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Preface 
 

The oral cavity is one of the most easily accessible parts of human body and 
knowledge about it is very important in understanding various problems related to its 
various components. Oral Health Science is concerned with the development of its 
various tissues and structures, their morphology, elements affecting them, affliction of 
various problems to them, and their management and treatment. The subject is 
generally covered by various specialties of dentistry. Dentistry is a relatively young 
discipline encompassing sciences and arts, and some of its specialties are only a few 
decades old.  

The Internet has revolutionized the dissemination of information. A large number of 
technical journals and indexing services are already available online. The phenomenon 
of specialized technical books being available on the Internet is relatively new. This 
present work is probably pioneering in offering free online access to a specialist oral 
health publication. 

InTech Open Access Publisher took the initiative in organizing the publication of this 
book and making it available on the Internet with free access to all those who may be 
interested in the subject. 

Specialists of various subjects of the Oral Health Sciences have contributed to the 
book. It is divided into four sections: pediatric and preventive dentistry, research in 
oral health, public health dentistry and epidemiology, and clinical oral health care. 
Other aspects of oral health are covered in the second book volume entitled Oral 
Health Care - Prosthodontics, Periodontology, Biology, Research and Systemic 
Conditions.   

The book does not claim to be a standard textbook on the subject as it is a 
compendium of articles which reflect the historical development in various aspects of 
oral health, and the stage at which state-of-the-art developments currently are. This 
book will provide exposure to practitioners, academicians, and researchers who wish 
to initiate research in the particular subject. We expect this work to be accepted as a 
standard reference in Oral Health Sciences. 

The Editor wishes to thank all specialist contributors and Publishing Process Manager 
Ms Irena Voric of InTech, for their contribution without which this book would not 
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have been possible. It will not be out of place to acknowledge with gratitude, the 
contribution of my family who were kind enough to bear with me during the process 
of developing of this book. 

 
Professor Dr Mandeep Singh Virdi 

New Delhi,  
India 
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Early Childhood Caries:  
Parent’s Knowledge, Attitude and Practice 

Towards Its Prevention in Malaysia 
Shani Ann Mani1, Jacob John3, Wei Yen Ping2 and Noorliza Mastura Ismail4 

1Universiti Sains Malaysia, 
2Formerly Universiti Sains Malaysia, 

 3University of Malaya, 
4Melaka Manipal Medical College 

Malaysia 

1. Introduction 
Early childhood caries (ECC) is defined as the presence of 1 or more decayed, missing or 
filled tooth surfaces in any primary tooth in a child 71 months or younger (Drury et al., 
1999). ECC is the most common chronic disease in young children and may develop as soon 
as teeth erupt (Douglass et al., 2004). It is a significant public health problem and certain 
segments of society, such as the socially disadvantaged have the highest burden of disease 
(Vargas & Ronzio, 2006). In the US, although prevalence of caries was decreasing overall, 
the severity was increasing in these groups of people (Douglass et al., 2002). 
A number of risk factors are associated with ECC, which can be broadly classified into 
biological and social risk factors (Berg & Slayton, 2009). Biological risk factors include 
nutritional variables, feeding habits and early colonization of cariogenic micro-organisms. 
Social risk factors comprise low parental education, low socio-economic status and lack of 
awareness about dental disease (Hallett & O'Rourke, 2003). ECC affects the quality of life of 
families and their affected children due to dental pain and subsequent tooth loss resulting in 
difficulty in eating, speaking, sleeping and socializing (Edelstein et al., 2006; Pahel et al., 
2007). Treatment of ECC has numerous inherent difficulties. It is costly (Casamassimo et al., 
2009; Kanellis et al., 2000) and takes up time of the child and caretaker (Casamassimo et al., 
2009; Vargas & Ronzio, 2006). Not all dentists are trained to handle children and many 
general practitioners are not keen to treat young children (Vargas & Ronzio, 2006). 
Treatment necessitates extensive rehabilitation under general anaesthesia and recurrence 
rates of caries are high thus requiring retreatment (Almeida et al., 2000; Tate et al., 2002). 
Hence the dental profession favours a preventive approach towards management of ECC 
(Ismail, 2003; Vargas & Ronzio, 2006). The earliest form of prevention can be achieved by 
educating parents and primary caregivers about ECC. Preventive guidelines towards ECC are 
found in many countries and most have their own individualized programs which aim at 
training parents to recognize ECC early and seek treatment. Anticipatory guidance is one of 
the approaches used at antenatal visits and for new mothers (Meyer et al.; Plutzer & Spencer, 
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2008). Age-one dental visit (Savage et al., 2004) and “Lift-the-lip” training are undertaken in 
some countries as an approach to identify ECC at its earlier stages (Alexander & Mazza). 
Establishing good oral health in the early years is important for a lifetime of good oral 
health (Clarke et al., 2001). Tooth brushing activity fell far short of professional expectations 
in parents and toddlers when observed using home-based videotaped sessions, although 
parents thought the sessions were effective in achieving clean teeth (Zeedyk et al., 2005). 
Hence, improving oral hygiene in early childhood requires that mothers’ own tooth 
brushing habits and their infant oral cleaning skills are improved (Mohebbi et al., 2008). 
Infant feeding practices were also found to be poor in South East-Asian countries like 
Taiwan (Tsai et al., 2006), Myanmar (van Palenstein Helderman et al., 2006) and Korea (Jin et 
al., 2003) with increased indulgence to between-meal snacks, sweetened solution in nursing 
bottle, sweets and prechewed rice. Many studies have concluded that parents are in definite 
need of advice on feeding and oral hygiene practices (Singh & King, 2003). Prevention is the 
key for ECC, and can be achieved successfully by knowledgeable and efficacious caregivers 
(Finlayson et al., 2005). It is suggested that other models for disease initiation and progression 
needs to be explored besides known risk factors such as poor oral hygiene and diet control 
(Hallett, 2000). Children living in stressful environments or without parental support could be 
at a higher risk for developing ailments such as dental caries (Mattila et al., 2000). The family 
dynamics can play a major role in the oral health of children (Da Silva, 2007).  
Oral health literacy is the degree to which individuals have the capacity to obtain, process, 
and understand basic oral health information and services needed to make appropriate 
health decisions (Berg & Slayton, 2009). Parents’ literacy in oral health is an important factor 
contributing to the overall health of children (Da Silva, 2007). Caregivers of children with 
ECC were more likely to believe that caries could not affect a child’s health while those who 
believed primary teeth are important had children with significantly less decay (Schroth et 
al., 2007). Parental knowledge about infant oral health was found to be lacking in many 
studies (Blinkhorn et al., 2001; Gussy et al., 2008; Hoeft et al., 2010; Orenuga & Sofola, 2005; 
Singh & King, 2003). The factors associated with decreased knowledge and poor attitudes 
among primary caregivers of children include low socioeconomic status (Dykes et al., 2002; 
Finlayson et al., 2007), living in deprived areas (Silver, 1992; Williams et al., 2002), ethnicity 
or immigrant status (Skaret et al., 2008; Williams et al., 2002), lack of further education 
(Szatko et al., 2004; Williams et al., 2002), high caries status in the children (Szatko et al., 
2004)  and  difficult past dental experience (Tickle et al., 2003) among others. However, oral 
health specific self efficacy and knowledge measures are potentially modifiable cognitions 
and interventions can lead to healthy dental habits (Finlayson et al., 2007). 
Oral health surveys of 5 year-old and 6-year-old pre-school children in Malaysia showed a 
high caries prevalence of 76.2%  and 74.5% in 2005 and 2007 respectively (Oral Health 
Division, 2007, 2009). With the existence of the preschool program since 1984 (Oral Health 
Division, 2003) and the program for antenatal mothers since early 1970’s (Oral Health 
Division, 2004) among other strategies, Malaysia aims to achieve its objective of 50% caries-
free 6-year-old’s by 2020 (Talib, 2010). Since infants and toddlers are not in control of their 
oral health, the parental role is of utmost importance. We hypothesize that the problem of 
high prevalence of ECC in Malaysia may to be due to poor knowledge, attitudes and 
practice towards factors associated with ECC. So far, one study done in Serdang, Malaysia 
found that parents of children with early childhood caries had adequate knowledge and 
positive attitude towards maintaining satisfactory dental care in their pre-school children 
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(Syahrial et al., 1995). However, practice among these parents was not evaluated. The aim of 
this study was to assess the existing knowledge, attitude and practice of early childhood 
oral health related factors among parents of infants and toddlers in Kelantan, Malaysia. 

2. Materials and methods 
A thirty-item close-ended questionnaire, consisting of ten items each addressing knowledge, 
attitudes and practice of early childhood oral health related factors was designed jointly by 
the research group which included a pediatric dentist and community dental health 
specialist. All aspects of early childhood oral health including oral development, diet, 
nursing habits, oral hygiene habits, fluoride, transmissibility of oral bacteria, importance of 
primary teeth and attitude towards acquiring new knowledge were addressed in the 
questionnaire. The scoring in the knowledge domain included true/false/don’t know 
component, while the attitude and practice domain used a 5 point and 4 point Likert scale 
respectively. Some items in the practice domain did not follow the likert scale. A section for 
socio demographic data was included at the beginning of the questionnaire to assess the 
socioeconomic status, educational level and occupation of the primary caretakers. The 
questionnaire was constructed in English and later translated into Bahasa Malaysia, the local 
language and back-translated to English. The instrument was pretested on 5 randomly 
selected subjects before the conduct of the study. 
In this cross sectional study, 120 parents of infants and toddlers aged 6 months-2 years 
attending four public Maternal and child health care clinics in the state of Kelantan, 
Malaysia were randomly selected and invited to participate in the study. Children are 
usually brought by parents to these centers for immunization. Inclusion criteria were 
parents of normal healthy children aged between 6 months and 2 years who were the 
primary caretakers of their children. Parents who were not the primary caretakers of the 
children or who had children with medical problems were excluded. After obtaining written 
consent from the participants, the self administered questionnaires were given out. The 
participants were requested to return the questionnaires immediately upon completion. The 
subjects who required help in reading were assisted. The ethical clearance was obtained 
from the Human Ethics Committee of Universiti Sains Malaysia. The data was entered into 
SPSS software, version 12.0 (SPSS Inc, Chicago, 2001) for analysis. 

3. Results 
A total of 102 out of 120 questionnaires were returned (response rate of 85%). The 
demographic data of the respondents is presented in Table 1. The majority of the 
respondents were female (92%), Malay (99%), and homemakers (71%). Sixty nine percent 
had secondary education and 45% were in the moderate income group.  
Table 2 shows the response of the participants to ten knowledge questions. While majority 
of parents (92%) knew when the first tooth erupted in the mouth, not that many (62%) were 
sure of when all the 20 teeth should be present in their child’s mouth. About half of the 
parents knew (49%) that caries can affect infants below 2 years old. Almost all respondents 
knew the types of food causing dental caries and the importance of brushing children’s 
teeth. Fewer parents (81%) knew that children’s mouth should be cleaned before teeth 
erupted. About 78% of the parents knew that weaning from the bottle should start at 1 year 
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specialist. All aspects of early childhood oral health including oral development, diet, 
nursing habits, oral hygiene habits, fluoride, transmissibility of oral bacteria, importance of 
primary teeth and attitude towards acquiring new knowledge were addressed in the 
questionnaire. The scoring in the knowledge domain included true/false/don’t know 
component, while the attitude and practice domain used a 5 point and 4 point Likert scale 
respectively. Some items in the practice domain did not follow the likert scale. A section for 
socio demographic data was included at the beginning of the questionnaire to assess the 
socioeconomic status, educational level and occupation of the primary caretakers. The 
questionnaire was constructed in English and later translated into Bahasa Malaysia, the local 
language and back-translated to English. The instrument was pretested on 5 randomly 
selected subjects before the conduct of the study. 
In this cross sectional study, 120 parents of infants and toddlers aged 6 months-2 years 
attending four public Maternal and child health care clinics in the state of Kelantan, 
Malaysia were randomly selected and invited to participate in the study. Children are 
usually brought by parents to these centers for immunization. Inclusion criteria were 
parents of normal healthy children aged between 6 months and 2 years who were the 
primary caretakers of their children. Parents who were not the primary caretakers of the 
children or who had children with medical problems were excluded. After obtaining written 
consent from the participants, the self administered questionnaires were given out. The 
participants were requested to return the questionnaires immediately upon completion. The 
subjects who required help in reading were assisted. The ethical clearance was obtained 
from the Human Ethics Committee of Universiti Sains Malaysia. The data was entered into 
SPSS software, version 12.0 (SPSS Inc, Chicago, 2001) for analysis. 

3. Results 
A total of 102 out of 120 questionnaires were returned (response rate of 85%). The 
demographic data of the respondents is presented in Table 1. The majority of the 
respondents were female (92%), Malay (99%), and homemakers (71%). Sixty nine percent 
had secondary education and 45% were in the moderate income group.  
Table 2 shows the response of the participants to ten knowledge questions. While majority 
of parents (92%) knew when the first tooth erupted in the mouth, not that many (62%) were 
sure of when all the 20 teeth should be present in their child’s mouth. About half of the 
parents knew (49%) that caries can affect infants below 2 years old. Almost all respondents 
knew the types of food causing dental caries and the importance of brushing children’s 
teeth. Fewer parents (81%) knew that children’s mouth should be cleaned before teeth 
erupted. About 78% of the parents knew that weaning from the bottle should start at 1 year 
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of age. Most parents (85%) knew that fluoride is important for preventing tooth decay and 
about half of them (52%) knew that they should start using toothpaste with fluoride for 
cleaning their child’s teeth when the child learns to spit. Sixty four percent knew that it is 
necessary to do fillings in their baby’s teeth.  
 

Variables n (%) 

Sex Male 10 (9.8) 

 Female 92 (90.2) 

Ethnicity Malay 99 (97.1) 

 Chinese 3 ( 2.9) 

Age in years Range - 19-42   

 Mean - 31.8   

 Mode - 34   

Marital Status Married 101 (99) 

 Single 1 (1) 

Occupation Male  working 
outside the 
home 

10 (9.8) 

 Female- Homemaker 72 (70.6) 

  Working 
outside the 
home 

18 (19.6) 

Household income* Low income (<RM 699) 38 (37.3) 

 Moderate income (RM 
700-1611) 

46 (45.1) 

 High income (> 
RM1612) 

18 (17.6) 

Educational level Primary 12 (11.8) 

 Secondary 70 (68.6) 

 Tertiary 20 (19.6) 
* Income group classification based on The 8th Malaysian  Plan 
   RM- Ringgit Malaysia 

Table 1. Demographic data of the participants 
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Table 3 shows the attitude of the respondents to early childhood oral health related factors. 
The responses ‘strongly agree’ and ‘agree’ & ‘disagree’ and ‘strongly disagree’ were 
grouped together. About 22% and 43% of the parents thought that children should visit the 
dentist at 1 year and 3 years respectively, while 25% thought that it is sufficient to visit the 
dentist when there is a problem such as pain (data not shown). Almost all parents also 
agreed that a balanced diet is important for healthy teeth. Most parents (73%) thought that 
tooth decay is not caused by bacteria that are transmitted by sharing feeding utensils and 
49% of them thought that night time bottle/breast feeding cannot cause tooth decay. More 
than half of them (64%) thought that frequent and prolonged breast/bottle feeding in the 
day time cannot cause tooth decay. Fifty two percent thought that effective cleaning of teeth 
can be achieved by the child him/herself. Many (46%) were not aware that swallowing of 
toothpaste can be harmful to a child’s health. Seventy percent of parents agreed that pacifier 
use can affect the normal development of children’s teeth. 
 

Knowledge items True (T)
n(%) 

Don’t know(N)
n(%) 

False (F) 
n(%) 

Tooth decay can affect infants 
below 2 years of age    

50 (49.0) 11 (10.5) 41 (40.2) 

When does the first baby tooth 
appear the child’s mouth? 

94 (92.2) 4 (3.9 ) 4 (3.9 ) 

Your child will have a complete set 
of 20 milk teeth by the age of… 

62 (62.0) 11 (10.8) 29 (28.4) 

The main types of food that can 
cause tooth decay are.. 

101 (99.0) 1 (1.0 ) 0 (00.0) 

Weaning from a baby bottle to a 
sipping cup should be planned 
when the child  is … 

80 (78.4) 6 (5.9 ) 16 (15.7) 

Cleaning your baby’s mouth after 
each should begin even before 
teeth erupt. 

83 (81.4) 6 (5.9 ) 13 (12.7) 

Brushing your baby’s teeth is 
important for oral health. 

102 (100 ) 0 (00.0) 0 (00.0) 

Fluoride in toothpaste is important 
for preventing tooth decay. 

87 (85.3) 11 (10.8) 4 (3.9 ) 

You should start using toothpaste 
with fluoride for cleaning your 
child’s teeth:… 

53 (52.0) 12 (11.8) 37 (36.3) 

It is not necessary to do fillings in 
baby’s teeth. 

24 (23.5) 13 (12.7) 65 (63.7) 

Table 2. Knowledge of the respondents 
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of age. Most parents (85%) knew that fluoride is important for preventing tooth decay and 
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Attitude items Strongly disagree 
/Disagree 

n (%) 

Don’t know
n (%) 

Strongly 
agree/Agree 

n (%) 

Tooth decay is caused by 
bacteria that are transmitted by 
sharing feeding utensils (eg: 
spoon) 

74 (72.6) 9 ( 8.8) 19 (18.6) 

When do you think you should 
take your baby for a dental 
check up after the teeth erupt? 

25 (24.5) 11 (10.8) 66 (64.7) 

A balance diet is essential for the 
healthy   growth of a  baby’s 
teeth 

1 (1.00) 3 (2.9 ) 98 (96.1) 

Night time bottle/breast feeding 
can cause tooth decay 

50 (49.0) 18 (17.6) 34 (33.3) 

Frequent and prolonged 
breast/bottle feeding  in the day 
time can cause tooth decay 

65 (63.7) 17 (16.7) 20 (19.6) 

A child`s teeth should be 
cleaned/brushed as soon as the 
teeth erupt 

8 ( 7.9) 4 (3.9 ) 90 (88.3) 

Effective cleaning of teeth can be 
achieved by the child 
him/herself 

45 (44.2) 4 (3.9 ) 53 (51.9) 

Swallowing of fluoride 
toothpaste can be harmful to a 
child’s health 

47 (46.1) 32 (31.4) 23 (22.5) 

It is important for a child to visit 
the dentist before 2 years old. 

24 (23.5) 16 (15.7) 62 (60.8) 

Prolonged used of pacifier can 
affect the normal development 
of a child’s teeth. 

14 (13.7) 17 (16.7) 71 (69.6) 

Table 3. Attitude of the respondents 

Table 4 summarizes the practice of early childhood oral health related behaviors among 
parents. Fourteen percent of parents never examined their children’s mouth. A considerable 
number of parents (67.6%) practiced biting food into small pieces before giving the child. 
There were only 11.8% of the parents who never bought sweetened food for their baby. 
About half of the parents (45%) gave sweetened liquid or juice in the bottle to their children. 
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About 47% of the parents always practiced giving plain water after feeding the child. 
Semisolid food was started at one year of age in 38% of the children. Sixty percent of parents 
regularly brushed their children’s’ teeth and 11% used full brush length amount of 
toothpaste to brush their child’s teeth. 
 

Practice items Never
n (%) 

Sometimes
n (%) 

Often
n (%) 

Always 
n (%) 

Do you bite the food into 
small pieces before giving to 
your child? 

33 (32.4) 44 (43.1) 12 (11.8) 13 (12.7) 

How often do you examine 
the mouth of your baby?  

14 (13.7) 47 (46.1) 17 (16.7) 24 (23.5) 

How often do you buy 
sweetened food for your 
child? 

12 (11.8) 80 (78.4) 7 (6.9 ) 3 (2.9) 

How often do you give 
sweetened liquid/juice to 
baby in bottle? 

56 (54.9) 35 (34.3) 7 (6.9) 4 (3.9 ) 

How often do you give plain 
water after each feed? 

5 (4.9) 16 (15.7) 33 (32.4) 48 (47.1) 

When did you start semisolid 
food for your child? 

16 (15.7) 16 (15.7) 39 (38.2) 31 (30.4) 

How often do you brush your 
baby’s teeth? 

2 (2.00) 12 (11.8) 27 (26.5) 61 (59.8) 

How much toothpaste do you 
use to brush your child`s 
teeth? 

3 (2.90) 11 (10.8) 46 (45.1) 42 (41.2) 

Do you use pacifier dipped 
into sweet liquid for your 
child? 

100 (98.0) 0 (00.0) 1 (1.00) 1 (1.00) 

Do you take the effort to 
improve your dental health 
knowledge? 

13 (12.7) 37 (36.3) 8 (7.8) 44 (43.1) 

Table 4. Practice of the respondents 

4. Discussion 
Oral disease, predominantly caries in young children can be prevented to a great extent if 
parents are sufficiently educated and motivated. Oral health literacy is one of the 
important factors affecting oral health. Poor health literacy is associated with poorer 
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About 47% of the parents always practiced giving plain water after feeding the child. 
Semisolid food was started at one year of age in 38% of the children. Sixty percent of parents 
regularly brushed their children’s’ teeth and 11% used full brush length amount of 
toothpaste to brush their child’s teeth. 
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perceptions of health, decreased utilization of services and poorer understanding of 
verbal and written instructions of self-care (Jackson, 2006; Yin et al., 2009). Maternal 
attitude is significantly correlated to the oral health of their children (Abiola Adeniyi et 
al., 2009; Wigen et al.,2011). Parents of caries-free children had more positive beliefs and 
attitudes than those with caries when studied over a period of time (Skaret et al., 2008). 
Hence the assessment of knowledge, attitude and practice among primary caretakers of 
young children can indicate knowledge areas that are deficient and attitudes and practices 
that are erroneous. 
In this study, 99% of parents knew the types of food that can cause tooth decay, yet, 45% of 
parents gave sweetened liquid in the bottle. In addition, about 49% parents disagreed that 
nighttime bottle/breastfeeding can cause dental caries and 64 % did not think that frequent 
daytime bottle/breast feeding caused tooth decay. It is apparent that parents knew that 
sugars in the diet can cause dental caries, but were not aware of hidden sugars and their 
effects. In other studies, urban Mexican American and immigrant Latino mothers rarely 
recognized cariogenic food beyond candy and demonstrated uncertainty as to how exactly 
bottle feeding is detrimental to oral health (Hoeft et al., 2010; Horton & Barker, 2008). In 
another study, ninety eight percent of children had juice in bottles or sippy cups (Southward 
et al., 2006). In Hong Kong, 60% gave fruit juices in bottles, some consuming non-diary 
products more than six times per day (Chan et al., 2002). Bottle feeding was also highly 
prevalent in the above study, with majority having the bottle at naptime. Generally, parents 
of children with ECC were significantly more likely to disagree that nighttime nursing was 
safe, proving that knowledge among parents is high, but not reflected in the dental health of 
their children (Schroth et al., 2007). In another study, parents had good knowledge of diet 
related risk factors, but half the children where given bottle at bedtime (Gussy et al., 2008). 
However, poor knowledge was noted in Wu-Han, China (Petersen & Esheng, 1998) where 
only 42% of mothers knew that dental caries is caused by sugar  while only 39% of mothers 
in Romania (Petersen et al., 1995) knew that dental caries is caused by sugar. In most 
studies, few could identify the diet with hidden sugars (Hoeft et al., 2010; Horton & Barker, 
2008; Petersen et al., 1995). 
Prolonged duration of bottle use put a population of low income Latino preschool children 
at increased risk for ECC (Hoeft et al., 2010). In our study, almost one–third (32%) of 
mothers initiated semisolid food after 1 and half years  of age and 15.7% thought that bottle 
should be stopped after two and half years,  indicating prolonged bottle/breast feeding 
beyond the recommended 1 year of age. Hence, this population is clearly at risk for ECC, 
but this could not be confirmed since no clinical examination was done. Similar findings of 
prolonged bottle feeding up to 2 years in 73% of the children were also reported from Hong 
Kong (Chan et al., 2002). Yet in another study, the children were weaned from the bottle 
during the day, but continued nighttime bottle feeding (Riedy et al., 2001). Another Asian 
study showed an increased risk for ECC due to prolonged duration of breast-feeding (van 
Palenstein Helderman et al., 2006). In some studies, mothers indicated that other caregivers 
encourage use of the bottle/sugar in diet when the mothers were away at work, even 
though mothers were not in favor of such practices (Amin & Harrison, 2009; Riedy et al., 
2001). 
Customarily, oral health education messages refer to kissing and sharing of utensils as the 
primary method of vertical transmission of oral bacteria. Knowledge of transmissibility of 
oral bacteria is minimal in this study population since 72.6% disagreed that bacteria can be 
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transmitted by sharing feeding utensils. In addition, 67.6% of parents practiced biting hard 
food into small pieces before giving it to the child. Tasting food before giving it to the child 
was practiced at least sometimes by most respondents in rural Australia (Gussy et al., 2008). 
Mothers also did not mention the role of bacteria in other studies (Gussy et al., 2008; Hoeft 
et al., 2010). On the other hand, mother’s of children who underwent treatment of ECC 
under GA showed better knowledge of oral bacteria in the etiology of ECC (Amin & 
Harrison, 2009). 
Cleaning a child’s mouth should begin before teeth erupt and tooth brushing is 
recommended when the first tooth erupts at least once daily till 2 years and subsequently 
twice daily (Berg & Slayton, 2009). Generally, mothers with higher confidence in brushing 
their children’s teeth and with higher frequency of brushing themselves had children with 
cleaner teeth (Gussy et al., 2008; Mohebbi et al., 2008). Those children who started tooth 
brushing earlier also have less caries (Chan et al., 2002). In this study, it was very 
encouraging to note that all parents in this study knew that brushing is important for baby’s 
teeth, 81.4% parents knew that a baby’s mouth should be cleaned even before the teeth 
erupt, 88% agreed that they should brush their baby’s teeth as soon as it erupted. About 60% 
and 27% of the parents reported brushing their child’s teeth twice and once daily 
respectively. However, 52% thought that effective cleaning can be achieved by the children 
themselves. Similar results were seen in other studies (Gussy et al., 2008). Most children 
aged 3 years and below in another study were allowed to brush their own teeth (Chan et al., 
2002). Many studies have revealed that most mothers are aware that poor oral hygiene is a 
cause for caries (Blinkhorn et al., 2001; Gussy et al., 2008; Hoeft et al., 2010; Szatko et al., 
2004), while other studies discovered that mothers did not place enough emphasis on tooth 
cleaning (Hood et al., 1998). Tooth brushing was reportedly delayed in some instances, 
where child temperament did not allow the parent clean teeth (Blinkhorn et al., 2001; Hoeft 
et al., 2010; Riedy et al., 2001). 
Generally, the use of fluoridated toothpastes was known by mothers as useful in preventing 
tooth decay (Gussy et al., 2008; Schroth et al., 2007; Szatko et al., 2004). Studies have shown 
that many parents are not clear as to whether fluoride should be used in young children and 
how much should be used (Blinkhorn et al., 2001; Gussy et al., 2008). Our study showed that 
85.3% of parents knew that fluoride in toothpaste is important for preventing caries in teeth, 
however, 46% disagreed that swallowing of fluoride toothpaste is harmful to the health and 
31% were not sure of its harmful effects. Forty one percent and 45% used smear and pea-size 
amount of toothpaste respectively, while 11% used full length toothpaste. Hence, majority of 
the parents were familiar with the correct amount of toothpaste to be used. This could be 
due to the fact that most fluoridated toothpaste tubes have printed instructions on the cover 
which are easy to follow, but the rationale behind the guidelines are not apparent to the 
parents, since they were not aware of the harmful effect of the fluoride. Majority of the 
respondents used the correct amount to toothpaste in other studies also (Gussy et al., 2008), 
while only 41% used pea-size amount in another study (Blinkhorn et al., 2001). In Wu-Han 
China, only 43% of mothers knew that dental caries can be prevented by fluoride (Petersen 
& Esheng, 1998).  
Attitudes towards importance of primary teeth vary among parents. In rural Australia 
(Gussy et al., 2008), all parents agreed that their child’s teeth were important, while in 
Manitoba (Schroth et al., 2007), 4.2% disagreed that primary teeth are important. In our 
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perceptions of health, decreased utilization of services and poorer understanding of 
verbal and written instructions of self-care (Jackson, 2006; Yin et al., 2009). Maternal 
attitude is significantly correlated to the oral health of their children (Abiola Adeniyi et 
al., 2009; Wigen et al.,2011). Parents of caries-free children had more positive beliefs and 
attitudes than those with caries when studied over a period of time (Skaret et al., 2008). 
Hence the assessment of knowledge, attitude and practice among primary caretakers of 
young children can indicate knowledge areas that are deficient and attitudes and practices 
that are erroneous. 
In this study, 99% of parents knew the types of food that can cause tooth decay, yet, 45% of 
parents gave sweetened liquid in the bottle. In addition, about 49% parents disagreed that 
nighttime bottle/breastfeeding can cause dental caries and 64 % did not think that frequent 
daytime bottle/breast feeding caused tooth decay. It is apparent that parents knew that 
sugars in the diet can cause dental caries, but were not aware of hidden sugars and their 
effects. In other studies, urban Mexican American and immigrant Latino mothers rarely 
recognized cariogenic food beyond candy and demonstrated uncertainty as to how exactly 
bottle feeding is detrimental to oral health (Hoeft et al., 2010; Horton & Barker, 2008). In 
another study, ninety eight percent of children had juice in bottles or sippy cups (Southward 
et al., 2006). In Hong Kong, 60% gave fruit juices in bottles, some consuming non-diary 
products more than six times per day (Chan et al., 2002). Bottle feeding was also highly 
prevalent in the above study, with majority having the bottle at naptime. Generally, parents 
of children with ECC were significantly more likely to disagree that nighttime nursing was 
safe, proving that knowledge among parents is high, but not reflected in the dental health of 
their children (Schroth et al., 2007). In another study, parents had good knowledge of diet 
related risk factors, but half the children where given bottle at bedtime (Gussy et al., 2008). 
However, poor knowledge was noted in Wu-Han, China (Petersen & Esheng, 1998) where 
only 42% of mothers knew that dental caries is caused by sugar  while only 39% of mothers 
in Romania (Petersen et al., 1995) knew that dental caries is caused by sugar. In most 
studies, few could identify the diet with hidden sugars (Hoeft et al., 2010; Horton & Barker, 
2008; Petersen et al., 1995). 
Prolonged duration of bottle use put a population of low income Latino preschool children 
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parents, since they were not aware of the harmful effect of the fluoride. Majority of the 
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study, 63.7% of parents knew that it is necessary to do fillings in baby’s teeth, similarly, 
almost half of the mothers (47%) wanted their child’s decayed teeth to be filled in the UK 
(Blinkhorn et al., 2001). On the other hand, another study in the UK revealed that only 6% of 
mothers wanted their child’s asymptomatic primary tooth to be filled (Tickle et al., 2003), 
and two-thirds of mothers in Poland opined that care of deciduous teeth was unnecessary 
(Szatko et al., 2004). 
In Malaysia, community programs to promote oral health instituted by the Ministry of 
Health are in place for a number of years, for example: school dental service (started from 
1950) and oral health care for antenatal mothers program (since 1970s) (Oral Health 
Division, 2004). All subjects (ages range from 19-41) in this study should have undergone at 
least one dental health program at some time or the other and this explained the higher 
levels of knowledge when compared to some other studies. In July 2008, the Oral health 
division of the Ministry of health Malaysia launched the Early Childhood Oral Healthcare 
program with the slogan ‘Never too early to start’ (Oral Health Division, 2008). The primary 
target group was primary health care providers with the aim of educating parents attending 
the public health clinics, childcare providers and health personnel about early childhood 
oral health. The objective of this program was to create awareness of various preventive 
aspects of early childhood oral health, early dental visit at age one, improved dietary and 
nursing habits, oral hygiene habits to be inculcated in early childhood and the appropriate 
use of fluoride. Early identification of ECC was encouraged using the ‘lift the lip’ 
examination of maxillary anterior teeth and further referrals encouraged. Since this is a 
recently launched program, the full outcome is unlikely to have taken full effect at the time 
of this study.  
The results of this study show that knowledge is not necessarily translated into good 
practices, indicating lack of motivation among parents (Berkowitz, 2003), as seen in other 
studies (Amin & Harrison, 2009; Rajab et al., 2002; Syahrial et al., 1995) . Cultural practices 
specific to the region can be one of the obstacles to improvement in attitudes and oral health 
practices among the public (Amin & Harrison, 2009; Ismail, 2003). Different cultural 
backgrounds should be evaluated in separate cultural contexts (Skaret et al., 2008). Certain 
practices exist over many generations and remain persistent, many times overriding 
information obtained through books, media pamphlets, brochures and advertisements. In 
one study, prolonged breast feeding was practiced in Pohnpean women for purposes of 
birth control (Riedy et al., 2001). Weaning from the bottle was at 2-3 years, since it was child-
centered and not based on knowledge gained through other sources (Riedy et al., 2001). In 
one study, professional advice regarding dietary practices was considered unrealistic and 
too complicated and believed that sugars had an important place in the life of the child 
(Amin & Harrison, 2009). In our study, it was noted that parents had the habit of biting hard 
food into smaller pieces before giving it to the child. A similar practice of mothers feeding 
their children rice that was pre-chewed by them for 20 seconds has been reported in a 
previous study and is probably a cultural practice of the south-east Asian region. In the 
above mentioned Myanmar community, ECC was considered inevitable and parents were 
not aware of the etiology (van Palenstein Helderman et al., 2006). Hence culturally 
appropriate and targeted strategies aimed at these modifiable practices need to be wisely 
promoted so that the oral health burden carried by these children can be reduced (Amin & 
Harrison, 2009; Schluter et al., 2007). 
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Other reasons for poor attitude and practice may be varied viz, inadequate time to deal with 
children, in cases of working parents, single mothers or large families and other social 
problems. This is in line with other studies which found that social problems can be a 
causative factor for caries and the family dynamics is an important aspect to be considered 
with regard to ECC (Amin & Harrison, 2009; Mattila et al., 2000). This is one aspect of ECC 
that needs to be further explored. One of the problems faced by parents of the 21st century is 
the free access of sweets to young children, either through close family and friends or 
through pocket money obtained by the children at an early age (Roberts et al., 2003). Hence 
a considerable majority of the parents have less control when it comes to the intake of 
sweets of their children. However, this may not apply to ECC, where the child is too young 
to exert his/her own independence. Furthermore, with modern day media exposure, 
commercials can distort or convey contradicting messages to the public, leaving them 
perplexed, which may explain why 52% of parents thought that effective cleaning of teeth 
can be achieved by the child himself/herself. On the other hand, we can assume that the 
public is not informed about details of prevention, for example: implicating that sweetened 
food causes caries but not being aware that feeding milk at night (which has hidden sugar) 
can also cause caries. These facts point to the need for further and continued dental 
awareness programs, highlighting more accurate and detailed information on preventive 
measures.  
The limitation of this study was the small number of subjects. Further studies with larger 
samples can help clarify and motivate necessary policy changes. In addition, as stated by 
Hawley and Holloway (Hawley & Holloway, 1994), this approach to assess knowledge, 
attitude and practice can be notoriously inaccurate, for when approached face to face by a 
professional person; subjects will attempt to say what they knew, rather than what is in fact 
practiced. 

5. Conclusion  
We concluded that parents showed relatively good knowledge, but poor attitude and 
practice towards the oral health of their children. It is possible that parents are not informed 
about the details of oral disease and how it is caused. As previously suggested, in-depth 
education about caries etiology is more likely to bring about behavior change in parents 
(Hoeft et al., 2010). Consequently, more effort is required to improve knowledge, attitude 
and practice of oral health among parents and caretakers. However, some aspects of 
knowledge were better than other countries, especially knowledge about dietary factors 
causing caries. Health education should focus on parental responsibilities for oral health and 
mothers should be encouraged to give practical and emotional support to their children 
with regard to oral hygiene habits. Cultural practices of this region were evident in the 
practices of this population. Focus on modifying these behaviours will require considerable 
effort on the part of health educationists. Further studies should assess social concerns and 
study family dynamics. 
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1. Introduction 
Health has been described by the World Health Organization (WHO) as follows:”health 
comprise complete physical and social well-being and is not merely the absence of disease” 
(World Health Organization 1946). 
According to World Health Organization, oral health is the overall health of teeth and tooth-
supporting tissues, and oral soft tissues, with the aim of fulfilling physiological functioning 
of the masticatory organ for chewing, phonation and esthetics.  The US the Department of 
Health defined the health as oral “standard of health of the oral and related tissues which 
enables an individual to eat, speak and socialize without active disease, discomfort or 
embarrassment and which contributes to general well-being” (US Department of Health, 
2000). Oral health is integral to general health and should not be considered in isolation. 
Oral disease has detrimental effects on an individual’s physical and psychological well-
being and it reduces quality of life. 
Oral health is not only important to person’s appearance and sense of well-being, but also to 
person’s overall health. Dental caries is the most common cause of the disturbances of 
normal functions in the oral cavity, respectively it is a lack of preventive and curative 
measures.  
Gingivitis represents another serious problem for oral health. Data have shown a high 
prevalence of gingivitis among children. Gum disease is an inflammation of the gums, 
which may also affect the bone supporting the teeth, and may be followed with 
periodontitis. The role of dental plaque, respectively of the periopathogenic bacteria, has 
been considered as the most important factor in occurrence of caries and gum diseases. 
Plaque is a sticky colorless film of bacteria (biofilm) that constantly builds up, thickens and 
hardens on the teeth. If it is not removed by daily brushing and flossing, this plaque may 
harden into tartar and may contribute to inflammation and infections in the gums. Plaque is 
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1. Introduction 
Health has been described by the World Health Organization (WHO) as follows:”health 
comprise complete physical and social well-being and is not merely the absence of disease” 
(World Health Organization 1946). 
According to World Health Organization, oral health is the overall health of teeth and tooth-
supporting tissues, and oral soft tissues, with the aim of fulfilling physiological functioning 
of the masticatory organ for chewing, phonation and esthetics.  The US the Department of 
Health defined the health as oral “standard of health of the oral and related tissues which 
enables an individual to eat, speak and socialize without active disease, discomfort or 
embarrassment and which contributes to general well-being” (US Department of Health, 
2000). Oral health is integral to general health and should not be considered in isolation. 
Oral disease has detrimental effects on an individual’s physical and psychological well-
being and it reduces quality of life. 
Oral health is not only important to person’s appearance and sense of well-being, but also to 
person’s overall health. Dental caries is the most common cause of the disturbances of 
normal functions in the oral cavity, respectively it is a lack of preventive and curative 
measures.  
Gingivitis represents another serious problem for oral health. Data have shown a high 
prevalence of gingivitis among children. Gum disease is an inflammation of the gums, 
which may also affect the bone supporting the teeth, and may be followed with 
periodontitis. The role of dental plaque, respectively of the periopathogenic bacteria, has 
been considered as the most important factor in occurrence of caries and gum diseases. 
Plaque is a sticky colorless film of bacteria (biofilm) that constantly builds up, thickens and 
hardens on the teeth. If it is not removed by daily brushing and flossing, this plaque may 
harden into tartar and may contribute to inflammation and infections in the gums. Plaque is 
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an important prerequisite in aethiology of caries because acid is generated within its 
substance to such an extent that enamel may be demineralised. Dietary sugars diffuse 
rapidly through plaque where they are converted to acids by bacterial metabolism. Mutans 
streptococci are now considered to be the major cariogenic bacteria species involved in the 
caries process. (Soames & Southam 1999; Norman & Franklin 1999). 
Oral diseases may contribute in many serious conditions, such as heart disease and stroke, 
pneumonia and other respiratory diseases, diabetes. Untreated cavities can also be painful 
and lead to serious infections. Currently, studies have been examining whether there is a 
link between poor oral health and heart disease and between poor oral health and women 
delivering pre-term, low birth rate babies. 
Caries and tooth supporting structures’ diseases (gingivitis and periodontitis), as the most 
spreading diseases worldwide, do not disturb only the dental and oral functions, but due to 
the complications and consequences of non-prevention or lack of treatment they may 
seriously endanger the systemic health and influence directly the living quality. Thus these 
diseases should be characterized not only as medical, but also as social problem. These 
diseases have been studied and discussed also by the public health fields, such as: Dental 
public health, Oral public health, Community public health, etc.  
Dental public health has been described by the American Board of Dental Health as the 
science and art of preventing and controlling dental disease and promoting dental health 
through organized community efforts (Winslow 1920).  
The terms public health and community health are used synonymously, and both refer to 
the “effort that is organized by society to protect, promote and restore the health and quality 
of life of people” (Block 2003). 
Since dental caries, as well as gingivitis and periodontitis, both have a high prevalence and 
etiological factor – the bacterial plaque, this chapter will be based on the explanation of the 
prevalence, ethiopathogenesis of the bacterial plaque and the role of the bacteria, favorizing 
factors for plaque accumulation (oral hygiene and feeding habits), and finally the role of the 
preventive measures from the educational perspective. 
The explanation of these objectives will be done through scientific examinations conducted 
from the subjects regarding the dental caries in general and early childhood caries in 
particular, as well as through oral health promotion in children and mothers. 

2. Dental caries 
2.1 Definition, etiology and risk factors 
Dental caries may be defined as a bacterial disease of the hard tissues of the teeth 
characterized by demineralization of the inorganic and destruction of the organic substance 
of tooth (Soames & Southam 1999). 
Dental caries is one of the most prevalent diseases in children worldwide. The Centers for 
Disease Control and Prevention reports that dental caries is perhaps the most prevalent 
infectious diseases in children. Dental caries is five times more common than asthma and 
seven times more common than hay fever in children (US Department of Health and 
Human Services 2000).  
Dental caries is a disease that affects all age groups, most commonly children.  
The general opinion regarding the etiology of dental caries nowadays is that it is a very 
complex multifactorial disease, presented with high prevalence in all age groups. It has 
already been established that dental caries is a chronic infectious process with a 
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multifactorial etiology. Dietary factors, oral microorganisms that can produce acids from 
sugars, and host susceptibility all need to coexist for caries to develop (Konig & Navia 
1995). 
Analyzing the etiology, prevalence, clinical specifics, consequences and complications, 
dental caries is estimated as a serious disease, which represents not only as a health 
problem, but also a great serious social and economic problem. Many studies, clinical, but 
mostly longitudinal epidemiological studies, have offered convincing facts on the 
multifactorial nature of this disease. The multitude of factors that influence in the dental 
caries occurrence, having in mind that they act together, not separately, contribute in the 
complexity of the pathogenesis of caries, making it more difficult to undertake efficient 
preventive measures. 
There are some important factors that comprise the etiological circles of the dental caries: 
host or the tooth, dental or bacterial plaque, substrate – carbohydrates and saliva, and 
altogether co-react with the time factor. These circles are the circulus viciosus of the dental 
caries development. The hard dental structures, initially the enamel, undergo the 
demineralization process, respectively the caries. The caries development in the enamel 
surface is equally dependent from the inner hard dental structure and from the intensity of 
the extrinsic factors’ action. 
Newest concept in the field of dentistry gives an explanation how dental caries is caused as 
a result of the disturbance of the “Caries Balance” (Featherstone 2004). This misbalance may 
be manifested in the beginning of demineralization or during the process of 
remineralization. The theory of “Caries Balance” defines dental caries as a disease of hard 
dental tissues, and the destruction of the enamel surface as a result of the disruption of the 
balance of demineralization and remineralization. The defect in the enamel surface is a 
result of the domination of the demineralization process and such process has progressive 
course directed towards pulpar space. Which process will dominate depends on the 
proportions of the factors that constitute “Caries Balance”, i.e. protetctive and pathological 
factors.  
Pathological factors that include: 
1. cariogenic bacteria, 
2. frequent ingestion of fermentable carbohydrates, and  
3. salivary dysfunction drive the caries process towards demineralization.  
Protective factors that include:  
1. salivary components,  
2. fluoride and remineralization, and  
3. antibacterial therapy drive the caries process towards remineralization.  
Effective caries managment revolves around these principles.  
In order to control dental caries, i.e. to prevent its occurrence or to start the remineralization 
process during initial stage, it is necessary that the proportions of these factors be kept in the 
direction of the protective factors. The level of risk for dental caries depends on the 
domination of the certain group of factors that participate in the “Caries Balance”. If there is 
a domination of the pathological factors, the risk for dental caries will be higher and the 
treatment needs will require larger restorative interventions, as well as other consequences. 
If there is a domination of protective factors, then the invasive restorative dentistry will 
have fewer burdens, and concentrate in minimal restorations of superficial caries. Biological 
factors tend to be similar within all cultures and populations, although habit/environmental 
factors tend to be influenced specifically by the culture in place. 
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course directed towards pulpar space. Which process will dominate depends on the 
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3. salivary dysfunction drive the caries process towards demineralization.  
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1. salivary components,  
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process during initial stage, it is necessary that the proportions of these factors be kept in the 
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2.2 The epidemiology of dental caries 
It has already been mentioned that dental caries is the mostly spread disease in the world. In 
a study carried out in Kosovo we have assessed the prevalence of dental caries in 
comparison with other countries. The data from this oral health assessment of children of 
Kosovo showed a very high caries experience in both the primary and permanent 
dentitions. Caries prevalence expressed via the DMFT index was very high. Epidemiological 
data (years 2002-2005) derived from our study showed a high prevalence of dental caries 
among children in Kosovo (89.2% among preschool children and 94.4% among school 
children). The mean dmft/DMFT index was 5.86 for preschool children (ages 2 to 6) and 
4.86 for all school children (ages 7 to 14) (Begzati et al. 2011). 
The results from the same previous study show that dental health of these children in 
Kosovo is worse than that of children in other European countries. Specifically, the mean 
dmft of five-year-olds at preschools in Kosovo (8.1) was found to be higher than the same 
value of preschool children in USA (1.7) and in many other European countries (1991-1995), 
including Ireland (0.9), Spain (1.0), Denmark (1.3), Norway (1.4), Finland (1.4), Netherlands 
(1.7), United Kingdom (2.0), France (2.5), and Germany (2.5). Our results are only 
comparable to the rates in Belarus (7.4), Sarajevo, Bosnia (7.53) (ages 5-7) and Albania (8.5), 
(Marthaler 1995; Kobaslia 2000). The low treatment rate of children in Kosovo (<2%) 
indicates a high treatment need. Also, the mean DMFT (5.8) of school children in Kosovo 
(age 12) was higher in comparison with school children (age 12) of the following developed 
countries: Netherlands (1.1), Finland (1.2), Denmark (1.3), USA (1.4), United Kingdom (1.4), 
Sweden (1.5), Norway (2.1), Ireland (2.1), Germany (2.6) and Croatia (2.6) (16). The mean 
DMFT of Kosovo’s children (age 12) was similar to the mean values in Latvia (7.7), Poland 
(5.1) and a group of 12- to 14-year-olds in Sarajevo, Bosnia (7.18) (Marthaler 1995; Kobaslia 
2000). As it was previously mentioned, the low treatment rate of the children in Kosovo is 
unfavorable and indicates a high treatment need. 

2.3 Oral health assessment in school and preschool children – Epidemiological study 
In order to assess the oral health of preschool and school children, the dental examination 
was carried out (Begzati et al. 2011). The sample in this study consisted of two groups 
derived from a multi-site examination: preschool and school children. From a total of 3,793 
examined children, there were 1,237 preschool children (aged 2 to 6 years old) and 2,556 
school children (aged 7 to 14 years old). This was a cross-sectional study conducted in 
randomly selected locations in Kosovo. The sample size was calculated with a confidence 
level of 95% and a confidence interval of 2. 
The study was specifically based on the dmft/DMFT index, following the recommendations 
of the World Health Organization (WHO Oral Health Surveys 1997). 
Preschool children were examined at various kindergartens in different locations of Kosovo. 
The examinations were done under natural light, using a dental mirror and a probe. It was 
performed by five dentists from the Prishtina University Dental Clinics, mainly from the 
Preventive Dentistry Department. The Study Group for Oral Health Promotion conducted 
the study, and the examiners received relevant training in advance. Diagnostic criteria were 
calibrated (Hunt 1986), with an inter-examiner reliability of kappa = 0.92 based on the 
examination of 30 children of different ages. For the caries assessments, all tooth surfaces 
were examined. Every defect in the tooth was tested with a probe, and every visual change 
in the enamel transparency in the early phases of demineralization was defined as a carious 
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lesion. Decayed, filled and extracted/missing (due to caries) teeth were recorded in a 
modified WHO Oral Health Assessment Form. 
DMFT (for permanent dentition) and dmft (for primary dentition) describe the number, or 
the prevalence, of caries in an individual. DMFT and dmft are methods to numerically 
express the caries experience and are obtained by calculating the number of decayed (D), 
missing (M), and filled (F) teeth (T). 

2.3.1 The prevalence of caries of preschool children 
In the sample, 28.6% of the children were with no observable clinical signs of caries  
(dmft =0) at the age of two. As expected, this percentage decreased with increasing age. 
Only 2.1% of six-year-old children were caries-free. The mean dmft in preschool children 
was 5.6. The lowest mean dmft was seen in two-year-old children (2.1), while the highest 
were in five- and six-year-olds (8.1 and 7.9, respectively). (Fig. 1) 
 

 
Fig. 1. Mean dmft of preschool children by age groups 

As expected, the mean dmft among preschool children increased with age, with significant 
statistical differences between adjacent age groups (two-year-olds vs. three-year-olds, three-
year-olds vs. four-year-olds, and four-year-olds vs. – p<0.001), except between five-year-
olds and six-year-olds (p>0.5). An ANOVA test showed statistical differences between all of 
the age groups (F=204.59, p<0.001). 
The greatest contribution to the dmft index was untreated caries, which varied from 2.04 for 
two-year-olds to 6.37 for five-year-olds. A slight decrease was showed among six-year-old 
children. Six-year-old children showed a slight decrease (6.09) (Fig. 1). 
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2.3.2 Caries prevalence of school children 
The percentage of children with DMFT=0 at the age of six was 13.3%, and as expected, this 
decreased with age. At 14 years old, only 0.9% were with no observable clinical signs of 
caries. The mean DMFT index was 4.86 for all school children. The increase in the mean 
DMFT was related to age, increasing from 2.36 for 7-year-olds to 6.91 for 14-year-olds. There 
was no significant difference between the genders for any age group.  
The mean DMFT of school children increased with age, with a statistically significant 
difference between the age groups tested with ANOVA (F=290.83, p<0.001). 
The differences between adjacent age groups showed a difference for 7-year-olds vs. 8-year-
olds, 9-year-olds vs. 10-year-olds, 10-year-olds vs. 11-year-olds, 11-year-olds vs. 12-year-
olds, and 12-year-olds vs. 13-year-olds (p<0.0001). There was no difference for 8-year-olds 
vs. 9-year-olds (p>0.05) or 13-year-olds vs. 14-year-olds (p>0.05). 
The greatest contribution to the DMFT index was untreated caries, which varied from 2.10 
for 7-year-olds to 5.00 for 14-year-olds (Figure 2). 
 

 
Fig. 2. Mean DMFT of school children by age groups 
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rampant clinical progression makes ECC a serious public health problem. Due to varying 
clinical, etiological, localization, and course features, this pathology is found under different 
names such as labial caries (LC), caries of incisors, nursing bottle mouth, rampant caries 
(RC), nursing bottle caries (NBC), nursing caries, baby bottle tooth decay (BBTD), early 
childhood caries (ECC), rampant infant and early childhood dental decay, and severe early 
childhood caries (SECC) (James 1957; Goose 1967; Fass 1962; Winter et al.1966; Derkson & 
Ponti 1982; Ripa 1988; Arkin 1986; Bruered et al. 1989; Kaste & Gift 1995; Tinanoff et al. 1998; 
Horowitz 1998; Drury et al. 1999). 
According to Davis, the definition of this pathology has always been complex and “difficult 
to be described, but when it is seen, you know what it’s about” (Davis 1998). Up to now 
there have been many proposals for definition and diagnostic criteria, described in detail by 
Ismail & Sohn 1999. 
The preferred and most commonly used term today is early childhood caries (ECC), 
proposed by the Centers for Disease Control and Prevention (CDC) (Kaste et al. 1996). 
Numerous biological, psychosocial, and behavioral risk factors are involved in the etiology 
of ECC, supporting the multifactorial character of the disease (Wyne 1999; Seow 1998). 
Based on this concept, dental caries can be defined as demineralization of tooth tissue 
consequent to a dental infection that is dependent on frequent exposure to fermentable 
carbohydrates and is influenced by saliva and fluoride and other trace elements (Drury et al. 
1999). Dietary habits are also deeply implicated in the development of ECC, despite the fact 
that it is considered an infectious disease (Lopez 2000). Consumption of sweets with high 
concentrations of glucose, saccharine, or fructose, especially if taken in processed juices 
(Newbrun 1982), and their prolonged intake play an important role in caries development in 
children with ECC (Wendt 1991). 
To evaluate the prevalence of ECC and various caries risk factors such as quantity of 
cariogenic Streptococcus mutans colonies, oral hygiene, sweets preference, bottle feeding in 
preschool children, and fluoride use, we have conducted a study at our preschool children 
(Begzati et al. 2010). 
In this study we have included 1,008 children of both sexes, from 1 to 6 years of age, from 9 
kindergartens of Prishtina, capital of Kosovo. The sample was random, representing 80% of 
all kindergarten children. The sample size was calculated with a confidence level of 95% and 
a confidence interval of 2. 

3.2 Dental examination and diagnostic criteria of ECC 
ECC was defined as “initial occurrence of caries in cervical region of at least two maxillary 
incisors.” Using a careful lift-the-lip examination, the presence or absence of ECC was 
recorded depending on the presence of “noncavity caries/white spot lesions” or “cavity 
caries.” With the aim of studying the clinical and etiological aspects of ECC, a sub-sample 
of children with ECC was included for further analysis. The latter part of the examination, 
which included the clinical study of ECC development (according to ECC stages), 
determination of bacterial colony sampling, oral hygiene index (OHI), and filling out of 
the questionnaire, was conducted in the Pediatric Dentistry Clinic of the School of 
Dentistry. 
Children with ECC were examined using the light of the dental unit, with dental mirror and 
probe. All examinations were carried out by Prof Begzati, with intra-examiner reliability of 
kappa = 0.95 based on the examination of 15 children of different ages. 
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2.3.2 Caries prevalence of school children 
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rampant clinical progression makes ECC a serious public health problem. Due to varying 
clinical, etiological, localization, and course features, this pathology is found under different 
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3.2.1 ECC prevalence 
The prevalence of ECC varies in different countries, which may depend on the diagnostic 
criteria. While in some developed countries having advanced programs for oral health 
protection, the prevalence of ECC is around 5% (Derkson & Ponti 1982; Ripa 1988; Kaste et 
al. 1996; Davenport 1990;  Hinds & Gregory 1995). In some countries of Southeastern Europe 
(Kosovo’s neighbors), this prevalence reaches 20% (Bosnia) and 14% (Macedonia) 
(Huseinbegović 2001, Apostolova et al. 2003). Much higher ECC prevalence has been 
reported for such places as Quchan, Iran (59%) (Mazhari et al. 2007) and Alaska (66.8%) 
(Kelly & Bruerd 1987). At American Indian children the prevalence is 41.8% [23]. Similarly, 
in North American populations, the prevalence at high-risk children ranges from 11% to 
72% (Berkowitz 2003). 
In our study, from the total 1,008 examined children aged 1-6 years, the caries prevalence 
expressed in terms of the caries index per person, or dmft > 0, was 86.31%, with a mean 
dmft of 5.8. The prevalence of ECC was 17.36%, or 175 out of 1,008 examined children. The 
sub-sample of children with diagnosed ECC consisted of 150 children out of 175 invited for 
further analysis. Twenty-five children of this group from different kindergartens didn’t 
show up in the Department. The mean age of children with ECC was 3.8 ± 1.2 years. The 
mean dmft in children with ECC was 11 ± 3.6. There was no statistical difference of ECC 
prevalence between genders (t test = 1.81, P = 0.07). As expected, the lowest mean dmft 
score was found at age 2 (6.47 ± 2.13), with an age-related increase in dmft of 12.8 at age 6 
(Table 1). In comparing the mean dmft in ECC children with respect to age, there was a 
significant statistical difference between age 2 and ages 4, 5, and 6. (One-Way ANOVA test F 
= 16, P < 0.001). 
 

