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Objectives: This study aims to ascertain whether breastfed infants exhibit
superior oral sucking abilities compared with bottle-fed infants.

Methods: A systematic review was conducted, encompassing four databases
associated with professional health practices: Web of Science, Scopus,
PubMed, and Dimensions. The review encompassed articles published from
2010 onward, and included children up to the age of 2 y under normotypic
conditions. The search was conducted using a query constructed from
keywords that considered MeSH terms, and the query was applied in all
databases. The systematic review was performed following PRISMA 2020
guidelines, and the methodological quality was assessed using the
MINORS scale.

Results: Behaviors related to maternal suckling, such as position, mother-child
bonding, adequacy of suckling, baby responses, and anatomy, showed that the
group of bottle-fed babies performed poorly in the five behaviors analyzed
(P<0.001), with suckling behavior standing out.

Conclusion: The mechanics of sucking exhibits differences in oral motor
behavior between bottle-fed and breastfed infants, favoring the latter group.
However, these disparities appear inconsequential in children receiving
mixed feeding.

KEYWORDS

infant, newborn, breastfeeding, bottle feeding, sucking behavior

1 Introduction

The World Health Organization recommends exclusive breastfeeding during the first
six months of an infant’s life, and its continuation alongside complementary foods until
at least two years of age, given that breast milk provides optimal nutrition for infants by
supplying water, fats, proteins, vitamins, and essential nutrients that support cognitive
and psychological development, growth, and weight gain during early childhood (1).

Sucking can be classified as non-nutritive and nutritive. The former emerges at
approximately 18-24 weeks of gestation and contributes to the development of feeding
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skills, whereas the latter involves coordinated swallowing and
occurs at approximately 32 weeks of gestation, maturing by
birth to allow breastfeeding (2).

The sucking pattern is important for successful infant feeding
as it allows the baby to achieve oral-motor skills. These skills
depend on the integration and synchronization of the structures
involved in this process, such as the lips, cheeks, suction pads,
tongue, and palate. These structures extract the food content
and propel it from the oral cavity to initiate the swallowing
process, an action that begins the digestion and the subsequent
absorption of nutrients (3).

After birth, nutritive sucking unfolds as a triadic process
comprising sucking, swallowing, and breathing phases and is
known as the sucking triad. The sucking process begins with the
recognition and grasping of the nipple, which is facilitated by the
contractions of the periorbicular muscles of the infant’s lips in
response to the visual sensory stimulation provided by nipple
hyperpigmentation and the prominent delineation of
Montgomery’s glands. Once the nipple enters the oral cavity,
anteroposterior mandibular movements occur, generating positive
pressure, followed by negative pressure due to mandibular
retraction mediated by the contraction of the suprahyoid muscles.
This, together with the tongue’s backward motion, transports the
food content from the oral cavity to the pharynx, initiating the
swallowing phase. The superior constrictor of the pharynx
contracts, which favors the elevation of the palatal velum to
occlude the upper airway. Simultaneously, the tongue moves the
bolus toward the hypopharynx, causing the inhibition of
breathing, which is known as swallowing apnea. For the third
phase of the triad to be effective, breathing, the expression of
suction, and swallowing must work concertedly (3).

Therefore, breastfeeding promotes healthy growth, adequate
child development and decreases the occurrence of chronic
diseases. According to Unicef in 2020, the rate of exclusive
breastfeeding during the first six months of life in Latin
America and the Caribbean was 37.3%, below the world average
of 43.8%. Mesoamerica has made significant progress in this
regard, from 21.6% in 2012 to 31.9% in 2020; although an
improvement is evident, it is still below the global average of
44%, and below the figures of the Sustainable Development
Goals (between 50% and 70%). In the Caribbean, on the other
hand, exclusive breastfeeding during the first six months of life
decreased between 2012 and 2020, to a rate of 27.3%. In South
America, the rate was closer to the global average, at 42% (4).

