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Abstract

Bottle-feeding is an infant feeding modality that has been in existence since ancient

times, and currently, a significant number of infants are being fed via a bottle with

either breastmilk or formula. Although research on bottle-feeding has continued, it

exists in fragmented, often small studies that focus on singular aspects of feeding an

infant using a bottle, with limited information on the bottle-feeding act. Systems the-

ory was the approach used to define the act of bottle-feeding and identify the parts

within this act. Health databases were searched using MeSH terms. A summary of

the studies are included. The findings of this review revealed that healthy term

bottle-feeding infants use similar tongue and jaw movements, can create suction and

sequentially use teat compression to obtain milk, with minimal differences in oxygen

saturation and SSB patterns, when compared with breastfeeding infants. Bottle and

teat characteristics were revealed to affect infant feeding and milk intake. An infant's

milk intake during feeding was shown to have a strong association with the interac-

tion between the infant and parent/caregiver. With the issue of who controls the

feed, mother or infant, likely to affect an infant's ability to self-regulate their milk

intake. Redefining bottle-feeding as a holistic system identifies the interrelationship

of the various parts which will improve the understanding of the reciprocal nature of

infant feeding. To optimize bottle-feeding outcomes, further research is required on

parents' and health professionals' knowledge and understanding of the parts within

the act of bottle-feeding.
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1 | INTRODUCTION

Infant feeding is essential for survival. The primary infant

feeding modalities for infants under 6 months of age are

breastfeeding and bottle-feeding. The ideal feeding modality for

mothers and infants is breastfeeding. Global initiatives aim to

enhance uptake and duration of breastfeeding (World Health Orga-

nization (WHO) & United Nations Children's Fund (UNICEF), 2003).

There is no dispute as to the importance of breastfeeding. How-

ever, bottle-feeding plays a significant role in infant nutrition

(National Health & Medical Research Council, 2012; World Health

Organization (WHO), 1981). Globally, 59% of infants (World Health

Organization (WHO), 2018) and around 85% of infants within

Australia (Australian Institute of Health and Welfare, 2011) by

5 months of age are being fed with either breastmilk or formula

using bottles.
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Breastfeeding guidelines and recommendations discuss strategies

to assist the dyad if problems arise during the establishment and

maintenance of breastfeeding (National Health & Medical Research

Council, 2012). Topics covered in the guidelines and policies include

positioning and attachment of the infant on the breast, mother's posi-

tion, milk transfer and production, feeding a baby to their need, nor-

mal infant behaviour, and everyday problems (National Health &

Medical Research Council, 2012; World Health Organization (WHO),

2017).

Bottle-feeding guidelines and recommendations, however,

tend to focus on aspects of health and safety (National Health &

Medical Research Council, 2012; WHO, 1981). Bottle-feeding

advice concentrates on more procedural recommendations: cleaning

and sterilizing of feeding equipment, correct preparation of formula,

and the storage and transport of formula (United Nations Children's

Fund (UNICEF) UK, 2015). Although these guidelines are indeed

important, what appears to be lacking is the consideration of bottle-

feeding as a holistic system and how to optimally feed infants when

using a bottle.

Previous research indicates there are differences in the practice

of breastfeeding and bottle-feeding and mothers' behaviours (Crow,

Fawcett, & Wright, 1980). Parents and health practitioners who sup-

port them are faced with a myriad of decisions in the application of

bottle-feeding. This review considers the importance of infant posi-

tioning and attachment on the bottle, differences between bottles

and teats, and the parent infant feeding interaction.

An integrative review of the empirical literature will investigate

these aspects of bottle-feeding. General systems theory is the theo-

retical construct of the review, in recognition that bottle-feeding is a

system of interdependent parts. Thus, no one aspect is independent.

The majority of research on the topic of bottle-feeding has investi-

gated the various aspects. This review will consider these within the

context of a holistic system and how to support optimal feeding when

using a bottle.