Age (N) dmft ± SD 

2 (22) 5.5 ± 2.1 
3 (42) 9.7 ± 3.4 
4 (38) 12.8 ± 2.6 
5 (36) 12.9 ± 2.7 
6 (12) 12.8 ± 1.3 

Total (150) 11 ± 3.6 

Table 1. Mean dmft in children with ECC 

3.2.2 Clinical course of ECC 
In order to explain the clinical course of ECC, we propose the following stages in the 
occurrence and progression of carious lesions in ECC: 
ECCi (initial stage)-white spot lesion or initial defect in enamel of cervix. 
ECCc (circular stage)-lesion in the dentin and circular distribution of this lesion proximally. 
ECCd (destructive stage)-destruction of more than half the crown without affecting the 
incisal edge. 
ECCr (radix relicta stage)-total destruction of the crown. 
The development of ECC on the maxillary incisors (at least 2) from its initial stage was 
monitored after a reexamination 1 year later (Table 2). 
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 Baseline Reexamination 
N 27 25 

Mean dmft ± SD 5.1 ± 1.8 8.8 ± 0.7 

ECC stages 

Initial stage (N, %) (27) 100% (0) 0% 
Circular stage (N, %) / (7) 28% 
Destructive stage (N, %) / (5) 20% 
Radix relicta stage (N, %) / (9) 36% 

 Extraction (N, %) / (4) 16% 

Table 2. ECC progression from initial stage at 1-year follow-up 

The clinical course /ECC stages were not equally distributed. The most commonly present 
stage was that of radix relicta (41.7%), while the stage that appeared least frequently was the 
initial stage (15.4%), or 27 out of 150 children with ECC. There was a significant difference 
between the stages of ECC (P < 0.0001). Twenty-five of the 27 children with ECC in the 
initial stage were reexamined 1 year after the baseline examination (2 children did not 
appear for reexamination due to address change). The 1-year reexamination showed that the 
initial stage had advanced to the circular stage in 28% of children, destructive stage in 20%, 
radix relicta stage in 36%, and having been extracted due to ECC in 16% of children. 
Mean age of subjects with initial stage of ECC was 2 ± 0.7. Mean dmft on reexamination 
showed an increase from 5.1 to 8.8 (P < 0.001). 

3.2.3 Clinical consequences of ECC 
Scientific research suggests that the development of ECC occurs in 3 stages. The first stage is 
characterized by a primary infection of the oral cavity with ECC. The second stage is the 
proliferation of these organisms to pathogenic levels as a consequence of frequent and 
prolonged exposure to cariogenic substrates. Finally, a rapid demineralization and 
cavitation of the enamel occurs, resulting in rampant dental caries (Berkowitz 2003). 
A 1-year follow-up of ECC development from the initial stage, representing decay at the 
enamel level and its progression to more destructive stages, shows even development in all 
affected teeth. It is quite an acute development, because in 2/3 of the children, the ECC has 
progressed to more complicated stages destructive and radix relicta stages. Within 1 year, 
the dmft values have increased to 3.7. Consecutively, these children commonly experience 
pain from pulpitis, gangrene, and apical periodontitis. Also, these conditions are often 
followed by abscesses and cellulitis, sometimes with phlegmona, seriously endangering the 
child’s general health. De Grauwe, in describing the progression of ECC, has noticed that 
the development of caries from the enamel to the dentin level can occur within 6 months (De 
Grauwe 2004). 
The rapid development of ECC and its clinical appearance, especially in primary incisors, 
identifies it in its initial stages as a risk factor for future caries in the primary and permanent 
dentitions (Al-Shalan et al. 1997). 
Children with congenital heart anomalies are frequent patients in our departments, some of 
them exhibiting severe ECC. There is strong evidence that untreated dental disease is an 
important etiological factor in the pathogenesis of infective endocarditis, a condition that 
still carries a high risk of mortality (Child 1996). 
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3.3 Risk factors of caries in general and of ECC in particular 
3.3.1 Contagious nature of ECC 
There are many different types of microorganisms inhabiting the oral cavity, whose 
existence is maintained through ecological mechanism. This mechanism includes: saliva, 
crevicular gingival fluid, antimicrobial components of these fluids, intermicrobial synergism 
and antagonism, food, tooth, etc. 
The presence of microorganisms in the dental plaque depends on the presence of cariogenic 
bacteria in saliva. Their amount in saliva depends on the secretion level, enzyme presence, 
as well as on mechanisms with synergistic or antagonistic action. The microorganisms 
initially present in saliva and afterwards adhering to the tooth surface cannot express their 
cariogenic action separately or in small amounts. Their cariogenic effect is higher as their 
affinity to create bacterial colonies increases. Of the great interest in the cariogenesis process 
are only two bacterial genera: mutant streptococci and lactobacills (Norman & Franklin 1999). 
A very important role in occurrence of ECC is attributed to the bacterium Streptococcus 
mutans-called “the window of infection” (Caufield et al. 1993) in that it is responsible for the 
primary oral infection in the first phase of ECC (Berkowitz 1980; Berkowitz et al. 1996). 
Mother is regarded as the so called “window of infection” of S. mutans transmission to the 
newborn. 
As the data from the literature show, the role of S mutans in the etiology of ECC, especially 
in the initial phase, is very crucial (Berkowitz 1980, Caufield et al. 1993). These data also 
demonstrate the high prevalence of this bacterium in preschool children. S. mutans is found 
at the earliest ages, with the prevalence of 53% in 6- to 12-month-old children (Milgrom et al. 
2000), 60% in 15-month-olds (Karn et al. 1988), 67% in 18-month-old Swedes (Hallonsten et 
al. 1995), and 94.7% in 3- to 4-year-old Chinese (Li et al. 1994). 
Almost all preschool urban Icelandic children were found to carry S mutans (Holbrook 
1993). According to the studies of Ge and Caufield, all S-ECC children were S 
mutanspositive (Ge et al. 2008). Borutta 2002, found that in 80% of children (3 years old) 
diagnosed with caries, the presence of S. mutans was demonstrated, while higher counts of 
this bacterium were found in children with ECC. The high prevalence of S. mutans was also 
demonstrated in our study: 98% of preschool children.  Expressed in colony-forming units 
(CFU/mL saliva), 93% of the ECC children in our study had a high S. mutans counts (CFU > 
105). Higher salivary counts of S. mutans have been correlated with high dmft values (11.5) 
in our study. This significant correlation between high dmft or caries experience and high S. 
mutans counts has been demonstrated in other studies (Köhler et al. 1988; Köhler et al. 1995; 
Twetman & Frostner 1991; Maciel et al. 2001). 

3.3.2 S. mutans prevalence in children with ECC 
In this study the presence of S. mutans was determined by using the CRT bacteria test 
(Ivoclar Vivadent, Liechtenstein) on the saliva previously stimulated by chewing paraffin. 
Bacterial counts were recorded as colony-forming units per milliliter (CFU/mL) of saliva. 
The number of bacterial colonies was graded as follows: 
Class 0 and Class 1 (CFU < 105/mL saliva), and Class 2 and Class 3 (CFU ≥ 105/mL saliva), 
according to the manufacturers’ scoring-card (Ivoclar-Vivadent, Lichtenstein). 
In younger subjects, with less saliva collected, the modified spatula method was used. 
The results showed that only a small number of children (2%) with ECC exhibited the 
absence of S. mutans (Class 0). In other words, S. mutans prevalence in children with ECC 
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was 98%. The lowest class (Class 1) was recorded in 5% of the children with ECC, while 
classes that represent higher risk for caries (Classes 2 and 3) were present in 34% and 59%, 
respectively, of children with ECC (Table 3). 
 

S. mutans N % Mean dmft ± SD Ttest 

 class     
Class 0 3 2% 3 ± 0  
Class 1 8 5% 5.4 ± 2.0 P<0.001 
Class 2 51 34% 9.1 ± 3.0  
Class 3 88 59% 12.8 ± 2.5  

 values in CFU/mL saliva     
< 105(0 and 1) 11 7% 4.7 ± 1.1 T=5.5 

P<0.001 ≥ 10 5(2 and 3) 139 93% 11.5 ± 3.2 

Total 150 100% 11 ±3.6  

Table 3. S. mutans distribution in children with ECC 

Only 11 children with ECC exhibited a low level of S. mutans colonies (CFU < 105), with the 
mean dmft of this group being 4.7. The groups with higher CFU of S. mutans (Classes 2 and 
3), representing 93% of the children, had a mean dmft of 11.5 ±3. Comparing the mean dmft 
of children with ECC by S. mutans classes of CFU showed a significant difference between 
Class 1 and Classes 2 and 3 (t = 5.5, P < 0.001). 
Considerable epidemiological studies have established a positive correlation between early 
childhood caries and S. mutans (Matee et al. 1992; Li et al. 2000; Berkowitz, 1996; Beighton et 
al. 2004). 

3.3.3 Dietary habits in children with ECC 
In a study, parents and kindergarten teachers were asked to fill out a questionnaire about 
child’s dietary habits, including questions regarding frequency of sweets consumption 
throughout the day, as well as the type of sweets. Parents answered questions about bottle 
feeding: first use, duration, manner, and fluid content. They were also asked if they put their 
children to sleep with a bottle.  
Sweets consumption in children with ECC 
We found that the frequency of sweets consumption in approximately 93% of the children 
was 1–3 or more times a day. Sweets consumption between meals and during kindergarten 
hours was common. There was a statistical correlation between daily sweets consumption 
and dmft in children with ECC (F = 7.26, P < 0.001).  
In our study, the frequency of sweets consumption of children with ECC was very high. It is 
of great concern that kindergartens as educational institutions do not have a more serious 
approach to a healthy diet and reduction of food containing sugar. On the contrary, at least 
once a day, sweet food (jam, chocolate, cream, biscuits, or cake) is served to children. Also, 
serving of this food is very common between meals. The literature shows the high caries 
values in children who have frequently used sweets (Holbrook et al. 1989), it also shows a 
high consumption of sweets between meals (Ölmez et al. 2003). 
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classes that represent higher risk for caries (Classes 2 and 3) were present in 34% and 59%, 
respectively, of children with ECC (Table 3). 
 

S. mutans N % Mean dmft ± SD Ttest 

 class     
Class 0 3 2% 3 ± 0  
Class 1 8 5% 5.4 ± 2.0 P<0.001 
Class 2 51 34% 9.1 ± 3.0  
Class 3 88 59% 12.8 ± 2.5  

 values in CFU/mL saliva     
< 105(0 and 1) 11 7% 4.7 ± 1.1 T=5.5 

P<0.001 ≥ 10 5(2 and 3) 139 93% 11.5 ± 3.2 

Total 150 100% 11 ±3.6  

Table 3. S. mutans distribution in children with ECC 

Only 11 children with ECC exhibited a low level of S. mutans colonies (CFU < 105), with the 
mean dmft of this group being 4.7. The groups with higher CFU of S. mutans (Classes 2 and 
3), representing 93% of the children, had a mean dmft of 11.5 ±3. Comparing the mean dmft 
of children with ECC by S. mutans classes of CFU showed a significant difference between 
Class 1 and Classes 2 and 3 (t = 5.5, P < 0.001). 
Considerable epidemiological studies have established a positive correlation between early 
childhood caries and S. mutans (Matee et al. 1992; Li et al. 2000; Berkowitz, 1996; Beighton et 
al. 2004). 

3.3.3 Dietary habits in children with ECC 
In a study, parents and kindergarten teachers were asked to fill out a questionnaire about 
child’s dietary habits, including questions regarding frequency of sweets consumption 
throughout the day, as well as the type of sweets. Parents answered questions about bottle 
feeding: first use, duration, manner, and fluid content. They were also asked if they put their 
children to sleep with a bottle.  
Sweets consumption in children with ECC 
We found that the frequency of sweets consumption in approximately 93% of the children 
was 1–3 or more times a day. Sweets consumption between meals and during kindergarten 
hours was common. There was a statistical correlation between daily sweets consumption 
and dmft in children with ECC (F = 7.26, P < 0.001).  
In our study, the frequency of sweets consumption of children with ECC was very high. It is 
of great concern that kindergartens as educational institutions do not have a more serious 
approach to a healthy diet and reduction of food containing sugar. On the contrary, at least 
once a day, sweet food (jam, chocolate, cream, biscuits, or cake) is served to children. Also, 
serving of this food is very common between meals. The literature shows the high caries 
values in children who have frequently used sweets (Holbrook et al. 1989), it also shows a 
high consumption of sweets between meals (Ölmez et al. 2003). 
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Bottle feeding in children with ECC 
Another important factor in the etiology of ECC is bottle feeding, which is accompanied by 
high salivary counts of S. mutans. The relationship between bottle usage and salivary counts 
of S. mutans has been reported (Mohan et al. 1998). In our children, the duration of bottle 
feeding with sweetened milk or juice is very long, wherein nearly 4/5 of children are 
bottle fed from 1 to 3 and more years. Most of the children with ECC represent subjects 
who are bottle fed up to age 2 (48%) and 3 and up (39%). Of the children with ECC, 6% 
were not bottle fed and 7% were bottle fed up to age 1. Comparing the dmft of children 
with ECC with regard to duration of bottle feeding shows statistical correlation (F = 20.83, 
P < 0.001).  
Another harmful practice is putting children to sleep with a juice-filled bottle, which is 
practiced in 2/3 of children with ECC, although Johnsen (1982) has reported that 78% of 
parents of children with ECC had attempted to substitute water for a cariogenic liquid (e.g., 
apple juice, formula) in the bedtime nursing bottle. A review of the literature from the 
etiological point of view of ECC shows that “the use of a bottle at night” is not the only 
cause of ECC (Plat & Cebazas 2000). 

3.3.4 Tooth brushing and the OHI in children with ECC 
Regarding tooth brushing parents and kindergarten teachers were asked to fill out a 
questionnaire about the: frequency, parents’ participation during brushing, how it was 
controlled, and use of fluoride-containing toothpaste and fluoride tablets. 
The OHI was determined by using the Plaque Test (Ivoclar Vivadent) according to the 
Greene-Vermilion index.  
There is a high level of negligence in the oral hygiene of our children. More than half do not 
brush their teeth at all, exhibiting a very high OHI (1.52). No child recorded OHI-1. 
Although a dmft of 13 was found in children with OHI-3, no significant difference was 
found when comparing the dmft with respect to OHI (F = 2.52, P = 0.085). 
The importance of the primary dentition of oral health promotion must be focused on the 
education of mothers to motivate their children for oral hygiene. Unfortunately, we found 
“bad conviction” of mothers regarding primary teeth that they will be replaced, thus 
neglecting the care for children’s teeth. Data from the literature show that cooperation of 
mothers is very important in overcoming the belief that the deciduous dentition can be 
neglected (Rasmund & Tracy 2003). 
Regarding the frequency of tooth brushing, around 52% of the children did not brush at all, 
but there was no statistical difference in dmft in terms of frequency of brushing (F = 2.10,  
P = 0.106).  
Oral hygiene habits established at the age of 1 can be maintained throughout early 
childhood (Wendet 1995). 

3.3.5 Fluoride use 
From the answers of mothers regarding fluoride use, we ascertained a considerable lack of 
knowledge about the benefits of this agent in maintaining healthy tooth structure. This 
information gap can be inferred from their answers. When asked, “Do you give fluoride 
tablets to your child?” their answers were stated as if they have been asked about some 
medication: “I give those tablets to my child as needed.” The absence of fluoride in 

 
Oral Health Care in Children – A Preventive Perspective 

 

31 

Kosovo’s municipal drinking water may highly influence caries prevalence rates in 
children. 
Nutritional counseling, fluoride therapy, and oral hygiene may be required to prevent 
development of carious lesions in children. In the case of high-risk patients such as children 
with ECC with a predominance of high salivary counts of S. mutans, the use of either the 
antibacterial rinse chlorhexidine gluconate or the oral health care gel chlorhexidine has been 
suggested (Featherstone 2004). 

3.3.6 Social factors 
The oral health promotion and preventive measures are also influenced by social and 
economical factors. Statistical data from our country such as: large families (with average 
size of 6.5 members), high unemployment rate (in 2008 it marked 45.4%, for female 56.4%), 
high birth rate (16%) and the lowest economical growth in the region (Statistical Office of 
Kosovo 2008), represent some of the aggravating factors when dealing with the health issues 
of the population, including oral health issues. Given the complexity of factors associated 
with ECC, it is unfortunate that most of the interest has only been from dental 
organizations. The critical change needed to accomplish the necessary research for the 
prevention of ECC should be expanding our network by involving other health 
professionals, community leaders, national organizations serving children, and political 
leaders (Ismail 1998). 

3.4 Preventive measures for ECC 
Early childhood caries (ECC) is a health problem with biological, social and behavioral 
determinants. Intervention treatment does not resolve this problem. It is difficult, sometimes 
impossible and expensive. 
The only safest way is prevention of this complex pathology. European Academy of 
Pediatric Dentistry (2008) has recommended general strategies for ECC prevention: 
• Oral health assessments with counseling at regularly scheduled visits during the first 

year of life are an important strategy to prevent ECC. 
• Children’s teeth should be brushed daily with a smear of fluoride toothpaste as soon as 

they erupt. 
• Professional applications of fluoride varnish are recommended at least twice yearly in 

groups or individuals at risk.  
• Parents of infants and toddlers should be encouraged to reduce behaviours that 

promote the early transmission of mutans streptococci. 
Based on these recommendations, we will describe detailed preventive measures: primary 
prevention – prenatal and postnatal care; and secondary prevention – parents’ and dental 
professionals’ role. 

3.4.1 Primary prevention 
• It should begin during prenatal period and it consists of pregnant woman’s needs’ 

fulfillment with necessary and healthy products; 
• Proper quality of food for the newborn during the enamel maturation phase; 
• Fluoridation of newly-erupted teeth; 
• Antimicrobial therapy with chlorhexidine. 
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Bottle feeding in children with ECC 
Another important factor in the etiology of ECC is bottle feeding, which is accompanied by 
high salivary counts of S. mutans. The relationship between bottle usage and salivary counts 
of S. mutans has been reported (Mohan et al. 1998). In our children, the duration of bottle 
feeding with sweetened milk or juice is very long, wherein nearly 4/5 of children are 
bottle fed from 1 to 3 and more years. Most of the children with ECC represent subjects 
who are bottle fed up to age 2 (48%) and 3 and up (39%). Of the children with ECC, 6% 
were not bottle fed and 7% were bottle fed up to age 1. Comparing the dmft of children 
with ECC with regard to duration of bottle feeding shows statistical correlation (F = 20.83, 
P < 0.001).  
Another harmful practice is putting children to sleep with a juice-filled bottle, which is 
practiced in 2/3 of children with ECC, although Johnsen (1982) has reported that 78% of 
parents of children with ECC had attempted to substitute water for a cariogenic liquid (e.g., 
apple juice, formula) in the bedtime nursing bottle. A review of the literature from the 
etiological point of view of ECC shows that “the use of a bottle at night” is not the only 
cause of ECC (Plat & Cebazas 2000). 

3.3.4 Tooth brushing and the OHI in children with ECC 
Regarding tooth brushing parents and kindergarten teachers were asked to fill out a 
questionnaire about the: frequency, parents’ participation during brushing, how it was 
controlled, and use of fluoride-containing toothpaste and fluoride tablets. 
The OHI was determined by using the Plaque Test (Ivoclar Vivadent) according to the 
Greene-Vermilion index.  
There is a high level of negligence in the oral hygiene of our children. More than half do not 
brush their teeth at all, exhibiting a very high OHI (1.52). No child recorded OHI-1. 
Although a dmft of 13 was found in children with OHI-3, no significant difference was 
found when comparing the dmft with respect to OHI (F = 2.52, P = 0.085). 
The importance of the primary dentition of oral health promotion must be focused on the 
education of mothers to motivate their children for oral hygiene. Unfortunately, we found 
“bad conviction” of mothers regarding primary teeth that they will be replaced, thus 
neglecting the care for children’s teeth. Data from the literature show that cooperation of 
mothers is very important in overcoming the belief that the deciduous dentition can be 
neglected (Rasmund & Tracy 2003). 
Regarding the frequency of tooth brushing, around 52% of the children did not brush at all, 
but there was no statistical difference in dmft in terms of frequency of brushing (F = 2.10,  
P = 0.106).  
Oral hygiene habits established at the age of 1 can be maintained throughout early 
childhood (Wendet 1995). 

3.3.5 Fluoride use 
From the answers of mothers regarding fluoride use, we ascertained a considerable lack of 
knowledge about the benefits of this agent in maintaining healthy tooth structure. This 
information gap can be inferred from their answers. When asked, “Do you give fluoride 
tablets to your child?” their answers were stated as if they have been asked about some 
medication: “I give those tablets to my child as needed.” The absence of fluoride in 
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Kosovo’s municipal drinking water may highly influence caries prevalence rates in 
children. 
Nutritional counseling, fluoride therapy, and oral hygiene may be required to prevent 
development of carious lesions in children. In the case of high-risk patients such as children 
with ECC with a predominance of high salivary counts of S. mutans, the use of either the 
antibacterial rinse chlorhexidine gluconate or the oral health care gel chlorhexidine has been 
suggested (Featherstone 2004). 

3.3.6 Social factors 
The oral health promotion and preventive measures are also influenced by social and 
economical factors. Statistical data from our country such as: large families (with average 
size of 6.5 members), high unemployment rate (in 2008 it marked 45.4%, for female 56.4%), 
high birth rate (16%) and the lowest economical growth in the region (Statistical Office of 
Kosovo 2008), represent some of the aggravating factors when dealing with the health issues 
of the population, including oral health issues. Given the complexity of factors associated 
with ECC, it is unfortunate that most of the interest has only been from dental 
organizations. The critical change needed to accomplish the necessary research for the 
prevention of ECC should be expanding our network by involving other health 
professionals, community leaders, national organizations serving children, and political 
leaders (Ismail 1998). 

3.4 Preventive measures for ECC 
Early childhood caries (ECC) is a health problem with biological, social and behavioral 
determinants. Intervention treatment does not resolve this problem. It is difficult, sometimes 
impossible and expensive. 
The only safest way is prevention of this complex pathology. European Academy of 
Pediatric Dentistry (2008) has recommended general strategies for ECC prevention: 
• Oral health assessments with counseling at regularly scheduled visits during the first 

year of life are an important strategy to prevent ECC. 
• Children’s teeth should be brushed daily with a smear of fluoride toothpaste as soon as 

they erupt. 
• Professional applications of fluoride varnish are recommended at least twice yearly in 

groups or individuals at risk.  
• Parents of infants and toddlers should be encouraged to reduce behaviours that 

promote the early transmission of mutans streptococci. 
Based on these recommendations, we will describe detailed preventive measures: primary 
prevention – prenatal and postnatal care; and secondary prevention – parents’ and dental 
professionals’ role. 

3.4.1 Primary prevention 
• It should begin during prenatal period and it consists of pregnant woman’s needs’ 

fulfillment with necessary and healthy products; 
• Proper quality of food for the newborn during the enamel maturation phase; 
• Fluoridation of newly-erupted teeth; 
• Antimicrobial therapy with chlorhexidine. 
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3.4.2 Secondary prevention 
• Mothers’ education on recognizing the first signs of ECC using “lift-the-lip” technique. 

The aim of this measure is early detection of the so-called “white spot”. 
• Parents should be encouraged to avoid bad feeding habits of their children and give 

effort for proper feeding: 
• breast-feeding of the baby; 
• the use of cup instead of the bottle as early as possible; 
• not sleeping with bottle in mouth; 
• avoid the use of fabricated juices or soda;  
• the use of natural, a little sweetened, juice or tea, or just water; 
• avoid the discontinuation of bottle use by the method “bottle is gone”; 
• reduce the liquid in the bottle, gradually by night, 
• reduce sweets as much as possible; 
• no sweets between meals; 
• daily tooth brushing, at least twice a day, obligatory before going to bed. 

• Necessary consultations with the dentist -   
Professional educational activities targeting primary health care providers (pediatricians, 
internists, family physicians, obstetricians, mid-level medical practitioners:  
• early identification of disease, 
• fluoride supplements as appropriate,  
• healthful feeding practices, 
• snacking behaviors that promote good oral health, and  
• referral to the dentist by 12 months of age. 

4. Gingivitis and periodontitis 
The periodontium, also known as "the supporting structures of the teeth", comprises a 
developmental, biologic, and functional unit, which undergoes certain changes with age and 
is subjected to morphologic changes related to functional alterations. 
The attachment of the tooth to the bone tissue of the jaws and maintenance of the oral cavity 
masticatory mucosa surface’s integrity are the main functions of the periodontium. 
The periodontium (περι = around, οδονσ = tooth) comprises the following tissues 1) the 
gingiva, 2) the periodontal ligament, 3) the root cementum, and 4) the alveolar bone. 

4.1 Normal anatomy 
4.1.1 Gingiva 
In the coronal direction the coral pink gingiva terminates in the free gingival margin, which 
has a scalloped outline. In the apical direction the gingiva is continuous with the loose, 
darker red alveolar mucosa (lining mucosa) from which the gingiva is separated by a, 
usually, easily recognizable borderline called either the mucogingival junction (arrows) or 
the mucogingival line. Since the hard palate and the maxillary alveolar process are covered 
by the same type of masticatory mucosa, there is no mucogingival line present in the palate. 
Two parts of the gingiva can be differentiated: 1) the free gingiva and 2) the attached gingiva. 

4.1.2 Periodontal ligament 
The soft, richly vascular and cellular connective tissue which joins the root cementum with 
socket wall and surrounds the roots of the teeth is the periodontal ligament. The periodontal 
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ligament is situated in the space between the roots of the teeth and the lamina dura or the 
alveolar bone proper. The alveolar bone surrounds the tooth to a level approximately 1mm 
apical to the cemento-enamel junction. 
The portions of the principal fibers of the periodontal ligament which are embedded in the 
root cementum and in the alveolar bone proper are called Sharpey's fibers. 

4.1.3 Root cementum 
The cementum is a special mineralized tissue covering the root surfaces. It has many 
features in common with bone tissue. It contains no blood or lymph vessels, has no 
innervation, does not undergo physiologic resorption or remodeling, but is characterized by 
continuing deposition throughout life. It attaches the periodontal ligament fibers to the root 
and contributes to the process of repair after damage to the root surface. 
Different forms of cementum have been described, such as acellular, extrinsic fiber 
cementum; cellular, mixed stratified cementum; and cellular, intrinsic fiber cementum. 

4.1.4 Alveolar bone 
The alveolar process is defined as the parts of the maxilla and the mandible that form and 
support the sockets of the teeth. 
Together with the root cementum and the periodontal membrane, the alveolar bone 
constitutes the attachment apparatus of the teeth, the main function of which is to distribute 
and resorb forces generated by, for example, mastication and other tooth contacts. 

4.2 Classification of periodontal diseases 
The classification of periodontal diseases (Flemmig 1999) was revised in a workshop (AAP 
classification of periodontal diseases) that took place in 1999. This classification includes 
eight main categories: 
- Gingival diseases 
- Chronic periodontitis 
- Aggressive periodontitis 
- Periodontitis as a manifestation of systemic diseases 
- Necrotizing periodontal diseases 
- Abscesses of the periodontium 
- Periodontitis associated with endodontic lesions 
- Developmental or acquired deformities and conditions. 

4.3 Prevalence of periodontal diseases 
Inflammatory alterations of gingiva are found among the majority of children in the primary 
dentition. The prevalence of gingivitis reaches its maximum at around 11 years among girls, 
whereas among boys 2 years later (Massler et al. 1952)  
Studies from 24 European countries from 1982 to 1992 (Sheiham et al. 2002) using 
Community Periodontal Index of Treatment Needs (CPITN) showed these results: 
- the mean prevalence of shallow pockets (CPITN-3) is 36% in West Europe and 45% in 

East Europe 
- the mean prevalence of deep pockets (CPITN-4) is 9% in West Europe and 23% in East 

Europe 
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3.4.2 Secondary prevention 
• Mothers’ education on recognizing the first signs of ECC using “lift-the-lip” technique. 

The aim of this measure is early detection of the so-called “white spot”. 
• Parents should be encouraged to avoid bad feeding habits of their children and give 

effort for proper feeding: 
• breast-feeding of the baby; 
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• snacking behaviors that promote good oral health, and  
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The periodontium, also known as "the supporting structures of the teeth", comprises a 
developmental, biologic, and functional unit, which undergoes certain changes with age and 
is subjected to morphologic changes related to functional alterations. 
The attachment of the tooth to the bone tissue of the jaws and maintenance of the oral cavity 
masticatory mucosa surface’s integrity are the main functions of the periodontium. 
The periodontium (περι = around, οδονσ = tooth) comprises the following tissues 1) the 
gingiva, 2) the periodontal ligament, 3) the root cementum, and 4) the alveolar bone. 

4.1 Normal anatomy 
4.1.1 Gingiva 
In the coronal direction the coral pink gingiva terminates in the free gingival margin, which 
has a scalloped outline. In the apical direction the gingiva is continuous with the loose, 
darker red alveolar mucosa (lining mucosa) from which the gingiva is separated by a, 
usually, easily recognizable borderline called either the mucogingival junction (arrows) or 
the mucogingival line. Since the hard palate and the maxillary alveolar process are covered 
by the same type of masticatory mucosa, there is no mucogingival line present in the palate. 
Two parts of the gingiva can be differentiated: 1) the free gingiva and 2) the attached gingiva. 

4.1.2 Periodontal ligament 
The soft, richly vascular and cellular connective tissue which joins the root cementum with 
socket wall and surrounds the roots of the teeth is the periodontal ligament. The periodontal 
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ligament is situated in the space between the roots of the teeth and the lamina dura or the 
alveolar bone proper. The alveolar bone surrounds the tooth to a level approximately 1mm 
apical to the cemento-enamel junction. 
The portions of the principal fibers of the periodontal ligament which are embedded in the 
root cementum and in the alveolar bone proper are called Sharpey's fibers. 

4.1.3 Root cementum 
The cementum is a special mineralized tissue covering the root surfaces. It has many 
features in common with bone tissue. It contains no blood or lymph vessels, has no 
innervation, does not undergo physiologic resorption or remodeling, but is characterized by 
continuing deposition throughout life. It attaches the periodontal ligament fibers to the root 
and contributes to the process of repair after damage to the root surface. 
Different forms of cementum have been described, such as acellular, extrinsic fiber 
cementum; cellular, mixed stratified cementum; and cellular, intrinsic fiber cementum. 

4.1.4 Alveolar bone 
The alveolar process is defined as the parts of the maxilla and the mandible that form and 
support the sockets of the teeth. 
Together with the root cementum and the periodontal membrane, the alveolar bone 
constitutes the attachment apparatus of the teeth, the main function of which is to distribute 
and resorb forces generated by, for example, mastication and other tooth contacts. 

4.2 Classification of periodontal diseases 
The classification of periodontal diseases (Flemmig 1999) was revised in a workshop (AAP 
classification of periodontal diseases) that took place in 1999. This classification includes 
eight main categories: 
- Gingival diseases 
- Chronic periodontitis 
- Aggressive periodontitis 
- Periodontitis as a manifestation of systemic diseases 
- Necrotizing periodontal diseases 
- Abscesses of the periodontium 
- Periodontitis associated with endodontic lesions 
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4.3 Prevalence of periodontal diseases 
Inflammatory alterations of gingiva are found among the majority of children in the primary 
dentition. The prevalence of gingivitis reaches its maximum at around 11 years among girls, 
whereas among boys 2 years later (Massler et al. 1952)  
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Community Periodontal Index of Treatment Needs (CPITN) showed these results: 
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- the average of periodontitis affected sextants was 0.2-2.4 for CPITN-3 and 0-0.8 for 
CPITN-4. 

The Third National Health and Nutrition Examination Survey (NHANES III) as the largest 
population-based study during 1988-1994 showed that periodontitis affected at least 35% of 
US population between 30 and 90 years of age, with mild form in 22% and advanced form in 
13%. The severe forms of periodontitis affected more men than women, and more African-
Americans and Hispanics than Caucasians.   
Tooth loss may be the definitive consequence of destructive periodontal disease. Teeth lost 
due to periodontal disease’s consequences are evidently not in agreement with registration 
in epidemiological surveys. The prevalence and the severity of the disease may, thus, be 
underestimated. 
The so-called histologically healthy gingiva is possible only under experimental conditions 
and is attained by prolonged and overall nonexistence of microbial plaque. Thus, the more 
appropriate term used to express the health of gingiva is clinically normal gingiva, which 
almost always is followed by a polymorphonuclear granulocyte and lymphocyte infiltrate. 
The form of periodontal disease that affects the primary dentition, the condition formerly 
called prepubertal periodontitis, has been reported to appear in both a generalized and a 
localized form (Page et al. 1983). 

4.4 Risk factors for periodontitis 
There is an abundance of both empirical evidence and substantial theoretical justification for 
accepting the widespread belief that many diseases have more than one cause, i.e. that they 
are of multifactorial etiology (Kleinbaum et al. 1982). 
In a relatively large number of cross-sectional studies, multiple risk putative risk factors for 
periodontal disease have been examined (Beck et al. 1990, Grossi et al. 1994, Horning et al. 
1992, Ismali & Szpunar 1990). 

4.4.1 Tobacco smoking 
The biological possibility of a connection between tobacco smoking and periodontitis was 
found on the potential effects of several tobacco-related substances, notably nicotine, carbon 
monoxide and hydrogen cyanide. Data from the NHANES III study (Tomar & Asma 2000) 
suggested that 42% of periodontitis cases in the USA can be attributed to current smoking, 
and 11% to former smoking. 

4.4.2 Diabetes mellitus 
Diabetes as a risk factor for periodontitis has been addressed and debated for several years 
(Genco & Loe 1993), but recently, a number of biological mechanisms have been identified, 
by which the disease may contribute to impaired periodontal conditions. Examiners showed 
that diabetics were three times more likely to suffer from periodontal disease than non-
diabetics (Emrich et al. 1991). 

4.5 Periodontal disease and risk for systemic disease 
Besides the risk from periodontitis deriving from the systemic diseases, it has been 
suggested that periodontal diseases may represent a possible risk factor for systemic 
diseases. Emerging facts show that periodontal diseases, in fact, have systemic 
consequences. 
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DeStefano et al (1993) in a prospective group of 9760 subjects found a nearly two-fold higher 
risk of coronary heart disease for patients with periodontal infection. But other studies have 
failed to document this association, indicating that this association is more complex and 
conditional (Hujoel et al. 2000). 
Another systemic consequence that may be attributed to the periodontal disease is preterm 
low birth-weight. It has been hypothesized that women with preterm labor may be 
indirectly affected through remote infections, one of which is periodontal disease (McGregor 
et al. 1988). In a pioneer study conducted by Offenbacher et al. (1996) with 124 subjects it 
was found that periodontitis, defined as 60% and more sites with attachment loss of 3 and 
more millimeters, conferred 7.9 fold risk for preterm low birth weight cases. A study in 
Kosovo with 200 parturients has acquired results of lower odd ratio (more than 3 fold), but 
significantly higher with women with periododntitis compared with women with no 
periodontitis (Meqa 2007).  

5. Oral Health promotion  
Good health is a major resource for social, economic and personal development. Political, 
economic, social, cultural, environmental, behavioral and biological factors can enhance or 
impair health. Health promotion action aims at making these conditions conducive to 
health. Health promotion therefore goes beyond health care. It puts health on the agenda of 
policy makers in all sectors and at all levels, directing them to be aware of the health 
consequences of their decisions and to accept their responsibilities for health.  
An important role in the oral health promotion activities, besides dental professionals, 
belongs to the kindergarten and school teachers, as well as mothers at home. Surely, 
mother’s role is very important and decisive in child’s education, not only from the aspect of 
oral health.   
Health care for children cannot be designed without understanding their vulnerability 
and essential link to parents. Health professionals, educators, and researchers must 
partner with parents in all activities related to children’s health, from clinical care to 
community programs to policy planning. Parental oral disease, attitudes, and past 
experiences with dental care have a direct impact on their own and their developing 
child’s oral health. Disease transmission, the practice of oral home care, and development 
of healthy attitudes towards oral health are all impacted by family factors. (Wendy & 
Mouradian 2001). 

5.1 Mother’s knowledge regarding oral health care 
It is of the greatest interest to maintain mother’s oral health during pregnancy. In our 
studies we have found that oral health problems among pregnant women are as common as 
among children. Oral health should be an integral part of prenatal care. Improving oral 
health during pregnancy not only enhances the overall health of women, but also 
contributes to improving the oral health of their children. 
Because of the complexity of factors related to dental caries, the role of oral health education 
is believed to be very important, especially for mothers. 
In order to explain the mother’s importance, respectively her knowledge related to oral 
health promotion, we have conducted a study in our country. Mothers who accompanied 
their children to the University Dentistry School of Kosovo, Pedodontics Department, were 
interviewed. The aim of our study was to determine the caries experience and parental 
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- the average of periodontitis affected sextants was 0.2-2.4 for CPITN-3 and 0-0.8 for 
CPITN-4. 

The Third National Health and Nutrition Examination Survey (NHANES III) as the largest 
population-based study during 1988-1994 showed that periodontitis affected at least 35% of 
US population between 30 and 90 years of age, with mild form in 22% and advanced form in 
13%. The severe forms of periodontitis affected more men than women, and more African-
Americans and Hispanics than Caucasians.   
Tooth loss may be the definitive consequence of destructive periodontal disease. Teeth lost 
due to periodontal disease’s consequences are evidently not in agreement with registration 
in epidemiological surveys. The prevalence and the severity of the disease may, thus, be 
underestimated. 
The so-called histologically healthy gingiva is possible only under experimental conditions 
and is attained by prolonged and overall nonexistence of microbial plaque. Thus, the more 
appropriate term used to express the health of gingiva is clinically normal gingiva, which 
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In a relatively large number of cross-sectional studies, multiple risk putative risk factors for 
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1992, Ismali & Szpunar 1990). 
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The biological possibility of a connection between tobacco smoking and periodontitis was 
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monoxide and hydrogen cyanide. Data from the NHANES III study (Tomar & Asma 2000) 
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Besides the risk from periodontitis deriving from the systemic diseases, it has been 
suggested that periodontal diseases may represent a possible risk factor for systemic 
diseases. Emerging facts show that periodontal diseases, in fact, have systemic 
consequences. 
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DeStefano et al (1993) in a prospective group of 9760 subjects found a nearly two-fold higher 
risk of coronary heart disease for patients with periodontal infection. But other studies have 
failed to document this association, indicating that this association is more complex and 
conditional (Hujoel et al. 2000). 
Another systemic consequence that may be attributed to the periodontal disease is preterm 
low birth-weight. It has been hypothesized that women with preterm labor may be 
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more millimeters, conferred 7.9 fold risk for preterm low birth weight cases. A study in 
Kosovo with 200 parturients has acquired results of lower odd ratio (more than 3 fold), but 
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Mouradian 2001). 
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studies we have found that oral health problems among pregnant women are as common as 
among children. Oral health should be an integral part of prenatal care. Improving oral 
health during pregnancy not only enhances the overall health of women, but also 
contributes to improving the oral health of their children. 
Because of the complexity of factors related to dental caries, the role of oral health education 
is believed to be very important, especially for mothers. 
In order to explain the mother’s importance, respectively her knowledge related to oral 
health promotion, we have conducted a study in our country. Mothers who accompanied 
their children to the University Dentistry School of Kosovo, Pedodontics Department, were 
interviewed. The aim of our study was to determine the caries experience and parental 
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knowledge regarding primary preventive measures for dental caries in children, mainly 
from the educational perspective of mothers in Kosovo. Data related to the following 
information was collected: social (mother’s age, economic status, mother’s level of 
education, employment, number of children in the family), dental experiences (dental visits, 
reasons of the visits), oral hygiene (daily frequency, knowledge of tooth brushing 
techniques, tooth brushing duration), feeding habits (sugar consumption, bottle feeding), 
fluoride and antimicrobial agents use, knowledge on their role in dental health, and 
pregnancy (prenatal control, premature birth). 
There is no doubt of the importance of the maternal role in maintaining good oral health 
among their children. The mother’s level of education is quite important, especially in our 
country, where women do not have a sufficient level of education. According to the official 
data, nearly half of all women completed only their primary education (44.9%) while only 
7.2% finished high school or obtained a university degree. Unfortunately, even in this 
century, illiteracy exists in Kosovo, with the level ranging from 2% to 4%. The number of 
illiterate women is almost three times higher than that of men. Demographic data are 
characterized by a high birth rate (15.7%), equivalent to an average of three children per 
mother. Social data show low employment rates among women. The unemployment rate is 
approximately 62% for women and 35% for men. Even though female presence is very high 
in trade and services such as health or education, oral health education has been mostly 
neglected (Kosovo Statistical Office 2008).  
The results of our examination have shown that maternal effort, as well as their knowledge 
of oral health protection for their children, is largely inadequate. This inadequacy also has 
been reflected in the dental status of the children, with a mean dmft 6.3. The highest mean 
dmft was recorded among children whose mothers finished primary and secondary school 
while a lower mean dmft (4.5) was recorded among children whose mothers finished high 
school or obtained a university degree. Although mothers with higher educational levels 
had more knowledge, as evidenced by the lower mean dmft, it was still high according to 
WHO standards. When the dmft index structure was analyzed, 78% of the teeth were 
decayed, 16% were extracted, and only 6% were filled. The children’s dental health status 
was even worse given the high prevalence of ECC (above 21%), with a mean dmft of 11 for 
these cases. 
The dental experiences of our children, for nearly two-thirds of all respondents, 
unfortunately involved visits to the dentist only when the pain appeared. 
Our examination was based on maternal levels of knowledge regarding oral health (over 
600 interviewed mothers), especially since they play crucial roles in educating their children. 
However, we made an attempt to raise the attention of not only mothers, but also of health 
professionals regarding the importance of the early prevention of dental and oral diseases in 
children through pre- and postnatal health education. 

5.2 Prenatal health education 
Health education ought to start during the prenatal period. It consists of regular OB/GYN 
visits and adequate access to necessary medical advice for both maternal and pediatric 
health. Unfortunately, only 8% of the mothers sought advice from their obstetrician 
regarding oral health protection measures for their future child. Nearly three-quarters of the 
mothers neglected their own oral health by not visiting the dentist during their pregnancies. 
Even though mothers reported occasional discomfort regarding their oral health, such as 
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gingival bleeding or toothaches, their visits to the dentist were very rare, with only 21% 
seeking help from the dentist. Another factor driving maternal negligence towards their 
own oral health was the inadequate level of preparedness among healthcare personnel, as 
well as their hesitant attitudes. Pregnant mothers who neglect to address their oral health 
issues may face consequences in their general health status, as well as in oral health status, 
with frequent dental caries, erosions, and periodontal disease. According to the U.S. 
Department of Health and Human Services, improving oral health during pregnancy not 
only enhances the overall health of women, but also contributes to improved oral health for 
their children. Oral health should be an integral part of prenatal care.  
Pregnancy and early childhood are particularly important times to access oral health care 
because the consequences of poor oral health can have a lifelong impact (US Department of 
Health and Human Services, 2000) 
Dental problems such as caries, erosion, epulis, periodontal infection, loose teeth, and ill-
fitting crowns, bridges, and dentures may have special significance during pregnancy 
(Casassimo 1996, Gajendra 2004).  
The bacteria responsible for periodontal disease are capable of producing a variety of 
chemical inflammatory mediators such as prostaglandins, interleukins and tumor necrosis 
factor that can directly affect the pregnant woman (Romero et al. 2004). 
Data from the literature have shown that oral health problems are common in pregnant 
women and in young children (Crall 2005). Untreated cavities in mothers may be associated 
with the risk of caries in children. Finally, untreated oral infections may become systemic 
problems during pregnancy and may even contribute to preterm birth (Lewit & Monheit 
1992). 
Periodontal disease is caused by gram-negative anaerobic bacteria. Studies have suggested 
that periodontal infections may contribute to the birth of preterm/low birth weight babies 
(Geopfert et al. 2004).  
In our study, the prevalence of premature births is 9%, and it has been reported that 
children born prematurely have a higher prevalence of ECC.  
Improving the oral health of pregnant women prevents complications of dental diseases 
during pregnancy, has the potential to decrease early childhood caries and may reduce 
preterm and low birth weight deliveries. Assessment of oral health risks in infants and 
young children, along with anticipatory guidance, has the potential to prevent early 
childhood caries. 

5.3 Postnatal health education 
5.3.1 First dental visit 
Regarding the issue of parental effort on seeking professional advice from the dentist, the 
data from the literature do not show satisfactory levels in other countries. Even in the 
developed nations, there is a dominant perception that children do not need early dental 
visits because they will subsequently lose their baby teeth.  
For instance, Dr. Horowitz has stated that “it is pretty hard for the parent to believe that the child 
should be sent to the dentist after the first tooth has erupted, and maybe earlier. A mistake that I made 
by myself, relying in my dentist’s advice not sending my child to the dentist before he turns three. Later 
I realized that it was a mistake” Reagan continues to cite authors Horowitz and Hale, who think 
that an important attention should be paid to the first dental visit and suggest that “the dental 
community needs to step forward and encourage these early visits” (Regan  2002). 
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century, illiteracy exists in Kosovo, with the level ranging from 2% to 4%. The number of 
illiterate women is almost three times higher than that of men. Demographic data are 
characterized by a high birth rate (15.7%), equivalent to an average of three children per 
mother. Social data show low employment rates among women. The unemployment rate is 
approximately 62% for women and 35% for men. Even though female presence is very high 
in trade and services such as health or education, oral health education has been mostly 
neglected (Kosovo Statistical Office 2008).  
The results of our examination have shown that maternal effort, as well as their knowledge 
of oral health protection for their children, is largely inadequate. This inadequacy also has 
been reflected in the dental status of the children, with a mean dmft 6.3. The highest mean 
dmft was recorded among children whose mothers finished primary and secondary school 
while a lower mean dmft (4.5) was recorded among children whose mothers finished high 
school or obtained a university degree. Although mothers with higher educational levels 
had more knowledge, as evidenced by the lower mean dmft, it was still high according to 
WHO standards. When the dmft index structure was analyzed, 78% of the teeth were 
decayed, 16% were extracted, and only 6% were filled. The children’s dental health status 
was even worse given the high prevalence of ECC (above 21%), with a mean dmft of 11 for 
these cases. 
The dental experiences of our children, for nearly two-thirds of all respondents, 
unfortunately involved visits to the dentist only when the pain appeared. 
Our examination was based on maternal levels of knowledge regarding oral health (over 
600 interviewed mothers), especially since they play crucial roles in educating their children. 
However, we made an attempt to raise the attention of not only mothers, but also of health 
professionals regarding the importance of the early prevention of dental and oral diseases in 
children through pre- and postnatal health education. 

5.2 Prenatal health education 
Health education ought to start during the prenatal period. It consists of regular OB/GYN 
visits and adequate access to necessary medical advice for both maternal and pediatric 
health. Unfortunately, only 8% of the mothers sought advice from their obstetrician 
regarding oral health protection measures for their future child. Nearly three-quarters of the 
mothers neglected their own oral health by not visiting the dentist during their pregnancies. 
Even though mothers reported occasional discomfort regarding their oral health, such as 
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gingival bleeding or toothaches, their visits to the dentist were very rare, with only 21% 
seeking help from the dentist. Another factor driving maternal negligence towards their 
own oral health was the inadequate level of preparedness among healthcare personnel, as 
well as their hesitant attitudes. Pregnant mothers who neglect to address their oral health 
issues may face consequences in their general health status, as well as in oral health status, 
with frequent dental caries, erosions, and periodontal disease. According to the U.S. 
Department of Health and Human Services, improving oral health during pregnancy not 
only enhances the overall health of women, but also contributes to improved oral health for 
their children. Oral health should be an integral part of prenatal care.  
Pregnancy and early childhood are particularly important times to access oral health care 
because the consequences of poor oral health can have a lifelong impact (US Department of 
Health and Human Services, 2000) 
Dental problems such as caries, erosion, epulis, periodontal infection, loose teeth, and ill-
fitting crowns, bridges, and dentures may have special significance during pregnancy 
(Casassimo 1996, Gajendra 2004).  
The bacteria responsible for periodontal disease are capable of producing a variety of 
chemical inflammatory mediators such as prostaglandins, interleukins and tumor necrosis 
factor that can directly affect the pregnant woman (Romero et al. 2004). 
Data from the literature have shown that oral health problems are common in pregnant 
women and in young children (Crall 2005). Untreated cavities in mothers may be associated 
with the risk of caries in children. Finally, untreated oral infections may become systemic 
problems during pregnancy and may even contribute to preterm birth (Lewit & Monheit 
1992). 
Periodontal disease is caused by gram-negative anaerobic bacteria. Studies have suggested 
that periodontal infections may contribute to the birth of preterm/low birth weight babies 
(Geopfert et al. 2004).  
In our study, the prevalence of premature births is 9%, and it has been reported that 
children born prematurely have a higher prevalence of ECC.  
Improving the oral health of pregnant women prevents complications of dental diseases 
during pregnancy, has the potential to decrease early childhood caries and may reduce 
preterm and low birth weight deliveries. Assessment of oral health risks in infants and 
young children, along with anticipatory guidance, has the potential to prevent early 
childhood caries. 

5.3 Postnatal health education 
5.3.1 First dental visit 
Regarding the issue of parental effort on seeking professional advice from the dentist, the 
data from the literature do not show satisfactory levels in other countries. Even in the 
developed nations, there is a dominant perception that children do not need early dental 
visits because they will subsequently lose their baby teeth.  
For instance, Dr. Horowitz has stated that “it is pretty hard for the parent to believe that the child 
should be sent to the dentist after the first tooth has erupted, and maybe earlier. A mistake that I made 
by myself, relying in my dentist’s advice not sending my child to the dentist before he turns three. Later 
I realized that it was a mistake” Reagan continues to cite authors Horowitz and Hale, who think 
that an important attention should be paid to the first dental visit and suggest that “the dental 
community needs to step forward and encourage these early visits” (Regan  2002). 
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We found that 18% of the mothers had no idea when their children should visit a dentist, 
while more than half believed that their children should first visit a dentist when they are 
three years old. Unfortunately, a considerable portion of mothers (18%) believe that the first 
visit to the dentist should occur only when the child is in pain. 
While the common perception 30 years ago was that the first dental visit should occur at the 
age of three, today it is preferred that the first visit occur before the child’s first birthday, 
specifically between 6 and 12 months of age.  

5.3.2 Mother’s knowledge about contagious nature of dental caries  
It is already understood that dental caries is a contagious disease. There are many ways of 
transmission from the mother’s mouth to the child’s mouth, such as by kissing or when 
mothers “clean” their children’s pacifiers or taste their children’s juice or food (Berkowitz 
1983). This bad habit was also recorded in our study. When mothers were asked whether 
they cleaned their baby‘s pacifiers or tasted the fluid from their baby‘s bottle, 35% confirmed 
such behaviors. According to the results of our study, mothers were not aware of this 
bacterium and the ways of it’s transmission in the child’s mouth. 
Previously, it was believed that mutans streptococci were not present in a child’s mouth 
until the eruption of the first tooth. However, some recent examinations have proven that 
high S. mutans levels may be observed in some children before their first birthday (Plotzitza 
et al. 2002). S. mutans was also found in the dental plaque of 12-month-old babies (Habibian 
et al. 2002). 
Data from the literature have confirmed such a correlation; if the mother’s SM count is low, 
the child’s count is low as well, and vice versa (Köhler & Andreen 1984). Nevertheless, this 
hypothesis needs further clarification. 

5.3.3 Mother’s knowledge regarding feeding habits 
Bottle feeding – It has been demonstrated that bottle feeding may contribute to dental caries, 
especially early childhood caries (ECC). The relationship between bottle usage and high 
salivary levels of the cariogenic bacteria S. mutans has been reported (Mohan et al. 1998). 
Surprisingly, even though a considerable number of mothers in our study were unemployed 
and did not send their children to kindergarten, they fed their children with bottles (65%). 
Unfortunately, maternal knowledge regarding the role of bottle feeding in the occurrence of 
ECC was generally low (12%). An unfavourable practice involves mothers’ putting their 
children to sleep with milk- or juice-filled bottles, which was practiced for 74% of the 
children. Other authors have also reported on this bad practice (Jonsen 1988). Several 
studies have reported that the majority of the U.S. preschool population take, or have taken, 
a bottle to bed (Kaste & Gift 1995). 
In one study of children in the U.S. Head Start programs, a surprisingly high proportion 
(69%) of the children without maxillary anterior caries reported taking a bottle to bed, while 
86% of the children with maxillary anterior caries reported taking a bottle to bed (O’Sullivan 
& Tinanoff 1993).  
In another study, 90% of the children in a population with and without caries were bottle-
fed between 12 and 18 months of age, although the prevalence of nursing caries was only 
20% (Serwint et al. 1993).  
The importance of bottle feeding with the occurrence of caries (especially in early and 
rampant occurrence in very young children) is reflected in the terminology of this 
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pathology. The term ‘baby bottle tooth decay’ was proposed by the Healthy Mothers - 
Healthy Babies Coalition as an alternative that would be more appropriate for patient 
acceptance and focus increased attention on the potential harms of using a nursing bottle 
(Arkin  1986). 
More recent evidence suggests that taking a bottle to bed may be a stronger predictor of 
frontal tooth ECC patterns than previously believed (Douglass et al. 2001). 
Sweets consumption – There was a high percentage of sweets consumption among our 
children. Unfortunately, even though over 70% of mothers are aware that sweets can 
damage the children’s teeth, they do not give efforts to reduce this habit. Nearly 90% of the 
children consumed sweets at least once a day. Another serious factor is that sweets were 
consumed in between meals among 2/3 of children. In developed countries, advanced 
preventive programs focused on reducing the consumption of sweets. Data from the 
literature indicate that only 21% and 45% of children in Finland and Denmark, respectively, 
consumed sweets once a week (Matilla et al. 2000). The consumption of sweets containing 
sucrose constituents may be considered an important factor in the occurrence of caries 
(Marthaler 1990). The association between the intake of sucrose and dental caries has been 
well established in numerous studies, conducted mainly in northern and western European 
countries and in North America (Rugg-Gunn 1993). On the other hand, authors have 
reported that with the correct implementation of preventive and educational measures, 
there was a reduction in the development of caries, despite continued consumption of 
sucrose containing foods (Marthaler 1990). 
Kosovar cuisine is similar to that in the Middle and Near East, especially regarding sweets, 
with relatively frequent and high amounts of starch. The mechanism by which the starch 
added to sucrose increases the cariogenic potential of foods could be that the presence of 
starch increases the retention time of the food in the mouth (Lingstrom et al. 1993). 
Additionally, there are some indications that starch can increase acid production from 
sucrose when both nutrients are present together (Glor et al. 1988). 
Studies in the literature have reported a correlation between the consumption of sweets and 
S. mutans colonies, especially associated with high counts. It is obvious that there could be a 
threshold for the number of oral S. mutans colonies that eventually allow fermentable 
carbohydrates to exert harmful effects on teeth (Garsia-Closas et al. 1997). 