The aforementioned data highlights that the use of the bottle
tends to be more prevalent than breastfeeding practices. The
bottle, an instrument employed for infant feeding aimed to
simulate the maternal breast, exhibits diverse teat configurations
on the market. However, designing a teat that fully aligns with
anatomical characteristics, while preserving the function of the
suction and the muscular activity of all the structures involved in
the milk-extraction, remains a challenge. In addition to this,
different studies, such as “Effects of the Duration of Breastfeeding,
Bottle Feeding and Non-Nutritive Sucking Habits on the Occlusal
Characteristics of the Primary Dentition” have indicated that the
frequent use of bottles carries the risk of inducing oral
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parafunctional habits that alter craniofacial and oral muscular
structures. This disruption subsequently compromises both initial
feeding processes and the motor aspects of speech development
(5). Therefore, this secondary study review aims to ascertain
whether breastfed infants possess greater oral sucking abilities
than bottle-fed infants.

2 Methodology

The study was conducted following a methodological design of
systematic review, exploring literature and publications within
scientific databases in adherence to the PRISMA 2020 guidelines
and principles. Additionally, the research was registered in
PROSPERO (288056).

2.1 Search strategy

The search strategy is based on MeSH terms and Boolean
operators with which the following formula is defined [(infant
OR “infant newborn” OR newborn) AND breastfeeding AND
bottle AND feeding AND sucking behavior], which is replicated
in four sources related to health disciplines: Dimensions, Pubmed,
Web of science and Scopus. The search was carried out as of
2010, selecting papers written in English, Spanish and Portuguese.

2.2 Inclusion and exclusion criteria

Inclusion criteria were established in accordance with the
PECO (Patient or Population, Exposure, Comparison, Outcome)
strategy. Articles were required to satisfy the following criteria:

2.3 Population

The population samples of the selected articles were to study
children aged 0-2 y, devoid of any history or presence of anatomical,
physiological, or cognitive abnormalities. This selection was made
based on the critical developmental periods of oral motor
acquisition, considering the breastfeeding or bottle-feeding phase.

2.4 Exposure

Articles employing longitudinal or cross-sectional interventions
were selected, in which the oral behavior of children within the
sample was assessed and tracked using instruments such as
protocols, evaluation instruments, muscle assessment equipment,
and structured or semistructured interviews for data extraction.

2.5 Comparison

Documents that reported sucking behavior during bottle
feeding and maternal sucking were included.
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3 Results
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During the search and selection process, 258 records were :
identified through electronic database searches, with no additional 5=
sources retrieved. After removing irrelevant entries, 67 articles 8% % ~
remained for evaluation. During screening, 191 records were %é 5
excluded through automated processes, and 51 records were retained S
after duplicate removal. In the eligibility phase, all 51 records were § "
reviewed, and 9 full-text articles met the inclusion criteria. %%
Ultimately, 9 studies were incorporated into the qualitative synthesis, g g o
while 42 were excluded for not meeting the inclusion criteria, o g
primarily due to the absence of oral feeding assessment or inclusion =
of children with specific disabilities (Figure 1). The articles were g
required to include a direct comparison between infants fed with % _
breast milk and those fed with bottles or using pacifiers. This 3
comparison should elucidate their impacts on oral-motor g
development, stomatognathic functions, or even craniofacial
structures. The results could be described via statistical analyses
N

using dependent and independent variables of oral motor behavior,

9 appropriate
control group

information about the mother, data on the infant, and behavior

during sucking. This would lead to the formulation of a quantitative
or qualitative hypothesis in line with the objective of the study.
Studies were excluded if:

8 prospective
estimate of

sample size

- The article was published in a language other than English,

Spanish, or Portuguese. Furthermore, articles published
before the year 2010 were disregarded to ensure the collection
of recent information.

- The articles that did not allow full download

rate during
follow-up

)
=]
o
Q
o
=

©

~

3.1 Assessment of methodological quality

6 follow-up
phase
consistent with
the objective

The methodological quality of the chosen articles identified using
the search strategy was appraised using the MINORS bias scale. This

scale comprises 12 predetermined principles or evaluated questions,
with the last 4 questions applied solely to comparative studies. This
scale allowed the development of an objective evaluation by means

5 neutral
evaluations

of a score of 0 - 1 - 2 determining the quality of the information
presented in the articles, with 0 signifying not informed, 1 denoting

4 target-
oriented
evaluations

informed but inadequately informed, and 2 indicating adequately
informed. The scale establishes a score based on the total number

of items evaluated, resulting in a maximum score of 24 points.
Therefore, an acceptable score is considered when half of the total
evaluation points are obtained.

