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ABSTRACT: 
According to health specialists breast milk is the healthiest nutritional choice for infants because they believe in a natural 

way for infants and new-borns to get the nutrition they need. The World Health Organization suggests exclusive breast 

feeding for at least six months. But breastfeeding may not be possible for all women due to health issues. Comfort level, 

lifestyle, and specific medical situations are the primary factors on which mother’s decision to breastfeed or formula feed is 

based. For mothers who can't breastfeed or who choose not to, infant formula is a healthy alternative choice. The formula 

provides babies with the nutrients they need to grow and thrive. The use of baby formulas and bottles has inherent risks 

because they increase the risk of oral diseases, such as mouth breathing, malocclusion, alteration of bite, and tooth decay. 

Occurrence of ECC is largely influence by the feeding practices. Exploring the scientific literature for different types of 

infant formula and their role in the etiopathogenesis of dental caries could give us an insight into the cariogenic potential of 

infant formula. Understanding the role that breastfeeding and infant milk formula feeding by bottle play in the development 

of dental caries, dental fluorosis and malocclusion during childhood is essential in helping dentists and parents and care 

providers to prevent these conditions, and also for the development of effective public health policies. 
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INTRODUCTION 
Early nutrition is critical to the development, growth, 

and health of children during infancy and early 

childhood. It is estimated in 2006 that one-third of 

the 9.5 million deaths among children under the age 

of five years are due to inadequate nutrition.1 

A lack of nutrition can also result in obesity among 

children, which is a significant public health 

concern around the world. The best source for infant 

nutrition is regarded to be the mother's own 

milk.2According to the policy statement given by 

American Academy of Pediatrics breastfeeding 

appears to be necessary for infant’s and children's 

healthy growth and development.3 Breast milk 

contains  number of bioactive compounds that can 

affect gastrointestinal health, immune system 

function, and brain development. Breast milk is 

widely recognized as a biological fluid which is 

essential for an infant's healthy growth and 

development.4For mothers who can't breastfeed or 

who choose not to, Infant milk formula (IMF) is a 

best functional alternative of breast milk but the use 

of baby formulas and bottles has inherent risks 

because they increase the risk of oral diseases, such 

as mouth breathing, malocclusion, alteration of bite, 

and tooth decay. The American Academy of Pediatric 

Dentistry (AAPD) states that perinatal and infant oral 

health is the foundations for building preventive 

education and dental carefor a child to have a lifetime 

free from preventable oral disease. Dentists, 

physicians, allied health professionals, and 

community organizations need to be partners to 

achieve this goal.5This review article is about the role 

of breastfeeding and infant milk formula feeding by 

bottle in the development of dental caries, dental 

fluorosis and malocclusion during childhood and 

some preventive measures which are helping dentists, 

parents and care providers to prevent these 

conditions, and also for the development of effective 

public health policies. 
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BREAST FEEDING AND DENTAL HEALTH 

Breastfeeding helps in protecting against tooth decay 

for up to 12 months, according to two recent 

systematic reviews and metaanalysis.6,7 

Now in development of maxillofacial structures, 

stomatognathic structures are composed of both static 

and dynamic structures, whose functioning depends 

on the maintenance of a balance between them. It has 

been proven that functions comprised of the 

stomatognethic apparatus (sucking, respiration, 

speech, chewing, swallowing) contribute most to the 

developmentof the child’s maxillofacial system and 

the position of the teeth in its arch.8-10 

The onset of a malocclusion is strongly associated to 

some kind of eugnathic growth defect concerning the 

mandible, maxilla, and functional matrix to variable 

degrees (tongue and facial muscles).11The newborn's 

suction reflex is his or her first coordinated muscle 

activity.A suction is either nutritive (breastfeeding or 

bottle-feeding) or non-nutritive.12 The first one 

delivers nutrients to the infants, which are necessary 

for growth and development. Breastfeeding plays a 

key role in establishing an adequate lip seal, 

mandibular function, and tongue position against the 

palate, making it a cornerstone of normal 

maxillofacial development.13The tongue and facial 

muscles work synergistically to squeeze the milk out 

of the mother’s breast during breastfeeding, but 

bottle-feeding requires less effort to drain the milk, 

thus understimulating the functional matrix.14,15 

Reduced or absent breastfeeding has been associated 

with the development of several malocclusions, such 

as skeletal class II,16 open bite,17 and posterior 

crossbite.18,19Limeira et al.,18 discovered that 

no breastfeeding or minimal breastfeeding might be 

linked to posterior crossbite in the mixed dentition.In 

the primary dentition, a significant increase in 

posterior crossbite and a decrease in bite force has 

been reported if the baby was not breastfed or was 

breastfed for minimal period than 6 months, with the 

exception of Germa et al., 2016.14,18-20Various studies 

have reached different conclusions about vertical 

discrepancy.It was discovered by Peres et al.,21 and 

Romero et al.,10 that having an anterior open bite was 

associated with breastfeeding in a short period of 

time or not at all.Moimaz et al.,22discovered that 

subjects who had been breastfed for more than a year 

had a higher prevalence of increased overbite and 

overjet. In contrast, Sum et al.,23 were not able to 

determine a correlation between breastfeeding and 

vertical discrepancy.As to sagittal discrepancy, some 

studies found an association between longer 

breastfeeding andreduced overjet.21,23Lopes-Freire et 

al.,24 on the other hand, were unable to find any link 

between these two variables. 