2 | METHODS

This review aims to provide “a new way of thinking about …”

(Torraco, 2016, p. 412), the act of bottle-feeding as an infant-

feeding modality. An integrative literature review methodology is

well-suited for this review as it is a form of research structured

around existing literature that intends to answer a specific research

question (Torraco, 2016). The scope of this review considers

bottle-feeding as a system (Bertalanffy, 1972). The successful func-

tioning of a system relies upon the contribution of interrelated

parts (Broderick, 1993). Fundamental aspects of bottle-feeding

include, how infants obtain milk from a bottle, how bottle-feeding

equipment influences milk delivery to the infant, and how the

infant's milk intake may be affected by parent–infant communica-

tion during bottle-feeding.

There are external influences within the environment that

impact on bottle-feeding, society, culture, media, health services,

family, and attitudes, and these variables lay outside the scope of

this review. The review's focus is to deepen our understanding of

the physiological and functional parts of the bottle-feeding act. The

graphical representation in Figure 1 shows bottle-feeding as a sys-

tem (diagram adapted from http://ric357.ru/ludwig-von-bertalanffy-

general-system-theory-78/).

2.1 | Inclusion criteria

Studies with a focus on healthy full-term infants under 6 months of

age, fed via a bottle with either breast milk or formula, were eligible

for inclusion. Infants under 6 months were the criterion considered

appropriate because the maturation of an infant's oral-motor function,

developmental changes, and primitive feeding reflexes (tongue thrust)

disappear around 6 months when an infant starts solid feeding. Stud-

ies with a focus on the mechanics of how infants bottle-feed, the

mechanics of bottles and teats as a milk delivery system, and the

mother/carer's actions during the bottle-feeding interaction, were eli-

gible. Sex and ethnicity of the bottle-feeding dyad was not a limiting

factor for inclusion.

2.2 | Exclusion criteria

Studies that focused on preterm infants, breastfeeding outcomes

only, infants over 6 months of age, bottle-feeding relating to spe-

cific medical conditions, and infants with ongoing medical issues,

were excluded. These variables have the potential to affect an

infant's oral-motor function, thus outside the scope of the review.

Studies that investigated the mother's attitudes, experiences, and

choice of feeding modality also did not align with the scope of the

review.

Key messages

• While breastfeeding is a global priority, a significant num-

ber of infants are fed using a bottle.

• There is limited quality information for parents/caregivers

and health professionals on the act of bottle-feeding.

• The anatomical actions used by healthy term infants are

similar when breast or bottle-feeding.

• Teat flow rates affect an infant's sucking pattern and milk

intake. There is significant variability within the brand

and classification of the teat flow rate.

• The anatomical actions used by healthy term infants are

similar when breast or bottle-feeding.

• Infants are interactive partners in the process of bottle-

feeding.
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2.3 | Search strategy

An initial search of the literature was conducted before October

2019 using the term bottle-feeding resulting in 12,075 articles. The

databases searched include CINAHL, PsycINFO, Medline, ProQuest,

and Scopus. MeSH terms, bottle-feeding, and infant, and anatomy,

and physiology, and bottle-feeding equipment, and communication

and cues, were then inserted in the search criteria to align with

the scope of this review. Articles were limited to English, peer-

reviewed studies. The articles for review numbered 2,404, once

duplicates were removed. The title and abstracts were scrutinized

using the inclusion and exclusion criteria, 56 articles were selected.

A search of these articles' references was undertaken to reveal a

further 13 relevant studies. A full-text screen was carried out on

the 69 retrieved articles; of these, 38 articles did not meet the

inclusion criteria. The final 31 articles are in this review. The PRI-

SMA flowchart (Buck, 2019) illustrates the search process (refer to

Figure 2).

2.4 | DATA ANALYSIS

The studies were grouped according to the fundamental aspects of

bottle-feeding. Eight studies focused on the mechanics of how infants

obtain milk from bottles. Thirteen studies focused on the characteris-

tics of how bottles and teats affect milk delivery to the infant. Ten

studies examined how communication and cues during the feeding

interaction affect an infant's milk intake. The table of evidence pre-

sents a tabulation of the studies, refer to Table 1.

