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ABSTRACT
Introduction: Early childhood caries (ECC) is one of the most common chronic infectious
diseases affecting early childhood. It has a multifactorial aetiology and is difficult to control on
a population scale. Feeding habits, throughout the first year of life, involve several simultaneous
and consistent behaviours, such as breastfeeding, bottle-feeding and the introduction of
complementary foods. Particular feeding behaviours recognized at this age may be maintained
in later years, potentially impacting health over the life course. The following study was done
to interrogate bottle-feeding practices among caregivers in Khartoum and to determine if there
was an association with the prevalence of dental caries among young children.

Literature review: Early childhood caries (ECC) is a serious public health problem in both
developing and industrialized countries (Livny et al., 2007). ECC can begin early in life,
progresses rapidly in those who are at high risk and often goes untreated (Weinstein et al., 1994;
Grindfjord et al., 1995). It is characterized by a distinctive clinical picture of tooth decay in the
primary dentition. A common cause is a high sugar-containing diet, often in the form of liquids
that remain in the child’s mouth for a long period of time, usually from being put to bed with a
bottle of milk, formula or juice. Apart from dietary and inappropriate feeding practices, which
are regarded as the main aetiological factors, others also exist. Early childhood dentition plays
an important role in basic life functions such as speech, phonetics, and eating (Clarke et al.,
2006). When treatment of ECC is delayed or goes untreated it can have devastating
complications for the patient. These include discomfort in eating, disrupted sleep, difficulty or
inability to speak and poor appetite. It has been found that community-based strategies such as
educating mothers on the role of the effects of their dietary habits, as well as those of their
infants, had been effective (Ismail, 1998). Early Childhood Caries (ECC) remains a serious
public health problem that needs not only treatment but well-programmed preventive
measurements. The treatment protocol for ECC depends on the medical history of the child,
social behaviour, age and stage of ECC. Through previous studies on the causes of ECC resulting from
the use of the baby bottle in feeding, we had to raise awareness of the use of the baby bottle in ways that limit
the spread of ECC.

Aim: The aim of this study was to systematically review the scientific evidence relating to the
association between baby bottle-feeding habits and ECC.
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Material and method: A convenience sample (n=100) of kindergarten children (2-5 years old)
was selected. A descriptive cross-sectional study was conducted using researcher-administered
questionnaires and oral examinations after all ethical considerations were adhered to.

Results: 100 Children (n=100) and their primary caregivers participated in the study. Among
the sample of children, 47% were male and 53% were female. The mean dmft of the sample was
1.67 (“SD = 2.71; IQR = 0 – 2”). The difference in mean dmft between the four different duration
of bottle-feeding was statically significant (p = 0.0036). The duration of bottle feeding was in
three groups, duration of the bottle feeding until one year old, two- and three-year-old. children
whose use of bottle feeding lasted up to three years presented with the highest mean dmft
compared with children group who were bottle feeding one years old. Just more than half agreed
that it was OK to give a child formula milk frequently, 19% disagreed and 27% were unsure.
When mean dmft for the different groups were compared, significant differences were detected
(p =0.013). Almost half agreed that it was OK to give a bottle to children whenever they want
it, 42% disagreed and 10% were unsure. When mean dmft of for abovementioned different
groups were compared, significant differences were detected (p = 0.002).

Discussion: According to results of the present study, one of the most important factors
concerning ECC, involves the practice of inappropriate baby bottle-feeding. This concurs with
a study by Bruerd et al. (1989) in which more than 50% of American Indian and Alaska Natives
children were similarly affected (Bruerd et al., 1989). The present study found no relationship
between duration of breastfeeding and prevalence of ECC, Breastfeeding until the age of 1 year
is not associated with an increased risk of dental caries, and may even provide protection but
after one year because of external interventions from others feeding habits, there may appear as
a result of the occurrence of ECC, but breastfeeding is recommended by both dental associations
and childern until to two years, and this is accompanied by cleaning the teeth and good nutrition
by reducing the consumption of sugary foods, and this indicates that breastfeeding is completely
safe (Branger et al., 2019). Previous studies had shown that educating caregivers about oral care,
correct eating habits and other caries risk factors, all lead to preventing and reducing the
prevalence of ECC (Ismail et al., 2003). In the present study, in all the children who required
dental treatment, it was noticed that caregivers’ lack of attention to the state of the child’s oral
health, was another serious concern and could also be regarded as a risk factor.

Conclusion: The increase in ECC was directly proportional to the increase in age, and the use
of bottle feeding for three years or more. Although most of the parents had a university
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education, their knowledge of appropriate bottle-feeding practice was poor and a concern.
xi

Furthermore, the present study showed that children presented with significant higher dmft scores
compared to children from caregivers who adhered to appropriate bottle-feeding practices.
Therefore, there is a need to develop educational programs about appropriate bottle-feeding
practice for children in the 2–5 years age group. Additionally, the importance of daily
supervised tooth brushing with a fluoridated toothpaste should also be emphasized in such a
programme.
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CHAPTER 1: INTRODUCTION
Dental caries (decay) is an international public health challenge, especially amongst young
children. Early Childhood Caries (ECC) is defined as the presence of one or more decayed (non
cavitated or cavitated lesions), missing (due to caries), or filled tooth surfaces in any primary
tooth in a preschool-aged child between birth and 71 months of age (Edelstein and Douglass,
1995). Severe early childhood caries (S-ECC) is: “any sign of smooth-surface caries in a child
younger than three years of age, and from ages, three- to five-year-old, one or more cavitated,
missing (due to caries), or filled smooth surfaces in primary maxillary anterior teeth or a
decayed, missing, or filled (dmf) score of greater than or equal to four (age 3), greater than or
equal to five (age 4), or greater than or equal to six (age 5)” (Drury, Horowitz and Ismail, 1995).
ECC involves mainly the maxillary anterior teeth, maxillary and mandibular posterior teeth and
mandibular canines, while the lower anterior teeth are unaffected due to protection by the tongue
(Weinstein et al., 1992).

Feeding habits, particularly during the first year of life, involve numerous concurrent and
interrelated behaviours, such as breastfeeding, bottle-feeding and the introduction of
complementary foods. Some feeding behaviours recognized at this age may be maintained in
later years, potentially impacting health over the life course (Maxim et al., 2013).

Many mothers, in different parts of the world, depend on bottle-feeding to feed their children,
especially mothers in urban areas, where the use of bottle-feeding is considered essential.
Therefore, there was an urgent need to know the association between the bottle-feeding habits
and ECC (Wiley et al., 2005), because the occurrence of ECC affects the general health and
growth of permanent teeth (Sheiham et al., 2006). Many studies have shown that the main cause
of ECC is inappropriate bottle-feeding practice (Livny et al., 2007).

It can be generally accepted that putting children to bed while bottle-feeding, there is an
increased exposure of primary teeth to fermentable carbohydrates. This increase is likely to
promote both early colonization by oral Streptococcus mutans in the dental plaque and saliva,
which increases the risk of developing caries in primary teeth (Petti et al., 2000). All previous
studies on bottle-feeding had similar results in that bottle-feeding, especially at night, was the
major causative factor in developing ECC (Weinstein et al., 1998). This was mainly attributed
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to the reduced flow of saliva during sleep, which causes liquid carbohydrates to remain around
the teeth and leads directly to the occurrence of caries (Oulis et al., 1999).

The following study was done to interrogate bottle-feeding practices among caregivers in
Khartoum and to determine if there is an association with prevalence of dental caries among
young children.
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CHAPTER TWO: LITERATURE REVIEW
2.1 Introduction

Early childhood caries (ECC) is a serious public health problem in both developing and
industrialized countries (Livny et al., 2007). ECC can begin early in life, progresses rapidly in
those who are at high risk and often goes untreated (Weinstein et al., 1994; Grindfjord et al.,
1995). It is the most prevalent oral disease in several Asian and Latin-American countries, while
it appears to be less common and less severe in most African countries (Morais et al., 2010). It
remains a serious public health problem due to the symptoms and treatment needs. Tooth decay
in preschool children has become a common occurrence that threatens oral and dental health and
may affect future generations all over the world (Vadiakas, 2008). It is characterized by a
distinctive clinical picture of tooth decay in the primary dentition. A common cause is a high
sugar-containing diet, often in the form of liquids that remain in the child’s mouth for a long
period of time, usually from being put to bed with a bottle of milk, formula or juice (Lee et al.,
1994). It can alsobe caused when pacifiers have been dipped into sweet liquids such as honey
or syrup (Lee et al., 1994). Carious lesions are produced from the interaction of cariogenic
microorganisms, fermentable carbohydrates, and a susceptible tooth surface over a period (Lee
et al., 1994).

The Khartoum state in Sudan, a study was conducted on 553 preschool children and their
mothers / guardians in 2016. The reported prevalence of dental caries, was 52.4% with a mean
dmft score of 2.3. Moreover, lower dmft scores were associated with starting tooth brushing
earlier in life and with increased frequencyof brushing per day. It was also found that eating
sugar-containing food was significantly associated with higher dmft scores (Elidrissi and
Naidoo, 2016).

Other studies found that the socio-economic status of the kindergarten, gender and educational
level of the parents did not show a significant relationship with dental caries, but the prevalence
of dental caries increased significantly with age (Jose and King, 2003). The abovementioned
studies and other authorsemphasized that there was an urgent need for oral health programs to
target the treatment and prevention of dental caries in preschool children (Jose and King, 2003;
Livny, Assali and Sgan-Cohen, 2007).
16
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ECC can also be viewed as a particular form of dental caries that is characterized by an
overwhelming infectious challenge and is associated with unusual dietary practices in young
children (Douglass et al., 2004).

Dental caries is probably the most prevalent chronic infectious disease among children, caused
by the interaction of bacteria, mainly Streptococcus mutans (S. Mutans), and sugary foods on
tooth enamel. S. Mutans can spread from mother to baby during infancy and can inoculate even
pre-dentate infants (Douglass et al., 2004).

It can affect the long-term as well as immediate quality of life of the child and family and have
significant social and economic consequences beyond the immediate family as well (Inglehart
and Bagramian, 2002). Managing the consequences and treatment of ECC, especially if delayed,
leads to high expenditure, that has a negative impact on families. Those from low socio-economic
backgrounds may not be able to afford treatment and this causes psychological and emotional
problems for the family and the child (Low et al., 1999). Furthermore, one of the main reasons
for the recurrence of ECC is a dysfunctional family or social situation (Casamassimo et al.,
2009).

2.2 Aetiology

2.2.1 Host Factors

The parent education level and social status, poverty and dental insurance coverage are factors
effect directly in the oral hygiene habits of children and the severity of ECC (Ramos-Gomez et
al., 2002). The social and economic status of parents has a direct role in influencing oral and
dental health (Du et al., 2000).

Children from low socioeconomic status are two times mor likely to have dental caries than
from higher income status (Gaur and Nayak, 2011). Also, parents with low incomes often visit
the dentist for their children only when their children suffer from health problems in the mouth
and teeth. Also, attention to the hygiene of their children’s teeth using brush and toothpaste is
weak and does not start at an early age and is often less ( Belterami, 1952). In terms of education,
the higher the level of education for the parents, the higher the health education that encourages
17
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good health practices, and consequently, the average dmft grades drop to high levels, and thus
reduce the incidence of ECC (Al-Hosani and Rugg-Gunn, 1998). children whose parents or
caregivers have less than a high school education were found to be markedly increased risk for
developing ECC this was also proven by Jose and King in another study (Jose and King, 2003).

