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AN ABSTRACT OF THE THESIS OF

Katy Akram Bitar for Master of Science
Major: Epidemiology

Title: Assessment of dental decays and oral hygiene among adolescents: a comparison
between private and public schools

Objective: To assess the decays and oral hygiene status in a sample of 12-18 years school
children in greater Beirut in terms of prevalence and associated factors.

Methods: A comparative cross-sectional study of adolescent students aged from 12-18
years old, grades 7 to 12, in public and private schools in Greater Beirut-Lebanon. The unit
of observation was both the child and the parents. The sample selection was done in 7
public schools and 9 private schools in Beirut. The final study sample included 830
adolescents. The data collection comprised 3 main sources: a dental screening of
participants that comprised a score of Decayed, Missing and Filled teeth (DMFT) and the
plaque index. A parents questionnaire that included sections on socio-demographic
background, health status, habits and use of dental services; and an adolescent
questionnaire including oral hygiene and nutritional habits characteristics, oral health
related quality of life assessment and tobacco exposure questions to assess potential risk
factors that could be associated with oral health. Descriptive analysis, bivariate and
multivariable analyses were conducted to detect differences between schools and to test for
associations between risk factors and DMFT and plaque indices taking into account
clustering effect.

Results: The average DMFT score was high, statistically significantly greater in public
(5.83 £ 0.17) compared to private schools (4.08 £ 0.15). The plaque index was fair with an
average of 1.04 £ 0.018, and not significantly different between school types. The bivariate
analysis revealed that DMFT increases with age, being a female, having a lower parental
educational level and family income, bad oral health perception, breast feeding, increased

Vi



soda and sweets intake, maternal smoking during pregnancy, parental smoking and having
a past orthodontic treatment. As for dental plaque, a high plaque index was significantly
associated with being a male, having a bad oral health perception, a decreased tooth
brushing frequency, increased intake of fast food and soda and having a current orthodontic
treatment. The multivariable analysis showed that age, gender, parental educational level,
monthly income, past orthodontic treatment and oral health perception remained
significantly associated with DMFT. Furthermore, gender, a current orthodontic treatment,
oral health perception, the frequency of tooth brushing and soda intake remained
significantly associated with the plaque index.

Conclusion: The DMFT score in Lebanon is high, particularly in public schools, when
compared to developed countries and to the majority of the Eastern-Mediterranean
countries. Given the enormous burden of dental caries and the paramount inequalities
existing between adolescents from different social backgrounds, it is essential to develop
prevention and early detection programs targeting schoolchildren and their parents, and
ensure preventive care to disadvantaged individuals thus decreasing the burden of dental
decays and the magnitude of social disparities.
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CHAPTER |
INTRODUCTION

Oral health means more than good teeth; it is a standard of the oral and related tissues
that enables the individual to eat, speak and socialize without active disease, discomfort or
embarrassment. It is integral to general health and essential for the well-being (WHO

World Health report 2003; WHO 1982).

Various conditions can affect oral health such as dental caries, periodontal diseases,
oral soft tissue lesions, oro-pharyngeal cancer, salivary gland lesions and birth defects.
Dental caries is the most prevalent form of oral diseases and one of the most prevalent
chronic diseases of people worldwide. Individuals are susceptible to this disease throughout
their lifetime (Selwitz et al, 2007). Dental caries consist of an infection of bacterial origin
that causes demineralization and destruction of the hard tissues of the teeth (enamel, dentin
and cementum). It affects young children’s growth and quality of life if left untreated
(Sheiham 2006). Speech development, psychological, behavioral and social interaction
problems, as well as loss of school days and learning difficulties have been reported in the

severe cases of dental caries infection (Majewski et al, 1988).

Several factors are associated with dental caries, among them the individual’s poor
oral hygiene. Moreover, poor oral hygiene leads to dental plague formation which is
defined as the soft adherent structured deposits forming on the tooth surface. Plague can be

visualized on teeth after 1 or 2 days without any oral hygiene measures and is considered



the primary cause of gingivitis eventually leading to periodontal disease (Van Gaster et al,

2007).

Several indices are used to assess oral health. In epidemiological studies, the 2 most
common indices used are the DMFT and plaque index. The DMFT index consists of the
sum of the number of Decayed, Missing and Filled teeth (Da Silveira Moreira 2012; WHO
oral health report 2003); it measures the individual’s total lifetime tooth decay. Several
indices had been developed to assess the individual levels of dental plaque control. The
most widely used is the plaque index developed by Loe and Silness, based on recording
both soft debris and mineralized deposits on 6 different teeth, with a score ranging from 0

to 3 (Loe and Silness 1964).

Adolescents represent a challenging group in terms of their oral health because they
have a vulnerable mainly completed dentition at a time when they are establishing their
independence from parental influence (Stokes et al, 2005) and are starting to engage into
new risky behaviors such as smoking(Johnston et al, 2012). Globally, oral health research
has focused on children of 12 years, an age when children leave primary school, thus, data
can be obtained through a reliable sample of the school system. Hence, the age of 12 was
determined as the age of global monitoring of caries for international comparisons and

monitoring of disease trends (Da Silveira Moreira 2012).

The Global weighted mean DMFT value at 12 years of age was estimated to be 1.67

in 189 countries in 2011 (Natarajan, 2011). Some countries succeeded in achieving a very



low DMFT index such as Canada and USA (DMFT of 1 and 1.19 respectively) whereas

other countries still have high DMFT scores such as KSA, Bolivia (WHO, 2014).

Available studies in Lebanon show elevated DMFT level. Hussein et al (1996)
assessed caries and periodontal diseases in children of 12 and 15 years of age in different
Lebanese urban, semi-urban and rural areas. The overwhelming majority of both ages had
dental caries. Their DMFT scores for the 12 and 15-year old children were 5 and 7.6
respectively. A more recent study (Doughan & Doumit,2002) examined 1595 individuals of
6, 12 and 15 years of age, representative of the different Lebanese districts were examined
for dental decays. DMFT indices at 12 and 15 years of age were 5.72 and 8.09 respectively
which are slightly higher than the earlier results. Data have not been updated for more than
a decade. Only 1 study is available conducted 2 years ago that focused on the 6 toll years
old elementary school children in Beirut and aimed to compare oral health determinants
and DMFT scores between private and public schools (Unpublished thesis, Moukarzel
2012). The DMFT scores reported in this study were 7.30+3.98 and 3.50+3.41 in public
and private schools respectively. Both DMFT values are higher than the maximum DMFT
value of 3 accepted by the WHO (World Dental Federation, 1982) albeit children in private
schools are closer to that threshold. Nevertheless, the DMFT index in public schools is
almost double that of private schools. This significant difference highlights the great impact
of socio-economic status and social background of the parents on their child’s oral health

and emphasized the paramount social inequity in oral health care in Lebanon.

This study was conducted to assess the burden of dental decays and oral hygiene

among Lebanese adolescents in the Greater Beirut area, investigate the socio-economic and
3



behavioral factors associated with oral health and explore the disparities among adolescents

from different social backgrounds.

Significance:

Data available on dental caries in 2002 do not reflect the current oral health status of
adolescents in Lebanon. More importantly, data are lacking on the socio-behavioral factors
associated with caries. For instance, smoking is a potential determinant that was not
explored in earlier studies for this specific age group and which is believed to be a
contributable factor to decays. Furthermore, given that a recent study was conducted in the
age group ranging from 6 to 11 years of age, it is of great importance to complement this
cohort with accurate and updated data on the adolescent age group aiming to build a
significant infrastructure for a Lebanese oral database that may serve ulterior goals.

Public health workers can benefit from this database to plan adequate health
promotion programs that target adolescents and contribute to raising their awareness on oral
hygiene and dental related diseases. In addition, the information will help draw the
attention of different stakeholders (such as the Ministry of Health, Ministry of Education
and insurance companies) to the existing oral health status of the Lebanese adolescents and
enable them to address oral health needs more appropriately. Furthermore, these data could
also be used to establish a comprehensive database that will be used in future studies by

other investigators addressing this specific public health problem.



CHAPTER II
LITERATURE REVIEW

The literature review is focused on the burden of dental caries and plaque, covering
the definition of the two components and corresponding indices used to assess dental
decays and oral hygiene, as their etiology, their magnitude globally and locally and their

associated risk factors.

A. Dental caries

1. Definition

Dental caries is an infection that causes demineralization and destruction of the hard
tissues of the teeth. Plaque on the surface of the tooth consists of a bacterial film that
produces acids as a byproduct of its metabolism; certain bacteria within the plaque are
acidogenic, they produce acids when they metabolize fermentable carbohydrates. These
acids can dissolve the calcium phosphate mineral of the tooth enamel or dentin in a process
known as demineralization. If this process is not halted or reversed via remineralization, it
eventually becomes a frank cavity. The mutans streptococci and the lactobacilli, either
separately or together, are the primary causative agents of dental caries (Featherstone,

2000).



2. Signs and symptoms

The earliest sign of a carious lesion is the appearance of a white spot on the surface
of the tooth, indicating an area of demineralization. As the lesion continues to demineralize,
it will turn into a cavity (Featherstone, 2008). Once the cavity is formed, the lost tooth
structure cannot be regenerated. When the decay becomes deeper and passes through
enamel into the dentinal tubules, which have passages to the nerve of the tooth the resulting
pain can be transient, temporarily worsening with exposure to heat, cold, or sweet foods
and drinks. Once the decay has progressed enough to allow the bacteria to overwhelm the
pulp tissue in the center of the tooth, pain becomes more constant. Death of the pulp tissue
and infection are common consequences and the tooth will no longer be sensitive, but can
be very tender to pressure (Yu et al, 2007). In severe cases of dental decays, infection can
spread from the tooth to the surrounding soft tissues. Occasionally, a dental infection will
spread to the paranasal sinuses, through the blood system or through the lymphatic system
and may lead to complications such as cavernous sinus thrombosis and Ludwig angina that

may be life-threatening (Fehrenbach et al, 1997).

3. Burden of dental decays

a. Atthe global level

The Global weighted mean DMFT value for 12 year olds decreased from 2.43 in
1980 (Leclercq et al, 1987) to 1.67 in 189 countries in 2011 (Natarajan, 2011). Dental

caries remains a major oral health problem globally affecting 60-90% of schoolchildren and
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the vast majority of adults. It is also 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. Currently, the disease level is high in the Americas but relatively low in
Africa (Figure 1) (World Health Organization, 2003). However, an increase in the
incidence of dental caries is expected in many developing countries in Africa, due to the
changes in living conditions and particularly the increase in sugar consumption added to it

an inadequate exposure to Fluoride (World Health Organization, 2003).

Decayed, missing and filled
permanen t teeth

L Not applicable

Figure 1- Global caries map for 12 year olds (World Health Organization, 2014)

b. At the regional level: Eastern Mediterranean region

WHO Region specific weighted DMFT among 12-year-olds for the EMRO (eastern
Mediterranean Region) was estimated to be in total 1.58 in 2004 and increased slightly to

1.63 in 2011 (Natajarian, 2011). This score is similar to the global DMFT measure. Dental



caries prevalence among adolescents exhibits its highest rates in Saudi Arabia; it is
moderate in other countries such as Jordan whereas it is low in most of the eastern
Mediterranean countries such as Egypt, Syria and Irag. The lowest DMFT level is in Libya

(<1.2).

The differences among countries highly reflect the distinct lifestyles, the level of
exposure to fluorides and the development of oral health systems (World Health
Organization, 2003). For instance, the prevalence rate of dental decay in Libya is low, in
spite of the unsatisfactory tooth brushing behavior among children. This can be attributed to
the acceptable levels of Fluoride in drinking-water (Al-sharbati et al, 2000). On the
contrary, the DMFT index in Saudi Arabia increased over the past 3 decades, from 2.1 in
1982 up to 5.9 in 2002 (WHO, 2014). More recent studies reported different DMFT
averages in KSA, depending on the area of the study and the study population (Al Dosari et
al reported an average DMFT of 7 in 2003 among adolescents; the same group reported a
DMFT of 3.5 in a larger sample in 2010). The increase of DMFT scores in Saudi Arabia is
due to different factors, such as the dramatic societal changes, unhealthy oral health
behaviors and practices (Al- Ansari, 2014) mainly the increased consumption of processed
sugar (WHO, 2014) in addition to the inadequate access to oral health care particularly in

remote areas and the non-availability of fluoridated water (Al- Ansari, 2014).

c. Atthe local level: Lebanon

Lebanon’s DMFT score is among the highest in the Eastern Mediterranean Region

(WHO, Geneva 2004). Furthermore this index is higher than the goal set by the World
8



Health Organization whereby the average DMFT should not exceed 3 at 12 years of age by
the year 2000 (World Dental Federation, 1982). In 2002, Doughan et al. showed that the
DMFT index was 5.72 and 8.09 for the 12 and 15 years-old children respectively. They also
showed that the DMFT index increased with age. Moreover, the DMFT index was slightly
lower in private schools compared to public schools which might reflect the differences in
the socioeconomic factor (Doughan et al, 2002). A previous study by Hussein et al in 1996
showed DMFT scores that are similar to those in 2002 with the overwhelming majority
(92%) of adolescents aged 12 and 15 years beinbg affected by dental decays (Hussein et al,

1996).

A more recent study by Moukarzel et al (2012 unpublished thesis) reported a mean
DMFT score of 7.30+3.98 and 3.50+3.41 among 6 to 11 years old schoolchildren in public
and private schools respectively (Moukarzel et al, 2012); the DMFT score in public schools
was almost the double of that in private schools. This finding highlights the paramount
social inequity existing in Lebanon in terms of oral health care. The high incidence of
dental decay also reveals the need to establish prevention programs and early detection
strategies that cover children and adolescents of the various social levels, targeting

specifically the most disadvantaged individuals.