 

INFANT MILK FORMULA 

Infant milk formula (IMF) is a functional alternative 

for infants under the age of twelve months. All 

formulas are categorized using three criteria: calorie 

density, carbohydrate source, and protein 

composition.25 The most important ingredient 

required for formulating IMF products are proteins, 

fats, and carbohydrates, while vitamins and minerals 

serves as micronutrients. Each stage of infant 

development requires a different composition of IMF 

powder. So that, IMF is categorized into three stages: 

stage 1 is for infants aged 0–6 months, stage 2 is for 

newborns aged 6–12 months, and stage 3 is for those 

older than a year. During the IMF powder 

production, the manufacturers can use a mixture of 

carbohydrates (European Commission, 2006), lactose 

is the primary component, which is critical to the 

physicochemical properties of the formula during 

processing as well as storage.26Despite all efforts to 

bring IMF closer to human milk (HM), there is still a 

nutritional difference between the two, which affects 

newborns' neurological, physiological, and 

immunological growth and development.27,28 

According to the World Health Organization (WHO) 

infants should be breastfed exclusively during the 

first six months of life, whereas the American Society 

of Paediatrics recommends that they should be 

breastfed for at least 12 months.29However, only 38% 

of infants worldwide are breastfed,30 resulting in $41 

billion business, according to the IMF.31In low- and 

middle-income countries, merely 37% of newborns 

under six months are exclusively breastfed, and the 

ratio is much lower in high-income countries.32 

According to records from Chile's Department of 

Statistics and Health Information (DEIS), the 

exclusive BF (EBF) rate in the Public System at six 

months of life was 46%  in 2005, and 50% in 2008; 

however, the most recent data for 2014 demonstrates 

only 44.5%. The goal was to achieve 60% EBF in six 

months by 2020.33 

In some cases, breastfeeding is medically 

contraindicated or sometimes parents choose Infant 

milk formula feeding. The conditions are following:   

 

HEALTH OF MOTHER 
Mother is either HIV positive or has active TB. She is 

very sick or has undergone some types of breast 

surgery that might have removed or disconnected all 

of the breast milk-producing portions. She is taking 

any medicine that could harm the baby, including 

both prescription and illicit drugs like cytotoxic 

chemotherapy for cancer treatment. 

 

BABY IS UNABLE TO BREASTFEED 
Breastfeeding is difficult or impossible for the infant 

due to birth abnormality or inborn metabolic error 

such as galactosemia.34 

 

BABY IS CONSIDERED AT RISK FOR 

MALNUTRITION 
Infants might be in danger due to malnutrition in 

specific circumstances, such as iron insufficiency, 

vitamin shortages (e.g., vitamin D, which may be less 

present in breast milk than required in high latitudes 
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with limited sun exposure), or inadequate nutrition 

during the transition to solid foods.Improving the 

knowledge regarding diet of parents and guardians, 

along with the availability of macronutrients and 

micronutrients, can often reduce risks.In Canada, for 

example, marketed infant milk formulae are enriched 

with vitamin D, but Health Canada also suggest 

supplementing breastfed newborns with vitamin D. 

 

PERSONAL PREFERENCES, BELIEFS, AND 

EXPERIENCES 
Breast-feeding may be disliked or viewed as 

inconvenient by the mother. It can also be 

challenging for victims of rape or sexual assault; it 

might, for example, induce post-traumatic stress 

disorder.35Many families chooses to bottle feed their 

children in order to boost the father's involvement in 

child's upbringing.36 

 

ABSENCE OF THE MOTHER 

If the child is Adopted, orphaned, abandoned, or in 

the sole custody of a man or male same-sex spouse. 

While in prison or in mental institution, the mother is 

separated from her child. For a long period of time, 

such as while traveling or working overseas, the 

mother has left the child in the care of another 

person. 

 

FOOD ALLERGIES 
The mother consumes foods that may cause the infant 

to have an allergic reaction. 

 

FINANCIAL PRESSURES 
Maternity leave is unpaid, insufficient or not 

available at all. Breastfeeding is hampered by the 

mother's job so that they may see a decrease in their 

earning ability.37 

 

SOCIETAL STRUCTURE 
Breastfeeding may be forbidden at the mother's job, 

school, place of worship or at other public places, or 

they may feel that breastfeeding in these places or 

around other people is immodest, unsanitary, or 

inappropriate.37 

 

SOCIAL PRESSURES 
Family members, such as the mother's husband or 

other members of society may encourage the use of 

infant formula. For example, they may believe that 

breastfeeding will decrease the mother's energy, 

health, or attractiveness. 

 

LACTATION INSUFFICIENCY  

The mother is unable to produce sufficient 

milk. Alternatively, despite of healthy supply, the 

woman or her family may incorrectly believe that her 

breast milk is of low quality or low in supply. These 

women may choose infant formula either exclusively 

or as a supplement to breastfeeding. 

 

FEAR OF EXPOSURE TO ENVIRONMENTAL 

CONTAMINANTS 

Certain environmental pollutants, such 

as polychlorinated biphenyls, can bioaccumulate in 

the food chain and may be found in humans including 

mothers' breast milk.38 

 

LACK OF WET NURSES  

Wet nursing is illegal and stigmatized in some 

countries, and may not be available. It may also be 

socially not unsupported, expensive, or health 

screening of wet nurses may not be available. The 

mother, her doctor or her family may not know that 

wet nursing is possible, or may believe that nursing 

by a relative or paid wet nurse is unhygienic. 

In such a scenario Infant milk formulae (IMF) are an 

important source of nutrition supplements for non-

breastfed infants and an essential primary source of 

nutrition for non-breastfed infants in cases of early 

cessation of nursing. 

 

COMMERCIALLY AVAILABLE INFANT 

MILK FORMULAS  

HISTORICAL VIEW OF INFANT MILK 

FORMULA WHICH IS AVAILABLE IN THE 

UNITED STATES 

COW-MILK-BASED FORMULAS 

1867 – Formula contained wheat flour, cow milk, 

malt flour, and potassium bicarbonate 

1915 – Formula contained cow milk, lactose, oleo 

oils, and vegetable oils; powdered form 

1935 – Protein content of formula considered 

1959 – Iron fortification introduced 

1960 – Renal solute load considered; formula as a 

concentrated liquid 

1962 – Whey: casein ratio similar to human milk 

1984 – Taurine fortification introduced 

Late 1990s – Nucleotide fortification introduced 

Early 2000s – Long-chain polyunsaturated fatty-acid 

fortification introduced 

 

NON-COW-MILK-BASED FORMULAS 

1929 – Introduction of commercially available soy 

formula (soy flour) 

Mid 1960s – Isolated soy protein introduced 

Brands of Infant Milk Formula which are 

commercially available: Nestlé, Nan 1®, Pfizer, S26 

1®, Pfizer, S26 Gold 1®, Aspen, Infacare Nurture 

1®, Pharmac, Novolac 1®, Abbott, Similac Special 

Care 24Cal®, etc 

 

INFANT MILK FORMULA AND DENTAL 

HEALTH 

Certain cons should also be considered in using IMF. 