5.3.4 Mother knowledge regarding oral hygiene 
Whether the child will start tooth brushing at an early age depends on maternal habits. 
Cleansing of the baby teeth should be started by the time of eruption of the first primary 
tooth. A small piece of clean gauze or a small toothbrush can be used.   The child imitates 
parental behaviours, including oral hygiene habits. In a study in England, Witlle (1988) 
reported that 60% of children started brushing their teeth from the age of one; presumably, 
their teeth were initially brushed by their parents. 
Another study in England reported that in 80% of cases, mothers brushed the teeth of their 
children (Holt RD et al. 1996).  
A study conducted in Bosnia, a country that is geographically close to Kosovo, concluded 
that only 3% of the parents assisted their children with their first tooth brushing efforts 
(Huseinbegović  2001).  
In our study, 38% of the mothers stated that their children did not brush their teeth at all. 
Over 90% had no knowledge regarding proper tooth brushing techniques. Mothers rarely 
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We found that 18% of the mothers had no idea when their children should visit a dentist, 
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and did not send their children to kindergarten, they fed their children with bottles (65%). 
Unfortunately, maternal knowledge regarding the role of bottle feeding in the occurrence of 
ECC was generally low (12%). An unfavourable practice involves mothers’ putting their 
children to sleep with milk- or juice-filled bottles, which was practiced for 74% of the 
children. Other authors have also reported on this bad practice (Jonsen 1988). Several 
studies have reported that the majority of the U.S. preschool population take, or have taken, 
a bottle to bed (Kaste & Gift 1995). 
In one study of children in the U.S. Head Start programs, a surprisingly high proportion 
(69%) of the children without maxillary anterior caries reported taking a bottle to bed, while 
86% of the children with maxillary anterior caries reported taking a bottle to bed (O’Sullivan 
& Tinanoff 1993).  
In another study, 90% of the children in a population with and without caries were bottle-
fed between 12 and 18 months of age, although the prevalence of nursing caries was only 
20% (Serwint et al. 1993).  
The importance of bottle feeding with the occurrence of caries (especially in early and 
rampant occurrence in very young children) is reflected in the terminology of this 
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pathology. The term ‘baby bottle tooth decay’ was proposed by the Healthy Mothers - 
Healthy Babies Coalition as an alternative that would be more appropriate for patient 
acceptance and focus increased attention on the potential harms of using a nursing bottle 
(Arkin  1986). 
More recent evidence suggests that taking a bottle to bed may be a stronger predictor of 
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children. Unfortunately, even though over 70% of mothers are aware that sweets can 
damage the children’s teeth, they do not give efforts to reduce this habit. Nearly 90% of the 
children consumed sweets at least once a day. Another serious factor is that sweets were 
consumed in between meals among 2/3 of children. In developed countries, advanced 
preventive programs focused on reducing the consumption of sweets. Data from the 
literature indicate that only 21% and 45% of children in Finland and Denmark, respectively, 
consumed sweets once a week (Matilla et al. 2000). The consumption of sweets containing 
sucrose constituents may be considered an important factor in the occurrence of caries 
(Marthaler 1990). The association between the intake of sucrose and dental caries has been 
well established in numerous studies, conducted mainly in northern and western European 
countries and in North America (Rugg-Gunn 1993). On the other hand, authors have 
reported that with the correct implementation of preventive and educational measures, 
there was a reduction in the development of caries, despite continued consumption of 
sucrose containing foods (Marthaler 1990). 
Kosovar cuisine is similar to that in the Middle and Near East, especially regarding sweets, 
with relatively frequent and high amounts of starch. The mechanism by which the starch 
added to sucrose increases the cariogenic potential of foods could be that the presence of 
starch increases the retention time of the food in the mouth (Lingstrom et al. 1993). 
Additionally, there are some indications that starch can increase acid production from 
sucrose when both nutrients are present together (Glor et al. 1988). 
Studies in the literature have reported a correlation between the consumption of sweets and 
S. mutans colonies, especially associated with high counts. It is obvious that there could be a 
threshold for the number of oral S. mutans colonies that eventually allow fermentable 
carbohydrates to exert harmful effects on teeth (Garsia-Closas et al. 1997). 
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Whether the child will start tooth brushing at an early age depends on maternal habits. 
Cleansing of the baby teeth should be started by the time of eruption of the first primary 
tooth. A small piece of clean gauze or a small toothbrush can be used.   The child imitates 
parental behaviours, including oral hygiene habits. In a study in England, Witlle (1988) 
reported that 60% of children started brushing their teeth from the age of one; presumably, 
their teeth were initially brushed by their parents. 
Another study in England reported that in 80% of cases, mothers brushed the teeth of their 
children (Holt RD et al. 1996).  
A study conducted in Bosnia, a country that is geographically close to Kosovo, concluded 
that only 3% of the parents assisted their children with their first tooth brushing efforts 
(Huseinbegović  2001).  
In our study, 38% of the mothers stated that their children did not brush their teeth at all. 
Over 90% had no knowledge regarding proper tooth brushing techniques. Mothers rarely 
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assisted their children during tooth brushing (5%). Studies in the literature show a strong 
relationship between the poor maternal oral health and the prevalence of caries in their 
children (Dye et al. 2011). 

5.3.5 Fluoride and antimicrobial agent utilization 
Fluoride, the key agent in battling caries, works primarily by topical action: inhibition of 
demineralization and enhancement of re-mineralization. Fluoride incorporated during tooth 
development is insufficient to play significant role in caries protection. Fluoride is needed 
regularly throughout life to protect teeth against caries. It is now realized that the most 
important action mechanism of fluoride takes place on the enamel surface of the tooth. 
Fluoride inhibits the loss of minerals and promotes the re-mineralization process. The data 
from literature demonstrated the importance of fluoridation on the prevention of dental 
caries. Preschool children from Ireland showed a very low mean dmft (0.9), largely because 
their drinking water was regularly fluoridated (Marthaler et al. 1996). 
A study in Tennessee, USA, reported a mean dmft of 4.15 for the fluoridated communities 
and a mean dmft of 7.49 for the non-fluoridated communities (David et al. 2001). 
Recommendations for fluoride supplementation can be made based on the fluoride content 
of the water, the child’s age, and the child’s caries risk. Among all endogenous and 
exogenous methods, the most effective method is water fluoridation. The drinking water in 
Kosovo is insufficient and has a fluoride level of less than 0.3 mg/l; however, the optimal 
range is between 0.8 and 1.5 mg/l. 
In the absence of fluoridated water, fluoride tablets may be used. Weintraub (1999) claims 
that “before you think of any preventive measure, put fluoride salts on the teeth”.  
The systemic and topical use of fluoride is the most effective measure to prevent dental 
caries. Exposure to topical fluoride via fluoridated toothpaste twice a day is a major 
component of caries prevention therapy. Fluoride varnish may be applied with a soft brush, 
and reapplication is recommended every 3 to 6 months. 
Antimicrobial treatment of caries is based on the use of two well-known agents (fluoride 
and chlorhexidine) for achieving selective antimicrobial control of carious microflora. 
Fluoride and chlorhexidine have an antimicrobial action against M. Streptococci that is 
significantly higher than that which they have against other non-cariogenic bacterial species. 
A combination of fluoride varnish and chlorhexidine application is used to lower the 
mutans streptococci count. Another successful antibacterial therapy against cariogenic 
bacteria is treatment with a chlorhexidine gluconate rinse or gel. 
Mothers from our study had not used fluoride and any antimicrobial agents (e.g., 
chlorhexidine), nor did they have any knowledge regarding their utilization. The data from 
literature have confirmed the positive antibacterial role of chlorhexidine in S. mutans 
colonies’ destruction. Antimicrobial treatment strategy has become a real concern for many 
dental professionals. A multitude of clinical trials confirms the caries-inhibiting effect of 
chlorhexidine (Zhang at al. 2006).  

6. Oral health strategies 
The initiatives undertaken by WHO, have global impact on the national and international 
policy development, one of which is the WHO Global Oral Health Program. 
High prevalence of oral diseases, such as dental caries, is not only individual 
preoccupation, but also a serious public health problem. WHO is continuously developing 
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strategies and objectives on prevention of oral disease through oral health promotion. 
Thus, it may be of a great interest for the readers to get familiar with these WHO 
strategies and objectives. 

6.1 The objectives of the WHO Global Oral Health Program (ORH) 
(www.who.int/oral_health/strategies_2010) 
The objectives of the WHO Global Oral Health Program (ORH), one of the technical 
programs within the Department of Chronic Diseases and Health Promotion (CHP), have 
been reoriented according to the new strategy of disease prevention and promotion of 
health. Greater emphasis is put on developing global policies in oral health promotion and 
oral disease prevention, coordinated more effectively with other priority programs of CHP 
and other clusters and with external partners. 
Several principles form the basis for the carried out work. The WHO Oral Health Program 
works on building oral health policies towards effective control of risks to oral health, based 
on the common risk factors approach. The focus is on modifiable risk behaviors related to 
diet, nutrition, use of tobacco and excessive consumption of alcohol, and hygiene. 
Oral health is part of total health and essential to quality of life and WHO projects intend to 
translate the evidence into action programs. The Oral Health Program therefore gives 
priority to integration of oral health with general health programs before community or 
national levels. The WHO Oral Health Program works from the life-course perspective, 
currently the community programs for improved oral health of the elderly and of children is 
given high priority. The implementation of school oral health programs within the 
framework of the WHO Health Promoting Schools Initiative is supported and guidelines are 
developed. Oral health systems reorientation towards prevention and health promotion is 
recommended in light of the Ottawa Charter, the primary health care concept and the 
Jakarta Declaration on leading Health Promotion into the 21st Century. In addition, global 
goals for oral health by the year 2020 strive for development of quality of oral health 
systems. The Program works on application of evidence-based strategies in oral health 
promotion, prevention and treatment of oral diseases worldwide, health systems research 
and development. Emphasis is also given on prevention and care of oral mucosal lesions, 
including oral cancer and oral manifestations of HIV/AIDS, cranio-facial disorders, trauma 
and injuries. 

6.2 Oral health within WHO strategic directions 
WHO's goals are to build healthy populations and communities and to combat ill health. 
Four strategic directions provide the broad framework for focusing WHO's technical work, 
which also have implications for the Oral Health Program. 
• Reducing oral disease burden and disability, especially in poor and marginalized 

populations. 
• Promoting healthy lifestyles and reducing risk factors to oral health that arise from 

environmental, economic, social and behavioral causes. 
• Developing oral health systems that equitably improve oral health outcomes, respond 

to people's legitimate demands, and are financially fair. 
• Framing policies in oral health, based on integration of oral health into national and 

community health programs, and promoting oral health as an effective dimension for 
development policy of society. 
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Fluoride and chlorhexidine have an antimicrobial action against M. Streptococci that is 
significantly higher than that which they have against other non-cariogenic bacterial species. 
A combination of fluoride varnish and chlorhexidine application is used to lower the 
mutans streptococci count. Another successful antibacterial therapy against cariogenic 
bacteria is treatment with a chlorhexidine gluconate rinse or gel. 
Mothers from our study had not used fluoride and any antimicrobial agents (e.g., 
chlorhexidine), nor did they have any knowledge regarding their utilization. The data from 
literature have confirmed the positive antibacterial role of chlorhexidine in S. mutans 
colonies’ destruction. Antimicrobial treatment strategy has become a real concern for many 
dental professionals. A multitude of clinical trials confirms the caries-inhibiting effect of 
chlorhexidine (Zhang at al. 2006).  
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The initiatives undertaken by WHO, have global impact on the national and international 
policy development, one of which is the WHO Global Oral Health Program. 
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preoccupation, but also a serious public health problem. WHO is continuously developing 

 
Oral Health Care in Children – A Preventive Perspective 

 

41 

strategies and objectives on prevention of oral disease through oral health promotion. 
Thus, it may be of a great interest for the readers to get familiar with these WHO 
strategies and objectives. 

6.1 The objectives of the WHO Global Oral Health Program (ORH) 
(www.who.int/oral_health/strategies_2010) 
The objectives of the WHO Global Oral Health Program (ORH), one of the technical 
programs within the Department of Chronic Diseases and Health Promotion (CHP), have 
been reoriented according to the new strategy of disease prevention and promotion of 
health. Greater emphasis is put on developing global policies in oral health promotion and 
oral disease prevention, coordinated more effectively with other priority programs of CHP 
and other clusters and with external partners. 
Several principles form the basis for the carried out work. The WHO Oral Health Program 
works on building oral health policies towards effective control of risks to oral health, based 
on the common risk factors approach. The focus is on modifiable risk behaviors related to 
diet, nutrition, use of tobacco and excessive consumption of alcohol, and hygiene. 
Oral health is part of total health and essential to quality of life and WHO projects intend to 
translate the evidence into action programs. The Oral Health Program therefore gives 
priority to integration of oral health with general health programs before community or 
national levels. The WHO Oral Health Program works from the life-course perspective, 
currently the community programs for improved oral health of the elderly and of children is 
given high priority. The implementation of school oral health programs within the 
framework of the WHO Health Promoting Schools Initiative is supported and guidelines are 
developed. Oral health systems reorientation towards prevention and health promotion is 
recommended in light of the Ottawa Charter, the primary health care concept and the 
Jakarta Declaration on leading Health Promotion into the 21st Century. In addition, global 
goals for oral health by the year 2020 strive for development of quality of oral health 
systems. The Program works on application of evidence-based strategies in oral health 
promotion, prevention and treatment of oral diseases worldwide, health systems research 
and development. Emphasis is also given on prevention and care of oral mucosal lesions, 
including oral cancer and oral manifestations of HIV/AIDS, cranio-facial disorders, trauma 
and injuries. 

6.2 Oral health within WHO strategic directions 
WHO's goals are to build healthy populations and communities and to combat ill health. 
Four strategic directions provide the broad framework for focusing WHO's technical work, 
which also have implications for the Oral Health Program. 
• Reducing oral disease burden and disability, especially in poor and marginalized 

populations. 
• Promoting healthy lifestyles and reducing risk factors to oral health that arise from 

environmental, economic, social and behavioral causes. 
• Developing oral health systems that equitably improve oral health outcomes, respond 

to people's legitimate demands, and are financially fair. 
• Framing policies in oral health, based on integration of oral health into national and 

community health programs, and promoting oral health as an effective dimension for 
development policy of society. 
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In accordance with WHO overall priorities, the Global Oral Health Program has adopted the 
following priorities and strategic orientations. 

6.3 Strategies and approaches in oral disease prevention and health promotion 
Priority is given to diseases linked by common, preventable and lifestyle related risk factors 
(e.g. unhealthy diet, tobacco use), including oral health. 
High relative risk of oral disease relates to socio-cultural determinants such as poor living 
conditions; low education; lack of traditions, beliefs and culture in support of oral health. 
Communities and countries with inappropriate exposure to fluorides imply higher risk of 
dental caries and settings with poor access to safe water or sanitary facilities are 
environmental risk factors to oral health as well as general health. 

6.4 Health promotion and oral health 
The WHO Oral Health Program applies the philosophy "think globally - act locally".  The 
development of program for oral health promotion in targeted countries focuses on: 
• Identification of health determinants; mechanisms in place to improve capacity to 

design and implement interventions that promote oral health. 
• Implementation of community-based demonstration projects for oral health promotion, 

with special reference to poor and disadvantaged population groups. 
• Building capacity in planning and evaluation of national program for oral health 

promotion and evaluation of oral health promotion interventions in operation. 
• Development of methods and tools to analyze the processes and outcomes of oral 

health promotion interventions as part of national health program. 
• Establishment of networks and alliances to strengthen national and international 

actions for oral health promotion. Emphasis is also given to the development of 
networks for exchange of experiences within the context of the WHO Mega Country 
Program. 

7. Conclusion 
Oral health is integral to general health and should not be considered in isolation. Oral 
diseases have detrimental effects on an individual’s physical and psychological well-being 
and reduce quality of life. The commonest disease is dental caries. Other important 
conditions are gum (periodontal) disease. Dental caries is one of the most prevalent diseases 
among children worldwide. Its lack of treatment and complications that may occur can 
endanger general health. The development of dental caries is a dynamic process. Caries 
progression or reversal is determined by the balance between protective and pathological 
factors in the mouth. The most important component in the treatment of the caries disease is 
prevention. Understanding the balance between pathological factors and protective factors 
is the key to successful prevention of caries. Analyzing the etiology, prevalence, clinical 
specifics, consequences and complications, caries in general and ECC in particular are 
estimated as serious diseases, which represent not only health problem, but also a great 
serious social and economic problem. A well-recognized association exists between socio-
economic status and oral health, and trends suggest that disease is increasingly concentrated 
in the lower income groups. However, oral diseases are largely preventable. In 
underdeveloped countries, oral health consequences due to dental caries also represent a 
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serious public health problem. The presence of dental caries, especially of ECC, may reflect 
on the oral health status of children in countries with insufficient health system and 
inefficient primary dentistry. Early Childhood Caries (ECC) is a public health problem with 
biological, social and behavioral determinants. The preventive activities must start at an 
early age. Home-care methods are more than necessary. Primary prevention must start in 
the prenatal stage to fulfill the needs of pregnancy. Parents should be encouraged to avoid 
bad feeding habits and to instruct and supervise their children in tooth brushing. Mothers 
should be instructed to use the lift-the-lip technique to spot the white-spot lesions as first 
signs of dental caries. Newly erupted teeth must be treated with fluoride agents, and, as 
needed, antimicrobial agents containing chlorhexidine and thymol. Further investigation is 
needed to assess the effectiveness of new intervention strategies beyond traditional 
measures that are not strictly dependent on access to dental professional providers. 
Education is the essential pillar of the preventive measures. The main role in this pillar plays 
mother’s education, respectively her knowledge regarding the oral health. Unfortunately, an 
overall preventive program in oral health promotion, including oral health education, is 
absent in many underdeveloped countries. There are some negative indicators that 
contribute to the low levels of oral health knowledge, such as the lack of curriculum subjects 
on oral health, the lack of training and seminars on the issue, insufficient print materials for 
educational purposes, the lack of information for pregnant women, and negligence by 
dentists regarding measures for mothers to educate their children. Although some mothers 
with higher educational levels were highly motivated to improve their children‘s oral 
health, much more needs to be accomplished. Institutional efforts towards maternal and 
pediatric oral health education must be implemented immediately. Permanent and 
sustained oral health promotion organized with the participation of the entire civil society, 
with the mandatory presence of key stakeholders in the areas of education and healthcare, 
represent one of the highest priorities. The WHO strategies and objectives implementation 
regarding oral health promotion should be understood in the right manner and should be 
implemented continuously.  
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1. Introduction 
Children a resource of the world are the promise of what our future is going to be. A healthy 
child is a better promise of a better world than an unhealthy child. Oral health is a very 
important aspect to ensure a healthy future therefore oral health for children is a worthy 
concern regardless of child’s nationality, ethnicity or geographic location. Dentistry for 
children has come a long way from its humble beginning in 1924 with the publishing of first 
comprehensive text book on dentistry for children followed by formation of The American 
Academy of Pedodontics in the late forties, which was also recognized by council of dental 
education a part of the ADA to certify candidates to practice specialized dentistry for 
children. Mid eighties saw the present name American Academy of Pediatric Dentistry 
being adopted followed by defining pediatric dentistry which in the present day is defined 
as an age-defined specialty that provides both primary and comprehensive preventive and 
therapeutic oral health care for infants and children through adolescence, including those 
with special health care needs1. 
Pediatric Dentistry as the definition implies is a body of knowledge that is dependent upon 
curriculum of other dental subjects along with the latest development happening in various 
specialties of dentistry. To be able to give primary, comprehensive and preventive oral 
health care to children of all ages the pediatric dentist relies on preventive dentistry,  pulpal 
therapy, instrumentation and restoration of teeth, dental material, oral surgery, preventive 
and interceptive orthodontics, and principals of prosthetics. Besides the dental knowledge, a 
working knowledge is also required of pediatric medicine, general and oral pathology along 
with growth and development. For the development of appropriate preventive strategy it is 
imperative that the pediatric dentist have knowledge of nutrition and systemic as well as 
topical effects of fluoride. To be able to deal effectively with children behavior management 
and a thorough knowledge of psychological development is imperative because child needs 
to be treated differently than the adult. 

1.1 Prenatal stage 
The prenatal period is a gestation of approximately nine months, beginning with the period 
of ovum that lasts for about two weeks and is marked by blast cyst getting attached to the 
wall of the uterus. This is followed by the period of embryo lasting for about next six weeks 
and is characterized by development of the organ systems. Following which the period of 
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fetus lasting right up to the delivery of the child is the time when maturation of the newly 
formed organs takes place. 
The role of pediatric dentist starts at pre natal stage in guiding the expecting parents to 
maintain oral health as the mouth is an obvious portal of entry to the body, and oral health 
reflects and influences general health and well being. Maternal oral health has significant 
implications for birth outcomes and infant oral health. Maternal periodontal disease, that is, 
a chronic infection of the gingiva and supporting tooth structures, has been associated with 
preterm birth, development of preeclampsia, and delivery of a small-for-gestational age 
infant. Prematurely born children have higher prevalence of enamel defects.  In very low 
birth-weight children, the prevalence of enamel defects could be even higher. Both systemic 
and local factors  contribute to  the etiology  of dental defects.   
Low birth-weight  children are often  intubated  at  birth, and  left-sided defects on maxillary 
anterior teeth occurred twice as frequently as right-sided defects, probably the result of 
trauma from left sided laryngoscopy. 
Maternal oral flora is transmitted to the newborn infant, and increased cariogenic flora in 
the mother predisposes the infant to the development of caries. It is intriguing to consider 
preconception, pregnancy, or intrapartum treatment of oral health conditions as a 
mechanism to improve women's oral and general health, pregnancy outcomes, and their 
children's dental health. However, given the relationship between oral health and general 
health, oral health care should be a goal in its own right for all individuals. Regardless of the 
potential for improved oral health to improve pregnancy outcomes, public policies that 
support comprehensive dental services for vulnerable women of childbearing age should be 
expanded so that their own oral and general health is safeguarded and their children's risk 
of caries is reduced. Oral health promotion should include education of women and their 
health care providers’ ways to prevent oral disease from occurring, and referral for dental 
services when disease is present 2. 

2. Role of pediatric dentist at birth 
Infant oral health, along with perinatal oral health, is one of the foundations upon which 
preventive education and dental care must be built to enhance the opportunity for a lifetime 
free from preventable oral disease. Caries is perhaps the most prevalent infectious disease in 
children. Almost half children have caries by the time they reach kindergarten. Early 
childhood caries (ECC) can be a particularly virulent form of caries, beginning soon after 
tooth eruption, developing on smooth surfaces, progressing rapidly, and having a lasting 
detrimental impact on the dentition. This disease affects the general population but is 
more likely to occur in infants who consume a diet high in sugar, and whose mothers 
have a low education level. Caries in primary teeth can affect children’s growth, result in 
significant pain and potentially life-threatening infection, and diminish overall quality of 
life. 
Caries is a disease that is, by and large, preventable. Early risk assessment allows for 
identification of parent-infant groups who are at risk for ECC and would benefit from early 
preventive intervention. The ultimate goal of early assessment is the timely delivery of 
educational information to populations at high risk for developing caries in order to prevent 
the need for later surgical intervention. 
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An oral health risk assessment for infants by 6 months of age allows for the institution of 
appropriate preventive strategies as the primary dentition begins to erupt. Caries risk 
assessment can be used to determine the patient’s relative risk for caries. Even the most 
judiciously designed and implemented caries risk assessment tool, however, can fail to 
identify all infants at risk for developing ECC. In these cases, the mother may not be the 
colonization source of the child’s oral flora, the dietary intake of simple carbohydrates may 
be extremely high, or other uncontrollable factors may combine to place the patient at risk 
for developing caries. Therefore, screening for risk of caries in the parent and patient 
coupled with oral health counseling, although a feasible and equitable approach to ECC 
control is not a substitute for the early establishment of the dental home. Whenever possible, 
the ideal approach to infant oral health care, including ECC prevention and management, is 
the early establishment of a dental home. 

3. Anticipatory guidance 
General anticipatory guidance given by AAPD for the mother (or other intimate caregiver) 
includes the following: 
• Oral hygiene: Tooth-brushing and flossing by the mother on a daily basis are important 

to help dislodge food and reduce bacterial plaque levels. 
• Diet: Important components of dietary education for the parents include the 

cariogenicity of certain foods and beverages, role of frequency of consumption of these 
substances, and the demineralization/remineralization process. 

• Fluoride: Using a fluoridated toothpaste approved by the relevant Dental Association 
and rinsing every night with  an alcohol-free, over-the-counter mouth rinse containing  
0.05% sodium fluoride have been suggested to help reduce plaque levels and help 
enamel remineralization. 

• Caries removal: Routine professional dental care for the mothers can help keep their 
oral health in optimal condition. Removal of active caries with subsequent restoration  
is important to suppress maternal MS reservoirs and has  the potential to minimize 
the transfer of MS to the infant,  thereby decreasing the infant’s risk of developing 
ECC. 

• Delay of colonization: Education of the parents, especially mothers, on avoiding saliva-
sharing behaviors (eg. sharing spoons and other utensils, sharing cups, cleaning a 
dropped pacifier or toy with their mouth) can help prevent early colonization of MS in 
their infants. 

• Xylitol chewing gums: Evidence demonstrates that mothers’ use of xylitol chewing 
gum can prevent dental caries in their children by prohibiting the transmission of 
MS. 

General anticipatory guidance for the young patient (0 to 3 years of age) includes the 
following: 
• Oral hygiene: Oral hygiene measures should be implemented no later than the time of 

the eruption of the first primary tooth. Cleansing the infant’s teeth as soon as they erupt 
with either a washcloth or soft toothbrush will help reduce bacterial colonization. 
Children’s teeth should be brushed twice daily with fluoridated toothpaste and a soft, 
age-appropriate sized toothbrush. A “smear” of toothpaste is recommended for 
children less than 2 years of age, while a “pea-size” amount of paste is recommended 
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childhood caries (ECC) can be a particularly virulent form of caries, beginning soon after 
tooth eruption, developing on smooth surfaces, progressing rapidly, and having a lasting 
detrimental impact on the dentition. This disease affects the general population but is 
more likely to occur in infants who consume a diet high in sugar, and whose mothers 
have a low education level. Caries in primary teeth can affect children’s growth, result in 
significant pain and potentially life-threatening infection, and diminish overall quality of 
life. 
Caries is a disease that is, by and large, preventable. Early risk assessment allows for 
identification of parent-infant groups who are at risk for ECC and would benefit from early 
preventive intervention. The ultimate goal of early assessment is the timely delivery of 
educational information to populations at high risk for developing caries in order to prevent 
the need for later surgical intervention. 
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An oral health risk assessment for infants by 6 months of age allows for the institution of 
appropriate preventive strategies as the primary dentition begins to erupt. Caries risk 
assessment can be used to determine the patient’s relative risk for caries. Even the most 
judiciously designed and implemented caries risk assessment tool, however, can fail to 
identify all infants at risk for developing ECC. In these cases, the mother may not be the 
colonization source of the child’s oral flora, the dietary intake of simple carbohydrates may 
be extremely high, or other uncontrollable factors may combine to place the patient at risk 
for developing caries. Therefore, screening for risk of caries in the parent and patient 
coupled with oral health counseling, although a feasible and equitable approach to ECC 
control is not a substitute for the early establishment of the dental home. Whenever possible, 
the ideal approach to infant oral health care, including ECC prevention and management, is 
the early establishment of a dental home. 

3. Anticipatory guidance 
General anticipatory guidance given by AAPD for the mother (or other intimate caregiver) 
includes the following: 
• Oral hygiene: Tooth-brushing and flossing by the mother on a daily basis are important 

to help dislodge food and reduce bacterial plaque levels. 
• Diet: Important components of dietary education for the parents include the 

cariogenicity of certain foods and beverages, role of frequency of consumption of these 
substances, and the demineralization/remineralization process. 

• Fluoride: Using a fluoridated toothpaste approved by the relevant Dental Association 
and rinsing every night with  an alcohol-free, over-the-counter mouth rinse containing  
0.05% sodium fluoride have been suggested to help reduce plaque levels and help 
enamel remineralization. 

• Caries removal: Routine professional dental care for the mothers can help keep their 
oral health in optimal condition. Removal of active caries with subsequent restoration  
is important to suppress maternal MS reservoirs and has  the potential to minimize 
the transfer of MS to the infant,  thereby decreasing the infant’s risk of developing 
ECC. 

• Delay of colonization: Education of the parents, especially mothers, on avoiding saliva-
sharing behaviors (eg. sharing spoons and other utensils, sharing cups, cleaning a 
dropped pacifier or toy with their mouth) can help prevent early colonization of MS in 
their infants. 

• Xylitol chewing gums: Evidence demonstrates that mothers’ use of xylitol chewing 
gum can prevent dental caries in their children by prohibiting the transmission of 
MS. 

General anticipatory guidance for the young patient (0 to 3 years of age) includes the 
following: 
• Oral hygiene: Oral hygiene measures should be implemented no later than the time of 

the eruption of the first primary tooth. Cleansing the infant’s teeth as soon as they erupt 
with either a washcloth or soft toothbrush will help reduce bacterial colonization. 
Children’s teeth should be brushed twice daily with fluoridated toothpaste and a soft, 
age-appropriate sized toothbrush. A “smear” of toothpaste is recommended for 
children less than 2 years of age, while a “pea-size” amount of paste is recommended 
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for children 2-5 years of age. Flossing should be initiated when adjacent tooth surfaces 
cannot be cleansed with a toothbrush. 

• Diet: High-risk dietary practices appear to be established early, probably by 12 months 
of age, and are maintained throughout early childhood. Frequent night time bottle  
feeding, ad libitum breast-feeding, and extended and repeated use of a sippy or no-spill 
cup are associated with, but not consistently implicated in ECC. Likewise, frequent 
consumption of snacks or drinks containing fermentable carbohydrates (e.g., juice, milk, 
formula, soda) also can increase the child’s caries risk. 

• Fluoride: Optimal exposure to fluoride is important to all dentate infants and children. 
The use of fluoride for the prevention and control of caries is documented to be both 
safe and effective. Twice-daily brushing with fluoridated toothpaste is recommended 
for all children as a preventive procedure. Professionally-applied fluoride, as well as at 
home fluoride treatments, should be considered for children at high caries risk based 
upon caries risk assessment. Systemically-administered fluoride should be considered 
for all children drinking fluoride deficient water (<0.6 ppm).Caution is indicated in the 
use of all fluoride-containing products. Fluorosis has been associated with cumulative 
fluoride intake during enamel development, with the severity dependent on the dose, 
duration, and timing of intake. Decisions concerning the administration of additional 
fluoride are based on the unique needs of each patient. 

• Injury prevention: Practitioners should provide age appropriate injury prevention 
counseling for orofacial trauma. Initially, discussions would include play objects, 
pacifiers, car seats, and electric cords. 

• Non-nutritive habits: Non-nutritive oral habits (e.g., digit or pacifier sucking, bruxism, 
abnormal tongue thrust) may apply forces to teeth and dentoalveolar structures. It is 
important to discuss the need for early sucking and the need to wean infants from these 
habits before malocclusion or skeletal dysplasia’s occur. 

4. Birth to the eruption of first teeth 
Besides the anticipatory guidelines some time conditions are present which require 
immediate attention these could include developmental anomalies such as 
• Partial ankyglosia (tongue tie)   
Tongue-tie is a condition in which the lingual frenulum is either too short or anteriorly 
placed limiting the mobility of the tongue. 
Early in fetal development, the tongue is attached to the floor of the mouth. With cell death 
and atrophy, the only attachment is the frenulum. Tongue-tie results when the frenulum is 
short and this may limit the movement of the tongue. When there is an attempt to stick the 
tongue out, there may be a V shaped notch at the tip. The incidence is 0.5/1000 Physical 
exam will easily demonstrate the short or anteriorly placed lingual frenulum. 
Years ago it was routine to clip the frenulum at the time of delivery. Midwives had a long 
sharp nail to cut the frenulum and obstetricians would inspect the mouth and cut the 
frenulum immediately after the delivery. Tongue-tie is associated with speech abnormalities 
especially lisping and inability to pronounce certain sounds. 
Tongue-tie actually represents partial ankyloglossia and fusion represents complete 
ankyloglossia. Case reports indicate that squeals of ankyloglossia may include speech 
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defects, difficulty in breastfeeding, or dental problems. However, controlled trials on 
ankyloglossia have not been appropriately studied, and therefore indications for therapy 
remain controversial.  The tip of the tongue normally grows until 4 years of age, and initial 
restrictions of movement may improve as the child gets older. Therefore, frenulectomy 
should not be performed before 4 years of age 4. 
MANAGEMENT 
1. Physician education 
2. Parental education and reassurance 
3. Monitor for appropriate weight gain if exclusively breastfeeding 
4. Complete fusion requires surgery 
• Paramedian lip pits (congenital lip pits) 
PITS OF THE LOWER lip (fistulas of lower lip, paramedian sinuses of lower lip, humps of 
lower lip, labial cysts, etc.) is a very rare congenital malformation, first described by 
Demarquay in 1845. This minimally deforming anomaly is remarkable chiefly for its 
association with facial clefts. The fact that clefts that occur in families with the lip pits 
anomaly have a stronger familial tendency than clefts in families without lip pits has 
attracted the attention of people dealing with cleft patients. 
• Bifid uvula 
A bifid or bifurcated uvula is a split or cleft uvula. Newborns with cleft palate also have a 
split uvula. The bifid uvula results from the incomplete fusion of the medial nasal and 
maxillary processes. Bifid uvulas have less muscle in them than a normal uvula, which may 
cause recurring problems with middle ear infections. While swallowing, the soft palate is 
pushed backwards, preventing food and drink from entering the nasal cavity. If the soft 
palate cannot touch the back of the throat while swallowing, food and drink can enter the 
nasal cavity. Splitting of the uvula occurs infrequently but is the most common form of 
mouth and nose area cleavage among newborns. Bifid uvula occurs in about 2% of the 
general population, although some populations may have a high incidence, such as Native 
Americans who have a 10% rate. Bifid uvula is a common symptom of the rare genetic 
syndrome Loeys-Dietz syndrome, which is associated with an increased risk of aortic 
aneurysm. 
• Hyperplastic labial frenum 
• White Sponge Nevus 
White sponge nevus (WSN), also known as Cannon's disease, hereditary leukokeratosis of 
mucosa and White sponge nevus of Cannon, is an autosomal dominant skin condition. 
Although congenital in most cases, it can first occur in childhood or adolescence. It presents 
in the mouth, most frequently as a thick bilateral white plaque with a spongy texture, 
usually on the buccal mucosa, but sometimes on the labial mucosa, alveolar ridge or floor 
of the mouth. The gingival margin and dorsum of the tongue are almost never affected. 
Although this condition is perfectly benign, it is often mistaken for leukoplakia. There is 
no treatment, but because there are no serious clinical complications, the prognosis is 
excellent. 

5. Normal teething and conditions associated with eruption of teeth 
Teething is the process by which an infant's teeth erupt, or break through, the gums. 
Teething is also referred to as "cutting" of the teeth. Teething is medically termed odontiasis. 
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for children 2-5 years of age. Flossing should be initiated when adjacent tooth surfaces 
cannot be cleansed with a toothbrush. 

• Diet: High-risk dietary practices appear to be established early, probably by 12 months 
of age, and are maintained throughout early childhood. Frequent night time bottle  
feeding, ad libitum breast-feeding, and extended and repeated use of a sippy or no-spill 
cup are associated with, but not consistently implicated in ECC. Likewise, frequent 
consumption of snacks or drinks containing fermentable carbohydrates (e.g., juice, milk, 
formula, soda) also can increase the child’s caries risk. 

• Fluoride: Optimal exposure to fluoride is important to all dentate infants and children. 
The use of fluoride for the prevention and control of caries is documented to be both 
safe and effective. Twice-daily brushing with fluoridated toothpaste is recommended 
for all children as a preventive procedure. Professionally-applied fluoride, as well as at 
home fluoride treatments, should be considered for children at high caries risk based 
upon caries risk assessment. Systemically-administered fluoride should be considered 
for all children drinking fluoride deficient water (<0.6 ppm).Caution is indicated in the 
use of all fluoride-containing products. Fluorosis has been associated with cumulative 
fluoride intake during enamel development, with the severity dependent on the dose, 
duration, and timing of intake. Decisions concerning the administration of additional 
fluoride are based on the unique needs of each patient. 

• Injury prevention: Practitioners should provide age appropriate injury prevention 
counseling for orofacial trauma. Initially, discussions would include play objects, 
pacifiers, car seats, and electric cords. 

• Non-nutritive habits: Non-nutritive oral habits (e.g., digit or pacifier sucking, bruxism, 
abnormal tongue thrust) may apply forces to teeth and dentoalveolar structures. It is 
important to discuss the need for early sucking and the need to wean infants from these 
habits before malocclusion or skeletal dysplasia’s occur. 

4. Birth to the eruption of first teeth 
Besides the anticipatory guidelines some time conditions are present which require 
immediate attention these could include developmental anomalies such as 
• Partial ankyglosia (tongue tie)   
Tongue-tie is a condition in which the lingual frenulum is either too short or anteriorly 
placed limiting the mobility of the tongue. 
Early in fetal development, the tongue is attached to the floor of the mouth. With cell death 
and atrophy, the only attachment is the frenulum. Tongue-tie results when the frenulum is 
short and this may limit the movement of the tongue. When there is an attempt to stick the 
tongue out, there may be a V shaped notch at the tip. The incidence is 0.5/1000 Physical 
exam will easily demonstrate the short or anteriorly placed lingual frenulum. 
Years ago it was routine to clip the frenulum at the time of delivery. Midwives had a long 
sharp nail to cut the frenulum and obstetricians would inspect the mouth and cut the 
frenulum immediately after the delivery. Tongue-tie is associated with speech abnormalities 
especially lisping and inability to pronounce certain sounds. 
Tongue-tie actually represents partial ankyloglossia and fusion represents complete 
ankyloglossia. Case reports indicate that squeals of ankyloglossia may include speech 
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defects, difficulty in breastfeeding, or dental problems. However, controlled trials on 
ankyloglossia have not been appropriately studied, and therefore indications for therapy 
remain controversial.  The tip of the tongue normally grows until 4 years of age, and initial 
restrictions of movement may improve as the child gets older. Therefore, frenulectomy 
should not be performed before 4 years of age 4. 
MANAGEMENT 
1. Physician education 
2. Parental education and reassurance 
3. Monitor for appropriate weight gain if exclusively breastfeeding 
4. Complete fusion requires surgery 
• Paramedian lip pits (congenital lip pits) 
PITS OF THE LOWER lip (fistulas of lower lip, paramedian sinuses of lower lip, humps of 
lower lip, labial cysts, etc.) is a very rare congenital malformation, first described by 
Demarquay in 1845. This minimally deforming anomaly is remarkable chiefly for its 
association with facial clefts. The fact that clefts that occur in families with the lip pits 
anomaly have a stronger familial tendency than clefts in families without lip pits has 
attracted the attention of people dealing with cleft patients. 
• Bifid uvula 
A bifid or bifurcated uvula is a split or cleft uvula. Newborns with cleft palate also have a 
split uvula. The bifid uvula results from the incomplete fusion of the medial nasal and 
maxillary processes. Bifid uvulas have less muscle in them than a normal uvula, which may 
cause recurring problems with middle ear infections. While swallowing, the soft palate is 
pushed backwards, preventing food and drink from entering the nasal cavity. If the soft 
palate cannot touch the back of the throat while swallowing, food and drink can enter the 
nasal cavity. Splitting of the uvula occurs infrequently but is the most common form of 
mouth and nose area cleavage among newborns. Bifid uvula occurs in about 2% of the 
general population, although some populations may have a high incidence, such as Native 
Americans who have a 10% rate. Bifid uvula is a common symptom of the rare genetic 
syndrome Loeys-Dietz syndrome, which is associated with an increased risk of aortic 
aneurysm. 
• Hyperplastic labial frenum 
• White Sponge Nevus 
White sponge nevus (WSN), also known as Cannon's disease, hereditary leukokeratosis of 
mucosa and White sponge nevus of Cannon, is an autosomal dominant skin condition. 
Although congenital in most cases, it can first occur in childhood or adolescence. It presents 
in the mouth, most frequently as a thick bilateral white plaque with a spongy texture, 
usually on the buccal mucosa, but sometimes on the labial mucosa, alveolar ridge or floor 
of the mouth. The gingival margin and dorsum of the tongue are almost never affected. 
Although this condition is perfectly benign, it is often mistaken for leukoplakia. There is 
no treatment, but because there are no serious clinical complications, the prognosis is 
excellent. 

5. Normal teething and conditions associated with eruption of teeth 
Teething is the process by which an infant's teeth erupt, or break through, the gums. 
Teething is also referred to as "cutting" of the teeth. Teething is medically termed odontiasis. 



 
Oral Health Care – Pediatric, Research, Epidemiology and Clinical Practices 

 

56

The onset of teething symptoms typically precedes the eruption of a tooth by several days. 
While a baby's first tooth can present between 4 and 10 months of age, the first tooth usually 
erupts at approximately 6 months of age. Some dentists have noted a family pattern of 
"early," "average," or "late" teethers. 
A relatively rare condition, "natal" teeth, describes the presence of a tooth on the day of birth 
7. The incidence of such an event is one per 2,000-3,000 live births. Usually, this single and 
often somewhat malformed tooth is a unique event in an otherwise normal child. Rarely, 
the presence of a natal tooth is just one of several unusual physical findings which make 
up a syndrome. If the possibility of a syndrome exists, consultation with a pediatric 
dentist and/or geneticist can be helpful. The natal tooth is often loose and is commonly 
removed prior to the newborn's hospital discharge to lessen the risk of aspiration into the 
lungs. 
Teething is generally associated with gum and jaw discomfort as the infant's tooth prepares 
to erupt through the gum surface. As the tooth moves beneath the surface of the gum tissue, 
the area may appear slightly red or swollen. Sometimes a fluid-filled area similar to a "blood 
blister" or eruption hematoma may be seen over the erupting tooth. Some teeth may be 
more sensitive than others when they erupt. The larger molars may cause more discomfort 
due to their larger surface area that can't "slice" through the gum tissue as an erupting 
incisor is capable of doing. With the exception of the eruption of the third molars (wisdom 
teeth), eruption of permanent teeth rarely cause the discomfort associated with eruption of 
"baby" (primary or deciduous) teeth. 
Teething may cause the following symptoms: 
• increased drooling, restless or decreased sleeping due to gum discomfort, refusal of 

food due to soreness of the gum region, fussiness that comes and goes, bringing hands 
to the mouth, mild rash around the mouth due to skin irritation secondary to excessive 
drooling, and rubbing the cheek or ear region as a consequence of referred pain during 
the eruption of the molars. 

Importantly, teething is not associated with the following symptoms: fever (especially 
over 101 F), diarrhea, runny nose and cough, prolonged fussiness, or rashes over the 
body. 
Sometime minimal intervention may be required during teething in the form of certain over-
the-counter medicines can be placed directly on the gums to help relieve pain. They contain 
medications that temporarily numb the gum tissue. They may help for brief periods of time 
but have a taste and sensation that many children do not like. It is important not to let the 
medicine numb the throat because that may interfere with the normal gag reflex and may 
make it possible for food to enter the lungs. Medicines that are taken by mouth to help 
reduce the pain. 
Acetaminophen (Tylenol) or ibuprofen (Advil or Motrin) can also help with pain. Ibuprofen 
should not be administered to infants younger than 6 months of age. Medications should be 
used only for the few times when other home-care methods do not help. Caution should be 
taken not to overmedicate for teething. The medicine may mask significant symptoms that 
could be important to know about. 
Infant gums often feel better when gentle pressure is placed on the gums. For this reason, 
gently rubbing of the gums with a clean finger or having the child bite down on a clean 
washcloth. If the pain seems to be causing feeding problems, sometimes a different shaped 
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nipple or use of a cup may reduce discomfort and improve feeding. Cold objects many help 
reduce inflammation as well, never put anything in a child's mouth that might enable the 
child to choke. 

6. The primary dentition years 
The first primary tooth emerges at around six months of age and by three years  
root development is complete. This is the preschool years and children are called pre 
schoolers and they are increasing their cognitive abilities but still in the preconceptual 
stage and should be considered unsophisticated in thinking. This sophistication only 
develops during the period of intuitive thought where in the child learns the skills of 
writing and classification after four years of age and can follow dental instructions given 
to him. 
Another difference observed three years onwards is the development of self control where 
in these children can distract themselves for example when receiving anesthesia and can be 
tought to monitor there behavior and they may feel guilty if they are not following the 
expected norms. In clinical management terms the child is not emotionally mature but 
surely emotionally complex and will respond to praise and will hurt and respond to 
aggression and hostility. 

6.1 Managing the developing occlusion 
Guidance of eruption and development of the primary, mixed, and permanent dentitions 
is an integral component of comprehensive oral health care for all pediatric dental 
patients. Such guidance should contribute to the development of a permanent dentition 
that is in a stable, functional, and esthetically acceptable occlusion. Early diagnosis and 
successful treatment of developing malocclusions can have both short-term and long term 
benefits while achieving the goals of occlusal harmony and function and dentofacial 
esthetics. 
Many factors can affect the management of the developing dental arches and minimize the 
overall success of any treatment. The variables associated with the treatment of the 
developing dentition that will affect the degree to which treatment is successful include, but 
are not limited to: chronological/mental/emotional age of the patient andthe patient’s 
ability to understand and cooperate in the  treatment; intensity, frequency, and duration of 
an oral habit; parental support for the treatment; compliance with clinician’s instructions; 
craniofacial configuration; craniofacial growth; concomitant systemic disease or condition; 
accuracy of diagnosis;  appropriateness of treatment. 
Anomalies of primary teeth and eruption may not be evident/diagnosable prior to eruption, 
due to the child’s not presenting for dental examination or to a radiographic examination 
not being possible in a young child. Evaluation, however, should be accomplished when 
feasible. The objectives of evaluation include identification of: all anomalies of tooth number 
and size (as previously noted); anterior and posterior crossbites; presence of habits along 
with their dental and skeletal sequelae. 
Oral Habits and posterior crossbites should be diagnosed and addressed as early as 
feasible8. Parents should be informed about findings of adverse growth and developing 
malocclusions. Interventions/treatment can be recommended if diagnosis can be made, 
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The onset of teething symptoms typically precedes the eruption of a tooth by several days. 
While a baby's first tooth can present between 4 and 10 months of age, the first tooth usually 
erupts at approximately 6 months of age. Some dentists have noted a family pattern of 
"early," "average," or "late" teethers. 
A relatively rare condition, "natal" teeth, describes the presence of a tooth on the day of birth 
7. The incidence of such an event is one per 2,000-3,000 live births. Usually, this single and 
often somewhat malformed tooth is a unique event in an otherwise normal child. Rarely, 
the presence of a natal tooth is just one of several unusual physical findings which make 
up a syndrome. If the possibility of a syndrome exists, consultation with a pediatric 
dentist and/or geneticist can be helpful. The natal tooth is often loose and is commonly 
removed prior to the newborn's hospital discharge to lessen the risk of aspiration into the 
lungs. 
Teething is generally associated with gum and jaw discomfort as the infant's tooth prepares 
to erupt through the gum surface. As the tooth moves beneath the surface of the gum tissue, 
the area may appear slightly red or swollen. Sometimes a fluid-filled area similar to a "blood 
blister" or eruption hematoma may be seen over the erupting tooth. Some teeth may be 
more sensitive than others when they erupt. The larger molars may cause more discomfort 
due to their larger surface area that can't "slice" through the gum tissue as an erupting 
incisor is capable of doing. With the exception of the eruption of the third molars (wisdom 
teeth), eruption of permanent teeth rarely cause the discomfort associated with eruption of 
"baby" (primary or deciduous) teeth. 
Teething may cause the following symptoms: 
• increased drooling, restless or decreased sleeping due to gum discomfort, refusal of 

food due to soreness of the gum region, fussiness that comes and goes, bringing hands 
to the mouth, mild rash around the mouth due to skin irritation secondary to excessive 
drooling, and rubbing the cheek or ear region as a consequence of referred pain during 
the eruption of the molars. 

Importantly, teething is not associated with the following symptoms: fever (especially 
over 101 F), diarrhea, runny nose and cough, prolonged fussiness, or rashes over the 
body. 
Sometime minimal intervention may be required during teething in the form of certain over-
the-counter medicines can be placed directly on the gums to help relieve pain. They contain 
medications that temporarily numb the gum tissue. They may help for brief periods of time 
but have a taste and sensation that many children do not like. It is important not to let the 
medicine numb the throat because that may interfere with the normal gag reflex and may 
make it possible for food to enter the lungs. Medicines that are taken by mouth to help 
reduce the pain. 
Acetaminophen (Tylenol) or ibuprofen (Advil or Motrin) can also help with pain. Ibuprofen 
should not be administered to infants younger than 6 months of age. Medications should be 
used only for the few times when other home-care methods do not help. Caution should be 
taken not to overmedicate for teething. The medicine may mask significant symptoms that 
could be important to know about. 
Infant gums often feel better when gentle pressure is placed on the gums. For this reason, 
gently rubbing of the gums with a clean finger or having the child bite down on a clean 
washcloth. If the pain seems to be causing feeding problems, sometimes a different shaped 
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nipple or use of a cup may reduce discomfort and improve feeding. Cold objects many help 
reduce inflammation as well, never put anything in a child's mouth that might enable the 
child to choke. 

6. The primary dentition years 
The first primary tooth emerges at around six months of age and by three years  
root development is complete. This is the preschool years and children are called pre 
schoolers and they are increasing their cognitive abilities but still in the preconceptual 
stage and should be considered unsophisticated in thinking. This sophistication only 
develops during the period of intuitive thought where in the child learns the skills of 
writing and classification after four years of age and can follow dental instructions given 
to him. 
Another difference observed three years onwards is the development of self control where 
in these children can distract themselves for example when receiving anesthesia and can be 
tought to monitor there behavior and they may feel guilty if they are not following the 
expected norms. In clinical management terms the child is not emotionally mature but 
surely emotionally complex and will respond to praise and will hurt and respond to 
aggression and hostility. 

6.1 Managing the developing occlusion 
Guidance of eruption and development of the primary, mixed, and permanent dentitions 
is an integral component of comprehensive oral health care for all pediatric dental 
patients. Such guidance should contribute to the development of a permanent dentition 
that is in a stable, functional, and esthetically acceptable occlusion. Early diagnosis and 
successful treatment of developing malocclusions can have both short-term and long term 
benefits while achieving the goals of occlusal harmony and function and dentofacial 
esthetics. 
Many factors can affect the management of the developing dental arches and minimize the 
overall success of any treatment. The variables associated with the treatment of the 
developing dentition that will affect the degree to which treatment is successful include, but 
are not limited to: chronological/mental/emotional age of the patient andthe patient’s 
ability to understand and cooperate in the  treatment; intensity, frequency, and duration of 
an oral habit; parental support for the treatment; compliance with clinician’s instructions; 
craniofacial configuration; craniofacial growth; concomitant systemic disease or condition; 
accuracy of diagnosis;  appropriateness of treatment. 
Anomalies of primary teeth and eruption may not be evident/diagnosable prior to eruption, 
due to the child’s not presenting for dental examination or to a radiographic examination 
not being possible in a young child. Evaluation, however, should be accomplished when 
feasible. The objectives of evaluation include identification of: all anomalies of tooth number 
and size (as previously noted); anterior and posterior crossbites; presence of habits along 
with their dental and skeletal sequelae. 
Oral Habits and posterior crossbites should be diagnosed and addressed as early as 
feasible8. Parents should be informed about findings of adverse growth and developing 
malocclusions. Interventions/treatment can be recommended if diagnosis can be made, 
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treatment is appropriate and possible, and parentsare supportive and desire to have 
treatment done. 
Oral habits may apply forces to the teeth and dentoalveolar structures. The relationship 
between oral habits and unfavorable dental and facial development is associational rather 
than cause and effect. Habits of sufficient frequency, duration, and intensity may be 
associated with dentoalveolar or skeletal deformations such as increased overjet, reduced 
overbite, posterior crossbite, or long facial height. As preliminary evidence indicates that 
some changes resulting from sucking habits persist past the cessation of the habit, it has 
been suggested that early dental visits provide parents with anticipatory guidance to help 
their children stop sucking habits by age 36 months or younger. 

6.2 Managing developing malocclusion in primary dentition 
Anterior and posterior cross bites are malocclusions which involve one or more teeth in 
which the maxillary teeth occlude lingually with the antagonistic mandibular teeth. Dental 
crossbites result from the tipping or rotation of a tooth or teeth. The condition is localized 
and does not involve the basal bone. Skeletal cross bites involve disharmony of the 
craniofacial skeleton. 
A simple anterior cross bite can be aligned as soon as the condition is noted, if there is 
sufficient space; otherwise, space needs to be created first. Such appliances as acrylic 
incline planes, acrylic retainers with lingual springs, or fixed appliances all have been 
effective. If space is needed, an expansion appliance also is required. Early correction of 
unilateral posterior crossbites has been shown to improve functional conditions 
significantly and largely eliminate morphological and positional asymmetries of the 
mandible. 
Class II malocclusion (distocclusion) may be unilateral or bilateral and involves a distal 
relationship of the mandible to the maxilla or the mandibular teeth to maxillary teeth. This 
relationship may result from dental (malposition of the teeth in the arches), skeletal 
(mandibular retrusion and/or maxillary protrusion), or a combination of dental and skeletal 
factors. Early Class II treatment improves self-esteem and decreases negative social 
experiences. Incisor injury that is more severe than simple enamel fractures has been 
associated positively with increased overjet and prognathic position of the maxilla. Early 
treatment for Class II malocclusions can be initiated, depending upon patient cooperation 
and management this will result in an improved overbite, overjet, and intercuspation of 
posterior teeth and an esthetic appearance and profile compatible with the patient’s skeletal 
morphology. 
Class III malocclusion may be unilateral or bilateral and involves a mesial relationship of the 
mandible to the maxilla or mandibular teeth to maxillary teeth. This relationship may result 
from dental factors (malposition of the teeth in the arches), skeletal factors (asymmetry, 
mandibular prognathism, and/or maxillary retrognathism), or a combination of these 
factors. Treatment of Class III malocclusions is indicated to provide psychosocial benefits 
for the child patient by reducing or eliminating facial disfigurement and to reduce the 
severity of malocclusion by promoting compensating growth. Early Class III treatment in 
a growing patient will result in improved overbite, overjet, and intercuspation of 
posterior teeth and an esthetic appearance and profile compatible with the patient’s 
skeletal morphology. 
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6.3 Local anesthesia for children 
Local anesthetic administration is an important consideration in the behavior guidance of a 
pediatric patient9. Age-appropriate “nonthreatening” terminology, distraction, topical 
anesthetics, proper injection technique, can help the patient have a positive experience 
during administration of local anesthesia. In pediatric dentistry, the dental professional 
should be aware of proper dosage (based on weight) to minimize the chance of toxicity and 
the prolonged duration of anesthesia, which can lead to accidental lip or tongue trauma. 
Knowledge of the gross and neuroanatomy of the head and neck allows for proper 
placement of the anesthetic solution and helps minimize complications (eg, hematoma, 
trismus, intravascular injection). Familiarity with the patient’s medical history is essential to 
decrease the risk of aggravating a medical condition while rendering dental care. 
Appropriate medical consultation should be obtained when needed. 
The application of topical anesthetic may help minimize discomfort caused during 
administration of local anesthesia. Topical anesthetic is effective on surface tissues (2-3 mm 
in depth) to reduce painful needle penetration of the oral mucosa A variety of topical 
anesthetic agents are available in gel, liquid, ointment, patch, and aerosol forms. 
Injectable anesthetic available for dental usage include lidocaine, mepivacaine, articaine, 
prilocaine, and bupivacaine. Absolute contraindications for local anesthetics include a 
documented local anesthetic allergy. Local anesthetics without vasoconstrictors should be 
used with caution due to rapid systemic absorption which may result in overdose.  
Epinephrine decreases bleeding in the area of injection. Epinephrine concentrations of 
1:50,000 may be indicated for infiltration in small doses into a surgical site to achieve 
hemostasis but are not indicated in children to control pain. 

