain control interventions in preterm neo-
nates: A randomized controlled trial. Indian pediatrics, 55(4), 292-296. 



130 
 

ALEXANDRA ULLSTEN  Family-centred music therapy during painful procedures 
 

Spintge, R., & Loewy, J. V. (2017). Freedom for Science. Music and Medi-
cine, 9(2), 71-72. 

Standley, J. (1998). The effect of music and multimodal stimulation on 
physiologic and developmental responses of premature infants in neo-
natal intensive care. Pediatric Nursing, 24(6), 532-538. 

Standley, J. M. (2014). Premature infants: Perspectives on NICU-MT 
practice. Voices: A World Forum for Music Therapy, 14, 2. 

Standley, J. M., & Moore, R. S. (1995). Therapeutic effects of music and 
mother's voice on premature infants. Pediatric Nursing, 21(6), 509-12. 

Standley, J. M., Cassidy, J., Grant, R., Cevasco, A., Szuch, C., Nguyen, J., 
Walworth, D., Procelli, D., Jarred, J. & Adams, K. (2010). The effect 
of music reinforcement for non-nutritive sucking on nipple feeding of 
premature infants. Pediatric nursing, 36(3), 138. 

Standley, J. M., & Walworth, D. (2010). Music therapy with premature 
infants. research and developmental interventions. Silver Spring, MD: 
The American Music Therapy Association. 

Stegemann, T., Geretsegger, M., Phan Quoc, E., Riedl, H., & Smetana, M. 
(2019). Music Therapy and Other Music-Based Interventions in Pediat-
ric Health Care: An Overview. Medicines, 6(1), 25. 

Stein, B. E., & Stanford, T. R. (2008). Multisensory integration: current 
issues from the perspective of the single neuron. Nature Reviews Neu-
roscience, 9(4), 255. 

Stern, D. N. (2000). The interpersonal world of the infant: A view from 
psychoanalysis and developmental psychology. New York, NY: Basic 
Books. 

Stern, D.N. (2005). Ögonblickets psykologi [The present moment in psy-
chotherapy and everyday life]. Falkenberg: Natur och Kultur. 

Stern, D.N. (2010). Forms of vitality: Exploring dynamic experience in 
psychology, the arts, psychotherapy, and development. New York: Ox-
ford University Press. 

Stevens, B. J., Gibbins, S., Yamada, J., Dionne, K., Lee, G., Johnston, C., 
& Taddio, A. (2014). The premature infant pain profile-revised (PIPP-
R): initial validation and feasibility. The Clinical journal of pain, 30(3), 
238-243. 



ALEXANDRA ULLSTEN   Family-centred music therapy during painful procedures   
 

131 
  

Stevens, B., Yamada, J., Ohlsson, A., Haliburton, S. & Shorkey, A. 
(2016). Sucrose for analgesia in newborn infants undergoing painful 
procedures. Cochrane Database of Systematic Reviews, 7. 
DOI:10.1002/14651858.CD001069.pub5 

Stige, B. (2016). Culture-centered music therapy. In J. Edwards (Ed.), The 
Oxford handbook of music therapy (pp. 538 -556). New York: Ox-
ford University Press. 

Suls, J., & Wan, C. K. (1989). Effects of sensory and procedural infor-
mation on coping with stressful medical procedures and pain: a meta-
analysis. Journal of consulting and clinical psychology, 57(3), 372. 

Swedish Medical Products Agency (2014). Behandling av barn i samband 
med smärtsamma procedurer i hälso och sjukvård – Kunskapsdoku-
ment. Information från Läkemedelsverket 2014;25(3):9–22. 
https://lakemedelsverket.se/malgrupp/Halso---sjukvard/Behandlings--
rekommendationer/Behandlingsrekommendation---listan/Smartsamma-
procedurer---behandling-av-barn/ 

Taddio, A., Shah, V., Atenafu, E., & Katz, J. (2009). Influence of repeated 
painful procedures and sucrose analgesia on the development of hyper-
algesia in newborn infants. Pain, 144(1), 43–48. 