As it includes highly fermentable carbohydrates, 

infant formula is cariogenic, causing early childhood 

caries. Sucking, chewing, swallowing, and breathing 

are all functional stimuli that affect craniofacial 

growth and development.39The growth and 

development of the maxilla-mandibular complex 

https://en.wikipedia.org/wiki/Polychlorinated_biphenyls
https://en.wikipedia.org/wiki/Wet_nursing
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have been linked to nutritive sucking, which includes 

nursing and bottle-feeding. Breast-feeding has been 

identified as one of the environmental elements that 

contribute to the proper development of teeth and 

other dentofacial structures in children.40 

 

CARIOGENIC POTENTIAL OF INFANT 

FORMULAS 
IMF are often formulated with complex synthetic 

combinations of nutrients to achieve high caloric 

content, many of which includes high concentrations 

of fermentable carbohydrates such as sucrose, corn 

syrup, lactose, glucose polymers, and maltodextrin, 

which are highly cariogenic and have been implicated 

in the development of early childhood caries.41 

Lactose, sucrose, maltose, and glucose make up the 

majority of the carbohydrates in infant milk formula. 

Lactose-free milk-based formulas can be replaced 

with sucrose-rich formulations. Depending on the 

serving size, the sugar content ranged from 1.28 to 

11.16 grams. Some products have been discovered to 

have 12 grams of sugar per serving.Sucrose is the 

most cariogenic dietary carbohydrate whereas lactose 

is more difficult for S. mutans to ferment than 

sucrose. Several studies have been undertaken to 

assess the cariogenic potential of infant 

milk formulae which proved that Infant milk 

formulas have potential to induce demineralization 

and caries in primary enamel (Table 1). 

 

Table 1: Literature review of association between caries and Infant Milk Formula  

Study Methods Inferences 

Ericksonet al., 199842 Estimated the caries-

related risk associated 

with 26 infant formulas 

and whole milk. 

1. Plaque pH varied in response to oral rinsing with infant 

formula and most formulas did have the ability to reduce the 

pH significantly below the pH obtained after rinsing with 

water 

2. Some infant formulas supported significant bacterial growth 

3. Enamel mineral was dissolved by incubation with certain 

infant formula 

4. The buffer capacity varied among the infant formulas tested 

5. The length of time required for caries to reach dentin or 

pulp differed for the formulas, with some formulas causing 

dentinal caries by 3.4 weeks and pulpal involvement by 7.2 

weeks. 

Papa et al., 2012 43 Test: 10% sucrose 

solution; and milk-based 

and soy-based formula 

with or without 10% 

sucrose 

Control: distilled and 

deionized water 

Both formulas induced significant enamel mineral loss, and 

they were fermented, resulting in a decrease of biofilm pH, 

whether sucrose was added or not. Lactobacilli counts were 

higher in biofilm formed in the presence of both formulas 

compared to the water group. 

Milk and soy-based formulas have potential to induce 

demineralization in primary enamel, which increased when 

sucrose is added. 

 Alyet al., 202044 human breast milk, plain 

infant formula or 

probiotic-containing 

infant formula compared 

for  the changes in 

enamel mineral content 

of primary teeth 

Enamel surface treated with breast milk has significantly 

increased mean calcium wt%, while no significant changes 

were detected in mean phosphate wt% whereas enamel 

surface treated with plain or probiotic-containing infant 

formulas, mean values of both calcium and phosphate wt% 

significantly decreased. 

breast milk might confer some protective effect against 

enamel demineralisation, infant formulas whether plain or 

supplemented with some probiotics might promote loss of 

minerals from enamel surface. 

 

EFFECT OF FLUORIDE CONTAINING 

INFANT MILK FORMULA 
When utilized in systemic or topical formulations, 

fluoride has been proven to be a caries-preventative 

agent. According to research conducted in the United 

States, Australia, and Brazil, infant milk formula 

containsa higher proportion of fluoride.41Infant Milk 

Formula-fed infants had lower caries prevalence than 

non-formula-fed infants, according to several 

studies.44,45 Peres et al.,46found that MS counts were 

greater in Wistar rats given fluoride-supplemented 

infant milk formulae compared to human or cow's 

milk in research. This was ascribed to the infant 

formulae having a higher content of sucrose and 

lowering sugars.  

On a per-body-weight basis,fluoride exposure for 

infants is approximately three to four times greater 

than adults when they are fed by infant milk formula 

reconstituted with fluoridated water.47The amount of 

fluoride consumed by formula-fed infants in 

fluoridated areas is about 70 times that of exclusively 

breastfed infants.48,49Thereforeenamel fluorosisis 

https://pubmed.ncbi.nlm.nih.gov/?term=Erickson+PR&cauthor_id=9866143
https://pubmed.ncbi.nlm.nih.gov/?term=de+Mazer+Papa+AM&cauthor_id=20298651
https://pubmed.ncbi.nlm.nih.gov/?term=Aly+AAM&cauthor_id=31124082
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more common in infant milk formula-fed infants than 

in breastfed infants.Excess fluoride exposure 

throughout the first four years of life causes enamel 

fluorosis50but the first 12 months are the most 

susceptible.Despite the limited amount of fluoride 

transferred from plasma into breast milk, its fluoride 

concentration is extremely low (0.005–0.01 mg/L).48 

In the United States and Canada, 25% of mothers 

report exclusively nursing for six months, as 

suggested by current practice guidelines. 90% of 

bottle-fed infants are given powdered formula and 

out of them 75% of mothers report they reconstitute 

infant milk formula with tap water containing higher 

levels of fluoride.47Therefore, this reconstituted 

infant milk formula is the primary source of nutrition 

for many infants in the United States and Canada. 