2.2.2 Flora
In the oral flora more than 700 bacterial species (Verma, Garg and Dubey, 2018), the diet consist
of monosaccharide with bacteria lead to develop the dental caries because theses bacteria make
metabolized the monosaccharide and then production Acid’s lead to demineralization the
enamel (Zijnge et al., 2010) after removal the biofilm the dental plaque built in the pellicle
(Huang, Li and Gregory, 2011). However not only bacteria can enhance the progression of ECC
but also fungi such as Candida albicans and the inter kingdom interactions (Sztajer et al., 2014)
the microorganism grown in poly species biofilms are able to produce exopolysaccharides (EPS)
(More et al., 2014), the biofilm formation is not interrupted and together with the absorbed
saccharide from the diet lead to a carogenic dental plaque consist mainly of streptococci and
actinomycetes (Lingstrom et al., 2000).
2.2.3 Substrate
The aetiology of ECC is multifactorial and has been well established. It is most frequently
associated with a poor oral hygien (Davies, 1998) and bad feeding habits (Jose and King, 2003).
Among the major causes are poor bottle-feeding practices, especially when a child receives a
bottle of milk at night which contains sweeteners, sugar or honey. Another common risk factor
is bottle-feeding up to 6 times per day/night to soothe the child to sleep (Maxim et al., 2013).
ECC was historically attributed to inappropriate and prolonged bottle use or breastfeeding, with
most theories involving a common factor of children being put to sleep with a bottle that contain
either milk, fruit juice, or some sweetened liquid (Forrester et al., 1981). When feeding ends,
the liquid pools around the primary maxillary incisors, thus serving as a source of energy for
cariogenic microorganisms. On average, a two-year-old sleeps approximately 10 – 14 hours per
day. The presence of carbohydrates, microorganisms, decreased salivary flow and stagnation of
oral contents during sleep favour the process of demineralization that lead to dental caries
(Forrester et al., 1981)

18
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A cross-sectional study was conducted on children in Banja Lukafrom from 2008 to 2010
included 192 participants, found a significant statistical connection between SECC and
breastfeeding at night, there are studies showing that breastfed children have smaller chances of
developing S-ECC (Obradovic et al., 2020), for example, the study conducted in Mexican
American children (n=1576) in aged arrange 2 to 5 years old where they did not find relationship
between the breastfeeding habit and prevalence of ECC (Iida et al., 2007).
In another study, it was found that breastfeeding has nutritional and immune benefits because
breast milk contains vitamins, minerals, immunoglobulins, enzymes and white blood cells that
support the immune system of children and help defend against bacterial and viral infections,
thus breastfeeding may reduce the risk factors of dental caries and assist in maintaining good
health of teeth (Merritt, Qi and Sh, 2006; Wang and Ge, 2015).
Among the Prakash cohort, children were being put to bed with prolonged bottle-feeding that
led to increased exposure of primary teeth to fermentable carbohydrates and this study also
found that ECC also increased significantly when snacks were consumed in between meals
(Prakash et al., 2012).
After sugary food and sweet beverages are consumed the commensal plaque will absorb these
saccharides and metabolize them into acids, mainly lactic acid (Touger-Decker and C. van
Loveren, 2003). Acid- tolerant bacteria mainly mutans- streptococci are able to survive these
acidic environments (Touger-Decker and C. van Loveren, 2003 ), when the bad feeding habits
and poor oral hygiene habits do not change lead to progress ECC with the cariogenic
microorganisms like mutans- streptococci, candida spp., lactobacilli (Klinke et al., 2014 ), the
ECC develops if the dental plaque is not removed adequately and sugary food especillay
sweetened beverages consumed for long time by bottle feeding or other and sweet food because
this lead to a changing metabolism with the dental plaque microbial producing mainly lactic
acids that will demineralize the enamel (Sztajer et al., 2014)

19
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2.2.4 Sugar and baby bottle feeding

Many studies have shown evidence that sugars (such as sucrose, fructose and glucose) and other
fermentable carbohydrates play the main role in the initiation and progression of dental caries
(Douglass, 2000; Paes Leme et al., 2006). The presence of dietary sugars and sweetened foods
act as a major driver of ECC (Dülgergi et al., 2013). Malnutrition is associated with early
childhood caries, and in addition to the consumption of processed foods and sugar-sweetened
beverages, it further leads to an increase in the severity of caries leading to chronic dental
infection, inflammation and pain (Tsang et al., 2019; AAPD, 2016). This was also confirmed
by a cross-sectional study conducted on 797 mother-child pairs in Rural El Salvador from 2006
to 2010 to investigated the relationship between ECC and sweetened beverages used for bottle
feeding found that the mothers were largely familiar with common causes of dental caries, but most
were unaware of the relationship between ECC and sugar-sweetened beverages, especially when
used for prolonged periods in the baby bottle (Achalu et al., 2021).

In general, dental caries is accepted as primarily a microbial disease, but few would disagree
that dietary features play a crucial role. Fermentable carbohydrates are a factor in the
development of caries (Naylor, 1986). The molecular size of sugar, which is very small, enables
salivary amylase to split the molecules into components that can be easily metabolized by plaque
bacteria (Jensen, 1999).

This process leads to bacteria producing acidic products with subsequent demineralization of
teeth and increased risk of caries in susceptible teeth (Birkhed, 1989; Harel-Raviv et al., 1996).
Some authors also found an association between sugar intake and the incidence of dental caries
where fluoridation was minimal and dental hygiene was poor (Sanders, 2004; Marrs et al.,
2011).

The rate of sugar clearance in the oral cavity after a meal can also be considered a risk factor.
This was investigated by Luke et al in 1999. Early childhood caries occurs as a result of diet
exposure to sugar because it promotes the accumulation of Streptococcus mutans (Parisotto et
al., 2010). Sucrose is a substrate used by these bacteria for the synthesis of glucans that
facilitates bacterial adhesion (Loesche, 1986). The study by Luke et al in 1999 investigated the
clearance of glucose, fructose, sucrose, maltose and sorbitol rinses, as well as chocolate bars,
white bread, and bananas, from the oral cavity, the main finding was that sucrose was removed
20
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the quickest, while sorbitol and food residues stay in the mouth longer. The retentiveness of the
food particles and the presence of protective factors in foods such as calcium, phosphates and
fluoride contents are considered as defense mechanisms that contributeto the re-mineralization
of enamel.

Parents can be regarded as the role models in choosing healthy or unhealthy eating habits for
their children. They either choose healthy foods such as fruits and vegetables, or unhealthy foods
such as sweetened foods and drinks that affect public health and increase the risk of ECC (Evans
et al., 2013; Yee et al., 2017). There is a significant relationship between parents’ motives for
choosing food for their children and the occurrence of ECC (Mehta et al., 2017). The results of
case-control study, conducted on 2000 children aged 3-to-5 years old in Mangalore in Karnataka
state in 2021 concluded that Children with ECC were due to their high exposure to sugar in their
diet, and this was because the mothers of these children were not interested in following a
healthy diet that does not contain sweetened foods for their children, despite their knowledge of
the health risks of sweetened foods.

Hence, the direct link between high exposure to sugar, increased risk due to the availability of
these unhealthy foods and the ease of purchasing them, was the motivation for choosing the
food (Achalu et al., 2021).

Caries risk is the greatest if sugars are taken in a high frequency and are in a form that is retained
in the oral cavity for long periods of time (Misra, 2007). Non-milk extrinsic sugars (NMES)
(similar to free sugars but not equal), with slight differences in the categorization of fruit sugars
from dried, stewed or canned fruit and smoothies (Lai et al., 2019) have also been widely
implicated as the one of the main causative factors of dental caries, while milk sugars were not
(Moynihan, 1998).

A cross-sectional study was conducted in a suburban area of Nigeria to study the relationship
between nutrition and ECC, from 2018 - 2019, in 1439 mother-child dyads and they identified
two risk factors for ECC, namely, age and consumption of sugar between meals. Infants and
toddlers were less at risk for ECC than preschoolers, while increased sugar consumption
between meals per day led to an increased risk of having ECC, as it was found that children who
ate sugar three or more times a day were twice as likely to have ECC than those who consumed
less sugar (Folayan et al., 2020).
21
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It has been shown previously that sugar-sweetened beverages used in bottle-feeding
significantly contribute to the consequences of undernutrition and ECC (Branger et al., 2019).
Most mothers may not be aware of the relationship between tooth decay and the use of
sweetened foods in bottles for long periods, which leads to harmful nutritional consequences
and the spread of ECC (Davis et al., 2014).

2.2.5 The importance of the early childhood dentition

Early childhood dentition plays an important role in basic life functions such as speech,
phonetics, and eating (Clarke et al., 2006). Many people think that the treatment of primary
teeth is not important because they will fall out as the child grows without affecting the
permanent teeth. However, this leads to an increase in caries and in many cases the child may
suffer from pain that leads to negative consequences, including malnutrition. Additionally, it
affects the general appearance of the child with initial cavitation that firstly appears in the
anterior teeth (Clarke et al., 2006). Socially, it was found that the occurrence of ECC in children
leads to their mistreatment in society due to the inappropriate or unpleasing aesthetical
appearance of the affected child (Colak et al., 2013).

The occurrence of early caries may also lead to loss of anterior teeth in children, which causes
inability to pronounce the letters correctly. Subsequently, this may lead to a loss of confidence
in children as well as a defect in the area in the dentition reserved for the eruption of permanent
teeth, this early loss of teeth requires space maintaining to preserve the missing tooth spaces
early, before the permanent teeth erupt, and to prevent adjacent teeth from moving in this space
and also to prevents the premature eruption of the permanent teeth (Grytten et al., 1988;
Crawford and Lennon, 1992). Research indicates that there is neglect in the treatment of primary
teeth and the erroneous belief, among some caregivers, exists that they are ‘temporary and will
fall out to give way to newteeth’ (Woosung et al., 2008).

22
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The health of children's teeth is at risk because it depends mainly on awareness and knowledge
of oral health among parents/caregivers. Therefore, the health of the primary teeth must be
maintained by proper oral hygiene habits and by following a healthy diet. This will enable proper
eating, speaking and also maintain dental aesthetics to build the child’s confidence to interact
socially (Woosung et al., 2008).

2.2.6 Clinical presentation and symptoms of early childhood caries

ECC initially presents with lesions affectingthe smooth surfaces particularly of primary incisors
in the maxilla. As the disease progresses gradually, cavities appear on the occlusal surfaces of
the primary maxillary first molars, with eventual distribution to other primary teeth, resulting in
the destruction of the primary dentition (Douglass et al., 2004).

ECC is a condition affecting the primary teeth of young children (Peters, 1994). Initially, carious
lesions appear as a white or dark brown collar around the gingival margin of incisors, which
progress into the labial and lingual surfaces and ultimately lead to fracturing of teeth. Usually,
demineralization occurs within 6 to 12 months before causing cavities presenting as yellow,
brown and even black lesions in some cases (Twetman, 2000).

ECC often appears on the upper anterior teeth, the maxillary and mandibular posterior teeth and
the mandibular canines, the description for this pattern of caries distribution is based on the
collection of milk or sweetened liquid from the nursing bottle withinthe close proximity of these
teeth. The mandibular anterior teeth are often unaffected or rarely affected due to protection by
the tongue (Hattab et al., 1999).

Early Childhood Caries can be classified into three clinical types (Wynne, 1999):
•

Mild to moderate: the existence of isolated caries involving maxillary incisors with or
without posterior teeth in children aged between 2 to 5 years old.

•

Moderate to severe: caries spreads in the labiolingual surface of the tooth, involving the
maxillary incisors with or without posterior teeth depending on the stage of ECC. The is
caused by the use of baby bottle-feeding with or without breastfeeding with bad oral hygiene
habits and if untreated it progresses to severe ECC.
23

http://etd.uwc.ac.za/

•

Severe: ECC affecting almost all teeth, and may include the mandibular incisors.

The stages and progression of carious lesions in ECC:
•

ECCi (initial stage) is a white spot lesion or initial defect in enamel

•

ECCc (circular stage) is a lesion in the dentin and circular distribution of this lesion
proximally

•

ECCd (destructive stage) is the destruction of more than half the crown without affecting
the incisal

•

ECCr (radix relicta stage) is the most severe stage (Virdi, 2015).

2.2.7 Potential complications and consequences of untreated ECC

From complications of untreated ECC formation lesions such as hypoplasia, structural damage
these lead to less of aesthetic aspect and may affect pronunciation, feeling of discomfort and
pain (Caufield, 2012).