4. Etiology of dental caries

Dental caries result from the interaction of 4 major factors that are the host which is
the tooth, the diet or substrate, the cariogenic microorganisms and time or frequency that

depicts the duration of the interaction of the other 3 factors. Figure 2 represents the Venn



diagram schematizing the different factors contributing to dental decays (Usha C et al,

2009).

a. Tooth susceptibility (the host)

The host susceptibility refers to the enamel mineral and the enamel crystal structure
of the teeth that differs from one person to another. It also embraces the quantity and
quality of the saliva which plays a major protective role in the oral cavity through its
buffering, mechanical washing, antimicrobial, and remineralization activities (Ferraro et al,

2010).

b. The cariogenic microorganisms (the agent)

The two most important groups of bacteria that predominantly produce lactic acid are
the mutans streptococci and the lactobacilli. Each group contains several species each of
which is cariogenic. These two groups of bacteria, either separately or together, are the

primary causative agents of dental caries (Featherstone, 2000).

c. Diet/ substrate (the environment)

Fermentable carbohydrates such as glucose, sucrose, fructose and starch can be
metabolized by the acidogenic bacteria to create organic acids that diffuse into the porous
subsurface of the enamel and cause demineralization (Featherstone, 2000). Among sugars,
Sucrose is the most cariogenic because it can form glucan which enables firm bacterial

adhesion to teeth (Tinanoff et al, 2000).

10
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d. Duration of interaction

Research had shown the definite relationship of dietary sugars, the quantity, quality,
and frequency of intake on the incidence and prevalence of caries (Krasse, 2001). The
longer the interaction of the dietary sucrose and the cariogenic microbes in the plaque, the
more deleterious is the effect of acid on the dissolution of tooth mineral (Usha C et al,

2009).

Microbes

‘Time

y

-
T o
Keye’s Circles

Multifactorial model

Figure 2- Cause and determinant factors of dental caries (Usha C et al, 2009)

The interrelationship between these 4 factors has oversimplified the complex
behavior of dental decays and therefore it contributed to the incomplete success of the
management and prevention at the individual as well as the community levels (Usha C et al,
2009). However, recent public health approaches are increasingly focusing on the
multilevel nature of health determinants. This led to the establishment of conceptual models

describing a range of influences at the community, family, and child levels (Fisher-Owens

11
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et al, 2007). Figure 3 summarizes the child, family, and community influences on oral

health outcomes among children.

Environment

Social Community-Level Influence

environment
Dental care
sl o Family-Level Influences anr'n"ggsmon
Socioeconomic
Health care status
system ) Child-Level Influences
characteristics Social i
support Biologic and se of dental care
. " genetic
Physical safety Physical safety Physical and endowment
demographic Development
::&f::“em Health status of it
parents Health behaviors and
practices
Community Family function
oral health
environment Culture
Social capital

Culture

Vs

#

Figure 3- Child, family, and community influences on oral health outcomes of children

(Fisher-Owens et al, 2007)
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5. Risk factors associated with dental caries

a. Age

The prevalence of dental caries in permanent teeth is proven to increase with age. In
the United States for example, 42% of children 2 to 11 have had dental caries in their
primary teeth, 59% of adolescents 12 to 19 have had dental caries in their permanent teeth
and 92% of adults 20 to 64 have had dental caries in their permanent teeth (National

Institute of Dental and Craniofacial Research, 2004).

b.  Gender
There had been a consistent trend in caries development by gender, with females
having higher prevalence than males. This difference can be attributed to several factors:

e Genetics: variations in genes with a sex-linked mode of inheritance that would
alter the host’s oral environment and the host’s response to the initiation of caries (Ferraro
et al, 2010).

e Saliva: flow rates of saliva and compositional analysis have been shown to be
generally less protective in women than in men due to hormonal fluctuations during events
such as puberty, menstruation, and pregnancy (Ferraro et al, 2010, Lukacs et al, 2006).

e Pattern of tooth eruption, females tend to acquire their teeth at an earlier age
than males, providing more opportunity for the caries developing process to take place

(Ferraro et al, 2010, Lukacs et al, 2006).
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c. Geographic location

The variation in the DMFT index with the geographic location within countries
depends largely on the oral health care system adopted and the access to dental services in
addition to the preventive measures undertaken such as water fluoridation and the access to
it. In developed countries a decline in caries has been observed over the past 20 years as a
result of a number of public health measures, including effective use of Fluoride, along
with changing living conditions, lifestyles and improved self-care practices (Petersen et al,
2005).However, the treatment of oral diseases remains inaccessible and unaffordable not
only in low and middle-income countries, but also in certain rural areas or among poor

populations within the high-income countries (World Dental Federation, 2014).

d. Socio-economic status (SES)

Several studies confirmed the association between low socioeconomic status (SES)
and a high DMFT in both developed and developing countries, particularly a high

prevalence of untreated decays.

A recent analysis of the Data from the National Health and Nutrition Examination
Survey (NHANES, 2007-2008) in US Children revealed a significant SES-caries
relationship; higher SES was associated with lower untreated caries prevalence whereas
children from low or very low food security households suffered from a significantly
higher prevalence of untreated cavities (Donald et al, 2014). Moreover, among Australians,

poor dental health and untreated decays were strongly associated with lower income, those
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living in rural areas, Indigenous Australians, and those with no private insurance thus

relying exclusively on public dental services (Richardson et al, 2011).

e. Diet and eating behavior

The evidence suggesting that sugar is an etiological factor in dental caries is already
well-established and lies in the multiplicity of studies present rather than in the power of
any one (Sheiham, 2001). More recently, it has been suggested that the role of diet in caries
development is not so much related to the diet itself, but rather to individual eating behavior
(Bruno-ambrosius et al, 2005). A significant association between skipping regular meals
and caries development, and four to five times increased risk for caries was revealed
(Bruno-Ambrosius et al, 2005). This was explained by the substitution of regular meals by
light snacks with high sugar content. Early childhood and adolescence are particular
periods in which the risk of dental caries remains especially high. One of the main
contributing factors is the high consumption of sugars ingested in soft drinks (Tahmassebi

et al, 2006).

f. Health status

Certain health conditions are associated with increased prevalence of dental caries
such as antiasthmatic medications that increase the prevalence of decays by reducing the
salivary flow (Shashikiran et al, 2007). Reduced saliva predisposes to enamel
hypomineralization and caries formation (Yeh et al, 2012). Salivary flow is also declined in

diabetics and in patients suffering from xerostomia, in patients with a history of
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radiotherapy, in certain medical conditions such as autoimmune and inflammatory
conditions (Sjogren syndrome, primary biliary cirrhosis), in various infections such as the
human immunodeficiency virus and hepatitis C and in certain cancer tumors (Lymphoma)

(Plemons et al, 2014).

g. Tobacco exposure

i.  Maternal and environmental tobacco exposure

Maternal smoking is found to be associated with the occurrence of caries in
preschool children, even after adjusting for social class, nutritional status, and weekly
expenditure on confectioneries (Williams et al, 2000). Furthermore, postnatal
Environmental Tobacco Smoke (ETS) measured by current exposure at home is
independently positively associated with the prevalence of dental caries. A dose-response
relationship was observed between cumulative postnatal ETS exposure at home and dental
caries (Tanaka et al, 2009). Several pathways were proposed for biological plausibility of
this association. Environmental tobacco smoke may directly influence teeth and oral
microorganisms, exposure to ETS during the period of tooth formation may also influence
tooth mineralization. Moreover, blood levels of vitamin C in smokers and children who
reside with smoking parents are decreased. Low vitamin C levels are associated with the

growth of S. mutans, the bacterial agent responsible of carious lesions (Hanioka et al,

2011).
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. Adolescent smoking status

Few studies have shown a relationship between smoking among adolescents and
adults, and a higher incidence of dental caries, particularly coronal and root caries
(Axelsson et al, 1998; Hirsch et al, 1991). It seems that smoking is a risk indicator of
increased caries activity through a reduction in the PH and a decrease in salivary flow
(Reibel 2003). However, a recent epidemiologic survey conducted in Sweden failed to
demonstrate a relationship between tobacco use and caries in adults and elderly. As caries
is a multi-factorial disease with clear lifestyle, socio-economic and socio-demographic

gradients, the tobacco use may be a co-variable in this complex cycle rather that a direct

etiological factor (Holemen et al, 2013).

B. Dental plague

1. Definition of dental plaque

Dental plaque is the soft adherent structured deposits called biofilm that accumulate
on tooth surface. It contains about 500 bacterial species and its formation follows a specific
regimen with adhesion of initial colonizers to the enamel salivary pellicle followed by
secondary colonization through interbacterial adhesion (Rosan et al, 2000). Dental plaque is
visualized 1 or 2 days without any oral hygiene measures and it is considered the primary
cause of gingivitis eventually leading to periodontal disease. It is also incriminated in dental
caries formation. Evidence suggest that, on the long-term, individuals with high plaque

levels are more likely to experience caries, periodontal disease and subsequent tooth loss
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compared to individuals with low levels of plaque, and they experience all those conditions

with greater severity (Broadbent et al, 2011).

2. Factors associated with plagque retention
Poor oral hygiene is the main factor associated with plaque formation. Other local
and iatrogenic factors can cause the preferential accumulation of plaque at stagnant sites

not easily reachable during oral hygiene practices (Marsh, 2004).

a. Local retentive factors

Mainly dental crowding that disables the individual to adequately remove dental

plaque and enhances the retention of the biofilm (Geiger et al, 1974).

b. latrogenic etiologic factors

Dental caries that increase plaque retention, dental calculus that is not a primary
etiologic factor but accelerates plaque retention and guides the plaque subgingivally and
inadequate dental restoration with overhanging margins causing gingivitis and periodontal
pocket formation (Grosso et al, 1985).

Orthodontic treatment is also considered one of the factors that increase plaque
retention. During orthodontic therapy with fixed appliances, inflammatory reaction of
gingival tissue can very often be observed. The main reason for the increased accumulation
of dental plaque is the appearance of new retentive places around the orthodontic fixed

appliances (brackets and elastics) attached to the teeth. The bonded attachments used
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nowadays in orthodontics present a major advancement in orthodontics compared to the
multibanded appliances used in the past and that favored food lodgment. However, even
with the changes in the design of fixed appliances, plaque retention around the brackets did
not decrease significantly (Ristic et al, 2007). Evidence suggest that, in the majority of
cases, orthodontic treatment with fixed appliances causes localized gingivitis which rarely

progresses into gingivitis (Ristic et al, 2007; Van Gastel, 2007).

3. Available data on dental plaque

Data on dental plaque assessment among adolescents using the Loe and Silness
plaque index are scare. In Jordan, EI-Qaderi et al (2006), in a cross-sectional study reported
a mean plaque index of 1.46 + 10.69 among 1362 school children aged 14 and 15 years (El-
Quaderi et al, 2006). In the United Arab Emirates, Gopinath et al assessed oral hygiene and
gingival health among a group of 405 school children. They reported an average plaque
index of 1.67 £ 0.75 among females and 1.54 + 0.76 among 6 to 12 years old children
(Gopinath et al, 2015). In both countries, UAE and Jordan, the plaque index is considered
fair.

In Lebanon, only one study assessed the plaque index among 6 to 11 years old school
children (Moukarzel et al, 2012). The average plaque index was significantly higher in

public schools (1.35 + 0.23) compared with private schools (1.2 + 0.15).
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C. Objectives

1.

Measure and compare the DMFT and plaque indices between adolescents in private
and public schools.

Explain social disparities in DMFT and plaque indices.

Investigate the association of DMFT and plaque indices with socio demographic
factors and behavioral determinants. Socio demographic factors include age, gender
and school grade of students and socioeconomic status, education, occupation and
annual income of the parents. Behavioral determinants include fluoride use, the
frequency of tooth brushing and the dietary intake characteristics (Fast food, sweets

and soda intake).

D. Hypothesis

1.

2.

Adolescents in public schools will have higher DMFT and plaque indices scores
compared to those in private schools.

Adolescents with poor oral hygiene and unhealthy dietary habits including smoking
status and/or exposure to second hand smoking will have higher DMFT and plaque

indices in comparison to their counterparts.
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CHAPTER 111
METHODS

A. Study Design
This is a comparative cross-sectional study of adolescent school children aged from
12 to 18 years, in grades 7 to 12, enrolled in public and private schools in the Greater Beirut

area, Lebanon. The units of observation were both the child and the parents the child.

B. Sample size and selection

A total number of 830 school children was reached out of 3680 approached, yielding
an average response rate of 22.55% (30.16% and 18.36% in public and private schools,
respectively). Public schools from various areas in Greater Beirut were approached after
securing the permission of the Ministry of Education and Higher Education, and the
approval of the school administration was obtained. The 7 public schools approached
agreed to take part of the study. Of the twenty private schools approached, conveniently
chosen for their availability and accessibility, only 9 agreed to participate.

The data collection procedures included several stages. Students whose ages ranged
between 12 and 18 (Grades 7 to 12) were approached by the research team who
summarized for them the main objectives of the study and the different levels of
participation. The students were asked to deliver the consents and parents questionnaires to
their legal guardians and to return the questionnaires with their parents’ response within

two weeks. The parental informed consent included the parents’ willingness to fill a self-
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administered questionnaire, the permission to give their children a self-administered
questionnaire and be subsequently examined by the research team. Students whose parents
approved to participate were approached at a time and date deemed suitable by the school
administration. The students were asked if they would voluntarily consent to be examined
by the research team and fill the adolescent’s questionnaire. The adolescent questionnaire
was distributed in class and filled by the participants in the presence of one of the research
team investigators. The research investigator provided assistance to the participants to
ensure they understood and filled the questionnaire as they should. Only those who

assented to both or either procedure were included in the study.