There is no research investigating the potential 

neurotoxicity of using optimally fluoridated drinking 

water to reconstitute formula during childhood 

despite growing concerns about excessive fluoride 

exposure during childhood and the sensitivity of the 

developing brain.51,52 In two birth cohort studies,53,54 

as well as other recent studies conducted in endemic 

fluorosis,55-57 and a 2012 meta-analysis58 of 27 

ecologic investigationsincreased fluoride exposure 

during foetal brain development was linked to lower 

IQ scores. Increased fluoride exposure in children has 

also been linked to behaviours associated with 

ADHD in them.59,60 

If infants younger than 6 months are exclusively fed 

infant milk formula reconstituted with fluoridated tap 

water, their fluoride intake may exceed the tolerable 

upper limits. Christine Till et al.,47discovered that 

fluoride exposure during infancy predicts lower 

nonverbal intelligence in children after correcting for 

foetal exposure. The American Dental Association 

urges parents to reconstitute concentrate infant 

formulae with properly fluoridated drinking water 

while being aware of the danger of mild enamel 

fluorosis developing.61The Centres for Disease 

Control and Prevention (Community Water 

Fluoridation Infant Formula), as well as the US 

Department of Health and Human Services (2015), 

support this recommendation. When the fluoride 

level in drinking water is over the acceptable level, 

the Canadian Dental Association (2019) recommends 

using water with a reduced fluoride content (or 

ready-to-feed formula).47 Fluoride's positive benefits 

are primarily seen on the tooth surface once teeth 

have erupted.62 Fluoride contributes to the prevention 

of dental caries primarily when it is topically applied 

to teeth, such as brushing with fluoridated 

toothpaste.62-64During foetal development or the first 

six months of life before teeth have erupted there is 

no recommended dosage for fluoride consumption 

according to Scientific Committee on Health and 

Environmental Risks (SCHER) because fluoride is 

not essential for growth and development.47 As a 

result, the Canadian Pediatric Society advises only 

giving supplemental fluoride (i.e. systemic exposure) 

when the child's primary teeth begin to erupt 

(approximately 6 months) and only if the child is 

susceptible to high caries activity and has not been 

exposed to other fluoride-based interventions such as 

tooth brushing or water fluoridation. 

 

CARIES PREVENTION IN INFANT MILK 

FORMULA-FED CHILDREN  

 Keep your baby's mouth clean from birth to 12 

months by gently cleaning the gums with a clean 

baby washcloth. 

 Brush carefully with a soft baby toothbrush and a 

smear (grain of rice) of fluoride toothpaste after 

you notice the first teeth. 

 Brush your child's teeth twice a day for two 

minutes between the ages of 12 and 36 months. 

Apply a smear of fluoride toothpaste to your 

child's teeth until the age of three.  

 Brushing should be done after a morning feeding 

and before bedtime. 

 Never put a bottle or food in your child's bed. 

This not only exposes your child's teeth to sugar 

but also puts him or her in danger of ear 

infections and choking. 

 Use cups rather than bottles for feeding children 

with infant milk formula to prevent early 

childhood caries. 

Tooth wipes are indicated as an important tool for 

dental hygiene care in infants and toddlers by the 

American Academy of Pediatric Dentistry (2008). 

Both parents and newborns acknowledge that using 

xylitol wipes is safe and acceptable.65When 

compared to wipes without xylitol, the daily 

application of xylitol-containing wipes significantly 

reduced the incidence of caries among young 

children.66 

 

INFANT FORMULA – BOTTLE FEEDING 

ALTERATION OF THE ORAL CAVITY 

As a child grows, use of a bottle interferes with the 

development of oral functions like abnormal 

swallowing, mouth breathing, masticatory 

dysfunction, phono-articulation issues, and a change 

in body posture etc. As a result of mouth breathing, 

there are more chances of inadequate ventilation, 

respiratory infections, impaired hearing, altered 

thoracic and body posture development, and changed 

maxillofacial development.33The biomechanics of 

milk extraction during breastfeeding has recently 

been researched in depth. Researchers analysed 

ultrasound (US) videos taken during breastfeeding 

and concluded that the periodic motion of the infant's 

jaws, the undulation of the tongue, and the breast-

milk ejection reflex are all required for this difficult 

activity.67According to another study, milk extraction 

during breastfeeding produced time-varying sub-

atmospheric pressures within the infant's oral cavity, 

with vacuum pressures as low as -145 mmHg.68The 

sucking mechanism utilized for bottle-feeding differs 

significantly from that utilized when 
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breastfeeding.69,70In contrast to breastfeeding, bottle-

feeding involves less forceful muscle action and is 

therefore less effective in enhancing mandibular 

development. This discrepancy may predispose 

children who are bottle-fed for an extended period of 

time to malocclusion or other occlusion 

abnormalities.69 

 So if a child is on infant milk formula feeding by 

bottle, he or she will perform less oral exercises, 

which can lead to muscle underdevelopment, 

incorrect lip and tongue posture, and the adoption of 

harmful oral habits, all of which can contribute to 

dental malocclusions.40In children who were bottle-

fed infant milk formula for 6 to 18 months or longer 

than 18 months, a non-mesial terminal plane and a 

class II canine relationship were more prevalent.71 

 

PREVENTION OF MALOCCLUSION 

Various Bottle positions and various modifications in 

nipple and bottles are tried for their effect on jaw 

development. 

The traditional bottle’s overall structure allows the 

three types of bottle‑feeding positions. 

Position A - Bottle held perpendicular to the mouth, 

It is the most recommended position for IMF bottle 

feeding. It is the most likely alternative for 

preventing malocclusions because it applies balanced 

pressure to the maxilla and mandible, promoting 

proper sagittal plane jaw and tooth growth. (Fig.1) 

With position A children develop Class I occlusion 

with an overbite of 2 mm and an overjet of 1.5 mm. 

Position B–Bottle tilted at an upward angle. 