When treatment of ECC is delayed or goes untreated it can have devastating complications for
the patient. This include discomfort in eating, disrupted sleep, difficulty or inability to speak
and poor appetite. It also causes pain and infection such as a dental abscess or cellulitis which
require urgent attention, often in the form of extraction or incision and drainage. Paediatric
dental patients often need treatment under general anaesthesia which comes at a high cost and
increased time for parents who need to take off from work or other duties (Kaste et al., 1999;
Colak et al., 2010).

Other consequences of ECC are slow growth and reduced weight gain because of insufficient
consumption of food to meet the metabolic and growth needs of children (Petersen et al., 2005).
Children with ECC were found to have a lower weight than children who do not suffer from
ECC because toothache and subsequent infection alter eating and sleeping patterns, dietary
intake, and metabolic processes (George Acs et al., 1992).

In 2006, Sheiham found that delayed treatment of severe ECC affected growth because chronic
dental abscesses and inflammation in the dental pulp contribute to chronic inflammation that
affects metabolic pathways and erythropoiesis is also negatively affected (Sheiham, 2006). In
24

http://etd.uwc.ac.za/

many cases, a dental extraction remains the preferred treatment modality. However, this leadsto
premature tooth loss and subsequent need for orthodontic treatment in the future. This has
another cost implication for the parent (Casamassimo et al., 2009).
Previous occurrence of ECC can also be an indicator of risk for future dental caries. Studies
have found that children who had caries of primary dentition early in life, are at greater risk of
developing additional carious lesions in their permanent dentition (Kaste et al., 1999; Colak et
al., 2010). This was supported by research that found that children affected by ECC were more
likely to develop caries in the future, compared to children who were not affected (Birkeland et
al., 1976; Reisine et al., 1994). Alternatively, the absence of dental caries is not a strong
indicator to predict that the risks of caries will not occur in the future. The reason for this is
because the caries process may be in the initial stage and has not progressed far enough to create
a cavity (Tinanoff and Reisine, 2009).

2.2.8 Prevention of ECC
It has been found that community-based strategies such as educating mothers on the role of the
effects of their dietary habits, as well as those of their infants, had been effective (Ismail, 1998).
However, another study found that although parents knew the risks of tooth decay, their practice
still revealed that they were following a cariogenic diet (Vossa, 2017). It is likely that a direct
relationship exists between the mothers’ low level of education and the high prevalence of dental
caries in their children (Hallett and O’Rourke, 2003; Jin et al., 2003; Jose and King, 2003). This
was confirmed by the study done by Prakash (Prakash et al., 2012).
A survey in central Italy found that an infant and a child’s oral health risk status is associated
with behavioural habits of parents or caregivers (Vossa, 2017). It was also very important that
caregivers also take care of their own oral health to reduce the transmission of pathogenic
bacteria from mother to child. The salivary exchange habits should be reduced, such as not
sharing the same cutlery (Vossa, 2017) to maintain good oral hygiene of the baby and prevent
transmission of cariogenic bacteria. In 2008, international oral health guidelines (American
Academy on Paediatric Dentistry, 2008; Capasso et al., 2016) was adopted and recommended
that from birth to the first tooth eruption, cleansing of the gingiva should be done twice a day
using a wet gauze or special soft gloves after the eruption of the first primary tooth (Milgrom et
al., 2009). Additionally, brushing of teeth after meals or after taking medication containing
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sucrose is also recommended. Only a smear or pea-size application of low fluoride toothpaste
(500ppm) is advised, to minimize the risk of accidental ingestion (Vossa, 2017).
Fluoride significantly reduces the caries in the teeth, fluoridated community drinking water and
fluoride toothpaste are the most common sources of fluoride and are largely responsible for the
low risk for dental caries for most persons (Featherstone, 2004). Alternative methods to
introduce fluoride into the oral cavity is by giving fluoridated salt or fluoride supplements
beverages, tablets and drops, also fluoride rinsing at a later stage in life (Davies, 1998).

In the scientific literature, there is evidence that suggests that counselling and education of
parents about nutrition, oral hygiene and other risk factors contribute to a lower prevalence of
ECC (Ismail et al., 2003). Epidemiological data obtained from samples composed of subjects
of different socioeconomic status revealed that the prevalence of early childhood caries was
strongly related to the families’ socioeconomic level, the lower the social level, the higher the
prevalence of early childhood caries (Santos & Soviero, 2002).

A survey conducted in Banja Luka from 2008 to 2010, confirmed that eating habits in the first
year of life affected the occurrence of caries among children (Obradoviv, 2010). Moreover, the
development of appropriate dietary and self-care habits at home have been recommended to
reduce the incidence of ECC.

A routine dental examination has also been recommended to prevent ECC. The American
Academy of Pediatric Dentistry (AAPD) and the European Academy of Pediatric Dentistry
(EAPD) suggest that regular first dental examination of a child should be done no later than the
age of one year (Inglehart et al., 2002; Kindelan et al., 2008).
2.2.8.1 Avoiding ECC – promoting feeding behaviours

The child should not be put to sleep with a bottle containing fermentable carbohydrates and
should be encouraged to drink from a cup as they approach their first birthday (Colak et al.,
2013). Furthermore, sugar in snacks that are given between meals should be avoided and
prolonged exposures to fermentable carbohydrates in the diet should be limited (Colak et al.,
2013).
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2.2.8.2 Prevention of bacterial transmission to the child

Studies suggested that interventions should be implemented to prevent the transmission of
bacteria from mothers or caregivers to the child (Kishi et al., 2009). This can be done by
allowing the caregiver to rinse with chlorhexidine gluconate or using dentifrices that also have
been shown to reduce oral microorganisms (King, Anthonappa and Itthagarun, 2007; Kohler
and Andreen, 2010). In addition, the child should not share food utensils and drinks. Lastly,
children should be discouraged from putting their hands in the caregiver’s mouth and the
caregiver should refrain from licking a pacifier before giving it to the child or sharing
toothbrushes (Colak et al., 2013).

2.2.8.3 General prevention of ECC

Mothers all over the world have been using bottle feeding for many years. Bottle-feeding
practices are the major risk factor for ECC, whether by using sweetened drinks, or using the
bottle for a prolonged time or during sleep (Tsubouchiet al., 1995). Economic and social factors
as well as the parents’ level of education was found to play a significant role in influencing
children, and thus the resultant occurrence of ECC in most countries of the world (Agarwal et
al., 2011).

Research on bottle-feeding practices had found different considerations to decrease the
prevalence ECC in a community. These include not filling bottles with sugared water and soft
drinks, not allowing children to sleep with a bottle containing sugared contents, reducing the
sugar in the child’s diet especially between meals, encouraging children to drink from a cup at
six months old and encouraging children to drink sweetened fluid such as juices from a cup
instead from feeding bottle. Others include, arranging regular dental check-ups for children from
as early as his or her first birthday, visiting the dentist promptly if the child has dental problems
and not using bottle-feeding for long hours during the day (Livny et al., 2007; Maxim and
Nicoleta, 2013; Obradović et al., 2016). These methods have been proven to be very useful in
reducing the incidence of ECC (Febres et al., 1997).

In certain cases, some caregivers have health problems themselves, making them dependent on
only using bottle-feeding for their children (Tsubouchi et al., 1994). In these instances, they
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should be advised on properways that will reduce the probability of ECC, and this can be through
cleansing teeth twice a day using a wet gauze or special soft gloves or special brush from the
first tooth eruption, or cleansing after meals. Other considerations include reducing sugar use,
giving the baby a before-bed saturated diet to reduce the use of the bottle at night and preventing
the use of sugar entirelyat night when the child is sleeping (Tsubouchi et al., 1994).

Some reports suggest that even when parents know the harmful effects of putting the baby to
sleep with the bottle, they still follow a bottle-feeding pattern which results in a high incidence
of ECC (Weinstein et al., 1992). It is clear that education alone is not enough to prevent ECC
and parents must be provided with better guidance for identifying harmful habits to prevent
negative consequences of inappropriate bottle-feeding practice (Dini et al., 2000).

2.2.8.4 Brushing habits
Brushing a child’s teeth is important in preventing ECC and securing a healthy primary dentition
ensures sufficient space for permanent teeth (Addy and Adriaens, 1998). It is very important
establishing good oral health habits early on in order to encourage lifelong patterns (Wendt et
al., 1991).

Children, two years and older should brush with fluoridated toothpaste to prevent ECC and to
ensure continued development of a dentition and oral cavity. The child must be supervised when
brushing until good habits are established (Pine et al., 2000), It is recommended to spend two
minutes brushing the teeth, focusing on the teeth that perform the most chewing functions such
as the molars. A small, child-sized, soft-bristled toothbrush is alsorecommended. Soaking the
brush in warm water for a few minutes before brushing can soften the bristles even more.

Fluoride plays an important role in protecting against cavities, but most parents are unaware of
the effect of the fluoride content in toothpaste or the ideal amount of fluoride that is suitable for
children according to their age (Weinstein et al., 1994). This can lead to great damage; therefore,
it is necessary to educate parents and gradually increase the amount of fluoridated toothpaste
until the age of two years (Milgrom et al., 2009). Both the American Dental Association and the
American Academy of Paediatrics (AAPD) recommend using an amount of fluoridetoothpaste,
the size of a grain of rice as soon as a baby’s first tooth appears. In older children above two
years, a small amount of fluoridated toothpaste, about the size of a small pea, shouldbe used. It
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is suggested that parents should start to clean their child’s teeth twice a day, as soon as the
eruption of the first primary tooth at least, because it was found that children who brush their
teeth more than once a day are less likely to develop caries (Prakash et al., 2012). Another
recommendation is to replace the toothbrush every three or four months and use a soft brush to
prevent gum injury and to reach all surfaces of the teeth easily (Dilley and Machen et al., 1980).
It is also important that sharing of the same tooth brush, should not be allowed because sharing
a toothbrush causes the transmission of bacteria to children, as the first two years of a child’s
life are considered the highest infection risk (Petti et al., 2000). If microorganisms are
transmitted from mothers or caregivers to children, there is an increased risk of dental caries for
the affected child (Kagihara et al., 2009).
Prakash et al (2012) emphasized the importance of parents’ participation in brushing their
children’s teeth and that it should be done daily, under supervision (Prakash et al., 2012).

In European countries, it has been proven that the participation of parents in assisting their
children in brushing teeth plays an important role in preventing the spread of ECC and
maintaining healthy teeth (Tsai et al., 2001; Davies, Worthington et al., 2002).

2.2.9 Treatment for early childhood caries

Early Childhood Caries (ECC) remains a serious public health problem that needs not only
treatment but well-programmed preventive measurements. The treatment protocol for ECC
depends on the medical history of the child, social behaviour, age and stage of ECC. An early
check-up after the eruption of the first primary teeth is recommended for the prevention and
intervention of ECC. Early recognition and intervention will minimize the cost and stabilize the
condition (American Academy of Paediatric Dentistry, 2008).

The literature suggests that the initial step of the treatment protocol is to focus on ECC
preventive care and secondly on the restoration of carious teeth (Tinanoff, 2001). After clinical
examination, the type of carious lesion can be determined. In the case of an incipient carious
lesions (initial stage), no restorative therapy is needed, only professional topical fluoride
application and observationof the lesion for reversal. In some cases, fissure sealants can be placed
(Tinanoff, 2001). Opaquewhite demineralization in cervical or interproximal regions can rapidly
progress to cavitation. In order to decrease the risk of further dental destruction, parents should
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apply measures such as tooth brushing with fluoride toothpaste. When the child is older,
subsequent measures such as initiating mouth rinsing after consuming any drinks or food and
discouraging bottle feeding at night can be considered (Ripa, 1988; Zafar et al., 2009).

In cases where carious lesions are in enamel and dentin (moderate stage), using Glass Ionomer
Cement (GIC) or Composite restorations can be considered. White spot and enamel proximal
lesions should be treated with preventive techniques and monitored for progression. A child
with carious lesions with pulp involvement (severe stage), needs pulp therapy with full coverage
of coronal restoration, or extraction with space management (Tinanoff, 2001; Zafar et al., 2009).
Dental materials such as fluoride-releasing glass ionomer cements are efficacious in both
preventive and therapeutic approaches (Weinstraub, 1998).