Teckenberg-Jansson, P., Huotilainen, M., Pölkki, T., Lipsanen, J., & Jär-
venpää, A. L. (2011). Rapid effects of neonatal music therapy com-
bined with kangaroo care on prematurely-born infants. Nordic Journal 
of Music Therapy, 20(1), 22–42. doi:10.1080/08098131003768123 

Trainor, L. J., Austin, C. M., & Desjardins, R. N. (2000). Is infant-di-
rected speech prosody a result of the vocal expression of emotion? Psy-
chological Science, 11(3), 188–195. doi:10.1111/1467-9280.00240 

Tramo, M. J., Lense, M., VanNess, C., Kagan, J., Settle, M. D., & Cronin, 
J. H. (2011). Effects of music on physiological and behavioral indices 
of acute pain and stress in premature infants: Clinical trial and litera-
ture review. Music and Medicine, 3(2), 72–83. 
doi:10.1177/1943862111400613 

Trehub, S. E. (2017). The Maternal Voice as a Special Signal for Infants. 
In M. Filippa, P., Kuhn, & B. Westrup (Eds.) Early Vocal Contact and 
Preterm Infant Brain Development (pp. 39-54). Cham: Springer Inter-
national Publishing.  



132 
 

ALEXANDRA ULLSTEN  Family-centred music therapy during painful procedures 
 

Trehub, S. E. (2019). Nurturing infants with music. International Journal 
of Music in Early Childhood, 14(1), 9–15, doi: 10.1386/ijmec.14.1.9_1 

Trehub, S. E., Plantinga, J., & Russo, F. A. (2016). Maternal vocal inter-
actions with infants: Reciprocal visual influences. Social Development, 
25(3), 665-683. 

Trevarthen, C. & Malloch, S. N. (2000). The dance of wellbeing: Defining 
the musical therapeutic effect. Nordisk tidsskrift for musikkterapi, 
9(2), 3-17. 

Tronick, E. Z. (1989). Emotions and emotional communication in infants. 
American psychologist, 44(2), 112. 

Tutelman, P.R. & Chambers, C.T. (2016). Moving from knowledge to ac-
tion in pediatric pain: a look at the past, present and future. Pediatric 
Pain Letter, 18(3), 22-25. 

Ullsten, A. (2017). Family‐centred music intervention–an emotional factor 
that modulates, modifies and alleviates infants’ pain experiences. Acta 
Paediatrica, 106(3), 361–362. 

Ullsten, A., Eriksson, M., Klässbo, M., & Volgsten, U. (2016). Live music 
therapy with lullaby singing as affective support during painful proce-
dures: A case study with microanalysis. Nordic Journal of Music Ther-
apy, 26(2), 142-166. 

Ullsten, A., Hugoson, P., Forsberg, M., Forzelius, L., Klässbo, M., Olsson, 
E., ... & Eriksson, M. (2017). Efficacy of Live Lullaby Singing During 
Procedural Pain in Preterm and Term Neonates. Music and Medicine, 
9(2), 73–85. 

Ullsten, A., Eriksson, M., Klässbo, M., & Volgsten, U. (2018). Singing, 
sharing, soothing–biopsychosocial rationales for parental infant-di-
rected singing in neonatal pain management: A theoretical approach. 
Music & Science, 1, 2059204318780841. 

Ullsten, A., Söderström Gaden, T., & Mangersnes, J. (2019). Development 
of family-centred care informing Nordic neonatal music therapy. In 
L.O. Bonde & K. Johansson (Eds.), Music in paediatric hospitals – 
Nordic perspectives (pp. 1-25). Oslo: Norwegian Academy of Music. 
http://hdl.handle.net/11250/2623062 

Ullsten, A., Gaden, T.S., & Mangersnes, J. (in press). Scandinavia: Family-
centered cultural sensitivity – a cornerstone in neonatal music therapy 



ALEXANDRA ULLSTEN   Family-centred music therapy during painful procedures   
 

133 
  

implementation. In H. Shoemark & M. Ettenberger (Eds.), Music Ther-
apy in Neonatal Intensive Care: Influences of Culture. Dallas, TX: Bar-
celona Publishers. 