The data collection procedure with the number and percent response at each level are
summarized in Figure 4. The final numbers of children in public and private schools were
nearly equal, albeit the rate of response was greater in the public schools because

approximately additional 1000 private school children were approached.
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7 public
schools
approached

20 private
schools
approached

7 agreed on participating 9 agreed on participating
(100%) (45%)
(Total of1303 adolescents) (Total of 2377 adolescents)
I I
434 legal guardians consented on 514 legal guardians consented on
filling parents questionnaires filling parents questionnaires
(33.3%) (21.6%)
I I
412 legal guardians consented on 448 legal guardians consented on
allowing adolescent’s participation allowing adolescent’s participation
(31.6%) (18.8%)
393 adolescents assented to 437 adolescents assented to
participate participate
(Response rate: 30.16 %) (Response rate: 18.38 %)

Figure 4. Summary of the numbers and percentages of respondents at each level of the

study.

C. Measures

1. Oral health

Oral health was measured by two indices: DMFT and plague index

a. The DMFT Index

This index measures:

e Number of decayed teeth with untreated carious lesions (D): Decays can be deep or
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superficial, affecting one or more tooth surfaces, moreover, if a decay is

concomitantly present with a filing, the tooth is counted as decayed.

e Number of teeth extracted and therefore missing (M) due to caries. Teeth that are
congenitally missing, unerupted or removed for reasons other than dental caries are

not considered as missing.

e Number of filled teeth (F): fillings can be large or small, extending on one or more
tooth surfaces, and from various dental materials such as composites and amalgam. If
a tooth is restored for reasons other than caries (such as trauma) it is not counted as

filled in the DMFT index.

The total number of Decayed, Missing and Filled teeth was calculated for each participant
and the sum of the 3 components yield a DMFT score for each individual. The average
DMFT score was then calculated for public and private schools participants. For children at
12 years old, a DMFT of less than 1.2 is considered “very low”, “low” from 1.2 to 2.6,
“moderate” from 2.7 till 4.4, “high” when it ranges from 4.5 till 6.5, and “very high” when

it exceeds 6.5 (WHO, 2004).

b. The Plague Index

This index evaluates the oral hygiene and records both soft debris and mineralized
deposits on the four surfaces of 6 teeth: 3 maxillary teeth (teeth number 16-12-24) and 3

mandibular teeth (teeth number 36-32-44). Each surface is given a score from 0-3 and the
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scores of the four areas are added then divided by four to obtain the plaque index of the

tooth. The scores represent the following:

0: No plaque

1: A film of plaque adhering to the free gingival margin and adjacent area of the

tooth. The plague may be seen in situ only after application of disclosing solution or

by using the probe on the tooth surface.

e 2: Moderate accumulation of soft deposits within the gingival pocket, or the tooth and
gingival margin which can be seen with the naked eye.

e 3: Abundance of soft matter within the gingival pocket and/or on the tooth and

gingival margin.

A plaque index score is considered excellent when it is below 0.1, good if the score
ranges between 0.1 and 0.9, fair if the range is between 1 and 1.9 and poor when the

plaque index score is 2 and above.

2. Socio-demographic and behavioral factors

e Socio demographic variables included age, gender, education and occupation of
parents (highest educational level reached by the parent), family monthly income and
perceived oral health.

e Behavioral variables, such as dental hygiene (frequency of tooth brushing, use of

dental floss and mouthwash), nutritional habits (frequency of soda and sugar
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intakes), participant exposure to smoking: second hand and maternal smoking during
pregnancy (both cigarettes and waterpipe) and the participant smoking status (if ever
tried waterpipe or cigarettes smoking, and if yes the frequency of smoking during the

past month).

D. Data collection

Data were collected from 3 sources: the dental examination and 2 self-administered

questionnaires, one addressing the parents and the other addressing the adolescent.

1. Dental examination

The clinical examination was performed on adolescents whose parents consented on
the dental examination at first, and who subsequently assented themselves on the dental
examination. Screening of the participants to collect data on DMFT and plaque indices was
performed by the author, a trained orthodontist from the American University of Beirut
Medical Center (AUBMC), using non-invasive dental instruments including mouth mirrors
and probes. These instruments were all disposable and sterile to eliminate the risk of cross-
infections. Disposable latex gloves and facial masks were also used during the examination.
The average dental examination time was 5 minutes with an additional 5 to 10 minutes to
fill out the adolescent questionnaire. On average, 25-30 children were screened at every
session in schools with the highest number of participants. To ensure privacy, all the
examinations were submitted in an empty classroom with the child sitting on a chair with

the head held back with maximum exposure to direct sunlight.
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Dental decays were detected by a thorough inspection of all the visible surfaces of

erupted teeth using the probe and the mouth mirror.

To measure the plaque index, the probe was passed over the four surfaces of six
specific teeth. Plaque scores were registered for each surface of each tooth. The average of
all these measurements was calculated and considered the plaque index of the each

participant.

Calibration of the measures including the DMFT and plague indices was performed
prior to the data collection phase against an expert general dentist at AUBMC (NA) to
ensure reliability and validity of the measurements. Both the examiner and the expert
dentist assessed the DMFT and the plaque indices measures separately, on ten patients
attending the dental clinic at AUBMC, during the same dental visit and without checking
any of the patient’s x-rays. Two-way mixed intra-class correlations (ICC) were computed
to test for the consistency in continuous measures as proposed by Hallgren (2012) yielding

ICC coefficient values of 0.96 for the plague index and 0.98 for the DMFT measurements.

2. The questionnaires

Two questionnaires were constructed, one sent to parents and one filled by the child

after his/her dental examination (see appendix).

The questionnaire addressing the parents provided information on the following:

- Socio-demographic and socio-economic status of the parents
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- Health status of the parents

- Maternal smoking during pregnancy

- The general health status of the child assessing the presence or absence of a chronic
disease, the breathing mode of the adolescent and his/her exposure to second hand
smoke.

- Sucking habits: if they were present at childhood and if they remained

- Feeding mode in early childhood (breast feeding/bottle feeding)

- Parents’ perception of their children oral health

- Parents’ utilization of dental services

- Parents knowledge about the different available dental care centers and the cost of the
treatment they offer

- Treatment costs that the parents are willing to spend on dental services.

The adolescent questionnaire included the following:

- Dietary habits including questions on sugar and soda intakes

- Oral health related quality of Life questionnaire (in its validated Arabic version)

- Oral health behaviors encompassing information on dental hygiene habits, frequency
of tooth brushing, fluoride intake, frequency of visits to a dental office

- Smoking status of the adolescent.

To avoid any confusion, the questions were written in a simplified, straightforward
and comprehensible manner. The consent forms and the questionnaires were written in

English and translated to Arabic.
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When the parents or legal guardians were illiterate or visually impaired, assistance
was provided via an oral consent given by the research team or the school in charge of the

child in the presence of a witness.

E. Statistical analysis

Frequency distribution for all variables was performed to check for outliers and data
entry errors, and examine variability of measures and indicators. Descriptive analysis was
performed to check the distribution of gender, socio-demographic and socioeconomic
status, maternal and adolescents smoking habits, presence or absence of chronic diseases,
breathing, feeding modes and dietary and oral hygiene habits for the entire group of
participants. Socio-demographic variables were compared between the examined and non-
examined adolescent groups (individuals whose parents consented on all the steps of the
study versus individuals who consented exclusively on filling the parents’ questionnaires).
Subsequently DMFT and plaque indices were compared between private and public
schools. Bivariate analysis was conducted to assess the relationship of each covariate under
investigation with oral health measures. The variables that were significantly associated

with DMFT index and/or plaque index were stratified by type of school (private or public).

A multivariate linear regression analysis was performed to model oral health
measures with the clinically and statistically significant covariates (Level of statistical
significance of p= 0.1). No collinearity was found between the variables included in the

final models. Regression coefficients and their 95% Confidence intervals were presented.
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The bivariate and linear multivariable analyses were carried out on DMFT and
plaque indices separately to come up with a model incorporating all the covariates
statistically and clinically relevant to the outcomes of interest. The percent variability of the
two main outcomes (DMFT and Plaque Index) explained by the predictors in the final
models will be reported. The statistical analysis was performed accounting for cluster effect

at all levels. The analysis of these data was conducted using STATA statistical package.

F. Ethical considerations

* Respect for person

To protect privacy and confidentiality, identifiers (serial numbers) were used for

schools, children and examiners.

*Beneficence/non-maleficence

The approval to examine the adolescents was received from the Ministry of
Education and Higher Education for public schools and the school’s administration in
private institutions. The students were then approached directly and the parents’ consent

was acquired. The latter was comprised of three parts:

1- Approve to fill out the questionnaire

2- Approve to have their child examined

3- Approve to have their child fill out the adolescent questionnaire

30



The oral screening involved seating the child with his mouth opened and using non-
invasive, sterile and disposable instruments (intraoral mirror and a dental probe).

Assistance was provided for the illiterate or visually impaired parents or legal
guardians are through assistance via an oral consent given by the research team or the
school in charge of the child in the presence of a witness.

All adolescents were assented prior to their participation. The written assent included
a brief description of the study and allowed the child to agree freely on filling a self-
administered questionnaire and/or being examined by the research team. In all instances,
recommendations concerning the child’s oral health and treatment were sent to the parents
or legal guardian(s). Each child who needed follow-up or treatment on dental decays and
oral hygiene were provided with the necessary information contacts (address and phone
numbers) of one of the specialized dental centers with affordable treatment cost such as
Lebanese University, Saint-Joseph University and Beirut Arab University.

* Justice

Both public and private schools in the Greater Beirut area were approached. All
adolescents, girls and boys, whose age ranges between 12 and 18 had the same probability

of being included in the study.
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CHAPTER IV
RESULTS

A. Introduction

Basic demographic characteristics were compared between examined and non-
examined adolescents. The results of the univariate and multivariate analyses including the
components of the clinical examination along with the corresponding adolescents and
parents questionnaires are presented for the 830 participants (393 in public schools and 437
in private schools). The statistical analysis at all levels was performed adjusting for the
clustering effect of the schools (accounting for the differences among the 16 different

schools included in the study).

B. Socio-demographic characteristics of the examined and non-examined adolescents

The non-examined adolescents (n= 118) are those whose parents consented
exclusively on filling out the parents questionnaire, thus with the information restricted to
the questionnaire. The examined adolescents group (n= 830) represents the total number of
adolescents in public and private schools whose parents consented on all the steps of the
study. The socio-demographic characteristics of both groups are displayed in Table 1,
regarding mean age, grade (middle or high-school) and gender, the number of children in
the family, the monthly family income, the educational level of the informant and the
school type. The groups were similar in terms of gender and age. The non-examined were

significantly less likely to come from larger families, more likely to have a family income
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greater than 3, 000 000 LL and a high (college/ university) educational level. Moreover, the
proportion of non-examined in private schools (14.98%) was statistically significantly
higher than that in public schools (9.45%) suggesting that parents whose adolescents are in

private schools are less likely to allow their children to participate.

C. DMFT and Plaque indices: a comparison between public and private schools (n=
830)

The average DMFT index for the overall sample was 4.91 + 0.12, significantly higher
in public schools (5.83 £ 0.17) compared to private schools (4.08 = 0.15) (p= 0.026) with
very similar ranges. The difference stems mainly from the number of untreated decays:
66.81% of adolescents in private schools had one or more untreated cavity (crude number
of 1055 untreated cavities among 437 adolescents) compared with 90.05% in public
schools (crude number of 1724 untreated decays among 392 adolescents).

Indeed, the average number of decayed teeth per person was significantly higher in
public (4.39 +0.153) compared to private schools (2.41 £0.127). In both schools the
minimum was 0 decayed teeth per person, but the maximum number was 14 decayed teeth
in private and 18 in public schools. The average number of missing teeth was also
significantly higher in public schools (0.14 +0.022) compared to private schools (0.04 £
0.015) (p= 0.006). The minimum number of missing teeth per person was 0 in both school
types and the maximum number was 3 and 5 in public and private schools, respectively.

The average number of filled teeth was similar in both school types.
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The average plaque index score for the overall sample was considered fair (1.04 +
0.018) registering no statistically significant difference between public (1.06 + 0.025) and

private schools (1.03 + 0.025) (Table 2)

D. DMFT and Plaque indices: bivariate associations with co-variates
The means of DMFT and plaque index were examined with the selected co-variates

adjusting for the clustering effects of the schools.

1- DMFT

a. Socio-demographic characteristics

The variables that were considered under the socio-demographic characteristics
included age, gender, number of children in the family, educational level of the parents and
monthly family income. All these variables were significantly associated with the DMFT
index. Age had a positive association with DMFT: the older the person, the higher the
DMFT (p= 0.001). The DMFT was also statistically significantly higher among females
(5.23 + 0.17) compared with males (4.49 + 0.16). The educational level of the informant
was negatively associated with the DMFT (p= 0.000). The average DMFT score was higher
(6.69) for adolescents whose parents reported a low (illiterate, primary or elementary)
educational level, and lower (3.84) for adolescents whose parents had a high (college/
university) educational level. A similar trend was observed for the monthly family income,

whereby a lower DMFT was associated with a higher monthly income (p=0.001). (Table 3)
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b. Health status characteristics

The variables under health status characteristics included presence of chronic disease,
breathing mode, feeding mode and oral health perception. Of all variables in this section,
only two were significantly associated with DMFT: the first variable was the feeding mode
during the first 6 months of life (p= 0.000) whereby breastfeeding scored a higher DMFT
(5.23 £ 0.207) than bottle feeding (4.35 + 0.220). The second variable was the adolescent’s
oral health perception. When a bad oral health was perceived, the DMFT score was almost
double that of a good oral health perception (6.69 £ 0.40 and 3.83+ 0.19 respectively).