Fluoride is very important for enamel resistance and reduces the amount of minerals lost during
demineralization, thus, it reduces the risk of caries (Davies, 1998; Shellis and Duckworth, 1994).
Brushing teeth with fluoridated toothpaste or the professional application of topical fluoride is
very effective in reduce risk of the carious lesions (Twetman et al., 2000), the fluoride varnishes
also showed a strong preventive effect, especially when targeted at children with carious
maxillary incisors. Children should also participate in a school-based fluoride mouth rinsing
program (Lopez-Del-Valle et al., 1998; Zafar et al., 2009)

Atraumatic restorative treatment (ART) is a minimally invasive technique of restoring teeth; it
consists of removing caries with hand instrumentation and using fluoride-releasing restorative
material (Weinstraub, 1998). It has been shown as being more effective for single surface lesions
and has been shown as a simple technique with many advantages including delivering care in
developing countries that do not have electricity or access to sophisticated dental equipment
(Ercan et al., 2009).
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CHAPTER THREE: AIM AND OBJECTIVES
The aim of the study was to investigate the feeding habits of mothers/caregivers of young children
and its association with early childhood caries of 2 – 5-year-old children in Khartoum, Sudan.

The objectives of the study were:
1. To describe the demographic profile of the sample.
2. To describe baby bottle-feeding practices of caregivers for children aged 2-5 years old.
3. To investigate parental attitudes towards baby bottle-feeding practices of children aged
2-5 years old.
4. To determine the severity of early childhood caries through measuring the dmft score
of each child
5. To determine possible associations between the dmft scores and age; duration of bottle feeding;
duration of breast-feeding; frequency of tooth brushing and the caregivers’ attitudes towards bottle
feeding practices.
6. To describe tooth brushing habits of children done by caregivers
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CHAPTER FOUR: MATERIALS AND METHODS
4.1 Study design

A cross-sectional study was done.

4.2 Study site

This study was conducted in three kindergartens in Khartoum (Arquette, Al Jarif West, Al
Firdous).
4.3 Inclusion criteria

Mothers/caregivers of and their children, aged between 2 to 5-years old formed part of the
study. All mothers completed the questionnaire for this study in an integrated manner, and all
children were also examined for the dmft.

4.4 Sample Selection and Stratification

A convenience sample of 100 mothers and their 2- to 5-year-old children were selected from
three kindergarten schools in Khartoum: AL Rashad in Arkaweet, The Zahedin in Al Firdous,
MamaMawahib in Al Jereaf West. The sample size was selected based on other studies with a
similar aim and the sample sites were selected to provide a fair geographic representation of
Khartoum.
4.5 Data collection

A researcher-administered questionnaire, that was developed by the researcher, was used to
obtain the demographic profile and baby bottle-feeding practices of caregivers. The
questionnaire was administered via a face-to-face interview, it consistedof both closed and openended questions. A data collection form was compiled with Microsoft Office Word 2010.
Information on the frequency and type of feeding practice was also collected. All these by
English language.
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An intra-oral clinical examination was performed to measure the severity of dental caries (dmft),
and to determine treatment needs. The WHO Oral Health Survey guidelines and criteria for
determining dmft were used (WHO, 2013). The oral examination was done using a plane mirror
and WHO probe. Information on the decayed, missing and filled teeth (dmft) was captured on a
data capture sheet. The d-component included all teeth with codes 1 or 2. The m-component
included teeth coded 4. i.e. missing due to caries. The f-component included only teeth with 3.
Teeth coded 6 (fissure sealants) were not included in the calculationof the dmft. In this study,
no teeth of participants had fissure sealants. Data was collected and saved on Microsoft Excel.
The statistical analysis was done by using Epi Info 7®. A p-level of 0.05 was used as the level
of significance. Student’s t-test was used to determine mean scores of different groups. Chisquare testing was used to determine associations between categorial variables.

4.6 Validity and Reliability

Most of the data was collected via the questionnaire that was formulated from previous studies
that were done to investigate a similar aim. Oral examinations of children were done by using
standardized methods as described by the WHO (Oral Health Surveys, Basic Methods, 2013).

4.7 Ethical considerations
Anonymity was secured by not using the participants’ names on the questionnaire and each
questionnaire had a reference code. Captured information was safely secured in a locked office
on a password protected computer. Information collected was handled strictly confidential.
Study commencement and data collection began after Ethical Clearance was granted from the
Bio-Medical Research Ethics Committee (BMREC) from the University of the Western Cape
(UWC). Furthermore, research ethics approval from the local authority in Khartoum as well as
permission from the kindergarten manager was obtained. Participation in the study was
voluntary. Informed consent from all participants was obtained and assent was obtained from
each child before an oral examination was done. Interviews and oral examinations took place in
a private room at the applicable kindergarten. Patients were informed of the purpose of the study
both verbally and in writing. Patients who required urgent dental care or who sought dental
treatment were appropriately referred to the closest relevant dental clinic or private dental
practice.
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CHAPTER FIVE: RESULTS
5.1 Demographic information
The mean age of the sample (caregivers) was 3.49 years (Standard Deviation (SD) = 0.75; Inter
Quartile Range (IQR) = 3 – 4). Among the sample, 47 (47%) were male and 53 (53%) were
female. There was not a significant difference in age between male and female children (p =
0.53). With respect to current employment status and type of occupation, almost half of the
sample were housewives and a quarter of the sample were working part-time. Only 5% were
full-time employed. The majority (84%) of the male caregivers received university education
and only 15% reached high school, while 77% of female caregivers received university
educationrespectively.

5.2 Feeding habits
5.2.1 Breast feeding

The duration of breast-feeding for most (59%) children was up to two years, while 37% were
breastfed up to one year old. Only three children were never breast-fed and one child until the
age of three years.

5.2.2 Bottle feeding practice

The majority of the sample used bottle feeding predominantly. About 40% of the sample
reported on four times of bottle feeding during the day (Table 1) withthe mean of 2.87 (SD =
1.01; IQR: 2 - 4) bottle-feedings during the day. Almost half of the sample reported not using
bottle-feeding during the night, a quarter reported once, 23% reportedtwice per night and only
10% reported three times per night. The mean bottle-feedings per nightfor the sample was 1
bottle (SD = 1.035).
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Number of bottle feedings

n

Percentage of sample

1

7

10.61%

2

21

31.82%

3

11

16.67%

4

27

40.91%

Total

66

100.00%

Table 1: Frequency of bottle-feedings during the day

The duration of bottle-feeding over the years was also investigated. Almost half were bottle- fed
until the child was 2 years of age and almost a quarter was still ongoing after the child turned 3
years old (Table 2).

Duration of bottle

n

Percentage of the sample

Until 1-Year-old

6

9.09%

Until 2-Year-old

29

43.94%

Until 3-Year-old

15

22.73%

Still ongoing after three

16

24.24%

Total

66

100.00%

Table 2: Duration of bottle-feeding over the child’s age

Two thirds of the sample reported on the contents of the bottle during feedings. The most (84.9%
of the sample) caregivers from the group who bottle fed predominantly, reported that formula
milk was the most common contents for bottle-feeding while only 27.42% indicated that the
main contents in the bottle was cow’s milk. Sixteen participants indicated that they inserted
juice and 11 gave their child water on certain occasions. Adding sugar to the contents was
not common. The mean number ofteaspoons of sugar added to each bottle was 0.38 (SD =
0.65; IQR = 0 – 1).
5.2.3 Caregivers’ perceptions on bottle-feeding
Caregivers’ perception on the role of bottle-feeding was also investigated. It was evenly spread
with half of the sample indicating that it was used as a pacifier and the others not.
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5.3 Tooth brushing frequency
The majority (62%) of the participants brushed their child’s teeth once a day (Table 3) and
28% twice a day or more often.

Frequency

n

Percentage of the sample

Less often

10

10%

Once a day

62

62%

Twice a day

25

25%

More often

3

3%

Total

100

100%

Table 3: Tooth brushing frequency per day

5.4 Association of dmft scores with age and feeding habits
The mean dmft of the sample was 1.67 (SD = 2.71; IQR = 0 – 2) with a mean number of decayed
(d) teeth at 1.39 (SD = 2.30; IQR = 0 – 2), mean number of missing (m) teeth at 0.09 (SD =
0.38; IQR = 0 – 0) and mean number of filled (f) teeth at 0.17 (SD = 0.62; IQR = 0 – 0). There
was no significant difference in the mean dmft between different sexes (p = 0.45).

The mean number of decayed teeth for children who received bottle-feeding as a pacifier vs not
receiving it as a pacifier was also compared. The mean number of decayed teeth in the group
who had a bottle-feed as a pacifier had 3.12 decayed teeth compared to 0.097 in the other group
who did not have a bottle-feed as a pacifier. The difference in mean decayed teeth between the
two groups was statistically significant (p = 0.0026). The mean dmft according to age was also
inspected and increased steadily with increased age. The difference in the mean dmft between
the 4 age groups was not statistically significant (p= 0.7347) as seen in table 4.
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Age child

n

Mean dmft

P value

2

4

1.5

0.7347

3

54

1.5

4

31

1.9

5

10

2.1

Table 4: dmft according to age

The association between the mean dmft score and the duration of breast feeding (in years) was
investigated (Table 5). There was no significant difference between the four groups (p =
0.8136).

Duration of breastfeeding

n

Mean dmft

p-value

Never

3

1.6667

0.8136

Until 1-Year old

37

1.7027

Until 2-Year-old

58

1.6724

Until 3-Year-old

1

0.0000

Table 5: Mean dmft according to duration (years) of breast feeding
The mean dmft according to bottle-feeding length was investigated (Table 6). Children whose
use of bottle-feeding lasted up to three years presented with the highest mean dmft at 4.27 vs 2
in the group who were bottle-fed until the age of 2. The difference in the mean dmft between
the four different duration lengths of the bottle-feeding was statically significant (p = 0.0036).

Duration of bottle feeding

n

Mean dmft

p-value

Until 1-year-old

6

0.5000

0.0036

Until 2-year-old

29

1.9655

Until 3-year-old

15

4.2667

Table 6: Mean dmft of child according to duration (years) of bottle-feeding
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5.5 Attitude of caregivers towards feeding practices of children

5.5.1 Attitude towards feeding practice during teething (Question 14)

Almost half was unsure on whether it is a good to give a child a bottle during teething for
comfort. Almost a third (29%) disagreed and 23% agreed (Table 7). When the mean dmft of the
different groups were compared, no significant differences were detected (p = 0.07) (Table 8).

Statement on data collection form

It is a good idea to give a child a bottle to comfort while
teething (Q14 on questionnaire)
Frequently giving a child sweetened cold drinks is okay for
the child’s teeth (Q15 on questionnaire)
Frequently feeding a child milk or formula is okay for
child’s teeth (Q16 on questionnaire)
It is OK for your child to have a bottle whenever he/she
wants (Q17 on questionnaire)
It is OK to put a child of 2 – 5 to bed with a bottle (Q18 on
questionnaire)
Bottle-feeding after child is 1-year-old is bad for his/her
teeth (Q19 on questionnaire)

Caregiver’s response
Agree Unsure Disagree Total
n (%)
n (%)
n (%)
23 (23) 48 (48) 29 (29)
100
3 (3)

1 (1)

96 (96)

100

54 (54)

27 (27)

19 (19)

100

48 (48)

10 (10)

42 (42)

100

45 (45)

7 (7)

48 (48)

100

24 (24)

27 (27)

49 (49)

100

Table 7: Caregivers’ attitudes towards bottle-feeding practices
5.5.2 Attitude towards giving sweetened cold drinks and its effect on teeth (Question 15).

Almost all participants disagreed that it is okay for the child to receive sweetened cold drinks.
Only three agreed and one participant was unsure (Table 7). When the mean dmft of the different
groups was compared, no significant differences were detected (p = 0.51) (Table 8).
5.5.3 Frequently giving a child formula milk is okay for the child’s teeth (Question 16).