Verriotis, M., Chang, P., Fitzgerald, M., & Fabrizi, L. (2016). The devel-
opment of the nociceptive brain. Neuroscience, 338, 207–219. 

Volgsten, U. (2019). The feeling of music: Affect, attunement and reso-
nance. In  A. Ferreira (Ed.), Music, Sound, and Mind, Rio de Janeiro: 
Associação Brasileira de Cognição e Artes Musicais. 

Von Baeyer, C. L. (2006). Children’s self-reports of pain intensity: scale 
selection, limitations and interpretation. Pain Research and Manage-
ment, 11(3), 157-162. 

Walker, S.M. (2019). Early life pain – effects in the adult. Current Opin-
ion in Physiology. doi.org/10.1016/j.cophys.2019.04.011 

Walter-Nicolet, E., Calvel, L., Gazzo, G., Poisbeau, P., & Kuhn, P. (2017). 
Neonatal pain, still searching for the optimal approach. Current phar-
maceutical design, 23(38), 5861-5878. 

Walworth, D., Standley, J. M., Robertson, A., Smith, A., Swedberg, O., & 
Peyton, J. J. (2012). Effects of neurodevelopmental stimulation on 
premature infants in neonatal intensive care: Randomized controlled 
trial. Journal of Neonatal Nursing, 18(6), 210-216. 

Wheeler, B. L. (2016). Music therapy research an overview. In J. Edwards 
(Ed.), The Oxford handbook of music therapy (pp. 720-747). New 
York: Oxford University Press. 

Whipple, J. (2000). The effect of parent training in music and multimodal 
stimulation on parent-neonate interactions in the neonatal intensive 
care unit. Journal of Music Therapy, 37(4), 250-268. 

Whipple, J. (2008). The effect of music-reinforced nonnutritive sucking on 
state of preterm, low birthweight infants experiencing heelstick. Jour-
nal of Music Therapy, 45(3), 227-272. 

Wigram, R., Nygaard Pedersen, I. & Bonde, L. O. (2002). Introduction to 
music therapy. A Comprehensive Guide to Music Therapy: Theory, 
Clinical Practice, Research and Training. London: Jessica Kingsley 
Publishers. 



134 
 

ALEXANDRA ULLSTEN  Family-centred music therapy during painful procedures 
 

Winnicott, D. W. (1960). The theory of the parent-infant relationship. The 
International Journal of Psychoanalysis, 41, 585–595. 

Zernikow, B., Ruhe, A. K., Stahlschmidt, L., Schmidt, P., Staratzke, T., 
Frosch, M., & Wager, J. (2017). Clinical and economic long-term 
treatment outcome of children and adolescents with disabling chronic 
pain. Pain Medicine, 19(1), 16-28. 

Zhu, J., Hong-Gu, H., Zhou, X., Wei, H., Gao, Y., Ye, B., ... & Chan, S. 
W. C. (2015). Pain relief effect of breast feeding and music therapy 
during heel lance for healthy-term neonates in China: A randomized 
controlled trial. Midwifery, 31(3), 365-372. 



Publikationer i serien  
Örebro Studies in Musicology 

1. Tägil, Ingela (2013): Jenny Lind – Röstens betydelse för hennes
mediala identitet. En studie av hennes konstnärskap 1838–49.

2. Kvarnhall, Victor (2015): Pojkars musik, reproduktionens tystnad.
En explanatorisk studie av pojkars reproducerande förhållningssätt till
populärmusik och populärmusicerande.

3. Johanna Österling Brunström (2015): Kropp, görande och varande i
musik. En fenomenologisk studie.

4. Ullsten, Alexandra (2019): Singing, sharing, soothing. Family-centred
music therapy during painful procedures in neonatal care.