(Table 4)

c. Oral hygiene characteristics

In the oral hygiene section that comprised Fluoride intake, frequency of tooth
brushing and whether or not the adolescent had a previous dental consultation, none of the
variables was found to be significantly associated with DMFT. However, a borderline
significance was noted between Fluoride intake and DMFT (p= 0.06) with a higher DMFT
among those who did not have any fluoride intake other than the toothpaste (DMFT of 4.9

+ 0.28 and 4.09 + 0.14 respectively). (Table 5)

d. Nutritional habits

The variables in this section were the eating behavior (number of meals/ day) and the
frequency of soda, sugar and sweets intake. Two of these were statistically significantly
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associated with DMFT. The first variable was the frequency of soda intake (p= 0.005) and a
positive correlation indicating that the greater the frequency of intake, the higher the
DMFT. When the frequency of soda intake decreased from 4 to 7 times per week to
occasionally or never, the DMFT index decreased from 5.15 + 0.17 to 4.11+ 0.22. The
same trend was also observed for the second variable, the frequency of sweets consumption
(p= 0.024); the DMFT decreased with a lower consumption, reduced from 5.25 + 0.17 to
3.79 £ 0.40 when the consumption dropped from 4 to times per week to occasionally or

never. (Table 6)

e. Smoking exposure

Two variables were significantly associated with DMFT: maternal smoking during
pregnancy (p= 0.016) and parental smoking status (p= 0.05). The DMFT score was higher:
for adolescents whose mother smoked during pregnancy (5.54 + 0.35) compared to those
whose mother did not (4.71 £+ 0.13); when both parents smoked (5.3 + 0.20) compared to
when none did (4.31 + 0.24). The adolescent own smoking status was not statistically

significantly associated with the DMFT. (Table 7)

f. Orthodontic treatment

The average number of decayed teeth was the lowest among adolescents undergoing
orthodontic treatment (1.94 + 0.23) compared to those who had never had orthodontic
treatment (3.59 + 0.12) (p= 0.000). The average number of missing teeth was also

significantly associated with orthodontic treatment (p = 0.032) whereby a higher number
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of missing teeth was found among those who never had orthodontic treatment (0.10 +
0.13) compared to those who have or had orthodontic treatment (0.02 £ 0.30 and 0.02 +
0.42 respectively). The average number of filled teeth was found to be statistically
significantly higher among participants who underwent orthodontic treatment (2.82 *
0.32) and those who are currently undergoing orthodontic treatment (4.43 + 0.30)
compared to those who never had it (1.21 + 0.07) (p= 0.001). The average DMFT score
was statistically significantly higher among students with a past orthodontic treatment
(5.72 £ 0.42) compared with those with current orthodontic treatment (4.43 + 0.13) but not
statistically different when comparing participants with no orthodontic history to those

with past orthodontic history. (Table 13)

2. Plaque index

a. Socio-demographic characteristics

Only gender was significantly associated with the plaque index (p= 0.010) which was

higher among males than females (1.11 + 0.03 and 0.99 + 0.02 respectively). (Table 8)

b. Health status characteristics

The adolescent’s oral health perception was the only variable associated with plaque
index in this category (p = 0.007). The plaque index score was high (1.119 + 0.07) when
the oral health was perceived as bad and significantly lower (0.95 + 0.03) when the oral

health was perceived as good. (Table 9)
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C. Oral hygiene characteristics

The only variable statistically significantly associated with plaque index was the
frequency of tooth brushing (p= 0.000). The plaque index increased when the frequency of
tooth brushing decreased; the average plaque index was 0.98 + 0.02 among adolescents
who brushed their teeth 2 to 3 times/ day compared to 1.3 + 0.07 among those who rarely

brush their teeth. (Table 10)

d. Nutritional habits

Among the nutritional habits characteristics, only two were significantly associated
with plaque. Fast food consumption was positively associated with the plaque index (p =
0.009) whereby the average index increased from 0.98 + 0.03 to 1.04 + 0.02 when fast
food consumption increased from occasional/ never to 4 to 7 times per week. The same
trend was found with soda consumption (p = 0.001). The plague index increased from 0.93
+ 0.03 to 1.05 £ 0.02 when the frequency of soda intake increased in the same direction.

(Table 11)

e. Smoking exposure

None of the variables in this category was associated with plaque index. (Table 12)

f. Orthodontic treatment

Plaque index was higher among students undergoing orthodontic treatment (p=

0.004) compared with students who never had orthodontics or had it in the past. The
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average plaque index among participants with orthodontic appliance was 1.19 = 0.05
compared with 1.03 = 0.02 among those who did never had orthodontic treatment and 0.99

+ 0.05 among those with a past orthodontic treatment. (Table 13)

E. Characteristics of adolescents in public and private schools

The variables that were significantly associated with the DMFT and/ or the plaque
indices were compared between public and private schools adjusting for the clustering

effects of schools.

1- Socio-demographic characteristics

All socio-demographic variables were significantly different between public and
private schools except for gender (p= 0.504). The mean age was statistically significantly
higher in public (15.3 +£0.078) compared with private schools (14.10+0.068) (p= 0.009).
Furthermore, families whose adolescents” were in public schools had a higher number of
children compared to families in private schools (p= 0.000). Educational level of the
parents was also found to be statistically different (p=0.000) with a greater percentage of
illiterate parents and parents who had reached primary or elementary classes in public
(13.49 %) compared to private (1.92 %). On the opposite, the percentage of parents who
reached university was much higher in private schools (64.66 %) compared to public
schools (17.46 %). Finally, the monthly family income showed significant differences

(p=0.000) between the two groups with 83.56 % of the parents in private schools having a
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monthly income greater than or equal to 1.000.000 LL compared to only 40.58 % in public

schools. (Table 14)

2- Health status characteristics

The percentage of adolescents with chronic disease was low and not significantly
different (p= 0.922) between public (7.71%) and private schools (7.43%). Similarly the
breathing pattern was comparable among the two groups (p= 0.880). Feeding mode during
the 1% 6 months of the child’s life was significantly different between the 2 groups (p=
0.000) with a higher percentage of breastfeeding in public schools (46.76 %) compared
with private schools (28.54%). Oral health perception was also statistically significantly
different by school type with 41.75 % of the students perceiving their oral health to be good
in private schools compared with only 27.82 % in public schools. Meanwhile, only 8.25 %
showed bad oral health perception in private versus 15.22 % in public (p= 0.000). (Table

15)

3- Oral hygiene characteristics

Both frequency of tooth brushing and fluoride intake were statistically significantly
different between school types. For the frequency of tooth brushing, we noticed that only
3.63 % rarely brushed their teeth in private compared to 10.91 % in public schools.
Furthermore, about 51.02 % of participants brushed their teeth between 2 to 3 times/ day in
private schools compared with 42.64 % in public schools. Fluoride intake was significantly

higher in private (27.07%) compared to public (14.07%) schools (p = 0.033). (Table 16)
40



4- Nutritional habits

Only the frequency of Soda intake was statistically different by school type (p=
0.000). The percentage of participants who occasionally or never drank soda in private
schools was almost the double of that in public schools (36.54% in private compared to
17.41% in public schools). Moreover, 54.05% of school children in public schools drank

soda from 4 to 7 times/ week compared to 42.07% in private schools. (Table 17)

5- Smoking exposure

All the 3 variables of smoking exposure were significantly different between public
and private schools. There was a higher percentage of maternal smoking during pregnancy
among adolescents in public (17.49%) compared with adolescents private schools (6.51%)
(p= 0.000). Adolescents’ smoking status was also significantly different between the two
groups (p= 0.000). The percentage of adolescents who never smoked in public schools was
59.73 whereas it was 79.56 in private schools. The most significant difference between the
2 groups was for Narguile smoking with 23.47% of students in public and 9.49% of
students in private schools. Parents smoking status was also significantly different between
the 2 groups (p= 0.001). The percentage of having none of the parents smoking in private

schools (35.5%) was almost double of that in public schools (19.14%). (Table 18)
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F. Multivariable analysis

The multivariable analysis consisted of multiple linear regression of the 2 main
outcomes, DMFT and plaque indices, both considered as continuous variables. All
variables that had a p-value equal or less than 0.1 in the bivariate analysis were included in
the multiple linear regressions. The choice of a p value of 0.1 and below for a variable to be

included in the multiple regression analysis was to be conservative.

1. DMFT

Out of all the variables evaluated, fourteen had a p-value equal or less than 0.1 at the
bivariate analysis level and were included in the regression analysis. However, including
too many variables in the multiple regression analysis while accounting for clustering
effect, such as in this case, affects the goodness of fit of the model (overall significance).
Therefore, several models were checked in order to come up with the most parsimonious
one.

The final model included the following variables: age and gender of the adolescent,
the number of children in the family, the parental educational level, the monthly family
income, the orthodontic history of the adolescent, oral health perception, frequency of
sweets intake and maternal smoking. The overall model significance was high (p= 0.000)
and the variables included explained 24% of the variability in the DMFT.

Among the socio-demographic variables, a significantly higher DMFT was
associated with age, being a female, large number of children/ family, lower monthly
family income and lower parental educational level. In this context, DMFT increased by

0.447 units on average with every one unit increase in age (p=0.001). Furthermore, females
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had a higher DMFT increasig by 0.658 units on average when going from males to females
(p= 0.037). Moreover, the DMFT increased by 0.963 units on average when comparing
adolescents in families with 3 children or less to those in families with more than 3 children
(p=0.011). As for the parental educational level, our results suggested that going from low
to high parental educational level decreased the DMFT index by 0.697 units on average (p=
0.031). The same trend is also observed with the monthly family income; the DMFT index
decreased by 1.405 units when comparing families with a monthly income of less than 3
000 000 LL to families earning more than this amount.

Orthodontic history was also associated with DMFT (p= 0.006) whereby a higher
DMFT was associated with participants who had previous orthodontic treatment compared
to the participants who never had.

Oral health perception was associated with DMFT particularly when comparing
adolescents who perceive their oral health as bad compared to those who perceive their oral
health as good (p= 0.005).

Among the nutritional habits and smoking exposure characteristics, neither the
frequency of sweets consumption or maternal smoking during pregnancy reached statistical

significance in the multiple regression model. (Table 19)

2. Plaque index
The variables that had a p-value equal or less than 0.1 were included in the multiple
regression model. Those variables were: Gender, oral health perception, fluoride intake,

frequency of teeth brushing, frequency of soda and fast food consumption and orthodontic
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history. The overall model significance was high (p= 0.000) and the variables included
explained 10% of the variability in the plaque index.

A higher plaque index was associated with being a male, having currently an
orthodontic treatment, bad oral health perception, reduced frequency of tooth brushing and
an excessive soda intake.

In this context, the average plaque index decreased by 0.08 units on average when
going from males to females (p= 0.05), increased by 0.251 units when comparing
adolescents who never had orthodontics to those undergoing orthodontic treatment (p=
0.000). Moreover, the better the oral health perception the lower the plaque index (with a p
value of 0.023 when comparing bad to good oral health perception). Similarly, the plaque
index dropped significantly when the frequency of teeth brushing increased. The plaque
index decreased by 0.272 and 0.355 on average when comparing rare/ occasional teeth
brushing to < once/ day and 2-3 times/ day respectively. Last of all, an increased frequency

of soda intake was associated with an increased plaque index. (Table 20)
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CHAPTER V
DISCUSSION

A. Summary And Discussion Of Major Findings

This is a cross-sectional study, based on a sample of 12 to 18 year-old school
children, from different social backgrounds, assessing the prevalence of dental decays and
oral hygiene status of adolescents using the DMFT and plaque indices and comparing
private to public schools in the greater Beirut area. This study is the first in Lebanon to
investigate the association of DMFT and plaque indices with a range of correlates
encompassing the child, family and community influences, in order to identify potential

risk factors affecting oral health.

1. Burden of dental caries and dental plaque

Our results revealed that the burden of dental caries in Lebanon in both public and
private schools remains high and does not yet meet the goal of the World Health
Organization for the year 2000 of having a maximum DMFT score of 3 among 12 year-old
children (World Dental Federation, 1982). However, our results revealed that the situation
is more alarming in public schools whereby the average DMFT is high (5.83 = 0.17),
compared to a moderate DMFT score (4.03 £ 0.15) in private schools. If the mean DMFT
for each school is considered separately, we can note a wide variation within private
schools with averages of DMFT score ranging from 2.75 to 5.73 while a narrower range of
DMFT scores exist in public schools (minimum of 5.42 and maximum of 7.05). Further
exploration of DMFT averages for each school revealed that in two private schools the
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DMFT scores were 5.73 and 5.62, higher than the mean DMFT for the whole group of
private schools that is 4.08 and very similar to the average DMFT for public schools that is
5.83.

The high DMFT score reflects the large number of untreated decays among the vast
majority of adolescents with 90% of participants in public schools and 66.8% of
adolescents in private schools suffering from untreated cavities.

The burden of dental caries in Lebanon is much higher than that in developed
countries which exhibit a better control over oral diseases by offering both preventive and
curative services to patients (FDI, 2014) and as a result of efficient public health measures
such as fluoridation and improving awareness on self-care practices (Petersen et al, 2005).
For instance, based on the NHANES data on oral health in the United States, the average
DMFT score for ages 12 to 15 and 16 to 19 were 1.78 and 3.31 respectively (NHANES,
2004). However, reports of the NHANES also showed disparities within the American
population with Hispanic adolescents and those living in families with lower income having
a higher prevalence of decays, more untreated decays and more severe permanent teeth
decays (NHANES, 2004). This means that poor and disadvantaged populations have not yet
benefitted from these advances in oral health care and widespread inequalities still persist
both within and between countries (World Dental Federation, 2014).