6.4 Dental diseases in primary dentition years 
6.4.1 Dental caries 
Dental caries, also known as tooth decay or a cavity, is a disease where bacterial processes 
damage hard tooth structure (enamel, dentin, and cementum). These tissues progressively 
break down, producing dental caries (cavities, holes in the teeth). Two groups of bacteria 
are responsible for initiating caries: Streptococcus mutans and Lactobacillus. If left 
untreated, the disease can lead to pain, tooth loss, infection, and, in severe cases, even 
death. Today, caries remains one of the most common diseases throughout the world. 
Cariology is the study of dental caries. One particular condition that is seen in this age 
group is the Early Child hood Caries (ECC). The disease of early childhood caries (ECC) is 
the presence of 1 or more decayed (noncavitated or cavitated lesions), missing (due to 
caries), or filled tooth surfaces in any primary tooth in a child 71 months of age or 
younger. In children younger than 3 years of age, any sign of smooth-surface caries is 
indicative of severe early childhood caries (S-ECC). From ages 3 through 5, 1 or more 
cavitated, missing (due to caries), or filled smooth surfaces in primary maxillary anterior 
teeth or a decayed, missing, or filled score of ≥4 (age 3), ≥5 (age 4), or ≥6 (age 5) surfaces 
constitutes S-ECC10. 
The recommended method of preventing such a condition include 

Reducing the mother’s/primary caregiver’s/sibling(s) MS levels (ideally during the 
prenatal period) to decrease transmission of cariogenic bacteria. Minimizing saliva-
sharing activities (eg, sharing utensils) between an infant or toddler and his 
family/cohorts.  Implementing oral hygiene measures no later than the time of eruption 



 
Oral Health Care – Pediatric, Research, Epidemiology and Clinical Practices 

 

58

treatment is appropriate and possible, and parentsare supportive and desire to have 
treatment done. 
Oral habits may apply forces to the teeth and dentoalveolar structures. The relationship 
between oral habits and unfavorable dental and facial development is associational rather 
than cause and effect. Habits of sufficient frequency, duration, and intensity may be 
associated with dentoalveolar or skeletal deformations such as increased overjet, reduced 
overbite, posterior crossbite, or long facial height. As preliminary evidence indicates that 
some changes resulting from sucking habits persist past the cessation of the habit, it has 
been suggested that early dental visits provide parents with anticipatory guidance to help 
their children stop sucking habits by age 36 months or younger. 

6.2 Managing developing malocclusion in primary dentition 
Anterior and posterior cross bites are malocclusions which involve one or more teeth in 
which the maxillary teeth occlude lingually with the antagonistic mandibular teeth. Dental 
crossbites result from the tipping or rotation of a tooth or teeth. The condition is localized 
and does not involve the basal bone. Skeletal cross bites involve disharmony of the 
craniofacial skeleton. 
A simple anterior cross bite can be aligned as soon as the condition is noted, if there is 
sufficient space; otherwise, space needs to be created first. Such appliances as acrylic 
incline planes, acrylic retainers with lingual springs, or fixed appliances all have been 
effective. If space is needed, an expansion appliance also is required. Early correction of 
unilateral posterior crossbites has been shown to improve functional conditions 
significantly and largely eliminate morphological and positional asymmetries of the 
mandible. 
Class II malocclusion (distocclusion) may be unilateral or bilateral and involves a distal 
relationship of the mandible to the maxilla or the mandibular teeth to maxillary teeth. This 
relationship may result from dental (malposition of the teeth in the arches), skeletal 
(mandibular retrusion and/or maxillary protrusion), or a combination of dental and skeletal 
factors. Early Class II treatment improves self-esteem and decreases negative social 
experiences. Incisor injury that is more severe than simple enamel fractures has been 
associated positively with increased overjet and prognathic position of the maxilla. Early 
treatment for Class II malocclusions can be initiated, depending upon patient cooperation 
and management this will result in an improved overbite, overjet, and intercuspation of 
posterior teeth and an esthetic appearance and profile compatible with the patient’s skeletal 
morphology. 
Class III malocclusion may be unilateral or bilateral and involves a mesial relationship of the 
mandible to the maxilla or mandibular teeth to maxillary teeth. This relationship may result 
from dental factors (malposition of the teeth in the arches), skeletal factors (asymmetry, 
mandibular prognathism, and/or maxillary retrognathism), or a combination of these 
factors. Treatment of Class III malocclusions is indicated to provide psychosocial benefits 
for the child patient by reducing or eliminating facial disfigurement and to reduce the 
severity of malocclusion by promoting compensating growth. Early Class III treatment in 
a growing patient will result in improved overbite, overjet, and intercuspation of 
posterior teeth and an esthetic appearance and profile compatible with the patient’s 
skeletal morphology. 
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6.3 Local anesthesia for children 
Local anesthetic administration is an important consideration in the behavior guidance of a 
pediatric patient9. Age-appropriate “nonthreatening” terminology, distraction, topical 
anesthetics, proper injection technique, can help the patient have a positive experience 
during administration of local anesthesia. In pediatric dentistry, the dental professional 
should be aware of proper dosage (based on weight) to minimize the chance of toxicity and 
the prolonged duration of anesthesia, which can lead to accidental lip or tongue trauma. 
Knowledge of the gross and neuroanatomy of the head and neck allows for proper 
placement of the anesthetic solution and helps minimize complications (eg, hematoma, 
trismus, intravascular injection). Familiarity with the patient’s medical history is essential to 
decrease the risk of aggravating a medical condition while rendering dental care. 
Appropriate medical consultation should be obtained when needed. 
The application of topical anesthetic may help minimize discomfort caused during 
administration of local anesthesia. Topical anesthetic is effective on surface tissues (2-3 mm 
in depth) to reduce painful needle penetration of the oral mucosa A variety of topical 
anesthetic agents are available in gel, liquid, ointment, patch, and aerosol forms. 
Injectable anesthetic available for dental usage include lidocaine, mepivacaine, articaine, 
prilocaine, and bupivacaine. Absolute contraindications for local anesthetics include a 
documented local anesthetic allergy. Local anesthetics without vasoconstrictors should be 
used with caution due to rapid systemic absorption which may result in overdose.  
Epinephrine decreases bleeding in the area of injection. Epinephrine concentrations of 
1:50,000 may be indicated for infiltration in small doses into a surgical site to achieve 
hemostasis but are not indicated in children to control pain. 

6.4 Dental diseases in primary dentition years 
6.4.1 Dental caries 
Dental caries, also known as tooth decay or a cavity, is a disease where bacterial processes 
damage hard tooth structure (enamel, dentin, and cementum). These tissues progressively 
break down, producing dental caries (cavities, holes in the teeth). Two groups of bacteria 
are responsible for initiating caries: Streptococcus mutans and Lactobacillus. If left 
untreated, the disease can lead to pain, tooth loss, infection, and, in severe cases, even 
death. Today, caries remains one of the most common diseases throughout the world. 
Cariology is the study of dental caries. One particular condition that is seen in this age 
group is the Early Child hood Caries (ECC). The disease of early childhood caries (ECC) is 
the presence of 1 or more decayed (noncavitated or cavitated lesions), missing (due to 
caries), or filled tooth surfaces in any primary tooth in a child 71 months of age or 
younger. In children younger than 3 years of age, any sign of smooth-surface caries is 
indicative of severe early childhood caries (S-ECC). From ages 3 through 5, 1 or more 
cavitated, missing (due to caries), or filled smooth surfaces in primary maxillary anterior 
teeth or a decayed, missing, or filled score of ≥4 (age 3), ≥5 (age 4), or ≥6 (age 5) surfaces 
constitutes S-ECC10. 
The recommended method of preventing such a condition include 

Reducing the mother’s/primary caregiver’s/sibling(s) MS levels (ideally during the 
prenatal period) to decrease transmission of cariogenic bacteria. Minimizing saliva-
sharing activities (eg, sharing utensils) between an infant or toddler and his 
family/cohorts.  Implementing oral hygiene measures no later than the time of eruption 
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of the first primary tooth. If an infant falls asleep while feeding, the teeth should be 
cleaned before placing the child in bed. Tooth brushing of all dentate children should be 
performed twice daily with a fluoridated toothpaste and a soft, age-appropriate sized 
toothbrush. Parents should use a ‘smear’ of toothpaste to brush the teeth of a childless 
than 2 years of age. For the 2-5 year old, parents should dispense a ‘pea-size’ amount of 
toothpaste and perform or assist with their child’s tooth brushing. Flossing should be 
initiated when adjacent tooth surfaces can not be cleansed by a toothbrush. Establishing 
a dental home within 6 months of eruption of the first tooth and no later than 12 
months of age to conduct a caries risk assessment and provide parental education 
including anticipatory guidance for prevention of oral diseases. Avoiding caries-
promoting feeding behaviors. In particular: Infants should not be put to sleep with a 
bottle containing fermentable carbohydrates. Ad labium breast-feeding should be 
avoided after the first primary tooth begins to erupt and other dietary carbohydrates 
are introduced.  Parents should be encouraged to have infants drink from a cup as they 
approach their first birthday. Infants should be weaned from the bottle at 12 to 14 
months of age. Repetitive consumption of any liquid containing fermentable 
carbohydrates from a bottle or no-spill training cup should be avoided. Between-meal 
snacks and prolonged exposures to foods and juice or other beverages containing 
fermentable carbohydrates should be avoided. 

6.4.2 Behaviour management in dental clinic 
Safe and effective treatment of dental diseases often requires modifying the child’s behavior. 
Behavior guidance is a continuum of interaction involving the dentist and dental team, the 
patient, and the parent directed toward communication and education. Its goal is to ease 
fear and anxiety while promoting an understanding of the need for good oral health and the 
process by which that is achieved. For treating children a variety of behavior guidance 
approaches are used it is important to, assess accurately the child’s developmental level, 
dental attitudes, and temperament and to predict the child’s reaction to treatment. The child 
who presents with oral/dental pathology and noncompliance makes the management more 
challenging. The pediatric dental staff can play an important role in behavior guidance. 
Communication may be accomplished by a number of means but, in the dental setting, it is 
affected primarily through dialogue, tone of voice, facial expression, and body language. 
One should communicate with the child patient briefly at the beginning of a dental 
appointment to establish rapport and trust. However, once a procedure begins, the dentist’s 
ability to control and shape behavior becomes paramount, and information sharing becomes 
secondary11. 
Various behavior management techniques such as Tell-show-do is used by many pediatric 
professionals. The technique involves verbal explanations of procedures in phrases 
appropriate to the developmental level of the patient (tell); demonstrations for the patient 
of the visual, auditory, olfactory, and tactile aspects of the procedure in a carefully 
defined, nonthreatening setting (show); and then, without deviating from the explanation 
and demonstration, completion of the procedure (do). The tell-show-do technique is used 
with communication skills (verbal and nonverbal) and positive reinforcement. Voice 
control is a controlled alteration of voice volume, tone, or pace to influence and direct the 
patient’s behavior. Parents unfamiliar with this technique may benefit from an 
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explanation prior to its use to prevent misunderstanding. Distraction is another  technique 
involving diverting the patient’s attention from what may be perceived as an unpleasant 
procedure. Giving the patient a short break during a stressful procedure can be an 
effective use of distraction prior to considering more advanced behavior guidance 
techniques. 
Some children may require a more advanced behavior management techniques using 
pharmacological agents such as conscious sedation, deep sedation or general anesthesia. 
Nitrous oxide/oxygen inhalation is a safe and effective technique of giving conscious 
sedation to reduce anxiety and enhance effective communication. Its onset of action is rapid, 
the effects easily are titrated and reversible, and recovery is rapid and complete. 
Additionally, nitrous oxide/oxygen inhalation mediates a variable degree of analgesia, 
amnesia, and gag reflex reduction. 
Some children and developmentally disabled patients require general anesthesia to receive 
comprehensive dental care in a safe and humane fashion. Many pediatric dentists (and 
others who treat children) have sought to provide for the administration of general 
anesthesia by properly-trained individuals in their offices or other facilities (eg, 
outpatient care clinics) outside of the traditional hospital setting. The Elective Use of 
Minimal, Moderate, and Deep Sedation and General Anesthesia in Pediatric Dental 
Patients practiced. 

6.4.3 Preventing dental caries 
Pit and fissure sealants has been described as a material placed into the pits and fissures of 
caries-susceptible teeth that micromechanically bonds to the tooth preventing access by 
cariogenic bacteria to their source of nutrients12. 

Fluoride application 
Systemically-administered fluoride supplements 
Fluoride supplements should be considered for all children drinking fluoride-deficient 
(<0.6 ppm) water. After determining the fluoride level of the water supply or supplies 
(either through contacting public health officials or water analysis), evaluating other 
dietary sources of fluoride, and assessing the child’s caries risk, the daily fluoride 
supplement dosage can be determined using the Dietary Fluoride Supplementation 
Schedule. 
Professionally-applied topical fluoride treatment 
Professional topical fluoride treatments should be based on caries-risk assessment. A 
pumice prophylaxis is not an essential prerequisite to this treatment. Appropriate 
precautionary measures should be taken to prevent swallowing of any professionally-
applied topical fluoride. Children at moderate caries risk should receive a professional 
fluoride treatment at least every 6 months; those with high caries risk should receive greater 
frequency of professional fluoride applications (ie, every 3-6 months). Ideally, this would 
occur as part of a comprehensive preventive program in a dental home. 
Fluoride-containing products for home use 
Therapeutic use of fluoride for children should focus on regimens that maximize topical 
contact, preferably in lower-dose, higher-frequency approaches. Fluoridated toothpaste 
should be used twice daily as a primary preventive procedure. Twice daily use has benefits 
greater than once daily brushing. 
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of the first primary tooth. If an infant falls asleep while feeding, the teeth should be 
cleaned before placing the child in bed. Tooth brushing of all dentate children should be 
performed twice daily with a fluoridated toothpaste and a soft, age-appropriate sized 
toothbrush. Parents should use a ‘smear’ of toothpaste to brush the teeth of a childless 
than 2 years of age. For the 2-5 year old, parents should dispense a ‘pea-size’ amount of 
toothpaste and perform or assist with their child’s tooth brushing. Flossing should be 
initiated when adjacent tooth surfaces can not be cleansed by a toothbrush. Establishing 
a dental home within 6 months of eruption of the first tooth and no later than 12 
months of age to conduct a caries risk assessment and provide parental education 
including anticipatory guidance for prevention of oral diseases. Avoiding caries-
promoting feeding behaviors. In particular: Infants should not be put to sleep with a 
bottle containing fermentable carbohydrates. Ad labium breast-feeding should be 
avoided after the first primary tooth begins to erupt and other dietary carbohydrates 
are introduced.  Parents should be encouraged to have infants drink from a cup as they 
approach their first birthday. Infants should be weaned from the bottle at 12 to 14 
months of age. Repetitive consumption of any liquid containing fermentable 
carbohydrates from a bottle or no-spill training cup should be avoided. Between-meal 
snacks and prolonged exposures to foods and juice or other beverages containing 
fermentable carbohydrates should be avoided. 

6.4.2 Behaviour management in dental clinic 
Safe and effective treatment of dental diseases often requires modifying the child’s behavior. 
Behavior guidance is a continuum of interaction involving the dentist and dental team, the 
patient, and the parent directed toward communication and education. Its goal is to ease 
fear and anxiety while promoting an understanding of the need for good oral health and the 
process by which that is achieved. For treating children a variety of behavior guidance 
approaches are used it is important to, assess accurately the child’s developmental level, 
dental attitudes, and temperament and to predict the child’s reaction to treatment. The child 
who presents with oral/dental pathology and noncompliance makes the management more 
challenging. The pediatric dental staff can play an important role in behavior guidance. 
Communication may be accomplished by a number of means but, in the dental setting, it is 
affected primarily through dialogue, tone of voice, facial expression, and body language. 
One should communicate with the child patient briefly at the beginning of a dental 
appointment to establish rapport and trust. However, once a procedure begins, the dentist’s 
ability to control and shape behavior becomes paramount, and information sharing becomes 
secondary11. 
Various behavior management techniques such as Tell-show-do is used by many pediatric 
professionals. The technique involves verbal explanations of procedures in phrases 
appropriate to the developmental level of the patient (tell); demonstrations for the patient 
of the visual, auditory, olfactory, and tactile aspects of the procedure in a carefully 
defined, nonthreatening setting (show); and then, without deviating from the explanation 
and demonstration, completion of the procedure (do). The tell-show-do technique is used 
with communication skills (verbal and nonverbal) and positive reinforcement. Voice 
control is a controlled alteration of voice volume, tone, or pace to influence and direct the 
patient’s behavior. Parents unfamiliar with this technique may benefit from an 

Pediatric Dentistry  
– A Guide for General Practitioner 

 

61 

explanation prior to its use to prevent misunderstanding. Distraction is another  technique 
involving diverting the patient’s attention from what may be perceived as an unpleasant 
procedure. Giving the patient a short break during a stressful procedure can be an 
effective use of distraction prior to considering more advanced behavior guidance 
techniques. 
Some children may require a more advanced behavior management techniques using 
pharmacological agents such as conscious sedation, deep sedation or general anesthesia. 
Nitrous oxide/oxygen inhalation is a safe and effective technique of giving conscious 
sedation to reduce anxiety and enhance effective communication. Its onset of action is rapid, 
the effects easily are titrated and reversible, and recovery is rapid and complete. 
Additionally, nitrous oxide/oxygen inhalation mediates a variable degree of analgesia, 
amnesia, and gag reflex reduction. 
Some children and developmentally disabled patients require general anesthesia to receive 
comprehensive dental care in a safe and humane fashion. Many pediatric dentists (and 
others who treat children) have sought to provide for the administration of general 
anesthesia by properly-trained individuals in their offices or other facilities (eg, 
outpatient care clinics) outside of the traditional hospital setting. The Elective Use of 
Minimal, Moderate, and Deep Sedation and General Anesthesia in Pediatric Dental 
Patients practiced. 

6.4.3 Preventing dental caries 
Pit and fissure sealants has been described as a material placed into the pits and fissures of 
caries-susceptible teeth that micromechanically bonds to the tooth preventing access by 
cariogenic bacteria to their source of nutrients12. 

Fluoride application 
Systemically-administered fluoride supplements 
Fluoride supplements should be considered for all children drinking fluoride-deficient 
(<0.6 ppm) water. After determining the fluoride level of the water supply or supplies 
(either through contacting public health officials or water analysis), evaluating other 
dietary sources of fluoride, and assessing the child’s caries risk, the daily fluoride 
supplement dosage can be determined using the Dietary Fluoride Supplementation 
Schedule. 
Professionally-applied topical fluoride treatment 
Professional topical fluoride treatments should be based on caries-risk assessment. A 
pumice prophylaxis is not an essential prerequisite to this treatment. Appropriate 
precautionary measures should be taken to prevent swallowing of any professionally-
applied topical fluoride. Children at moderate caries risk should receive a professional 
fluoride treatment at least every 6 months; those with high caries risk should receive greater 
frequency of professional fluoride applications (ie, every 3-6 months). Ideally, this would 
occur as part of a comprehensive preventive program in a dental home. 
Fluoride-containing products for home use 
Therapeutic use of fluoride for children should focus on regimens that maximize topical 
contact, preferably in lower-dose, higher-frequency approaches. Fluoridated toothpaste 
should be used twice daily as a primary preventive procedure. Twice daily use has benefits 
greater than once daily brushing. 
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Additional at-home topical fluoride regimens utilizing increased concentrations of 
fluoride should be considered for children at high risk for caries.These may include 
overthe-counter or prescription strength formulations. Fluoride mouth rinses or brush-on 
gels may be incorporated into a caries-prevention program for a school-aged child at high 
risk. 

6.4.4 Management of dental caries 
Restorative treatment is based upon the results of an appropriate clinical examination and is 
ideally part of a comprehensive treatment plan. The treatment plan should take into 
consideration: developmental status of the dentition; caries-risk assessment, patient’s oral 
hygiene, anticipated parental compliance and likelihood of timely recall,patient’s ability to 
cooperate for treatment. The restorative treatment plan must be prepared in conjunction 
with an individually-tailored preventive program. Caries risk is greater for children who are 
poor, rural, or minority or who have limited access to care. Factors for high caries risk 
include decayed/missing/filled surfaces greater than the child’s age, numerous white spot 
lesions, high levels of mutans streptococci, low socioeconomic status, high caries rate in 
siblings/parents, diet high in sugar, and/or presence of dental appliances. Studies have 
reported that maxillary primary anterior caries has a direct relationship with caries in 
primary molars, and caries in the primary dentition is highly predictive of caries occurring 
in the permanent dentition. 

6.5 Pulp therapy for primary teeth 
The primary objective of pulp therapy is to maintain the integrity and health of the teeth 
and their supporting tissues. It is a treatment objective to maintain the vitality of the pulp of 
a tooth affected by caries, traumatic injury, or other causes. 
Vital pulp therapy for primary teeth diagnosed with a normal pulp or reversible pulpitis 
includes placement of a protective liner wich  is a thinly-applied liquid placed on the pulpal  
surface of a deep cavity preparation, covering exposed dentin  tubules, to act as a protective 
barrier between the restorative material or cement and the pulp. Placement of a thin 
protective  liner such as calcium hydroxide, dentin bonding agent, or glass ionomer cement 
is at the discretion of the clinician. This placement in the deep area of the preparation is 
utilized to preserve the tooth’s vitality, promote pulp tissue healing and tertiary dentin 
formation, and minimize bacterial microleakage.Adverse post-treatment clinical signs or 
symptoms such as sensitivity, pain, or swelling should not occur. 
Indirect pulp treatment is a procedure performed in a tooth with a deep carious lesion 
approximating the pulp but without signs or symptoms of pulp degeneration. The caries 
surrounding the pulp is left in place to avoid pulp exposure and is covered with a 
biocompatible material. A radiopaque liner such as a dentin bonding agent, resin modified 
glass ionomer,calcium hydroxide, zinc oxide/eugenol,or glass ionomer cement is placed 
over the remaining carious dentin to stimulate healing and repair. Indirect pulp capping has 
been shown to have a higher success rate than pulpotomy in long term studies.It also allows 
for a normal exfoliation time. Therefore, indirect pulp treatment is preferable to a 
pulpotomy when the pulp is normal or has a diagnosis of reversible pulpitis. 
Direct pulp cap can be done When a pinpoint mechanical exposure of the pulp is 
encountered during cavity preparation or following a traumatic injury, a biocompatible 
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radiopaque base such as mineral trioxide aggregate (MTA)or calcium hydroxidemay be 
placed in contact with the exposed pulp tissue. The tooth is restored with a material that 
seals the tooth from microleakage. 
A pulpotomy is performed in a primary tooth with extensive caries but without evidence of 
radicular pathology when caries removal results in a carious or mechanical pulp exposure. 
Thecoronal pulp is amputated, and the remaining vital radicularpulp tissue surface is 
treated with a long-term clinically successful medicament such as Buckley’s Solution of 
formocresol or ferric sulfate. Electrosurgery also has demonstrated success. Gluteraldehyde 
and calcium hydroxide have been used but with less long-term success. MTA is a more 
recent material used for pulpotomies with a high rate of success. 
Nonvital pulp treatment for primary teeth diagnosed with irreversible pulpitis or necrotic 
pulp include Pulpectomy Pulpectomy is a root canal procedure for pulp tissue that is 
irreversibly infected or necrotic due to caries or trauma. The root canals are debrided and 
shaped with hand or rotary files. Followed by obturation bye resorbable material such as 
nonreinforced zinc/oxideeugenol, iodoform-based paste (KRI), or a combination paste of 
iodoform and calcium hydroxide. The tooth then is restored with a restoration that seals the 
tooth from microleakage. 

6.5.1 Expected outcome of pulp therapy 
No post-treatment signs or symptoms such as sensitivity, pain, or swelling should  
be evident. There should be no radiographic evidence of pathologic external or  
internal root resorption or other pathologic changes. There should be no harm to the 
succedaneous tooth. A smooth transition from primary to permanent dentition should be 
afforded13. 

6.5.2 Acute dental trauma to primary teeth and management 
The greatest incidence of trauma to the primary teeth occurs at 2 to 3 years of age, when 
motor coordination is developing. Dental injuries can  have improved outcomes if the public 
is made aware of first-aid measures and the need to seek immediate treatment. Because 
optimal treatment results follow immediate assessment and care, dentists have an ethical 
obligation to ensure that reasonable arrangements for emergency dental care are available. 
The history, circumstances of the injury, pattern of trauma, and behavior of the child and/or 
caregiver are important in distinguishing nonabusive injuries from abuse. 
After a primary tooth has been injured, the treatment strategy is dictated by the concern for 
the safety of the permanent dentition. If determined that the displaced primary tooth has 
encroached upon the developing permanent tooth germ, removal is indicated. In the 
primary dentition, the maxillary anterior region is at low risk for space loss unless the 
avulsion occurs prior to canine eruption or the dentition is crowded. Fixed or removable 
appliances, while not always necessary, can be fabricated to satisfy parental concerns for 
esthetics or to return a loss of oral or phonetic function. 
When an injury to a primary tooth occurs, informing parents about possible pulpal 
complications, appearance of a vestibular sinus tract, or color change of the crown 
associated with a sinus tract can help assure timely intervention, minimizing complications 
for the developing succedaneous teeth. Also, it is important to caution parents that the 
primary tooth’s displacement may result in any of several permanent tooth complications, 
including enamel hypoplasia, hypo calcification, crown/root dilacerations, or disruptions 
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Additional at-home topical fluoride regimens utilizing increased concentrations of 
fluoride should be considered for children at high risk for caries.These may include 
overthe-counter or prescription strength formulations. Fluoride mouth rinses or brush-on 
gels may be incorporated into a caries-prevention program for a school-aged child at high 
risk. 

6.4.4 Management of dental caries 
Restorative treatment is based upon the results of an appropriate clinical examination and is 
ideally part of a comprehensive treatment plan. The treatment plan should take into 
consideration: developmental status of the dentition; caries-risk assessment, patient’s oral 
hygiene, anticipated parental compliance and likelihood of timely recall,patient’s ability to 
cooperate for treatment. The restorative treatment plan must be prepared in conjunction 
with an individually-tailored preventive program. Caries risk is greater for children who are 
poor, rural, or minority or who have limited access to care. Factors for high caries risk 
include decayed/missing/filled surfaces greater than the child’s age, numerous white spot 
lesions, high levels of mutans streptococci, low socioeconomic status, high caries rate in 
siblings/parents, diet high in sugar, and/or presence of dental appliances. Studies have 
reported that maxillary primary anterior caries has a direct relationship with caries in 
primary molars, and caries in the primary dentition is highly predictive of caries occurring 
in the permanent dentition. 

6.5 Pulp therapy for primary teeth 
The primary objective of pulp therapy is to maintain the integrity and health of the teeth 
and their supporting tissues. It is a treatment objective to maintain the vitality of the pulp of 
a tooth affected by caries, traumatic injury, or other causes. 
Vital pulp therapy for primary teeth diagnosed with a normal pulp or reversible pulpitis 
includes placement of a protective liner wich  is a thinly-applied liquid placed on the pulpal  
surface of a deep cavity preparation, covering exposed dentin  tubules, to act as a protective 
barrier between the restorative material or cement and the pulp. Placement of a thin 
protective  liner such as calcium hydroxide, dentin bonding agent, or glass ionomer cement 
is at the discretion of the clinician. This placement in the deep area of the preparation is 
utilized to preserve the tooth’s vitality, promote pulp tissue healing and tertiary dentin 
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biocompatible material. A radiopaque liner such as a dentin bonding agent, resin modified 
glass ionomer,calcium hydroxide, zinc oxide/eugenol,or glass ionomer cement is placed 
over the remaining carious dentin to stimulate healing and repair. Indirect pulp capping has 
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radiopaque base such as mineral trioxide aggregate (MTA)or calcium hydroxidemay be 
placed in contact with the exposed pulp tissue. The tooth is restored with a material that 
seals the tooth from microleakage. 
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Thecoronal pulp is amputated, and the remaining vital radicularpulp tissue surface is 
treated with a long-term clinically successful medicament such as Buckley’s Solution of 
formocresol or ferric sulfate. Electrosurgery also has demonstrated success. Gluteraldehyde 
and calcium hydroxide have been used but with less long-term success. MTA is a more 
recent material used for pulpotomies with a high rate of success. 
Nonvital pulp treatment for primary teeth diagnosed with irreversible pulpitis or necrotic 
pulp include Pulpectomy Pulpectomy is a root canal procedure for pulp tissue that is 
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nonreinforced zinc/oxideeugenol, iodoform-based paste (KRI), or a combination paste of 
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6.5.1 Expected outcome of pulp therapy 
No post-treatment signs or symptoms such as sensitivity, pain, or swelling should  
be evident. There should be no radiographic evidence of pathologic external or  
internal root resorption or other pathologic changes. There should be no harm to the 
succedaneous tooth. A smooth transition from primary to permanent dentition should be 
afforded13. 

6.5.2 Acute dental trauma to primary teeth and management 
The greatest incidence of trauma to the primary teeth occurs at 2 to 3 years of age, when 
motor coordination is developing. Dental injuries can  have improved outcomes if the public 
is made aware of first-aid measures and the need to seek immediate treatment. Because 
optimal treatment results follow immediate assessment and care, dentists have an ethical 
obligation to ensure that reasonable arrangements for emergency dental care are available. 
The history, circumstances of the injury, pattern of trauma, and behavior of the child and/or 
caregiver are important in distinguishing nonabusive injuries from abuse. 
After a primary tooth has been injured, the treatment strategy is dictated by the concern for 
the safety of the permanent dentition. If determined that the displaced primary tooth has 
encroached upon the developing permanent tooth germ, removal is indicated. In the 
primary dentition, the maxillary anterior region is at low risk for space loss unless the 
avulsion occurs prior to canine eruption or the dentition is crowded. Fixed or removable 
appliances, while not always necessary, can be fabricated to satisfy parental concerns for 
esthetics or to return a loss of oral or phonetic function. 
When an injury to a primary tooth occurs, informing parents about possible pulpal 
complications, appearance of a vestibular sinus tract, or color change of the crown 
associated with a sinus tract can help assure timely intervention, minimizing complications 
for the developing succedaneous teeth. Also, it is important to caution parents that the 
primary tooth’s displacement may result in any of several permanent tooth complications, 
including enamel hypoplasia, hypo calcification, crown/root dilacerations, or disruptions 
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in eruption patterns or sequence. The risk of trauma-induced developmental disturbances 
in the permanent successors is greater in children whose enamel calcification is 
incomplete. 

6.5.3 Managing  premature loss of primary tooth 
The premature loss of primary teeth due to caries, trauma, ectopic eruption, or other causes 
may lead to undesirable tooth movements of primary and/or permanent teeth including 
loss of arch length. Arch length deficiency can produce or increase the severity of 
malocclusions with crowding, rotations, ectopic eruption, crossbite, excessive overjet, 
excessive overbite, and unfavorable molar relationships. It is recommended that space 
maintainers be used to reduce the prevalence and severity of malocclusion following 
premature loss of primary teeth. Space maintenance may be a consideration in the primary 
dentition after early loss of a maxillary incisor when the child has an active digit habit. An 
intense habit may reduce the space for the erupting permanent incisor. 

7. The transition from primary dentition to permanent dentition 
This period is characterized by having distinctive need due to:  a potentially high caries rate; 
increased risk for traumatic injury and periodontal disease; a tendency for poor nutritional 
habits; an increased esthetic desire and awareness; complexity of combined orthodontic and 
restorative care (eg, congenitally missing teeth); dental phobia; potential use of tobacco, 
alcohol, and other drugs; (8) pregnancy; (9) eating disorders; and (10) unique social and 
psychological needs. 
The management of these patients can be multifaceted and complex. An accurate, 
comprehensive, and up-to-date medical history is necessary for correct diagnosis  
and effective treatment planning. Familiarity with the patient’s medical history is 
essential to decreasing the risk of aggravating a medical condition while rendering dental 
care. If the parent is unable to provide adequate details regarding a patient’s medical 
history, consultation with the medical health care provider may be indicated. The 
practitioner also may need to obtain additional information confidentially from an 
adolescent patient. 

7.1 Management of dental caries during mixed dentition period 
Immature permanent tooth enamel,a total increase in susceptible tooth surfaces, and 
environmental factors such as diet, independence to seek care or avoid it, a low priority for 
oral hygiene, and additional social factors also may contribute to the upward slope of caries 
during this period. It is important to emphasize the positive effects that fluoridation, routine 
professional care, patient education, and personal hygiene can have in counteracting the 
changing pattern of caries this population. 
Fluoridation has proven to be the most economical and effective caries prevention measure. 
Both systemic benefit of fluoride incorporation into developing enamel and, topical benefits 
can be obtained through optimally-fluoridated water, professionally-applied and prescribed 
compounds, and fluoridated dentifrices. 
Oral Hygine with a fluoridated dentifrice and flossing can provide benefit through the 
topical effect of the fluoride and plaque removal from tooth surfaces.This time of heightened 
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caries activity and periodontal disease due to an increased intake of cariogenic substances 
and inattention to oral hygiene procedures warrant a good oral hygiene through daily 
plaque removal, including flossing, with the frequency and pattern based on the 
individual’s disease pattern and oral hygiene needs 
Diet management including diet analysis and modification can be very helpful to reduce the 
effect of carbohydrates, foods rich in sucrose and beverages with acidic Ph. A diet analysis 
should result in overall nutrient and energy needs calculation, psychosocial aspects of 
adolescent nutrition; dietary carbohydrate intake and frequency; intake and frequency of 
acid-containing beverages and wellness considerations. 
Sealant placement is an effective caries-preventive technique that should be considered on 
an individual basis. Sealants have been recommended for any tooth, primary or permanent, 
that is judged to be at risk for pit and fissure caries. Caries risk may increase due to changes 
in patient habits, oral microflora, or physical condition, and unsealed teeth subsequently 
might benefit from sealant applications. Children at risk for caries should have sealants 
placed. An individual’s caries risk may change over time; periodic reassessment for sealant 
need is indicated throughout this phase. 

8. Restorative dentistry 
In cases where remineralization of noncavitated, demineralized tooth surfaces is not 
successful, as demonstrated by progression of carious lesions, dental restorations are 
necessary. Preservation of tooth structure, esthetics, and each individual patient’s needs 
must be considered when selecting a restorative material. Molars with extensive caries or 
malformed, hypoplastic enamel—for which traditional amalgam or composite resin 
restorations are not feasible—may require full coverage restorations. Each restoration 
must be evaluated on an individual basis. Preservation of noncarious tooth structure is 
desirable. 

8.1 Periodontal disease 
Gingivitis characterized by the presence of gingival inflammation without detectable loss of 
bone or clinical attachment is common in children. Normal and abnormal fluctuation in 
hormone levels, including changes in gonadotrophic hormone levels during the onset of 
puberty, can modify the gingival inflammatory response to dental plaque. Similarly, 
alterations in insulin levels in patients with diabetes can affect gingival health. In both 
situations, there is an increased inflammatory response to plaque. However, the gingival 
condition usually responds to thorough removal of bacterial deposits and improved daily 
oral hygiene. 
Periodontitis aggressive periodontitis is more common in children and adolescents. 
Aggressive periodontitis can be localized or generalized. Localized aggressive periodontitis 
(LAgP) patients have interproximal attachment loss on at least two permanent first molars 
and incisors, with attachment loss on no more than two teeth other than first molars and 
incisors. Generalized aggressive periodontitis (GAgP) patients exhibit generalized 
interproximal attachment loss including at least three teeth that are not first molars and 
incisors. Successful treatment of aggressive periodontitis depends on early diagnosis, 
directing therapy against the infecting microorganisms and providing an environment for 
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in eruption patterns or sequence. The risk of trauma-induced developmental disturbances 
in the permanent successors is greater in children whose enamel calcification is 
incomplete. 
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may lead to undesirable tooth movements of primary and/or permanent teeth including 
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dentition after early loss of a maxillary incisor when the child has an active digit habit. An 
intense habit may reduce the space for the erupting permanent incisor. 
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This period is characterized by having distinctive need due to:  a potentially high caries rate; 
increased risk for traumatic injury and periodontal disease; a tendency for poor nutritional 
habits; an increased esthetic desire and awareness; complexity of combined orthodontic and 
restorative care (eg, congenitally missing teeth); dental phobia; potential use of tobacco, 
alcohol, and other drugs; (8) pregnancy; (9) eating disorders; and (10) unique social and 
psychological needs. 
The management of these patients can be multifaceted and complex. An accurate, 
comprehensive, and up-to-date medical history is necessary for correct diagnosis  
and effective treatment planning. Familiarity with the patient’s medical history is 
essential to decreasing the risk of aggravating a medical condition while rendering dental 
care. If the parent is unable to provide adequate details regarding a patient’s medical 
history, consultation with the medical health care provider may be indicated. The 
practitioner also may need to obtain additional information confidentially from an 
adolescent patient. 

7.1 Management of dental caries during mixed dentition period 
Immature permanent tooth enamel,a total increase in susceptible tooth surfaces, and 
environmental factors such as diet, independence to seek care or avoid it, a low priority for 
oral hygiene, and additional social factors also may contribute to the upward slope of caries 
during this period. It is important to emphasize the positive effects that fluoridation, routine 
professional care, patient education, and personal hygiene can have in counteracting the 
changing pattern of caries this population. 
Fluoridation has proven to be the most economical and effective caries prevention measure. 
Both systemic benefit of fluoride incorporation into developing enamel and, topical benefits 
can be obtained through optimally-fluoridated water, professionally-applied and prescribed 
compounds, and fluoridated dentifrices. 
Oral Hygine with a fluoridated dentifrice and flossing can provide benefit through the 
topical effect of the fluoride and plaque removal from tooth surfaces.This time of heightened 
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caries activity and periodontal disease due to an increased intake of cariogenic substances 
and inattention to oral hygiene procedures warrant a good oral hygiene through daily 
plaque removal, including flossing, with the frequency and pattern based on the 
individual’s disease pattern and oral hygiene needs 
Diet management including diet analysis and modification can be very helpful to reduce the 
effect of carbohydrates, foods rich in sucrose and beverages with acidic Ph. A diet analysis 
should result in overall nutrient and energy needs calculation, psychosocial aspects of 
adolescent nutrition; dietary carbohydrate intake and frequency; intake and frequency of 
acid-containing beverages and wellness considerations. 
Sealant placement is an effective caries-preventive technique that should be considered on 
an individual basis. Sealants have been recommended for any tooth, primary or permanent, 
that is judged to be at risk for pit and fissure caries. Caries risk may increase due to changes 
in patient habits, oral microflora, or physical condition, and unsealed teeth subsequently 
might benefit from sealant applications. Children at risk for caries should have sealants 
placed. An individual’s caries risk may change over time; periodic reassessment for sealant 
need is indicated throughout this phase. 

8. Restorative dentistry 
In cases where remineralization of noncavitated, demineralized tooth surfaces is not 
successful, as demonstrated by progression of carious lesions, dental restorations are 
necessary. Preservation of tooth structure, esthetics, and each individual patient’s needs 
must be considered when selecting a restorative material. Molars with extensive caries or 
malformed, hypoplastic enamel—for which traditional amalgam or composite resin 
restorations are not feasible—may require full coverage restorations. Each restoration 
must be evaluated on an individual basis. Preservation of noncarious tooth structure is 
desirable. 

8.1 Periodontal disease 
Gingivitis characterized by the presence of gingival inflammation without detectable loss of 
bone or clinical attachment is common in children. Normal and abnormal fluctuation in 
hormone levels, including changes in gonadotrophic hormone levels during the onset of 
puberty, can modify the gingival inflammatory response to dental plaque. Similarly, 
alterations in insulin levels in patients with diabetes can affect gingival health. In both 
situations, there is an increased inflammatory response to plaque. However, the gingival 
condition usually responds to thorough removal of bacterial deposits and improved daily 
oral hygiene. 
Periodontitis aggressive periodontitis is more common in children and adolescents. 
Aggressive periodontitis can be localized or generalized. Localized aggressive periodontitis 
(LAgP) patients have interproximal attachment loss on at least two permanent first molars 
and incisors, with attachment loss on no more than two teeth other than first molars and 
incisors. Generalized aggressive periodontitis (GAgP) patients exhibit generalized 
interproximal attachment loss including at least three teeth that are not first molars and 
incisors. Successful treatment of aggressive periodontitis depends on early diagnosis, 
directing therapy against the infecting microorganisms and providing an environment for 
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healing that is free of infection. a combination of surgical or non-surgical root debridement 
in conjunction with antimicrobial (antibiotic) therapy. 
Necrotizing periodontal diseases The two most significant findings used in the diagnosis of 
NPD are the presence of interproximal necrosis and ulceration and the rapid onset of 
gingival pain. Patients with NPD can often be febrile. Necrotizing ulcerative 
gingivitis/periodontitis sites harbor high levels of spirochetes and P. intermedia, and 
invasion of the tissues by spirochetes has been shown to occur. Factors that predispose 
children to NPD include viral infections (including HIV), malnutrition, emotional stress, 
lack of sleep, and a variety of systemic diseases. Treatment involves mechanical 
debridement, oral hygiene instruction, and careful follow-up.Debridement with ultrasonics 
has been shown to be particularly effective and results in a rapid decrease in symptoms. If 
the patient is febrile, antibiotics may be an important adjunct to therapy. Metronidazole and 
penicillin have been suggested as drugs of choice. 

8.2 Occlusal considerations 
Malocclusion can be a significant treatment need in the transition period as both 
environmental and genetic factors come into play. Although the genetic basis of much 
malocclusion makes it unpreventable, numerous methods exist to treat the occlusal 
disharmonies, temporomandibular joint dysfunction, periodontal disease, and disfiguration 
which may be associated with malocclusion. Temporomandibular disorders require 
special attention to avoid long-termproblems. Congenitally missing teeth present complex 
problem and often require combined orthodontic and restorative care for satisfactory 
resolution. 
Positional Malocclusion problems that present significant esthetic, functional, physiologic, 
or emotional dysfunction are potential difficulties in mixed dentition. These can include 
single or multiple tooth malpositions, tooth/jaw size discrepancies, and craniofacial 
disfigurements. Treatment of malocclusion should be based on professional diagnosis, 
available treatment options, patient motivation and readiness, and other factors to maximize 
progress. If need be an orthodontist should be included for treatment. 
Congenitally missing permanent teeth can have a major impact on the developing dentition. 
When treating patients with congenitally missing teeth, many factors must be taken into 
consideration including, but not limited to, esthetics, patient age, and growth potential, as 
well as periodontal and oral surgical needs. Evaluation of congenitally missing permanent 
teeth should include both immediate and long-term management. 
Abnormal or ectopic eruption patterns of the permanent teeth can contribute to root 
resorption, bone loss, gingival defects, space loss, and esthetic concerns. Early diagnosis and 
treatment of ectopically erupting teeth can result in a healthier and more esthetic dentition. 
Prevention and treatment may include extraction of deciduous teeth, surgical intervention, 
and/or endodontic, orthodontic, periodontal, and/or restorative care. 

8.3 Traumatic injuries 
The most common injuries to permanent teeth occur secondary to falls, followed by traffic 
accidents, violence, and sports. All sporting activities have an associated risk of orofacial 
injuries due to falls, collisions, and contact with hard surfaces. It has been  demonstrated 
that dental and facial injuries can be reduced significantly by introducing mandatory 
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protective equipment such as face guards and mouthguards. Additionally,  participation  in 
leisure activities such as skateboarding, rollerskating, and bicycling also benefit from 
appropriate protective equipment. 
To efficiently determine the extent of injury and correctly diagnose injuries to the teeth, 
periodontium, and associated structures, a systematic approach to the traumatized child is 
essential. Assessment includes a thoroughmedical and dental history, clinical and 
radiographic examination, and additional tests such as palpation, percussion, sensitivity, 
and mobility evaluation. Intraoral radiography is useful for the evaluation of dentoalveolar 
trauma. If the area of concern extends beyond the dentoalveolar complex, extra oral imaging 
may be indicated. Treatment planning takes into consideration the patient’s health status 
and developmental status, as well as extent of injuries. Advanced behavior guidance 
techniques or an appropriate referral may be necessary to ensure that proper diagnosis and 
care are given. 
Management of traumatized tooth can vary from simple restoration or re attachment of a 
broken fragment in a tooth that does not involve pulp to advanced pulpal and periodontal 
management where these are involved.The objective of such management should be to 
maintain pulp vitality and restore normal esthetics and function. 
Avulsion is the complete displacement of tooth out of socket. The periodontal ligament is 
severed and fracture of the alveolus may occur. The avulsed tooth should be  replanted as 
soon as possible and then stabilized in its anatomically correct location to optimize healing 
of the periodontal ligament and neurovascular supply while maintaining esthetic and 
functional integrity. The tooth has the best prognosis if replanted immediately. If the tooth 
cannot be replanted within 5 minutes, it should be stored in a medium that will help 
maintain vitality of the periodontal ligament fibers. The best (ie, physiologic) transportation 
media for avulsed teeth include (in order of preference) Viaspan™, Hank’s Balanced Salt 
Solution (tissue culture medium), and cold milk. Next best would be a non-physiologic 
medium such as saliva (buccal vestibule), physiologic saline, or water. 
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gingival pain. Patients with NPD can often be febrile. Necrotizing ulcerative 
gingivitis/periodontitis sites harbor high levels of spirochetes and P. intermedia, and 
invasion of the tissues by spirochetes has been shown to occur. Factors that predispose 
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debridement, oral hygiene instruction, and careful follow-up.Debridement with ultrasonics 
has been shown to be particularly effective and results in a rapid decrease in symptoms. If 
the patient is febrile, antibiotics may be an important adjunct to therapy. Metronidazole and 
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which may be associated with malocclusion. Temporomandibular disorders require 
special attention to avoid long-termproblems. Congenitally missing teeth present complex 
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protective equipment such as face guards and mouthguards. Additionally,  participation  in 
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may be indicated. Treatment planning takes into consideration the patient’s health status 
and developmental status, as well as extent of injuries. Advanced behavior guidance 
techniques or an appropriate referral may be necessary to ensure that proper diagnosis and 
care are given. 
Management of traumatized tooth can vary from simple restoration or re attachment of a 
broken fragment in a tooth that does not involve pulp to advanced pulpal and periodontal 
management where these are involved.The objective of such management should be to 
maintain pulp vitality and restore normal esthetics and function. 
Avulsion is the complete displacement of tooth out of socket. The periodontal ligament is 
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soon as possible and then stabilized in its anatomically correct location to optimize healing 
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functional integrity. The tooth has the best prognosis if replanted immediately. If the tooth 
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1. Introduction  
Gingivitis or inflammation of the gingiva, is the commonest oral disease in children and 
adolescents. It is characterized by the presence of gingival inflammation without detectable 
bone loss or clinical attachment loss. The causes and risks are as varied in children as in 
adults and range from local to systemic causes. The most important local predisposing 
factor in children is poor oral hygiene which stems from children’s dependence on adults 
for assistance with routine oral hygiene. It also stems from age limitation in perception of 
the need for regular and efficient tooth brushing.  
When plaque and food debris accumulate in poor oral hygiene, micro-organisms also 
accumulate and the process of inflammation starts. This leads to gingivitis, which, if not 
taken care of can progress to gradual destruction of supporting soft and hard tissues of the 
teeth. This is evident in the very young and those with disabilities, where manual dexterity 
is not well developed. 
Gingivitis in children is also commonly seen during eruption and exfoliation of both 
primary and permanent teeth and exfoliation of primary teeth. This process, although 
physiological, if not managed carefully, may contribute to discomfort during tooth 
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adolescents. It is characterized by the presence of gingival inflammation without detectable 
bone loss or clinical attachment loss. The causes and risks are as varied in children as in 
adults and range from local to systemic causes. The most important local predisposing 
factor in children is poor oral hygiene which stems from children’s dependence on adults 
for assistance with routine oral hygiene. It also stems from age limitation in perception of 
the need for regular and efficient tooth brushing.  
When plaque and food debris accumulate in poor oral hygiene, micro-organisms also 
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adolescents on antidepressants and other medications, which if used on long term basis and 
in the presence of plaque and debris, predispose to gingivitis. 
Several studies on the oral health of the young population in developing countries show 
that poor gingival health is rampant, especially in those residing in the rural and remote 
areas and in those of the lower socioeconomic strata. This condition is even more significant 
in those who are institutionalized, those with intellectual disabilities, for example, Down 
syndrome, Autism Spectrum Disorders; those with multiple disabilities and generally those 
who have musculo-skeletal disorders who may not be able to carry out effective tooth 
brushing. The main problem with these individuals is neglect on the part of parents and care 
givers who are supposed to be responsible for their daily hygiene. When compared with 
children and adolescents without disabilities, their oral health has been found to be poorer. 
The situation can however be controlled with regular dental visits, which is still alien to the 
population at large, where oral health education will be re-inforced. The school health 
programme has also been recommended as an important means by which oral health 
education can be provided and established for children and adolescents. The programme is 
being supported by Faculty and corporate bodies across the globe and it is believed that this 
will gradually expose the population to good oral health practices and improve gingival 
health. This Chapter aims to discuss the various forms of gingivitis encountered in children 
and adolescents including those with special health care needs and provide a summary of 
recommendations given from the different studies carried out. 

2. Plaque induced gingivitis  
Gingivitis is also regarded as the most common periodontal disease in children, with the 
primary aetiology as plaque (Oh et al, 2002). In poor oral hygiene, food debris, plaque and 
micro-organisms also accumulate and the process of inflammation starts. This leads to 
gingivitis, which, if not taken care of can progress to gradual destruction of supporting soft 
and hard tissues of the teeth (Fig 1). 

2.1 Histopathology 
Inflammation represents the body’s protective response to injury and tissue destruction. 
This response consists of a spectrum of highly coordinated events that occur at cellular and 
tissue level. Its purpose is to destroy, dilute or sequestrate the injurious agent and the 
injured tissue in order to permit healing. 
Inflammation is a defensive mechanism intended to protect the host, but can also be 
potentially harmful. Clinical signs of inflammation are redness (due to open blood vessels), 
heat (due to warmth of blood), swelling (due to oedema), pain (due to stimulation of pain 
receptors) and loss of function due to oedema (Ramzi et al, 2002). 
Gingival inflammation is the result of plaque or bacterial biofilm. This biofilm develops and 
matures over a period of several weeks, initially developing supragingivally with mainly 
aerobic bacteria (Serio et al, 2009).  Over time, the flora changes from predominantly gram 
positive to gram negative, from facultative aerobes to strictly anaerobic species, with more 
motile forms present. Mature subgingival biofilm takes up to twelve weeks to develop 
(Lovegrove et al, 2004) and contains gram negative bacteria such as P. gingivalis, B. forsythus, 
and P. intermedia, among many others (Fleming, 1999). 
These bacteria possess complex carbohydrate and proteins on their cell walls called 
endotoxins or lipopolysaccharides (LPS). When these molecules are detected by the host, a 
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protective response ensues, resulting in inflammation, recruitment of white blood cells 
(WBCs) and release of cytokines and chemical mediators. 
As the biofilm accumulates, gingivitis develops over a period of several days in the presence 
of periodontal bacteria (Loe et al, 1965). Gingivitis may be a non-specific bacterial infection 
dependent on the level of plaque present (Goodson et al, 2004). 
Nevertheless, the prevalence and severity of inflammation of the oral tissues (gingivitis and 
periodontitis) is low in healthy young children and gradually increases with increasing age 
(Matsson, 1993; Papaioannou et al, 2009). With increasing age, the proportions of 
periodontal pathogens also increase (Papaioannou, 2009; Kimura et al, 2002).  
Page and Shroeder (1976), reported the sequence of changes during the development of 
gingivitis and peridontitis under four stages, according to prominent histopathological 
signs. They termed the stages, Initial, Early, Established and Advanced lesions. 
In health, hallmark features of gingival connective tissue are an even collagen density 
throughout the gingiva and absence of clusters of inflammatory cells. 
In the initial lesion, which occours within 2 to 4 days after allowing plaque to accumulate, 
an increased volume of junctional epithelium (JE) is occupied by polymorphonuclear 
leucocytes (PMNL). Blood vessels subjacent to the JE become dilated and exhibit increased 
permeability. A small cellular infiltrate of PMNL and mononuclear cells forms and collagen 
content in the infiltrated areas markedly decreases. 
In the Early stage, which is about 4 to 7 days of plaque accumulation, gingivitis in humans 
evolves at this stage, the differentiating sign being accumulation of large numbers of 
lymphocytes as an enlarged infiltrate in the connective tissue. There are altered fibroblasts 
and earlier changes are quantitatively increased. 
In the Established stage, which is about 2 to 3 weeks of plaque accumulation, there is 
preponderance of plasma cells in an expanded inflammatory lesion with continuance of 
earlier changes. The Established lesion may persist for a long time before becoming 
‘aggressive’ and progressing to the advanced lesion. 
In the Advanced lesion, the infiltrate is dominated by plasma cells. Collagen destruction 
continues with loss of alveolar bone and apical migration of JE, with “pocket” formation now 
being apparent. Throughout the sequence, viable bacteria remain outside the gingiva, on the 
surface of the tooth and in the periodontal pocket against, but not invading the soft tissue.  
However, a notable finding by Longhurst (1980) is that the histopathology of chronic 
gingivitis in children corresponds to the plasma cell-dominated established lesion of the 
adult, but has an inflammatory infiltration with a great majority of lymphocytes. This is 
analogous to the Early lesion as described by Page and Shroeder (1976) for the adult. Other 
reports on the nature of cellular infiltrates in various stages of periodontal disease had 
indicated that in mild gingivitis, the predominant lymphocyte was the T-cell while in more 
severe gingivitis and peridontitis the B-cell line predominates. This implies that gingivitis in 
children is T-cell dominated, although the degree of delineation is not quite established. It 
also indicates an age-related difference in immunologic response (Koch & Poulsen, 2009). 
In a study assessing the prevalence of three microorganisms, Porphyromonas gingivalis, 
Actinobacillus actinomycetemcomitans and Tannerella forsythensis, in the bacterial plaque of 
children with and without gingivitis, it was found that the organisms causing gingivitis 
were endogenous in healthy mouths. They start to cause disease when their numbers 
increase significantly (Gafan et al, 2004) 
In Nigeria, gingivitis has been reported to be more prevalent in children from lower 
socioeconomic background (Oredugba, 2006). This was attributed to low educational level 
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which causes low perception of need for adequate oral hygiene. In a recent study among 
Finnish school children, those whose mothers had a college or university education had a 
smaller chance of presenting with visible plaque accumulation than those from mothers 
with a lower educational level (Leroy et al, 2011). The study also found an association 
between bacterial plaque accumulation and the presence of gingivitis. 
Poor oral hygiene and gingivitis have been reported to be more prevalent in children with 
cognitive and developmental disabilities. The Oral Hygiene Index (OHI) scores have been 
found to be higher in children and adolescents with disabilities than in control groups in 
studies carried out in some developing countries (Oredugba, 2006; Oredugba & 
Akindayomi, 2008;  Nahar et al, 2010). In the study carried out in Bangladesh, as many as 
64% of those with disabilities had gingivitis compared with 27.5% of controls. The 
prevalence of gingivitis has also been found to be influenced by other demographic factors 
such as place of residence, age and severity of disability and cognition.  
 

 
Fig. 1. Gingivitis of the anterior maxillary teeth in a four year old boy 

Since most of the affected children do not brush their teeth, or brush only once a day or 
occasionally, mouth washes containing chemical anti-plaque agents which reduce bacterial 
plaque accumulation and therefore the incidence of gingival and periodontal diseases are 
important in such individuals. Chlorhexidine is currently the most effective chemical anti-
plaque agent used in dentistry (Twetman, 2004). It causes an immediate reduction in the 
number of salivary bacteria and possesses a broad spectrum against gram positive and 
negative bacteria, fungi and lipophylic viruses (Jones, 2000). Its effect is both bactericidal 
and bacteriostatic and clinical efficacy results from its interaction with bacterial cell 
membrane causing cell lysis and prevention of adhesion of new bacteria in the oral cavity. 
These findings point to the need for motivation of parents and caregivers to commence and 
encourage effective tooth brushing which will lay a foundation for good oral health in their 
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children and wards (Meyer et al, 2010). This is especially so in those with intellectual 
disabilities and the very young children. 
 

