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The impact of antenatal imaging on parent experience and 
prenatal attachment: a systematic review
Emily Skelton a, Rebecca Webb b, Christina Malamateniou a, Mary Rutherford c 

and Susan Ayers b

aDivision of Radiography and Midwifery, City University of London, London, UK; bCentre for Maternal and 
Child Health Research, City University of London, London, UK; cKings College London, Perinatal Imaging and 
Health, UK

ABSTRACT
Introduction: Medical imaging in pregnancy (antenatal imaging) is 
routine. However, the effect of seeing fetal images on the parent– 
fetal relationship is not well understood, particularly for fathers or 
partners, or when using advanced imaging technologies. This 
review aimed to explore how parent experience and prenatal 
attachment is impacted by antenatal imaging.
Method: Database searches were performed between 
September 2020 and April 2021 Inclusion criteria were 
English language primary research studies published since 
2000, describing or reporting measures of attachment after 
antenatal imaging in expectant parents. The Pillar Integration 
Process was used for integrative synthesis.
Findings: Twenty-three studies were included. Six pillar themes 
were developed: 1) the scan experience begins before the scan 
appointment; 2) the scan as a pregnancy ritual; 3) feeling 
actively involved in the scan; 4) parents’ priorities for knowl-
edge and understanding of the scan change during preg-
nancy; 5) the importance of the parent–sonographer 
partnership during scanning; and 6) scans help to create 
a social identity for the unborn baby.
Conclusion: Antenatal imaging can enhance prenatal attachment. 
Parents value working collaboratively with sonographers to be 
actively involved in the experience. Sonographers can help facil-
itate attachment by delivering parent-centred care tailored to par-
ents’ emotional and knowledge needs.
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Introduction

Prenatal attachment is described as the emotional connection parents form to their 
unborn child (Condon, 1993). It is important for healthy infant brain development 
(Glover, 2014), parental emotional well-being (Göbel et al., 2018) and represents 
a transformation during pregnancy whereby expectant parents start to reconceptualise 
their identity from self to care-giver (Walsh, 2010). The concept arose from Bowlby’s early 
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definitions of attachment theory (Bowlby, 1982); however, the term ‘prenatal bonding’ is 
often used interchangeably in literature to describe the parent-fetal relationship (Walsh, 
2010). For clarity, the parent-fetal relationship is referred to as ‘attachment’ throughout 
this review to incorporate all constructs, although bonding is recognised as a synonym in 
this context, and therefore included as a key word to ensure all relevant records were 
captured during searches.

Routine medical ultrasound imaging during the antenatal period is generally 
regarded as a positive pregnancy experience which also facilitates the bonding 
process as it allows expectant parents to create a mental image of their unborn 
baby (Walsh, 2020). This image can be central to the developing attachment by 
providing a visual catalyst for parents to construct and fantasise about their 
‘imagined child’ (Trombetta et al., 2021), to which they attribute personal 
characteristics to humanise the fetus and thus experience a deeper emotional tie 
towards the unborn baby (Condon, 1993). It is thought that prenatal attachment 
can predict the quality of the parent–child relationship after birth, thus antenatal 
imaging may provide a unique and early opportunity during pregnancy for parents 
to establish a positive emotional connection towards the fetus, or for health-care 
professionals to provide timely intervention and support to parents if required 
(Della Vedova & Burro, 2017). For most parents, scans are an enjoyable and 
reassuring experience (G.M. Thomas et al., 2017). However, there is evidence to 
suggest that the experience may also lead to increased anxiety and stress in 
parents, particularly those who are unable to interpret the image (National 
Institute for Health and Care Excellence, 2019), which may impact on the develop-
ing relationship.

Research in this field is warranted, especially with the increasing use of advanced 
fetal imaging techniques to complement routine ultrasound imaging, including 
three-dimensional (3D) and four-dimensional (4D) ultrasound and fetal magnetic 
resonance imaging (MRI). These modalities produce highly detailed images and 
videos of fetuses, yet the effect of seeing these images on the developing parent- 
fetal relationship is not well studied or reported (Van den Bergh & Simons, 2009), 
especially for pregnancies in which a fetal anomaly is suspected or has been 
diagnosed. For some parents, visualising the anomaly may aid their understanding 
of a diagnosis (Gonçalves et al., 2005; Leung et al., 2006; Sreejith et al., 2018), 
although for some it may increase distress, for example, if faced with a decision to 
continue the pregnancy (Mitchell, 2004). Furthermore, studies evaluating the effect 
of imaging on the paternal-fetal relationship are sparse (Walsh et al., 2017), even 
though quality prenatal attachment is associated with a positive effect on maternal 
emotional well-being and the maternal-foetal relationship (Borg Cunen et al., 2017; 
Lindgren, 2001).