3 information
collected
retrospectively

3.2 Methodological quality

For the analysis of the methodological quality developed from
the MINORS scale, the studies were categorized based on their
design. For the 7 articles with an observational cross-sectional

patients

2 consecutive
inclusion of

design, the scores ranged from 9 to a maximum of 16. The
comparative cross-sectional study garnered a score of 22,

2
2
2
2
2
2
2
2
2

whereas the longitudinal study achieved a score of 14. The bias

1 clearly
defined
objective

evaluation results indicated that the articles incorporated in the

review met the required methodological quality, given that the

Study
(6)
(12)
(13)
)
(10)
)
(15)
(16)
(17)

TABLE 1 Methodological quality of the studies (MINORS scale).

score for each one exceeded 6 (see Table 1).

Frontiers in Pediatrics 03 frontiersin.org



Guzman Sanchez et al.

10.3389/fped.2025.1646225

- bottleffgeding infants
birth
b :
AN prevalence
nigple
newbogfirinfants breas@eding respiration
sucking patterns
pretermiinfants
artificiginipple age
&
S, VOSviewer -,
o 2013.0 20132 2013.4 2013.6 2013.8 2014.0
FIGURE 2
Keywords (VOS VIEWER).

As depicted in Figure 2 generated via the VOSviewer v.1.6.18
tool, the co-occurrence of the most relevant terms identified in the
selected articles from the Web of Science database was established.
The nodes represented the keywords, and their size was related to
their frequency. Thus, it was concluded that “breastfeeding” was a
term that was related to the terms of age, sucking patterns,
behavior, breathing, infants, birth, prevalence, bottle feeding,
newborns, nipple, milk, artificial teat, and premature. Most of
these terms were considered in the search formula constructed
from the PECO strategy. It was also observed that the
publications with the greatest impact for this research were
included within the timeframe of 2013-2014.

The most significant variables identified in the articles
reviewed (Table 2) were related to the sociodemographic data of
the population, including children and mothers, as well as
prenatal, perinatal, and postnatal aspects. Likewise, variables
related to the duration of bottle feeding and breastfeeding were
identified, together with the percentage of each feeding practice.
Finally, variables directly related to the sucking behavior and the
infant’s feedings per min ratio were considered. The distribution
of the articles corresponding to each variable is shown in Table 2.

3.2.1 Sociodemographic data of the population
included in the studies

The articles incorporated in the study indicated a balanced
distribution of male and female infants, spanning an age
spectrum from newborn to 48 months. In terms of maternal
information, factors such as age, marital status, occupation, and
educational background were considered. Consequently, it was
identified that the mothers participating in the research process
were aged between 19 and 30 y, with 70.2% having a partner
and 57.4% registered as unemployed. With regard to schooling,
the levels of education varied from basic education to

postgraduate studies.

3.2.2 Prenatal, perinatal, and postnatal
characteristics

Variables related to gestational aspects and prenatal care
during pregnancy, including baby-specific attributes, such as
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TABLE 2 Prevalence of the most significant variables.

Variable and research relevance

O Infant’s age (n=7)
O Infant’s sex (n=7)
O Maternal age (n=2)
O Maternal marital status (n=1)
O Maternal occupation (n=1)
O Maternal educational level (n=2)
O Gestational age (weeks, mean + SD) (n=5)
O Birth weight (g, mean + SD) (n=5)
O Infant’s age at initial feeding assessment (days, mean + SD) (n=2)
O Duration of breastfeeding (n=2)
O Duration of bottle feeding (n=1)
O Proportional distribution of each (n=2)
O Feeding practice during the first 6 Mo

O Bottle feeding (n=2)
O Use of pacifier or teat (n=2)
O Suction behavior (n=2)
O Number of suctions per minute (n=1)
O APGAR score (n=2)
O Received prenatal care (n=1)
O Type of delivery (n=1)
O Pregnancy type (n=1)

gestational age, birth weight, and APGAR (Activity, Pulse,

Grimace, Appearance, Respiration) results, emerged as
noteworthy in the examined articles. In 99.3% of the cases, the
most frequently reported gestational age was 39 weeks with the
inclusion of prenatal medical care. Regarding delivery methods,
a comparable distribution was observed, with vaginal delivery in
50.8% of the cases and cesarean delivery in 49.2% of the cases.
The birth weight was >2500 g, which is considered a normal

weight for newborns at term (6).