Just more than half agreed that it was OK to give a child formula milk frequently, 19% disagreed
and 27% were unsure (Table 7). When the mean dmft for the different groups was compared,
statistically significant differences were detected (p = 0.013). Those who agreed with the
statement, had a mean dmft of 2.47 compared to 1.11 among those who disagreed that it is OK
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for the child’s teeth to frequently be given milk (Table 8).

5.5.4 It is OK for your child to have a bottle whenever he/she wants it (Question 17).

Almost half agreed that is OK to give a bottle to the child whenever they want it, 42% disagreed
and 10% were unsure (Table 7). When the mean dmft of the different groups was compared,
statistically significant differences were detected (p = 0.002). Those who agreed with the
statement, had a mean dmft of 2.42 compared to 0.56 among those who disagreed that it is OK
for a child to havea bottle whenever he/she wants it (Table 8).
5.5.5 It is OK to put a child (2 – 5 years old) to bed with a bottle (Question 18).

Almost half disagreed, however 45% agreed and only 7% were unsure (Table 7). When the
mean dmft of the different groups was compared, significant differences were detected (p =
0.027). Those who agreed with the statement, had a mean dmft of 2.31 compared to 0.96 among
those who disagreed that it is OK to put a child (2 – 5 years old) to bed with a bottle (Table 8).

5.5.6 Bottle-feeding after a child is one year old is bad for his/her teeth (Question 19).

Almost half (49%) disagreed, 27% were unsure and 24% agreed (Table 4). When the mean dmft
scores of the different groups were compared, no significant difference was detected (p = 0.056)
(Table 8).
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Statement on data collection form

Response from caregiver

It is a good idea to give a child a bottle to comfort

Agree

Unsure

Disagree p-value

Mean

Mean

Mean

dmft

dmft

dmft

1.81

2.06

0.9

0.077

2

2

1.65

0.51

2.47

0.48

1.11

0.013

*

while teething (Q14 on questionnaire)
Frequently giving a child sweetened cold drinks is
okay for the child’s teeth (Q15 on questionnaire)
Frequently feeding a child milk or formula is okay for
child’s teeth (Q16 on questionnaire)

*

It is OK for your child to have a bottle whenever

2.42

2.6

0.56

he/she wants (Q17 on questionnaire)

0.002
*

It is OK to put a child of 2 – 5 to bed with a bottle (Q18

2.31

2.29

0.96

on questionnaire)

0.027
*

Bottle-feeding after child is 1-year-old is bad for

0.88

2.11

1.81

his/her teeth (Q19 on questionnaire)
* p < 0.05
Table 8: Association between the caregiver’s attitude and dmft score of the child
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0.056

CHAPTER SIX: DISCUSSION
6.1 General overview

This study aimed to investigate the feeding practice habits especially the bottle feeding of
caregivers or mothers and the association with early childhood caries in young children in the
Khartoum (Sudan). Early childhoodcaries is one of the major public health problems in the
world, whether in developing or industrialized countries (Mohebbi et al., 2006; Kumarihamy et
al., 2011). The present study wasdone in a developing country, Sudan and found that a many child
with affected ECC also relatesto lifestyle changes, absence of educational services and poor
knowledge and awareness of appropriate bottle-feeding practice.

6.2 Socio-demographic information

According to results of the present study, one of the most important factors concerning ECC,
involves the practice of inappropriate baby bottle-feeding, Where the children whose use of the
bottle feeding to three years or up highest affected to ECC compared with children whose use
of the bottle to one years or less. This concurs with a study by Bruerdet al. (1989) in which more
than 50% of American Indian and Alaska Natives children were similarly affected (Bruerd et
al., 1989).
In the present study, the sample consisted of 100 children, aged 2 – 5 years. This particular age
group was important to investigate, given that a similar study in the United States included 2.5
million children and also focused primarily on children, aged 2–5 years. The present study also
reflected similar demographic characteristics reported by Bruerd et al. (1989) in 10 different
states in India and similar to another study done in the Eastern outskirts of Jerusalem (Livny et
al., 2007).

Internationally, the mean dmft score in studies carried out in different countries in Asia was of
5.5 in Thailand (Lo et al., 2009; Senesombath et al., 2010) while in the present study, the mean
dmft score were 1.5, 1.4, 1.9, 2.1 among 2-, 3-, 4-, 5-year old children, respectively (Table 4).
Slightly different results were observed in a study in Uganda that showed higher dmft scores of
1.7, 2.4and 3.1 among the 3-, 4-, 5-year old children (Kiwanuka et al., 2004).
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A study in Riyadh, Saudia Arabia, showed that the mean dmft score among 4 to 6 year- old
preschool children was 6.9, which is very high compared with the present study (Wyne et al.,
1995). The mean dmft score increased dramatically with age (Table 4), and this finding concurs
with other reported studies (Kiwanuka et al., 2004; Lo et al., 2009). The present study also
concurred with other studies that reported no gender difference in the caries prevalence in
preschool children (Kiwanuka et al., 2004; Awooda et al., 2013).

6.3 Feeding practices

It has been reported that there is an increase in the prevalence of ECC in children who are bottlefed compared with those who are breast-fed (Seow, 1998). There is still much controversy
regarding the association between breastfeeding and dental caries because the latter is associated
with other factors, such as sugar intake and microorganisms (Qadri et al., 2012). A few studies
reported an association between prolonged breastfeeding and severe caries (Valaitis et al.,
2000). In the results of the present study,there was no statistically significant difference between
duration of breastfeeding and dmft scores (Table 5). This was different from another study that
reported that prolonged and frequent breastfeeding led to an increased dmft score (Matea et al.,
1992; Liet al., 1996), and in a study by Obradovic the children most susceptible to ECC were
those whowere breastfed more than twice during the night (Obradovic et al., 2016). Another
study founda link between breastfeeding at night and a higher prevalence of ECC in preschool
children (Weinstein et al., 1992). There are no clear negative effects from breastfeeding in that
it leads to the occurrence of ECC. This is representative of many studies conducted on this topic,
including the study conducted in the United States in 2007, where they indicated from the results
that there is no association between breastfeeding and its duration and the risk of the spread of
ECC (Iida et al., 2007). This was supported by a study conducted in Brazil by Dini et a.l (2000)
where all children who were breastfed, did not have a high prevalence of ECC (Dini et al.,
2000).

In the present study,most of the participants used formula milk as the most common contents in the
feeding bottle. This is like a study conducted in Jerusalem that reported formula milk as most
commonlyused in bottle-feeding (Livny et al., 2007). Other studies had found that giving children
juices, soft drinks, and carbohydrates instead of milk were associated with a higher rate of ECC
(Dye et al., 2004).
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Tooth brushing with fluoridated toothpaste is important for the prevention of dental caries in
children. One of the ways to prevent ECC for pre-school children is to clean the teeth
periodically using a toothbrush and toothpaste designed for children, and the amount of
toothpaste should be very small (Pine et al., 2000). In the present study a most of children were
brushing their teeth daily with 70.9 % of the children brushing teeth once per day. Children who
brushed their teeth with the help of their parents more than once a day presented lower dmft
scores.

The literature is clear about the fact that the effectiveness of supervised or caregiver brushing is
much better than when young children brush alone so this should have been one of the
recommendations for parents or caregivers (Retnakumari and Cyriac, 2010).

Participation by the caregiver will ensure that most dental plaque and food debris between the
teeth are removed and using an appropriate amount of fluoridated toothpaste will also contribute
to the removal of plaque. This will lead to a significant reduction in the rate of ECC (Dini et al.,
2000; Habibian et al., 2001). Children who brushed their teeth once a day were more likely to a
higher prevalence of ECC than children who brushed their teeth twice a day (Durgesh et al.,
2012).

6.4 Attitudes of caregivers towards feeding habits of children

Caregivers play a vital role in the occurrence of ECC mostly attributed to inappropriate bottlefeeding practice such as putting children to bed with a bottle containing sweetened drinks or
sweetened pacifiers which is directly related to a higher prevalence of ECC (Reisine and
Douglass, 1998). The present study suggests that additional health awareness, among caregivers
and kindergarten teachers, towards appropriate bottle-feeding practice and child dental care will
be most valuable. For this task, primary care health providers are uniquely positioned to provide
assessment, intervention and education to caregivers as well as provide referrals for young
children who This is an important consideration because the caregivers can play a major role in
preventing ECC. suffer from ECC.
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6.5 Concluding remarks and recommendations

One of the main risks of increased exposure to sugar during the early stages of life is that it may
accelerate the accumulation of Streptococci mutans in the infant’s mouth, which is considered a
main causative factor of ECC (Prakash et al., 2012). Another risk factor for ECC is increased
intake of snacks and drinks between meals (Prakash et al., 2012).
In the present study, a questionnaire was used to determine caregivers’ knowledge on oral health
education, and it was clear that that interview revealed poor oral health knowledge among
caregivers. Therefore, it is believed that there is a considerable need for the introduction of oral
health education programs among caregivers to enable them to move away from inappropriate
bottle-feeding practice to reduce severity and prevalence ECC.

Previous studies had shown that educating caregivers about oral care, correct eating habits and
other caries risk factors, all lead to preventing and reducing the prevalence of ECC (Ismail et
al., 2003). In the present study, in all the children who required dental treatment, it was noticed
that caregivers’ lack of attention to the state of the child’s oral health was another serious
concern and can also be regarded as a risk factor. The poor ability to identify signs of ECC in
young children, especially in the initial stages, is an added risk factor for future caries in the
permanent teeth (Al-Shalan et al., 1997). By not doing this, the affected child will remain
untreated and this will lead to devastating consequences such as serious maxillo-facial infection
and even death as a result (Child, 1996).
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CHAPTER SEVEN: CONCLUSION
The present study’s findings on the severity of ECC in kindergarten children, aged 2-5 years, in
Khartoum indicated that mean dmft was directly proportional to the child’s age and the duration
of the bottle-feeding.

It was also very clear that mean dmft was higher in the children who used bottle-feeding as a
pacifier. Other inappropriate feeding habits included putting sweeteners in the bottle, frequent
bottle-feeding per day and prolonged bottle-feeding, using it for three years or more. A lastdirect
risk factor that was investigated was tooth brushing frequency. In this study, 62% of the children
brushed their teeth at least once per day. Therefore, it is recommended that mothers should have
been made aware of the importance of brushing teeth on a regular basis, and that it happens at
least twice a day.

Although most of the parents had a university education, their knowledge of appropriate bottlefeeding practice was poor and of concern. This indicates that the percentage of health education for
them is low, and this leads to their children being more vulnerable to the risk of caries, so this group also
needed health education and guidance for healthy and sound feeding practices that work to reduce the
spread of the risk of caries.

Therefore, there is a need to develop educational programs that promote appropriate bottlefeeding practice for children in the 2 – 5 years age group. Additionally, the importance of daily
supervised tooth brushing with fluoridated tooth paste should also be emphasized in such a
program. Educational programs should also target caregivers and pregnant mothers, as they are
considered the primary caregivers and nutrition providers, playing a significant role in
preventing ECC.

45

http://etd.uwc.ac.za/

CHAPTER EIGHT: REFERENCES
Addy M., Adriaens P. (1989). Epidemiology and aetiology of periodontal diseases and the role
of plaque control in dental caries: Consensus report of Group A. In: Lang N. P., Attstrom R.,
Loe H., Proceedings of the European Workshop on Mechanical Plaque Control: Status of the
Art and Science of Dental Plaque Control. Berne, Switzerland: Quintessence Books. p.100–101.

American Academy of Pediatrics Dentistry (2011). Policy on Early Child- hood Caries (ECC):
Classifications,

consequences,

and

preventive

strategies.

Retrieved

from:

http://www.aapd.org/media/Poli- cies_ Guidelines/P_ECCClassifications.pdf. Accessed March
20th, 2016.

American Academy of Pediatric Dentistry. Policy on Early Childhood Caries (2008)
Classifications, Consequences, and Preventive Strategies. Reference manual 2008/2009; 30
(7): 41-43.
American Association of Pediatric Dentists (2016). Policy on Early Childhood Caries (ECC):
Classifications, Consequences, and Preventive Strategies. Available online:
https://www.aapd.org/research/oral-health-policies--recommendations/earlychildhood-cariesclassifications-consequences-and-preventive-strategies.