This review aimed to explore the research question ‘what is the effect of medical 
imaging in pregnancy on prenatal attachment?’, to enhance current understanding 
of the impact antenatal imaging may have on the parent-fetal relationship and 
identify factors of the parent imaging experience that may affect attachment.
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Materials and methods

The protocol for this review was registered on the PROSPERO database (CRD42020197259). 
No patients were involved in the development or conduct of this review. Funding was 
received from the College of Radiographers Doctoral Fellowship Award (DF017) and City, 
University of London.

Search strategy

The PRISMA statement (Page et al., 2021) was used to develop a search strategy from 
keywords identified using the PEO framework (Khan et al., 2003; Table 1). This was 
reviewed by a university librarian specialising in literature searches and piloted for 
efficacy. Identified keywords and synonyms were combined with Wildcard and 
Boolean operators to generate search queries (e.g. TI (mother* or maternal or 
mum*) AND TI (magnetic resonance imaging or MRI) OR TI (ultrasound or sonogra-
phy or sonogram or ultrasonography) AND TI (bonding or attachment or relationship 
or behaviour or experience)) (Supplementary Material S1). During September 2020- 
April 2021, searches of 10 electronic databases were performed (MEDLINE, CINAHL, 
PsychNET, Academic Search Complete (via EBSCOhost), (Embase, MIDRIS (via OVID), 
The Cochrane Library, PubMed, Scopus and Web of Science) in addition to searches 
of grey literature (HMIC, OpenGrey, NICE, and TRIP) and doctoral dissertations 
(ProQuest Dissertations, Theses Global).

Eligibility criteria

Studies were eligible if they were primary research studies published in English describing 
or reporting measures of attachment in expectant adult (≥18 years old) parents in the 
context of medical imaging in pregnancy. To incorporate the impact of fetal imaging 
advances, studies published before 2000 were excluded. Only studies where the antenatal 
imaging examination was the research intervention (e.g. 2D/3D/4D ultrasound or fetal 
MRI) were considered for inclusion. There was no restriction on gestational age or fetal 
anomaly diagnosis. Studies measuring prenatal attachment after birth were excluded to 
reduce recall bias.

Table 1. PEO framework to identify keywords and develop search terms.
POPULATION EXPOSURE (INTERVENTION) OUTCOMES

mother/maternal imaging/screening/assessment/ 
modality

attachment/bonding/ 
relationship/behaviour

father/paternal ultrasound/sonography/US experience
parent/parental dimensional/2D/3D/ 4D
f*etal/f*etus/antenatal/obstetric/pregnancy/ 

prenatal/expectant/prepartum/antepartum
magnetic resonance/magnetic 

resonance imaging/MRI
f*etal anomaly/abnormality/prenatal diagnosis scan/examination

JOURNAL OF REPRODUCTIVE AND INFANT PSYCHOLOGY 3



Selection of papers

References were imported into review management software program, EPPI-Reviewer4 
(Thomas et al., 2010). After removing duplicates, titles and abstracts were screened for 
relevance. Full texts of studies meeting the eligibility criteria were retrieved for further 
evaluation. Using the same keywords as the electronic databases, additional searches 
were performed on Google Scholar and using web-based literature searching platform, 
ResearchRabbit Beta3 (www.researchrabbit.ai). Reference lists of included studies were 
hand-searched for additional relevant studies. All references were reviewed by ES, with 
independent double-screening performed by RW on randomly allocated 10% of the total 
studies for both title/abstract and full-text screening. Discrepancies were discussed by the 
reviewers to reach consensus following each level of screencing.

Data extraction and quality appraisal

A database was developed for extraction of study characteristics including participant 
demographics, study design, and reported measure of attachment or qualitative insights. 
Included studies were quality appraised using Joanna Briggs Institute checklists 
(Lockwood et al., 2015; Moola et al., 2020; Tufanaru et al., 2020). These assist reviewers 
in evaluating the rigour and validity of published research, helping to identify flaws in 
reported study designs and methods through focused questions. Reviewers can respond 
with ‘yes’, ‘no’, ‘unclear’ or ‘not applicable’. Whilst a scoring system is not embedded in 
these checklists, studies with a high proportion of ‘no’ or ‘unclear’ responses are sus-
pected to be of lower quality.