Quality assessment and to reduce bias in the analysis of the stud-

ies, the Crowe Critical Appraisal Tool (CCAT) was used (Crowe,

Sheppard, & Campbell, 2012). The CCAT tool, a validated method for

appraising different research designs, provides a reliable and consis-

tent method for reducing bias in the review. A study is broken down

into eight categories, with each category given a score out of 5, a pos-

sible total of 40 (100%) for the entire study. These scores illustrate

the strengths, reproducibility, replicability, and the weakness of the

individual studies (Crowe, 2013). A consensus was obtained on the

CCAT scores for 10 of the 31 studies by two of the authors to provide

consistency and accuracy to the quality assessment process. The final

CCAT scores are in Table 1.

3 | RESULTS

3.1 | Study characteristics

As detailed in the table of evidence, there were nine countries repre-

sented. Two studies were a joint venture in the United Kingdom and

Sweden, and Israel and the United Kingdom. The majority of research

designs for the studies were quantitative, using longitudinal, cross-

sectional, observational, and descriptive data, with one exploratory

ethological qualitative study. No systematic reviews met the inclusion

criteria for this review. A comparison between bottle-feeding and

breastfeeding results was a frequent occurrence. Most studies used

convenience sampling consisting of small sample sizes, with the

mother identified as the primary caregiver. Health facilities were the

main settings for the studies that assessed infants in the first week of

life, and the study design required the use of specific medical equip-

ment. Ethical issues were generally lower on the CCAT because of the

year the study was published or when ethics approval was not

applicable.

F IGURE 1 The theoretical construct of bottle-feeding as a system
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3.2 | FINDINGS

3.2.1 | The mechanics involved in how infants
obtain milk from bottles

There is a strong association with an infant's age post-birth and how

they obtain milk safely and effectively (Ardran, Kemp, & Lind, 1958;

da Costa et al., 2010; Goldfield, Richardson, Lee, & Margetts, 2006;

Moral et al., 2010; Nowak, Smith, & Erenberg, 1994; Qureshi, Vice,

Taciak, Bosma, & Gewolb, 2002; Sakalidis et al., 2012; Taki et al.,

2010; Weber, Woolridge, & Baum, 1986). The mechanisms involved

are complex. They relate to the action of the tongue and jaw, suction

and compression, and the coordination of sucking, swallowing, and

breathing (da Costa et al., 2010; Fadavi, Punwani, & Vidyasagar, 1997;

Moral et al., 2010; Weber et al., 1986).

The infant's tongue was identified as playing a significant role in

milk transfer when breast- or bottle-feeding (Ardran et al., 1958;

Weber et al., 1986). The studies that viewed an infant's feeding by

either x-ray or ultrasound used different terminologies to characterize

this tongue and jaw action (Ardran et al., 1958;Geddes et al., 2012 ;

Weber et al., 1986). For example, in the seminal study by Ardran et al.

(1958), the term “peristaltic” was used to describe the movement of

the pharyngeal wall. Their summary discussed compression and

squeezing of the teat by the tongue, along with suction, gravity, and

teat hole size being factors influencing milk transfer when bottle-

feeding (Ardran et al., 1958). Ultrasound studies used the same terms,

peristaltic and piston-like, yet contradicted which term is applied to

which feeding modality (Geddes et al., 2012; Weber et al., 1986).

Breast- and bottle-feeding infants use “ … a squeezing or stripping

action … ,” breastfeeding infants “ … appeared to be rolling or peristal-

tic … ,” and bottle-feeding infants used a “ … piston-like or squeezing

… ,” action (Weber et al., 1986, p. 22). Geddes et al. (2012, p. 448)

refer to the tongue action when breastfeeding as “ … piston-like … ”

creating suction and an “… up and down movement rather than peri-

staltic …”. The majority of the studies concluded that healthy term

bottle-feeding infants use similar tongue and jaw movements com-

pared with breastfeeding infants when obtaining milk during a feed

(Ardran et al., 1958; Geddes et al., 2012; Goldfield et al., 2006; Nowak

et al., 1994; Weber et al., 1986).