 
Fig. 2. Gingivitis in a nine year old boy due to mouth breathing 

Gingivitis in the maxillary anterior region is also a common finding in mouth breathers (Fig 
2). This habit is common among young children and it predisposes to dryness of the gingiva 
when the lubricating effect of saliva is absent. This habit can be corrected with the use of a 
removable appliance. Children who use orthodontic appliances for correction of 
malocclusion are predisposed to gingivitis. However effective tooth brushing and use of 
chlorhexidine mouthwash will reduce plaque accumulation and gingivitis.  

3. Eruption gingivitis 
This is gingival inflammation occouring around an erupting permanent tooth. The child 
may be experiencing discomfort which will therefore make tooth brushing difficult. 
Sometimes, the child refuses tooth brushing completely. This will lead to plaque 
accumulation and inflammation. Also during the eruptive phase, the epithelium displays 
degenerative changes at the site of fusion between dental and oral epithelia. These areas 
are vulnerable to plaque accumulation and sets up a bacterial reaction (Koch & Poulsen, 
2009). 

4. Infective gingivitis 
These are of viral or bacterial origin and caused by viruses or bacteria which are normal 
commensals of the oral cavity becoming virulent when present in high proportions.  
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4.1 Herpetic gingivo-stomatitis 
Also known as acute herpetic gingivo-stomatitis and affects both the gingivae and other 
parts of the oral mucus membrane. It is commonly seen in children less than three years of 
age. It is caused by the herpes simplex virus type 1. Infection usually follows bouts of 
childhood fevers such as malaria, measles and chicken pox and it may assume epidemic 
proportions among children attending same pre-school or crèche centres. The onset of 
generalized gingivitis is preceded by a prodromal period with symptoms such as irritability, 
malaise, vomiting and fever and the appearance of small vesicles which rupture to reveal 
small yellowish painful ulcers with erythematous margins. The condition is associated with 
drooling of saliva, inability to chew and swallow and the child may become increasingly 
uncooperative during tooth brushing (Fig 3). 
The condition is self limiting and the management is to encourage bed rest, plenty of fluid 
and maintenance of good oral hygiene through gentle debridement. Analgesics are 
prescribed to relieve the pain and antibiotics are useful in preventing superimposed 
bacterial infection. The application of a mild topical anaesthetic gel has been found useful in 
young children and reduces irritability. 
 

 
Fig. 3. Acute herpetic gingivostomatitis in a 2 1/2 year old girl 

4.2 HIV-associated gingivitis 
Oral manifestations of human immunodeficiency virus (HIV) disease are an important part 
of the natural history of HIV disease (Lamster et al, 1998). Many studies have reported that 
hairy leukoplakia, pseudomembranous candidiasis, Kaposi sarcoma, non-Hodgkin’s 
lymphoma, linear gingival erythema, necrotizing ulcerative gingivitis and periodontitis 
were common lesions seen in patients with HIV infection and AIDS. It was also reported 
that the higher prevalence and incidence rates of these conditions correlated with the falling 
CD4 counts and higher viral load of the patients (Han & Liu, 2010). However the use of 
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highly active antiretroviral therapy (HAART) was associated with decreases in the 
prevalence of oral diseases. 
In a study comparing the oral microbiology of HIV-positive children with that of controls, 
the prevalence of gingivitis was significantly higher in the HIV-positive group (89.4%) than 
in the healthy group (40.5%) (Portela et al, 2004). It was also found that the frequency of 
yeast isolation correlated positively with the severity of the gingival condition in the HIV-
infected group, because 95% of infants who presented with Candida had inflammation of 
the gingivae. In the study, multiple candida species were isolated from the subgingival 
crevices of children with positive HIV infection. These include C. albicans, C. dubliniensis, C. 
globrata and C. tropicalis. Apart from yeast infection, fusobacterial and spirochaetal infections 
have been found in HIV positive children, with a high proportion of those who manifested 
the AIDS disease having necrotizing gingivitis. These findings confirm the multiple 
microbial colonization of the gingival lesions in HIV infection. 

4.3 Acute necrotizing ulcerative gingivitis (ANUG)  
This is an acute multiple bacterial infection of the gingivae. The lesion starts at the 
interdental papilae, spreading along the gingival margins and if untreated, starts to destroy 
the underlying connective tissue and bone. There is a characteristic necrotic odour 
associated with this condition and the mouth becomes progressively painful with sloughing 
off of the necrotic ulcers on the gingivae. The ulcers become erythematous and bleed 
following minimal trauma, especially tooth brushing. Systemic upset may not be associated, 
but the regional lymph nodes are enlarged and tender. If untreated, destruction of the soft 
tissues of the mouth and cheek and facial bones result, a condition referred to as Cancrum 
oris or Noma (Figs 4-6).  
 

 
Fig. 4. Early stage of acute necrotizing ulcerative gingivitis (ANUG) 
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highly active antiretroviral therapy (HAART) was associated with decreases in the 
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following minimal trauma, especially tooth brushing. Systemic upset may not be associated, 
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Fig. 4. Early stage of acute necrotizing ulcerative gingivitis (ANUG) 
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Fig. 5. Advanced stage of acute necrotizing ulcerative gingivitis 
 

 
Fig. 6. Cancrum oris in a 14 year old boy 

It occours with low frequency (<1%) in children in developed countries but still seen in 
higher proportions (2-5%) in children and adolescents in developing countries in Africa, 
Asia and South America. It is also frequently seen in children and adolescents with 
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intellectual disabilities and some other medically compromising conditions who may not be 
able to comply with routine oral hygiene practices. 
Predisposing factors include poor oral hygiene, malnutrition, depressed immunity and long 
term hospitalization. It used to be known as “trench mouth” because it was seen frequently in 
soldiers occupying trenches during the World War I. It was also called “Vincent’s angina”, 
after the French physician Henri Vincent (1862- 1950). Later, it was seen in children from low 
socio-economic families who were malnourished and with poor oral hygiene.  
The bacteria implicated earlier were Fusobacteria fusiformis and Borrelia vincentii. However, 
modern electron microscope studies have shown the lesion to be colonized by various 
species of gram negative anaerobes and spirochaetes such as Treponema species, Bacteroides, 
Veilonella, Fusobacteria and Actinomyces. 
The treatment of choice is regular gentle debridement of the gingivae and irrigation with an 
oxidising antiseptic such as hydrogen peroxide, until the infection clears. Diet and oral 
hygiene counseling is also useful and this should be followed up to ensure speedy healing. 
Metronidazole is used because it is effective against obligate anaerobes which are found in 
large numbers in the lesion. To prevent secondary infection, penicillin is prescribed. 

5. Malnutrition-induced gingivitis 
Adolescence is a time of rapid growth, independent food choices and food fads. (Bello & Al-
Hammad, 2006). It is also a period of heightened caries activity as a result of increased intake 
of  cariogenic substances and inattentiveness to oral hygiene procedures (Majewski, 2001).  
Biological antioxidants form an important part of our diet and together with intracellular 
antioxidants and antioxidant enzyme systems may prevent various pathological diseases 
(O’Brien, 1994; Battino et al, 2002). Saliva, which bathes the oral tissues, contains pure 
salivary secretions, crevicular fluid, proteins, carbohydrates, enzymes, ions, antioxidants 
and microorganism, and is usually a reflection of plasma. One of the most important 
functions of salivary enzymes such as peroxidase is the control of oral bacteria that form 
dental plaque and imbalance in oral ecology which lead to dental caries and chronic 
inflammatory periodontal diseases (Tulunoglu et al, 2006). 
There is evidence that different foods, such as dietary proteins and carbohydrates can affect 
the buffering capacity of saliva (Mundorff-Shrestha et al, 1994) and protein deficiency 
influences markedly the composition of whole saliva in man (Johansson et al, 1984; Agarwal 
et al, 1984). Chronic deficiencies of iron, the B group vitamins and folic acid also predispose 
to glossitis and gingivitis, especially in young children. 

6. Gingivitis associated with hormonal changes 
Hormones have been found to have strong effects on mucosal, connective tissue and bones. 
For an individual, birth is a borderline between the sterile intrauterine life and the extra-
uterine existence with a continous exposure to microorganisms (Kononen, 1999).  The 
microbial community is further shaped by diet, personal oral hygiene (Crielaard et al, 2011) 
and other parameters such as hormones and various systemic conditions. The microbiome 
analysis by Crielaard et al (2011) showed that the salivary microbiome of children is already 
complex by the age of three years matures with increasing age, but at the age of puberty, still 
differs from the adult microbiome. A higher amount of plaque has also been found in the 
primary dentition compared with the mixed and permanent dentitions, but the prevalence and 
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severity of inflammation of the oral tissues (gingivitis and periodontitis) is low in healthy 
young children and gradually increases with increasing age (Papaioannou et al, 2009).  
Pubertal gingivitis has been seen with increasing frequency in young teenagers and has 
been ascribed to the “rush” of sex hormones which also affects the reaction of tissues to 
corticosteroids. The same pattern has been described in pregnant women who are more 
predisposed to gingivitis during pregnancy. The condition ranges from localized 
inflammation of one or two papillary gingivae, also called ‘pregnancy epulis’, to generalized 
marginal gingivitis. This condition is not severe if plaque is well controlled. Most cases 
resolve as soon as debridement is commenced. 

7. Drug-induced gingivitis 
Drug-induced gingival enlargement (DIGE) and gingivitis are side effects and unwanted 
outcomes of antiepileptic therapy with phenytoin, or immunosuppressive therapy with 
systemic cyclosporine. Patients on these medications develop varying degrees of gingival 
overgrowth (Trackman & Kantaki, 2004; Cury et al, 2009). Gingival enlargement is the most 
significant oral finding (Robbins, 2009) and can occour in up to 50% of patients taking 
Phenytoin (Thomason et al, 1992). Valproic acid and Carbamazepine have also been 
demonstrated to cause gingival enlargement, especially on the labial surfaces of the anterior 
maxillary and mandibular teeth (Figs 7a & 7b). It is strongly correlated to poor plaque 
control. Where the oral hygiene is good and food debris and plaque are not allowed to 
accumulate, this side effect of anticonvulsive therapy is not observed or not so significant. 
Treatment includes meticulous oral hygiene and in severe cases where the enlarged tissue 
interferes with function and aesthetics, surgical resection is advised. (Robbins, 2009). A more 
frequent recall and oral hygiene interval has also been suggested for such patients on 
antiepileptic drug therapy to reduce the risk of gingival hyperplasia. 

7.1 Plasma Cell Gingivitis (PCG) 
Plasma cell gingivitis is characterized by diffuse and massive infiltration of plasma cells into 
the subepitheial gingival tissue (Macleod & Ellis, 1989). It is a rare benign inflammatory 
condition with no clear aetiology, but an exaggerated response to bacterial plaque, 
immunological reaction to allergens in food such as strong spices, chilli pepper, 
medications, toothpaste or herbs such as khat has been reported (Halbach, 1972; Kalix, 1988; 
Macleod & Ellis, 1989; Serio et al, 1991; Marker & Krogdahl, 2001). The diagnosis requires 
haematological screening in addition to clinical and histopathological examination in order 
to exclude leukemia. Further, serological examination is needed to exclude connective tissue 
disease – first and foremost lupus erythematosus (Al-Meshal, 1988; Neville et al, 1995). In 
affected children, standard professional oral hygiene procedures and non- surgical 
periodontal therapy including antimicrobials are associated with marked improvement of 
clinical and patient related outcomes (Arduino et al, 2011). 

8. Gingivitis as a manifestation of systemic disease 
Subjects with developmental disabilities, mental retardation, cerebral palsy and autism have 
been shown to require special care for maintaining oral hygiene and receiving dental 
treatment (Surabian, 2001 A & B; Oredugba & Akindayomi, 2008). A considerably higher 
frequency of inflamed gingival surfaces and pathological gingival pockets are present in 
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children with severe mental retardation as compared with healthy children, in spite of 
similar frequencies of dental care (Forsberg, 1985).  This has been attributed to their lack of 
cooperation during tooth brushing at home and during treatment. A lot of patience is 
required by parents and care givers in order to provide effective home oral hygiene care for 
this group of individuals. Oral health education is also desirable to create awareness of need 
for good oral health for all individuals, irrespective of age and mental status. 
 

 
Fig. 7a. Hyperplasic gingivae and generalized gingivitis in a 7 year old boy on 
carbamazepine for epilepsy 
 

 
Fig. 7b. Post-operative appearance after excision of hyperplastic mass and removal of plaque 
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8.1 Gingivitis and orofacial clefts 
Children with clefts have been found to show an increase in gingival inflammation when 
compared with control subjects (Lucas et al, 2000; Perdikogianni et al, 2009)). The cleft 
deformity, the soft tissue folds, the shallow vestibule, the dental arch irregularities, the long 
term orthodontic treatment and scar tissue observed in the region, after surgical closure of 
the cleft defect hinder  optimal oral hygiene control (Stec et al, 2007). Parents and care givers 
should be educated on the method of plaque control as early as possible after presentation 
in the dental clinic to control plaque, thereby reducing inflammatory gingival and 
periodontal diseases. For the very young patients, chlorhexidine wipe after careful 
toothbrushing will reduce bacterial load and recurrent respiratory tract infections which 
follow aspiration of oral contents. 

8.2 Gingivitis and neuromuscular disorders 
Reduced muscle strength and motor function characterize conditions such as cerebral palsy 
(CP), poliomyelitis, myotonic dystrophy and Duchenne muscular dystrophy. Individuals 
affected by these conditions also have oral motor dysfunction, impairment of lip and tongue 
motility, lip force and chewing capacity which contribute to poor oral self cleansing ability 
and plaque and calculus accumulation. Several studies have shown poor oral hygiene and a 
higher prevalence of gingivitis and periodontal disease in these groups of individuals 
(Balasubramaniam et al, 2008; Symons et al, 2002; Engvall et al, 2009). According to findings 
from a recent study of a group of Nigerian individuals with CP and controls, gingivitis was 
more prevalent among those with CP (Oredugba, 2011). Mouth breathing and food 
pouching contribute to gingivitis especially in the anterior region in individuals with CP 
(Scully & Cawson, 2005). Gingival and periodontal diseases have been reported to be 
common, especially in older children with CP due to poor oral hygiene and complications of 
oral habits, physical disabilities, malocclusion and gingival hyperplasia caused by 
medications (National Institute of Dental and Craniofacial Research, 2004). Mouth breathing 
worsens the periodontal state and papillary hyperplastic gingivitis may be seen even in the 
absence of phenytoin (Scully & Cawson, 2005). Early routine oral care and close supervision 
will prevent the untoward consequence of periodontal disease.   

8.3 Gingivitis and metabolic conditions 
Diabetes mellitus (DM) is one of the most common chronic metabolic diseases of glucose 
metabolism which affects almost all the organs of the body. The Type 1 DM is the juvenile 
onset type which affects young people. Diabetes-related abnormalities include impaired 
hepatic glucose uptake, alterations in immune function, early cellular senescence and 
premature apoptosis (Crofford, 1995; Acikgoz et al, 2004). The oral environment is 
characterized by the presence of moisture, warmth and a constant reservoir of micro 
organisms and so, individuals with diabetes are at increased risk for oral diseases such as 
gingivitis and periodontal disease. Good and sustained glycaemic control will however 
reduce this risk considerably. 

8.4 Gingivitis and haematological conditions  
Gingivitis may be seen in patients affected by haematological conditions such as 
haemophilia, aplastic anaemia and leukaemia. Oral hygiene maintenance may be impaired 
because of their reluctance to brush their teeth for fear of increased gingival bleeding 
(Oyaizu et al, 2005). In very young children, the gingival bleeding may be experienced for 
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the first time during exfoliation of primary teeth and eruption of the  first set of permanent 
teeth (Figs 8a & 8b).  
 

 
Fig. 8a. Gingival bleeding and gingivitis associated  with plaque accumulation in a 3 year 
old haemophiliac (Reproduced with permission from Nigerian Dental Journal, 2010,Vol.18,1) 
 

 
Fig. 8b. Clinical appearance after administration of Factor VIII and removal of plaque 
(Reproduced with permission from Nigerian Dental Journal, 2010,Vol.18,1) 
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Patients with aplastic anaemia have a weak immune response due to the concurrent 
immuno suppressive therapy and neutropenia (Agnihotri et al, 2009). Opportunistic 
infections from normal oral bacteria, periodontal pathogens or mixed odontogenic 
pathogens may also develop. 
Oral findings in aplastic anaemia include gingival haemorrhage, mucosal petechiae, 
purpura and ecchymoses due to thrombocytopaenia (Neville et al, 2004).  Ulcerative 
lesions with erythematous margins, especially of the gingiva, may develop in association 
with secondary infection (Oyaizu et al, 2005). Gingival hyperplasia, swelling and 
submucosal haemorrhage may also be present (Luker et al, 1991; Brennan et al, 2001). 
Patients with leukaemia present with bleeding diathesis, petechiae, oral ecchymosis, 
gingival haemorrhage and progressive gingival enlargement (Weckx et al, 1990; Genc et 
al, 1998). The change in gingival morphology and its cyanotic appearance may result from 
reactive hyperplasia, dense leukaemic infiltration of connective tissue and compression of 
local vasculature, causing ischaemia (Abdullah et al, 2002; Cooper et al, 2000). Caries, 
calculus and poor oral hygiene, place the patient at risk for oral pain, bleeding, super 
infection and tissue necrosis, exacerbating gingival signs and symptoms (Cooper et al, 
2000).  
Severe persistent gingival inflammation and stomatitis are some of the features of severe 
congenital neutropenia heightened by susceptibility to bacterial infections due to 
impaired bone marrow myelopoiesis and an absolute neutrophil count (ANC) in the 
peripheral blood of < 0.2 x 10 9/L (Okada et al, 2001; Zeidler et al, 2009). Periodontal 
manifestations may range from marginal gingivitis to rapidly progressive periodontal 
disease with advancing bone loss, which may affect both primary and permanent 
dentitions, but primarily the permanent dentition (Zeidler et al, 2000). Although an 
individual’s susceptibility to gingivitis and periodontal disease is influenced by many 
factors such as systemic diseases and genetics, evidence indicates that prevention of 
gingival inflammation by dental plaque control reduces the severity of disease in this 
group of individuals (Antonio et al, 2010). Such individuals should be motivated to 
maintain good oral hygiene. In most haematologic conditions, the most important part of 
patient management is making the patients and their relatives aware of the importance of 
preventive measures and the need for medical as well as dental appointments at 
appropriate intervals (Ranjith et al,2008).  
While it is difficult to determine the relative importance of each aetiologic or facilitating 
factor for gingival and periodontal diseases, there is increasing data that indicates that 
environmental, dietary, behavioural and systemic factors, (including the genetic 
complement of the host) have an important role in gingival and periodontal disease 
initiation, progression and response to treatment (Hart, 2001; Shenkein, 2001)  

9. Conclusion 
Several factors such as genetics, systemic conditions, medications, diet and individual 
host response to infection have been identified in the aetiology of gingivitis in children. 
However, the most significant facilitating factor is dental plaque which could be 
controlled by mechanical means and use of topical chemical agents. Parents, relatives and 
care givers should be educated on the need for effective plaque control to prevent the 
condition. 
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Patients with aplastic anaemia have a weak immune response due to the concurrent 
immuno suppressive therapy and neutropenia (Agnihotri et al, 2009). Opportunistic 
infections from normal oral bacteria, periodontal pathogens or mixed odontogenic 
pathogens may also develop. 
Oral findings in aplastic anaemia include gingival haemorrhage, mucosal petechiae, 
purpura and ecchymoses due to thrombocytopaenia (Neville et al, 2004).  Ulcerative 
lesions with erythematous margins, especially of the gingiva, may develop in association 
with secondary infection (Oyaizu et al, 2005). Gingival hyperplasia, swelling and 
submucosal haemorrhage may also be present (Luker et al, 1991; Brennan et al, 2001). 
Patients with leukaemia present with bleeding diathesis, petechiae, oral ecchymosis, 
gingival haemorrhage and progressive gingival enlargement (Weckx et al, 1990; Genc et 
al, 1998). The change in gingival morphology and its cyanotic appearance may result from 
reactive hyperplasia, dense leukaemic infiltration of connective tissue and compression of 
local vasculature, causing ischaemia (Abdullah et al, 2002; Cooper et al, 2000). Caries, 
calculus and poor oral hygiene, place the patient at risk for oral pain, bleeding, super 
infection and tissue necrosis, exacerbating gingival signs and symptoms (Cooper et al, 
2000).  
Severe persistent gingival inflammation and stomatitis are some of the features of severe 
congenital neutropenia heightened by susceptibility to bacterial infections due to 
impaired bone marrow myelopoiesis and an absolute neutrophil count (ANC) in the 
peripheral blood of < 0.2 x 10 9/L (Okada et al, 2001; Zeidler et al, 2009). Periodontal 
manifestations may range from marginal gingivitis to rapidly progressive periodontal 
disease with advancing bone loss, which may affect both primary and permanent 
dentitions, but primarily the permanent dentition (Zeidler et al, 2000). Although an 
individual’s susceptibility to gingivitis and periodontal disease is influenced by many 
factors such as systemic diseases and genetics, evidence indicates that prevention of 
gingival inflammation by dental plaque control reduces the severity of disease in this 
group of individuals (Antonio et al, 2010). Such individuals should be motivated to 
maintain good oral hygiene. In most haematologic conditions, the most important part of 
patient management is making the patients and their relatives aware of the importance of 
preventive measures and the need for medical as well as dental appointments at 
appropriate intervals (Ranjith et al,2008).  
While it is difficult to determine the relative importance of each aetiologic or facilitating 
factor for gingival and periodontal diseases, there is increasing data that indicates that 
environmental, dietary, behavioural and systemic factors, (including the genetic 
complement of the host) have an important role in gingival and periodontal disease 
initiation, progression and response to treatment (Hart, 2001; Shenkein, 2001)  

9. Conclusion 
Several factors such as genetics, systemic conditions, medications, diet and individual 
host response to infection have been identified in the aetiology of gingivitis in children. 
However, the most significant facilitating factor is dental plaque which could be 
controlled by mechanical means and use of topical chemical agents. Parents, relatives and 
care givers should be educated on the need for effective plaque control to prevent the 
condition. 
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1. Introduction 
1.1 What is health promotion? 
Health promotion is the science and art of helping people and society change their lifestyles to 
achieve optimal health. It places an emphasis on improving quantity and quality of life for all 
and enables the improvement of health. Therefore, health promotion includes the use of any 
preventive, educational, administrative policy, program, or law to achieve this outcome. (1, 2, 3)   
Health promotion practice and policy is currently undergoing a process of fundamental 
change. The focus of many health education interventions has been on defined diseases, 
targeted at changing the behaviors of high-risk individuals. Health professionals have 
dominated this approach in terms of programme development, implementation, and 
evaluations. This health education model has been very popular with the dental profession 
as it fits the clinical approach to care and treatment of individual patients. Recent 
effectiveness reviews of the oral health education and promotion literature have however, 
recognized the limitations of many educational interventions to produce sustained 
improvements in oral healths. Another one of the common finding of the reviews was the 
lack of theory underpinning many interventions (4-8). 

2. Oral health promotion 
2.1 What is oral health promotion? 
Oral health is a vital part of general health and hence affects the total well-being of 
individuals; thus, special attention must be given to this subject. Health education is part of 
the wider aspect of oral health promotion which involves local, national and even 
international cooperation. Oral health promotion attempts to make the healthier choices (9). 
Oral health promotion has developed and progressed a great deal in the last 20 years. In line 
with developments in public health, oral health promotion has changed focus to encompass 
a broader approach. It is important to highlight these developments as they are very 
relevant to the way in which oral health promotion interventions are evaluated (10, 11, 12). 
Oral health promotion is aimed at four preventable oral diseases: dental caries, disease of 
supporting structures, oral pharyngeal cancers, and craniofacial injuries. The poor, 
minorities, and the elderly share a disproportionate amount of preventable oral disease. 
Since prevention is vital to health promotion, the goal of any oral health program should be 
to empower people to attain equity in health and to reduce the incidence and prevalence of 
oral diseases through education and interventions (1). 
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Many oral health professionals may feel very uncertain and anxious about how they can 
become involved in this health practice, which seems so far removed from prevention and 
clinical dentistry. 
The behavior of oral health providers and their attitudes towards their own oral health 
reflect their understanding of the importance of preventive dental procedures and 
improving the oral health of their patients (13, 14). 
Oral health related behaviors are not just simple actions, but are enmeshed in more complex 
socio-environmental conditions (15), which include educational programs, such as tobacco 
prevention and cessation programmes, and public school oral hygiene instruction. 
It is about making wider changes, which will enable people to make healthier choices. Oral 
health professionals must take an active role in changing the perceptions related to oral 
healths by being involved in local initiatives that promotes health so that oral health 
becomes an integrated part of general health. 

2.2 The Ottawa Charter 
In 1986, WHO produced a document called The Ottawa Charter (16), which set out strategies 
for effective health promotion, including: 
• Building healthy public policy. 
• Local authority healthy eating policies. 
• Creating supported environments. 
•  Developing individual knowledge and skill in those who deal with the public, 

including doctors, dental personnel, pharmacists, caterers, teachers and nursery staff.   
•  Supporting community action by working with voluntary groups in communities to 

care for the health in their particular community. 
•  Re-orientating health services towards prevention and ensuring that all health 

professionals give the same message. 

2.3 Describing people’s needs 
If oral health promotion is to be effective, the Ottawa Charter needs to be in affect (for 
authorities, organizations, groups and individuals), continually revised, and delivered to the 
public in acceptable ways. In order to do this, it is necessary to define the needs of the 
people rather than their ‘wants’. Epidemiological surveys show that people in poorer, 
deprived areas suffer far greater dental disease than those in wealthier areas and needs 
expressed by people in poorer areas are more likely to be free treatment, rather than water 
fluoridation. This is known as ‘felt need’. 
The overall aim of oral health promotion is to influence the social norms of a community 
towards change and improvement (e.g. water fluoridation, smoking cessation, etc.). 
The need for a dental health programme to target this specific segment of the population 
should be through systematic public and school oral health promotion programmes. Parents 
could also benefit from oral health education and should be advised regarding the necessity 
of regular dental follow-ups with dietary instructions to maintain good oral hygiene (17). 

3. Oral public health 
Nowadays, oral health is recognized as equally important in relation to general health (12). 
A recent document has set out new oral health objectives for the year 2020 (18).These 
includes paying special attention to high-risk groups. The current unequal distribution of 
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caries in developed countries, where the highest percentage is reported, demonstrates the 
need to identify such risk groups (19). 
In terms of prevention of oral diseases, the relationship between periodontal and caries 
status of professionals is significant. The oral health concern of an individual is dependent 
on the attitude of a person. These attitudes naturally reflect their own experiences, cultural 
perceptions, familial beliefs, and other life situations and strongly influence the oral health 
behavior (20). In numerous developing countries, the prevention of oral health programs 
does not benefit the general population. This is due in part to the incidence of dental caries 
that is expected to increase in the near future in many countries as a result of increased 
sugar consumption and insufficient exposure to fluoride. In addition, with the increased use 
of tobacco in developing countries, the risk of periodontal disease, tooth loss, and oral 
cancer is also on the rise. Periodontal disease and tooth loss are also linked to chronic 
diseases such as diabetes mellitus and in several countries research has shown that the 
growing incidence of diabetes has a negative impact on the oral health of people. 

3.1 Oral health education 
3.1.1 What is health education? 
Health education is the profession of educating people about health (21). Areas within this 
profession include environmental health, physical health, social health, emotional health, 
intellectual health, and spiritual health (22). Health education also provides the decision-
making basics needed for achieving and maintain health. It is a process of communicating 
information about evidence-based methods of disease prevention and encouraging 
responsibility for self-care (23). 

3.2 Oral health 
The major challenges for oral health in the near future will be to turn knowledge and 
experience of disease prevention into action. Oral health advances and knowledge have yet 
to be achieved in developing countries. Clear differences have widened the gap between the 
poor and wealthy countries. In the year 2007, the WHO General Assembly declared that a 
mechanism to provide essential oral health care coverage for the population so to promote 
the availability of oral health services should be directed towards disease prevention and 
health promotion for poor and disadvantage countries. It further stated that for these 
countries, particularly for schoolchildren, the development and implementation of preventive 
programmes as a part of activities in schools for promoting health, with aiming to introduce 
healthy lifestyle and self-care practices in children need to be considered (24, 25). 
In the twenty-first century in the USA, a healthy smile is necessary for social mobility and 
acceptance, interpersonal relations, employability, and a good self-image. Poor oral health 
may lead to pain and infection, absence from school or work, poor nutrition, poor general 
health, an inability to speak or eat properly, and even early death. Studies done in the late 
1990s showed that poor oral health may also lead to low birth-weight babies, heart disease, 
and stroke. Up until the late 1990s, when the new HIV medications became available, over 
90 percent of persons with AIDS had HIV-related oral diseases; therefore, it is clear that oral 
diseases play a significant role in compromising the overall health potential of individuals.  
Oral health promotion as an emerging discipline needs to be based upon an appropriate, 
rigorous, high quality theory if it is to develop and mature. Within public health, 
discussions and debates are focusing on the value of new theories and concepts. It is 
important that oral health promoters engage in an informed debate over the theoretical 
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nature of their work. As Hochbaum and colleagues have stated ‘Any profession that is not 
based on sound and continuously evolving theories that yield new understanding of its 
problems and yields new methods, is bound to stagnate and fall behind in the face of 
changing challenges.(26). 

3.3 Oral health prevention programs 
Oral disease, affects children, adults and families across the world every day, although they 
are nearly 100% preventable. While oral diseases are significant, their relationship to overall 
general health is often overlooked. It is the role of the dental public health to prevent and 
control dental diseases and promote dental health through organized community efforts. 
This type of Oral Disease Prevention Program should be part of the Center for Health 
Promotion at all Departments of Health in the Ministry of Health and Medical Education. 
Moreover, this public health program should work to build the substructure and capacity of 
oral health within the community. 
For those that have the Oral Disease Prevention Program (ODPP) in place, it works with 
partners throughout to reduce the prevalence and impact of oral disease. It also works to 
improve oral health care access and addresses oral health disparities in many countries. 
Priority is given to diseases linked by common, preventable and lifestyle related risk factors 
(e.g. unhealthy diet, tobacco use, etc.), including oral health. Key socio-environmental 
factors involved in the promotion of oral health are also identified. 
High relative risk of oral disease relates to socio-cultural determinants such as poor living 
conditions, low education, and lack of traditions, beliefs and culture in support of oral health. 
Communities and countries with inappropriate exposure to fluorides imply higher risk of 
dental caries and settings with poor access to safe water. Furthermore, control of oral disease 
depends on availability and accessibility of oral health systems but reduction of risks to 
disease are only possible if services are oriented towards primary health care and prevention.  
Clinical and public health research has shown a number of individual, professional and 
community preventive measures are effective in preventing most oral diseases. This, 
together with insufficient emphasis on primary prevention of oral diseases, poses a 
considerable challenge for many countries, particularly the developing countries and 
countries with economies and health systems in transition. 
Most of the evidence relates to dental caries prevention and control of periodontal diseases. 
Gingivitis can be prevented by good personal oral hygiene practices, including brushing 
and flossing which are important also for the control of advanced periodontal lesions. 
Community water fluoridation is effective in preventing dental caries in both children and 
adults. Water fluoridation benefits all residents served by community water supplies 
regardless of their social or economic status. Salt and milk fluoridation schemes are shown 
to have similar effects when used in community preventive programmes. Professional and 
individual measures, including the use of fluoride mouth rinses, gels, toothpastes and the 
application of dental sealants are additional means of preventing dental caries. In a number 
of developing countries the introduction of affordable fluoridated toothpaste has been shown 
to be a valuable strategy, ensuring that people are exposed appropriately to fluorides. 
Individuals can take actions for themselves and for persons under their care, to prevent 
disease and maintain health. With appropriate diet and nutrition, primary prevention of 
many oral, dental and craniofacial diseases can be achieved. Lifestyle behavior that affects 
general health such as tobacco use, excessive alcohol consumption and poor dietary choices 
affect oral and craniofacial health as well. These individual behaviors are associated with 
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increased risk of craniofacial birth defects, oral and pharyngeal cancers, periodontal disease, 
dental caries, oral candidiasis and other oral conditions. 
Opportunities exist to expand oral disease prevention and health promotion knowledge and 
practices among the public through community programmes and in health care settings. 
Oral health care providers can also play a role in promoting healthy lifestyles by 
incorporating tobacco cessation programmes and nutritional counseling into their practices. 
However, there are profound oral health disparities across regions, countries and within 
countries. These may relate to socioeconomic status, race or ethnicity, age, gender or general 
health status. Although common dental diseases are preventable, not all community 
members are informed of or are able to benefit from appropriate oral health-promoting 
measures. Under-served population groups are found in both developed and developing 
countries. In many countries, moreover, oral health care is not fully integrated into national 
or community health programmes. 
The major challenges of the future will be to translate knowledge and experiences about 
disease prevention into action programmes. Social, economic and cultural factors and 
changing population demographics impact the delivery of oral health services in countries 
and communities and how people care for themselves. Reducing disparities requires far-
reaching wide-ranging approaches that target populations at highest risk of specific oral 
diseases and involves improving access to existing care. Meanwhile, in several developing 
countries the most important challenge is to offer essential oral health care within the 
context of primary health programmes. Such programmes should meet the basic health 
needs of the population, strengthen active outreach to the community, organize primary 
care, and ensure effective patient referral. 
To implement oral disease prevention programmes globally, existing partnerships must be 
strengthened, notably with national and international nongovernmental organizations and 
WHO Collaborating Centers on Oral Health. The WHO Regional Offices play an important 
roles in the implementation process. WHO coordinates, in collaboration with the 
international oral health community, global alliances with a view to sharing responsibilities for 
implementation of a global strategy. One major responsibility for WHO is map the changing 
patterns of oral diseases and to analyze their determinants, with particular reference to poor 
or disadvantaged populations. WHO's work for oral health also focuses on devising tools 
for intersectorial collaboration, community participation, supportive policy decisions, oral 
health care reform, and development of community-based strategies for oral disease control. 

4. Major oral diseases 
Oral disease is one of the most prevalent diseases in the world, causing considerable 
morbidity, particularly for disadvantaged populations and it has many risks common to 
other diseases affected by lifestyles. There are many different types of oral diseases, but they 
are generally differentiated as being of hard / soft tissue in origin. Hard-tissue oral diseases 
are those of the teeth, supporting bone and jaw; whereas soft tissue diseases affect the 
tissues in and around the mouth, including the tongue, lips, cheek, gums, salivary glands, 
and roof and floor of the mouth. Some oral diseases may result in both hard and soft tissue 
disorders and conditions such as cleft palate or oral-facial injuries. The major oral diseases 
and conditions are: 
• Dental caries (tooth decay, cavities) 
• Periodontal disease (gum disease) 
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• Malocclusion (crooked teeth) 
• Edentulism (complete tooth loss) 
• Oral cancer 
• Craniofacial birth defects such as cleft lip and cleft palate 
• Soft tissue lesions 
• Oral-facial injuries 
• Temporomandibular dysfunction (TMD) 

4.1 What is caries? 
Caries is the progressive destruction of enamel, dentine and cementum, initiated by 
microbial activity at a susceptible tooth surface. Caries is a Latin word meaning decay. 

5. Dental caries & tooth loss 
5.1 Overview 
Dental caries is commonly known as tooth decay. In the minds of the lay person, and 
surprisingly even within dentistry, dental caries is often thought of as holes in the teeth 
rather than an entire disease process. Although dental caries is the most commonly 
investigated oral disease, most studies have only focused on children and thus studies on 
caries among adolescents and young adults are scarce.  It is still one of the most common 
chronic diseases affecting children and adolescents in the world today (27, 28). Dental caries 
is a disease which afflicts humans of all ages, in all regions of the world. Subsequently, 
several studies have been carried out around the world to assess dental caries prevalence 
among children. In particular, there has been some discussion of early sociobiological 
factors affecting dental caries later in life. 
 

 
Fig. 1. Radiograph illustrating a large carious lesion on the distal root surface of a maxillary 
first bicuspid tooth (arrows) 

The current unequal distribution of caries in developed countries, where the highest 
percentages has been reported demonstrates the need to identify such risk groups. With the 
enlarged use of fluoride, the detection of caries is not as simple as before. Yet, in 2009 many 
of us are still diagnosing caries the same way as in the early 1900s. The goal now is to be 
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minimally invasive — to catch caries at its earliest stages and attempt to remineralize 
incipient caries in teeth through the use of ozone and MI paste. Decay is difficult to detect in 
radiographs unless they are larger than 2 to 3 mm deep into dentin, or one-third of the 
buccolingual distance. A sharp explorer has a high specificity, but a low sensitivity for 
caries. Therefore, a lot of incipient caries can be missed if we rely on an explorer and 
radiographs alone. However, it has been known for over 100 years that dental decay is 
caused by multifactorial, transmissible diseases that involve dissolution of mineralized tooth 
structure by acids produced by dental plaque bacteria (29).Two groups of bacteria are 
responsible for initiating caries: Streptococcus mutans and Lactobacillus. If left untreated, the 
disease can lead to pain, tooth loss and infection (30).  
A substrate (fermentable carbohydrate) and a susceptible host. The results of bacterial 
metabolism of carbohydrates include lactic acid and uric acid, which can lead to 
demineralization of the enamel and dentin. When the tooth root is exposed, the cementum 
covering the root surface is also affected. Dental caries can occur as coronal caries, root 
caries (Fig 1) and recurrent caries (caries associated with existing dental restorations).  

5.2 Types of caries  
There are three main types of caries as follows:  
1. Smooth surface caries (Fig .2). 
2. Pit and fissure caries-common in newly erupted teeth (Fig .3). 
3. Root caries-Common in elderly, when root surfaces are exposed (Fig .4). 
 Gross caries (Fig.5).  
 

 
Fig. 2. Smooth surface caries on lower molar 
 

 
Fig. 3. Pit and fissure caries in lower molar 
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Fig. 2. Smooth surface caries on lower molar 
 

 
Fig. 3. Pit and fissure caries in lower molar 
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Fig. 4. Root Caries 

 

 
Fig. 5. Gross caries with collapse of overlying tooth cusp 

5.3 Development of caries 
There are four factors to develop dental caries: 
• Susceptible tooth 
• Bacterial plaque 
• Bacterial substrate (fermentable carbohydrate, which feeds plaque bacteria). 
• Time. 
Susceptible tooth + bacterial plaque + substrate + time = Caries 
The most common sites where caries can occurs are: 
1. Occlusal surfaces of newly erupted pre-molars and molars  
2. Contact areas between adjacent teeth 
3. Exposed root surfaces 
The least common sites for caries to occur are smooth surfaces 
Improved ways for the detection of caries include the use of devices that detect caries 
through fluorescence and a low power laser to scan for tooth decay. New methods will soon 
appear to improve the ability of dentists to detect caries earlier than before. With this 
enhanced knowledge, dentists will be able to establish better protocols for caries 
intervention and treatment. 
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5.4 Epidemiology of caries 
Epidemiology is the study of the incidence and severity of diseases within population groups. 
A number of studies have contributed to existing knowledge of the cause and development 
of dental caries.    
Dental caries remain a major problem in many developing countries. Although decaling in 
most western countries over the past decades, caries continue to be the principal reason for 
dental treatment and tooth loss. 
The application of specific agents for caries prevention in children and adolescents has been 
on the increase in the dental profession. These techniques include professional or at-home 
applications of fluorides, dental sealants, antimicrobials such as chlorhexidine, and xylitol 
chewing gum with studies supporting their use. For caries prevention, in order for these 
regimens to be as effective as possible, this evidence must transfer into increased use in the 
practice of clinical dentistry. 

6. What is Gingivitis? 
Gingivitis (inflammation of the gingival tissue) is a term used to describe non-destructive 
periodontal disease (31). The most common form of gingivitis is in response to bacterial 
biofilms (also called plaque) adherent to tooth surfaces, termed plaque-induced gingivitis, and 
is the most common form of periodontal disease. In the absence of treatment, gingivitis may 
progress to periodontitis, which is a destructive form of periodontal disease (32). While in 
some sites or individuals, gingivitis never progresses to periodontitis (33), data indicates 
that periodontitis is always preceded by gingivitis (34). According to the World Workshop 
in Clinical Periodontics in year 1999; there are two primary groups of gingival diseases, each 
with numerous subgroups (35): 

6.1 Dental plaque-induced gingival diseases  
• Gingivitis associated with plaque only 
• Gingival diseases modified by systemic factors 
• Gingival diseases modified by medications 
• Gingival diseases modified by malnutrition 

6.2 Non-plaque-induced gingival lesions  
1. Gingival diseases of specific bacterial origin 
2. Gingival diseases of viral origin 
3. Gingival diseases of fungal origin 
4. Gingival diseases of genetic origin 
5. Gingival manifestations of systemic conditions 
6. Traumatic lesions 
7. Foreign body reactions 
8. Not otherwise specified 

6.3 Symptoms 
• Bleeding  
• Bright red or red-purple appearance ( Healthy gums are pink and firm in appearance) 
• Tender when touched, sometimes painless 
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• Mouth sores 
• Swollen gingiva 
• Shiny appearance 

6.4 Treatment 
The objectives of treatment are to reduce inflammation. The teeth are cleaned with scaling or 
root planning thoroughly by the dentist or dental hygienist. Careful oral hygiene is 
necessary after scaling and polishing. It is recommended that professional tooth cleaning be 
done twice per year or more frequently for severe cases in addition to brushing and flossing, 
antibacterial mouth rinses or other aids that may be suggested. 
Orthodontic appliances may be advised for the treatment of malpostioned teeth or 
replacement of dental and other related illnesses.  
 

 
Fig. 6. Severe gingivitis before (top) and after (bottom) a thorough mechanical debridement 
of the teeth and adjacent gum tissues. 

6.5 Complications 
• Recurrence of gingivitis  
• Periodontitis  
• Infection or abscess of the gingiva or the jaw bones  

6.6 Prevention  
Good oral hygiene is the best prevention against gingivitis because it removes the dental 
plaques that causes the disorder. The teeth should be brushed at least twice daily and 
flossed at least once per day. For people who are prone to gingivitis, brushing and flossing 
may be recommended after every meal. Regular scaling and polishing professionally is 
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important to removes plaque that may develop even with careful brushing and flossing. 
Many dentists recommend having the teeth professionally cleaned at least every 6 months. 

7. What is periodontal disease? 
Periodontal disease is a type of disease that affects one or more of the periodontal 
apparatus tissues: 
• alveolar bone 
• periodontal ligament 
• cementum 
• gingiva 
While many different diseases affect the tooth-supporting structures, plaque-induced 
inflammatory lesions make up the vast majority of periodontal diseases (34) and have 
traditionally been divided into two categories (36): 
1. Gingivitis  
2. Periodontitis. 
Although in some sites or individuals, gingivitis never progresses to periodontitis (33), data 
indicates that gingivitis almost always precedes periodontitis.  

7.1 Epidemiology of periodontal disease 
As recently as the mid-1960s, the main model for the epidemiology of periodontal diseases 
included these principles: 
1. All individuals were considered more or less equally susceptible to severe periodontitis;  
2.  Gingivitis usually progressed to periodontitis with consequent loss of bony support 

and eventually loss of teeth;  
3.  Susceptibility to periodontitis increased with age and was the main cause of tooth loss 

after age 35 (37-40). 
Data on the prevalence of periodontitis are dependent on how the disease is defined and the 
age group from which they were taken. Some 5% to 20% of any population suffers from 
severe, generalized periodontitis, although mild to moderate periodontitis affects a majority 
of adults. For those who are most susceptible, periodontitis becomes evident in teenage and 
early adult years rather than the later years. There are some risk factors for periodontitis 
include smoking, genetic predisposition, probably psychosocial stress, diabetes, and several 
uncommon systemic diseases. Improved molecular biology techniques for measuring bacteria 
and inflammatory cytokines have aided recent research in both epidemiology and clinical 
studies, and in the future are likely to permit more accurate diagnosis in the clinic (41). 

7.2 Periodontal disease and associated factors 
Plaque is the primary cause of gingival disease. There are factors that can contribute to 
periodontal disease which includes: 
• Hormonal changes, such as those occurring during pregnancy, puberty, menopause, 

and monthly menstruation, make gingiva more sensitive, which makes it easier for 
gingivitis to develop. 

• Illnesses may affect the condition of gingiva gums. This includes diseases such as 
cancer or HIV that interfere with the immune system. Since diabetes affects the body's 
ability to use blood sugar, patients with this disease are at higher risk of developing 
infections, including periodontal disease. 
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• Medications could affect oral health because some drugs could lessen the flow of 
saliva, which has a protective effect on teeth and gums. Some drugs, such as the 
anticonvulsant medication Dilantin and the anti-angina drug Procardia and Adalat can 
cause gingival hyperplasia. 

• Bad habits such as smoking make it harder for gum tissue to healing itself. 
• Poor oral hygiene habits such as not brushing or flossing on a daily basis make it easier 

for gingivitis to progress. 
• Family history of dental disease can be a contributing factor for the development of 

gingivitis and periodontitis. 

8. Malocclusion 
Malocclusion is the misalignment of the upper and lower teeth when biting or chewing. A 
malocclusion is a misalignment of teeth and/or incorrect relation between the teeth of the 
two dental arches. The term was coined by Edward Angle, the "father of modern 
orthodontics” (42).  
Alternative Names 
Crowded teeth; Misaligned teeth; Crossbite; Overbite; Underbite; Open bite 
How to identify Malocclusion? 

• Pain arising from pressure to the jaw  
• Problems in speech and ability to eat  
• Breathing through the mouth  
• Difficulty in keeping the lips closed  

8.1 Cause 
Causes and symptoms 
Malocclusions are most often inherited, but may be acquired. Inherited conditions include 
too many or too few teeth, too much or too little space between teeth, irregular mouth and 
jaw size and shape, and atypical formations of the jaws and face, such as a cleft palate. 
Malocclusions may be acquired from habits like finger or thumb sucking, tongue thrusting, 
premature losses of teeth from an accident or dental disease, and possibly from medical 
conditions such as enlarged tonsils and adenoids that lead to mouth breathing. 
Malocclusions may cause no symptoms, or they may produce pain from the increased stress 
on oral structures. Teeth may show abnormal signs of wear on the chewing surfaces or 
decay in areas of tight overlap and chewing may be difficult. Crowding of teeth is 
recognized as an affliction that stems in part from a modern western lifestyle. It is unknown 
whether it is due to the consistency of western diets, a result of mouth breathing; or the 
result of an early loss of deciduous teeth due to decay. 
Other theories state that the malocclusion could be due to trauma during development that 
affects the permanent tooth bud, ectopic eruption of teeth, supernumerary teeth, and early 
loss of the primary tooth.  

Causes of malocclusion include: 

• Childhood habits such as thumb sucking, tongue thrusting, pacifier use beyond age 3, 
and prolonged use of a bottle 
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• Extra teeth, lost teeth, impacted teeth, or abnormally shaped teeth 
• Ill-fitting dental fillings, crowns, appliances, retainers, or braces 
• Misalignment of jaw fractures after a severe injury 
• Tumors of the mouth and jaw 
During active skeletal growth (43) mouth breathing, finger sucking, thumb sucking, pacifier 
sucking, onychophagia (nail biting), dermatophagia, pen biting, pencil biting, abnormal 
posture, deglutition disorders and other habits greatly influence the development of the face 
and dental arches (44).  
Pacifier sucking habits are also correlated with otitis media. Dental caries, periapical 
inflammation and tooth loss in the deciduous teeth alter the correct permanent teeth 
eruptions. 

Complications 

• Tooth decay  
• Discomfort during treatment  
• Irritation of mouth and gums (gingivitis) caused by appliances  
• Chewing or speaking difficulty during treatment 

8.2 Treatment of malocclusion 
Crowding of the teeth are treated with orthodontics, often with tooth extraction and dental 
braces, followed by growth modification in children or jaw surgery (orthognathic surgery) 
in adults. This could be as follows: 
• Use of brackets  

Malocclusion is commonly treated by using dental brackets. The constant and gently 
pressure provided by braces will enable teeth straightening and help push teeth back to 
their correct position. Braces consist of brackets that are fixed to the teeth, and wires 
that connect the brackets. Since the braces cannot be removed, extra attention should be 
paid in keeping the teeth clean and getting rid of food particles that are likely to get 
stuck in the braces.  

• Removal of teeth  
This will help in instances of overcrowding, where it would make room for the other 
teeth to move into the correct position.  

• Reshaping, and bonding or capping teeth  
This will treat rough or irregular teeth removing resistance in forming a proper 
bite.  

• Surgery  
Requirement of surgery is rare. Surgery can be used to reshape the jaw or to stabilize 
the jaw bone through wires, plates or screws where required.  
Malocclusion can be treated in the majority of cases. Consulting a dentist early when 
malocclusion is suspected can ensure proper and effective treatment which will help in 
maintaining proper dental health. 

8.3 Prevention 
Many types of malocclusion are not preventable. Control of habits such as thumb sucking 
may be necessary in some cases. However, early detection and treatment may optimize the 
time and method of treatment needed. 
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posture, deglutition disorders and other habits greatly influence the development of the face 
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Complications 
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paid in keeping the teeth clean and getting rid of food particles that are likely to get 
stuck in the braces.  

• Removal of teeth  
This will help in instances of overcrowding, where it would make room for the other 
teeth to move into the correct position.  

• Reshaping, and bonding or capping teeth  
This will treat rough or irregular teeth removing resistance in forming a proper 
bite.  

• Surgery  
Requirement of surgery is rare. Surgery can be used to reshape the jaw or to stabilize 
the jaw bone through wires, plates or screws where required.  
Malocclusion can be treated in the majority of cases. Consulting a dentist early when 
malocclusion is suspected can ensure proper and effective treatment which will help in 
maintaining proper dental health. 

8.3 Prevention 
Many types of malocclusion are not preventable. Control of habits such as thumb sucking 
may be necessary in some cases. However, early detection and treatment may optimize the 
time and method of treatment needed. 
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9. Edentulism 
Edentulism or tooth losses is considered as a major health problem that has serious 
emotional, social, and psychological consequences affecting a person’s self-confidence, self-
esteem, and overall health. Edentulism is a condition when one or more teeth are missing, 
have fallen out, or need removing due to injury or some dental disease. It can be full or 
partials, depending on the severity of the condition. 
Edentulism is the condition of being toothless to at least some degree; it is the result of tooth 
losses. Loss of some teeth results in partial edentulous, while loss of all teeth results in complete 
edentulism. Organisms that never possessed teeth can also be described as edentulous. 
Tooth loss among elderly people is usually attributed to plaque accumulation, gum 
recessions, and dry mouth. 

9.1 Cause 
The etiology, or cause of edentulism, can be multifaceted. While the extraction of non-
restorable or non-strategic teeth by a dentist does contribute to edentulism, the predominant 
cause of tooth loss in developed countries is periodontal disease. While the teeth may 
remain completely decay-free, the bone surrounding and providing support to the teeth 
may reabsorb and disappear, giving rise to tooth mobility and eventual tooth loss. In the 
photo at right, tooth #21 (the lower left first premolar, to the right of #22, the lower left 
canine) exhibits 50% bone loss, presenting with a distal horizontal defect and a mesial 
vertical defect. Tooth #22 exhibits roughly 30% bone loss (45). 

9.2 Other causes of edentulism 
Other causes of edentulism include the following:  
• Poor oral hygiene habits: Not brushing or flossing daily can cause the development 

and progression of tooth decay and gingival disease, increasing the risk of tooth loss. 
• Poor diet: Foods and drinks high in sugar, carbohydrates and acid may cause 

irreversible tooth and gum damage, resulting in tooth loss. 
• Bad habits: Smoking, chewing tobacco and/or drug use can damage teeth to the point 

of tooth loss. 
• Lack of education about tooth loss: A lack of education about the causes and 

consequences of tooth loss prevents people from taking the proper preventative lifestyle 
and oral health care measures, or from getting periodic dental maintenance or 
necessary restorative treatment. 

• Fear and embarrassment: Many people suffer from dental phobia, or anxiety/fear of 
going to the dentist, and do not seek dental treatment, even do they know they have a 
problem or pain. Others are embarrassed or ashamed to seek dental treatment because 
they feel they will be blamed for the condition of their teeth. Ignoring tooth decay or 
other serious dental problems can prolong and aggravate the condition and eventually 
lead to tooth loss. 

• Finances: Some people have to postpone or forgo dental visits and treatments, 
including regular check-ups and cleanings, due to high dental care costs and/or lack of 
insurance coverage. Unfortunately, prolonging or eliminating dental care increases the 
chances of developing serious problems and, subsequently, greater expense for 
treatments.  
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• Trauma: Babies and young children are most susceptible to losing teeth prematurely 
due to trauma, because their tooth roots and gums are still developing. If parents do not 
take the proper and often immediate steps to deal with dental trauma, their children's 
oral health can be permanently affected. Adults, particularly those who participate in 
sports or suffer accidents affecting the face, also are at risk for tooth loss. 

• Systemic conditions: Such as heart disease, respiratory disease, diabetes, HIV infection, 
malnutrition and immunosuppression are all associated with forms of periodontitis that 
often result in tooth loss.  

• Medical treatments: Certain treatments, such as chemotherapy, head radiation therapy 
and immunosuppressive medications, weaken the immune system. These treatments 
may increase the risk of tooth infections and, therefore, the need for tooth extraction.  

9.3 Treatments for tooth loss 
• Patients and their dentists should develop a treatment plan that emphasizes prevention 

and early detection of oral diseases in order to keep the remaining teeth, especially in 
cases of partial edentulism. Prevention and detection strategies include patient 
education about edentulism causes, consequences and treatments, and following 
preventive oral health practices (e.g., daily oral health care), as well as preventative and 
therapeutic treatment. 

• However, if tooth loss is unavoidable, there are several options for restoring your teeth 
and your smile. 

• Dental implants are artificial tooth roots surgically attached to the jaw to secure a 
replacement tooth, bridge or denture. Permanent and stable, implant-supported 
restorations look, feel and function like natural teeth. Dental implants also can be used 
with a denture for better stabilization. Some implants take two to six months for the bone 
and implant to bond together (osseointegrate). During this time, a removable temporary 
tooth replacement can be worn over the implant site. Research also has advanced to 
where an implant can be placed immediately following tooth extraction in certain cases. 

• Dentures are removable replacements for missing teeth and adjoining tissues. Partial 
dentures fill in the spaces created by missing teeth, keep remaining teeth from shifting 
and are an option if you have some natural teeth remaining. If you have lost most or all 
of your teeth, complete or full dentures are recommended. "Immediate" dentures are 
inserted immediately after removal of the natural teeth; "conventional" dentures are 
placed in the mouth about three to six months after tooth removal. 

• A dental bridge is a false tooth that is fused between two porcelain crowns to fill in or 
bridge the space left by a missing tooth. The two crowns holding the dental bridge in 
place are cemented to your teeth on each side of the space; the bridge is secured into 
place and is irremovable. Some bridges also may contain two or more false teeth 
between the crown components, depending on the case. 

9.4 Edentulism affects several areas of life 
• Low self-esteem: Edentulism prevents people from feeling confident about their 

appearances. Many adults hesitate to venture into the public without teeth. They feel 
embarrassed to talk, smile and lack the confidence to meet people.  

• Impaired speech: Edentulism affects speech; a lot of sounds and words we utter, 
depend on our front teeth. Using dentures too affects speech, especially if the dentures 
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• Dentures are removable replacements for missing teeth and adjoining tissues. Partial 
dentures fill in the spaces created by missing teeth, keep remaining teeth from shifting 
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inserted immediately after removal of the natural teeth; "conventional" dentures are 
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place are cemented to your teeth on each side of the space; the bridge is secured into 
place and is irremovable. Some bridges also may contain two or more false teeth 
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9.4 Edentulism affects several areas of life 
• Low self-esteem: Edentulism prevents people from feeling confident about their 
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depend on our front teeth. Using dentures too affects speech, especially if the dentures 
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are not well fitted. The individual usually tenses the facial muscles to hold the dentures 
in place, or constantly uses the tongue to rearrange it; resulting in slurred speech and 
clicking noises.  