3.2.3 Duration of breastfeeding and/or bottle
feeding

In a specific study encompassing 734 children, the durations of
both breastfeeding and bottle feeding were outlined. Within the
first 6 months, exclusive breastfeeding was reported in 22.9% of
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FIGURE 1

Flow chart. Self-formulated following PRISMA 2020 guidelines.

the infants and 14.2% were exclusively bottle-fed. The
predominant feeding approach was mixed and accounted for
62.9% of the cases. After 6 months and up to 18 months of age,
bottle feeding was administered to 41.6% of the children while

59.1% continued with breastfeeding (5).

3.2.4 Sucking behavior in breastfeeding and
bottle feeding

The study entitled “Mechanics of sucking: comparison
between bottle feeding and breastfeeding” established that
infants aged 21-28 d that were exclusively bottle-fed exhibited
fewer sucks but the same number of pauses, which were longer
than those in breastfed infants. In mixed feeding, bottle-fed
infants vs. breastfed infants presented no significant differences
in the number of suctions, with shorter pauses compared with
those that were exclusively bottle-fed, both in neonates and
younger infants. In the mixed feeding group, neonates averaged
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5.83+£1.93 suctions per d, while younger infants (up to 5
months) averaged 4.42+1.67. Bottle-fed and breastfed infants
shared similar oral movements, although differences were noted
in sucking mechanics, i.e., number of sucks, pauses per minute,
and duration of sucking. However, these differences were
deemed nonsignificant, leading to the conclusion that mixed-fed
infants develop a different sucking pattern that does not affect
either feeding method (7).

Upon analyzing the nine selected articles (Table 3), we
observed a pattern demonstrating that prolonged bottle use
leads to a series of consequences not only in relation to sucking
pattern behavior but also in anatomical and functional
alterations during orofacial development, specifically in the
posture and muscle dynamics of the lips and tongue. A cross-
sectional study involving 427 infants and addressing behaviors
such as position, mother—child binomial affectivity, adequacy of
sucking, baby’s responses, and mother’s anatomy showed poor
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TABLE 3 Methodological analysis of the articles.

Target Participants | Exhibition Variables Significant Descriptive results
results (p*)
(8) To investigate the association | Population: Bottle/teat: - Mother/child position Breastfeeding showed | Not specified
between pacifier use and Newborns and Not specified - Binomial responses better behavior,
bottle feeding and unfavorable | mothers. Breastfeeding: | - Suction behavior favorable for:
breastfeeding behaviors Sample: 427 Not specified - Breast anatomy - Position mother/
- Affectivity infant: <0.001
- Baby’s age - Affectivity: <0.001
- Sex of the baby - Suction behavior:
- Maternal age <0.001
- Mother’s marital status | - Infant response:
Mother’s occupation <0.001
- Family income - Breast anatomy:
- First child <0.001

- Type of delivery

- Prenatal care received

- Place of delivery

- Information received on
breastfeeding at the pre
and/or
postnatal consultation

- Bottle feeding

- Use of the pacifier

(7) To evaluate the mechanics of | Population: infants | Bottle/teat: - Age Not specified Mixed or bottle feeding
feeding movements in and newborns. Not specified - Type of feeding. showed significant changes
exclusive breastfeeding, bottle | Sample: Not Breastfeeding: | - Mother’s age. compared with breastfeeding:
feeding, and mixed feeding specified Not specified - Type of pregnancy - Less suction movements

- Sex of the infant - Shorter suction duration
- Gestational age, - Weaker suction pattern
week, mean

- Weight at birth

- Infant age at first feeding
measurement,
days, mean.