Several studies debated the primacy of suction and or compres-

sion in milk transfer when feeding; with suction being the main ele-

ment proposed for how breastfeeding infants obtain milk and

F IGURE 2 PRISMA diagram bottle-feeding search results
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compression as the main element for bottle-feeding infants (Geddes

et al., 2012; Sakalidis et al., 2012; Weber et al., 1986). Both Geddes

et al. (2012) and Sakalidis et al. (2012) used an experimental teat that

only released milk by suction, which demonstrated that suction was

responsible for milk transfer, not compression. The infants who partic-

ipated in both studies were breastfeeding and had previously sup-

plemented their feeds with a bottle. It was acknowledged that bottle-

feeding term infants do create suction and sequentially use teat com-

pression (Weber et al., 1986), with gravity being a factor in the trans-

fer of milk (Ardran et al., 1958). Ardran et al.'s (1958) methodology

could affect their conclusion that gravity is a significant factor for milk

transfer as the infants were lying on their backs, possibly affecting the

position of the bottle during the feed. No other studies discussed

gravity or mentioned an infant's position or the position of the bottle

during the feed as variables for consideration.

Coordination of suck–swallow–breath (SSB) patterns were also

viewed as an essential element for successful infant feeding (da Costa

et al., 2010; Moral et al., 2010; Qureshi et al., 2002; Sakalidis et al.,

2012; Taki et al., 2010; Weber et al., 1986). Breast- and bottle-

feeding infants' SSB patterns changed because of an infant's age, with

the newborn's reflexive SSB pattern of one or more sucks per swallow

to longer sucking bursts as the infant matured (Qureshi et al., 2002;

Weber et al., 1986). Therefore, the change in SSB pattern differs

depending upon which part of the feed is observed (Taki et al., 2010).

Overall, there seem to be minimal differences in oxygen saturation

and SSB patterns between healthy term breast- and bottle-feeding

infants (Fadavi et al., 1997; Goldfield et al., 2006; Sakalidis et al.,

2012; Weber et al., 1986). The studies determined that feeding

modality does not necessarily influence SSB patterns.

A change in an infant's SSB when breast- or bottle-feeding was

associated with milk availability and milk flow rate (Qureshi et al.,

2002; Sakalidis et al., 2012; Weber et al., 1986). It was suggested that

bottle-feeding infant's sucking patterns are dependent upon teat and

bottle characteristics (da Costa et al., 2010). Taking into consideration

how SSB patterns change during a feed, and how bottles/teats influ-

ence milk flow, the findings in the study by da Costa et al. (2010)

requires reflection. This study only assessed the first 2 min of an

infant feeding and found that bottle-feeding infants had more

arrhythmical sucking (AS) patterns compared with breastfeeding

infants. When examining the characteristics of the infants with AS

patterns, they were consuming high quantities of milk, had low birth

weight, needed medical attention in the first couple of days of life,

and were choking and leaking milk when feeding.

3.2.2 | The characteristics of bottles and teats
affecting an infant's milk intake

Bottle and teat characteristics were revealed to affect infant feeding

and milk intake. (Ardran et al., 1958; da Costa et al., 2010; Goldfield

et al., 2006; Mathew, 1988; Pados, Park, & Dodrill, 2019; Pados, Park,

Thoyre, Estrem, & Nix, 2016; Weber et al., 1986). An infant's milk

intake, SSB patterns, and oxygenation were compared with

breastfeeding using different anti-vacuum (vented) bottle systems.

The bottle with a collapsible bladder and the vented bottle system dis-

played similar results to the breastfeeding group (Fewtrell, Kennedy,

Nicholl, Khakoo, & Lucas, 2012; Goldfield et al., 2006; Salisbury,

1975).

Milk intake and bottle sizes were investigated with larger sized

bottles being associated with an infant consuming an extra 15 kcal/kg

of milk (Wood et al., 2016). It was discussed other contributing factors

as possibly affecting the use of larger bottles were an infant's growth,

responsiveness to infant's feeding cues, and parental feeding style

(Wood et al., 2016). However, Ventura and Golen's (2015) pilot study

examining contextual cues when bottle-feeding found no relationship

to bottle size and milk intake. Their results implicate both the visual

and weight of milk in the bottle, regardless of parenting feeding style,

affecting an infant's milk intake.