Al-Shalan, T. A., Erickson, P. R., & Hardie, N. A. (1997). Primary incisor decay before age 4
as a risk factor for future dental caries. Pediatric dentistry, 19, 37-41.

Al-Hosani E, Rugg-Gunn A. Combination of low parental educational attainment and high
parental income related to high caries experience in pre-school children in Abu Dhabi.
Community Dent Oral Epidemiol 1998; 26: 31-36.
Agarwal V., Nagarajappa R., Keshavappa S. B., and Lingesha R. T. (2011). “Association of
maternal risk factors with early childhood caries in schoolchildren of Moradabad, India,”
International Journal of Paediatric Dentistry. 21 (5): 382–388.

Awooda EM, Saeed SM, Elbasir EI. Caries prevalence among 3–5 years old children in
46

http://etd.uwc.ac.za/

Khartoum State-Sudan. J Med Health Sci. 2013(3): 42–44.

Acs G., Lodolini G., Kaminsky S., Cisneros G. J. (1992). Effect of nursing caries on body weight
in a pediatric population. Pediatr Dent. 14: 302–5.

Achalu P., Bhatia A., Turton B., Luna L., & Sokal-Gutierrez K. (2021). Sugary liquids in the
baby bottle: Risk for child undernutrition and severe tooth decay in rural El Salvador.
International Journal of Environmental Research and Public Health, 18 (1): 1–16. doi:
10.3390/ijerph18010260

American Academy on Pediatric Dentistry (2008). American Academy of pediatrics; Policy on
early childhood caries (ECC): Classification, consequences, and preventive strategies. 2 (30):
40-3.

Birkhed D. (1989) Sugar substitutes--one consequence of the Vipeholm Study? Scand J Dent
Res. 97:126–9.

Bruerd B., Kinney M. B., & Bothwell E. (1989). Preventing baby bottle tooth decay in American
Indian and Alaska Native communities: A model for planning. Public Health Reports, 104 (6):
631–640.

Branger B., Camelot F., Droz D., Houbiers B., Marchalot A., Bruel H., Laczny E., Clement C.
(2019) Breastfeeding and Early Childhood Caries. Review of the Literature, Recommendations,
and Prevention. Archives de Pédiatrie, 26: 497–503.

Birkeland J. M., Broch L., Jorkjend L. (1974) Caries experience as predictor for cariesincidence.
Community Dent Oral Epidemiol. 4: 66–9.

Bowen W. H., Pearson S. K. (1993) Effect of milk on cariogenesis. Caries Res. 27(6): 461–6.

Belterami G. Les dents noires de tout-petits. Siècle Médical. In Belterami G (ed). La mélandontie
infantile. Marseille: Leconte 1952.
Capasso F., Vozz I., Capuccio V., Vestri A. R., Polimeni A., Ottolenghil (2016). Correlation
47

http://etd.uwc.ac.za/

among periodontal health status, Maternal age and pre-term low birth weight. Am J Dent. 29:
197-200

Clarke M., Locker D., Berall G., Pencharz P., Kenny D. J., Judd P. (2006) Malnourishment in a
population of young children with severe early childhood caries. Pediatr Dent. 28: 254–9.
Colak H., Dülgergil Ç. T., Serdaroğlu İ. (2010) Ağız ve Diş Hastalıklarının Medikal,
Psikososyal ve Ekonomik Etkilerinin Değerlendirilmesi. Sağlıkta Performans ve Kalite Dergisi.
1: 63–89.

Caufield P. W., Li Y., Bromage T. G. (2012) Hypoplasia-associated severe early childhood
caries a proposed definition. J Dent Res. 91 (6): 544-550.

Casamassimo P. S., Thikkurissy S., Edelstein B. L., Maiorini E. (2009) Beyond the dmft: The
human and economic cost of early childhood caries. J Am Dent Assoc. 140: 650–7.

Crawford A. N., Lennon M. A. (1992) Dental attendance patterns among mother and their
children in an area of social deprivation. Community Dent Health. 9: 289–91.

Colak H., Dülgergil C. T., Dalli M., Hamidi M. M. (2013) Early childhood caries update: A
review of causes, diagnoses, and treatments. J Nat Sci Biol Med. 4 (1): 29-38.

Child, J. S. (1996). Risks for and prevention of infective endocarditis. Cardiology clinics,
14(3), 327-344.

Davies G. M., Worthington H. V., Ellwood R. P. (2002) A randomised controlled trial of the
effectiveness of providing free fluoride toothpaste from the age of 12 months on reducing
caries in 5–6-year-old children. Community Dent Health. 19: 131- 136.
Davies G. N. (1998) Early Childhood Caries – a synopsis. Community Dent Oral Epidemiology.
26 (Supplement 1): 106 – 116.

Davis J. N., Koleilat M., Shearrer G. E., Whaley S. E. (2014) Association of Infant Feeding and
Dietary Intake on Obesity Prevalence in Low-Income Toddlers: Infant Feeding and Obesity in
48

http://etd.uwc.ac.za/

Hispanics. Obesity. 22: 1103–1111.

Diet, nutrition and the prevention of chronic diseases. (1-149). World Health Organ Tech Rep
Ser. 2003;916: i–vii.

Dini E. L., Holt R. D., Bedi R. (2000) Caries and its association with infant feeding and oral
health-related behaviours in 3-4-year-old Brazilian children. Community Dent Oral
Epidemiology. 28 (4): 241-8.

Dilly G. J., Dilley, D. H., Machen J. B. (1980) Prolonged nursing habit: a profile of patients and
their families. ASDC J Dent Child. 47 (2): 102-108.

Douglass J. M., Douglass A. B., Silk H. J. (2004). A practical guide to infant oral health,
American Family Physician, 70 (11): 2113–2120.

Douglass J. M. (2000) Response to Tinanoff and Palmer: Dietary determinants of dental caries
and dietary recommendations for preschool children. J Public Health Dent. 60 (3): 207-209.

Drury T. F., Horowitz A. M., Ismail A. I. (1995) Diagnosing and reporting early childhood
caries for research purposes. J Public Health Dent. 59 (3): 192-7.

Dye B. A., Shenkin J. D., Ogden C. L., Marshall T. A., Levy S. M., Kanellis M. J. (2004) The
relationship between healthful eating practices and dental caries in children aged 2-5 years in
the United States, 1988-1994. J Am Dent Assoc. 135: 55-66.
Dülgergil Ç., Dalli M., Hamidi M., Çolak H. (2013) Early Childhood Caries Update: A
Review of Causes, Diagnoses, and Treatments. J Nat Sc Biol Med 4 (1): 29 – 38.

Du M, Bian Z, Guo L, Holt R, Champion J, Bedi R. Caries patterns and their
relationship

to infant feeding and socio- economic status in 2-4-year-old Chinese

children. Int Dent J 2000; 50(6): 385-389.
Evans E. W., Hayes C., Palmer C. A., Bermudez O. I., Cohen S. A., Must A. (2013) Dietary
intake and severe early childhood caries in low-income, young children. J Acad Nutr Diet. 113:
49

http://etd.uwc.ac.za/

1057-61.

Ercan E., Dulgergil C. T., Soyman M., Dalli M., Yildirim I. (2009) A field-trial of two
restorative materials used with atraumatic restorative treatment in rural Turkey: 24-month
results. J Appl Oral Sci. 17: 307–14

Edelstein B. L., Douglass C. W. (1995) Dispelling the myth that 50 percent of U.S.
Schoolchildern have never had a cavity. Public Health Rep. 110: 522-30.
Elidrissi S. M., Naidoo S. (2016) “Prevalence of dental caries and toothbrushing habits among
preschool children in Khartoum State, Sudan,” Int. Dent. J. 66 (4): 215–220.

Forrester D. J., Wagner M. L., Fleming J. (1981) Pediatric dental medicine, Lea and Febiger,
Philadelphia, 353 – 376.

Featherstone J. D. (2004) The continuum of dental caries, evidence for a dynamic disease
process. J Dent Res. 83 (Spec No C): 39 – 42.

Febres C., Echeverri E. A., Keene H. J. (1997) Parental awareness, habits, and social factors
and their relationship to baby bottle tooth decay, Pediatr Dent. 19 (1): 22 – 27.

Filstrip A. L., Briskie D., Da Fonseca M., Lawrence L., Wandera A., Inglehart M. R. (2003)
Early childhood caries and quality of life: child and parent perspectives, Pediatr Dent. 25 (5):
431 – 440.

Folayan M. O., Oginni A. B., Tantawi M. E. L., Alade M., Adeniyi A. A., Finlayson T. L. (2020)
Association between nutritional status and early childhood caries risk profile in a suburban
Nigeria community, Int. J. Paediatr. Dent. 30 (6): 798 – 804.

Gaur S, Nayak R. Underweight in low socioeconomic status preschool children with severe
early childhood caries. J Indian Soc Pedod Prev Dent (2011) 29(4):305–9.10.4103/09704388.86375

50

http://etd.uwc.ac.za/

Grindefjord M., Dahllöf G., Modeer T. (1995) Caries Development in Children from 2.5 to 3.5 Years of
Age: A Longitudinal Study, Caries Res. 29: 449 – 454.

Grytten J., Rossow I., Holst D., Steele I. (1988) Longitudinal study of dental health behaviours and other
caries predictors in early childhood. Community Dent Oral Epidemiol. 16: 356 – 9.

Harel-Raviv M., Laskaris M., Chu K. S. (1996) Dental caries and sugar consumption into the 21st century.
Am J Dent. 9: 184 –190.
Huang, M. Li, and R. L. Gregory, “Bacterial interactions indental biofilm,” Virulence, vol. 2, no. 5, pp.
435–444, 2011.
Hallett K. B., O’Rourke P. K. (2003) Social and behavioural determinants of early childhoodcaries.
Aust Dent J. 48: 27 – 33.

Habibian M., Roberts G., Lawson M., Stevenson R., Harris S. (2001) Dietary habits and dental
health over the first 18 months of life. Community Dent Oral Epidemiol. 29 (4): 239 – 24.

Hattab F., Al-Omari M., Angmar-Manson B., Daud N. (1999) The prevalence of nursing
caries in one-to-four-year old children in Jordan. J Dent Childr. 1: 53 – 58.
Inglehart M., Bagramian R. (2002) Oral health – related quality of life, Chicago: Quintessence
publishing Company. 79 – 88.
Ismail A. L., Nainar S. M., Sohn W. (2003). Children’s first dental visit attitude and practices
of US Paediatricians and Family Physicians. Pediatr Dent (5): 425 – 430.
Jensen M. E. (1999) Diet and dental caries. Dent Clin North Am. 43: 615 – 633.

Jose B., King N. M. (2003) Early Childhood caries lesions in pre-school children in Kerala,
India. Pediatr Dent. 25: 594 – 600.

Jin B., Ma D., Moon H., Paik D., Hahn S., Horowitz A. M. (2003) Early Childhood Caries:
Prevalence and risk factors in Seoul, Korea. J Pub Health Dent. 63: 183 – 188.
51

http://etd.uwc.ac.za/

Kagihara L. E., Niederhauser V. P., Stark M. (2009) Assessment, management and prevention
of Early Childhood caries. J Am Acad Nurse Pract. 21: 1 – 10.

Kaste L. M., Drury T. F., Horowitz A. M., Beltran E. (1999) An evaluation of NHANES III
estimates of early childhood caries. J Public Health Dent. 59: 198 – 200.

Kumarihamy S. L., Subasinghe L. D., Jayasekara P., Kularatna S. M., Palipana P. D. (2011)
The prevalence of Early Childhood Caries in 1-2 years old in a semi-urban area of Sri Lanka.
BMC Res Notes. 4: 336.

Kishi M., Abe A., Kishi K., Ohara-Nemoto Y., Kimura S., Yonemitsu M. (2009) Relationship
of quantitative salivary levels of Streptococcus mutans and S. sobrinus in mothers to caries
status and colonization of mutans streptococci in plaque in their 2.5-year-old children.
Community Dent Oral Epidemiol. 37: 241 –9.