Furthermore, the average DMFT in Lebanon is much higher than the average DMFT
for the Eastern- Mediterranean region (WHO, 2011). If we compare the average DMFT

reported in Lebanon to the data from neighboring countries, we can note that the only
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country to have a DMFT higher than that of Lebanon is Saudi Arabia (DMFT estimated to
be 5.9 in 2002, WHO 2014).

At the local level, the study of Moukarzel et al (2012) reported a high prevalence of
dental caries, among 6 to 11 years old children with wide disparities between public and
private schools for the DMFT score being almost the double in public schools (7.30£3.98)
compared with private schools (3.50+£3.41). Their results are in line with our findings with
regard to the high incidence of dental caries and the disparities based on school type (5.83
+0.17 in PBS, 4.08 + 0.15 in PVS). It may be argued that the DMFT scores of the two
studies are not comparable given that the previous study assessed the total mouth disease
taking into account the primary and permanent teeth whereas in our study the permanent
teeth were assessed exclusively. However, the scores reflected dental health, and as such,
the trend holds in terms of greater DMFT scores in the public schools.

For the adolescent age group, when comparing our results to the data previously
available in Lebanon, we notice that there are differences in DMFT scores. For instance,
Doughan et al in 2002 reported DMFT scores of 5.72 and 8.09 among 12 and 15 years old
adolescents. However, our data revealed an average DMFT score of 3.6 at age 12 and 5.05
at age 15, probably indicating differences inherent to the studies, nevertheless indicating an
obvious developmental occurrence: a lower rate of disease at age 12 years, when more
disease-free freshly erupted permanent teeth are examined. Regarding comparisons
between our study and that of Doughan et al, differences may be attributed to the selected
samples and possible variation in applying the DMFT. The study of Doughan et al,

included adolescents from the 6 districts of Lebanon whereas our study focused on the
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Greater Beirut area. Furthermore, the 12-year gap between the 2 studies with the apparent
decrease of DMFT among Lebanese adolescents in our study may reflect improved oral
health care practices and lower exposure to risk factors. Additional research is needed to
explore this assumption.

Despite this apparent decrease, the DMFT score in Lebanon remains high and the
association of DMFT with income and education sheds the light on the existing disparities
and inequities in terms of preventive and curative oral care among Lebanese adolescents
from different social background and financial capabilities.

For comparative purposes, we display in Figure 5 bar graph representing the DMFT
averages for Lebanon at ages 12 and 15 as determined in our study, in the study of
Doughan et al in 2002, the NHANES DMFT scores at ages 12 to 15 and 16 to 19 for the
year 2004, the average DMFT for the EMRO region and KSA as reported by the WHO in

2014.
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Figure 5: Bar graph comparing the DMFT scores revealed in this study with other available
data

The plaque index was measured by assessing the presence and abundance of plaque
on four surfaces of six teeth. In some cases, it was not possible to measure plaque on all the
6 teeth because some of them were missing, not yet erupted or have an orthodontic band
covering its surfaces. In 5.3% of the cases measurements were performed on 4 teeth instead
of 6 and in 9% of the cases measurements were recorded on 5 teeth instead of 6.

The average score for the overall sample was 1.04 = 0.018 with no significant
differences between public and private schools, in contrast to the findings of Moukarzel et
al in 2012 who reported a significant difference between the 2 school types and higher

plaque index averages (1.35 and 1.2 in public and private schools, respectively). However,
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in both studies and for both types of schools the average plaque index is considered fair
(within the range of 1 to 1.9), reflecting the insufficient oral hygiene practices of the
adolescents that would put them at a higher risk of developing gingivitis, and eventually
periodontal diseases considered the leading cause for tooth loss (World Dental Federation,

2014).

2. Factors associated with dental decays and dental plaque

The multivariable analysis allowed us to assess the variables that were associated
with DMFT and plaque indices. Several socio-demographic factors appeared to be
significantly associated with DMFT: the DMFT index increases with age; this finding is
confirmed in previous studies (Doughan et al, 2002; NHANES 2004). In line with the
literature, a higher DMFT is found among female adolescents (Ferraro et al, 2010, Lukacs
et al, 2006). Moreover, the variables used to assess the socio-economic background of the
adolescent were the monthly family income, the parental education and the number of
children in the family; all three indicators were significantly associated with DMFT. In this
context, a high DMFT is associated with adolescent in families that have more than 3
children, having a monthly family income that is below 3 000 000 LL and having a low
parental educational level. The association of DMFT and SES has been thoroughly
investigated in the literature and the evidence suggest a strong association between a low
SES and a high DMFT score particularly a high prevalence of untreated decays (Donald et
al, 2014; Richardson, 2011).

Orthodontic history was also associated with a higher DMFT only when comparing
those who never had orthodontics to those who had it in the past. This increase can be due
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to the inadequate oral hygiene practices during orthodontic treatment that might have led to
more cavities or to the initial malocclusion and dental crowding that favored more decays
formation among these adolescents prior to orthodontic treatment. However further
research is needed to explore this association.

The last variable found to be associated with the DMFT at the multivariable analysis
level was the adolescent’s oral health perception; participants who perceive their oral health
to be bad had significantly a higher DMFT compared to those who perceive their oral
health as good. Adolescents are aware of their dental related problems and therefore they
are able to identify their needs. Despite that, a large proportion of adolescents still have
untreated dental decays, particularly in low income families. This is attributed to the social
and financial obstacles hindering the adolescents but more importantly their parents from
utilizing oral health care services.

At the multivariable level, the school type did not remain significantly associated
with the DMFT because school type is only a proxy indicator of the SES expressed in our
model by the income, educational level of the parents and the number of children in the
family. However, when the DMFT was modeled with only school type and adolescent oral
health perception, school type remained a significant predictor of DMFT; adolescents
attending public schools had higher DMFT scores than adolescents attending private
schools (p-value: 0.046; Appendix IV). In light of the conceptual framework of the
determinants of oral health, it may be argued that factors residing within the public/ private
school experience, beyond simply parental income and education can also contribute to

dental caries (i.e.: parental and adolescent awareness, peer influence). The assumption on
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perception of oral health would entail that a poor child (more likely attending a public
school) would not be exposed to oral health as much of a priority as a child from the
highest income group (> 3,000000LL; probably attending a private school) who is more

often reminded of the importance and daily practice of oral hygiene.

Regarding the plaque index, none of the socio-demographic variables was found to
be significantly associated with plaque formation, except for gender, whereby more plaque
was found among males. This finding is in agreement with previous studies (Villalobos-
Rodelo et al, 2007; Gopinath et al, 2015) whereby female participants had better scores.
The association between gender and dental plague remained significant even after adjusting
for the frequency of tooth brushing. This might be due to the lack of rigorous tooth
brushing among males. In our study, we only asked about the frequency of tooth brushing
and this may not necessarily translate into thoroughness.

A significant plaque accumulation was also associated with orthodontic treatment
whereby adolescents undergoing orthodontics have higher rates of dental plaque compared
to those who never had orthodontics and this is due to the increased plaque retention
occurring in the presence of fixed orthodontic appliances. This finding is in line with the
results reported by Ristic et al, who reported, among a sample of 32 adolescents enrolled in
a longitudinal prospective study, an increase in the plaque index reaching its highest levels
three months after treatment initiation with fixed appliances (Ristic et al, 2007).

Adolescent’s oral health perception was also found significantly associated with
plague when comparing bad to good oral health perception with a higher average plaque
index among adolescents perceiving their oral health as bad.

52



Furthermore, the frequency of teeth brushing was strongly associated with plaque
accumulation. The universally accepted recommendation for maintaining good dental and
periodontal health is twice-a-day tooth brushing frequency (Loe et al, 2000). Individuals
who brush less than twice/ day are not able to remove dental plaque and will have high
plaque index scores (Villalobos-Rodelo et al, 2007).

Among nutritional habits, the frequency of Soda intake was significantly associated
with dental plaque; this finding is also reported in the Literature (Villalobos-Rodelo et al,
2007). The harmfulness of Soda intake does not reside only in its sugary content, but also in
its acidic composition that causes a drop in the PH of the mouth and increases the incidence

of dental erosion and dental cavities (Jawale et al, 2012).

B. Strengths of the study

This study is the first update on oral health among adolescents in Lebanon since the
last decade and the only study to investigate the association of DMFT and plaque indices
with several factors at the child (oral hygiene practices, dietary intake), family (Income,
education, smoking...) and community levels (school type, access to preventive care...).
The association of oral health and certain variables (such as smoking of both cigarettes and
Narguile) has not been investigated before in the Lebanese population.

Prior to data collection, calibration was performed and high levels of reliability and
validity were obtained.

The study was carried out on a relatively large sample size (830 adolescents) and

was characterized by the rigorous clinical examination that is similar to the examination
protocol adopted by the National Health And Nutrition Examination Survey (NHANES).
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The response rate at the adolescent level was high: among adolescents whose parents
consented on participating in the study, less than 5% of students in both public and private
schools refused to participate in the study.

Moreover, the information regarding the adolescent’s characteristics, habits and
social background were collected via adolescent and parent self-administered
questionnaires. The adolescents’ questionnaire included questions better answered by the
adolescent himself (such as teeth brushing frequency and dietary intake) while the parents’
questionnaire inquired about information better defined by the parents.

Lastly, the strength of this study also figured in the statistical analysis that was all
performed accounting for clustering effect of schools at all levels and therefore becoming

more conservative while making inferences.

C. Limitations of the study

This is a cross-sectional study; therefore, causal relationships between the dependent
variables (DMFT and plaque indices) and the independent variables could not be drawn.
Furthermore, the study was not conducted on a national scale and consequently, we should
be careful in generalizing our results and conclusions.

Moreover, the private schools present in our sample do not represent the very high
socio-economic status and the majority of schools have students with middle socio-
economic background. This misrepresentation is due to the refusal of private schools that
represent higher living standards to participate in our study. This might have altered some
of our findings and allowed the detection of larger differences between the two school types
and more associations with social background and lifestyle. Besides, if we compare
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participants who were examined to those whose parents agreed on filling the parents’
questionnaires only, we notice that families with a fewer number of children (less than 3),
who have a high monthly family income (> 3 000 000 LL) and who have a high educational
level (college/ university) are less likely to allow their children to be examined, most of
them claiming that they have their own dentist.

An additional limitation in the study is the self-administered questionnaires. Recall
bias might have occurred for questions requiring the memory of the parents and reporting
bias such as misreporting, under or over reporting might have also figured.

Despite the use of DMFT and plaque indices to assess oral health in epidemiological
studies is well-established in the literature. Despite that, these indices represent some
challenging limitations. The DMFT scores do not provide any estimation for treatment
needs and gives equal weight to missing, untreated decay or well-restored teeth and do not
take into account dental sealants. Also, differentiation between missing teeth may not be
accurate because of possible delayed eruption (no x-rays to discern), congenitally missing,
extracted due to trauma or for orthodontic treatment. It would be difficult how much these
factors might weigh on the accuracy of the final score. Judicious research should be
invested in this perspective, either reinforcing the use of the same score or perhaps
prompting its modification or even replacement.

The Loe and Silness plaque index scores have a narrow range, extending from 0 to 3.
In our comparisons, we detected statistically significant difference between groups that may
not necessarily imply a clinically significant difference. Furthermore, the plaque index

score might be affected by the timing of the clinical examination; students who brush their
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teeth after breakfast and are examined before recess may show less plague on their teeth;

students examined directly after recess may have eaten during their recess.
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CHAPTER VI
CONCLUSION AND RECOMMENDATIONS

A. Conclusion

This cross-sectional study aimed at assessing and comparing the DMFT and plaque
indices among Lebanese adolescents in public and private schools and investigating the
socio-demographic and behavioral factors associated with oral health. This study showed
that the burden of dental caries among adolescents is high in Lebanon compared to
developed countries and to the majority of the countries of the Eastern Mediterranean
region. Furthermore, it shed the light on the existing social and economic disparities in
DMFT scores among the Lebanese population. A larger proportion of adolescents in public
schools have a lower socio-economic background, particularly a lower monthly family
income, lower parental educational level and a larger number of children per family. These
adolescents are therefore exposed to more risk factors because of their low SES (less tooth
brushing frequency, more soda intake, Narguile smoking and increased exposure to second
hand smoke) and at the same time they lack access to care. These factors can lead to a
vicious cycle that reinforces social disparities, where disadvantaged populations have a
higher risk of being affected by disease and less capability to receive proper care.

Based on our results, the factors that were associated with the DMFT were at the
family level (number of children in the family, educational level of the parents, family

income) and at the child level (age, gender, orthodontic history and oral health perception).
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Our results revealed that the factors associated with plaque index were all at the
child’s level (gender, orthodontic history, oral health perception, frequency of tooth
brushing and soda intake). However, in the current study, many associated factors have not
been investigated and some associations may have not been revealed due to the study
design and sample selection. More research is needed to explore other factors influencing
oral health, particularly those at the community level in order to assess better the oral health

status and address the burden of oral diseases more appropriately.

B. Recommendations

Oral health is a basic human right, inseparable from general health and well-being
(World Dental Federation, 2014). Reducing the burden of oral disease, particularly among
disadvantaged populations in Lebanon, remains an essential and urgent need. It can be
achieved through intersectoral collaborative efforts providing every person with his right of
having a good oral health at the individual level and reducing the inequalities existing
among individuals from different social backgrounds at the community level.