Data synthesis

Owing to the heterogeneity of the studies, a research synthesis (Sandelowski et al., 2006) 
was more appropriate than the separate meta-analytical and meta-ethnographic 
approaches proposed in the protocol (Skelton et al., 2020). This method is becoming 
popular in health research as it enables extraction of categories and themes from 
quantitative and qualitative data pertaining to a research question, facilitates validation 
or triangulation of findings (Moon, 2019), and creates a more complete understanding of 
complex phenomena of interest (Stern et al., 2020). The Pillar Integration Process 
(Johnson et al., 2019) was used to integrate and synthesise quantitative and qualitative 
studies in a convergent approach, as it is flexible for use across study designs, yet provides 
a well-defined methodological approach to the analysis in keeping with the nature of 
a systematic review (Flanagan et al., 2020). After initial, separate analyses of quantitative 
and qualitative studies had been completed, the 4-stage (listing, matching, checking, 
Pillar building) Pillar Integration Process was used to build central, integrated themes. In 
the first stage, coded categories from quantitative studies and themes for qualitative 
studies were listed in the respective column on the joint display matrix. The data was then 
matched to the opposite quantitative or qualitative column and horizontally rearranged 
to reflect the corresponding content. The rows of matched data were then cross-checked 
for quality and completeness, before the Pillars were built in the central column to 
represent the integrated themes from each row (Johnson et al., 2019).

4 E. SKELTON ET AL.
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Results

Results of the searches are given in Figure 1. After removing duplicates, 20,279 references 
were screened by title and abstract. Of these, 19,952 did not meet the inclusion criteria 
and were excluded. After detailed review of 327 full-text references, 304 were excluded 
(see Supplementary Material S2). Twenty-three studies (13 quantitative and 10 qualita-
tive/descriptive studies) were eligible for inclusion. Agreement between the two 
reviewers was 98% on title and abstract, and 91% on full-text screening.

Study characteristics

Study characteristics are presented in Supplementary Material S3 and S4. There were nine 
qualitative studies, (Cadogan et al., 2009; Dykes & Stjernqvist, 2001; Ekelin et al., 2004; 
Firth et al., 2011; Freeman, 2000; Øyen & Aune, 2016; Stephenson et al., 2016; Wadephul 
et al., 2015; Westerneng et al., 2019), 6 RCTs (Boukydis et al., 2006; De Jong-Pleij et al., 
2013; Lapaire et al., 2007; Righetti et al., 2005; Rustico et al., 2005; Sedgmen et al., 2006), 4 

Figure 1. PRISMA diagram.
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cohort studies (Edwards et al., 2010; Lalor & Devane, 2007; Polizzi et al., 2017; Robak- 
Chołubek et al., 2015), 2 cross-sectional (Harpel & Barras, 2018; Sidi & Josheu, 2019), and 2 
studies using a multi-method approach (Cristofalo et al., 2006; Murakami et al., 2012).

Most studies (n = 13) were conducted in European countries (Cadogan et al., 2009; 
Dykes & Stjernqvist, 2001; Ekelin et al., 2004; De Jong-Pleij et al., 2013; Lalor & Devane, 
2007; Lapaire et al., 2007; Øyen & Aune, 2016; Polizzi et al., 2017; Righetti et al., 2005; 
Robak-Chołubek et al., 2015; Rustico et al., 2005; Wadephul et al., 2015; Westerneng et al., 
2019), followed by the USA (n = 5; Boukydis et al., 2006; Cristofalo et al., 2006; Edwards 
et al., 2010; Freeman, 2000; Harpel & Barras, 2018), Africa (n = 2; Firth et al., 2011; Sidi & 
Josheu, 2019), Australia (n = 2; Sedgmen et al., 2006; Stephenson et al., 2016), and Japan 
(n = 1; Murakami et al., 2012).

Seventeen studies featured maternal participants only (Boukydis et al., 2006; Cristofalo 
et al., 2006; Dykes & Stjernqvist, 2001; Edwards et al., 2010; Firth et al., 2011; De Jong-Pleij 
et al., 2013; Lalor & Devane, 2007; Murakami et al., 2012; Øyen & Aune, 2016; Polizzi et al., 
2017; Robak-Chołubek et al., 2015; Rustico et al., 2005; Sedgmen et al., 2006; Sidi & Josheu, 
2019; Stephenson et al., 2016; Wadephul et al., 2015; Westerneng et al., 2019), five 
included both parents (Cadogan et al., 2009; Ekelin et al., 2004; Harpel & Barras, 2018; 
Lapaire et al., 2007; Righetti et al., 2005), and one study only recruited fathers (Freeman, 
2000). Studies with specific research foci included 3D/4D ultrasound (n = 8; Cadogan et al., 
2009; Edwards et al., 2010; De Jong-Pleij et al., 2013; Lapaire et al., 2007; Righetti et al., 
2005; Rustico et al., 2005; Sedgmen et al., 2006; Wadephul et al., 2015), scans in third 
trimester (n = 5; Edwards et al., 2010; De Jong-Pleij et al., 2013; Lapaire et al., 2007; Robak- 
Chołubek et al., 2015; Westerneng et al., 2019), known or high chance of foetal anomaly 
(n = 3; Cadogan et al., 2009; Cristofalo et al., 2006; Polizzi et al., 2017), first-time mothers 
(n = 2; Dykes & Stjernqvist, 2001; Sedgmen et al., 2006), and ethnic minorities (n = 2; Firth 
et al., 2011; Sidi & Josheu, 2019). No studies reporting fetal MRI as the imaging modality 
were included.