Studies have reported an infant's milk intake is influenced by teat

characteristics (Ardran et al., 1958; Geddes et al., 2012; Mathew,

1990; Nowak et al., 1994; Nowak, Smith, & Erenberg, 1995; Pados

et al., 2019; Salisbury, 1975), with milk flow rate to an infant affected

by the teat material, shape, hole size, its rigidity and compressibility,

the bottle material, and the rigidity and pressure used by the infant

(Ardran et al., 1958; da Costa et al., 2010; Goldfield et al., 2006; Mat-

hew, 1990; Nowak et al., 1994; Salisbury, 1975; Walden &

Prendergast, 2000). Studies that examined commercially available

teats found a wide variation in flow rate between brands, within the

same brands and the same labelled teat flow rate (Mathew, 1988;

Pados et al., 2016; Pados et al., 2019; Pados, Park, Thoyre, Estrem, &

Nix, 2015). The conclusion being the company's labelling and termi-

nology on teat flow rates were confusing and it was challenging to

compare flow rates between brands (Pados et al., 2016). Two studies

using different methods examined flow rates of cross-cut teats

(Mathew, 1988; Walden & Prendergast, 2000). In the study by Mat-

hew (1988) suction was applied to the cross-cut teat resulting in no

flow. However, Walden and Prendergast (2000) found the cross-cut

teat had a faster flow rate during a compression test compared with

single hole teats. This study did describe teat characteristics of mate-

rial and hole size.

Pados et al. (2019) hypothesized that the variability of flow rates

within the same teat range is possibly a reason for infant feeding diffi-

culties. It appears that if milk flow is continuous or too fast, this can

affect sucking patterns, with some infants unable to adjust their SSB

patterns, causing feeding difficulties (Pados et al., 2015). For instance,

the faster a teat flows equates to a larger volume delivered, the infant

sucks less, with longer pauses between sucks to allow for swallowing

and breathing. The consequences of a fast teat flow rate can manifest

as breathing anomalies, drooling, and the possibility of aspiration of

milk (Pados et al., 2016). Interestingly, commercial enterprise funded

several studies; refer to Table 1.

A common weakness within the studies was a lack of description

of teat characteristics. Only three studies provided information on the

teat material used: latex/rubber and silicone (Moral et al., 2010; Wal-

den & Prendergast, 2000; Weber et al., 1986). The teat flow rate was

described in studies as like breastfeeding, medium flow, or the same
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flow (Fadavi et al., 1997; Moral et al., 2010; Sakalidis et al., 2012).

Teats were named either by brand or shape, with little or no detail

given on their characteristics (Fadavi et al., 1997; Mathew, 1988;

Moral et al., 2010; Nowak et al., 1995; Taki et al., 2010). It is unfortu-

nate that because of teat characteristics, particularly the teat flow

rate, discussed in most studies as affecting an infant's sucking and

milk intake. The information on the teat flow rate as being inconsis-

tent and too fast may influence some studys' conclusions.

3.2.3 | Parent–infant communication and cues
during the feeding interaction

An infant's milk intake during feeding has a strong association to the

interaction between the infant and parent/caregiver (Crow et al.,

1980; Golen & Ventura, 2015; Shloim, Vereijken, Blundell, &

Hetherington, 2017; Ventura & Golen, 2015; Ventura & Mennella,

2017; Ventura, Sheeper, & Levy, 2019; Wright, Fawcett, & Crow,

1980). Rybski, Almli, Gisel, Powers, and Maurer (1984) found that a

mother's interactions did not change over 24 hr, nor did they affect

an infant's milk intake. However, the methodology of this study could

be a factor for this finding. Bottle-feeds were scheduled and observed

in a hospital setting, infants were bottle-fed in a bassinet, mothers

were instructed on how to feed their infant and only held their infant

to burp them.