Lebanon is among the countries that have the highest number of dentists worldwide:
14.7 dentistry personnel per 10 000 population (World Health Statistics, 2014). However,
the high number of dentists apparently does not translate into a reduction in treatment
needs. Lebanese people still suffer from several untreated cavities because, in most of the
cases, the cost of dental treatment exceeds their financial capabilities, particularly in the
absence of universal public and private dental insurance. This finding emphasizes the need

to establish a third party coverage that will improve the individuals’ access to care and
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provide the needed dental services with affordable prices. In the meantime, given that
curative approaches are not available to address the burden of oral diseases in countries
with limited financial resources like Lebanon, the optimal immediate coverage for oral

diseases resides in prevention.

1. Short term recommendations

In order to better control and prevent oral diseases, several measures should be taken
not only at the national level but also at the community, the family and at the individual’s
level.

Fluoride dietary supplements and water fluoridation are the most cost effective
measures done at the national level in order to prevent dental decays; it was found that in
communities with more than 20,000 residents, every $1 invested in community water
fluoridation yields about $38 in savings each year from fewer cavities treated (Centers for
disease control and prevention, 2011). Furthermore, an Australian study, based on data
from the national surveillance survey on children aged 5 to 15, found that Australian
children living in areas with > 0.7 ppm fluoride in the water have significantly lower caries
experience and caries prevalence than their same-aged counterparts residing in areas with
no or minimal concentrations of fluoride in the water (Armfield, 2010). In Lebanon, a
consensus on Fluoridation is not yet established. Water fluoridation is difficult to control
given the multiplicity of sources for drinking water, however, salt fluoridation seems to be
an appropriate alternative for Lebanon especially after the recent success of salt iodization
(Doumit et al, 2000).
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In this context, the Ministry of Education and Higher education had started recently a
project to deliver fluoride mouth rinses at public schools, one morning/ week for primary
schoolchildren. This is a recent initiative therefore its characteristics and benefits cannot be
assessed at present.

Another safe and effective way to prevent cavities is through the use of dental
sealants that are plastic coatings applied to the chewing surfaces of the posterior teeth,
where most decays occur (Centers for disease control and prevention, 2011). However,
since at the national level such measure is not practically feasible, non-governmental
organizations (NGOs) should play a role in incorporating dental sealants into schools and in
primary care centers for affordable prices. Ajialouna, a Lebanese NGO, had been providing
dental sealant services in several public schools in Beirut, however, more community
efforts are needed to expand the application of this preventive measure and make it more
available and affordable.

Moreover, collaboration between the ministries (ministry of education and higher
education and the ministry of health), the Lebanese Dental Association and the non-
governmental organization is needed to establish awareness campaigns targeting both
parents and children. Reaching the parents and the adolescents is possible through the
various means of communication such as TV campaigns and social media blogs particularly
targeting the young generation. At the school level, several measures are also needed; many
schools do not have a dentist: out of the 9 private schools included in our study, only two
had an annual dental visit, as for the public schools they all have a dental visit until the 9™

grade.
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At the same time, based on our results, we can note that a large proportion of
adolescents have several untreated decays, even in the schools that have an annual dental
check-up visit. Hence it is essential for every school to have a dentist that examines all
students without exception. Moreover, the school should ensure the delivery of the referral
paper written by the dentist to the parents indicating the urgency of the treatment need in
each case and informing parents about accessible and affordable centers of care (if
available).

Educational sessions on oral health should be established in all schools especially for
young children, because they are at a receptive age that will allow them to develop lifelong
healthy behaviors. Several sessions on oral health are available in public schools, they are
not part of the academic curriculum but each school is supposed to deliver oral and general
health related information to the students during the extra- curricular hours based on the
recommendation of the Ministry of Education and Higher Education (MEHE). In this
context, the Ministry should follow up thoroughly on this subject and make sure the right
information is delivered to all students appropriately. Moreover, the same educational
sessions or similar ones should also be available in private schools; this will help spreading
oral health related education to a larger population and reduces the inequalities between
students from different school types.

Furthermore, dietary intake at schools plays an important role in caries development.
The MEHE had indicated a list of food and beverages prohibited in public schools (mainly
soda, potato chips and high sugar content food). It is essential for these regulations to be

applied, not only in public but also in private schools.
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In addition, at the family and at the adolescent levels, the focus should also be on the
importance of prevention and early detection of cavities. This requires a thorough parental
follow up on the dietary habits and oral hygiene measures of their children in addition to
their commitment to regular dental visits (for cleaning, professional application of Fluoride,
sealants, restorations...). Unfortunately, many of the parents are unable to do that, not
necessarily because they are unaware of their children’s need but because of their limited
financial resources impeding them from having access to dental services.

Good oral health requires, in addition to all the aforementioned measures, a high
sense of responsibility from the part of the adolescent who should be well- informed and
convinced of the importance of adequate self-care practices and who should consciously

adopt a healthy lifestyle in order to preserve his oral and overall well-being.

2. Long term recommendations

Currently, dental treatment is covered by some private insurance companies and by
the governmental health systems. However, these insurance packages do not cover the
preventive measures, such as regular professional cleaning and dental sealants applications.
In order to implement such novel procedures, further studies are needed to weigh their cost-
effectiveness.

Prospective interventional studies and longitudinal studies are needed to reveal new
associations between some variables and dental diseases. Lastly, studies at a national level,
covering all the geographic areas, including schools with a higher SES, investigating the
prevalence of other oral diseases are needed. The findings of such studies may shed the
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light on the real magnitude of socio-economic disparities existing among the Lebanese

population.

3. Recommendations for future research

For future studies, we recommend that appointments with schools, particularly
private, should be arranged at the beginning of the school year. Hence, the examination of
the participants can be set at the same date of the annual visit of the school’s dentist (if
present). This will encourage more private schools to participate and will probably increase

the response rate of the parents.
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Table 1: Percent distribution of examined and non-examined adolescents by socio-

Tables

demographic characteristics (according to parental then child consents)

Examined Non-examined P-
n=830 (87.55%) n=118 (12.44%) | Value

égg of the adolescent (mean + 14.71 +0.06 14.58 + 0.15 0.738
Gender of | Males 355 (42.77%) 52 (44.07)
the 0.852
adolescent Females 475 (57.23%) 66 (55.93)
Number of | <3 543 (69.44%) 90 (83.33%)
children in 0.001
the family | >3 239 (30.56%) 18 (16.67%)
family < 999 999 265 (37.32 %) 20 (20.41%)
Income | 5200 909-3 000 207 (41.83%) 32 (32.65%) 0.002
(LL) >3 000 000 148 (20.85%) 46 (46.94%)
Education | LOW
?f (Iiterate Primary- 59 (7.43%) 8 (7.02%)
informant | Elementary)

Average 0.000

(Secondary- 400 (50.38%) 32 (28.07%)

Intermediate)

High (College / 335 (42.19%) 74 (64.91%)

university)
School Public 393 (90.55%) 41 (9.45%)
type Private 437 (85.02) 77 (14.98%) 0.010
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Table 2: Percent distribution of students aged 12-18 by DMFT and plaque indices and type

of school adjusting for the clustering effects of the schools

Dental School type
Health

Public (N=392) Private (N=437)

Mean+SD Min Max Mean+SD Min Max | P-value

D 4.39 £0.153 0 18 2.41+0.127 0 14 0.012
M 0.14+0.022 0 3 0.04+0.015 0 5 0.006
F 1.31+0.106 0 17 1.68+0.105 0 13 0.159
DMFT 5.83+0.17 0 20 4.08+0.15 0 19 0.026

Average 1.06+0.025 0.08 533 1.03+0.025 0.12 566 | 0.770
Pl

Table 3: Association of socio-demographic characteristics and DMFT index adjusting for

the cluster effect of schools

Socio-demographic characteristics DMFT
N Mean SD P-value
Age 0.001
Gender Males 355 4.49 0,17
0.049

Females 474 5.23 0.16
Number of <3 542 4.476 0.14
children in 0.007
the family >3 239 5.928 0.22
Educational Low (illiterate- Primary- 59 6.69 0.44
level of the Elementary)
parents ) 0.000

Average (Intermediate- 399 5.46 0.17

Secondary)
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High (College-University) 335 3.84 0.18
< 999 999 264 5.72 0.24

Monthly 1 000 000- 3 000 000 297 5.09 0.19

family income 0.001
>3 000 000 148 2.99 0.25

Table 4: Association of health status characteristics and DMFT index adjusting for the

clustering effects of the schools

Health status DMFT
characteristics of child N Mean ) Pvalue
Presence of | Yes 60 5.3 0.43
chronic 0.301
Breathing Nose 280 5.03 0.203
mode
during Mouth 67 5.2 0.421 0.127
childhood | gy, 292 4.54 0.203
Feeding Breast feeding 291 5.23 0.207
mode (1% 6 _
months of Bottle feeding 188 4.35 0.22 0.000
life) Both 307 4.80 0.203
Oral health | Bad 93 6.69 0.40
perception
Average 428 521 0.16 0.000
Good 283 3.83 0.19
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Table 5: Association of oral hygiene characteristics and DMFT index adjusting for the

clustering effect of the schools

Oral Hygiene characteristics DMFT
N Mean SD P-value

Fluoride No 577 4.9 0.14

intake 0.060
Yes 155 4.09 0.28

Frequency of | Rarely 56 5.67 0.45

teeth

brushing <Once/day 381 491 0.17 0.312
2-3times/day 372 4.74 0.17

Previous No 57 4.38 0.46

dental 0.315

Table 6: Association of nutritional habits characteristics and DMFT index adjusting for the

clustering effect of the schools

Nutritional habits DMFT
characteristics
N Mean SD P-value

Eating 3meals/day 265 4.62 0.2

behavior
>3 meals/day 390 5.17 0.17 0.230
<3 meals/day 86 5.06 0.42

Frequency of | Occasionally/ 212 4.61 0.22

fast food never

consumption

P 1-3 times/week 402 5.01 0.17 0.109

4-7 times/week 186 49 0.24
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Frequency of | Occasionally/ 218 411 0.22

soda intake never
1-3 times/week 197 5.24 0.25 0.005
4-7 times/week 379 5.15 0.17

Frequency of | Occasionally/ 64 3.79 0.40

sweets never

consumption

P 1-3 times/week 318 468 0.18 0.024

4-7 times/week 417 5.25 0.17

Table 7: Association of smoking exposure and DMFT index adjusting for the clustering

effect of the schools

Smoking exposure DMFT
N Mean SD P-value

Maternal No 689 4.71 0.13
cigarette
smoking Yes 91 5.54 0.35 0.016
during
pregnancy
Adolescent None 550 4.65 0.14
smoking . 0.102
status Ever smoked_ (cigarettes 235 5.52 0.21

and or Narguile)
Parental No one smokes 215 4.31 0.24
smoking
status Father smokes 198 5 0.23

0.005
Mother smokes 103 4.66 0.32
Both smoke 259 5.3 0.204
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Table 8: Association of socio-demographic characteristics and plaque index adjusting for

the cluster effect of schools

Socio-demographic Plague index
characteristics
N Mean SD P-value
Age 0.971
Gender Males 355 1.11 0.03
0.010
Females 472 0.99 0.02
Number of |[<3 542 1.038 0.02
children in 0.336
the family >3 238 1.076 0.03
Educational | Low (illiterate- 59 1.22 0.09
level of the Primary-Elementary)
parents
Average (Intermediate- 398 1.07 0.02
Secondary) 0.159
High (College- 334 0.97 0.02
University)
Monthly < 999 999 264 1.12 0.04
family
income 1 000 000- 3 000 000 296 1.04 0.03 0.249
>3 000 000 148 0.93 0.04
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Table 9: Association of health status characteristics and plaque index adjusting for the

clustering effects of the schools

Health status characteristics Plague index

of child N Mean SD P-value

Presence of chronic | No 730 1.04 0.02

disease(s) 0.187
Yes 60 1.12 0.05

Breathing mode Nose 280 1.08 0.03

during childhood
Mouth 67 1.05 0.04 0.215
Both 291 1.02 0.03

Feeding mode (1% 6 | Breast 291 1.04 0.02

months of life) feeding
Bottle 187 1.04 0.03 0.976
feeding
Both 306 1.03 0.03

Oral health Bad 92 1.19 0.07

perception
Average 429 1.07 0.02 0.007
Good 281 0.95 0.03

Table 10: Association of oral hygiene characteristics and plaque index adjusting for the

clustering effect of the schools

Oral Hygiene Plague index
characteristics
N Mean SD P-value
Fluoride No 576 1.06 0.02
intake 0.071
Yes 154 0.95 0.03
Frequency of | Rarely/ never 57 1.306 0.079 0.000
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teeth <Once/day 378 1.073 0.025
brushing _
2-3times/day 372 0.984 0.026
Previous No 57 1.01 0.05
dental 0.540

Table 11: Association of nutritional habits characteristics and plaque index adjusting for

the clustering effect of the schools

Nutritional habits Plaque index

characteristics N Mean ) Pvalue

Eating 3meals/day 264 1.02 0.03

behavior
>3 meals/day 391 1.07 0.03 0.218
<3 meals/day 85 1.07 0.04

Frequency Occasionally/ never 213 0.98 0.03

of fast food )

consumption | 1-3 times/week 399 1.08 0.02 0.009
4-7 times/week 186 1.04 0.02

Frequency Occasionally/ never 218 0.93 0.03

of soda ]

intake 1-3 times/week 196 1.15 0.04 0.001
4-7 times/week 378 1.05 0.02

Frequency | Occasionally/ never 64 0.95 0.05

of sweets )
4-7 times/week 415 1.08 0.02
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Table 12: Association of smoking exposure and plaque index adjusting for the clustering

effect of the schools

Smoking exposure Plaque index
N Mean SD P-value
Maternal No 688 1.09 0.05
cigarette
smoking during | Yes 90 1.04 0.02 | 0326
pregnancy
Adolescent Never 549 1.03 0.02
smoking status 0.263
Ever smoked 234 1.08 0.04
Parental No one smokes 215 1.05 0.03
smoking status
Father smokes 198 1.02 0.04
0.554
Mother smokes 103 1.05 0.06
Both smoke 257 1.07 0.03