- Feeds per day in the
last week

- Time since last feed

- Number of suctions

per minute
- Number of pauses
per minute
- Duration of pauses
per minute
(6) To analyze the electrical Population: Bottle/teat: - Gestational age. Improved masseter Not specified
activity of the masseter muscle | Newborns Not specified - Birth weight (grams) electrical activity with
via surface electromyography | Sample: 15 Breastfeeding: - APGAR score breastfeeding:
during sucking in term Not specified p=0.003
newborns by comparing
breastfeeding, bottle feeding,
and cup feeding
(4) To investigate sucking habits, | Population: mothers | Bottle/teat: - Finger suction Lack of breastfeeding | Not specified
nighttime mouth breathing, | and children from 0 | Not specified - Pacifier sucking or early weaning can
and the relationship between | to 30 months of age | Breastfeeding: | - Bottle feeding generate:
these factors and Sample: 80 mother- | Not specified - Breastfeeding - Overjet (12-18
malocclusion child pairs - Nocturnal mo): <0.0001
mouth breathing - Overjet (30
months): 0.001
- Open bite (12
mo): 0.0002
- Open bite (18
mo): 0.001
- Open bite (30
months): 0.01
(5) To evaluate the effects of Population: Bottle/teat: - Age Short duration of Not specified
breastfeeding duration, bottle = Children - 6-18 mo: - Child’s sex breastfeeding: never
feeding duration, and non- Sample: 734 41.6% - Mother’s level or <6 mo:
nutritive sucking habits on the - >18 mo: of education - Posterior
occlusal characteristics of the 58.4% - Non-nutritive crossbite: 0.031
primary dentition in 3- to Breastfeeding: sucking habits

(Continued)
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TABLE 3 Continued

Participants

Exhibition

Variables

Significant

results (p*)

10.3389/fped.2025.1646225

Descriptive results

6-year-old children in Beijing - Never Duration of - Suction to the
city breastfed: breastfeeding and pacifier: 0.0002
13.8% bottle feeding - Digital suction:
Breastfed from Percentage of each <0.001
1 to 6 mo: feeding practice in first
27.1% - 6 mo
- Breastfed for
>6 mo:
59.1%
(10) To investigate the influence of | Population: Infants | Bottle/teat: Weight Oral habits Not specified
oral habits and breastfeeding | 9 mo of age. Not specified Length and gestational | significantly affecting
on children’s oral skills Sample: 125 Breastfeeding: age at birth proper sucking skills:
Not specified APGAR score - Nipple: <0.001
Current weight - Foreign objects:
<0.02
9) To compare orofacial Population: Infants | Bottle/teat: Milk intake Breastfeeding favors | Not specified
movement and mouth angle | Sample:12 Not specified Mouth angle the opening of the
during breastfeeding and Breastfeeding: Sex of the baby mouth:
bottle feeding in normal Not specified Throat region - Mouth angle:
infants Type of feeding <0.001
(12) To measure intraoral pressure | Population: Infants | Bottle/teat: Mouth angle Not specified The analysis of infant sucking
and perioral movement in 1-8 mo of age. Not specified Milk intake patterns found no significant
infants during breastfeeding | Sample: 20 Breastfeeding: Intraoral pressure differences between the two
and experimental teat feeding. Exclusive Number of suctions feeding methods.
The nipple has a wide base, a breastfeeding: Duration of suction Therefore, these findings
firm shaft, and a valve at the 48.4% suggest that the infant has a
base so that milk flows only similar number of sucking
when the infant maintains cycles per burst and the same
pressure. duration of sucking bursts
when feeding from the breast
and from the experimental
nipple.
(11) To determine the prevalence | Population: boys Bottle/teat: Age Longer duration of | Not specified
of mouth breathing and to and girls 30-48 mo | Not specified Sex breastfeeding
associate breastfeeding history | of age. Breastfeeding: Type of breastfeeding significantly
with infant breathing patterns | Sample: 252 Not specified Respiratory pattern decreases the
presence of oral
respiration:
Bottle feeding: <0.001
- Non-nutritive
suction: 0.009

*indicates a statistically significant result.

performance in the bottle-fed group across all five behaviors
analyzed (p <0.001), with a particular emphasis on the sucking
behavior (8).

An electromyographic analysis conducted in these studies
demonstrated greater effectiveness of masseter muscle activity
during breastfeeding compared with bottle feeding (p =0.003,
ANOVA) (6). In addition to muscle activity, the relationship of
orofacial movement and mouth angle during breastfeeding and
bottle feeding was also identified in normotypic infants, where
breastfeeding favored mouth opening (p < 0.001) (9).