Publikationer i serien  
Örebro Studies in Music Education

1. Georgii-Hemming, Eva (2005): Berättelsen under deras fötter.  
Fem musiklärares livshistorier. 

2. Calissendorff, Maria (2005): ”Om man vill spela – då blir det 
jättesvårt”. En studie av en grupp förskolebarns musikaliska lärande 
i fiolspel.

3. Eriksson, Helene (2006): Systematisk analys och lösning av 
pianistiskt tekniska problem.

4. Westvall, Maria (2007): Webs of Musical Significance – A study of 
student-teachers’ musical socialisation in Ireland and Sweden.

5. Tivenius, Olle (2008): Musiklärartyper: En typologisk studie av 
musiklärare vid kommunal musikskola. 

6. Danielsson, Annika (2012): Musik oss emellan: Identitetsdimensioner i 
ungdomars musikaliska deltagande.

7. Ehrlin, Anna (2012): Att lära av och med varandra. En etnografisk 
studie av musik i förskolan i en flerspråkig miljö. 

8. Kjellander, Eva (2013): Jag och mitt fanskap – vad musik kan betyda 
för människor.

9. Lilliedahl, Jonathan (2013): Musik i (ut)bildning: Gränsdragningar och 
inramningar i läroplans(kon)texter för gymnasieskolan. 



<<
  /ASCII85EncodePages false
  /AllowPSXObjects false
  /AllowTransparency false
  /AlwaysEmbed [
    true
  ]
  /AntiAliasColorImages false
  /AntiAliasGrayImages false
  /AntiAliasMonoImages false
  /AutoFilterColorImages true
  /AutoFilterGrayImages true
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /ColorACSImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /ColorConversionStrategy /LeaveColorUnchanged
  /ColorImageAutoFilterStrategy /JPEG
  /ColorImageDepth -1
  /ColorImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /ColorImageDownsampleThreshold 1.50000
  /ColorImageDownsampleType /Bicubic
  /ColorImageFilter /DCTEncode
  /ColorImageMinDownsampleDepth 1
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /ColorImageResolution 300
  /ColorSettingsFile ()
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /CreateJDFFile false
  /CreateJobTicket false
  /CropColorImages false
  /CropGrayImages false
  /CropMonoImages false
  /DSCReportingLevel 0
  /DefaultRenderingIntent /Default
  /Description <<

  >>
  /DetectBlends true
  /DetectCurves 0
  /DoThumbnails false
  /DownsampleColorImages true
  /DownsampleGrayImages true
  /DownsampleMonoImages true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /EmbedOpenType false
  /EmitDSCWarnings false
  /EncodeColorImages true
  /EncodeGrayImages true
  /EncodeMonoImages true
  /EndPage -1
  /GrayACSImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /GrayImageAutoFilterStrategy /JPEG
  /GrayImageDepth -1
  /GrayImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /GrayImageDownsampleThreshold 1.50000
  /GrayImageDownsampleType /Bicubic
  /GrayImageFilter /DCTEncode
  /GrayImageMinDownsampleDepth 2
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /GrayImageResolution 300
  /ImageMemory 1048576
  /JPEG2000ColorACSImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000ColorImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000GrayACSImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000GrayImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /LockDistillerParams false
  /MaxSubsetPct 100
  /MonoImageDepth -1
  /MonoImageDict <<
    /K -1
  >>
  /MonoImageDownsampleThreshold 1.50000
  /MonoImageDownsampleType /Bicubic
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /MonoImageResolution 1200
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /NeverEmbed [
    true
  ]
  /OPM 1
  /Optimize true
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.25000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXBleedBoxToTrimBoxOffset [
    0
    0
    0
    0
  ]
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXOutputCondition ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputIntentProfile ()
  /PDFXRegistryName ()
  /PDFXSetBleedBoxToMediaBox true
  /PDFXTrapped /False
  /PDFXTrimBoxToMediaBoxOffset [
    0
    0
    0
    0
  ]
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /ParseICCProfilesInComments true
  /PassThroughJPEGImages true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /sRGBProfile (sRGB IEC61966-2.1)
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