Most of the parents have fed the child mainly in 

position B attempting to reduce air intake when the 

child is feeding. But this position can lead to an 

anterior crossbite, by retroclining themaxillary 

incisors and proclining the mandibular incisors, or 

promoting a forward posture of the jaw by the 

pressure of the nipple and cause malocclusion (Fig 

2), So that it is not recommended for feeding and to 

reduce the air intake while feeding parents can use 

different type of bottles and nipples (Fig 4). 

Position C - Bottle tilted at a downward angle 

This position is mainly use to procline the maxillary 

incisors and retrocline the mandibular incisors which 

is caused by bottle feeding with position B (Fig 3).72 

 

 
Figure 1: Position A - Bottle held perpendicular to the mouth. Figure2: Position B – Bottle tilted at an 

upward angle. Figure3: Position C - Bottle tilted at a downward angle 



Vachhani KK et al. 

7 
Journal of Advanced Medical and Dental Sciences Research |Vol. 10|Issue 4| April 2022 

 
Figure 4: Different type of bottles and nipples 
 

CONCLUSION 

Breastfeeding is the best source of nutrition for most 

babies, and it should always be encouraged, 

supported, and protected. Infant formula should be 

chosen based on the infant's unique needs and 

medical condition in rare circumstances, such as 

galactosemia or primary lactase deficiency, or for any 

other medical reason if the mother is unable or 

unwilling to breastfeed. From birth until 

complementary feeding begins, infant feed, whether 

human milk or formula, is critical. Breastfeeding is 

more successful than bottle feeding for reducing 

dental caries in young children, according to existing 

scientific evidence. So that educational programs can 

be formed to inform and encourage parents of infants 

who are fed infant milk formula to clean their 

children's gums with a clean baby washcloth or 

xylitol wipes, and to teach them when and how to use 

fluoridated toothpaste for optimal dental hygiene. 

Poor mandibular development may be caused by 

prolonged bottle-feeding, which may lead to 

occlusofacial disorders. If the hypothesis about bottle 

positioning during feeding is validated, educational 

programs to teach and encourage parents to utilize 

optimal bottle positioning during feeding can be 

implemented. Practitioners can rectify growing 

occlusions early on, letting patients to avoid or lessen 

the need for costly, time-consuming, and painful 

orthodontic procedures. For children who are on IMF 

feeding, proper bottle positioning can help a child's 

facial aesthetics, which can help them develop 

psychologically, socially, and emotionally. 

 

REFERENCES 
1. Black RE, Allen LH, Bhutta ZA, et al. Maternal and 

child undernutrition: global and regional exposures 

and health consequences. Lancet. 

2008;371(9608):243-260. doi:10.1016/S0140-

6736(07)61690-0 

2. Lessen R, Kavanagh K. Position of the academy of 

nutrition and dietetics: promoting and supporting 

breastfeeding. J Acad Nutr Diet. 2015;115(3):444-449. 

doi:10.1016/j.jand.2014.12.014 

3. Eidelman AI, Schanler RJ, Johnston M, Landers S, 

Noble L, Szucs K, Viehmann L. Section on 

Breastfeeding. Breastfeeding and the use of human 

milk. Pediatrics. 2012;129(3):e827-e841. 

doi:10.1542/peds.2011-3552 

4. Martin CR, Ling PR, Blackburn GL. Review of Infant 

Feeding: Key Features of Breast Milk and Infant 

Formula. Nutrients. 2016;8(5):279. 

doi:10.3390/nu8050279 

5. American Academy of Pediatric Dentistry. Perinatal 

and infant oral health care. The Reference Manual of 

Pediatric Dentistry. Chicago, Ill.: American Academy 

of Pediatric Dentistry;2021:262-6.  

6. Tham R, Bowatte G, Dharmage SC, et al. 

Breastfeeding and the risk of dental caries: a 

https://www.jdrr.org/
https://www.jdrr.org/


Vachhani KK et al. 

8 
Journal of Advanced Medical and Dental Sciences Research |Vol. 10|Issue 4| April 2022 

systematic review and meta-analysis. Acta Paediatr. 

2015;104(467):62-84. doi:10.1111/apa.13118 

7. Cui L, Li X, Tian Y, et al. Breastfeeding and early 

childhood caries: a meta-analysis of observational 

studies. Asia Pac J Clin Nutr. 2017;26(5):867-880. 

doi:10.6133/apjcn.082016.09 

8. Lieberman DE. Speculations about the selective basis 

for modern human craniofacial form. Evolutionary 

Anthropology: Issues, News, and Reviews: Issues, 

News, and Reviews. 2008 Jan;17(1):55-68. 

doi:10.1002/evan.20154 

9. Jabbar NS, Bueno AB, Silva PE, Scavone-Junior H, 

Inês Ferreira R. Bottle feeding, increased overjet and 

Class 2 primary canine relationship: is there any 

association?. Braz Oral Res. 2011;25(4):331-337. 

doi:10.1590/s1806-83242011000400009 

10. Boronat-Catalá M, Montiel-Company JM, Bellot-Arcís 

C, Almerich-Silla JM, Catalá-Pizarro M. Association 

between duration of breastfeeding and malocclusions 

in primary and mixed dentition: a systematic review 

and meta-analysis. Sci Rep. 2017;7(1):5048. Published 

2017 Jul 11. doi:10.1038/s41598-017-05393-y 

11. Peres KG, Cascaes AM, Nascimento GG, Victora CG. 

Effect of breastfeeding on malocclusions: a systematic 

review and meta-analysis. Acta Paediatr. 

2015;104(467):54-61. doi:10.1111/apa.13103 

12. Lopes-Freire GM, Cárdenas AB, Suarez de Deza JE, 

Ustrell-Torrent JM, Oliveira LB, Boj Quesada JR Jr. 

Exploring the association between feeding habits, non-

nutritive sucking habits, and malocclusions in the 

deciduous dentition. Prog Orthod. 2015;16:43. 

doi:10.1186/s40510-015-0113-x 

13. Silveira LM, Prade LS, Ruedell AM, Haeffner LS, 

Weinmann AR. Influence of breastfeeding on 

children's oral skills. Rev Saude Publica. 