Increased prenatal attachment was measured or reported after scanning in 16 studies 
(Boukydis et al., 2006; Dykes & Stjernqvist, 2001; Edwards et al., 2010; Ekelin et al., 2004; 
Firth et al., 2011; Freeman, 2000; De Jong-Pleij et al., 2013; Lalor & Devane, 2007; Murakami 
et al., 2012; Øyen & Aune, 2016; Righetti et al., 2005; Robak-Chołubek et al., 2015; Rustico 
et al., 2005; Sedgmen et al., 2006; Sidi & Josheu, 2019; Stephenson et al., 2016), was 
unchanged in one study (Westerneng et al., 2019), and temporarily decreased after 
scanning in one study following diagnosis of foetal anomaly (Cristofalo et al., 2006). 
Four studies reported no difference in attachment between imaging modalities (De Jong- 
Pleij et al., 2013; Righetti et al., 2005; Rustico et al., 2005; Sedgmen et al., 2006); however, 
one study found a significant difference in prenatal attachment after 3D/4D compared to 
2D ultrasound (Lapaire et al., 2007).

Quality appraisal

Critical appraisal indicated moderate level of quality across the studies. Quality was 
considered higher where studies used a pre- and post-scan comparative design 
(Boukydis et al., 2006; Cadogan et al., 2009; Dykes & Stjernqvist, 2001; De Jong-Pleij 
et al., 2013; Lalor & Devane, 2007; Øyen & Aune, 2016; Polizzi et al., 2017; Righetti et al., 
2005; Sedgmen et al., 2006; Wadephul et al., 2015), chose a validated questionnaire for 
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quantitative data collection (Boukydis et al., 2006; De Jong-Pleij et al., 2013; Polizzi et al., 
2017; Righetti et al., 2005; Rustico et al., 2005; Sedgmen et al., 2006), and fully described 
the analytical process (Cristofalo et al., 2006; Freeman, 2000; Øyen & Aune, 2016; 
Wadephul et al., 2015).

Elements of qualitative studies that were considered of lower quality were: not dis-
closing the relationship of the researchers to participants (e.g. to determine whether this 
relationship could have influenced data collection; Dykes & Stjernqvist, 2001; Ekelin et al., 
2004; Stephenson et al., 2016; Wadephul et al., 2015; Westerneng et al., 2019), not 
describing the data collection environment in sufficient detail (Cristofalo et al., 2006; 
Ekelin et al., 2004; Øyen & Aune, 2016; Wadephul et al., 2015), and not reporting 
triangulation methods (Cristofalo et al., 2006; Dykes & Stjernqvist, 2001).

Elements of quantitative studies that were considered of lower quality were: using non- 
validated questionnaires (Edwards et al., 2010; Lalor & Devane, 2007; Lapaire et al., 2007; 
Murakami et al., 2012; Robak-Chołubek et al., 2015; Sidi & Josheu, 2019), unclear partici-
pant recruitment, or randomisation procedures (Boukydis et al., 2006; De Jong-Pleij et al., 
2013; Righetti et al., 2005), and not providing details for the ultrasound scan protocol 
(Polizzi et al., 2017; Righetti et al., 2005; Robak-Chołubek et al., 2015; Sidi & Josheu, 2019).

Fourteen studies did not report ethical approval (Boukydis et al., 2006; Cadogan et al., 
2009; Cristofalo et al., 2006; Dykes & Stjernqvist, 2001; Ekelin et al., 2004; Freeman, 2000; 
Harpel & Barras, 2018; De Jong-Pleij et al., 2013; Lapaire et al., 2007; Polizzi et al., 2017; 
Righetti et al., 2005; Robak-Chołubek et al., 2015; Rustico et al., 2005; Sedgmen et al., 
2006).

Excluding lower-quality studies based on these considerations, however, would 
severely reduce the quantity of data available for use in this review, therefore it was 
decided they should still be included.

Convergent integrated Pillar data synthesis

Analysis of the included studies identified 58 codes related to prenatal attachment. Six 
central themes were then developed from the Pillar Integration Process (Table 2): 1) the 
scan experience begins before the scan appointment; 2) the scan as a pregnancy ritual; 3) 
feeling actively involved in the scan; 4) parents’ priorities for knowledge and under-
standing of the scan change during pregnancy; 5) the importance of the parent–sono-
grapher partnership during scanning; and 6) scans help to create a social identity for the 
unborn baby. For simplicity, the term sonographer is used throughout the paper to 
represent any health-care professional or ultrasound practitioner who performs preg-
nancy imaging. These themes are described below with illustrative quotes.