Other studies explored bottle-feeding mother's interactions and

linked her feeding style to an infant's milk intake (Ventura et al., 2019;

Ventura & Golen, 2015; Ventura & Hernandez, 2019; Ventura &

Mennella, 2017). There was an agreement in these studies that when

a mother has a pressuring feeding style, the infant is encouraged to

consume more milk, and with a restrictive feeding style, the infant has

lower milk intake. Mothers with either a pressuring or restrictive feed-

ing style were found to be more responsive to their infant's cues

when they could not see or feel the amount of milk in a bottle

(Ventura & Golen, 2015; Ventura & Hernandez, 2019). If the mother

is distracted during the feeding interaction, she is less sensitive and

can miss the infant's cues, which can contribute to under or overfeed-

ing of the infant (Golen & Ventura, 2015).

Studies that explored maternal responsiveness and infant feeding

cues found that bottle-feeding infants actively engage in and recipro-

cate responses of the mother allowing the infant to be an active par-

ticipant in the feeding interaction (Ventura et al., 2019; Ventura &

Mennella, 2017). However, breastfeeding infants were identified by

Shloim et al. (2017) as displaying more cues of hunger and satiety than

bottle-feeding infants. Suggesting this is because of the infant being

an active participant when breastfeeding and passive when bottle-

feeding. Whitfield and Ventura (2019) explored infant cues with the

number of cues found to be similar for breast- and bottle-feeding. The

mother's responsiveness to her infant cues was different when com-

paring her breast- and bottle-feeding interactions.

The methodology was a possible reason for the discrepancy

between these studies. Ventura and Mennella (2017) described

11 self-coded infant behaviours to measure hunger and satiety. Their

study explained the interaction and consequences between both

mother and infant; with this being the only study to explore infant

temperament as a variable impacting upon the feeding interaction.

Whitfield and Ventura (2019, p. 483) used the “Caregiver/Parent

Child Interaction Feeding Scale,” taken from the Nursing Child Assess-

ment Satellite Training, with data on both infant and mother to illus-

trate their findings. Ventura et al. (2019) also used the

Caregiver/Parent Child Interaction Feeding Scale, relying on two of

the subscales—infant's clarity of cues and maternal sensitivity to cues

for their study findings. Shloim et al. (2017) was the only study to

explore infant communication without assessing the mother's

response, possibly affecting her infant's cues during the feeding inter-

action. The authors cited the “Nursing Child Assessment Teaching

Scale” as their basis for defining engagement and disengagement cues

for hunger and satiety. They identified 22 out of the 83 feeding cues

to use for data collection during the feeding interaction (Shloim et al.,

2017, p. 76).

The feeding interaction was also considered to be influenced by

infant characteristics, possibly affecting milk intake (Crow et al., 1980;

Golen & Ventura, 2015; Ventura et al., 2019; Ventura & Mennella,

2017; Wright et al., 1980). Infants with low regulation and surgency

may not be clear in communicating their needs (Golen & Ventura,

2015; Ventura et al., 2019). Crow et al. (1980) suggest an association

between bottle-feeding infants who had a low birth weight and the

mothers' control over the feed. This issue of who controls the feed,

mother or infant, is likely to affect an infant's ability to self-regulate

their milk intake (Crow et al., 1980; Wright et al., 1980).

A breastfeeding infant has control over starting and stopping

feeding and learns to self-regulate their intake. Self-regulation of daily

feeding patterns by the breastfeeding infant was not the case with

bottle-feeding infants (Wright et al., 1980). Bottle-feeding infants usu-

ally are given the same volume of milk regardless of the time of day or

time between feeds (Wright et al., 1980). The bottle-feeding mother

was viewed as having the control over the amount in the bottle,

starting and stopping feeding, probably impacting on the infant's

learning to self-regulate (Crow et al., 1980; Whitfield & Ventura,

2019).

4 | DISCUSSION

This review has examined 31 studies that have provided insight and

information on the fundamental aspects of the mechanics of how

infants obtain milk from bottles, the characteristics of bottles and

teats affecting an infant's milk intake, and parent infant communica-

tion during the feeding interaction. When these parts are viewed in

isolation, the utility of the information is not being used to its full

potential. Looking at this information from a systems perspective, the

understanding of the contribution and connection of the parts is a

necessity (Bertalanffy, 1972).