• Increased health risk: Edentulous individuals are at an increased risk for 
cardiovascular diseases. 

• Changed appearance: Edentulous individuals have to deal with altered appearance, 
loss of teeth, and changes in their facial structure such as recessed cheeks, unsupported 
lips, collapsed jawline, which makes the chin and nose to be appear closer. There is a 
huge change in a person's looks because the teeth, which support the facial muscles, are 
no longer present.  

• Facial ageing: Total tooth loss accelerates facial ageing because the bone reduces in 
height and thickness; jawbone begins to shrink making the face look older.  

10. Oral cancer 
Cancer is one of the most common worldwide causes of morbidity and mortality today, 
with more than 10 million new cases and more than 6 million deaths each year (45). More 
than 20 million people around the world live with a diagnosis of cancer, and more than half 
all cancer cases happen in the developing countries; about 20% of all deaths in high-income 
countries and 10% in low-income countries. By the year 2020, there will be every year 15 
million new cancer cases and 10 million cancer deaths. The cancer epidemic in high-income 
countries, and increasingly in low/middle-income countries, is also due to high or 
increasing levels of prevalence of cancer risk factors (46). It is estimated that around 43% of 
cancer deaths are due to tobacco use, unhealthy diets, alcohol consumption, inactive lifestyles and 
infection (47). And the world’s most avoidable cause of cancer is tobacco user. In addition to 
lung cancer, tobacco consumption causes cancer of the oral cavity, pharynx, larynx, 
esophagus, stomach, pancreas, liver, kidney, ureter, urinary bladder, uterine cervix and 
bone marrow (myeloid leukemia). Exposure to environmental tobacco smoke (passive 
smoking) increases risk of lung cancer. Tobacco user and alcohol consumption act 
synergistically to cause cancer of the oral cavity, pharynx, larynx and esophagus. Cancer 
incidence and survival rates are clearly linked to socioeconomic factors. Infectious agents 
are responsible for almost 25% of cancer deaths in the developing and 6% in industrialized 
countries (47, 48). 
The worldwide occurrence of oral cancer is high particularly among men; it is the eighth 
most common cancer (49, 50, 51). Cancer is one of the major threats to public health and 
increasingly in the developing world. Cancer is a silent epidemic that has not yet attracted 
major attention among health policy-makers and public health administrators.  

10.1 Treatment and prevention 
Treatment aims and therapy of disease prolong life and improve the quality of life. The most 
efficient treatment care is early detection programmes and following evidence-based 
standards. Treatment guidelines and praxis guides improve treatment outcome by setting 
standards for patient management. The formulation of guidelines and their adaptation to 
various resource settings help to assure quality including equitable and sustainable access to 
treatment resources.  
To ensure that prevention of oral cancer is an integral part of national cancer control 
programmes, and to involve oral health professionals or primary health care personnel with 
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relevant training in oral health in detection, early diagnosis and treatment, the WHO Global 
Oral Health Programme. intends to work for the integration of oral cancer prevention into 
cancer prevention.  

10.2 Craniofacial birth defects such as cleft lip and cleft palate 
Craniofacial defects such as cleft lip and cleft palate are among the most common of all birth 
defects. They can be isolated or one component of an inherited disease or syndrome. Both 
genetic and environmental factors contribute to oral clefts. Although clefts can be repaired 
to varying degrees with surgery, researchers are working to understand the developmental 
processes that lead to clefting and how to prevent the condition or more effectively treat it. 
Cleft lip and cleft palate are birth defects that occur when a baby’s lip or mouth do not form 
properly. Together, these birth defects commonly are called “orofacial clefts”. These birth 
defects happen early during pregnancy. A baby can have a cleft lip, a cleft palate, or both.  
Children with a cleft lip with or without a cleft palate or a cleft palate alone often have 
problems with feeding and talking. They also might have ear infections, hearing loss, and 
problems with their teeth.  
The Centers for Disease Control and Prevention (CDC) recently estimated that each year 
2,651 babies in the United States are born with a cleft palate and 4,437 babies are born with a 
cleft lip with or without a cleft palate (53). Cleft lip is more common than cleft palate. 
Isolated orofacial clefts, or clefts that occur with no other birth defects, are one of the most 
common birth defects in the United States. About 70% of all orofacial clefts are isolated 
clefts. 

10.2.1 Cleft lip 
The lip forms between the fourth and seventh weeks of pregnancy. A cleft lip happens if the 
tissues that make up the lip do not join completely before birth. This results in an opening in 
the upper lip. The opening in the lip can be a small slit or it can be a large opening that goes 
through the lip into the nose. A cleft lip can be on one or both sides of the lip or in the 
middle of the lip, which occurs very rarely. Children with a cleft lip also can have a cleft 
palate.  

10.2.2 Cleft palate 
The roof of the mouth is called the "palate." It is formed between the sixth and ninth weeks 
of pregnancy. A cleft palate happens if the tissue that makes up the roof of the mouth does 
not join correctly. Among some babies, both the front and back parts of the palate are open. 
Among other babies, only part of the palate is open.  

10.2.3 Causes and risk factors 
Just like the many families affected by birth defects, CDC wants to find out what causes 
them. Understanding the risk factors that can increase the chance of having a baby with a 
birth defect will help us learn more about the causes. CDC currently is working on one of 
the largest studies in the United States―the National Birth Defects Prevention Study―to 
understand the causes of and risk factors for birth defects. This study is looking at many 
possible risk factors for birth defects, such as orofacial clefts.  
The causes of orofacial clefts among most infants are unknown. Some children have a cleft 
lip or cleft palate because of changes in their genes. Cleft lip and cleft palate are thought to 
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be caused by a combination of genes and other factors, such as exposures in the 
environment, maternal diet, and medication use (54).  
Recently, CDC reported on important findings about some factors that increase the risk of 
orofacial clefts: 
• Smoking―Women who smoke during pregnancy are more likely to have a baby with an 

orofacial cleft than women who do not smoke (55).  
• Diabetes―Women with diabetes diagnosed before pregnancy have been shown to be an 

increased risk of having a child with a cleft lip with or without cleft palate (56).  
CDC continues to study birth defects, such as orofacial clefts and how to prevent them.  

10.2.4 Causes of cleft lip and cleft palate 
The specific causes or risk factors for developing cleft lip or palate are not well understood. 
Potential causes/risk factors include: 
• Genetics - Sometimes cleft lips/palates run in families. 
• Syndromes - A cleft lip and/or palate may occur with other birth defects as part of a 

genetic syndrome.  
• Environment - Some studies suggest a link between maternal drug use (such as 

antiseizure medication), alcohol abuse, or smoking, maternal illness or infection, or 
deficiency of folic acid may be related to the development of a cleft lip or palate.  

• Spontaneous - Most cleft lip/palate anomalies occur randomly and without any clear 
cause or fault.  

10.2.5 Diagnosis 
Orofacial clefts sometimes can be diagnosed during pregnancy, usually by a routine 
ultrasound. Most often, orofacial clefts are diagnosed after the baby is born. However, 
sometimes minor clefts (e.g., submucous cleft palate and bifid uvula) might not be 
diagnosed until later in life. 

10.2.6 Treatments 
Services and treatment for children with orofacial clefts can vary depending on the severity 
of the cleft; the presence of associated syndromes or other birth defects, or both; and the 
child’s age and needs. Surgery to repair a cleft lip usually occurs in the first few months of 
life and is recommended within the first 12 months of life. Surgery to repair a cleft palate is 
recommended within the first 18 months of life (57). Many children will need additional 
surgeries as they get older. Although surgical repair can improve the look and appearance 
of a child’s face, it also may improve breathing, hearing, speech, and language. Children 
born with orofacial clefts also might need different types of treatments and services, such as 
special dental or orthodontic care or speech therapy (58).  
Because children and individuals with orofacial clefts often require a variety of services that 
need to be provided in a coordinated manner, services and treatment by cleft teams is 
recommended. Cleft teams provide a coordinated, interdisciplinary team approach to care 
for children with orofacial clefts. These teams usually consist of experienced and qualified 
physicians and health care providers from different specialties. Cleft teams and centers are 
located throughout the United States and other countries. Resources are available to help in 
choosing a cleft team. With treatment, most children with orofacial clefts do well and lead a 
healthy life. 
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10.3 Soft tissue lesions 
Oral malignancies are the sixth most common cancer around the globe (59). Oral mucosal 
lesions could be due to infection (bacterial, viral, fungal), local trauma and or irritation 
(traumatic keratosis, irrigational fibroma, burns), systemic disease (metabolic or 
immunological), or related to lifestyle factors such as the usage of tobacco, areca nut, betel 
quid, or alcohol (60). 

10.3.1 History of the procedure 
Benign soft tissue tumors are fairly common and are treated with surgery alone. Prior to the 
1970s, surgery was the primary therapy for malignant soft tissue tumors, and most patients 
with high-grade tumors had a poor prognosis and a significant mortality rate. Since the mid-
1970s, radiation therapy, chemotherapy, and advanced surgical techniques have helped 
increase long-term survival and decrease the need for ablative surgery (61). Future advances 
in molecular oncology may further improve diagnostic, prognostic, and treatment protocols 
for patients with soft tissue sarcomas (62, 63). 

10.3.2 Epidemiology 
Overall, age-adjusted annual incidence of soft tissue sarcomas range from 15-35 per 1 
million population. The rate increases steadily with age and is slightly higher in men than in 
women. Moreover, malignant soft tissue tumors occur twice as often as primary bone 
sarcomas. 
Approximately 45% of sarcomas occur in the lower extremities, 15% in the upper 
extremities, 10% in the head-and-neck region, 15% in the retro peritoneum, and the 
remaining 15% in the abdominal and chest wall. Visceral sarcomas, arising from the 
connective tissue stroma in parenchymal organs, are not common.  
The different types of soft tissue tumors have distinct age distributions.  
• Rhabdomyosarcoma is seen more frequently in children and young adults. 
• Synovial sarcoma arises in young adults. 
• Malignant fibrous histiocytoma and liposarcoma generally occur in older adults. 
Benign deep masses in adults usually are due to intramuscular lipoma. 
In general, the prognosis in older patients with a diagnosis of high-grade sarcoma is poor. 
and the incidence of soft tissue tumors is slightly higher in males than in females (64, 65, 66). 

11. Oral-facial injuries 
11.1 Oral Injury prevention and emergency care 
Oral and facial trauma surgery involves procedures that repair injuries to the face or mouth. 
The extent and types of surgery depend on the degree and forms of injury. In all traumatic 
injuries, it is important to recognize whether other structures may have been damaged such 
as the face, jaws or teeth.  

11.2 Temporomandibular dysfunction 
Temporomandibular joint disorder (TMJD or TMD), or TMJ syndrome, is a term covering 
acute or chronic inflammation of the temporomandibular joint, which connects the 
mandible to the skull. The disorder and subsequent dysfunction can result in major pain 
and damage. Since the disorder exceeds the boundaries between several health-care areas in 
particular, dentistry and neurology, there are different treatments.  



 
Oral Health Care – Pediatric, Research, Epidemiology and Clinical Practices 

 

104 

be caused by a combination of genes and other factors, such as exposures in the 
environment, maternal diet, and medication use (54).  
Recently, CDC reported on important findings about some factors that increase the risk of 
orofacial clefts: 
• Smoking―Women who smoke during pregnancy are more likely to have a baby with an 

orofacial cleft than women who do not smoke (55).  
• Diabetes―Women with diabetes diagnosed before pregnancy have been shown to be an 

increased risk of having a child with a cleft lip with or without cleft palate (56).  
CDC continues to study birth defects, such as orofacial clefts and how to prevent them.  

10.2.4 Causes of cleft lip and cleft palate 
The specific causes or risk factors for developing cleft lip or palate are not well understood. 
Potential causes/risk factors include: 
• Genetics - Sometimes cleft lips/palates run in families. 
• Syndromes - A cleft lip and/or palate may occur with other birth defects as part of a 

genetic syndrome.  
• Environment - Some studies suggest a link between maternal drug use (such as 

antiseizure medication), alcohol abuse, or smoking, maternal illness or infection, or 
deficiency of folic acid may be related to the development of a cleft lip or palate.  

• Spontaneous - Most cleft lip/palate anomalies occur randomly and without any clear 
cause or fault.  

10.2.5 Diagnosis 
Orofacial clefts sometimes can be diagnosed during pregnancy, usually by a routine 
ultrasound. Most often, orofacial clefts are diagnosed after the baby is born. However, 
sometimes minor clefts (e.g., submucous cleft palate and bifid uvula) might not be 
diagnosed until later in life. 

10.2.6 Treatments 
Services and treatment for children with orofacial clefts can vary depending on the severity 
of the cleft; the presence of associated syndromes or other birth defects, or both; and the 
child’s age and needs. Surgery to repair a cleft lip usually occurs in the first few months of 
life and is recommended within the first 12 months of life. Surgery to repair a cleft palate is 
recommended within the first 18 months of life (57). Many children will need additional 
surgeries as they get older. Although surgical repair can improve the look and appearance 
of a child’s face, it also may improve breathing, hearing, speech, and language. Children 
born with orofacial clefts also might need different types of treatments and services, such as 
special dental or orthodontic care or speech therapy (58).  
Because children and individuals with orofacial clefts often require a variety of services that 
need to be provided in a coordinated manner, services and treatment by cleft teams is 
recommended. Cleft teams provide a coordinated, interdisciplinary team approach to care 
for children with orofacial clefts. These teams usually consist of experienced and qualified 
physicians and health care providers from different specialties. Cleft teams and centers are 
located throughout the United States and other countries. Resources are available to help in 
choosing a cleft team. With treatment, most children with orofacial clefts do well and lead a 
healthy life. 
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10.3 Soft tissue lesions 
Oral malignancies are the sixth most common cancer around the globe (59). Oral mucosal 
lesions could be due to infection (bacterial, viral, fungal), local trauma and or irritation 
(traumatic keratosis, irrigational fibroma, burns), systemic disease (metabolic or 
immunological), or related to lifestyle factors such as the usage of tobacco, areca nut, betel 
quid, or alcohol (60). 

10.3.1 History of the procedure 
Benign soft tissue tumors are fairly common and are treated with surgery alone. Prior to the 
1970s, surgery was the primary therapy for malignant soft tissue tumors, and most patients 
with high-grade tumors had a poor prognosis and a significant mortality rate. Since the mid-
1970s, radiation therapy, chemotherapy, and advanced surgical techniques have helped 
increase long-term survival and decrease the need for ablative surgery (61). Future advances 
in molecular oncology may further improve diagnostic, prognostic, and treatment protocols 
for patients with soft tissue sarcomas (62, 63). 

10.3.2 Epidemiology 
Overall, age-adjusted annual incidence of soft tissue sarcomas range from 15-35 per 1 
million population. The rate increases steadily with age and is slightly higher in men than in 
women. Moreover, malignant soft tissue tumors occur twice as often as primary bone 
sarcomas. 
Approximately 45% of sarcomas occur in the lower extremities, 15% in the upper 
extremities, 10% in the head-and-neck region, 15% in the retro peritoneum, and the 
remaining 15% in the abdominal and chest wall. Visceral sarcomas, arising from the 
connective tissue stroma in parenchymal organs, are not common.  
The different types of soft tissue tumors have distinct age distributions.  
• Rhabdomyosarcoma is seen more frequently in children and young adults. 
• Synovial sarcoma arises in young adults. 
• Malignant fibrous histiocytoma and liposarcoma generally occur in older adults. 
Benign deep masses in adults usually are due to intramuscular lipoma. 
In general, the prognosis in older patients with a diagnosis of high-grade sarcoma is poor. 
and the incidence of soft tissue tumors is slightly higher in males than in females (64, 65, 66). 

11. Oral-facial injuries 
11.1 Oral Injury prevention and emergency care 
Oral and facial trauma surgery involves procedures that repair injuries to the face or mouth. 
The extent and types of surgery depend on the degree and forms of injury. In all traumatic 
injuries, it is important to recognize whether other structures may have been damaged such 
as the face, jaws or teeth.  

11.2 Temporomandibular dysfunction 
Temporomandibular joint disorder (TMJD or TMD), or TMJ syndrome, is a term covering 
acute or chronic inflammation of the temporomandibular joint, which connects the 
mandible to the skull. The disorder and subsequent dysfunction can result in major pain 
and damage. Since the disorder exceeds the boundaries between several health-care areas in 
particular, dentistry and neurology, there are different treatments.  



 
Oral Health Care – Pediatric, Research, Epidemiology and Clinical Practices 

 

106 

The temporomandibular joint is predisposed to many conditions that affect other joints in 
the body, including ankylosis, trauma, arthritis, dislocations, developmental anomalies, and 
neoplasia. An older name in 1934 was characterized by James B Costen as Costen's 
syndrome (67, 68).   
Symptoms 
The symptoms associated with TMJ disorders may be: 
1. Biting or chewing difficulty and discomfort 
2. Clicking, popping, or grating sound when opening / closing the mouth 
3. Earache (particularly in the morning) 
4. Headache (particularly in the morning) 
5. Hearing loss 
6. Migraine (particularly in the morning) 
7. Reduced ability to open and close the mouth 
8. Tinnitus 
9. Neck and shoulder pain 
10. Dizziness 
11. Jaw pain or tenderness of the jaw 
12. Dull, aching pain in the face 
Causes 
There are many external factors that place excessive strain on the TMJ. These are not limited 
to the following: 
Bruxism has been exposed to be a contributory factor in the majority of TMD cases (69). 
Over-opening the jaw beyond its range for the individual or unusually aggressive or 
repetitive sliding of the jaw sideways (laterally) or forward (protrusive). These movements 
may also be due to parafunctional habits or a malalignment of the jaw or dentition. This 
may be due to: 
• Bruxism (repetitive unconscious clenching or grinding of teeth, often at night). 
• Trauma 
• Malalignment of the occlusal surfaces of the teeth due to defective crowns or other 

restorative procedures. 
• Jaw thrusting (causing unusual speech and chewing habits). 
• Excessive gum chewing or nail biting. 
• Size of food bites eaten. 
• Degenerative joint disease, such as osteoarthritis or organic degeneration of the 

articular surfaces, recurrent fibrous and/or bony ankylosis, developmental 
abnormality, or pathologic lesions within the TMJ 

• Myofascial pain dysfunction syndrome 
• Lack of overbite 
Patients with TMD often experience pain such as migraines or headaches. There is evidence 
that some people who use a biofeedback headband to reduce night time clenching 
experience a reduction of TMD (70). The dentist must ensure a correct diagnosis and not 
mistake trigeminal neuralgia as a temporomandibular disorder (71, 72).  

Treatment 
If the occlusal surfaces of the teeth or supporting structures have been changed due to 
inappropriate dental treatment, periodontal disease, or trauma, the proper occlusion may 
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need to be restored. Patients with bridges, crowns, or onlays should be checked for bite 
differences. These discrepancies, if present, may cause a person to make contact with 
posterior teeth during sideways chewing motions. These unsuitable contacts are called 
interferences, and if present, they can cause a patient to subconsciously avoid those motions, 
as they will have a painful response. The result may cause spasms of the chewing muscles. 
Treatment could be including of adjusting the restorations or replacing them.  
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1. Introduction 
Oral reactions to medications are common and affect patients’ quality of life. Almost all 
classes of drugs, particularly those used continuously, such as antidepressants, anti-
hypertensives, anxiolytics, hypnotics, diuretics, antipsychotics among others, including 
vitamins, minerals and phyto-pharmaceuticals, may cause oral alterations. If not suitably 
treated, these may aggravate the patient’s general state of health and affect his/her oral 
health (Lamy, 1984; Smith & Burtner, 1994; Rees, 1998; Ciancio, 2004; American Dental 
Association [ADA], 2005; Scelza et al., 2010). 
Prescribed and over-the-counter medications are frequently used in large quantities and by 
many adults, particularly by those over the age of 65 years. The abusive use of drugs, mainly 
by elderly patients, may generate oral side effects (Lamy, 1984; Ciancio, 2004; ADA, 2005). 
The number of prescriptions in the USA is mainly due to the therapeutic advances in the 
treatment of various medical conditions and the increase in the geriatric population. Josephe 
et al. (2003) observed that 21% of the 1,800 patient dental records reviewed showed 
antidepressant use. It is suspected that the prevalence of oral lesions increases in direct 
relation to the increase in the use of necessary drugs, mainly to control chronic diseases. 
Over 200 drugs are involved in adverse reactions and side effects on oral tissues. Smith & 
Burtner (1994) founded as oral side-effects of the most frequently prescribed drugs: dry 
mouth (80.5%), dysgeusia (47.5%) and stomatitis (33.9%). 
Xerostomia, a subjective dry mouth sensation, is a side effect of around 400 medications. 
Moreover, it is one of the major problems in the USA at present, affecting millions of 
persons. Diminishment or absence of saliva may affect the emotional well being, cause 
significant morbidity and a reduction in the patient’s quality of life (Ciancio, 2004; Fox et al., 
1985; Sreebny & Schwartz, 1986; Sreebny & Valdini, 1987; Butt, 1991; Guggenheimer & 
Moore, 2003). Thus, a dental and medical record of the patient is necessary, with regular 
updating of the prescribed medications, because of the potential side effects of drugs and 
interactions among them. It is also important for dentists to know about the problems related 
to medication and the impact of this on diagnosis and the treatment plan (Keene et al., 2003). 

2. Antidepressant 
Psychotropic drugs are those that act on the central nervous system (SNC) producing 
alterations in behaviour, mood and cognition, and that may lead to dependence. 
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The use of psychotropic has increased over the last few decades in several countries. This 
growth has been attributed to the increased frequency of psychiatric disturbance diagnoses 
in the population, the introduction of new psycho pharmaceuticals on the pharmaceutical 
market and the new therapeutic indications of existent psychotropics (Rodrigues, 2006). 
Patients that take psychotropic medications for long periods may experience behaviours 
that have a negative impact on oral health. These medications may cause lethargy, fatigue 
and lack of motor control and memory that may impair the individual’s ability to practice a 
good oral hygiene technique (McClain et al., 1991). Furthermore, a large number of 
medications used for the treatment of psychiatric diseases, have the side effects of dry 
mouth, diminished salivary flow speed and/or alteration in saliva composition (Sreebny 
& Schwartz, 1997; Loesche et al., 1995; Bardow et al., 2001). Zaclikevis et al. (2009) 
observed that psychotropic drugs caused hyposalivation in rats and acinar hypertrophy in 
their parotid glands. De Almeida et al. (2009) observed that psychotropic users presented 
a significant decrease in the stimulated salivary flow rate compared with the control 
group. 
Antidepressants are medications prescribed to patients of all ages (Von Knorring & Wahlin, 
1986; Meskin & Berg, 2000), for the treatment of a variety of psychiatric diseases (depression, 
affective disease, insomnia, anxiety, the panic syndrome and bipolar disorder). In addition, 
they are also prescribed for the treatment of some medical conditions, such as rheumatoid 
arthritis, dietary disorders, fibromyalgia, migraine, trigeminal neuralgia, pre-menstrual 
tension (Keene et al., 2003). 
Antidepressant drugs were discovered in the early 1950s, with the development of the 
monoamine-oxidase inhibitors (MAOIs). MAO is the enzyme responsible for the 
degradation of various neurotransmitters, including adrenalin, serotonin, noradrenalin and 
dopamine. It is believed that MAO inhibition alleviates depression, allowing serotonin and 
noradrenalin to accumulate at the synaptic junction, in the storage locations, in the SNC and 
the independent sympathetic system (Perry et al., 1997). The following are examples of this 
class of antidepressants: tranylcypromine, moclobemide and selegiline. 
In addition to the MAOIs, there are tricyclic antidepressants (TCAs) that are relatively non 
selective, acting not only on the serotonergic and noradrenergic systems, but also on the 
muscarinic, histaminergic and α- adrenergic systems (Messer et al., 1997). Their efficiency 
appears to be related to the increase in serotonin and noradrenalin, and to a lesser extent, of 
dopamine, at the synaptic gap (Stahl, 1992).  Amitriptyline, imipramine, clomipramine and 
nortriptyline are some examples of tricyclic antidepressants. 
The selective serotonin recapture inhibitors (SSRIs), such as:  citalopram, fluoxetine, 
fluvoxamine, paroxetine and sertraline, represent another class of antidepressants that 
increase the availability of serotonin at the post-synaptic terminals by means of blocking 
recapture at the pre-synaptic terminal (Coccaro & Siever, 1985; Friedlander et al., 2002; 
Preskorn et al., 2004). The SSRIs appear to have fewer side effects than the TCAs, which 
present significant anticolinergic and cardiovascular effects (Keene et al., 2003). 
The serotonin-noradrenalin recapture inhibitors are a new class of antidepressants, of which 
the venlafaxine, mirtazapine, trazodone and nefazodone form part (Feighner, 1999). 
Venlafaxine, especially, is a potent pre-synaptic inhibitor of serotonin and noradrenalin 
recapture, and a moderate inhibitor of dopamine recapture (Feighner, 1999; Barman Balfour 
& Jarvis, 2000; Wellington K, Perry, 2001). 
Bupropion, an atypical antidepressant, exercises its effect by preventing the reuptake of 
noradrenalin and dopamine at the synaptic gap, thus facilitating neural transmission 
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(Goodnick PJ, Dominguez, 1998). The antidepressant effect of lithium, a mood stabilizing 
agent used to treat the depressive phase of bipolar disorder, may derive from its ability to 
increase the serotonin levels in the SNC (Schou, 1999). 
The majority of antidepressant medications prescribed is associated with a number of 
significant oral reactions (Friedlander & Mahler, 2001). These complications, including 
xerostomia, sialoadenitis, gingivitis, dysgeusia, glossitis, tongue edema and discoloration 
and stomatitis, almost always appear due to dysfunction of the salivary gland induced by 
the medication. But in patients that make use of mirtazapine, the development of stomatitis 
may represent the initial signs of bone marrow suppression induced by the medication, such 
as: agranulocytosis, leukopenia or granulocytosis, a potentially fatal event (Friedlander & 
Norman, 2002). Bertini et al. (2009) reports a case of ulceration of the oral mucosa induced 
by antidepressant medication. 
Rindal et al. (2005) suggest that antidepressant drugs do not generate a raise in the overall 
restoration risk level when compared with a group on non-xerogenic drug. Instead, that 
antidepressant medication raises the quantity of disease for persons already at risk. The 
non-xerogenic group had a superior restoration rate than the no medication group but not 
as high as the antidepressant group rate. 
Studies that assessed the oral health of patients that use antidepressants observed extensive 
tooth losses. This may occur because of various factors: lack of interest in oral hygiene, 
preference for carbohydrates (probably because of the reduction of serotonin in the SNC), 
preference for sweetened foods because of alterations in the sense of taste (dysgeusia), by 
the diminishment of saliva release and by the high lactobacillus counts (Rundegren et al., 
1985; Christensen & Somers, 1996; Anttila et al., 1999). 
Persons with depression are also at high risk of developing periodontal disease, because 
neglected oral hygiene, increased smoking and altered immune response, associated with 
xerostomia facilitate increased colonization by pathologic bacteria in the mouth, leading 
to collapse of the periodontium (Moss et al., 1996; Elter et al., 1999). Patients that receive 
SSRIs or atypical antidepressants may sometimes develop movement disorders that include 
bruxism or tooth-grinding, which may aggravate the patient’s periodontal status (Brow & 
Hong, 1999). These drugs raise the extrapyramidal serotonin levels, thus inhibiting the 
dopaminergic pathways that control the movements (Bostwick & Jaffee, 1999).  
There is consensus among various authors that xerostomia is the main and the commonest 
side effect of antidepressant drugs (Smith & Burtner, 1994; Pajukoski et al., 2001; Ciancio, 
2004; Scully, 2003; Josephe et al., 2003; Thomson et al., 2006; Uher et al., 2009), in addition to 
this, patients that receive antidepressant therapy frequently complain about diminished 
salivation and changes in salivary viscosity (Astor et al., 1999).  

2.1 Role of saliva in oral health 
Saliva is a true mirror of the body that contains a large number of organic and inorganic 
compounds, and can be seen as a very important health indicator. Salivary secretion is 
controlled by the autonomic nervous system through receptors present in the salivary 
gland. Many studies show that medicine and diseases can affect the function of salivary 
glands as regards the quality and quantity of saliva secreted (Greabu et al. 2009; Gregio et 
al., 2006).  
Salivary secretion is complex and occurs subsequent to neurotransmitter stimuli. The 
principal control of secretion is derived from sympathetic and parasymphatetic innervation 
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which regulates the secretory function on the acinar cell level and controls the 
reabsorption process in the striated ducts of salivary glands. Parasympathetic stimulation 
increases the volume of secreted saliva, whereas sympathetic stimulation mainly affects 
protein content and composition. The salivary gland may serve as a model to determine 
the peripheral effects of different antidepressants on the monoaminergic and the 
cholinergic systems. Salivary gland function depends on the integrity of both 
parasympathetic and sympathetic innervation. Normal salivation is an essential demand 
for oral health, due to its important contributions to the oral defense mechanisms. 
Diminished salivary secretion could lead to serious disease and deterioration of the 
mucosa (Von Knorring & Mornstad, 1986;  Hunter& Wilson, 1995) The saliva has several 
important functions in the mouth, including protection of the oral mucosa, chemical 
buffering, digestion, taste, antimicrobial action, and maintaining the integrity of the teeth. 
Due to its glycoprotein contents saliva has a viscous aspect that protects the oral mucosa 
by the formation of a barrier against noxious stimuli, microbial toxins, and minor trauma. 
Its fluid nature facilitates the removal of cell debris and non-adherent bacteria (Edgar, 
1992).  

2.2 Antidepressant and xerostomia 
Xerostomia means a subjective dry mouth sensation and represents a symptom related by 
the patient. It may occur in the presence of systemic diseases or conditions, such as 
displayed on Table 1, or as consequence of use of drugs (Table 2) (Lamy, 1984; Sreebny & 
Schwartz, 1997; Stack & Papas, 2001; Scully, 2003; Guggenheimer & Moore, 2003). Between 
the drugs stands out the antidepressants (Table 3). Patients with xerostomia displayed 
various degrees of discomfort related to the quality of life according to the aetiology of their 
conditions (Cho et al., 2010). Around 1 in 5 people complain of dry mouth, and a rising 
occurrence in the elderly, it is essential to have a complete understanding of this subject 
(Hopcraft & Tan, 2010). 
Of the conditions mentioned above, salivary hypofunction secondary to the use of 
medications is the commonest (Nederfors, 1996; Fox, 1998). They inhibit the cholinergic 
signals in the salivary tissues and thus diminish the excretion of fluids by the glands, and 
interferences in central pathways (serotoninergics and dopaminergics) may also alter 
salivary composition (Atkinson & Baum, 2001). The normal stimulated salivary flow rate is 
between 0.7 to 1 mL/min, whereas hyposalivation is considered when the salivar 
production is under 0.7 mL/min (Tenovuo & Lagerlöf, 1994).  
 Aging has a minimum impact on salivary flow, but the advance of age and the appearance 
of chronic diseases lead to the use of drugs that may diminish the salivary flow by up to 
40% (Sreebny & Schwartz, 1997; Ben-Aryeh et al., 2001). Complaints of xerostomia may 
increase three-fold in elderly patients that receive xerogenic medication (Osterberg et al., 
1984). 
In a study comparing the use of escitalopram and nortriptyline, Uher et al. (2009) observed 
that dry mouth was the most commonly reported adverse effect, and that it was more 
common during treatment with either nortriptyline or escitalopram than in the medication-
free state. The authors also demonstrated a positive correlation with the dose of both 
antidepressants. 
There is evidence that the prevalence of dry mouth is correlated to polymedication (Locker, 
1995; Nederfors et al., 1997). But, Persson et al. (1991) verified that the use of up to 4 
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different xerogenic medications did not result in significantly additional reduction in the 
salivary flow speed in his patients. 
 

DiseasesConditions 
Salivary aplasia 
Dehydration  
Sarcoidosis 
Cystic fibrosis 
Psycogenic  
Sjögren´s syndrome 
Primary biliary cirrhosis 
Infections (HIV, HTLV-1, Hepatitis C) 
Radiation therapy 
Renal dialysis 
Vasculits 
Bone marrow transplantation 
Anxiety 
Depression 
Graft vs host disease 
Diabetes type 1 or 2 
Diabetes insipidus 
Haemorrhage 
Chemotherapy 
Tabagism 
Oral respiration 

Table 1. Systemic diseases or conditions related with xerostomia 

The subjective dry mouth sensation may occur even in the presence of a normal salivary 
flow that is, not necessarily being associated with a diminution in the amount of saliva 
(Fox et al., 1985; Närhi, 1994). According to Mandel & Wotman (1994) the quality of 
salivary secretion (especially the mucin content) is more important than the quantity in 
the dry mouth sensation. The type of saliva (rest or stimulated), procedures and time of 
collection, composition and source (larger or smaller salivary glands) are factors that can 
contribute to the patient’s report of dry mouth and it relationship with hyposalivation 
(Mandel & Wotman, 1994; Von Knorring & Mörnstad, 1981). According to Nagler (2004), 
in up to one third of cases, xerostomia does not reflect a real reduction in salivary flow 
speed. 
As regards dry mouth, it is due to the reduction in saliva secretion or when its composition 
is altered, and it may cause various clinical problems (Table 4) (Nagler, 2004; Ursache et al., 
2006; Tuner et al., 2007). 
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Drugs 

Skeletal muscle relaxants 
Antihypertensive agents 
Anti-Parkison agents 
Antihistamines 
Antipsychotics 
Diuretics 
Antispasmodics - Scopolamine 
Atropine 
Muscarinic receptor antagonists for treatment of overactive bladder 
Barbiturates 
Clonidine 
Lithium carbonate 
Phenylbutazone 
Psychotropics 
Tri-iodothyronine 
Anticonvulsivants 
Antidysrhythimic 
Anti-incontinence agent 
Ophtalmic formulation 
Smoking cessation agent 
Appetite suppressants 
Antimigraine agents 
Antidepressants 
Descongestionants  
Bronchodilators 
Alfa receptor antagonist for treatment of urinary retention 
Benzodiazepines- Lorazepam 
Opioids- morphine 
Hypnotics 
Retinoids 
Cytokines 
Anti-HIV drugs 
H2 antagonists and proton pump inhibitors 
Cytotoxic agents 
Drugs of abuse 
Anxiolytics 

Table 2. Drugs related with xerostomia 
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Antidepressant 
Serotonin agonists 
Noradrenalin re-uptake blockers 
Serotonin re-uptake inhibitors 
Noradrenalin and Serotonin re-uptake blockers 
Atipical antidepressants 
Tricyclic antidepressants 
Heterocyclic antidepressants 
Monoamine oxidase inhibitors 
Venlafaxine 
Buspirone 
Alprazolan 

Table 3. Antidepressant related with xerostomia 
 

Dental caries 
Dry lips (Fig.1) 
Colourless oral mucosa 
Dry mouth (Fig.2) 
Dysgeusia 
Partially no papilla tongue 
Atrophied papilla and deep fissures (Fig.3) 
Dysphagia 
Gingivitis 
Halitosis 
Mastication problems 
Burning sensation in the mouth 
Mucositis 
Candidiasis 
Poorly fitting prostheses 
Sleeping difficulty 
Difficulty with speech 
Traumatic oral lesions 
Halitosis 
Ulceration 
Periodontal disease 
Saliva  composition changes 

Table 4. Oral effects of hipossalivation 

A variety of technique have used to evaluate xerostomia: questionnaire; visual analogue-
scale; clinical inspection if a tongue blade adheres to the buccal mucosa or if a patient can 
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chew and swallow dried food without water; by quantifying the volume of residual saliva 
on mucosal surfaces using filter paper and micro-moisture meter and calculating thickness; 
and mucosal wetness devices (Osailan et al., 2011). Also, sialometry (salivary flow rate 
measurement) is indicated as part of the diagnostic procedures for hyposalivation (Tenovuo 
& Lagerlöf, 1994), and the composition of saliva can be verified by means of biochemical 
salivary exams. 
 

 
Fig. 1. Clinical presentation: A patient in a coma state showing intense dry lip mucosa 
 

 
Fig. 2. Clinical presentation: A patient showing dry mucosae after use of  medications 
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Fig. 3. Clinical presentation: A patient treated with medication showing tongue with 
atrophied papilla and deep fissures 

Antidepressants have anticolinergic or antimuscarinic action, which acts to block the actions 
of the parasympathetic system by inhibiting the effects of acetylcholine on the salivary gland 
receptors. This results in a dry mouth sensation, probably because the sympathetic portion 
of the independent nervous system predominates over the “blocked” parasympathetic 
system (Wynn et al., 2001). According to Schubert & Izutsu (1987), the drugs may affect the 
salivary flow and its composition by interferences in the acinary and duct functions, and by 
means of alterations in the blood flow of the salivary glands. According to Douglas (2002) 
diminishment of the salivary flow is due to the reduction in the blood flow of the gland, 
produced by adrenergic sympathetic vasoconstriction. Therefore, when there is sympathetic 
hyperactivity the mouth presents dry. 
It is important to emphasize that the dry mouth sensation and alteration in salivary 
composition may occur during periods of stress and/or acute anxiety, frequently present in 
depressive disorders, due to predominant stimulation of the sympathetic system, 
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irrespective of the use of anxiolytic and/or antidepressant medication (Guggenheimer & 
Moore, 2003). Isolated depression is related to diminishment of salivary secretion and to 
xerostomia, due an anticolinergic action (Stack & Papas, 2001; Brown, 1970). Therefore, it 
may be difficult to determine whether these side effects and their intensity arise from the 
medical condition that led to the treatment, or from the medication prescribed for it (Smith 
& Burtner, 1994), it probably is as a result of both. 

2.3 Treatment of hyposalivation 
Various treatments are proposed for enhanced salivary secretion, among them, the use of a 
salivary flow stimulating drug pilocarpine chloride which acts by stimulating the 
parasympathetic ANS (Vivino et al., 1999). This drug has been used because it stimulates the 
cholinergic receptors, among them the muscarinicM3 receptor present in the salivary 
glands, resulting in the expulsion of the stored salivary contents (Ferguson, 1993), thus an 
increase in saliva production and release was observed with the use of cholinergic drugs. 
The next table shows the types of hyposalivation treatment according to Turner & Ship 
(2007), treatment strategies include salivary replacement therapies, as well as use of statory, 
masticatory and pharmacological stimulants.  
 

Gustatory and tactile sialogogues 
Acid-tasting substances 
Acidic (sugar-free) sweets 
Acidic or effervescent drinks (lemon juice, citric acid, buttermilk) 
Citric acid crystals 
Cotton-wool gauze soaked in a citric acid and glycerine solution 
Lemon pastilles 
Lemon slices 
Vitamin C tablets 
Miscellaneous substances 
Dried pieces of reed root (calami rhizome) 
Sugar-free chewing gum 
Sugar-free sweets 
Vegetables or fruits 
Anetholetrithione 
Benzapyrone 
Betanechol chloride 
Carbachol 
Cevimeline 
Folia Jaborandi and tinctura Jaborandi 
Neostigmine, neostigmine bromide, pyridostigmine bromide 
Destigmine bromide 
Nicotinamide and nicotine acid 
Pilocarpine hydrochloridey, pilocarpine nitrate 
Potassium iodide 
Trithioparamethoxyphenylpropene 

Table 5. Treatment of hiposalivation 
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3. Conclusion  
Xerostomia is the main oral side effect associated with the various classes of drugs, 
particularly those used continuously. There is, however, not always a positive correlation 
between hyposalivation and xerostomia. This symptom may be the result of both 
diminished salivary secretion and an alteration in saliva composition. Nevertheless, when 
present, xerostomia may affect the patient’s emotional well being, aggravate his/her general 
state of health, as well as affect his/her oral health, as other reactions such as dygeusia, 
candidosis, caries and stomatitis are reported as being the consequence of xerostomia. It is 
important to emphasize the dentists’ role as regards patients that make use of medications, 
mainly for treating chronic diseases. It is their obligation to keep a detailed and updated 
medical history of their patients, in order to be alert to problems related to medication, and 
the impact of this on the diagnosis and treatment plan, as well as to prepare the most 
adequate and effective preventive programs possible. In order to determine whether or not 
the patient presents hyposalivation, the dentist can have a complementary exam, called 
sialometry (salivary flow speed measurement), may be performed.  If there is any doubt 
about the composition of the saliva, there are biochemical tests that can reveal alteration in 
its composition. Communication between the doctor and dentist is extremely important, so 
that together, they re-establish the patient’s general and oral health as far as possible. 
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1. Introduction 
In epidemiological research the focus is on the occurrence, causes, and modifying factors of 
diseases and thereby their prevention. During the last decades, the epidemiology of dental 
caries has not dealt with the prevalence of the disease, but is measuring the past and present 
caries experience in terms of past and present treatment need, which does not follow the 
practices in  epidemiology. Therefore it would be important that dental research returns the 
rules of (medical) epidemiology. 
The World Health Organization [WHO] has recommended that the International Statistical 
Classification of Diseases and Related Health Problems [ICD] must be followed in diagnoses 
by both physicians and dentist. Because of this legislation all dental patients must have one 
primary diagnosis and when necessary, one or multiple secondary diagnoses.  
The primary diagnosis is not necessarily the most serious disease but it only means that the 
disease which needs most treatment in time or equipment during the emergency visit or 
normal treatment period. This practice is meant only for statistical purposes in  dental care, 
and therefore, represents some overview of the prevalence of diseases in that community.  
The same system has been used by dentists in the secondary care level in hospitals or other 
institutes. This WHO´s decision recombined medical and dental professions. At the same 
time it also revealed that some diverse practices occurred in the use of certain common 
terms (for example disease prevalence) or principles of making diagnoses between dentistry 
and medicine. WHO determines dental caries in two different ways as discussed recently 
(Larmas, 2010a): in ICD it is a disease (WHO, 1977, 1992), and in oral health surveys as a 
process (WHO, 1997), assessing also the treatment need at the same time. Early 
epidemiological surveys on dental caries assessed number of persons suffering from the 
disease, thus, following the normal medical practice (Morelli, 1924).The aim of this  review 
is to shed light on these diagnostic or assessment practices for epidemiological purposes.  

2. Diagnosis of dental caries and caries assessment 
2.1 Caries diagnosis 
As a disease dental caries is determined in the classifications of diseases [ICDs]. They are 
systematic classifications of diseases, subject to agreement by governments. They are widely 
used for national mortality and morbidity statistics. The diseases as described verbally are 
about the same in different revisions of the ICDs, but their codes vary. The codes of the 



 
Oral Health Care – Pediatric, Research, Epidemiology and Clinical Practices 

 

128 

Ursache, M.; Grădinaru, I.; Nechifor, M. & Cherciu-Ciubotaru, B. (2006). Implications of 
xerostomia in oral dis-homeostasis. Revista medico-chirurgicală̆ a Societă̆ţ̜ii de Medici ş̧i 
Naturaliş̧ti din Iaş̧i,  Vol.110, No.2, (April-June 2006) pp.432-437, ISSN: 0048-7848 

Vivino, F.B., Al-Hasshimi, I.; Khan, Z.; Leveque, F.G.; Salisbury, P.L.; Tran-Johson, T.K.; 
Muscoplat, C.C.; Trivedi, M.; Goldlust, B.; Gallagher, S.C. Pilocarpine Tablets for 
the treatment of dry mouth and dry eye symptoms in patients with Sjogren 
syndrome: a randomized, placebo-controlled, fixed-dose, multicenter trial. P92-01 
Study Group. Archives of internal medicine, Vol.159, No.2, (January 1999), pp.174-181, 
ISSN 0003-9926 

Von Knorring, A. & Wahlin, Y. (1986). Tricyclic antidepressants and dental caries in 
children. Neuropsychobiology, Vol.15, No.3-4, (1986), pp.143-145, ISSN 0302-282X 

Von Knorring, L. & Mörnstad, H. (1981). Qualitative changes in saliva composition after 
short-term administration of imipramine and zimelidine in healthy volunteers. 
Scandinavian journal of dental research, Vol.89, No.4, (August 1981), pp.313-320, ISSN 
0022-0345 

Von Knorring, L. & Mornstad, H. Saliva secretion rate and saliva composition as a model to 
determine the effect of antidepressant drugs on cholinergic and noradrenergic 
transmission. Neuropsychobiology, Vol.15, No.3-4, (1986), pp. 146-54, ISSN 0302-282X 

Wellington, K. & Perry, C. (2001) Venlafaxine extended-release: a review of its use in the 
management of major depression. CNS Drugs, Vol.15, No.8, (2001), pp.643-669, 
ISSN 1172-7047 

Wynn, R. & Meiller, T. (2001). Drugs and dry mouth. General dentistry, Vol.49, No.1, 
(January- Feburary 2001), pp.10-14, ISSN 0363-6771 

Zaclikevis, M.; D'Agulham, A.; Bertassoni, L.; Machado, M.; de Lima, A.; Grégio, A. & 
Azevedo-Alanis, L. (2009). Effects of benzodiazepine and pilocarpine on rat parotid 
glands: histomorphometric and sialometric study. Medicinal Chemistry, Vol.5, No.1, 
(January 2009), pp.74-78, ISSN 1573-4064 

7 

Classical and Modern Methods 
 in Caries Epidemiology 

 M. Larmas, H. Vähänikkilä, K. Leskinen and J. Päkkilä  
University of Oulu 

Finland 

1. Introduction 
In epidemiological research the focus is on the occurrence, causes, and modifying factors of 
diseases and thereby their prevention. During the last decades, the epidemiology of dental 
caries has not dealt with the prevalence of the disease, but is measuring the past and present 
caries experience in terms of past and present treatment need, which does not follow the 
practices in  epidemiology. Therefore it would be important that dental research returns the 
rules of (medical) epidemiology. 
The World Health Organization [WHO] has recommended that the International Statistical 
Classification of Diseases and Related Health Problems [ICD] must be followed in diagnoses 
by both physicians and dentist. Because of this legislation all dental patients must have one 
primary diagnosis and when necessary, one or multiple secondary diagnoses.  
The primary diagnosis is not necessarily the most serious disease but it only means that the 
disease which needs most treatment in time or equipment during the emergency visit or 
normal treatment period. This practice is meant only for statistical purposes in  dental care, 
and therefore, represents some overview of the prevalence of diseases in that community.  
The same system has been used by dentists in the secondary care level in hospitals or other 
institutes. This WHO´s decision recombined medical and dental professions. At the same 
time it also revealed that some diverse practices occurred in the use of certain common 
terms (for example disease prevalence) or principles of making diagnoses between dentistry 
and medicine. WHO determines dental caries in two different ways as discussed recently 
(Larmas, 2010a): in ICD it is a disease (WHO, 1977, 1992), and in oral health surveys as a 
process (WHO, 1997), assessing also the treatment need at the same time. Early 
epidemiological surveys on dental caries assessed number of persons suffering from the 
disease, thus, following the normal medical practice (Morelli, 1924).The aim of this  review 
is to shed light on these diagnostic or assessment practices for epidemiological purposes.  

2. Diagnosis of dental caries and caries assessment 
2.1 Caries diagnosis 
As a disease dental caries is determined in the classifications of diseases [ICDs]. They are 
systematic classifications of diseases, subject to agreement by governments. They are widely 
used for national mortality and morbidity statistics. The diseases as described verbally are 
about the same in different revisions of the ICDs, but their codes vary. The codes of the 



 
Oral Health Care – Pediatric, Research, Epidemiology and Clinical Practices 

 

130 

ninth revision (ICD-9, WHO, 1977) are presently used in the USA, the tenth (ICD-10, WHO, 
1992) in most other countries.  ICD-10 is revised periodically.  
The recommended use of ICD states that all diagnoses must be recorded at the appropriate 
level, meaning that when the disease codes are used, they are used as three, four, or five 
characters levels. Of the licensed health care personnel, who has the right to make 
diagnoses, physicians are educated to make the caries diagnosis at three character level i.e. 
“dental caries” (K02 in ICD-10 or 521 in ICD-9) whereas dentists must use the four character 
level, like “caries of cementum” (K02.2 in ICD-10).  
Another recommendation in the use of ICD is the fact that diseases needing treatment only 
should be recorded in the list of diagnoses. Thus, in the case of “caries limited to enamel” 
(coded at four character level K02.0, ICD-10) it should be diagnosed only when needing 
intervention (not only treatment by a restoration but also, for example, fluoride or sealing 
treatments), otherwise this diagnosis is omitted from the list of diagnoses in the record.  
In the case a dentist makes a special diagnosis of caries like “feeding bottle caries”, or “caries 
due to hyposalivation”, both diseases should be classified into the ICD category “other 
specified dental caries”, the latter needing additionally a secondary ICD diagnosis  as 
“disturbances of salivary secretion” or shortly “hyposecretion”.  

2.2 Caries assessment 
In Oral Health Surveys (WHO, 1997) dental caries is determined “decayed” (code 1 for 
permanent teeth, code A for primary teeth) or “filled, with decay” (codes 2 or B, 
respectively). The “decay” codes caries at the dentinal level of involvement, requiring 
evidence of cavitations to record it. The F-component is classified as “filled, no decay” 
(codes 3 and D), and the M-component as “missing as a result of caries” under the age of 30 
years and in older patient, the M is “missing, any other reason”. These tooth-specific 
recordings are only tooth-specific diagnoses, but real  diagnoses commit patients as a whole 
and therefore the real diagnosis of the patient is “dental caries in one or multiple teeth”, as 
will be discussed in detail later.  
When caries prevalence rose to close hundred percent in the population (even before the 
adulthood), more accurate measures of caries experience were needed. Attempts were made 
to measure mean number of teeth affected by caries in populations, until a standardized index 
of decayed (D), missing (M) or filled (F) teeth was defined (Klein et al., 1938). Originally it was 
meant to inform caries “prevalence and treatment need” in elementary school children, later 
its use was expanded to describe past and present caries experience also in adults.  
The DMF index is still used in high number of scientific articles, which underlines its 
leading role in the present caries research. However, the term caries experience underlines 
that it does not describe caries prevalence in the epidemiological sense. 
The discrepancy between caries diagnosis and caries assessment is vanished in practice, 
because caries, termed “decay” in oral health surveys has reached the level of caries  
(=dentine) needing restoration and all its previous stages ( white or chalky spots; discolored 
or rough spots; stained pits or fissures etc.) are omitted from the list of diagnoses in ICD 
(WHO, 1992) or are recorded as “sound” in oral health surveys (WHO, 1997). 
A relatively new system for caries detection and assessment has lately developed [ICADS] 
to facilitate caries epidemiology, research and appropriate clinical management  to grapple 
with some of the problems of caries assessment (Pitts, 2004). This system records both 
enamel and dentine caries and explores the measurement of caries activity (Pitts, 2004). 
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However, ICADS does not follow the normal epidemiological practice in that sense that the 
patient has one or multiple diseases in one or multiple organs, which means that the 
number of patients (not that of teeth) is the number of cases  in the statistics.  
A patient with carious lesions in three teeth is not three times more sick than a patient with 
caries in one tooth, both are simply “carious”, whereas subjects with multiple restorations or 
dental implants are “healthy”in the ICD. The same concerns any cancer: a patient with for 
example an epithelial cancer in any organ with multiple metastases is simple one “cancer” 
patient, the number of diseased organs or metastases does not change the diagnosis, nor the 
mean number of lesions or metastases in the population is counted. The severity and 
treatment need of the patient will increase with the number of lesions, but not the number of 
that disease. 

3. Prevalence of a disease 
In epidemiology, prevalence of a disease may be defined as the proportion of population 
that has disease at a specific point in time (Rothman and Greenland, 1988). Textbooks in 
epidemiology use also terms “point prevalence”, “prevalence proportion” and “prevalence 
rate”, meaning the same thing. The prevalence pool is the subset of the population with the 
disease (Rothman and Greenland, 1998). Lifetime prevalence is the proportion of a 
population that has had the disease in question at some time during their lives.  
In epidemiology a subject is either healthy or has one or numerous different diseases. The 
prevalence(s) of disease(s)  varies in a community, as does the number of lesions / 
restorations / fractures in a patient, but one patient has one ICD-category of dental caries in 
one or multiple teeth. Then the single patient with dental caries increases dental caries 
prevalence by one in the population, or else, increases first maxillary and mandibular molar 
caries cases by four (if all first molars have caries). In the latter case, the caries prevalence is 
one (patient) with four carious lesions in the first molars, or else one patient with caries in 
the first maxillary and mandibular, right and left molars, i.e. four different caries diseases, 
which, however, does not follow the ICD.   
In medicine/dentistry, for example, there are two possible diagnostic approaches when the 
locations of diseased organs are studied. “General diseases” like “osteoporosis” may concern 
the whole skeleton although some parts of the skeleton are more vulnerable for other 
osteoporosis-connected diseases, like fractures of bones. Some bones may have fractures more 
frequently than the other bones of the same osteoporotic patient. The ICD sub-classification of 
“osteoporosis with fractures” is based on its aetiology, like “postmenopausal”, 
“malabsorption”, etc., not the location or number of fractured bones. Dental caries (as a disease 
in enamel, dentine etc.) can be classified similarly as a “general disease”, although some 
teeth/surfaces are more vulnerable than others, and patients are caries prone or resistant.  
“Local diseases” like injuries or fractures of bones/teeth occur in certain sites of the body 
due to external reasons. Fractures of skull and facial bones, maxilla and mandible, fractures 
of teeth, etc. are examples of local diseases in ICD. Each bone or tooth has its own fracture, 
or even many fractures, and the subject may have multiple fractures. Dental caries can be 
classified also as a “local disease”. In this case caries in canines is not the same disease which 
commits caries in molars, although the aetiology is (about) the same, like is the aetiology of 
fractures. 
ICD classifies dental caries as a general disease, like osteoporosis, and one patient with 
caries may have carious lesions in one or multiple teeth. This results in a hierarchical nature 
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of the disease data, in which carious teeth are clustered within patients. This complicates the 
statistical analysis of the observed differences of caries in cohorts in epidemiological or 
experimental studies.  
This may be avoided when each tooth, primary or permanent, is treated as having its own 
“caries” resulting in a possibility of 32 different caries onsets in permanent and 20 in 
primary teeth, or else, even five more lesions on different surfaces of each tooth (Larmas et 
al., 1995). However, this type of classification is not possible following the ICD in the disease 
prevalence studies, but it is possible when the severity and treatment need of the disease is 
determined.  We may  count that each tooth have five surfaces (incisal edges of incisors and 
cuspal tips of canines being a surface), though many epidemiological surveys count each 
tooth having different numbers of “missing” surfaces, basing on their mean caries 
occurrence values. All dentists agree with our “anatomical” system when counting the 
treatment fees, and therefore we recommend that practice also in research. 

4. Epidemiological research 
In epidemiology, the focus is on the occurrence of disease. If the subject has a disease or 
diseases, he/she is a “case” in statistics, a “patient” in medicine/dentistry, with the rest of 
the population being healthy (Rothman and Greenland, 1998).  Both ICD-10 and-9 (the latter 
with different codes) determine different types (enamel, dentine, cementum etc.) of dental 
caries as diseases, which may occur in one or multiple locations determining thereby the 
prevalence of these diseases in patients (not in teeth) in that population. If caries commits 
many teeth, the disease is more severe, but still the same “single” disease in that patient.  
This medical/dental principle is followed only rarely in dental statistics: each tooth or 
restoration is treated as its own “case”, which does not follow the principles of clinical 
epidemiology where the patient is always the “case” (=N). Another possibility, which, 
however, does not follow the present ICD system, is to consider each carious tooth/surface 
as its own disease in the patient. This quantitative approach is followed when the efficacy of 
caries preventive measures is  scientifically (meaning by calibrated examiners) determined 
in caries research, but should not be followed when the possible reduction of caries 
prevalence after a clinical trial is determined.  