The scan experience begins before the scan appointment

This theme conceptualises pregnancy scans as experiences that are not confined to the 
scan room. Prior to the scan, expectant parents sought information from a range of 
sources, including leaflets provided by scan departments, the internet, and social inter-
actions (Cristofalo et al., 2006; Ekelin et al., 2004; Firth et al., 2011; Øyen & Aune, 2016), 
which they used to develop individual expectations about the scan (Cristofalo et al., 2006; 
Dykes & Stjernqvist, 2001; Ekelin et al., 2004; Firth et al., 2011; Lalor & Devane, 2007; 
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Murakami et al., 2012; Øyen & Aune, 2016; Wadephul et al., 2015). Parents looked forward 
to the scan, but were simultaneously apprehensive of the potential to receive unexpected 
news about their baby (Dykes & Stjernqvist, 2001; Ekelin et al., 2004; Firth et al., 2011; Øyen 
& Aune, 2016; Stephenson et al., 2016; Westerneng et al., 2019), with a ‘fear that some-
thing could be wrong’ always present (Cadogan et al., 2009). This emotional conflict 
created a paradox, whereby in the excitement of visualising their unborn baby, parents 
also had to consider the possibility of the scan detecting a fetal anomaly and further 
antenatal care decisions that may have been needed (Cristofalo et al., 2006; Ekelin et al., 
2004; Firth et al., 2011; Stephenson et al., 2016).

The scan as a pregnancy ritual

Parents regarded scans as a milestone event, which they expected, and wanted (Harpel & 
Barras, 2018):

One of the first-time mothers even considered the ultrasound examination to be an initiation 
rite into pregnancy, making it obvious not only to herself but also to others that she really was 
expecting a baby (Ekelin et al., 2004).

Many parents had made the decision to attend the scan before receiving information 
about it, and were unaware that it is not obligatory in antenatal care (Ekelin et al., 2004). 
Parents viewed scans as an opportunity to see their baby (Cadogan et al., 2009; Dykes & 
Stjernqvist, 2001; Ekelin et al., 2004; Firth et al., 2011; Øyen & Aune, 2016; Stephenson 
et al., 2016; Wadephul et al., 2015; Westerneng et al., 2019) and to confirm the presence of 
a new life (Ekelin et al., 2004; Firth et al., 2011; Øyen & Aune, 2016; Stephenson et al., 2016). 
Guided by the sonographer’s commentary, they used the scan images to create mental 
images of their baby (Stephenson et al., 2016). Whilst some parents showed a clear 
preference for advanced imaging techniques, such as 3D/4D ultrasound for ease of 
recognition (Sedgmen et al., 2006), particularly for first-time mothers (Rustico et al., 
2005), scan type, did not seem to significantly impact on parents’ perception of the 
fetus or attachment (Edwards et al., 2010; Lapaire et al., 2007; Righetti et al., 2005; 
Rustico et al., 2005; Sedgmen et al., 2006).

For some, novel modalities felt more exciting and therefore desirable; however, they 
also created uncertainty and feelings of disappointment in parents who have high 
expectations that may not be met (Cristofalo et al., 2006; Dykes & Stjernqvist, 2001; 
Ekelin et al., 2004; Firth et al., 2011; Øyen & Aune, 2016; Wadephul et al., 2015).

All [parents] expected clear, detailed images of the baby, particularly the face, enabling them 
to see ‘what the baby looks like’ (Wadephul et al., 2015).

Pregnancy scans also enabled parents to engage with fetal anomalies by providing 
a visual image (Cadogan et al., 2009; Cristofalo et al., 2006; Dykes & Stjernqvist, 2001; 
Stephenson et al., 2016).
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Feeling actively involved in the scan

This theme focuses on parents as active participants in the scan (Ekelin et al., 2004; 
Stephenson et al., 2016). Scans were generally felt to be reassuring or a relief 
(Cadogan et al., 2009; Cristofalo et al., 2006; Ekelin et al., 2004; Øyen & Aune, 2016; 
Wadephul et al., 2015; Westerneng et al., 2019), and parents reported positive 
feelings when the baby’s health was confirmed (Ekelin et al., 2004). Parents enjoyed 
recognising personal characteristics in the baby (Boukydis et al., 2006; Ekelin et al., 
2004), and this helped validate their role as creators of life (Dykes & Stjernqvist, 2001; 
Ekelin et al., 2004; Øyen & Aune, 2016). The presence of fathers at scans was 
important (Ekelin et al., 2004; Øyen & Aune, 2016; Westerneng et al., 2019), not 
only for maternal support (Murakami et al., 2012), but also for enhanced attachment 
as fathers who attended scans felt closer to their unborn baby than those who had 
not (Harpel & Barras, 2018). Partner behaviour changed after the scan to be ‘more 
understanding and gentle’ towards mothers (Ekelin et al., 2004). As with mothers, the 
imaging modality did not seem to significantly impact paternal attachment (Lapaire 
et al., 2007; Righetti et al., 2005), rather it was being present and active in the real- 
time, dynamic scan experience which helped them to feel closer to their unborn 
baby:

The women and their partners used the ultrasound examination in planning the pregnancy 
process leading towards birth and a new life with the baby (Cadogan et al., 2009).