2013;47(1):37-43. doi:10.1590/s0034-

89102013000100006 

14. Viggiano D, Fasano D, Monaco G, Strohmenger L. 

Breast feeding, bottle feeding, and non-nutritive 

sucking; effects on occlusion in deciduous 

dentition. Arch Dis Child. 2004;89(12):1121-1123. 

doi:10.1136/adc.2003.029728 

15. Farronato G, Giannini L, Galbiati G, Maspero C. 

Comparison of the dental and skeletal effects of two 

different rapid palatal expansion appliances for the 

correction of the maxillary asymmetric transverse 

discrepancies. Minerva Stomatol. 2012;61(3):45-55. 

https://www.minervamedica.it/en/journals/minerva-

dental-and-

oral%20science/article.php?cod=R18Y2012N03A004

5 

16. Caramez da Silva F, Justo Giugliani ER, Capsi Pires S. 

Duration of breastfeeding and distoclusion in the 

deciduous dentition. Breastfeed Med. 2012;7(6):464-

468. doi:10.1089/bfm.2011.0123 

17. Costa CTD, Shqair AQ, Azevedo MS, Goettems ML, 

Bonow MLM, Romano AR. Pacifier use modifies the 

association between breastfeeding and malocclusion: a 

cross-sectional study. Braz Oral Res. 2018;32:e101. 

Published 2018 Oct 11. doi:10.1590/1807-3107bor-

2018.vol32.0101 

18. Limeira AB, Aguiar CM, de Lima Bezerra NS, Câmara 

AC. Association between breast-feeding duration and 

posterior crossbites. J Dent Child (Chic). 

2014;81(3):122-127. 

https://www.ingentaconnect.com/content/aapd/jodc/20

14/00000081/00000003/art00002;jsessionid=4jgi1ush

wgadv.x-ic-live-02 

19. Chen X, Xia B, Ge L. Effects of breast-feeding 

duration, bottle-feeding duration and non-nutritive 

sucking habits on the occlusal characteristics of 

primary dentition. BMC Pediatr. 2015;15:46. 

Published 2015 Apr 21. doi:10.1186/s12887-015-

0364-1 

20. Germa A, Clément C, Weissenbach M, et al. Early risk 

factors for posterior crossbite and anterior open bite in 

the primary dentition. Angle Orthod. 2016;86(5):832-

838. doi:10.2319/102715-723.1 

21. Peres KG, Cascaes AM, Peres MA, et al. Exclusive 

Breastfeeding and Risk of Dental 

Malocclusion. Pediatrics. 2015;136(1):e60-e67. 

doi:10.1542/peds.2014-3276 

22. Moimaz SA, Garbin AJ, Lima AM, Lolli LF, Saliba O, 

Garbin CA. Longitudinal study of habits leading to 

malocclusion development in childhood. BMC Oral 

Health. 2014;14:96. Published 2014 Aug 4. 

doi:10.1186/1472-6831-14-96 

23. Sum FH, Zhang L, Ling HT, et al. Association of 

breastfeeding and three-dimensional dental arch 

relationships in primary dentition. BMC Oral Health. 

2015;15:30. Published 2015 Mar 10. 

doi:10.1186/s12903-015-0010-1 

24. Lopes-Freire GM, Cárdenas AB, Suarez de Deza JE, 

Ustrell-Torrent JM, Oliveira LB, Boj Quesada JR Jr. 

Exploring the association between feeding habits, non-

nutritive sucking habits, and malocclusions in the 

deciduous dentition. Prog Orthod. 2015;16:43. 

doi:10.1186/s40510-015-0113-x 

25. O'Connor NR. Infant formula. Am Fam Physician. 

2009;79(7):565-

570. https://www.aafp.org/afp/2009/0401/p565.html 

26. Omar AE, Roos YH. Glass transition and 

crystallization behaviour of freeze-dried lactose–salt 

mixtures. LWT-Food Science and Technology. 2007 

Apr 1;40(3):536-43. doi: 10.1016/j.lwt.2005.12.007 

27. Andreas NJ, Kampmann B, Mehring Le-Doare K. 

Human breast milk: A review on its composition and 

bioactivity. Early Hum Dev. 2015;91(11):629-635. 

doi:10.1016/j.earlhumdev.2015.08.013 

28. Fenelon, Mark A., Rita M. Hickey, Aoife Buggy, Noel 

McCarthy, and Eoin G. Murphy. "Whey proteins in 

infant formula." In Whey proteins, pp. 439-494. 

Academic Press, 2019. doi: 10.1016/B978-0-12-

812124-5.00013-8 

29. Section on Breastfeeding. Breastfeeding and the use of 

human milk. Pediatrics. 2012;129(3):e827-e841. 

doi:10.1542/peds.2011-3552 

30. Martin CR, Ling PR, Blackburn GL. Review of Infant 

Feeding: Key Features of Breast Milk and Infant 

Formula. Nutrients. 2016;8(5):279. Published 2016 

May 11. doi:10.3390/nu8050279 

31. Adelman SW, Schmeiser KN. Infant Formula Trade 

and Food Safety. Applied Economics and Finance. 

2019;6(1):1-0. doi:10.11114/aef.v6i1.3754 

32. Victora CG, Bahl R, Barros AJ, et al. Breastfeeding in 

the 21st century: epidemiology, mechanisms, and 

lifelong effect. Lancet. 2016;387(10017):475-490. 

doi:10.1016/S0140-6736(15)01024-7 

33. Brahm P, Valdés V. Beneficios de la lactancia materna 

y riesgos de no amamantar [The benefits of 

breastfeeding and associated risks of replacement with 

baby formulas]. Rev Chil Pediatr. 2017;88(1):7-14. 