5. Evidence-based [EBD] vs. practice-based dentistry [PBD] 
Systematic clinical reviews demonstrating causality normally evolve from laboratory studies 
through animal studies to case series and thereafter to controlled clinical trials (Niederman 
and Leithch, 2006). These studies demand strict scientific rules (good laboratory practice, 
good clinical practice, cross-over study design etc.) for providing information for each of 
these steps. The evidence-based approach to create knowledge may not be enough: 
translational research (know how) is also needed in addition to the classical laboratory and 
clinical studies to show how science works in practice (Niederman and Leithch, 2006, Mjör, 
2008, Larmas, 2010b).  
Same statistical methods are always used in analyzing the EBD and PBD study results, the 
research protocols having only different aims and principles. All drugs are carefully tested 
applying EBD protocol before the registration for use, their efficacy should be very high, 
often almost 100%, or at least significantly more effective than the older ones. Their practical 
effectiveness is another issue: Is a drug with an efficacy of 100 % to cure the disease truly 
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100% effective if it is used as prescribed only by 50 % of the patients? Restoration certainly 
eliminates caries, but is not effective when not used.  
The real effectiveness of the use of an effective drug or treatment  in everyday practice can 
be studied applying PBD study design. Because non-calibrated clinicians (in this case also 
examiners) are providing information on the efficacy of different treatments in practice, the 
possibility of use the huge longitudinal study material with sophisticated statistical methods 
created in the course of normal dental practice would provide more statistical power in 
analyzing possible differences between different treatment protocols with the same effective 
treatment, and thereby the effectiveness in real life conditions. When the research protocol is 
not standardized and non-calibrated researchers are conducting them, more sophisticated 
statistical methods can overrule some of the flaws in calibration and standardization.  

6. Recording events in the dentition 
During the patient examination, a dental chart (tooth and surface specific data) for research 
purposes in EBD and for patient care in PBD is created and thereafter the treatment is 
recorded by the progress notes. The life cycle of a tooth can be visualized in a lexis diagram 
as follows (Fig. 1): On the x-axis the dates from the birth of a subject (which actually is the 
first “observation”) to a series of dental examinations (E1 to En) that provided observations 
of dental health in the dental chart along with separate treatment visits for restorations of 
observed lesions as progress notes (F1 to Fn), form a series of events in the dental record in a 
chronological order. This information is available in countries were regular dental visits, for 
example by the recall system, is the practice. Unfortunately, in many  countries such data is 
unlikely to be available. 
Some of the events, excluding for example (primary) tooth exfoliation, sealant treatments, 
extractions, implant placements and replacements, during the life-cycle of tooth are 
illustrated on the y-axis in Fig. 1. If the tooth is recorded to have emerged through the 
gingiva (at point GE) at the examination time E2 and observed as un-erupted at the previous 
examination time E1, the gingival perforation may have occurred at any time between E2 
and E1, illustrated as grey in the picture. 
Because caries never develops in an un-emerged tooth, the initiation of caries will not be 
recorded in an un-erupted tooth. In our example enamel caries (EC) is recorded for the 
second examination time (E2) when gingival emergence (GE) was also recorded to have 
happened. The diagnosis of dentine caries (DC) was made at the third examination time 
(E3). The restoration of the tooth was recorded to have been performed at the point F1 in the 
progress notes thereafter. The onset of caries in the dentine may have happened any time 
between EC and DC and thus are marked as grey in the picture.  
If an “event” is a long-lasting one, like is the incubation time of an infectious disease like 
dental caries, or the disease itself, again like caries, which is chronic in its nature, its exact 
timing of onset is not possible in the normal cross-sectional analyses of its prevalence. The 
normal practice then is that the prevalence of the disease is recorded on the day of 
examination when the diagnosis is made, regardless its duration.  
The variables, such as the date of birth, the date of examination and the dates of individual 
treatment procedures are exact. On the other hand, tooth eruption, and the progression of 
dental caries from initiation on the enamel surface into dentin/pulp are long-lasting 
events, may cease, and may be even reversible, especially in the enamel and may halt in 
dentine. 
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Fig. 1. Schematic presentation of the life cycle of a tooth (y-axis) as a function of time (x-axis)  
There are exact dates separately for clinical examinations, E1, E2…En (dental chart) and 
treatment visits (progress notes), F1, F2…Fn. The eruption process is a long-lasting event  and 
marked as grey in the picture. Carious process is also long lasting event (two grey areas) 

Tooth eruption from the time of emergence into the oral cavity to full occlusion could last as 
long as 5.5 years for permanent canines and 2.6 years for the first permanent molar teeth 
(Pahkala et al., 2002). The estimate of the average times from the stage of incipient lesion to 
the clinical caries lesion was 18 + 6 months in children (Parfitt, 1956). Therefore, 
observations in dental record cannot give an accurate picture of the exact date of tooth 
emergence or the exact date of the onset of carious lesion on enamel surface but certain time 
limits can be determined retrospectively from the dental charts and progress notes of the 
record (Bogaerts et al., 2002). 

7. Cross-sectional and longitudinal studies of mean prevalence or -index 
values 
The mean caries prevalence (or the mean DMF) value is counted as the number of diseased 
patients (or DMF-teeth or –surfaces) of a cohort of all subjects, e.g. all subjects born in a 
certain year or students of a school grade. They form the cohort A (encircled with standard 
deviation in the example), one year older cohort form cohort B, etc. (Fig. 2A). When these 
figures or means (+ SD) are retrospectively combined to a summary line of repeated cross-
sections, they form steps to inform that they are not longitudinal means. 
In a clinical trial the cohort A will be followed for the next consecutive years and the mean 
values (+ SD) in each year will be determined (Fig. 2B). At the end of the follow-up this A 
cohort makes the longitudinal study cohort in which the annual caries increments can be 
determined. Similarly, another longitudinal cohort from the original cohort D can be created 
and followed for consecutive years during which time the longitudinal information of caries 
increment is available. Different mean values on the same age of the subjects between these 
two longitudinal cohorts, at points A4 and D1, show the difference which exists between 
longitudinal and repeated cross-sectional studies (Fig. 2B). These observations are 
longitudinal and therefore may be reported as continuous lines without any steps. 
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Fig. 2. Principles of trans-sectional (A) and longitudinal (B) studies as well as survival 
analysis (C) 
A.Repeated cross-sections of the means (+ SD) of a group of subjects (e.g. born on year A, B, 
C or else, for example a school grade A, B, C etc) form the mean prevalence or index curve. 
B. The group A is followed for three consecutive years from A1 to A4 and group D is 
followed for two years from D1 to D3. The difference between step A4 and D1 shows the 
difference between longitudinal and trans-sectional analyses. 
C. All observations of the examinations of age cohorts (2A) and longitudinal (dotted lines) 
study groups (2B) are combined as a summary survival estimate (solid line) as long as 
information is available. There are numerous statistical methods to model this 
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When the examinations of the cohorts A, B, C, D etc. from the cross-section (Fig. 2A) and the 
examinations of the two longitudinal cohort studies (Fig. 2B) are combined, a summary line 
can be created applying similar methods which are used in survival analysis: each 
individual is indicated by lines or points as long as information is available, from one day to 
several years. These lines and points can be combined to mean values per subject at different 
ages. This system has been recently used in Finland where digital patient records have been 
used for more than ten years in many health centres resulting in a digital dataset with 
annual examinations with many patients but only with one examination with some other 
patients. An automatic data-mining system was develop and used for the determination of  
mean DS, MS, and FS, for all ages with varying number of subjects during the follow-up 
(Korhonen et al., 2007). 
Mean or median values of the prevalence of diseases have certain pros and cons: they are 
very simple and commonly used. But in caries research problems arise. Caries is an 
infectious but chronic disease and therefore it is suitable for an analysis of a cross-section of 
a lengthy time period. But on the other hand, its later forms are irreversible and the body 
itself can not cure those forms. Treatment by a dentist does this, but then the disease 
disappears even from the ICD, but not from dental indices, unless used separately for each 
parameter (Korhonen et al., 2007). 

8. Principles of time to event [TTE] analyses  
When the dots and lines (Fig 2A, and 2B) are used as a dataset for time to event (TTE) analyses, 
they can also be combined with numerous survival analysis methods into a summary curve 
(Fig. 2C). Survival analysis system as such is only a complimentary to the traditional ones and 
in a way more accurate statistical method for the prediction of events and analysis of statistical 
differences between cohorts. These methods can be used in analyzing the irreversible 
transitions from e.g. sound to (first) caries onsets, which covers mainly children and 
adolescents in practice, but also survival from first carious attack to second caries onsets of the 
same teeth, restorations, re-restorations and even the presence of tooth in the oral cavity, 
survival of restorations, crowns, bridges, implants etc, not shown in the picture. 
During last years the development of statistical methods has advanced so that many of the 
problems with the classical methods, like determining the mean and median values in 
groups of subjects with normal or skewed distributions or when (prospective) longitudinal 
cohort design is followed, the information of censored observations cannot be incorporated 
in the analysis, if traditional caries increment studies are conducted. In the latter case, the 
lost of subjects during the trial is the major problem, because it reduces the number of 
subjects and if there is a systematic pattern in who is lost it may bias the findings. Survival 
analysis system may provide tools to make the analyses more informative. 
To produce meaningful information of the survival time of a tooth or the whole dentition 
remaining caries-free, and how these vary between patients, or observing dentists, the 
standard methodology can be applied, like estimating  the mean cumulative intensity curves 
of the events for each individual and/or for each tooth and surface. When the mean values 
are replaced by survival curves, this can lead to the problem of a large number of curves, 
one for each patient and/or each tooth/surface. A more compact and integrated picture is 
preferred for a group of teeth or patients. 
Fig. 3 represents an example of survival times of five different individual teeth or five 
different carious patients (A, B, C, D, E). Tooth emergence is recorded (interval censored) at 
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points of A1, B1, C1, D1, E1 and first caries attack (interval censored) by arrows at points A2, 
B2, C2, D2, E2 according to the chronological age. Tooth coded with A is emerged at A1 and 
diagnosed carious at A2, tooth coded with B from B1  to B2 . This leads to a mixture of lines 
with different slopes A1 – A2, B1 – B2 … one for each 32 permanent tooth or 160 for each 
permanent tooth surface. As stated earlier the latter figure follows the anatomy of a 5-
surface tooth. This results in a group of lines for a subject. When the emergence times are 
combined together and marked as zero on the x-axis (tooth age), the picture is more clear 
because the starting point of the individual curves is the same and takes into account the 
large variation of the emergence times of permanent teeth (Fig. 3B).  
 

 
Fig. 3. The principle of time to event analysis 
A. Survival measures the time between two events (y-axis). The first event may represent 
the emergence of the tooth and could be marked on the chronological age at points A1, B1, C1 
D1 etc. The second event may represent caries, restoration, etc. and are marked with A2, D2, 
C2 etc. The picture shows e.g. that tooth B was erupted early but became carious late 
whereas the tooth E erupted late but became carious soon. This picture shows the 
chronological age-scale. 
B. When A1, B1, C1, D2, E1 are turned to the origin, the survival times can be represented as a 
function of tooth age. The shortest survival time is shown with the tooth E and the longest 
with the tooth B. 
C. The same events of different teeth (A2. B2…) as presented in Fig. 2A above are combined 
together as a cumulative curve of the subject. Because the time scale is the chronological age 
of the subject the timing of tooth emergence is also indicated although only the failure 
(caries) is shown in the cumulative curve.  
D. The same events of different teeth (A2, B2…) are combined together as a cumulative curve 
as a function of the tooth age. Note that the shapes of the curves of the same events are now 
different from the curve following the chronological age (3C) 



 
Oral Health Care – Pediatric, Research, Epidemiology and Clinical Practices 

 

136 

When the examinations of the cohorts A, B, C, D etc. from the cross-section (Fig. 2A) and the 
examinations of the two longitudinal cohort studies (Fig. 2B) are combined, a summary line 
can be created applying similar methods which are used in survival analysis: each 
individual is indicated by lines or points as long as information is available, from one day to 
several years. These lines and points can be combined to mean values per subject at different 
ages. This system has been recently used in Finland where digital patient records have been 
used for more than ten years in many health centres resulting in a digital dataset with 
annual examinations with many patients but only with one examination with some other 
patients. An automatic data-mining system was develop and used for the determination of  
mean DS, MS, and FS, for all ages with varying number of subjects during the follow-up 
(Korhonen et al., 2007). 
Mean or median values of the prevalence of diseases have certain pros and cons: they are 
very simple and commonly used. But in caries research problems arise. Caries is an 
infectious but chronic disease and therefore it is suitable for an analysis of a cross-section of 
a lengthy time period. But on the other hand, its later forms are irreversible and the body 
itself can not cure those forms. Treatment by a dentist does this, but then the disease 
disappears even from the ICD, but not from dental indices, unless used separately for each 
parameter (Korhonen et al., 2007). 

8. Principles of time to event [TTE] analyses  
When the dots and lines (Fig 2A, and 2B) are used as a dataset for time to event (TTE) analyses, 
they can also be combined with numerous survival analysis methods into a summary curve 
(Fig. 2C). Survival analysis system as such is only a complimentary to the traditional ones and 
in a way more accurate statistical method for the prediction of events and analysis of statistical 
differences between cohorts. These methods can be used in analyzing the irreversible 
transitions from e.g. sound to (first) caries onsets, which covers mainly children and 
adolescents in practice, but also survival from first carious attack to second caries onsets of the 
same teeth, restorations, re-restorations and even the presence of tooth in the oral cavity, 
survival of restorations, crowns, bridges, implants etc, not shown in the picture. 
During last years the development of statistical methods has advanced so that many of the 
problems with the classical methods, like determining the mean and median values in 
groups of subjects with normal or skewed distributions or when (prospective) longitudinal 
cohort design is followed, the information of censored observations cannot be incorporated 
in the analysis, if traditional caries increment studies are conducted. In the latter case, the 
lost of subjects during the trial is the major problem, because it reduces the number of 
subjects and if there is a systematic pattern in who is lost it may bias the findings. Survival 
analysis system may provide tools to make the analyses more informative. 
To produce meaningful information of the survival time of a tooth or the whole dentition 
remaining caries-free, and how these vary between patients, or observing dentists, the 
standard methodology can be applied, like estimating  the mean cumulative intensity curves 
of the events for each individual and/or for each tooth and surface. When the mean values 
are replaced by survival curves, this can lead to the problem of a large number of curves, 
one for each patient and/or each tooth/surface. A more compact and integrated picture is 
preferred for a group of teeth or patients. 
Fig. 3 represents an example of survival times of five different individual teeth or five 
different carious patients (A, B, C, D, E). Tooth emergence is recorded (interval censored) at 

 
Classical and Modern Methods in Caries Epidemiology 

 

137 

points of A1, B1, C1, D1, E1 and first caries attack (interval censored) by arrows at points A2, 
B2, C2, D2, E2 according to the chronological age. Tooth coded with A is emerged at A1 and 
diagnosed carious at A2, tooth coded with B from B1  to B2 . This leads to a mixture of lines 
with different slopes A1 – A2, B1 – B2 … one for each 32 permanent tooth or 160 for each 
permanent tooth surface. As stated earlier the latter figure follows the anatomy of a 5-
surface tooth. This results in a group of lines for a subject. When the emergence times are 
combined together and marked as zero on the x-axis (tooth age), the picture is more clear 
because the starting point of the individual curves is the same and takes into account the 
large variation of the emergence times of permanent teeth (Fig. 3B).  
 

 
Fig. 3. The principle of time to event analysis 
A. Survival measures the time between two events (y-axis). The first event may represent 
the emergence of the tooth and could be marked on the chronological age at points A1, B1, C1 
D1 etc. The second event may represent caries, restoration, etc. and are marked with A2, D2, 
C2 etc. The picture shows e.g. that tooth B was erupted early but became carious late 
whereas the tooth E erupted late but became carious soon. This picture shows the 
chronological age-scale. 
B. When A1, B1, C1, D2, E1 are turned to the origin, the survival times can be represented as a 
function of tooth age. The shortest survival time is shown with the tooth E and the longest 
with the tooth B. 
C. The same events of different teeth (A2. B2…) as presented in Fig. 2A above are combined 
together as a cumulative curve of the subject. Because the time scale is the chronological age 
of the subject the timing of tooth emergence is also indicated although only the failure 
(caries) is shown in the cumulative curve.  
D. The same events of different teeth (A2, B2…) are combined together as a cumulative curve 
as a function of the tooth age. Note that the shapes of the curves of the same events are now 
different from the curve following the chronological age (3C) 



 
Oral Health Care – Pediatric, Research, Epidemiology and Clinical Practices 

 

138 

When these five lines of timing of caries onsets are combined as a cumulative summary 
curve for each carious tooth (or five patients with caries), a curve with five steps (one for 
each tooth/patient) is obtained as a function of chronological age (Fig. 3C) or tooth age 
(Fig. 3D). Although the caries onset curves describe the same five teeth of the same patient 
and event, or else, five different carious patients, the slopes of these curves vary and differ 
from each other. These summary lines represent the events in the chronological or tooth 
age. 
TTE of any tooth is the time from birth of the subject to the event in the chronological age-
scale of the subject. When the age-scale is the “tooth age”, it is from tooth emergence into the 
oral cavity to the event. In our example of tooth life cycle, the time without enamel caries is 
zero in the tooth age scale (Fig. 1) because tooth emergence (GE) and enamel caries onset 
(EC) is observed at the second examination (E2) after the first examination (E1) when the 
tooth was recorded as unemerged.  
Time between the irreversible events can be statistically described as “survival times” 
between these two occasions. The statistical term “event” may mean the first appearance of 
a tooth into a mouth, which is also called “tooth emergence”. 
Biologically the real tooth “eruption” is the movement of tooth from its position in bone to 
full occlusion. For example, the eruption time of first permanent molars covers the time 
from birth to 11-12 years of age, but their tooth  emergence time is their out-coming, around 
7 years. 
Standard survival analysis requires independent data for significance testing. Because each 
tooth in the oral cavity is dependent on each other, independence is a special problem in 
dental research. In recent years it has been recognized that survival analysis could also be 
applied to dependent data, for example in repeated observations of the same individual 
(Aalen et al., 1995). 

9. Survival analysis 
9.1 Models of survival analysis 
There are many types of models that have been used for survival analysis also in dental 
research, as discussed recently (Stephenson et al., 2010a). Some terms used in the context 
may still demand verbal description (statisticians give equations only): first (1) the survival 
function gives an estimate of the probability that the time of “death” is later than some 
specified time. The survival function is also called the survivor function or survivorship 
function in problems of biological survival, and the reliability function in mechanical 
survival problems. In the latter case, the methods of estimating survival functions are 
non-parametric in which no assumption is made about the underlying distribution, 
whether it is skewed (they are biased)  or bell-shaped. A variety of methods (non-, semi-, 
and fully parametric) of survivorship analysis have been developed. Second (2) the 
hazard function is defined as the event rate at a certain time conditional on survival until 
the same time or later. Quantities derived from the survival distributions are (3) future 
lifetime at a given time is denoted by the time remaining until death. The expected future 
lifetime represents this. 
Survival models can be usefully viewed as (ordinary)  regression models in which the 
response variable is time. However, computing the likelihood function (needed for fitting 
parameters or making other kinds of inferences) is complicated by the censoring. The 
likelihood function for a survival model, in the presence of censored data, is the joint 
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probability of the data given the parameters of the model. It is customary to assume that the 
data are independent given the parameters. Then the likelihood function is the product of 
the likelihood of each datum.  
It is convenient to partition the data into four categories: uncensored, left-censored, right-
censored, and interval-censored, as will be discussed later. In the context of caries data 
analysis, the initial state, in addition to the birth of the subject, might represent un-erupted 
or sound tooth/surface in primary or permanent tooth, and the end state might represent a 
carious, exfoliated, restored, or extracted tooth/surface. Because oral cavity contains high 
number of primary and permanent teeth/surfaces, this results in clustering of data within 
children/subjects and thereby at least two different approaches in statistical survival 
analyses: (1) a subject specific time-dependent analysis tries to cover eventualities where 
units are subject to potential failure from multiple causes. This, however, results in 
quantification of caries in the individual and this, on the other hand, a variety of 
distributions of events in the oral cavity. (2) a tooth specific approach, in which a carious 
patient has different caries onsets in different teeth. 
Clustering is inherent in caries data, for example with surfaces clustered within teeth and 
teeth clustered within subjects. Many survival analyses also involve repeated observations 
of the same individual. Repeated observations on the same unit comprise a dependency in 
the same way that dependency arises through clustering.  
There are numerous statistical methods which take into account the dependence problem 
when caries is regarded as quantitative terms in the oral cavity as the research unit. When 
caries in each tooth is regarded as a different disease and comparisons between patients are 
performed between these individual teeth, some of the dependence problems are avoided, 
but a clinical problem arises from the fact that this approach does not follow the principles 
of ICD, because caries as a disease commits the dentition, not individual teeth. 
In short, survival analysis involves the modelling of time to event data; in this context, death 
or failure is considered an “event” in the survival analysis literature. The flexibility of a 
counting process is that it allows modelling multiple (or recurrent) events. This type of 
modelling fits very well in many situations (e.g. people can have caries multiple times even 
in the same teeth/surfaces, and restorations can be re-restored multiple times). The most 
important benefit of that system is the possibility of use retrospectively all the (huge) 
information available in real life conditions [PBD] and/or else problems due to loss of 
subjects during longitudinal trials [EPD].  

9.2 Censoring in the statistical treatment 
The observed timing of the event is not always exact which leads to “censoring” in the 
statistical analysis of longitudinal data (Lindsey and Ryan, 1998). Each subject is followed 
for a certain period of time, and the event must be censored if it did not occur at the 
completion of the follow-up or had happened before the follow-up. Though the term 
“censoring” has a negative meaning in the scientific sense, in statistics it only means that the 
observation time is not exact or that the event did not occur during the follow-up. 
If the tooth has already erupted or restored at the first examination, no exact date can be 
recorded for these events before that time. In statistical analyses such survival data are 
normally “left-censored”. If the observation period is terminated at certain point, the failure 
times of those teeth are “right-censored” after that. They may happen later but are not 
included in the analysis. If a series of examinations are conducted over a lengthy time 
“interval-censored” observations can be recorded as having occurred at the first 
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When these five lines of timing of caries onsets are combined as a cumulative summary 
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(Fig. 3D). Although the caries onset curves describe the same five teeth of the same patient 
and event, or else, five different carious patients, the slopes of these curves vary and differ 
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a tooth into a mouth, which is also called “tooth emergence”. 
Biologically the real tooth “eruption” is the movement of tooth from its position in bone to 
full occlusion. For example, the eruption time of first permanent molars covers the time 
from birth to 11-12 years of age, but their tooth  emergence time is their out-coming, around 
7 years. 
Standard survival analysis requires independent data for significance testing. Because each 
tooth in the oral cavity is dependent on each other, independence is a special problem in 
dental research. In recent years it has been recognized that survival analysis could also be 
applied to dependent data, for example in repeated observations of the same individual 
(Aalen et al., 1995). 

9. Survival analysis 
9.1 Models of survival analysis 
There are many types of models that have been used for survival analysis also in dental 
research, as discussed recently (Stephenson et al., 2010a). Some terms used in the context 
may still demand verbal description (statisticians give equations only): first (1) the survival 
function gives an estimate of the probability that the time of “death” is later than some 
specified time. The survival function is also called the survivor function or survivorship 
function in problems of biological survival, and the reliability function in mechanical 
survival problems. In the latter case, the methods of estimating survival functions are 
non-parametric in which no assumption is made about the underlying distribution, 
whether it is skewed (they are biased)  or bell-shaped. A variety of methods (non-, semi-, 
and fully parametric) of survivorship analysis have been developed. Second (2) the 
hazard function is defined as the event rate at a certain time conditional on survival until 
the same time or later. Quantities derived from the survival distributions are (3) future 
lifetime at a given time is denoted by the time remaining until death. The expected future 
lifetime represents this. 
Survival models can be usefully viewed as (ordinary)  regression models in which the 
response variable is time. However, computing the likelihood function (needed for fitting 
parameters or making other kinds of inferences) is complicated by the censoring. The 
likelihood function for a survival model, in the presence of censored data, is the joint 
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probability of the data given the parameters of the model. It is customary to assume that the 
data are independent given the parameters. Then the likelihood function is the product of 
the likelihood of each datum.  
It is convenient to partition the data into four categories: uncensored, left-censored, right-
censored, and interval-censored, as will be discussed later. In the context of caries data 
analysis, the initial state, in addition to the birth of the subject, might represent un-erupted 
or sound tooth/surface in primary or permanent tooth, and the end state might represent a 
carious, exfoliated, restored, or extracted tooth/surface. Because oral cavity contains high 
number of primary and permanent teeth/surfaces, this results in clustering of data within 
children/subjects and thereby at least two different approaches in statistical survival 
analyses: (1) a subject specific time-dependent analysis tries to cover eventualities where 
units are subject to potential failure from multiple causes. This, however, results in 
quantification of caries in the individual and this, on the other hand, a variety of 
distributions of events in the oral cavity. (2) a tooth specific approach, in which a carious 
patient has different caries onsets in different teeth. 
Clustering is inherent in caries data, for example with surfaces clustered within teeth and 
teeth clustered within subjects. Many survival analyses also involve repeated observations 
of the same individual. Repeated observations on the same unit comprise a dependency in 
the same way that dependency arises through clustering.  
There are numerous statistical methods which take into account the dependence problem 
when caries is regarded as quantitative terms in the oral cavity as the research unit. When 
caries in each tooth is regarded as a different disease and comparisons between patients are 
performed between these individual teeth, some of the dependence problems are avoided, 
but a clinical problem arises from the fact that this approach does not follow the principles 
of ICD, because caries as a disease commits the dentition, not individual teeth. 
In short, survival analysis involves the modelling of time to event data; in this context, death 
or failure is considered an “event” in the survival analysis literature. The flexibility of a 
counting process is that it allows modelling multiple (or recurrent) events. This type of 
modelling fits very well in many situations (e.g. people can have caries multiple times even 
in the same teeth/surfaces, and restorations can be re-restored multiple times). The most 
important benefit of that system is the possibility of use retrospectively all the (huge) 
information available in real life conditions [PBD] and/or else problems due to loss of 
subjects during longitudinal trials [EPD].  

9.2 Censoring in the statistical treatment 
The observed timing of the event is not always exact which leads to “censoring” in the 
statistical analysis of longitudinal data (Lindsey and Ryan, 1998). Each subject is followed 
for a certain period of time, and the event must be censored if it did not occur at the 
completion of the follow-up or had happened before the follow-up. Though the term 
“censoring” has a negative meaning in the scientific sense, in statistics it only means that the 
observation time is not exact or that the event did not occur during the follow-up. 
If the tooth has already erupted or restored at the first examination, no exact date can be 
recorded for these events before that time. In statistical analyses such survival data are 
normally “left-censored”. If the observation period is terminated at certain point, the failure 
times of those teeth are “right-censored” after that. They may happen later but are not 
included in the analysis. If a series of examinations are conducted over a lengthy time 
“interval-censored” observations can be recorded as having occurred at the first 
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examination following the event or alternatively, at the midpoint of the two last 
examinations (Aalen et al., 1995).  
Interval censored events are those that occur between two points. If the event is interpreted 
as having occurred at the first examination following the event, then information relating to 
the previous observation has been lost, and this lost of information may be significant. This 
approach is analogous to treating left-censored data as failures at the time of the first 
examination, which approach occurs in cross-sectional studies on the disease prevalence, or 
mean values of DMF-index. 
In a sense all caries related data cannot be left-censored as tooth emergence does not happen 
at birth. Interval censoring at the first examination after the event is the appropriate 
approach, unless the event of interest is tooth emergence itself. Also then, interval censoring 
to the first examination after age of two years for primary molars and after six years for any 
permanent teeth (but left censoring after age 8 years for incisors and first molars, and 14 
years for the rest permanent teeth, excluding wisdom teeth) seems to be scientifically 
acceptable in that sense that clinical experience gives some limits for tooth emergence (and 
primary tooth exfoliation) which “window” can be taken into account in recording dental 
observations. 
Thus, all caries experience studies should be interval-censored on the day of examination as 
the onset of caries. The time between examinations affects the observed and real occurrence 
times. If the interval between examinations of sound-carious or unerupted-erupted events is 
about 1 year, interval censoring at the first examination after the event seems appropriate, so 
that if a tooth was unerupted at age 6 and emerged at age 7, the observed emergence time 
can be considered to be 7 years on that subject. However, the real event has happened any 
date between 6 and 7 years, the midpoint being 6 ½ years. Both 6 ½ and 7 years are very 
close to the date reported in textbooks. 
If the examination interval is one year, a deduction of six months should be performed in 
the interval censored date/data to obtain the most probable real date on the onset of the 
event. Interval censoring to that “most probable” date is commonly used for tooth 
emergence, but as we stated above, we recommend interval-censoring at the first 
examination after the event, because both tooth eruption and caries initiation are long-
lasting events, and in this case the “relative truth” is closer than the “absolute truth” on the 
correct timing of caries initiation: If the examination interval is one year, in the 
determination of caries onset, a deduction of half a year should be performed both from the 
tooth emergence time and onset of caries. This deduction is unnecessary if caries onset is 
determined from the tooth emergence. Exfoliation or extraction of any primary or 
permanent tooth should result in right censoring of any event in these teeth after their 
exfoliation/extractions. 

9.3 Patient specific failure intensities 
The failure rate may vary between patients, but also between teeth, some having a high 
failure rate and others a lower one. For each patient or tooth an intensity of failure or hazard 
rate can be defined. To obtain a picture of the intensity, it is useful to estimate the 
cumulative intensity (cumulative hazard rate). The hierarchical nature of the caries data 
inside the oral cavity results in clustering within children and can be accounted for by 
formulating the model as performed recently by Stephenson et al.  (2010a). Hierarchical 
model structures of analyzing caries data, in which surfaces are assumed to be nested within 
individuals, have been observed to be appropriate (Burnside et al., 2006). 
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The interpretation of these plots is that the intensities of failure can be estimated from the 
slopes of the curves. Some of them rise/fall rapidly, (depending on whether they are drawn 
upward or downward), indicating a high failure rate while others rise/fall more slowly, 
indicating a lower failure rate. The plots for some individuals are flat, meaning that no 
failures have been observed.  
The direction of the curve depends on the function it represents and the data being 
modeled, but mathematically the direction of the curve is insignificant. Because the hazard 
function often increases but the survivor function decreases over time, the direction of 
hazard rate is normally drawn upward, while survival function downward, with the 
exception of the expected future lifetimes, which are normally drawn upward. 

9.4 Survival analysis in evidence-based dentistry 
The first study utilizing survival analysis methods by calibrated examiners is the classic 
study of Carlos and Gittelsohn (1965). Their report was based on a clinical trial of children 
aged 4-18 years at baseline and conducted in two towns in the state of New York, USA in 
the 1940’s. They applied life table estimates of logarithmic failure intensities separately to 
different teeth. Some of their results can be questioned: First, the follow-up time was 
divided into four-month computational intervals, in which interval-censored occurrence 
times were denoted to have taken place at the mid-points of the dental examination interval, 
but left-censoring so that all permanent teeth that had erupted before the first clinical 
examination, was conducted leaving only 2104 children out of 7400 to be analyzed in the 
data set. This resulted in systematic biases (Härkänen et. al., 2002), because many caries-
prone teeth were left-censored. 
Since then, survival analysis methods have been applied to reanalyzing the longitudinal 
caries data in many other clinical trials, too (Hannigan et al., 2001, Hujoel et al., 2003, 
Baelum et al., 2003).  All these large-scale time dependent analyses of caries data have 
employed fully parametric tooth-specific methods in permanent dentitions. Recently, 
multivariate multilevel parametric survival models were also applied at tooth surface level 
to the analysis of the sound-carious and sound-exfoliation transitions to which first and 
second primary molar surfaces were subject (Stephenson et al., 2010a). The highest rate of 
occurrence and lowest median survival times were observed to be associated with occlusal 
surfaces of children from poor socio-economic class in non-fluoridated areas.  
Survival analysis methods have also applied to the analysis of how rapidly dental caries 
progresses (Shwartz et al., 1984a,b) as also seen in prospective radiographic studies (Mejare 
et al., 1999) or oral health surveys by calibrated examiners (Leroy et al., 2005a,b). When 
more sophisticated survival analyses are conducted e.g. with clinical trials in which different 
variables and cofactors are determined in the EBD-fashion, multivariate survival methods, 
like the semiparametric Cox-regression are conducted. In these cases the variables and their 
impact and timing is carefully determined. In addition to the complexity of modeling 
multivariate survival data, the disease itself (dental caries) further complicates the analysis 
because of the causality. 
Fully parametric regression models are widely used for the sound- carious transitions inside 
the oral cavity, where tooth surfaces are clustered within children, and such methods are 
preferred in many caries data analyses (Hannigan et al., 2001, Baelum et al., 2003, Leroy et 
al., 2005a,b, Stephenson et  al., 2010). In particular for the interval-censored data, parametric 
modeling is preferred to non-fully parametric models such as the Cox proportional hazards 
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examination following the event or alternatively, at the midpoint of the two last 
examinations (Aalen et al., 1995).  
Interval censored events are those that occur between two points. If the event is interpreted 
as having occurred at the first examination following the event, then information relating to 
the previous observation has been lost, and this lost of information may be significant. This 
approach is analogous to treating left-censored data as failures at the time of the first 
examination, which approach occurs in cross-sectional studies on the disease prevalence, or 
mean values of DMF-index. 
In a sense all caries related data cannot be left-censored as tooth emergence does not happen 
at birth. Interval censoring at the first examination after the event is the appropriate 
approach, unless the event of interest is tooth emergence itself. Also then, interval censoring 
to the first examination after age of two years for primary molars and after six years for any 
permanent teeth (but left censoring after age 8 years for incisors and first molars, and 14 
years for the rest permanent teeth, excluding wisdom teeth) seems to be scientifically 
acceptable in that sense that clinical experience gives some limits for tooth emergence (and 
primary tooth exfoliation) which “window” can be taken into account in recording dental 
observations. 
Thus, all caries experience studies should be interval-censored on the day of examination as 
the onset of caries. The time between examinations affects the observed and real occurrence 
times. If the interval between examinations of sound-carious or unerupted-erupted events is 
about 1 year, interval censoring at the first examination after the event seems appropriate, so 
that if a tooth was unerupted at age 6 and emerged at age 7, the observed emergence time 
can be considered to be 7 years on that subject. However, the real event has happened any 
date between 6 and 7 years, the midpoint being 6 ½ years. Both 6 ½ and 7 years are very 
close to the date reported in textbooks. 
If the examination interval is one year, a deduction of six months should be performed in 
the interval censored date/data to obtain the most probable real date on the onset of the 
event. Interval censoring to that “most probable” date is commonly used for tooth 
emergence, but as we stated above, we recommend interval-censoring at the first 
examination after the event, because both tooth eruption and caries initiation are long-
lasting events, and in this case the “relative truth” is closer than the “absolute truth” on the 
correct timing of caries initiation: If the examination interval is one year, in the 
determination of caries onset, a deduction of half a year should be performed both from the 
tooth emergence time and onset of caries. This deduction is unnecessary if caries onset is 
determined from the tooth emergence. Exfoliation or extraction of any primary or 
permanent tooth should result in right censoring of any event in these teeth after their 
exfoliation/extractions. 

9.3 Patient specific failure intensities 
The failure rate may vary between patients, but also between teeth, some having a high 
failure rate and others a lower one. For each patient or tooth an intensity of failure or hazard 
rate can be defined. To obtain a picture of the intensity, it is useful to estimate the 
cumulative intensity (cumulative hazard rate). The hierarchical nature of the caries data 
inside the oral cavity results in clustering within children and can be accounted for by 
formulating the model as performed recently by Stephenson et al.  (2010a). Hierarchical 
model structures of analyzing caries data, in which surfaces are assumed to be nested within 
individuals, have been observed to be appropriate (Burnside et al., 2006). 

 
Classical and Modern Methods in Caries Epidemiology 

 

141 

The interpretation of these plots is that the intensities of failure can be estimated from the 
slopes of the curves. Some of them rise/fall rapidly, (depending on whether they are drawn 
upward or downward), indicating a high failure rate while others rise/fall more slowly, 
indicating a lower failure rate. The plots for some individuals are flat, meaning that no 
failures have been observed.  
The direction of the curve depends on the function it represents and the data being 
modeled, but mathematically the direction of the curve is insignificant. Because the hazard 
function often increases but the survivor function decreases over time, the direction of 
hazard rate is normally drawn upward, while survival function downward, with the 
exception of the expected future lifetimes, which are normally drawn upward. 

9.4 Survival analysis in evidence-based dentistry 
The first study utilizing survival analysis methods by calibrated examiners is the classic 
study of Carlos and Gittelsohn (1965). Their report was based on a clinical trial of children 
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the 1940’s. They applied life table estimates of logarithmic failure intensities separately to 
different teeth. Some of their results can be questioned: First, the follow-up time was 
divided into four-month computational intervals, in which interval-censored occurrence 
times were denoted to have taken place at the mid-points of the dental examination interval, 
but left-censoring so that all permanent teeth that had erupted before the first clinical 
examination, was conducted leaving only 2104 children out of 7400 to be analyzed in the 
data set. This resulted in systematic biases (Härkänen et. al., 2002), because many caries-
prone teeth were left-censored. 
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caries data in many other clinical trials, too (Hannigan et al., 2001, Hujoel et al., 2003, 
Baelum et al., 2003).  All these large-scale time dependent analyses of caries data have 
employed fully parametric tooth-specific methods in permanent dentitions. Recently, 
multivariate multilevel parametric survival models were also applied at tooth surface level 
to the analysis of the sound-carious and sound-exfoliation transitions to which first and 
second primary molar surfaces were subject (Stephenson et al., 2010a). The highest rate of 
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like the semiparametric Cox-regression are conducted. In these cases the variables and their 
impact and timing is carefully determined. In addition to the complexity of modeling 
multivariate survival data, the disease itself (dental caries) further complicates the analysis 
because of the causality. 
Fully parametric regression models are widely used for the sound- carious transitions inside 
the oral cavity, where tooth surfaces are clustered within children, and such methods are 
preferred in many caries data analyses (Hannigan et al., 2001, Baelum et al., 2003, Leroy et 
al., 2005a,b, Stephenson et  al., 2010). In particular for the interval-censored data, parametric 
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model (Leroy et al., 2005a), and parametric models may lead to more precise inferences than 
those arising from semiparametric methods (Baelum et al., 2003).The log-logistic 
distribution selected for the parametric competing risk models was parameterized in an 
accelerated failure time setting and was found to describe caries data well in permanent 
dentition (Hannigan et al., 2001). 
Leroy et al., (2005a,b) used multivariate survival analysis for the identification of factors, like 
caries in primary molars, with cavity formation of first permanent molars in a follow-up 
study with the EBD-fashion. Stephenson et al (2010a) reported that socio-economic class, 
fluoridation status and surface type (occlusal vs. all other) were found to be the strongest 
predictors of caries in primary molars. They applied multilevel competing risks 
methodology to identify factors associated with caries occurrence in the presence of 
concurrent risk of exfoliation, but not the effect of different emergence times between the 
first and second primary molars. The concurrent risk of exfoliation was shown to reduce 
the distinction in survival experience between different types of surfaces and children in 
different socio-economic class or fluoridation status. All these studies used multiple teeth 
as indicators or predictors but Stephenson et al.,  (2010a) fund that clustering of data had 
little effect on inferences of parameter significance. They also reported that treatment by 
restoration was found to be significantly associated with survival with respect to 
extraction, with survival rates of over 80% at 14 years, double those of untreated teeth 
(Stephenson et al 2010b).  However, only a few, if any, primary molars are in the oral 
cavity on that age.  
Is dental caries a general disease (=dental caries with cavities in different teeth is like 
osteoporosis with fractures in different bones) or a local disease like are fractures (due to 
external breaks) in different bones. If it is a “local disease”, it is a microbial disease in 
molars, incisors, canines, and/or in fissures, smooth surfaces, etc, perhaps by different 
microbes.  If caries is a “general disease”, host factors (like salivary secretion rate, resistance 
of dentition to caries, and developmental status of different teeth) may be the primary 
aetiological factors. To compare these possibilities, sophisticated statistics may determine 
the modeling of the hazard function or the survivor function. Interpretation of the shapes of 
the curves may even help in the determining the nature of caries disease: general or local, 
which is not fully analyzed yet. 

9.5 Survival analysis in practice-based dentistry 
Today, the use of digital dental records, in which the observations are made on tooth surface 
level, and the interval of examinations is predetermined to be, for example, one year, 
automatically creates huge datasets, which can be used for prospective scientific analyses, 
too. In these datasets the problem is the registration of caries: it does not meet the 
requirement of calibrated observations though observations of especially amalgam 
restorations and missing teeth are very accurate, but unfortunately, the “past caries 
experience” leading to either restoration or extraction is, again, un-exact, because they are 
always conducted by uncalibrated examiners and they may change over time, as discussed 
previously (Larmas, 2010a).  
An example of this kind of arbitrary is the observation of Korhonen et al., (2009) who 
reported that practicing dentists (N= more than 100) found regularly significantly more 
carious lesions in their new patients than in their old patients (N= more than 100.000) after 
the age of 20 years during the 10-15 years follow-up time, which was the digital era of the 
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Finnish public dental. This difference between old and new patients was so distinct that 
even the mean values revealed it, but more sophisticated statistical methods are needed 
when the effect of various cofactors on un-calibrated caries assays are reliably analyzed. 
Nobody really knows how much the variation of caries diagnosis of new and old patients 
has effect on the present DMF values. 
The tooth-specific system has been used in longitudinal (retrospective) analyses of caries 
onsets as seen in normal dental records i.e. in PBD. In these studies one tooth (only) is 
treated as an indicator of dental health of that oral cavity and these teeth are compared to 
their counterparts in other subjects (Larmas et al., 1995, Virtanen and Larmas, 1995, Suni et 
al., 1998, Härkänen et al., 2000, Ollila and Larmas, 2007). All these studies used the non-
parametric Kaplan-Meier method or Bayesian analysis for comparing the tooth-specific 
survival data.  
The non-parametric methods have been used for the determination of the survival time of 
each tooth remaining caries-free, either from the tooth emergence (Virtanen and Larmas, 
1995, Suni et al., 1998) or from the birth of the subject up to 20 years of age (Leskinen et al., 
2008a). The results show that onset of caries occurs immediately after tooth emergence in 
first and second molars, equally on left and right sides (probably indicating that caries 
commits these two molar teeth at the same time on the left and right sides), but caries onsets  
on maxillary and mandibular molars differ (significantly), mandibular molars  being more 
caries prone. All canines and mandibular incisors do not commit caries under 20 years of age 
(Korhonen et al., 2003), whereas maxillary incisors and all premolars commit caries, but only 
some years (termed lag phase) after the tooth emergence (Virtanen and Larmas, 1995). 
A summarized curve of teeth erupting during the first and second phases of tooth 
emergence is also obtained in order to reveal if carious prone circumstances exist during the 
whole transitional phase of permanent tooth eruption. Teeth that emerged at the first 
transitional phase (incisors and first molars) at 6 – 8 yrs of age may have different shapes of 
survival curves than those teeth that emerge during the second mixed dentition period 
(premolars and second molars) four-five years later (Korhonen et al., 2003). This explains 
why the DMF-index ages of the WHO are 12 years old (end of the first mixed dentition 
period), 15 years (end of second mixed dentition period), and in adults, but in the latter case 
with a very large age scales, 35-55, and 65-74 years (WHO, 1997).  
Comparison on caries onsets in sealed and unsealed fissures revealed that the onset of caries 
in sealed fissures was less than that of unsealed molars, but not in premolars, and sealing of 
first molars of very caries active subjects (caries in first permanent molars before age 8 years) 
was not enough for the prevention of caries in other (non-sealed) first molars, but 
restoration was performed in these unsealed molars before age 10 years (Leskinen et al., 
2008b).  
The variation of intensities between patients can be analyzed by means of the  “frailty” type 
model also in non-parametric models (Clayton and Cuzick, 1985). The intensity of frailty of 
a particular individual can be determined by a frailty or mixing variable that is a random 
variable for the population of individuals. Hence any given individual has a specific frailty. 
Those with a large value have a high rate of failure (they are caries prone) while those with a 
small value have a small rate of failure (are caries resistant). The idea is that individuals or 
even different tooth types may have different frailties, and caries prone/active 
subjects/teeth will have more caries than caries resistant.  
Härkänen et al., (2000) applied Bayesian analysis and frailty model so that the baseline 
intensity functions were modeled non-parametrically, and the frailty component was 
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model (Leroy et al., 2005a), and parametric models may lead to more precise inferences than 
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fluoridation status and surface type (occlusal vs. all other) were found to be the strongest 
predictors of caries in primary molars. They applied multilevel competing risks 
methodology to identify factors associated with caries occurrence in the presence of 
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the curves may even help in the determining the nature of caries disease: general or local, 
which is not fully analyzed yet. 

9.5 Survival analysis in practice-based dentistry 
Today, the use of digital dental records, in which the observations are made on tooth surface 
level, and the interval of examinations is predetermined to be, for example, one year, 
automatically creates huge datasets, which can be used for prospective scientific analyses, 
too. In these datasets the problem is the registration of caries: it does not meet the 
requirement of calibrated observations though observations of especially amalgam 
restorations and missing teeth are very accurate, but unfortunately, the “past caries 
experience” leading to either restoration or extraction is, again, un-exact, because they are 
always conducted by uncalibrated examiners and they may change over time, as discussed 
previously (Larmas, 2010a).  
An example of this kind of arbitrary is the observation of Korhonen et al., (2009) who 
reported that practicing dentists (N= more than 100) found regularly significantly more 
carious lesions in their new patients than in their old patients (N= more than 100.000) after 
the age of 20 years during the 10-15 years follow-up time, which was the digital era of the 

 
Classical and Modern Methods in Caries Epidemiology 

 

143 

Finnish public dental. This difference between old and new patients was so distinct that 
even the mean values revealed it, but more sophisticated statistical methods are needed 
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introduced by using cross-validation techniques by assuming a hierarchical gamma prior 
especially to find the ages at which the intensity model can provide better predictions than 
the simple models using DMFS-index values. 
Later it appeared that it was necessary to relax the time-independence assumption of the 
individual frailties due to changes of habits related to oral health and oral environment, 
presence vs. absence of open cavities which factors can affect the infection process, and 
changes in the ways of actions of dentists who treated the patients (Härkänen et al., 2000). 
They observed that the most difficult age interval appeared to be from 8 to 10 years and they 
believed that the most obvious reason for that is the fact that first molars erupt around 7 
years and the high risk surfaces of these teeth are soon after their emergence, and therefore 
very few surfaces of high risk are left after age 8 years. This novel observation contradicts 
that textbook information by Carlos and Gittelsohn (1965) that molar teeth (as most other 
teeth) are most vulnerable to caries 2- 2½ years after tooth emergence, which probably is 
due to the heavy left-censoring of the data as discussed before. 

9.6 Advantages of survival analysis 
As Hannigan (2004) stated in her excellent review of TTE methods of the use of survival 
time as the outcome measure in caries, the additional statistical system provides an 
approach that can be understood easily by everyone. She stated that the most common 
approaches to modeling multivariate survival data scientifically include: 1) using the time to 
the first event in the patient as the survival time while ignoring the multiplicity, 2) 
conditional models, such as the frailty model, which include a random per-subject effect, 
and 3) the marginal models approach. 
When the methodology proposed here is either subject or tooth (surface) based, it uses all 
the data collected during the clinical treatment of the patient during his/her lifetime in the 
PBD, or calibrated data in clinical trials or prevalence studies [EBD]. It includes data 
collected at the clinical examinations and data from subjects in intermediate examinations as 
long as the subjects are visiting that dental office or attended the trial, but censoring can be 
accounted, too. The results of the analysis are easily interpreted with the use of survival 
curves and median survival times.  
Survival modeling has mainly used in the renewed statistical treatment of the findings of 
previous caries trials, the results showing that the differences existed also when using   more 
sophisticated survival analysis. Hujoel et al., (2003) established the benefits of xylitol with 
Poisson regression models and Hannigan et al., (2001) who reanalyzed the effect of diet and 
tooth brushing habits by the log-logistic distribution selected for the parametric competing 
risk models, showed a good fit to the caries data. She concluded that the marginal model 
approach may be more suitable than the frailty model for multivariate survival data from 
caries clinical trials, since most of the source of variability is due to different anatomic 
susceptibilities of the tooth surfaces (caries may be regarded as a local disease in different 
teeth) rather than to the specific subject – specific frailty (caries is a general disease in caries 
prone subjects, like is osteoporosis with fractures). 
Computationally, the marginal model approach is easier to implement with standard 
software packages.  
The results of sophisticated TTE studies on caries onsets in different teeth can be 
summarized: caries commits erupting molar teeth especially immediately after tooth 
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emergence (even in months), all other teeth have a “lag-phase” of several years after their 
emergence (Virtanen and Larmas, 1995), the length of which in all canines and mandibular 
incisors is not known in any country, however, more than 15 years. Is the different behavior 
of individual teeth due to their different time independent “frailties” and/or must the time-
independence of the individual frailties relaxed so that teeth during primary dentinogenesis 
have different “frailty” than the same teeth during the secondary dentinogenesis. In this 
case the statistical “frailty” may be connected to the biological “young” odontoblast versus 
“old” odontoblast context, or odontoblast/ odontocyte terminology, as discussed recently 
(Larmas, 2008). 
The survival analysis is usually time consuming and the most modern frailty-based 
approach supplemented with empirical estimates demands plenty of computer capacity, 
and is thus suitable for scientific analyses of longitudinal clinical trials in evidence based 
dentistry [EBD]. A simplified empirical approach for the determination of lifetime of sound 
tooth and tooth surfaces should be developed for the clinical practice [PBD], which could be 
fully automatically been performed when digital dental records are available. For that 
purpose either subject-specific or tooth-specific approach seems appropriate from the 
statistical point of view. When the cumulative values are used (separately for D, M, or F) 
survival analysis principles (instead of dividing the subjects afterwards into age cohorts) are 
recommended for counting the means of the different dental index values of the subjects as 
a function of age fully automatically from the digital dental records (Korhonen et al., 2007) 
or survival of teeth caries-free in different health centres (Korhonen et al., 2003).  Thereby 
modern TTE analyses have a link to previous epidemiological observations on mean and 
median values as well as results of clinical trials. 

10. Conclusions 
The most serious problem in caries epidemiology today is the use of certain index values, 
which try to combine (1) the past and present at the same time, which is impossible, (2) treat  
dental caries, but also restorations and extractions as “diseases” due to caries, which is also 
impossible , and (3) try to determine the seriousness of the disease inside the patient in 
quantitative terms, all of which procedures do not follow the practices in epidemiology: 
subjects are either healthy or have one or many different diseases, but never many diseases 
with the same ICD-classification. This dental practice has left the real caries prevalence un-
determined all over the world, though mean DMF-index values are reported worldwide in 
thousands of publications. 
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1. Introduction 
The oral health of children 12 years old is the object of several epidemiological studies 
conducted around the world. According to the World Health Organization (WHO, 1997), 
the importance given to this age group is due to the fact that it is this age that children leave 
primary school. Thus, in many countries, is the last age at which data can be easily obtained 
through a reliable sample of the school system. Moreover, it is possible that at this age all 
the permanent teeth except third molars, have already erupted. Thus, the age of 12 was 
determined as the age of global monitoring of caries for international comparisons and 
monitoring of disease trends. 
Even considering the large number of scientific evidence from several epidemiological 
studies in schoolchildren worldwide, the majority are regional studies. In addition, the 
information is too outdated for some countries, which does not make easy international 
comparison. The index that measures the number of permanent teeth decayed, missing and 
filled teeth (DMFT) is the common outcome for such studies. 
Although there are differences in both the sampling plan and the types of individual 
attributes collected at different times in history, epidemiology has been developing 
epistemological and methodological tools that allow revisit both old and recent data in 
order to understand the influence of environmental characteristics on individual outcomes, 
seeking correct the effect of aggregate, also known as ecological fallacy (Moreira & Nico, 
2010). At the same time, the use of Geographic Information Systems (GIS) and statistical 
methods have allowed a more sophisticated processing of data since the observations are 
given an adequate spatial analysis. 
As for the health-disease process, perceiving it as a historical phenomenon, the health 
situation of a given society is the result of models of health care employees in the past. 
The interest in developing appropriate methodologies for knowledge and monitoring of social 
inequalities health has grown around the world. Area until recently restricted to a few 
academic groups, now finds conditions of highest use by health system managers, as a 
powerful instrument for establishing priorities agendas and evaluate the impact of adopted 
policies.  
The global oral health database is currently being developed as part of the WHO Global 
InfoBase and it provides for the outcome evaluation of national and community oral health 
promotion and disease prevention programmes. The data stimulate providers of oral health 
care in countries and health authorities to implement preventive oral care programmes by 
sharing experiences and ensures data for adjustment of ongoing programmes. Oral health 
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status of target population groups is monitored worldwide and linked with selected chronic 
diseases and common risk factors. 
High quality health statistics are essential for planning and implementing health policy in 
all country settings. The Infobase assembles, for the first time in one place, non-
communicable disease (NCD) risk factor data collected from WHO Member States. NCD 
risk factor data are crucial for predicting the future burden of chronic diseases in 
populations and also for identifying potential interventions to reduce the future burden. 
The aim of this study is to describe the dental caries status of countries that are part of the 
WHO regions. 

2. Methods  
This research can be classified as an ecological study (Costa & Nadanovsky, 2005), as it takes 
to investigate aggregate data. Ecological studies are those using measured values for 
population groups rather than individuals. In them, a description and analysis are referred 
to the mean exposure and the prevalence in geopolitical units considered. They have a 
lower cost, simplicity and easy analytical process in relation of the ethical aspects. It is 
extremely useful for the evaluation of policies, programs and interventions in health 
(Peres & Antunes, 2006). The unit of analysis were the WHO member countries. Analyses 
were performed in each of the six WHO regions: the Americas (AMRO), Africa (AFRO), 
South East Asia (SEARO), Europe (EURO), Eastern Mediterranean (EMRO) and Western 
Pacific (WPRO). Figure 1 shows the spatial distribution of the six WHO regions in the 
world. 
We used data of dental caries, expressed by the DMFT index at 12 years-old. These data 
were provided by WHO Oral Health Country / Area Profile Programme (CAPP). The 
"CAPP" was established at the WHO Collaborating Centre for Education, Training and 
Research at the Faculty of Odontology, Malmö, Sweden, in 1995. Before that, extensive 
consultations had taken place with the WHO Noncommunicable Diseases Cluster, Geneva, 
and with several WHO Collaborating Centres, organizations and individuals around the 
world. The objective is to present information on dental diseases and oral health services for 
various countries/areas. The data are publicly accessed at the site 
http://www.mah.se/CAPP. 
Thus, thematic maps were constructed to show the spatial distribution of the dental caries 
in the world. Measures of association such as Relative Risk (RR) and Population 
Attributable Risk (PAR) were made. The main results were presented through charts and 
graphs. 
Relative Risk (RR) consists of a ratio between rates of each class variable and an arbitrary 
reference value. In the analysis was taken as reference value the average of the  
WHO regions, thus evaluating how much each country is away from the mean (values 
above 1 showed an excess and values below 1 showed a lack in relation to the regional 
average).  
Population Attributable Risk (PAR) is the relative difference between each of the 
proportional units of analysis and an arbitrary reference value, which in this study refers to 
the average of each region. It is intended to measure the impact it would have on the 
indicator considered the reduction of inequality between each value and the reference value. 
It can also be taken as a goal to guide interventions.  
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Fig. 1. Spatial distribution of the six WHO regions in the world.  
Source: WHO (http://www.who.int/about/regions/en/index.html) 
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cavitated lesions, demineralization can be reversed by calcium and phosphate, together 
with fluor, a result of new deposits on the remnants of crystals (tooth enamel). The new 
mineral crystal surface is much more resistant to acid when compared with the original 
hydroxyapatite (tooth enamel). The process of de-and remineralization cavitation occur 
daily, leading to cavitation, repair, reversal or maintaining the status quo (Featherstone, 
2004). 