Parents’ priorities for knowledge and understanding of the scan change during 
pregnancy

Interacting with, and understanding the visual images of babies during scan evoked 
positive pregnancy-related behaviours in parents, such as reducing alcohol/caffeine con-
sumption and preparing the house for the baby’s arrival (Dykes & Stjernqvist, 2001; Ekelin 
et al., 2004; Øyen & Aune, 2016; Sedgmen et al., 2006; Westerneng et al., 2019).

These behaviours represented the developing attachment, and parents’ transforma-
tion of themselves as a care-giver with ‘feelings of responsibility and concern for fetal 
development’ (Stephenson et al., 2016). The pattern to these behaviours was progressive, 
and as such, the need to inform parents with specific knowledge and understanding from 
scans changed with gestation (Cadogan et al., 2009; Dykes & Stjernqvist, 2001; Ekelin et al., 
2004; Firth et al., 2011; Øyen & Aune, 2016; Stephenson et al., 2016; Wadephul et al., 2015; 
Westerneng et al., 2019). At earlier gestations, parents prioritised knowing that their 
pregnancy was viable (Murakami et al., 2012). At later gestations, it was important for 
parents to know about the presence of foetal anomalies (Murakami et al., 2012). 
Knowledge of the fetal sex was highlighted as an important insight for some parents in 
trying to learn more about their baby (Firth et al., 2011; Freeman, 2000; Øyen & Aune, 
2016). However, limitations of fetal sex determination were understood by parents, with 
reports to suggest doubt, particularly if it did not align with their preferences (Murakami 
et al., 2012; Robak-Chołubek et al., 2015). This implied that fetal sex does not have 
a substantial impact on bonding, as parents seemed to value knowing the health of the 
baby as a priority (Freeman, 2000).
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The importance of the parent–sonographer partnership during scanning

During scans, sonographers facilitated the connection between expectant parents and 
their babies (Firth et al., 2011), and contributed to parents’ knowledge and understanding 
of the scan procedure (Ekelin et al., 2004; Firth et al., 2011; Øyen & Aune, 2016; 
Westerneng et al., 2019).

Certain aspects of the sonographer’s practice-influenced parents’ perceptions of their 
overall scan experience (Ekelin et al., 2004; Øyen & Aune, 2016; Stephenson et al., 2016), 
which impacted on attachment (Boukydis et al., 2006). Parents’ confidence in their 
sonographer was linked with narration of the scan (Freeman, 2000), highlighting the 
importance of the role of the sonographer in partnership with parents:

The women also stressed the importance of having had the picture on the screen thoroughly 
explained (Dykes & Stjernqvist, 2001).

Two studies noted the importance of language choices for sonographers (Ekelin et al., 
2004; Stephenson et al., 2016). Limiting the use of non-medical terminology humanised 
the fetus, implied to parents that the sonographer recognised their unborn baby as an 
individual, and demonstrated professional investment in their care (Stephenson et al., 
2016). Making parents feel like they had been given sufficient time during the scan to 
engage with the experience and ask questions (Øyen & Aune, 2016) helped to reduce 
parental anxiety and was also important to delivering parent-centred care (Westerneng 
et al., 2019):

I wish there was more time for the ultrasound so that she could explain more and also go 
through what can and cannot be seen (Ekelin et al., 2004).

Scans help to create a social identity for the unborn baby

The final theme represents parents’ ongoing scan experience and how they continued to 
reflect on it to enhance attachment. Many parents centred their news about pregnancies 
around a scan (Sidi & Josheu, 2019), using it as ‘proof’ of their unborn baby to others 
(Ekelin et al., 2004). Some parents waited until their first scan to tell friends and family 
about their pregnancies, sharing their pictures or videos (Cadogan et al., 2009; Ekelin et al., 
2004; Wadephul et al., 2015). Scan mementos represented the baby in a physical presence 
that others could interact with, and this helped create a social identity before birth 
(Murakami et al., 2012). After birth, both the parents and the parents’ social circle had 
a sense of ‘knowing’ the baby already (Cadogan et al., 2009; Cristofalo et al., 2006; Dykes & 
Stjernqvist, 2001; Ekelin et al., 2004; Firth et al., 2011; Freeman, 2000; Øyen & Aune, 2016; 
Stephenson et al., 2016; Westerneng et al., 2019).