King N., Anthonappa R., Itthagarun A. (2007) The importance of the primary dentition to
children - Part 1: Consequences of not treating carious teeth. Hong Kong Pract. 29: 52 – 61.

Kohler B., Andreen I. (2010) Mutans streptococci and caries prevalence in children after early
maternal caries prevention: A follow-up at eleven and fifteen years of age. Caries Res. 44: 453
– 458.

Kindelan, S. A., Day, P., Nichol, R., Willmott, N., & Fayle, S. A. (2008). UK National Clinical
Guidelines in Paediatric Dentistry: stainless steel preformed crowns for primary molars. Int. J.
Paediatr. Dent, 18, 20-28.

Kiwanuka SN, ?Astrøm AN, Trovik TA. Dental caries experi- ence and its relationship to social
and behavioral factors among 3-5-year-old children in Uganda. Int J Pediatr Dent 2004 14: 336–
346
Klinke, M. Urban, C. Luck, C. Hannig, M. Kuhn, and N. Kramer, “Changes in Candida spp.,
mutans streptococci and lactobacilli following treatment of early childhood caries: a 1-year
52

http://etd.uwc.ac.za/

follow-up,” Caries Research, vol. 48, no. 1, pp. 24–31, 2014.

Livny A., Assali R., Sgan-Cohen H. D. (2007). Early Childhood Caries among a Bedouin
community residing in the eastern outskirts of Jerusalem. BMC Public Health. 7: 1 – 7.
Levine R. S. (2001) Milk, flavoured milk products and caries. Br Dent J. 191 (1): 20.

Lee C., Rezaiamira N., Jeffcott E., Oberg D., Domoto P., Weinstein P. (1994) Teaching
parents at WIC clinics to examine their high caries-risk babies. J Dent Childr. 61 (506): 347 –
349.

Lo E, Loo E, Lee C. Dental health status of Hong Kong pre- school children. Hong Kong Dent
J 2009 6: 6–12.

Luke G. A., Gough H., Beeley J. A., Geddes D. A. (1999). Human salivary sugar clearance
after sugar rinses and intake of foodstuffs. Caries Res. 33: 123 –129.

Lopez-Del-Valle L., Velazquez-Quintana Y., Weinstein P., Domoto P., Le Roux B. (1998)
Early childhood caries and risk factors in rural Puerto Rican children. J Dent Childr. 65 (2):
132 – 135.

Low W., Tan S., Schwartz S. (1999) The effect of severe caries on the quality of life in young
children. Am Acad Ped Dent. 21 (6): 325 – 326.

Iida H., Auinger P., Billings R. J., Weitzman M. (2007) Association between infant
breastfeeding and early childhood caries in the United States. Pediatrics.120 (4): 944 – 952.

Loesche W. J. (1986) Role of Streptococcus mutans in human dental decay. Microbiol Rev.
50: 353 – 380.

Lai H. T., Hutchinson J., Evans C. (2019) Non-Milk Extrinsic Sugars Intake and Food and
Nutrient Consumption Patterns among Adolescents in the UK National Diet and Nutrition
Survey, Years 2008-16. Nutrients 11 (7): 1621.
53

http://etd.uwc.ac.za/

Marrs J. A., Trumbley S., Malik G. (2011) Early childhood caries. Determining the risk
factors and assessing the prevention strategies for nursing intervention. Pediatr Nurs. 37: 9 –
15.

Merritt J., Qi F., Shi W. (2006) Milk helps build strong teeth and promotes oral health. J Calif
Dent Assoc. 34 (5): 361 –366.
Morais A. M., Rodrigues H. F., Machado L. S., Valença A. M. G. (2010) “Planning serious
games: adapting approaches for development,” in Entertainment for Education. Digital
Techniques and Systems, 385 – 394, Springer, Berlin, Germany, 2010.

Maxim D. C., Savin C. N. D., Cioata R., Pasareanu M., Balan A. (2013). Early childhood
caries and the quality of life in children. Romanian Journal of Oral Rehabilitation. 5 (1), 50 –
56.

Merritt J., Qi F., Shi W. (2006). Milk helps build strong teeth and promotes oral health. Calif
Dent Assoc. 34 (5): 361 – 366.

Misra S., Tahmassebi J. F., Brosnan M. (2007) Early childhood caries, A review. Dent Update.
34: 556 –558.
Milgrom P., Weinstein P. (1999) Early Childhood Caries – a team approach to prevention and
treatment.

Seattle:

University

of

Washington;

1999.

Accessed

through

http://www.behavioraldentalresources.com. [Google Scholar] on 5 November 2021.

Milgrom P. M., Huebner C. E., Ly K. A. (2009) Fluoridated toothpaste and the prevention of
early childhood caries: a failure to meet the needs of our young. J Am Dent Assoc. 140: 628 630.

Moynihan P. J. (1998) Update on the nomenclature of carbohydrates and their dental effects. J
Dent. 26: 209 –218.

54

http://etd.uwc.ac.za/

Mohebbi S. Z., Virtanen J. I., Vahid-Golpayegani M., Vehkalahti M. M. (2006) Early childhood
caries and dental plaque among 1-3-year-olds in Tehran, Iran. J Indian Soc Pedod Prev Dent.
24 (4): 177 – 181.

Mehta V. V., Rajesh G., Rao A., Shenoy R., Pai M., Nayak V. (2017) Effect of motives for food
choice on oral health among primary school children in Mangalore: An analytical survey. J Clin
Diagn Res. 11: 59 – 63.
More, J. S. Yadav, S. Yan, R. D. Tyagi, and R. Y. Surampalli, “Extracellular polymeric
substances of bacteria and their potential environmental applications,” Journal of
Environmental Management, vol. 144, pp. 1–25, 2014

Naylor M. N. (1986). Diet and the prevention of dental caries. J R Soc Med. 79 (Suppl 14): 11
– 14.
Obradović, M., Dolić, O., Sukara, S., Knežević, N., & Kojić, Ž. (2020). Identifying risk
factors of severe early childhood caries in infants from Bosnia and Herzegovina. Central
European journal of public health, 28(4), 279 – 285.

American Academy on Pediatric Dentistry (2008) Policy on early childhood caries (ECC):
Classifications, consequences, and preventive strategies. Pediatr Dent. 2008; 30 (7 Suppl): 40
– 3.

Oulis B. J., Verdouses E. D., Vadiakas G., Lygidakis A. J. (1999) Feeding practices of Greek
children with and without nursing caries. Pediatr Dent. 21: 409 – 416.

Prakash P., Subramaniam P., Durgesh B. H., Konde, S. (2012). Prevalence of early childhood
caries and associated risk factors in preschool children of urban Bangalore, India: A crosssectional study. European Journal of Dentistry, 6 (2), 141 – 152.

Parisotto T. M., Steiner-Oliveira C., Duque C., Peres R. C., Rodrigues L. K., Nobre-dos-Santos
M. (2010) Relationship among microbiological composition and presence of dental plaque,
sugar exposure, social factors and different stages of early childhood caries. Arch Oral Biol. 55:
365 – 373.
55

http://etd.uwc.ac.za/

Pine C. M., McGoldrick P. M., Burnside G., Curnow M. M., Chesters R. K., Nicholson J. (2000)
Huntington E. An intervention programme to establish regular tooth brushing: Understanding
parents' beliefs and motivating children. Int Dent J. Suppl. 50: 312 – 323.

Pitts N. B., Boyles J., Nugent Z. J., Thomas N., Pine C. M. (2005) The dental caries experience
of 5-year-old children in England and Wales (2003/4) and in Scotland (2002/3). Surveys coordinated by the British Association for the study of Community Dentistry. Community Dent
Health. 22 (1): 46 – 56.

Petti S., Cairella G., Tarsitani G. (2000) Rampant Early Childhood Dental Decay: an example
from Italy. J Pub Health Dent. 60: 3.

Leme P., Koo H., Bellato C. M. Bedi G. Cury J. A. (2006) The Role of Sucrose in Cariogenic
Dental Biofilm Formation- New Insight. J Dent Res 85 (10): 878 – 887.

Lingstrom, F. O. van Ruyven, J. van Houte, and R. Kent, “+e pH of dental plaque in its
relation to early enamel caries and dental plaque flora in humans,” Journal of Dental Research,
vol. 79, no. 2, pp. 770–777, 2000.

Peters R. (1994) Risk factors in the nursing caries syndrome: a literature survey. JDASA 49
(4): 168 – 175.

Petersen P. E., Estupinan-Day S., Ndiaye C. (2005) WHO's action for continuous improvement
in oral health. Bull World Health Organ. 83: 642.

Qadri G, Nourallah A, Splieth CH. Early childhood caries and feeding practices in kindergarten
children. Quintessence Int 2012 43: 503–510.

Ramos-Gomez FJ, Weintraub JA, Gansky SA, Hoover CI, Featherstone JD. Bacterial,
behavioral and environmental factors associated with early childhood caries. J Clin Pediatr
Dent (2002) 26(2):165–73.10.17796/jcpd.26.2.t6601j3618675326

56

http://etd.uwc.ac.za/

Reisine S., Litt M., Tinanoff N. (1994) A biopsychosocial model to predict caries in preschool
children. Pediatr Dent. 16: 413 –418.
Ripa L. W. (1988) Nursing caries: a comprehensive review. Pediatr Dent 10 (4): 268 – 282.

Retnakumari N, Cyriac G. Childhood caries as influenced by maternal and child characteristics in preschool children of Ker- ala-an epidemiological study. Contemp ClinDent 2012 3: 2–8

Sanders T. A. (2004). Diet and general health: Dietary counseling. Caries Res. 38 (Suppl 1): 3
– 8.
Santos A. P., Soviero V. M. (2002) Caries prevalence and risk factors among children aged 0 to36 months
pesquisa odontologica Brasileira. 16 (3): 203 – 208.

Sheiham A. (2006) Dental caries affects body weight, growth and quality of life in pre-schoolchildren.
British Dental Journal. 201 (10): 625 –626.

Shellis R. P., Duckworth R. M. (1994) Studies on the cariostatic mechanisms of fluoride. IntDent
Journal. 44: 263 – 273.

Senesombath S, Nakornchai S, Banditsing P et al. Early child- hood caries and related factorsin
Vientiane, Lao PDR. South- east Asian J Trop Med Public Health 2010 41: 717–725.

Seow KW. Biological mechanisms of early childhood caries. Community Dent Oral Epidemiol 1998 26:
8–27
Sztajer, S. P. Szafranski, J. Tomasch et al., “Cross-feeding and interkingdom communication in dualspecies biofilms of Streptococcus mutans and Candida albicans,” ISME Journal, vol. 8, no. 11, pp. 2256–
2271, 2014.

Tinanoff N., Douglass J. M. (2001). Clinical decision-making for caries management in primaryteeth. J
Dent Educ. 65: 1133 – 1142.
57

http://etd.uwc.ac.za/

Tinanoff N., Reisine S. (2009) Update on early childhood caries since the Surgeon General'sReport.
Acad Pediatr. 9: 396 – 403.

Tsubouchi J., Higashi T., Shimono T. (1994) Baby bottle tooth decay: a study of baby bottle tooth decay
and risk factors for 18-month-old infants in rural Japan. Journal of Dentistry for Children. 6l: 293 – 298.

Tsubouchi J., Tsubouchi M., Maynard R. J., Domoto P. K., Weinstein P. (2001) Baby bottle tooth decay
and risk factors among Native American infants. J Dent Res 74: 501.

Tsai A. I., Johnsen D. C., Lin Y. H., Hsu K. H. (2001) A study of risk factors associated withnursing
caries in Taiwanese children aged 24 - 48 months. Int J Paediatr Dent. 11: 147 – 149. Twetman S.,
Garcia-Godoy F., Goepferd S. J. (2000) Infant oral health. Dent Clin North Am. 44: 487 – 505.