Spanish. doi:10.4067/S0370-41062017000100001 

https://doi.org/10.1002/evan.20154
https://www.minervamedica.it/en/journals/minerva-dental-and-oral%20science/article.php?cod=R18Y2012N03A0045
https://www.minervamedica.it/en/journals/minerva-dental-and-oral%20science/article.php?cod=R18Y2012N03A0045
https://www.minervamedica.it/en/journals/minerva-dental-and-oral%20science/article.php?cod=R18Y2012N03A0045
https://www.minervamedica.it/en/journals/minerva-dental-and-oral%20science/article.php?cod=R18Y2012N03A0045
https://www.ingentaconnect.com/content/aapd/jodc/2014/00000081/00000003/art00002;jsessionid=4jgi1ushwgadv.x-ic-live-02
https://www.ingentaconnect.com/content/aapd/jodc/2014/00000081/00000003/art00002;jsessionid=4jgi1ushwgadv.x-ic-live-02
https://www.ingentaconnect.com/content/aapd/jodc/2014/00000081/00000003/art00002;jsessionid=4jgi1ushwgadv.x-ic-live-02
https://www.aafp.org/afp/2009/0401/p565.html
https://doi.org/10.1016/j.lwt.2005.12.007
https://doi.org/10.1016/B978-0-12-812124-5.00013-8
https://doi.org/10.1016/B978-0-12-812124-5.00013-8


Vachhani KK et al. 

9 
Journal of Advanced Medical and Dental Sciences Research |Vol. 10|Issue 4| April 2022 

34. Brouwer A, Ahlborg UG, van Leeuwen FX, Feeley 

MM. Report of the WHO working group on the 

assessment of health risks for human infants from 

exposure to PCDDs, PCDFs and PCBs. Chemosphere. 

1998;37(9-12):1627-1643. doi:10.1016/s0045-

6535(98)00230-6 

35. Kendall-Tackett K. Breastfeeding and the sexual abuse 

survivor. J Hum Lact. 1998;14(2):125-133. 

doi:10.1177/089033449801400212 

36. Earle S. Why some women do not breast feed: bottle 

feeding and fathers' role. Midwifery. 2000;16(4):323-

330. doi:10.1054/midw.2000.0222 

37. Chen YC, Wu YC, Chie WC. Effects of work-related 

factors on the breastfeeding behavior of working 

mothers in a Taiwanese semiconductor manufacturer: 

a cross-sectional survey. BMC Public Health. 

2006;6:160. Published 2006 Jun 21. 

doi:10.1186/1471-2458-6-160 

38. Przyrembel H, Heinrich-Hirsch B, Vieth B. Exposition 

to and health effects of residues in human milk. Adv 

Exp Med Biol. 2000;478:307-325. doi:10.1007/0-306-

46830-1_27 

39. Inoue N, Sakashita R, Kamegai T. Reduction of 

masseter muscle activity in bottle-fed babies. Early 

Hum Dev. 1995;42(3):185-193. doi:10.1016/0378-

3782(95)01649-n 

40. Romero CC, Scavone-Junior H, Garib DG, Cotrim-

Ferreira FA, Ferreira RI. Breastfeeding and non-

nutritive sucking patterns related to the prevalence of 

anterior open bite in primary dentition. J Appl Oral 

Sci. 2011;19(2):161-168. doi:10.1590/s1678-

77572011000200013 

41. Erickson PR, McClintock KL, Green N, LaFleur J. 

Estimation of the caries-related risk associated with 

infant formulas. Pediatr Dent. 1998;20(7):395-403. 

42. de Mazer Papa AM, Tabchoury CP, Del Bel Cury AA, 

Tenuta LM, Arthur RA, Cury JA. Effect of milk and 

soy-based infant formulas on in situ demineralization 

of human primary enamel. Pediatr Dent. 

2010;32(1):35-40. 

43. Aly AAM, Erfan D, Abou El Fadl RK. Comparative 

evaluation of the effects of human breast milk and 

plain and probiotic-containing infant formulas on 

enamel mineral content in primary teeth: an in vitro 

study. Eur Arch Paediatr Dent. 2020;21(1):75-84. 

doi:10.1007/s40368-019-00448-2 

44. Do LG, Levy SM, Spencer AJ. Association between 

infant formula feeding and dental fluorosis and caries 

in Australian children. J Public Health Dent. 

2012;72(2):112-121. doi:10.1111/j.1752-

7325.2011.00290.x 

45. Hujoel PP, Zina LG, Moimaz SA, Cunha-Cruz J. Infant 

formula and enamel fluorosis: a systematic review. J 

Am Dent Assoc. 2009;140(7):841-854. 

doi:10.14219/jada.archive.2009.0278 

46. Peres RC, Coppi LC, Franco EM, Volpato MC, Groppo 

FC, Rosalen PL. Cariogenicity of different types of 

milk: an experimental study using animal model. Braz 

Dent J. 2002;13(1):27-32. 

47. Till C, Green R, Flora D, et al. Fluoride exposure from 

infant formula and child IQ in a Canadian birth 

cohort. Environ Int. 2020;134:105315. 

doi:10.1016/j.envint.2019.105315 

48. Ekstrand J, Boreus LO, de Chateau P. No evidence of 

transfer of fluoride from plasma to breast milk. Br 

Med J (Clin Res Ed). 1981;283(6294):761-762. 

doi:10.1136/bmj.283.6294.761 

49. Zohoori FV, Omid N, Sanderson RA, Valentine RA, 

Maguire A. Fluoride retention in infants living in 

fluoridated and non-fluoridated areas: effects of 

weaning. Br J Nutr. 2019;121(1):74-81. 

doi:10.1017/S0007114518003008 

50. Levy SM, Broffitt B, Marshall TA, Eichenberger-

Gilmore JM, Warren JJ. Associations between 

fluorosis of permanent incisors and fluoride intake 

from infant formula, other dietary sources and 

dentifrice during early childhood. J Am Dent Assoc. 

2010;141(10):1190-1201. 

doi:10.14219/jada.archive.2010.0046 

51. Rice D, Barone S Jr. Critical periods of vulnerability 

for the developing nervous system: evidence from 

humans and animal models. Environ Health Perspect. 