Bottle-feeding as a system requires the infant, the parent/carer,

and the bottle-feeding equipment to contribute to the process. The

connections within and between these parts impact the feeding
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outcome. The infant's contribution to feeding relies upon their matu-

rity and development of their oral feeding skills (Lau, 2016). The

infant's oral feeding skills can be supported by the positioning of both

infant and bottle during a feed (Kassing, 2002; Ross & Fuhrman,

2015). Kassing (2002) suggests for the infant to control milk flow,

they need to be in an upright position with the bottle held horizon-

tally. With the infant's characteristics of age, weight, and tempera-

ment influencing their success at communicating their needs during a

feed (Golen & Ventura, 2015; Kielbratowska, Kazmierczak, Michalek, &

Preis, 2015).

Parent/carer response to their infant's needs during feeding

requires an understanding of their infant's communication. However,

a recent systematic review of infant feeding interventions discussed

limited evidence on parent/caregiver knowledge concerning respon-

sive feeding practices (Matvienko-Sikar et al., 2019). Responsive feed-

ing has been suggested as a learned behaviour between the dyad and

is a reciprocal activity (Appleton et al., 2018; Oxford, & Findlay,

D. (Eds.)., 2015; Ventura, 2018). Global infant feeding guidelines now

advocate responsive feeding as a strategy to address milk intake and

possible long-term effects of over-feeding (United Nations Children's

Fund (UNICEF) UK, 2016), with milk delivery via bottles and teats

linked to milk intake.

Bottle-feeding equipment has evolved in design because of the

availability of new materials and research on how infants bottle-feed

(Mathew, 1991; Pados et al., 2019; Ventura, 2018). However, com-

mercial enterprise governs the information on bottle and teat charac-

teristics, and there is no required standard to adhere to in the

marketing nor labelling of these products (Dowling & Tycon, 2010;

Pados et al., 2016). There are significant inconsistencies between the

labelling of teats and actual performance (Pados et al., 2019), leaving

parents and the health professionals that support them in a quandary

when making decisions on appropriate bottle-feeding equipment.

The integration of the above information will allow strategies to

optimize outcomes for both infants and families. For example, infor-

mation to parent/carers on responsive feeding, how to maximize an

infant's oral feeding skills, and the bottle-feeding technique suggested

by Kassing (2002), could be a strategy to offset the variability of teat

flow rates; the role of gravity, enabling an infant's to control their milk

intake (self-regulation); and parental responsiveness during the feed-

ing interaction.

Optimal bottle-feeding relies upon parents and health profes-

sionals' understanding of how infants obtain milk, how to use their

oral feeding skills, how they attach on the bottle, how to position the

infant and bottle, characteristics of the bottle-feeding equipment, and

responsive feeding practices. By redefining the act of bottle-feeding

as a holistic system, the interrelationship of these parts will be recog-

nized along with the reciprocal nature of bottle-feeding; refer to

Figure 3.

F IGURE 3 Model of the
reconceptualization of the act of bottle-
feeding as a system
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4.1 | FUTURE RESEARCH

An understanding of the connection and relationship of these parts

will foster the development of possible strategies to assist health pro-

fessionals when supporting families who choose to use bottles to feed

their infant. This review has identified a need for feeding behaviours

of men and other carers to be explored, as well as the investigation of

the parents'/carers' understanding of responsive feeding practices,

ultimately providing a more holistic picture of this phenomena to

guide further research and practice.

4.2 | LIMITATIONS

Only published peer-reviewed studies were considered, with other

forms of related literature not included, possibly affecting the findings.

The heterogeneity of the articles reviewed presents challenges when

synthesizing and generalizing findings.

5 | CONCLUSIONS

Systems theory is a unique approach to consider the act of bottle-

feeding, and it is evident that this act is a complex process that is

dependent on many variables working together. When one part is out

of sync, it will impact on the other parts of the system influencing the

outcome. Before strategies to assist the bottle-feeding dyad can be

developed, investigation of parents' and health professionals' knowl-

edge and understanding on the parts within the act of bottle-feeding

needs to occur.
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