Tsang C., Sokal-Gutierrez K., Patel P., Lewis B., Huang D., Ronsin K., Baral A., Bhatta A., Khadka N.,
Barkan H., (2019) Early Childhood Oral Health and Nutrition in Urban and RuralNepal. Int. J. Environ.
Res. Public Health 16: 2456.

Twetman S, Axelsson S, Dahlgren H, Holm AK, Kallestal C, Lagerlof F, et al. Caries- preventive effect of
fluoride

toothpaste:

a

systematic

review.

Acta

Odontol

Scand

(2003) 61(6):347–55.

doi:10.1080/00016350310007590
Touger-Decker and C. van Loveren, “Sugars and dental caries,” American Journal of Clinical Nutrition,
vol. 78, no. 4, pp. 881S–892S, 2003.

Vadiakas G. (2008) Case definition, aetiology and risk assessment of early childhood caries (ECC): a
revisited review. Eur Arch Paediatr Dent. 9: 114 – 125.

Valaitis R., Hesch R., Passarelli C., Sheehan D., Sinton J. (2000) A systematic review of the relationship
between breastfeeding and early childhood caries. Can J Public Health. 91: 411 – 417.

Virdi M. (2015). Emerging Trends in Oral Health Sciences and Dentistry. Intechopen. London,SW7 2QJ,
58

http://etd.uwc.ac.za/

UK.
D. Verma, P. K. Garg, and A. K. Dubey, “Insights into the human oral microbiome,” Archives of
Microbiology, vol. 200, no. 4, pp. 525–540, 2018

Vossa I., Capasso F., Marrese E., Polimeni A., Ottolenghi L. (2017) Infant and Child Oral Health Risk
Status Correlated to Behavioral Habits of Parents or Caregivers: A Survey in Central Italy, J Int Soc Prev
Community Dent. 7 (2): 95 – 99.

Wang X. T., Ge L. H. (2015) Influence of feeding patterns on the development of teeth, dentitionand Jaw in
children. Health sciences. 47 (1): 191 – 195.

Weinstein P., Domoto P., Koday M., Leroux B. (1994) Result of a promising open trial toprevent
baby bottle tooth deacy: A Fluoride Varnish study. ASDCJ Dent child. 61: 330 – 341.

Weinstein P., Domoto P., Wohlers K., Koday M. (1992) Mexican American parents with children at risk
for baby bottle tooth decay: pilot study at a migrant farmworker’s clinic. ASDCJ Dent Child; 59 (5): 376 –
383.

Weinstein P., William F. S., Fraser-Lee N., Shimono T., Tsubouchi J. (1998) Epidemiologic study of 19month–old Edmonton, Alberta children. Caries rates and risk factors. ASDC J DentChild. 52: 60.

Weinstraub JA. Prevention of early childhood caries: a public health perspective. Comm Dent Oral
Epidemiol. 26(Supplement 1): 62 – 68.

Wendt L. K., Hallonsten A. L., Koch G. (1991) Dental caries in one- and two-year-old childrenliving in
Sweden. Part I–A longitudinal study. Swed Dent J. 15: 1 – 6.

Wiley A. S. (2005) Does milk make children grow? Relationships between milk consumptionand height
in NHANES 1999 - 2002. Am J Hum Biol. 17(4): 425 –441.

Wyne AH, Adenubi JO, Shalan T et al. Feeding and socioeco- nomic characteristics of nursingcaries
children in a Saudi popu- lation. J Paediatr Dent 1995 17: 451–454
59

http://etd.uwc.ac.za/

Woosung S., Susan T. L., Amid I., Susan R. (2008) Caregiver's perception of child oral healthstatus
among low-income African Americans. Pediatr Dent. 30: 480 –487.

WHO (2003) Diet, nutrition and the prevention of chronic diseases, World Health OrganizationTechnical
Report Series, 916 (i-viii): 1 – 149.

Wyne, A. H (1999). Early childhood caries: nomenclature and case definition. CommunityDentistry
and Oral Epidemiology. 7: 313 – 315.

Yee A. Z., Lwin M. O., Ho S. S. (2017) The influence of parental practices on child promotiveand
preventive food consumption behaviors: A systematic review and meta-analysis. Int J Behav Nutr Phys
Act. 14: 47.

Zafar S., Harnekar S., Siddiqi A. (2009) Early childhood caries: Aetiology, clinicalconsiderations,
consequences and management. International Dentistry SA, 4 (3): 24 – 37.
Zijnge, M. B. van Leeuwen, J. E. Degener et al., “Oral biofilm architecture on natural teeth,” PLoS One,
vol. 5, no. 2, article e9321, 2010.

60

http://etd.uwc.ac.za/

CHAPTER NINE: APPENDICES
Appendix 1: Consent Form:
Title of study: The association between baby bottle-feeding habits and early childhood
caries in young children in Khartoum, Sudan

Department of Community Oral Health
Faculty of Dentistry and WHO Oral Health Collaborating Centre
University of the Western Cape
Cape Town

I, Mr/Mrs/Miss ……………………………………………………………………..
Date of Birth: ……………….
Participant code:

I am willing to participate in the study as described to me by

I understand the participation is voluntary. I have been adequately informed about the objectives
of the study and the complications. I do know that I have the right to withdraw from the study
at any stage, which will not prejudice me in any way regarding further treatment. My rights will
be protected and all my details be kept confidential

The study is approved by the Bio-medical and Research and Ethics Committee of the University
of the Western Cape.

I, hereby give consent to be part of the research/study
Patient’s name or guardian name: ……………………………………..
Patient’s or guardian signature: ………………………
Witness:
…………………………………..

……………………………………
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Appendix 2: Patient Information Letter:

Patient Information

Department of Community Oral Health
Faculty of Dentistry and WHO Oral Health Collaborating Centre
University of the Western Cape
Cape Town

Title of study: The association between baby bottle-feeding habits and early childhood
caries in young children in Khartoum, Sudan

This is an information letter on a research study being conducted by Dr Liyla Abdelrah-man
Garelnabi under the supervision of Prof Dirk Smit from the University of the Western Cape in
South Africa. The study will investigate feeding practices of caregiver/mothers and the
associa-tion with early childhood caries seen in their young children in the Sudan.

Participation will involve completing a researcher-administered questionnaire that should take
no longer than 15 minutes for to complete. The questionnaire will be administered to elicit
demo-graphical details, awareness of early childhood caries as well as a description of feeding
practice for their child. In addition, I will perform an oral examination on the participants’
child’s mouth to determine se-verity and prevalence of early child-hood caries. Children who
require dental treatment will be appropriately referred. This examination will be non-invasive
and will be an ideal opportunity to detect dental problems that require further management.
The exam will only be done after in-formed consent was obtained by the child’s mother or
caregiver being the legal guardian.

All the information, including any personal information you provide will be kept strictly confiden-tial. Your real name will not be included on the data capture sheet and all information collected will be locked in secure password protected files on the computer. Additionally, access
to any infor-mation will be restricted to me, the researcher and my research supervisor only. At
the end of the study, all data will be kept for as long as legally required and thereafter will be
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properly disposed of, deleted or destroyed. Participation will be on voluntary basis and their
identity will remain anonymous at all times. Signed informed will be obtained from all
participants and they will have the right to withdraw from the study at any stage and this will
not prejudice the patient in any future treatments. You may withdraw from the study at any time.
Participating in the study will definitely benefit you and future patients. Participating in the
study or refusing the participation will not harm or prejudice you in any way.

The research proposal was given ethical clearance by the Faculty of Dentistry and BioMedical Research Ethics Committee of the University of the Western Cape. I would like to
request a formal meeting with you to discuss your kindergarten’s prospective participation in
the study. Appropriate research ethics application will be done at the respective governing
authority of your kindergarten.

Should you have any questions regarding the study and your rights as a research participant or
if you wish to report any problems you have experienced related to the study, please do not
hesitate to contact:
1.

Researcher: Dr Liyla Abdelrahman Garelnabi
Address: Khartoum
Tel: 0906187245- 0916482320
E-mail: LAYLAMAGBOUL@gmail.com

2.

Supervisor: Dr D Smit
Senior lecturer/Specialist (Community Dentistry), Department of Community Oral Health
Faculty of Dentistry
University of the Western Cape
Private Bag X1, Tygerberg, 7505
Tel: 021 937 3148
Email: dsmit@uwc.ac.za

Head of Department: Prof N Myburgh
Department of Community Oral Health
Faculty of Dentistry
University of the Western Cape
Private Bag X1, Tygerberg 750

I, (patient’s name)........................................................... Fully understand the information supplied to me
Signature: ……………………… Date: ……………………….
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Appendix 3: Questionnaire of study sheet
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Appendix 4: Data Capture Sheet
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Appendix 5: Approval from Pre- School Education Administration Locality of
Khartoum.
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Appendix 6: Letter to the Kindergarten administrations

Faculty of Dentistry & WHO Collaborating
Centre for Oral Health
UNIVERSITY OF THE WESTERN CAPE
Private Bag X1, Tygerberg, Cape Town
REPUBLIC OF SOUTH AFRICA

Project Title: The association between baby bottle feeding habits and early childhood
caries in young children in Khartoum, Sudan

To whom it may concern: The Ministry of Education, Khartoum Locality

This is a letter to elicit your support for a research study being conducted by Dr Liyla
Abdelrah-man Garelnabi under the supervision of Prof Dirk Smit from the University of the
Western Cape in South Africa. The study will investigate feeding practices of
caregiver/mothers and the associa-tion with early childhood caries seen in their young children
in the Sudan.

Participation will involve completing a researcher-administered questionnaire that should take
no longer than 15 minutes for to complete. The questionnaire will be administered to elicit
demo-graphical details, awareness of early childhood caries as well as a description of feeding
practice for their child.
In addition, I will perform an oral examination on the participants’ child’s mouth to determine
se-verity and prevalence of early child-hood caries. Children who require dental treatment
will be appropriately referred. This examination will be non-invasive and will be an ideal
opportunity to detect dental problems that require further management. The exam will only be
done after in-formed consent was obtained by the child’s mother or caregiver being the legal
guardian.
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All the information, including any personal information you provide will be kept strictly confiden-tial. Your real name will not be included on the data capture sheet and all information collected will be locked in secure password protected files on the computer. Additionally, access
to any infor-mation will be restricted to me, the researcher and my research supervisor only. At
the end of the study, all data will be kept for as long as legally required and thereafter will be
properly disposed of, deleted or destroyed. Participation will be on voluntary basis and their
identity will remain anonymous at all times. Signed informed will be obtained from all
participants and they will have the right to withdraw from the study at any stage and this will
not prejudice the patient in any future treatments.

At the end of this study, I will report the findings of the study. We have taken permission from
three Kindergartens in Khartoum locality, which will be dealt with, which are AL Rashad
Kindergartens in the Arquette region, Mama Moahb Kindergarten in AL Jarif west area, and AL
Zahedin Kindergarten in AL Firdous area.

The number of participants will be 60 and the age ranges between 3 to 5 years, the expected
study time is 28\9\2020 based on the resumption of study and work in kindergartens in
Khartoum locality.

The research proposal was given ethical clearance by the Faculty of Dentistry and BioMedical Research Ethics Committee of the University of the Western Cape. I would like to
request a formal meeting with you to discuss your kindergarten’s prospective participation in
the study. Appropriate research ethics application will be done at the respective governing
authority of your kindergarten.

Should you have any questions regarding the study and your rights as a research participant or
if you wish to report any problems you have experienced related to the study, please do not
hesitate to contact:
3. Researcher: Dr Liyla Abdelrahman Garelnabi

Address: Khartoum
Tel: 0906187245- 0916482320

E-mail: LAYLAMAGBOUL@gmail.com
4. Supervisor: Dr D Smit
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Senior lecturer/Specialist (Community Dentistry), Department of Community Oral
Health
Faculty of Dentistry
University of the Western Cape
Private Bag X1, Tygerberg, 7505
Tel: 021 937 3148
Email: dsmit@uwc.ac.za
Head of Department: Prof N Myburgh

Department of Community Oral Health
Faculty of Dentistry
University of the Western Cape
Private Bag X1, Tygerberg 750
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Appendix 7: BMREC approval from UWC
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