The perception of social support was an important factor in the developing prenatal 
attachment (Polizzi et al., 2017) and some mothers chose to bring people other than their 
partner to scans:

I took my mother in law and my father . . . so there are also involved a little bit more with the 
pregnancy (Westerneng et al., 2019).
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Discussion

Main findings

This review explored how prenatal attachment is impacted by antenatal imaging. The 
objectives were to enhance current understanding of parents’ experiences of pregnancy 
imaging, and to identify factors, which could impact on attachment. Six pillar themes 
were developed, each describing an element of the scan experience and how it impacts 
the developing attachment. The experience begins in advance of the scan with the 
creation of expectations, and continues by sharing pregnancy images and knowledge 
outside of the parental relationship.

Strengths and limitations

A strength of this review was in using the Pillar Integration Process, which enabled 
rigorous integration of results from quantitative and qualitative studies. It was chosen 
above other integration methods because the process is displayed clearly and therefore 
replicable by others (Johnson et al., 2019). An additional strength was the external 
support received from a subject expert librarian in developing the robust search strategy.

However, a few limitations need to be considered before drawing conclusions. First, 
the wide publication date range yielded many eligible studies but findings from earlier 
studies (particularly those involving 3D/4D ultrasound) may not be wholly generalisable 
to the current context given technological advancements and improvements in image 
quality (Pulliainen et al., 2019). Additionally, increasing availability of access to pregnancy 
imaging through private scan clinics may also have an impact on the parent experience, 
which may not be fully represented within older studies.

A meta-analysis of quantitative studies was not conducted due to heterogeneity of 
data. The richness of common themes across both qualitative and quantitative studies, 
however, highlighted the importance of using the Pillar Integration Process to ensure 
these key themes were strong and thematic saturation was achieved between all eligible 
studies while addressing the conceptual complexity of prenatal attachment and parental 
experiences in antenatal imaging.

Despite the high yield returned from the searches, a thorough screening process was 
enabled by use of the EPPI-Reviewer 4 software (Thomas et al., 2010). This facilitated 
management of the records across a shared platform and kept an electronic ‘audit trail’ of 
the reviewer’s judgment against the defined inclusion criteria. Although partial double 
screening of the records may be considered a limitation of the study, high concordance 
between reviewers demonstrates the clarity of the inclusion criteria. Finally, to ensure 
breadth of knowledge in the review, some of the included studies were of low quality. 
Although it may be argued that this could limit the extent to which the findings can be 
transferred beyond the review, use of the Pillar Integration Process to synthesise qualita-
tive and quantitative findings helps to mitigate conflicts by highlighting the commonal-
ities across the studies. The need for more methodologically rigorous studies in future 
research is also emphasised.
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Interpretation

Most studies in this review measured or reported increased attachment following scan-
ning (Boukydis et al., 2006; Dykes & Stjernqvist, 2001; Edwards et al., 2010; Ekelin et al., 
2004; Firth et al., 2011; Freeman, 2000; De Jong-Pleij et al., 2013; Lalor & Devane, 2007; 
Murakami et al., 2012; Øyen & Aune, 2016; Righetti et al., 2005; Robak-Chołubek et al., 
2015; Rustico et al., 2005; Sedgmen et al., 2006; Sidi & Josheu, 2019; Stephenson et al., 
2016). Fetal imaging provided a visual image of the unborn baby that enabled expectant 
parents to place them in their own familiar reality (Pedreira & Leal, 2015), thus promoting 
feelings of closeness. Scans gave visual confirmation of the pregnancy, and this reassur-
ance of viability helped to enhance attachment. This is related to parents’ pre-scan anxiety 
of receiving unexpected news, including that of a fetal anomaly (Brisch et al., 2002; Van 
der Zalm & Byrne, 2006). Rothman historically described the concept of the ‘tentative 
pregnancy’ (Rothman, 1987) where parents delay feelings towards the pregnancy until 
they are more confident the pregnancy is viable (Rowe et al., 2009). Similarly, some find it 
more difficult to develop an attachment to their baby when an anomaly is diagnosed 
(Boztepe et al., 2016). In this review, one study reported a temporary decrease in attach-
ment after mothers were informed of a fetal brain anomaly (Cristofalo et al., 2006). 
Detection of a fetal anomaly may be particularly distressing beyond the first trimester, 
as previous unremarkable scans may create a false sense of assurance (Ekelin et al., 2008). 
Parents must address the uncertainty of the diagnosis on their emotional investment to 
the pregnancy, whilst simultaneously processing the loss of the baby they had initially 
begun to connect with (Ruschel et al., 2014).