Table 13: Percent distribution of students aged 12-18 by DMFT index, plaque index and
Orthodontic treatment adjusting for the clustering effect of the schools

Dental Orthodontic treatment
Health Never Current Past
n=652, (78.83%) | n=91 (11%) n=84 (10.15%)

Mean + SD Mean + SD Mean + SD P-value
D 3.59+0.12 1.94+0.23 2.95+0.28 0.000
M 0.10+0.01 0.02+0.01 0.02+0.01 0.032
F 1.21+0.07 2.47+0.22 2.82+0.32 0.001
DMFT 4.87 +0.13 4.43+0.30 5.72+0.42 0.018
Average Pl 1.03+0.02 1.1940.05 0.99+0.05 0.004
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Table 14: Percent distribution of students aged 12-18 by socio-demographic characteristics

and type of school adjusting for the clustering effect of the schools

School type
Socio-demographic —— - — )
characteristics Public n=393 Private n=437 P-value
(47.34%) (52.65%0)
Age (mean + SD) 15.3 £0.078 14.10+0.068 0.009
Gender Males 142 (36.13%) 213 (48.74%)
0.504
Females 251 (63.87%) 224 (51.26%)
Nf“mber <3 226 (59.79%) 317 (78.47%)
0
children 0.000
in the >3 152 (40.21%) 87 (21.53%)
family
Family < 999 999 205 (59.42%) 60 (16.44%)
income
(LL) Loy 0003000 133 (38.55%) 164 (44.93%) 0.000
>3 000 000 7 (2.03%) 141 (38.63%)
Education .
of Low (Illiterate > 51 (13.49%) 8 (1.92%)
. Elementary)
informant
Average 0.000
(Secondary- 261 (69.05%) 139 (33.41%)

Intermediate)

High (College /
university)

66 (17.46%)

269 (64.66%)
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Table 15: Percent distribution of students aged 12-18 by health status characteristics and

type of school adjusting for the clustering effect of the schools

Health status
characteristics of the

adolescent

School type

Public n=393

Private n=437

(47.34%) (52.65%)
Frequency % Frequency % P-
value
Presence No 347 92.29 386 92.57
of chronic 0.922
disease(s) Yes 29 7.71 31 7.43
Breathing | Nose 125 42.66 156 44.96
mode
during Mouth 31 10.58 36 10.37 | 0.880
childhood | 5, 137 46.76 155 44.67
Feeding Breast feeding 173 46.76 119 28.54
mode (1% _
6 months) Bottle feeding 81 21.89 107 25.66 | 0.000
Both 116 31.35 191 45.8
Oral Bad 58 15.22 35 8.25
health
perception | Average 217 56.96 212 50.00 | 0.000
Good 106 27.82 177 41.75
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Table 16: Percent distribution of students aged 12-18 by oral hygiene characteristics and

type of school adjusting for the clustering effect of the schools

Oral Hygiene School type
characteristics Public n=393 Private n=437
(47.34%) (52.65%)
Frequency % Frequency % P-
value
Frequency | Rarely/ never 43 10.91 16 3.63
of teeth
brushing | <Once/ day 183 46.45 200 45.35 | 0.000
2-3times/day 168 42.64 225 51.02
Fluoride No 287 85.93 291 72.93
intake 0.033
Yes 47 14.07 108 27.07

Table 17: Percent distribution of students aged 12-18 by nutritional habits characteristics

and type of school adjusting for the clustering effect of the schools

Nutritional habits School type
characteristics Public n=393 Private n=437
(47.34%) (52.65%)
Frequency | % Frequency % P-value

Eating 3 meals/day 124 34.16 141 37.2
behavior

>3 meals/ day 195 53.72 196 51.72 | 0.313

<3meals/day 44 12.12 42 11.08
Frequency Occasionally/never 91 24.07 122 28.84
of fast food )

4 to 7 times/week 97 25.66 89 21.04
Frequency Occasionally/never 66 17.41 152 36.54 | 0.000
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of soda 1-3 times/week 108 28.5 89 21.39
Intake
4-7 times/week 205 54.09 175 42.07
Frequency Occasionally/never 28 7.33 36 8.61
of sweets )
consumption 1-3 times/week 150 39.27 169 40.43 0.721
4-7 times/week 204 53.40 213 50.96

Table 18: Percent distribution of students aged 12-18 by smoking exposure and type of

school adjusting for the clustering effect of the schools

Smoking exposure School type
Public n=393 Private n=437
(47.34%) (52.65%)
Frequency % Frequency % P-value
Maternal No 302 82.51 388 93.49
cigarette
smoking Yes 64 17.49 27 6.51 0.000
during
pregnancy
Adolescent | None 224 59.73 327 79.56
smoking )
status Cigarettes 14 3.73 16 3.89
0.000

Narguile 88 23.47 39 9.49

Both 49 13.07 29 7.06
Parental No one 71 19.14 144 35.56
smoking smokes
status

Father 106 28.57 93 22.96

smokes 0.001

Mother 59 15.90 44 10.86

smokes

Both smoke 135 36.39 124 30.62
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Table 19: Multiple regression analysis showing associations between DMFT and other

variables adjusting for clustering effect of the schools

DMFT Coef. Std. Err. | P-value | 95% CI
Age of * [0.235;
adolescent 0.443 0.097 0.000 0.652]
[0.015;
Gender (Male) Female 0.597 0.271 0.045* 1.178]
Number of .
children in >3 0963 | 0329 | 0011* [10627507]
family (<3) '
Educational | Average (secondary/ [-0.959;
level of the intermediate) 0315 0.300 0.310 0.327]
parents
(Low: illiterate | 19N (LIJI”'V”S“V/ 0687 | 0287 | 0031 ['(1)'8’%; -
- elementary) college) 071]
Monthly
income _ « | [2.313;-
>3 000 000 1.405 0.423 0.005 0.496]
(<3 000 000)
Orthodontic Current 0.363 0.249 0.167 [-0.170;
. 0.898]
history
« [0.360
(Never) Past 1.059 0.325 0.006 1.758]
Oral health Average -1.359 0.239 0.057 [-2.763;
; 0.043]
perception
(Bad) Good -2.153 0.669 0.006* [gff% )
Frequency of | 4 3imes/week | 0351 | 0239 | o164 | L0885
sweets intake 0.162]
(Occasionally/ ey ) [-1.992;
never) 4-7 times/ week 0.958 0.482 0.067 0.074]
Maternal Yes -0.212 0.272 0.449 [-0.797; -
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smoking (No) 0.372
[-3.871;
_Cons 0.547 2.060 0.794 4.966]

Prob > F = 0.000/ R-squared = 0.240 (Between brackets are the reference category for

categorical variables)

Table 20: Multiple regression analysis showing associations between plaque index and

other variables adjusting for clustering effect of the schools

Plaque index Coef. Std. Err. P-value 95% CI
Gender x| [O-161;-
(Male) Female -0.080 0.037 0.050 0.000]
Orthodontic Current 0.251 0.054 0.000* [5)316?85]
history |
[-0.083;
(Never) Past 0.004 0.041 0.920 0.092]
Oral health Average -0.113 0.074 0.149 [0003175
perception |
) « [-0.386; -
(Bad) Good 0.210 0.082 0.023 0.033]
Fluoride [
history ) -0.162;
Yes 0.079 0.038 0.056 0.002]
(No)
Frequency of i * [-0.4009; -
teoth < Once/ day 0.272 0.064 0.001 0.134]
brushing
(Rarely/ 2-3 times/ day -0.335 0.054 | 0.000% ['8 gi’gl] ]
Never) '
Frequency of 1-3 times/ week 0.053 0.054 0.338 [60'1%%2;
fast food 0%
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consumption

(Occasionally/ | 47 times/ week -0.018 0.026 0.510 [(_306032? !
never)

Frequency of Py * [0.041;
soda 1-3 times/ week 0.114 0.034 0.005 0.187]

consumption

(Occasionally/ | 4-7 times/ week -0.075 0.028 0.019* ['8'3% )
never) '

[1.249;

_Cons 1.549 0.140 0.000 1.850]

Prob > F = 0.000/ R-squared = 0.107 (Between brackets are the reference category for

categorical variables)
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SBS Child/Adolescent Assent Form

AUB Social & Behavioral Sciences Assent to Participate in
Research

O A )lae bl 8 4 N 5 LSl u jlaell 8 adl) dsa ans

StUdy Title: 3.;.4\;]\5 aalall L}aJ\JAS‘
Researcher: (el Ul g ¢ jlan (AS
Purpose:
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i ga ) guas g ) L a5 Al 33 Gania (S Alild AS LS <y 8 13, il a8 ) Aalay
il Cagaril o) yha 5 Glad daua G ARl Gandl gy 84S el Aaalall (e L
ool Coa (a adll daay DGR Sl CilS 1) Lal (e yai Casas 513 5 Slilale
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Jsanll o @l any 138 5 oz Dlad dalay 435S Lo 13) SSUl 5 aSiLi) Aaa g Alla 46 jae
; 2 N e

o La (0S8 6 jlain¥) 8 AluY) e ey e il o 1)) 5 jlaial Akl e sy 2
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mchaaya@aub.edu.lb ;s S 2 0 03-458143

iR i 3D e V) dralad) LY a5 and Ly S )5S e
kb30@aub.edu.lb s 4 2 0 03414082

s slR g g 5 A Y dnalad] 8 Gl Y] 585 ad ¢ Maall U] jpus 5820 @
sa152@aub.edu.lb A 5T 71-520428
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Institutional Review Board (IRB)

Tel: +961-1-3500000 Ext: 5445 or Ext: 5454; Email: irb@aub.edu.lb

Signing the assent form

L ganian Ciagh 9 48 )l o2 (158 8 (i 5f) il 5 )
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-2- puidl) -1- pxadll

B olaiuY] Al o 48) gl adll 5 i) ;e 4yl

Investigator/Research Staff

OSLiall () 23 saill 138 (e dai Caales S5 485N o3 & e i a1 Y oDlel ad i)l J8 @ jLill Cana sl )
Lefiaa / alica

) 4a o Jalal) jaddl) ad Al ga gl Jualall padall o8 55

AM/PM

&L@)j\j@)tm

This form must be accompanied by an IRB approved parental permission form signed by a
parent/guardian.
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Appendix IV

DMFT Coef. Std. Err. P-value 95% CI
School type
Public 1.423 0.652 0.046* | [0.032; 2.814]
(Private)
Oral health Average -1.316 0.553 0.031* [-2.495; -
X 0.137]
perception
i « [-3.363; -
(Bad) Good 2.506 0.401 0.000 1.650]
_Cons 5.811 0.796 0.000 [4.113; 7.509]

Prob > F = 0.000/ R-squared = 0.110 (Between brackets are the reference category for

categorical variables)

112




BIBLIOGRAPHY

Al- Ansari, 2014. Prevalence, Severity, and Secular Trends of Dental Caries among
Various Saudi Populations: A Literature Review. Saudi Journal of Medicine & Medical
Sciences: 2, 3: 142-150.

AlDosari AM, Akpata ES, Khan N. 2010. Associations among dental caries experience, fl
uorosis, and fl uoride exposure from drinking water sources in Saudi Arabia. J Public
Health Dent;70:220-6.

AlDosari AM, Wyne AH, Akpata ES, Khan NB. 2003. Caries prevalence among
secondary school children in Riyadh and Qaseem. Saudi Dent J;15:96-9.

Al-Sharabati M.M., Meidan T.M., Sudani O. 2000. Oral health practices and dental caries
among Libyan pupils, Benghazi (1993-94). Eastern Mediterranean Health Journal; 6, 5:
997-999.

Armfield J. (2010) Community effectiveness of public water fluoridation in reducing
children’s dental disease. Public Health Reports; 125: 655- 664. Available at:
http://www.ncbi.nlm.nih.gov.ezproxy.aub.edu.lb/pmc/articles/PMC2925001/pdf/phr12500

0655.pdf

Axelsson P, Paulander J, Lindhe J (1998). Relationship between smoking and dental status
in 35-, 50-, 65-, and 75-year-old individuals. J Clin Periodontol; 25:297-305.

Benzian H, Bergman M, Cohen L. 2012. The UN High-level meeting on prevention and control of
non-communicable diseases and its significance for oral health worldwide. J Pub Health Dent;
72:91-93.

Broadbent JM*, Thomson WM, Boyens JV, Poulton R. (2011). Dental plague and oral
health during the first 32 years of life. J Am Dent Assoc. Apr; 142(4):415-26.

Bruno-amvrosius K, Swanholm G, Twetman S. (2005). Eating habits, smoking and
toothbrushing in relation to dental caries: a 3-year study in Swedish female teenagers.
International Journal of Paediatric Dentistry; 15: 190-196.

Donald L., Masterson E., Adam C. (2014). Socioeconomic Status, Food Security, and
Dental Caries in US Children: Mediation Analyses of Data From the National Health and
Nutrition Examination Survey, 2007-2008. Am J Public Health; 104:860-864.

Doughan B. et al. (2002). La santeé bucco-dentaire des écoliers au Liban. Cahiers d'études
et de recherches francophones / Santé . Volume 12, Numéro 2, 223-8, Etudes originales.