Four of the studies included in the review also described
variables in relation to oral habits and occlusal characteristics.
As described by Moimaz, oral habits lead to or predispose to
occlusal characteristics, with alterations in the vertical and
horizontal planes (overjet-overbite). This was associated with
the type of feeding of the children included in the study, where
prolonged bottle feeding at 12, 18, and 30 mo was associated
with some type of malocclusion, and together with the use of
pacifiers, was associated with overjet, open bite, horizontal
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overbite, and posterior crossbite (6). Likewise, Chen showed in
2015 that children bottle-fed for over 18 months had a 1.45-fold
increased risk of non-mesial step occlusion and a 1.43-fold
increased risk of class II canine relationship (10). Lopes exposed
an association between bottle feeding and the presence of non-
nutritive sucking habits (p <0.001), predisposing children to the
acquisition of an oral breathing pattern (11). Maciel described
the negative influence of pacifier use on oral sucking skills in
children up to 9 months of age, particularly in relation to
breastfeeding (OR 3.1; 95% CI 1.2-8.3) (10).

In response to the implications of bottle use, a study explored
the use of an experimental teat (ET) as an alternative. In this
regard, comparison of the behavior associated with breastfeeding
and the teat showed no significant differences in perioral
movements and sucking behaviors with the use of the ET.
that the ET might
breastfeeding issues related to bottle use. However, further

Hence, it was concluded mitigate
investigation is warranted to examine its potential to mitigate

adverse behaviors arising from prolonged use (12).
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4 Discussion

Sucking is a reflex activity in the newborn that becomes
integrated within the first 4 mo of life and undergoes
specialization following oral-motor activity (13). As the infant
develops, it culminates in fine and dissociated movements of the
oral cavity structures, allowing the acceptance of more solid
foods after 6 mo and the stabilization of the structures in speech
The
breastfeeding has been recognized as a natural activity that

function. sucking performed by the infant when
requires the coordination of vegetative functions and its
structures for the extraction of human milk (14). The oral-
motor behavior during infant feeding shows differences between
sucking associated with breastfeeding and sucking associated
with bottle feeding. In some cases, the confusion that may arise
with the nipple and teat compromises the permanence of
breastfeeding, being necessary to recognize from scientific
evidence if those babies who are exposed to a bottle have the
same oral-motor behavior as children who are breastfed (15).
Sucking can be quantified in terms of number of suctions,
intraoral force, muscle activity, swallowing pauses, and pause
duration (7). According to Franca et al., identified reduced
masseter muscle activity in the bottle-fed infant group compared
with
functional effectiveness of oral opening in the latter (6). In

exclusively breastfed infants, indicating enhanced
relation to the sucking mechanics determined by the number of
suctions, pauses and duration, there are differences between
bottle feeding and breastfeeding. Favorable outcomes tend to
manifest in the latter; however, in instances of shared feeding
(mixed feeding), these differences become negligible (16).

The study conducted by Lopez indicated that breastfeeding
contributes significantly to the maturation of the stomatognathic
system and craniofacial growth, demonstrating a direct association
with mandibular stabilization and facial harmony in breastfed
children. Conversely, the study remains inconclusive regarding
the benefits of mixed feeding. This correlation is pivotal because
at 6-8 month of age, children achieve the correct position in
relation to the upper jaw, preventing malocclusions related to
horizontal overbite (17). Similarly, Sakalidis et al. showed similar
responses during maternal sucking, indicating a more favorable
oral-motor behavior due to enhanced control over sucking bursts
and increased pauses as children age (16).

Currently, despite the promotion of breastfeeding as the
feeding method of choice, global rates remain suboptimal.
Consequently, the adoption of alternative feeding techniques
and the use of pacifiers can precipitate bite abnormalities (18).
In addition, harmful oral habits related to sucking may arise,
along with poor development of the mandibular structure due
to restricted muscle functionality (19). In this context, this study
contributes to the scientific evidence supporting breastfeeding as
a protective factor against facial musculoskeletal anomalies (20)
and as a facilitator in the acquisition of refined oromotor skills
essential for speech (4, 7, 17). The accumulated evidence

demonstrates the multifaceted benefits of breastfeeding,

including its impact on sucking mechanics, craniofacial

development, and stomatognathic system functions.
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Among the limitations of the study, it was identified that
most existing research focuses primarily on the nutritional
benefits of breastfeeding, while few experimental studies
examine its specific effects on orofacial growth and function.
Therefore, additional experimental research is needed to
provide further evidence on the differential benefits of
breastfeeding vs. the use of pacifiers in the development of
the oral cavity.
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