2000;108 Suppl 3(Suppl 3):511-533. 

doi:10.1289/ehp.00108s3511 

52. Harriehausen CX, Dosani FZ, Chiquet BT, Barratt MS, 

Quock RL. Fluoride Intake of Infants from Formula. J 

Clin Pediatr Dent. 2019;43(1):34-41. 

doi:10.17796/1053-4625-43.1.7 

53. Green R, Lanphear B, Hornung R, et al. Association 

Between Maternal Fluoride Exposure During 

Pregnancy and IQ Scores in Offspring in 

Canada. JAMA Pediatr. 2019;173(10):940-948. 

doi:10.1001/jamapediatrics.2019.1729 

54. Bashash M, Thomas D, Hu H, et al. Prenatal Fluoride 

Exposure and Cognitive Outcomes in Children at 4 

and 6-12 Years of Age in Mexico. Environ Health 

Perspect. 2017;125(9):097017. Published 2017 Sep 

19. doi:10.1289/EHP655 

55. Dong L, Yao P, Chen W, Ping LI, Shi X. An 

investigation of children's dental fluorosis and 

intelligence in drinking water-type of endemic 

fluorosis area in Xi'an.Chin. J 

Epidemiol.2018;37(1):45-8. 

doi:10.3760/cma.j.issn.2095-4255.2018.01.010 

56. Zhang S, Zhang X, Liu H, et al. Modifying effect of 

COMT gene polymorphism and a predictive role for 

proteomics analysis in children's intelligence in 

endemic fluorosis area in Tianjin, China. Toxicol Sci. 

2015;144(2):238-245. doi:10.1093/toxsci/kfu311 

57. Karimzade S, Aghaei M, Mahvi AH. Investigation of 

intelligence quotient in 9–12-year-old children 

exposed to high-and low-drinking water fluoride in 

West Azerbaijan Province, Iran. Fluoride. 

2014;47(1):9- 14.  

58. Choi AL, Sun G, Zhang Y, Grandjean P. 

Developmental fluoride neurotoxicity: a systematic 

review and meta-analysis. Environ Health Perspect. 

2012;120(10):1362-1368. doi:10.1289/ehp.1104912 

59. Riddell JK, Malin AJ, Flora D, McCague H, Till C. 

Association of water fluoride and urinary fluoride 

concentrations with attention deficit hyperactivity 

disorder in Canadian youth [published correction 

appears in Environ Int. 2022 

Mar;161:107091]. Environ Int. 2019;133(Pt 

B):105190. doi:10.1016/j.envint.2019.105190 

60. Bashash M, Marchand M, Hu H, et al. Prenatal fluoride 

exposure and attention deficit hyperactivity disorder 

(ADHD) symptoms in children at 6-12 years of age in 

Mexico City. Environ Int. 2018;121(Pt 1):658-666. 

doi:10.1016/j.envint.2018.09.017 

61. Berg J, Gerweck C, Hujoel PP, et al. Evidence-based 

clinical recommendations regarding fluoride intake 

from reconstituted infant formula and enamel 

fluorosis: a report of the American Dental Association 



Vachhani KK et al. 

10 
Journal of Advanced Medical and Dental Sciences Research |Vol. 10|Issue 4| April 2022 

Council on Scientific Affairs. J Am Dent Assoc. 

2011;142(1):79-87. 

doi:10.14219/jada.archive.2011.0032 

62. Limeback H. A re-examination of the pre-eruptive and 

post-eruptive mechanism of the anti-caries effects of 

fluoride: is there any anti-caries benefit from 

swallowing fluoride?. Community Dent Oral 

Epidemiol. 1999;27(1):62-71. doi:10.1111/j.1600-

0528.1999.tb01993.x 

63. Pizzo G, Piscopo MR, Pizzo I, Giuliana G. Community 

water fluoridation and caries prevention: a critical 

review. Clin Oral Investig. 2007;11(3):189-193. 

doi:10.1007/s00784-007-0111-6 

64. Featherstone JD. The science and practice of caries 

prevention. J Am Dent Assoc. 2000;131(7):887-899. 

doi:10.14219/jada.archive.2000.0307 

65. Galganny-Almeida A, Queiroz MC, Leite AJ. The 

effectiveness of a novel infant tooth wipe in high 

caries-risk babies 8 to15 months old. Pediatr Dent. 

2007;29(4):337-342. 

66. Zhan L, Cheng J, Chang P, et al. Effects of xylitol 

wipes on cariogenic bacteria and caries in young 

children. J Dent Res. 2012;91(7 Suppl):85S-90S. 

doi:10.1177/0022034511434354 

67. Elad D, Kozlovsky P, Blum O, et al. Biomechanics of 

milk extraction during breast-feeding. Proc Natl Acad 

Sci U S A. 2014;111(14):5230-5235. 

doi:10.1073/pnas.1319798111 

68. Geddes DT, Kent JC, Mitoulas LR, Hartmann PE. 

Tongue movement and intra-oral vacuum in 

breastfeeding infants. Early Hum Dev. 

2008;84(7):471-477. 

doi:10.1016/j.earlhumdev.2007.12.008 

69. Inoue N, Sakashita R, Kamegai T. Reduction of 

masseter muscle activity in bottle-fed babies. Early 

Hum Dev. 1995;42(3):185-193. doi:10.1016/0378-

3782(95)01649-n 

70. Gomes CF, Trezza EM, Murade EC, Padovani CR. 

Surface electromyography of facial muscles during 

natural and artificial feeding of infants. J Pediatr (Rio 

J). 2006;82(2):103-109. doi:10.2223/JPED.1456 

71. Chen X, Xia B, Ge L. Effects of breast-feeding 

duration, bottle-feeding duration and non-nutritive 

sucking habits on the occlusal characteristics of 

primary dentition. BMC Pediatr. 2015;15:46. 

Published 2015 Apr 21. doi:10.1186/s12887-015-

0364-1 

72. Zhu H, Zhang B, Rosivack RG. Does the position of a 

bottle during infant feeding influence the jaw's 

postural position?. J Indian Soc Pedod Prev Dent. 

2019;37(4):405-408. 

doi:10.4103/JISPPD.JISPPD_91_18 

 

 

 

 