Parent-centred care and implications for sonographers

Parent-centred care by sonographers was highlighted as an essential element of the scan 
experience to positively enhance attachment (Businelli et al., 2021). When parents feel 
actively involved, their overall perception of the scan improves (Ranji et al., 2012). A ‘good’ 
scan is determined by positive interaction with sonographers (Van der Zalm & Byrne, 
2006), which helps to improve parents’ recognition of images and strengthen their 
understanding of the examination (Masroor et al., 2008; J. Walsh, 2010). Parents are 
then more likely to feel satisfied that their expectations for the scan have been met, 
even if the overall image quality during the scan is limited (Whynes, 2002). The review 
supports this finding, as whilst novel imaging techniques (e.g. 3D/4D ultrasound) may be 
considered desirable, any perceived impact on attachment may be attributed by parents 
to the explanation given to help interpret the image rather than the image itself (Ranji 
et al., 2012). This emphasises the integral role of the sonographer during the scan, who 
personifies the interface between technology and parental knowledge and collaborates 
with expectant parents to help construct an identity for the fetus (Roberts, 2012). Whilst 
the medical purpose of the examination is paramount, viewing the scan more holistically 
to incorporate parent-centred care practices should also be considered in the provision of 
sonographic education and training (Walsh, 2020).

Making the scan a satisfactory experience for parents (Chudleigh, 1999) should also be 
considered in providing parent-centred care, with a focus on promoting open commu-
nication (Øyen & Aune, 2016). However, with the extensive clinical requirements of scans 
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placing heavy demand on sonographers (Masroor et al., 2008) it is not surprising parents 
may feel their expectations are not met (Ekelin et al., 2004). Emerging technologies using 
artificially intelligent algorithms to automate scan processes or provide clinical support for 
sonographers may help reduce demand (Baumgartner et al., 2018; Sinclair et al., 2018; 
Yaqub et al., 2019); however, further, large-scale prospective testing is required to 
evaluate the real-world clinical utility and impact on the delivery of parent-centred care 
(Drukker et al., 2020).

A cross-cutting theme was the importance of partners at scans. For fathers and non- 
pregnant partners, the lack of physical cues can make it difficult to accept the reality of the 
pregnancy, leading to distress, depression, and poor attachment (Fenwick et al., 2012). 
Scans help fathers and non-pregnant partners to engage with the pregnancy and get to 
know the baby through visual cues (Ekelin et al., 2008). The baby represents a project 
shared between a couple (Cristofalo et al., 2006; Pedreira & Leal, 2015) and the scan is 
a pregnancy-related event that both parents can experience simultaneously (Fenwick 
et al., 2012). Knowledge about the unborn baby is acquired together, and physical 
movements can be witnessed in real time during the scan, providing fathers and non- 
pregnant partners with a glimpse into the otherwise privileged access their partner has of 
the pregnancy (Harpel and Barras, 2018). The ‘thrill’ of being present cannot be fully felt 
through images shared afterwards (Firth et al., 2011), and the scan experience may further 
support the intrapsychic dynamics of the expectant parents by enabling an encounter 
with their imagined child (Walsh et al., 2017). When the coronavirus pandemic reached 
the UK in March 2020, many maternity departments placed temporary restrictions on 
those accompanying pregnant people to antenatal scans to minimise virus transmission. 
The impact of these restrictions on prenatal attachment is yet to be formally evaluated, 
however a recent report concludes there may be long-term implications for parents, 
babies and families including ‘psychosocial functioning, early parenting and child devel-
opmental outcomes’ (Lalor et al., 2021).

Implications for future research

This review identified the lack of published studies exploring the potential impact of fetal 
MRI on prenatal attachment. The searches identified two studies reporting the parent’s 
perspective of foetal MRI (Lie et al., 2019; Reed et al., 2016); however, they were excluded 
because they did not specifically describe the impact on prenatal attachment. As fetal MRI 
becomes popular to complement conventional ultrasound, the acceptability of this 
modality to parents and its potential effect on attachment requires further evaluation 
to facilitate successful integration into clinical pathways. In addition, the studies in this 
review emphasise pregnancy scans as a visual experience. Advances in 3D printing help 
the scan experience to be more accommodating for expectant parents who are visually 
impaired, contributing to attachment (Coté et al., 2020; Werner et al., 2016). These studies 
were excluded from this review because the 3D print was the research intervention, 
however they highlight the importance for sonographers performing scans to consider 
the needs of parents with additional sensory requirements when delivering high-quality, 
parent-centred care.
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Conclusion

This review highlights antenatal scans as an important pregnancy experience that can 
enhance prenatal attachment. As well as giving reassurance regarding the health of their 
unborn baby, scans also provide a visual image, which parents can engage with in real- 
time, and utilise for attachment by attributing physical and psychological characteristics, 
thus transforming the baby from a medical entity (fetus) to be recognised as an individual 
person. The success of this transformation is dependent on sonographers interpreting 
images in a way that becomes accessible to parents. Sonographers can help facilitate the 
attachment process by providing an interactive, parent-centred scan experience that is 
tailored to parents’ individual emotional needs and requests of information and knowl-
edge for the gestation of pregnancy.
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