113


http://www.ncbi.nlm.nih.gov.ezproxy.aub.edu.lb/pmc/articles/PMC2925001/pdf/phr125000655.pdf
http://www.ncbi.nlm.nih.gov.ezproxy.aub.edu.lb/pmc/articles/PMC2925001/pdf/phr125000655.pdf
http://www.ncbi.nlm.nih.gov/pubmed/?term=Broadbent%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=21454848
http://www.ncbi.nlm.nih.gov/pubmed/?term=Thomson%20WM%5BAuthor%5D&cauthor=true&cauthor_uid=21454848
http://www.ncbi.nlm.nih.gov/pubmed/?term=Boyens%20JV%5BAuthor%5D&cauthor=true&cauthor_uid=21454848
http://www.ncbi.nlm.nih.gov/pubmed/?term=Poulton%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21454848
http://www.ncbi.nlm.nih.gov/pubmed/21454848

Doumit M, Doughan B, Baez R. (2000). Oral health program in Lebanon- Technical
assistance provided for development of baseline studies for salt fluoridation. Lebanese
University, Beirut. Retrieved from
http://www.mah.se/upload/FAKULTETER/OD/Avdelningar/who/EMRO/Lebanon/data/L
ebanonOralHealthReport2000.pdf

El-Qaderi SS, Quteish Ta'ani D. (2006). Dental plaque, caries prevalence and gingival
conditions of 14-15-year-old schoolchildren in Jerash District, Jordan. Int J Dent Hyg;
4(3):150-3.

Featherstone, J. (2000). The science and practice of caries prevention. Journal of the
American Dental Association, 131, 887-99.

Featherstone JDB. 2008. Dental caries: a dynamic disease process. Australian Dental
Journal; 53: 286-291

Fehrenbach MJ, Herring SW. (1997). Spread of Dental Infection. Practical Hygiene. Sep-
Oct;:13-18

Ferraro M, Vieira AR. (2010). Explaining gender differences in caries: a multifactorial
approach to a multifactorial disease. International Journal of Dentistry; 2010: 1-5.

Fisher-Owens S, Gansky S, Platt L. (2006). Influences on Children’s Oral Health: A
Conceptual Model. Pediatrics; 120, 3: 510-521.

Gao X.L., Hsu C.Y.S, Xu C.Y. (2010). Behavioral pathways explaining oral health
disparity in children. J Dent Res 89(9): 385-390.

Geiger AM, Wasserman BH, Turgeon LR. (1974). Relationship of occlusion and
periodontal disease. Part VIII. Relationship of crowding and spacing to periodontal
destruction and gingival inflammation. J Periodontol: 45: 43-49.

Gopinath V. K., Rahman B., Awad M., (2015). Assessment of gingival health among
school children in Sharjah, United Arab Emirates. European Journal of Dentistr; 9 (1): 36-
40.

Grosso E. J. et al. (1985). Effect of restoration quality on periodontal health. J. Prosthetic
Dentistry; 53: 14-19.

Hallgren K. A. (2012). Computing inter-rater reliability for observational data: an
overview and tutorial. Tutor Quant Methods Psychol.; 8(1): 23-34.

114


http://www.mah.se/upload/FAKULTETER/OD/Avdelningar/who/EMRO/Lebanon/data/LebanonOralHealthReport2000.pdf
http://www.mah.se/upload/FAKULTETER/OD/Avdelningar/who/EMRO/Lebanon/data/LebanonOralHealthReport2000.pdf
http://www.ncbi.nlm.nih.gov.ezproxy.aub.edu.lb/pubmed/?term=El-Qaderi%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=16958744
http://www.ncbi.nlm.nih.gov.ezproxy.aub.edu.lb/pubmed/?term=Quteish%20Ta%27ani%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16958744

Hanioka T, Ojima M, Tanaka K. 2011. Does second hand smoke affect the development of
dental caries in children? A systematic review. Int J. Environ. Res. Public Health; 8.1503-
15019.

Hirsch JM, Livian G, Edward S, Noren JG (1991). Tobacco habits among teenagers in the
city of Goteborg, Sweden, and possible association with dental caries. Swed Dent J;
15:117 123.

Holmen A, Stromberg U, Magnusson K. (2013). Tobacco use and caries risk among
adolescents — a longitudinal study in Sweden. BMC Oral Health; 13(31): 1-7.

Hussein, S., A., Doumit, M., Doughan, B., EI Nadeef, M. (1996). Oral health in Lebanon:
a pilot pathfinder survey. Eastern Mediterranean Health Journal; 2, (2).

Jawale B., Bendgude V., Mahuli A. (2012). Dental plaque pH variation with regular soft
drink, diet soft drink and high energy drink: an in vivo study. J Contemp Dent Pract; 13
(2): 201-204.

Johnson, Clark. (2007). Biology of the Human Dentition , 24 January "Oral Health
Topics: Plaque”, hosted on the American Dental Association website page accessed
December 5, 2014.

Krasse B. (2001). The Vipeholm Dental Caries study: Recollections and Reflections 50
years later. J Dent Res;80:1785-8.

Leclercq MH, Barmes DE, Sardo-Infirri J. (1987). Oral Health: Global trends and
projections. World health statistics quarterly; 40: 116-128.

Loe H. (2000). Oral hygiene in the prevention of caries and periodontal disease. Int Dent J:
50:129-39.

Lukacs JR, Largaespada LL. (2006). Explaining Sex Differences in Dental Caries
Prevalence: Saliva, Hormones, and ‘‘Life-History’’ Etiologies. American journal of
human biology 18 (4):540-555.

Majewski, R., Snyder, C., Bernat, J. (1988). Dental emergencies presenting to a children’s
hospital. ASDC Journal of Dentistry for Children, 55, 339-342.

Marsh P D. (2004). Caries research Dental plague as a microbial biofilm. Caries Res;
38:204-211

115



Moreira PVL, Rosenblatt A, Passos IA. (2007). Prevalence of cavities among adolescents
in public and private schools in Jodo Pessoa, Paraiba State, Brazil. Ciénc Saude
Coletiva;12(5):1229-36.

Natarajan, N. (2011). Cariogenicity: Macrosocioeconomics Vs Saccharophagy. Role of
socio-politicoeconomics and sugar consumption in tooth decay among 12 year olds. A
global ecological crossectional study. Master Thesis, Lund University, Sweden; pages 40-
41.

Petersen PE. (2003). The World Health Report 2003: continuous improvement of oral
health in the 21% century __ the approach of the WHO Global Oral Health Programme.
Community Dentistry and Oral Epidemiology; 31 Suppl 1:3-24.

Petersen PE, Bourgeois D, Ogawa H. (2005). The global burden of oral diseases and risks
to oral health. Bulletin of the World Health Organization; 83 (9): 661-9.

Plemons J, Al-Hashimi I, Marek C. (2014). Managing xerostomia and salivary gland
hypofunction:: executive summary of a report from the American Dental Association
Council on Scientific Affairs. JADA; 145(8):867-873).

Reibel J.(2003). Tobacco and Oral Diseases Update on the Evidence, with
Recommendations. Med Princ Pract; 12(suppl 1):22-32.

Richardson B, Richardson J. (2011). End the decay- The cost of poor dental health and
what should be done about it- Brotherhood of St Laurence publications Australia.
Retrieved from http://www.bsl.org.au/pdfs/Richardson_End_the decay 2011.pdf

Ristic M, Vlahovic Svabic M, Sasic M, and Zelic O. (2007). Clinical and microbiological

effects of fixed orthodontic appliances on periodontal tissues in adolescents,” Orthodontics
& Craniofacial Research; 10, 4: 187-195.

Rosan B, Lamont R. (2000). Dental plaque formation. Microbes and Infection; 2: 13:
1599-1607

Silness J, Loe H.(1964). Periodontal disease in pregnancy. Il. Correlation between oral
hygiene and periodontal condition. Acta Odontol Scand; 22: 121-135.

Selwitz R et al (2007). Dental caries. The Lancet: 396, 9555, 51-59.

Shashikiran ND, Reddy VV. (2007). Effect of antiasthmatic medication on dental disease:
Dental caries and periodontal disease. J Indian Soc Pedod Prev Dent; 25(2):65-8.

116


http://www.bsl.org.au/pdfs/Richardson_End_the_decay_2011.pdf
http://www.sciencedirect.com/science/journal/12864579
http://www.sciencedirect.com/science/journal/12864579/2/13

Sheiham A. (2001). Dietary effects on dental diseases. Public Health Nutr; 4 (2B): 569-91.

Sheiham A.(2006). Dental caries affects body weight, growth and quality of life in pre-
school children. Br Dent J; 201(10): 625-6.

Stokes MA, Kaur A. (2005). High-functioning autism and sexuality: a parental
perspective. Autism.l;9(3):266-89.

Tahmassebi JF, Duggal MS, Malik-Kotru G. (2006). Soft drinks and dental health: A
review of the current literature. Journal of Dentistry; 34(1): 2-11.

Tanaka K, Miyake Y, Sasaki S. (2009). The Effect of Maternal Smoking during Pregnancy
and Postnatal Household Smoking on Dental Caries in Young Children. J Pediatr;
155:410-5.

Tinanoff N, Palmer CA. (2000). Dietary determinants of dental caries and dietary
recommendations for preschool children. J Public Health Dent; 60(3):197-206; discussion
207-9.

Usha C. (2009). Dental caries A complete changeover (Part I). J Conserv Dent;12(2):46-
54.

Van Gastel J., Quirynen M., Teughels W., and Carels C. (2007). The relationships between
malocclusion, fixed orthodontic appliances and periodontal disease. A review of the
literature,” Australian Orthodontic Journal; 23, 2: 121-129.

Villalobos-Rodelo J, Medina-Solis C, Maupome G. (2007). Socioeconomic and
Sociodemographic Variables Associated With Oral Hygiene Status in Mexican
Schoolchildren Aged 6 to 12 Years. J Periodontol; 78: 816-822.

Williams SA, Kwan SY, Parsons S. (2000). Parental smoking practices and caries
experience in preschool children. Caries Res; 34:117— 122.

Yeh CK, Harris SE, Mohan S. (2012).Hyperglycemia and xerostomia are key determinants
of tooth decay in type 1 diabetic mice. Lab Invest; 92(6):868-82.

Yu C, Abbott PV. (2007). An overview of the dental pulp: its functions and responses to
injury Australian Dental Journal Supplement;52:(1 Suppl):S4-S16.

Centers for disease control and prevention (CDC). 2011. Oral health: preventing cavities,
gum disease, tooth loss, and oral cancer: at a glance 2011.Available at:
http://www.cdc.gov/chronicdisease/resources/publications/aag/pdf/2011/oral-health-aag-
pdf-508.pdf Accessed March 25-2015.

117


http://www.ncbi.nlm.nih.gov.ezproxy.aub.edu.lb/pubmed?term=Harris%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=22449801
http://www.ncbi.nlm.nih.gov.ezproxy.aub.edu.lb/pubmed?term=Mohan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22449801
http://www.cdc.gov/chronicdisease/resources/publications/aag/pdf/2011/oral-health-aag-pdf-508.pdf
http://www.cdc.gov/chronicdisease/resources/publications/aag/pdf/2011/oral-health-aag-pdf-508.pdf

National Institutes of Health. National Institute of Dental and Craniofacial Research.
Dental caries in children (age 2 to 11, 12 to 19 and age 20 to 64). Available at:
http://www.nidcr.nih.gov/datastatistics/finddatabytopic/dentalcaries Updated January 6,
2014. Accessed December 7, 2014.

World Dental Federation (FDI) (2014): Oral health worldwide: a report by FDI world
dental federation. Available at: http://www.worldoralhealthday.com/wp-
content/uploads/2014/03/FDIWhitePaper OralHealthWorldwide.pdf. Accessed March 24,
2015.

World Dental Federation (FDI) (1982): Global goals for oral health in the year 2000.
International Dental Journal; 32:74-7.

World Health Organization. (1982). Global goals for oral health in the year 2000. Int
Dent J; 32 (1) :74-77.

World Health Organization. (2003). The World Oral Health Report 2003. Continuous
improvement of oral health in the 21st century— the approach of the WHO Global Oral
Health Programme. Retrieved from
www.who.int/oral_health/media/en/orh_report03_en.pdf

World Health Organization. (2004). Global Data on dental caries prevalence (DMFT) in
children aged 12 years- Global Oral Data Bank Oral Health Management of non-
communicable diseases. Retrieved from
http://whqlibdoc.who.int/hg/2000/WHO_NMH_MNC_ORH_Caries.12y.00.3.pdf

World Health Organization. (2014). Global Data on dental caries prevalence (DMFT) in
children aged 12 years- old (2013-2014). Global Oral Data Bank Oral Health Management
of non- communicable diseases. Retrieved from http://www.mah.se/CAPP/Country-Oral-
Health-Profiles/According-to-Alphabetical/Global-caries-map-2013--2014/

World Health Organization. (2014). World Health Statistics 2014. Health workforce. Page
128- 140. Retrieved from:
http://apps.who.int/iris/bitstream/10665/112738/1/9789240692671 eng.pdf?ua=1

118


http://www.nidcr.nih.gov/datastatistics/finddatabytopic/dentalcaries
http://www.worldoralhealthday.com/wp-content/uploads/2014/03/FDIWhitePaper_OralHealthWorldwide.pdf
http://www.worldoralhealthday.com/wp-content/uploads/2014/03/FDIWhitePaper_OralHealthWorldwide.pdf
http://www.who.int/oral_health/media/en/orh_report03_en.pdf
http://whqlibdoc.who.int/hq/2000/WHO_NMH_MNC_ORH_Caries.12y.00.3.pdf
http://www.mah.se/CAPP/Country-Oral-Health-Profiles/According-to-Alphabetical/Global-caries-map-2013--2014/
http://www.mah.se/CAPP/Country-Oral-Health-Profiles/According-to-Alphabetical/Global-caries-map-2013--2014/
http://apps.who.int/iris/bitstream/10665/112738/1/9789240692671_eng.pdf?ua=1