3. Distribution of caries in the world 
Was analyzed data on DMFT index in 190 countries that are part of WHO's regions. The 
year in which data were available showed that, on average, the studies were of 1997. Half 
of the studies was of 1998. Were seen studies ranging from the year 1973 until the year 
2008. 
With respect to the DMFT index, the average worldwide was 2.11 (± 1.32). Half the country 
had about 1.8 teeth decayed, missing or filled. Values ranged from 0.2 to 7.8. Figure 2 shows 
the distribution of countries according to the year of study and the DMFT index. 
Figures 3 and 4 show, respectively, the RR and PAR according to the six WHO regions, 
with reference to the world average. It is observed that the American Region (AMRO)  
and the Europe Region (EURO) present a risk of 1.14 and 1.10 times higher than the 
average in the world, representing an average increase in PAR by 14% and 10%, 
respectively. AFRO region was with a 19% lower risk compared to the average of all 
countries surveyed. 
Figure 5 shows the spatial distribution of caries at 12 years-old in the world according to 
quartiles. There were high DMFT indices in most countries of South America, Northern 
Europe and South Asia. Interestingly, a significant proportion of African countries have low 
rates of caries. 
 

   
Fig. 2. Distribution of the world's countries according to the year of the study and the DMFT 
index 
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Fig. 3. Relative risk for dental caries according to WHO regions 
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Fig. 5. Spatial distribution of the dental caries (12-years-old) in the world according to 
quartiles 
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4. Distribution of dental caries according to WHO regions 
4.1 WHO African Region (AFRO) 

 

 
The WHO African region have 46 countries. However, it was possible to find oral health 
data for 40 countries. Analyzing the available studies regarding the year, there was a 
downgrade of the data. Half of the information was stemmed by the year 1992, also 
representing the average year of the surveys. The data ranged from 1977 to 2004.  
Figure 6 shows the distribution of countries according to the year of study and the DMFT index. 
With respect to the DMFT index, there was an average of 1.7 (± 1.3). Considering the goals 
set by WHO and the Fedération Dentaire Internacionale (FDI, 1982) of a DMFT of three for 
the year 2000, it is observed that the African region achieved these results even before the 
deadline. In this way, at least with respect to decay, the region does not present a precarious 
scenario. The index ranged from 0.3 to 5.5. Half of the countries had a index of 1.3. Figure 7 
shows the values of DMFT according to the countries of the African region.  
Figure 8 shows the spatial distribution of Relative Risk of each country in relation to the 
regional average. Analyzing the RR, it was found that Mozambique had a risk 3.2 times 
higher than the average for the region. Tongo and Tanzania already had PAR 82.5% lower 
than the regional average.  
 

 
Fig. 6. Distribution of the AFRO countries according to the year of the study and the DMFT 
index 



 
Oral Health Care – Pediatric, Research, Epidemiology and Clinical Practices 

 

154 

 
Fig. 5. Spatial distribution of the dental caries (12-years-old) in the world according to 
quartiles 

 
Epidemiology of Dental Caries in the World 

 

155 

4. Distribution of dental caries according to WHO regions 
4.1 WHO African Region (AFRO) 

 

 
The WHO African region have 46 countries. However, it was possible to find oral health 
data for 40 countries. Analyzing the available studies regarding the year, there was a 
downgrade of the data. Half of the information was stemmed by the year 1992, also 
representing the average year of the surveys. The data ranged from 1977 to 2004.  
Figure 6 shows the distribution of countries according to the year of study and the DMFT index. 
With respect to the DMFT index, there was an average of 1.7 (± 1.3). Considering the goals 
set by WHO and the Fedération Dentaire Internacionale (FDI, 1982) of a DMFT of three for 
the year 2000, it is observed that the African region achieved these results even before the 
deadline. In this way, at least with respect to decay, the region does not present a precarious 
scenario. The index ranged from 0.3 to 5.5. Half of the countries had a index of 1.3. Figure 7 
shows the values of DMFT according to the countries of the African region.  
Figure 8 shows the spatial distribution of Relative Risk of each country in relation to the 
regional average. Analyzing the RR, it was found that Mozambique had a risk 3.2 times 
higher than the average for the region. Tongo and Tanzania already had PAR 82.5% lower 
than the regional average.  
 

 
Fig. 6. Distribution of the AFRO countries according to the year of the study and the DMFT 
index 



 
Oral Health Care – Pediatric, Research, Epidemiology and Clinical Practices 

 

156 

 

 
Fig. 7. Distribution of DMFT according to the countries of the African region 

 

 
Fig. 8. Spatial distribution of Relative Risk of DMFT in relation to the average for the African 
region 
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4.2 WHO Region of the Americas (AMRO)  
 

 
The regional of the Americas have 47 countries. However, only 40 countries had data on 
caries at 12 years-old. 
Just as the average, half of the studies was available in 2000. Although more recent data 
than Africa, the results are given with more than 10 years, making it difficult to capture a 
more current data. The studies ranged from 1987 to 2008. Figure 9 shows the distribution 
of studies according to the year in which they were made and according to the DMFT 
index.  
The DMFT index showed an average of 2.4 (± 1.4). Half of the countries had DMFT equal 
to 2.1. Figure 10 shows the ranking of countries according to the DMFT of the Americas. 
With the highest levels found in Ecuador and Martinique (6.3 and 5.2, respectively). Belize 
and Haiti had low (0.60 and 0.65 respectively). Figure 11 shows the spatial distribution of 
the countries of the Americas according to relative risk, with reference to the regional 
average. 
 

 
Fig. 9. Distribution of the AMRO countries according to the year of the study and the DMFT 
index  
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Fig. 10. Distribution of DMFT according to the countries of the Americas 

 

 
Fig. 11. Spatial distribution of relative risk of DMFT in relation to the average for the 
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4.3 WHO Region of South East Asia (SEARO) 
 

 
The Southeast Asian region consists of 11 countries. Only one country (East Timor) had no 
data on dental caries at 12 years-old. 
The average years of studies completed was 1999. But half of the studies were of 2001. The 
studies ranged from 1984 to 2008. Figure 12 shows the distribution of studies according to 
the year in which they were made and according to the DMFT index.  
The DMFT index showed an average of 1.95 (± 1.24) and a median of 1.65. The minimum 
and maximum values were 0.50 to 3.94, respectively. 
Figure 13 shows the PAR of caries, with reference to the regional average. It was observed 
that India and Thailand respectively show a PAR of 101.84% and 89.55% more caries 
compared to the reference value. Nepal and Sri Lanka had the lowest risk being about 74% 
and 54% less in relation to the regional average, respectively.  
Figure 14 shows the map with the RR of the region. It was observed that India, Thailand, 
Indonesia and Korea are in the categories of risk (RR> 1.00) for the highest DMFT.  
 

 
Fig. 12. Distribution of the SEARO countries according to the year of the study and the 
DMFT index 
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Fig. 13. PAR caries according to the countries in the SEARO Region 
 

 
Fig. 14. Spatial distribution of relative risk of DMFT in relation to the average for the region 
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4.4 WHO European Region (EURO) 
The European region comprises 53 countries. Data from 51 countries on dental caries in 
schoolchildren 12 years-old were available. 
The average publication year was 1998. Half of the studies were of the year 2000. The 
surveys ranged from the years 1973 to 2008. The mean DMFT index was 2.3 (± 1.3). Half of 
the countries in the region of Europe had 2.2 teeth decayed, missing or filled teeth. The 
index ranged from 0.7 to 7.8. 
Figure 15 shows the distribution of studies according to the year in which they were made 
and according to the DMFT index. 
Figure 16 shows the distribution of countries according to the PAR. It was observed that 
most Western European countries have lower risks compared to the regional average.  
 

 
Fig. 15. Distribution of the EURO countries according to the year of the study and the DMFT 
index  
 

 
Fig. 16. Spatial distribution of PAR from the average for the Euro Region 
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Fig. 17. RR caries according to the countries of the Euro Region 
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Regarding the relative risk observed in Figure 17, it was found 24 European countries with a 
rate of decay higher than the average for the region. Among them were Serbia, Montenegro 
and Ukraine, being the first two countries with risk of 3.4 and the last with a risk 1.9 times 
higher than the regional average. The countries with the lowest rates were United Kingdom, 
Germany and Denmark with a relative risk around 0.3.  

4.5 WHO Eastern Mediterranean Region (EMRO) 
 

 
Comprising the EMRO region 21 countries. Data on caries was available for 20 countries, 
only Quatar did not provide data. 
Both the mean and the median date of the studies was 1998. The researches ranged from 
1987 to 2008. The average DMFT index found in the region was 2 (± 1.3). Half of the 
countries had a index of 1.6 and the values ranged from 0.4 to 5.9.  
Figure 18 shows the distribution of studies according to the year in which they were made 
and according to the DMFT index. Figure 19 shows the ranking of countries according to the 
DMFT. It is observed that only four countries (20%) had higher values than the target 
recommended by WHO in 2000 (DMFT = 3). They are: Saudi Arabia, Lebanon, Jordan and 
Yemen. 
 

 
Fig. 18. Distribution of the EMRO countries according to the year of the study and the 
DMFT index 
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Fig. 19. Distribution of DMFT according to the countries of the EMRO region 

Figure 20 shows the map of the spatial distribution of relative risk (RR) with reference to the 
regional average. Saudi Arabia presented a RR three times higher than the regional average, 
followed by Lebanon and Jordan with RR of 1.7. Egypt and Sudan appeared to countries 
with lower risks, respectively, 0.20 and 0.25 and Libya with RR of 0.45. 
 
 

 
 

Fig. 20. Spatial distribution of RR in relation to the average DMFT for the EMRO region 
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4.6 WHO Western Pacific Region (WPRO) 
 

 
The WPRO comprises 27 countries. Data on caries was available for 24 countries in the 
region.  
The studies, on average, were from the years of 1998 and half of them were developed in 
1997. The researches ranged between 1984 and 2007. With respect to the DMFT index, the 
average for the region was 1.93 (± 0.9). Half of the countries had an index of 1.75. DMFT 
values ranged from 1 to 5. 
Figure 21 shows the distribution of studies according to the year in which they were made 
and according to the DMFT index. Figure 22 shows the values of the PAR. It may be noted 
that six countries had a higher risk with reference to the regional average. Brunei 
Darussalam had an increase of 127% in the risk of caries, followed by the Republic of Korea 
and Tonga (both with an increase of 47%), Philippines (37%), Solomon Islands (28%) and 
Samoa (18%). Singapore, Kiribati, China and Australia showed a 52% lower risk compared 
to the reference value.  
Figure 23 shows the map of the RR with reference to the regional average. There is more risk 
in the Philippines, Korea, Mongolia and Vietnam. 
 

     
Fig. 21. Distribution of the WPRO countries according to the year of the study and the 
DMFT index 
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Fig. 22. PAR caries according to the countries of the WPRO Region 

 

 
Fig. 23. Spatial distribution of relative risk of DMFT in relation to the average for the region 
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5. Discussion  
The reduced level of caries in schoolchildren of 12 years-old is quite visible in the period 
and has been the subject of several other studies. This reflects the very recommendation of 
WHO to monitor the DMFT index at age 12. It is noteworthy, in this scenario, the 
traditionally history of the national oral health systems have on the public school.  
The WHO Oral Health Program (Petersen, 2003) presented in its report on the global oral 
health conditions, a four-level scale for the classification of the DMFT index at 12 years-old. 
They are: very low (less than 1.2), low (1.2 to 2.6), moderate (2.7 to 4.4) and high (over 4.4). 
In this sense, it was established that all WHO regions had an average DMFT classified as 
low, since the change occurred between the values from 1.7 to 2.4. However, when you look 
at differentials between countries, this classification varies widely, with representatives in 
all categories of the index. 
The Fedération Dentaire Internacionale (FDI), the International Association for Dental 
Research (IADR) and WHO set oral health goals for the year 2020 (Hodbell et al., 2003). Unlike 
the goals for the year 2000, which indicated a rate of not more than 3 DMFT at age 12, the target 
set was: "to reduce the DMFT at age 12, in particular the component 'D' on X%, with special 
attention for high-risk groups, considering both the average values as their distributions." 
Antunes et al. (2006) make three observations about this statement. First, should be given 
special attention to high-risk groups. This indication is due to intensely unequal distribution 
of caries. Second, the idea of monitoring not only the average values, but also their 
distributions, which tries to correct the effect on the measurement of a disease with high 
inequality in its distribution. And third, there is not the establishment of absolute values, 
because they must adapt to local conditions regarding the availability of databases, 
priorities, current levels of prevalence and severity, socioeconomic status, available 
resources and characteristics of health systems. 
It was observed that the more developed countries, especially in the EURO, presented 
DMFT index greater than the least developed countries, especially the AFRO region. This 
finding corroborates the fact that most of the twentieth century (the period when most 
studies were performed), the decay was seen as a disease of rich countries with low 
prevalence in the poorest countries. The most obvious reason for this is the standard diet. 
The high consumption of refined carbohydrates in the richer countries has led to a selective 
proliferation of cariogenic bacteria, unlike the poorest countries that had a diet based on 
hunting and subsistence agriculture, with low-carbohydrate diets (Burt & Eklund, 2005). 
However this scenario is quite out of date due to data analyzed being old. There is strong 
evidence that this pattern is altered with marked reduction in caries experience in children 
and young adults in rich countries. Other factors are helping reverse this scenario within a 
context of a globalized world. The increased access to foods and the exclusive and selective 
oral health services offering are changing the global profile of caries. Recent studies are 
needed to evaluate such changes. 

6. Conclusions  
The existence of a database with information on tooth decay of 12 years-old favors the 
presentation of an epidemiological scenario of oral health in the world. Easy access to the 
data publicly available over the internet enables the analysis by the researchers favoring the 
transformation of data into information. Such information may serve to guide policy goals 
for oral health according to the different realities observed. 
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Fig. 22. PAR caries according to the countries of the WPRO Region 
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However, this analysis has some limitations. Besides being restricted to countries that are 
part of the regional offices of the WHO, some countries had no data available on oral health. 
Another factor was wide variations in the years to disseminate the studies. It was observed 
studies from 1973 to 2008. This distance of 35 years makes comparisons very weak and 
outdated. However, this evidence should be that the countries and regions where data are 
more outdated, especially countries in the AFRO, pay greater attention to the 
epidemiological diagnosis of the oral health of their populations. 
The existence of information about the DMFT index for most WHO member states 
legitimize this indicator as a measure universally accepted and used for global comparisons. 
However, the lack of other oral health indicators reduces to only one face of its 
characteristics and consequences. Index that measure other dimensions, such as periodontal 
disease, tooth loss and access to oral health services should have the same range observed in 
the systematization of the DMFT index. 
It was observed that all regions had an average of DMFT below 3, which represents the 
achievement of targets set by WHO for the year 2000. However, there was wide variation 
between countries. Moreover, it is noteworthy that this global ecological analysis, assuming 
the countries as units of analysis, it homogeneous areas with large heterogeneities in their 
local realities. Studies with smaller units, with increased geographic scale are needed to 
access the micro-realities concealed by means of their countries.  
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1. Introduction  
No studies have been published on a comprehensive appraisal of the full range of factors 
that may affect Turkish adults’ perceptions of their oral health status, as measured by a 
single item. Understanding the local context of self–rated oral health (SROH) and its 
determinants within Turkish culture will be important to develop oral health policy and to 
design oral health promotion programs for adults. Oral diseases, primarily dental caries 
and periodontal diseases, are major public health problems in Turkey (Gökalp et al., 
2010). Oral health care resources are primarily allocated to curative care without an 
underlying oral health policy. The government's oral health care budget and the existing 
oral health services are inadequate to meet increasing oral health needs and demands of 
the adult population (Kargul & Bakkal, 2010). Utilization of oral health care services is low, 
and the oral health visits are usually problem-oriented (Gökalp et al., 2010; Kargul & 
Bakkal, 2010).  
In Turkey, most studies of adults have focused dominantly on biological, clinical and 
behavioral health risk factors of oral diseases (Akarslan et al., 2008; Gökalp et al., 2010; 
Namal et al., 2008; Oztürk et al., 2008; Unlüer et al., 2007). In the past decade, few studies 
using validated subjective oral health  measures  have been conducted to verify  the impact 
of  different oral disorders and prosthodontic treatments on oral health quality of life in 
Turkish patients  groups (Arslan et al., 2009; Baran & Nalcaci, 2011; Caglayan et al., 2009; 
Geckili et al., 2011). To the best of your knowledge, there is one published study that 
investigated the relationships among oral health beliefs, oral health behaviors, socio-
demographic factors and SROH (Peker & Bermek, 2011).   
SROH is an assessment of the functional, psychological, and social impact of oral disease 
and disorder on overall well being (Locker & Gibson, 2005). Although different approaches 
are available for evaluating self-perceived oral health, single-item indicators have frequently 
been used because they represent a valid and simple measure for evaluating oral health–
related outcomes and summarizing oral health status (Dolan et al., 1998; Locker & Gibson, 
2005). Most studies have been conducted with samples of adults, and findings indicate this 
measure is fairly stable over time (Peek et al., 1999), and positively associated with clinical 
assessment of oral health status (Gilbert et al., 1998; Kim et al., 2010; Pattussi et al., 2010; 
Peek et al., 1999). Over the past two decades there has been growing interest in examining 
individuals’ SROH (Atchison & Andersen, 2000; Gilbert et al., 1998; Locker et al., 2005, 
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2009), mostly in adult and elderly populations in different countries.  A single-item global 
self-rating is a valid, reliable measure of oral health (Pinelli & de Castro Monteiro Loffredo, 
2007) and a good predictor of the use of oral health services (Abelsen, 2008; Araújo et al., 
2009; Camargo et al., 2009; Gilbert et al., 2003; Locker & Miller, 1994; Matos &Lima-Costa, 
2006; Maupomé & et al., 2004; Okunseri et al., 2008b; Pavi et al., 2010; Petersen et al., 2000; 
Thomson et al., 2010; Woolfolk et al. 1999; Wu et al., 2011). Nowadays, SROH has been 
widely used in nationwide and community-based surveys in many countries (Baker, 2009; 
Borrell & Baquero, 2011; Finlayson et al., 2010; Kim et al., 2010; Martins et al., 2010; Matos & 
Lima-Costa, 2006; Pattussi et al., 2010; Okunseri et al., 2008a, 2008b; Sanders & Spencer, 
2005; Wu et al., 2011) and in the first and second International Collaborative study of Oral 
Health Outcomes (Arnljot et al., 1985; Chen et al., 1997). In many studies, SROH have 
been used to assess the perceived need for dental care and  dental treatment outcomes 
(Jones et al., 2001; Lundegren et al., 2011; Martins et al., 2009,2010; Seremidi et al., 2009) 
and to estimate the effect of oral conditions on people's quality of life and well-being 
(Benyamini et al., 2004; Dahl et al., 2011; Jones et al., 2001; Kieffer & Hoogstraten, 2008; 
Locker et. al., 2005; Locker, 2009; Locker & Miller, 1994; Martins, 2009; Ostberg & Hall-
Lord, 2011). 
There are several reasons for investigating lay peoples’ perceptions of their oral health. First, 
self-reported information has the advantage of being easier to gather in population-based 
samples compared to collecting data by clinical examinations. It also may be useful for 
estimating the resources needed to care for a specific population (Atchison & Gift, 1997; 
Jones et al., 2001; Pinelli & de Castro Monteiro Loffredo, 2007; Wu et al., 2011). SROH is 
used frequently in many national health surveys when clinical evaluations are too costly 
and has been shown to be a valid and useful summary indicator of overall oral health 
status (Locker & Miller, 1994). Secondly, it can be a useful tool for planning and 
monitoring health services and health promotion interventions. It also could provide 
benefits to health care providers in monitoring outcomes and evaluating treatments. 
(Locker, 1996). Thirdly, SROH is an assessment of the functional, psychological, and social 
impact of oral disease and disorder ( Gilbert et al., 1998). Self-perceived oral health 
provides more information about how a certain disease affects an individual’s life, rather 
than the objective measurements of this disease (Jones et al., 2001; Kim et al., 2010; 
Martins et al., 2009). 
In Turkey, dental care for the adults needs to be improved and the identification of their 
self-perception of oral health could be the first step towards the development of oral health 
promotion programs aiming to increase awareness of oral health and to improve the oral 
health of Turkish adults (Gökalp et al., 2010; Kargul & Bakkal, 2010; Peker & Bermek, 2011). 
No studies have been published on a comprehensive appraisal of the full range of factors 
that may affect Turkish adults’ perceptions of their oral health status, as measured by a 
single. Therefore, the aim of the study is to investigate the main factors associated with good 
SROH in Istanbul adults.  

1.1 Conceptual framework 
This study used a multidimensional model of oral health for measuring the association of 
tooth pain and dental problems with SROH (Locker, 1988) and an expanded version of the 
Andersen's Behavioral Model of Health Services Utilization (Andersen & Davidson, 1997; 
Baker, 2009).  
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A multidimensional model of oral health is comprised of five dimensions: namely - oral 
disease and tissue damage, oral pain and discomfort, oral functional limitation, oral 
disadvantage, and self-rated oral health (Gilbert et al., 1998; Locker, 1988). The Andersen's 
Behavioral Model consists of variables distributed into four levels: exogenous variables, 
primary determinants of oral health, health behaviors, and oral health outcomes. This model 
proposes that a person's characteristics, beliefs, and behaviors will predict one's perceptions 
of oral health (Andersen, 1995). These models as conceptual framework were used to assess 
differences in the multitude of factors influencing oral health and to explain population-
based oral health behaviors and outcomes (Atchison & Gift, 1997; Baker, 2009; Gilbert, 2005; 
Martins et al., 2010, 2011).  
In this study, these models were used to help develop the survey instrument and to guide 
data analysis, including the selection of variables for the logistic regression models. A set of 
independent individual-level variables were identified that may influence SROH: (1) 
exogenous variables (age, gender); (2) personal characteristics of primary determinants of 
oral health (predisposing socio-demographic and health beliefs factors - education, marital 
status, oral health locus of control (LOC) beliefs, perceived general health status; enabling 
characteristics - socio-economic status, having dental insurance;  need factors - perceived 
dental treatment need, self-reported number of teeth, self-reported dental pain and dental 
problems, and (3) oral health behaviors (frequency of tooth brushing, dental attendance 
pattern, use of dental floss).  
A number of studies showed that demographic and socio-economic variables such as 
gender, age, income and marital status have been associated with SROH (Borrell & Baquero, 
2011; Finlayson et al., 2010; Kim et al., 2010; Okunseri et al., 2008a; Patussi et al., 2010; Ugarte 
et al., 2007;  Wu et al., 2011).  
Previous studies showed that individuals who perceive better oral health had a higher 
frequency of seeking preventive dental care (Araújo et al., 2009; Camargo et al., 2009; Gilbert 
et al., 2003; Matos&Lima-Costa, 2006; Okunseri et al., 2008b; Pavi et al., 2010; Thomson et al., 
2010; Woolfolk et al. 1999; Wu et al., 2011). In addition, poor SROH was associated 
significantly with unfavorable oral health behaviors (Ekbäck et al., 2009; Kim et al., 2010; 
Locker et al., 2009;  Okunseri et al., 2008b; Wu et al., 2011).  
Associations between self-perceptions of general health status and SROH have been 
reported in several studies (Atchison & Gift, 1997; Benyamini et al, 2004; Okunseri et al., 
2008a, b).  
Psychosocial factors (e.g., self-esteem, mastery, personal control, life satisfaction, stress, 
sense of cohesion, depression, resilience, social support) were found to be related to SROH  
(Benyamini et al.,2004; Finlayson et al., 2010; Locker, 2009; Martins et al.,2011; Peker & 
Bermek, 2011; Sanders & Spencer, 2005; Wu et al., 2011).  
SROH was also associated significantly with oral functional problems and concerns 
(Ekbäck et al., 2009; Gilbert et al., 1998; Kim et al., 2010; Locker et al., 2009; Ugarte et al., 
2007).  

2. Method 
2.1 Data source and sample 
This study used the household interview data which were collected during my PhD thesis.  
The survey was conducted by a market research company (Mayak) on a representative 
quota sample of 1200 Istanbul adults aged 18 years and over (response rate 88 %). This 
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cross-sectional survey was undertaken in November and December 2003. The present study 
sample was restricted to 979 adults who answered the question on the SROH.  Data were 
collected through personal interviews and carried out in the participants’ homes by eight 
trained professional interviewers. A detailed description of the sampling, design and 
procedures of the survey has been reported elsewhere (Peker&Bermek,2011). The Ethics 
Committee of the Faculty of Medicine, the University of Istanbul approved the study 
protocol. 

2.2 Measures 
The dependent and independent variables which were used in this study are summarized 
below. 

2.2.1 Dependent variable  
SROH was assessed by using a single item question “How would you rate your oral 
health?” with possible ordinal responses: excellent, very good, good, fair and poor (Dolan et 
al., 1998). The answers were later dichotomized for analysis purposes, with participants who 
rated their oral health as excellent, very good, or good categorized as good and those who 
rated their oral health as fair or poor categorized as bad. 

2.2.2 Independent variables 
Independent variables were examined across for domains: (1) exogenous variables (age, 
gender); (2) personal characteristics of primary determinants of oral health (predisposing 
socio-demographic and health beliefs factors - education, marital status, oral health LOC 
beliefs, perceived general health status; enabling characteristics - socio-economic status, 
having dental insurance; need factors - perceived dental treatment need, self-reported 
number of teeth, self-reported dental pain and dental problem, and   (3)  oral health 
behaviors (frequency of tooth brushing and dental attendance pattern).  
Perceived dental treatment need was measured by the response to the question "Do you 
perceive any need for dental treatment at the moment?” The response was either yes or 
no.  
A sum score of reported oral problems was computed from questions on broken tooth,  
position of teeth, swollen gums, bad breaths, and ulcers in the mouth, bleeding gums, colour 
of the teeth and gum abscess. This score was dichotomized as no reported oral problems vs. 
reported at least one oral problem. Self-reported number of teeth was based on response to 
the item “How many of your own teeth do you have?”, which was dichotomized as less 
than 20 teeth vs. 20 or more teeth. Dental pain was assessed by asking whether the person 
had a toothache in the last 6 months. The response was either yes or no. Self- perceived 
health status was measured using a single-item self-rating of health (Benyamini et al., 2004; 
Borrell & Baquero, 2011; Okunseri et al., 2008b). Self-rated health (SRH) was based on 
responses to a single item (“How do you consider your health in general?”), which was 
dichotomized as Good (excellent/good/fair) vs. Bad (poor/very poor). The measure of self-
reported oral health behaviors included two questions: tooth brushing frequency (≥ twice a 
day, ≤ once a day); and  dental attendance pattern (symptom–oriented / regular dental 
check–up at least once a year). Age was coded in three age categories: (18–30, 31–45, and 46 
+ years). Educational level was categorized into three groups according to years of 
completed schooling: primary (0–5 years), secondary (6–11 years), and higher (more than 11 
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years). Socio–economic status (SES) was measured by using the VERI Socio-Economic Status 
Index (Tüzün, 2000). It is a social stratification model developed by the Veri Research 
Company in Turkey, made up of an equal-weight combination of values based on average 
educational level and working status of the household members, life facilitating property 
ownership, area of residence and house ownership. SES was categorized into three groups 
according to VERI Socio-Economic Status Index score:  low (4-9), middle (11-14), and high 
(15-20). Marital status was recorded as married and not married (never married, separated, 
widowed or divorced). Health insurance status was coded as uninsured and insured. The 
Multidimensional Oral Health LOC Scale, a validated measure using 26 items assessed on a 
4-point scale ranging ‘strongly disagree’ to ‘strongly agree’ was used to measure beliefs 
about adults’ control over oral health (Peker & Bermek, 2011). This scale consists of four 
subscales, namely the Internal, External-Dentist, External-Chance, and External-
Socialization agents. These subscales indicate the degree to which a person believes that 
his/her oral health outcomes are controlled by himself/herself, by chance, by the dentist’s 
recommendation and advice, by the dentist’s preventive dental care, or by socialization 
agents (e.g., family member, friends, colleagues, relatives etc.). Subscale scores are 
calculated by adding the scores of all the items within a particular subscale, and dividing the 
sum by the number of items.  Higher scores reflect stronger endorsement of the subscales. 
Cronbach's alpha of the scale in this sample was 0.71.  

2.3 Data analysis  
The data were analyzed by using SPSS version 11.5 for Windows (SPSS, Inc, Chicago, IL, 
USA). A combination of descriptive, bivariate and multivariate statistical methods was used 
for this analysis. Chi square test was used for categorical variables, and the independent 
sample t-test was use for continuous variables. Finally, a binary logistic regression analysis 
with stepwise backward elimination (likelihood ratio) was applied to determine the 
relationship between the dependent variable and independent variables. The variables that 
had shown statistical significance at the 5% level in the bivariate analysis with at least one 
the outcomes studied were entered into the model for logistic regression analysis.  Estimates 
of model fit (Omnibus test) and odds ratios (ORs) with their corresponding 95 percent 
confidence intervals (CIs) were computed. In all statistical analyses, the significance level 
was set to p< 0.05. Age, education, and oral health LOC beliefs scores were entered as 
continuous variables in the model. Nagelkerke R2 was used to describe the proportion of 
the total variance explained by the multivariate models. 

3. Results 
The sample consisted of 492 men and 487 women and the mean (SD) age was 36.52 (13.58) 
years; 68% had formal school education equal to or less than 8 years, 57% had a moderate 
SES, 57% were married, and 40 % had no health insurance.  Overall, 65% of the study sample 
reported having bad oral health, while 71% rated general health as good. 18% reported having 
had regular dental checkups, 35% brushed twice a day or more. 29% of adults reported having 
dental pain  during the past six months, 36% had dental problems, and 27% reported no need 
for dental treatment. 67% reported that they had less than 20 teeth. 
Internal consistency reliability, as measured by Crohnbach’s alpha, was 0.71 for the Multi-
dimensional Oral Health LOC Scale, and 0.82 for the Internal subscale, 0.79 for the 
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cross-sectional survey was undertaken in November and December 2003. The present study 
sample was restricted to 979 adults who answered the question on the SROH.  Data were 
collected through personal interviews and carried out in the participants’ homes by eight 
trained professional interviewers. A detailed description of the sampling, design and 
procedures of the survey has been reported elsewhere (Peker&Bermek,2011). The Ethics 
Committee of the Faculty of Medicine, the University of Istanbul approved the study 
protocol. 

2.2 Measures 
The dependent and independent variables which were used in this study are summarized 
below. 

2.2.1 Dependent variable  
SROH was assessed by using a single item question “How would you rate your oral 
health?” with possible ordinal responses: excellent, very good, good, fair and poor (Dolan et 
al., 1998). The answers were later dichotomized for analysis purposes, with participants who 
rated their oral health as excellent, very good, or good categorized as good and those who 
rated their oral health as fair or poor categorized as bad. 

2.2.2 Independent variables 
Independent variables were examined across for domains: (1) exogenous variables (age, 
gender); (2) personal characteristics of primary determinants of oral health (predisposing 
socio-demographic and health beliefs factors - education, marital status, oral health LOC 
beliefs, perceived general health status; enabling characteristics - socio-economic status, 
having dental insurance; need factors - perceived dental treatment need, self-reported 
number of teeth, self-reported dental pain and dental problem, and   (3)  oral health 
behaviors (frequency of tooth brushing and dental attendance pattern).  
Perceived dental treatment need was measured by the response to the question "Do you 
perceive any need for dental treatment at the moment?” The response was either yes or 
no.  
A sum score of reported oral problems was computed from questions on broken tooth,  
position of teeth, swollen gums, bad breaths, and ulcers in the mouth, bleeding gums, colour 
of the teeth and gum abscess. This score was dichotomized as no reported oral problems vs. 
reported at least one oral problem. Self-reported number of teeth was based on response to 
the item “How many of your own teeth do you have?”, which was dichotomized as less 
than 20 teeth vs. 20 or more teeth. Dental pain was assessed by asking whether the person 
had a toothache in the last 6 months. The response was either yes or no. Self- perceived 
health status was measured using a single-item self-rating of health (Benyamini et al., 2004; 
Borrell & Baquero, 2011; Okunseri et al., 2008b). Self-rated health (SRH) was based on 
responses to a single item (“How do you consider your health in general?”), which was 
dichotomized as Good (excellent/good/fair) vs. Bad (poor/very poor). The measure of self-
reported oral health behaviors included two questions: tooth brushing frequency (≥ twice a 
day, ≤ once a day); and  dental attendance pattern (symptom–oriented / regular dental 
check–up at least once a year). Age was coded in three age categories: (18–30, 31–45, and 46 
+ years). Educational level was categorized into three groups according to years of 
completed schooling: primary (0–5 years), secondary (6–11 years), and higher (more than 11 
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years). Socio–economic status (SES) was measured by using the VERI Socio-Economic Status 
Index (Tüzün, 2000). It is a social stratification model developed by the Veri Research 
Company in Turkey, made up of an equal-weight combination of values based on average 
educational level and working status of the household members, life facilitating property 
ownership, area of residence and house ownership. SES was categorized into three groups 
according to VERI Socio-Economic Status Index score:  low (4-9), middle (11-14), and high 
(15-20). Marital status was recorded as married and not married (never married, separated, 
widowed or divorced). Health insurance status was coded as uninsured and insured. The 
Multidimensional Oral Health LOC Scale, a validated measure using 26 items assessed on a 
4-point scale ranging ‘strongly disagree’ to ‘strongly agree’ was used to measure beliefs 
about adults’ control over oral health (Peker & Bermek, 2011). This scale consists of four 
subscales, namely the Internal, External-Dentist, External-Chance, and External-
Socialization agents. These subscales indicate the degree to which a person believes that 
his/her oral health outcomes are controlled by himself/herself, by chance, by the dentist’s 
recommendation and advice, by the dentist’s preventive dental care, or by socialization 
agents (e.g., family member, friends, colleagues, relatives etc.). Subscale scores are 
calculated by adding the scores of all the items within a particular subscale, and dividing the 
sum by the number of items.  Higher scores reflect stronger endorsement of the subscales. 
Cronbach's alpha of the scale in this sample was 0.71.  

2.3 Data analysis  
The data were analyzed by using SPSS version 11.5 for Windows (SPSS, Inc, Chicago, IL, 
USA). A combination of descriptive, bivariate and multivariate statistical methods was used 
for this analysis. Chi square test was used for categorical variables, and the independent 
sample t-test was use for continuous variables. Finally, a binary logistic regression analysis 
with stepwise backward elimination (likelihood ratio) was applied to determine the 
relationship between the dependent variable and independent variables. The variables that 
had shown statistical significance at the 5% level in the bivariate analysis with at least one 
the outcomes studied were entered into the model for logistic regression analysis.  Estimates 
of model fit (Omnibus test) and odds ratios (ORs) with their corresponding 95 percent 
confidence intervals (CIs) were computed. In all statistical analyses, the significance level 
was set to p< 0.05. Age, education, and oral health LOC beliefs scores were entered as 
continuous variables in the model. Nagelkerke R2 was used to describe the proportion of 
the total variance explained by the multivariate models. 

3. Results 
The sample consisted of 492 men and 487 women and the mean (SD) age was 36.52 (13.58) 
years; 68% had formal school education equal to or less than 8 years, 57% had a moderate 
SES, 57% were married, and 40 % had no health insurance.  Overall, 65% of the study sample 
reported having bad oral health, while 71% rated general health as good. 18% reported having 
had regular dental checkups, 35% brushed twice a day or more. 29% of adults reported having 
dental pain  during the past six months, 36% had dental problems, and 27% reported no need 
for dental treatment. 67% reported that they had less than 20 teeth. 
Internal consistency reliability, as measured by Crohnbach’s alpha, was 0.71 for the Multi-
dimensional Oral Health LOC Scale, and 0.82 for the Internal subscale, 0.79 for the 
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External/Dentist subscale, 0.71 for the External/Chance subscale, and 0.72 for the External/ 
Socialization agents subscale. The mean item subscale scores   were 3.49 (SD=0.43, range = 
1.82 - 4) for Internal, 2.77 (SD =0.57, range = 1-4) for External /Dentist, 1.97 (SD =0.57, range 
= 0.86 – 4) for External / Chance, and 2.70 (SD = 0.79, range = 0.50 – 4) for External/ 
Socialization agents 
 

 
Independent variables 

Bad 
SROH 
n    (%) 

Good 
SROH 
n   (%) 

P 
value 

Gender             Female 297 (46.8) 190 (55.1) 0.014 
 Male 337 (53.2) 155 (44.9)  
Age              18–30 years 328 (51.7) 72 (20.9) <0.001 
 31–45 years 210 (33.1) 131 (38)  
 46 + years   96 (15.1) 142 (41.2)  
Education         Primary or less 418 (65.9) 244 (70.7) 0.022 
 Secondary 153 (24.1) 58 (16.8)  
 Higher 63 (9.9) 43 (12.5)  
Dental attendance     Regular 97 (15.3) 79 (22.9) 0.003 
 Symptoms-oriented 537 (84.7) 266 (77.1)  
Toothbrushing      ≥ twice a day 208 (33.7) 127 (38.5) 0.143 
 ≤ once a day 409 (66.3) 203 (61.5)  

Table 1. Exogenous and behavioral characteristics of the studied sample according to SROH 
(n=979) 

The frequencies of the independent variables were assessed in this study in relation to 
SROH are shown in Table 1 and Table 2. Health insurance (P<0.001), gender (P=0.014), age 
(P<0.001), education (P=0.022), marital status (P<0.001), dental attendance pattern (P=0.003), 
Internal (P<0.001), Dentist (P<0.001), and Chance (P=0.006) oral health LOC beliefs, the self- 
reported number of teeth (P<0.001), dental pain (P<0.001), and SRH (P= 0.003)  were 
significantly associated with the SROH. SROH was not associated with SES (P=0.287), the 
frequency of tooth brushing (P=0.143), having dental problems (P=0.227), perceived need for 
dental treatment (P=0.160), and Socialization agents LOC beliefs (P=0.602).  
Stepwise binary logistic regression analyses were performed to examine the association the 
independent variables with good SROH. In the final model, only four variables were found 
to be associated with good SROH. This model indicated a good fit (Ombinus test: chi-square 
= 445.200, p<0.0001) and with correct classification of 76.8 percent of the adults. The final 
model explained 52.4 % of the variance in good SROH (Nagelkerke's R2 = 0.524). As seen in 
Table 3, having good SROH was associated significantly with increasing age (P<0.001; odds 
ratio [OR]=2.03; 95% confidence interval [CI]= 1.64 -2.53) regular dental attendance 
(P=0.013; odds ratio [OR]=0.75; 95% confidence interval [CI]= 0.59 -0.94), higher Dentist 
LOC beliefs (P<0.001; odds ratio [OR]=2.05, 95% confidence interval [CI]=  1.52–2.76), and 
lower Chance LOC beliefs (P=0.001; odds ratio [OR]=0.62, 95% confidence interval [CI]= 
0.47–0.83). 
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Independent variables 

 Bad 
SROH 
n    (%) 

Good 
SROH 
n   (%) 

P 
value 

SES      Low 154 (24.3) 96 (27.8) 0.287 
 Moderate 371 (58.5) 184 (53.3)  
 High 109 (17.2) 65 (18.8)  

Health Insurance    No   280 (44.2) 109 (31.6) <0.001 
 Yes 354 (55.8) 236 (68.4)  

SRH       Bad 537 (84.7) 266 (77.1) 0.003 
 Good 97 (15.3) 79 (22.9)  

Marital status    Married 315 (49.7) 241 (69.9) <0.001 
 Non –married 319 (50.3) 104 (30.1)  

Dental pain  Yes 486 (76.7) 206 (59.7) <0.001 
 No 148 (23.3) 139 (40.3)  

Self-reported number of teeth   0-19 316 (49.8) 341 (98.8) <0.001 
 20-32 318 (50.2) 4 (1.2)  

Self-reported dental problems   No 416 (65.6) 213 (61.7) 0.227 
 Yes 218 (34.4) 132 (38.3)  

Perceived dental treatment need  No 177 (27.9) 82 (23.8) 0.160 
 Yes 457 (72.1) 263 (76.2)  

Internal LOC beliefs  ( Mean ± SD)  3.44 (0.42) 3.57 (0.42) <0.001 

Dentist LOC beliefs  ( Mean ± SD)  2.67 (0.54) 2.93 (0.60) <0.001 

Chance LOC beliefs ( Mean ± SD)  2.01 (0.54) 1.90 (0.60) 0.006 

Socialization agents LOC beliefs ( Mean ± SD) 2.71 (0.77) 2.68 (0.83) 0.602 
SD, standard deviation  
Table 2. Predisposing, enabling and need characteristics of the studied sample according to 
SROH (n=979) 
 

Independent variables OR ( 95 % CI) P-value 

Age  (years) 2.03 (1.64–2.53) <0.001 

Dental attendance  ( 0= regular, 1= symptoms-oriented )  0.75 (0.59–0.94) 0.013 

Dentist LOC Beliefs (range=1–4) 2.05 (1.52–2.76) <0.001 

Chance  LOC Beliefs(range=0.86-4) 0.62 (0.47–0.83) 0.001 
CI, confidence interval; OR, odds ratio 

Table 3. Stepwise binary logistic regression for the association between good SROH and the  
independent variables  
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External/Dentist subscale, 0.71 for the External/Chance subscale, and 0.72 for the External/ 
Socialization agents subscale. The mean item subscale scores   were 3.49 (SD=0.43, range = 
1.82 - 4) for Internal, 2.77 (SD =0.57, range = 1-4) for External /Dentist, 1.97 (SD =0.57, range 
= 0.86 – 4) for External / Chance, and 2.70 (SD = 0.79, range = 0.50 – 4) for External/ 
Socialization agents 
 

 
Independent variables 

Bad 
SROH 
n    (%) 

Good 
SROH 
n   (%) 

P 
value 

Gender             Female 297 (46.8) 190 (55.1) 0.014 
 Male 337 (53.2) 155 (44.9)  
Age              18–30 years 328 (51.7) 72 (20.9) <0.001 
 31–45 years 210 (33.1) 131 (38)  
 46 + years   96 (15.1) 142 (41.2)  
Education         Primary or less 418 (65.9) 244 (70.7) 0.022 
 Secondary 153 (24.1) 58 (16.8)  
 Higher 63 (9.9) 43 (12.5)  
Dental attendance     Regular 97 (15.3) 79 (22.9) 0.003 
 Symptoms-oriented 537 (84.7) 266 (77.1)  
Toothbrushing      ≥ twice a day 208 (33.7) 127 (38.5) 0.143 
 ≤ once a day 409 (66.3) 203 (61.5)  

Table 1. Exogenous and behavioral characteristics of the studied sample according to SROH 
(n=979) 

The frequencies of the independent variables were assessed in this study in relation to 
SROH are shown in Table 1 and Table 2. Health insurance (P<0.001), gender (P=0.014), age 
(P<0.001), education (P=0.022), marital status (P<0.001), dental attendance pattern (P=0.003), 
Internal (P<0.001), Dentist (P<0.001), and Chance (P=0.006) oral health LOC beliefs, the self- 
reported number of teeth (P<0.001), dental pain (P<0.001), and SRH (P= 0.003)  were 
significantly associated with the SROH. SROH was not associated with SES (P=0.287), the 
frequency of tooth brushing (P=0.143), having dental problems (P=0.227), perceived need for 
dental treatment (P=0.160), and Socialization agents LOC beliefs (P=0.602).  
Stepwise binary logistic regression analyses were performed to examine the association the 
independent variables with good SROH. In the final model, only four variables were found 
to be associated with good SROH. This model indicated a good fit (Ombinus test: chi-square 
= 445.200, p<0.0001) and with correct classification of 76.8 percent of the adults. The final 
model explained 52.4 % of the variance in good SROH (Nagelkerke's R2 = 0.524). As seen in 
Table 3, having good SROH was associated significantly with increasing age (P<0.001; odds 
ratio [OR]=2.03; 95% confidence interval [CI]= 1.64 -2.53) regular dental attendance 
(P=0.013; odds ratio [OR]=0.75; 95% confidence interval [CI]= 0.59 -0.94), higher Dentist 
LOC beliefs (P<0.001; odds ratio [OR]=2.05, 95% confidence interval [CI]=  1.52–2.76), and 
lower Chance LOC beliefs (P=0.001; odds ratio [OR]=0.62, 95% confidence interval [CI]= 
0.47–0.83). 
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Independent variables 

 Bad 
SROH 
n    (%) 

Good 
SROH 
n   (%) 

P 
value 

SES      Low 154 (24.3) 96 (27.8) 0.287 
 Moderate 371 (58.5) 184 (53.3)  
 High 109 (17.2) 65 (18.8)  

Health Insurance    No   280 (44.2) 109 (31.6) <0.001 
 Yes 354 (55.8) 236 (68.4)  

SRH       Bad 537 (84.7) 266 (77.1) 0.003 
 Good 97 (15.3) 79 (22.9)  

Marital status    Married 315 (49.7) 241 (69.9) <0.001 
 Non –married 319 (50.3) 104 (30.1)  

Dental pain  Yes 486 (76.7) 206 (59.7) <0.001 
 No 148 (23.3) 139 (40.3)  

Self-reported number of teeth   0-19 316 (49.8) 341 (98.8) <0.001 
 20-32 318 (50.2) 4 (1.2)  

Self-reported dental problems   No 416 (65.6) 213 (61.7) 0.227 
 Yes 218 (34.4) 132 (38.3)  

Perceived dental treatment need  No 177 (27.9) 82 (23.8) 0.160 
 Yes 457 (72.1) 263 (76.2)  

Internal LOC beliefs  ( Mean ± SD)  3.44 (0.42) 3.57 (0.42) <0.001 

Dentist LOC beliefs  ( Mean ± SD)  2.67 (0.54) 2.93 (0.60) <0.001 

Chance LOC beliefs ( Mean ± SD)  2.01 (0.54) 1.90 (0.60) 0.006 

Socialization agents LOC beliefs ( Mean ± SD) 2.71 (0.77) 2.68 (0.83) 0.602 
SD, standard deviation  
Table 2. Predisposing, enabling and need characteristics of the studied sample according to 
SROH (n=979) 
 

Independent variables OR ( 95 % CI) P-value 

Age  (years) 2.03 (1.64–2.53) <0.001 

Dental attendance  ( 0= regular, 1= symptoms-oriented )  0.75 (0.59–0.94) 0.013 

Dentist LOC Beliefs (range=1–4) 2.05 (1.52–2.76) <0.001 

Chance  LOC Beliefs(range=0.86-4) 0.62 (0.47–0.83) 0.001 
CI, confidence interval; OR, odds ratio 

Table 3. Stepwise binary logistic regression for the association between good SROH and the  
independent variables  
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4. Discussion 
This study is one of the first to examine a global rating of oral health among Istanbul adults 
aged 18 years and over  using a a representative quota sample.  SROH is subjective patient-
centered measure of oral health which involve the individual in the decision making process 
and assessment of their oral health (Locker,1988; Pinelli & Loffredo,2007). Thus, the 
subjective evaluation of oral health conditions of adults affected by cultural beliefs and 
socio-demographic and behavioral factors is more important for designing effective oral 
health programs and services (Andersen & Davidson, 2007; Butani et al., 2008; Gilbert et al., 
1998; Kaplan & Baron-Epel, 2003; Kim et al., 2010; Matthias et al., 1995; Pattussi et.al, 2010).  
The focus of this study analysis centers around the relation of a comprehensive set of 
exogenous variables, personal characteristics of primary determinants of oral health 
(predisposing socio-demographic and health beliefs factors,  enabling characteristics, need 
factors) and oral health behavioral characteristics. 
Bivariate analysis showed that being female, having regular dental attendance, having 
health insurance, bad SRH, older age, being married, and having lower natural teeth were 
strongly associated with good SROH.  
In contrast to previous studies (Gift et al., 1998; Kim et al., 2010; Okunseri et al., 2008b; 
Reisine & Bailit,1980), we found that older adults were more likely to rate their oral health 
better than younger adults. Consistent with previous studies (Patussi et al., 2010; Reisine & 
Bailit, 1980), we found that males tended to rate their oral health worse than females. There 
are some variations in the referents which were used for the SROH according to socio-
demographic characteristics, with age being the main source of variation (Locker et al., 
2009). Age and sex differences in perceived oral health could be attributed to differences in 
oral health related expectations (Ekbäck et al., 2009; Carr et al., 2001). 
Istanbul adults with lower education level were more likely to report good SROH. It is 
known that the use of specific referents for the self-assessment health may vary by 
education (Krause & Jay, 1994). This finding was inconsistent with previous studies 
suggesting that less educated  adults were more likely to rate their oral health as fair  poor 
(Atchison & Gift, 1997; Finlayson et al., 2010; Gift et al., 1998; Matthias et al., 1995). This 
discrepancy can be explained by the fact that Turkish adults with lower education level 
have lower levels of health literacy (Ozdemir et al., 2010). Recent studies suggest that health 
literacy is associated with educational attainment in self-rated health and in regular dental 
attendance pattern among older adults (Bennett et al., 2009). In addition, oral health literacy-
related outcomes are risk indicators for poor self-reported oral health among rural-dwelling 
Indigenous Australians (Parker & Jamieson, 2010).  
We found that adults who were married were more likely to report good SROH. Similar 
finding has been reported in a recent study conducted in Somali adults (Okunseri et al., 
2008a).  
Associations between SROH and socio-economic position markers (e.g., education, 
occupation, household income, household wealth, subjective social status and childhood 
socio-economic position) have been reported in several studies (Borrell&Baquero, 2011; 
Finlayson et al., 2010; Locker, 2009; Pattussi et al., 2010; Wu et al., 2011). In contrast, in the 
present study, SES (measured by the VERI Socio-Economic Status Index) is not associated 
with SROH. This discrepancy may be due to using composite SES index instead of well-
accepted indicators of SES.  
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Consistent with previous studies (Abelsen, 2008; Araújo et al., 2009; Camargo et al., 2009; 
Gilbert et al., 2003; Locker & Miller, 1994; Matos & Lima-Costa, 2006; Maupomé et al., 2004; 
Okunseri et al., 2008b; Pavi et al., 2010; Petersen et al., 2000; Thomson et al., 2010; Woolfolk 
et al., 1999; Wu et al., 2011), we found that good SROH was strongly associated with regular 
dental attendance. It is known that an important part of maintaining good oral health is the 
use of appropriate dental services (Petersen & Yamamoto, 2005).  
A recent qualitative study showed that adults rating their oral health as “excellent” were 
more likely to refer to health behaviors such as brushing and flossing twice a day and 
regular preventive dental visits (Locker et al., 2009). In previous studies, tooth brushing 
frequency was found to be related to SROH among both Korean adults aged 45-64 years 
(Kim et al., 2010) and Hmong adults living in the United States (Okunseri et al., 2008b). In 
contrast, in the present study and other ones (Martins et al., 2011), the frequency of tooth 
brushing is not associated with self-perception.   
Dental insurance is associated with SROH consistent with previous studies (Coulter et al., 
2004; Okunseri et al., 2008b). In our country, the national health insurance system was 
introduced in 2008 and covers oral health care. Recent study showed that if enrollees’ out-
of-pocket costs were increased for dental care, there was a decreasing likelihood of their 
reporting excellent oral health (Coulter et al., 2004). 
We found that dental pain was associated with poor SROH consistent with previous studies 
(Atchison & Gift, 1997; Locker et. al, 2010; Martins et al., 2010) . We found that SROH was 
not associated with perceived treatment need and having oral problems. However, these 
results were different from previous studies and reported that the perceived need was 
greater among individuals who perceived that their oral health was poor/very poor (Kim et 
al., 2009; Martins, 2009, 2010; Matos & Lima-Costa, 2006). SROH was associated with self–
reported oral functional or psychological limitations (Atchison & Gift, 1997; Gift et al., 1998; 
Kim et al., 2009; Martins et al., 2009, 2010, 2011; Ojofeitimi et al, 2007; Seremidi et al., 2009). 
Adults who rated their oral health as “poor” were more likely to report having a current 
oral problem and perceived treatment needs (Locker et al., 2009).  Self-perceived need for 
treatment was usually measured by asking people about the existence of any dental 
problems or by using constructed variables that combined the need for treatment with the 
existence of signs and symptoms of diseases, because functional and psychological impacts 
of the oral disease seem to be as important, if not more, as the clinical indicators while 
estimating the dental needs (Seremidi et al., 2009).  In this study, self-perceived need for 
treatment was measured by asking whether or not the respondent had a need for dental 
treatment. Oral functional limitation related to oral health problems was not measured.  
We found an inverse association between SROH and the number of self-reported natural 
teeth. This finding is inconsistent with previous studies showing that having higher natural 
teeth is strongly associated with good SROH (Jones et al., 2001; Okunseri et al., 2008 a,b; 
Ugarte et al., 2007). This may be explained by the fact the adults assessed their oral health 
positively when they could chew everything and were free from a long history of pain and 
other problems associated with the natural dentition (Kim et al., 2010; Locker et. al, 2005; 
Matos & Lima-Costa, 2006; Martins et al., 2010, 2009). The decision to use the numbers of 
self-reported natural teeth as subjective oral health outcome in this study was made for a 
number of reasons. In this study, the association was further analyzed by creating two 
categories of remaining teeth (1–19 and 20–32 teeth), because these criteria for the number of 
teeth are widely used in research from several different age groups and in different 
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4. Discussion 
This study is one of the first to examine a global rating of oral health among Istanbul adults 
aged 18 years and over  using a a representative quota sample.  SROH is subjective patient-
centered measure of oral health which involve the individual in the decision making process 
and assessment of their oral health (Locker,1988; Pinelli & Loffredo,2007). Thus, the 
subjective evaluation of oral health conditions of adults affected by cultural beliefs and 
socio-demographic and behavioral factors is more important for designing effective oral 
health programs and services (Andersen & Davidson, 2007; Butani et al., 2008; Gilbert et al., 
1998; Kaplan & Baron-Epel, 2003; Kim et al., 2010; Matthias et al., 1995; Pattussi et.al, 2010).  
The focus of this study analysis centers around the relation of a comprehensive set of 
exogenous variables, personal characteristics of primary determinants of oral health 
(predisposing socio-demographic and health beliefs factors,  enabling characteristics, need 
factors) and oral health behavioral characteristics. 
Bivariate analysis showed that being female, having regular dental attendance, having 
health insurance, bad SRH, older age, being married, and having lower natural teeth were 
strongly associated with good SROH.  
In contrast to previous studies (Gift et al., 1998; Kim et al., 2010; Okunseri et al., 2008b; 
Reisine & Bailit,1980), we found that older adults were more likely to rate their oral health 
better than younger adults. Consistent with previous studies (Patussi et al., 2010; Reisine & 
Bailit, 1980), we found that males tended to rate their oral health worse than females. There 
are some variations in the referents which were used for the SROH according to socio-
demographic characteristics, with age being the main source of variation (Locker et al., 
2009). Age and sex differences in perceived oral health could be attributed to differences in 
oral health related expectations (Ekbäck et al., 2009; Carr et al., 2001). 
Istanbul adults with lower education level were more likely to report good SROH. It is 
known that the use of specific referents for the self-assessment health may vary by 
education (Krause & Jay, 1994). This finding was inconsistent with previous studies 
suggesting that less educated  adults were more likely to rate their oral health as fair  poor 
(Atchison & Gift, 1997; Finlayson et al., 2010; Gift et al., 1998; Matthias et al., 1995). This 
discrepancy can be explained by the fact that Turkish adults with lower education level 
have lower levels of health literacy (Ozdemir et al., 2010). Recent studies suggest that health 
literacy is associated with educational attainment in self-rated health and in regular dental 
attendance pattern among older adults (Bennett et al., 2009). In addition, oral health literacy-
related outcomes are risk indicators for poor self-reported oral health among rural-dwelling 
Indigenous Australians (Parker & Jamieson, 2010).  
We found that adults who were married were more likely to report good SROH. Similar 
finding has been reported in a recent study conducted in Somali adults (Okunseri et al., 
2008a).  
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Finlayson et al., 2010; Locker, 2009; Pattussi et al., 2010; Wu et al., 2011). In contrast, in the 
present study, SES (measured by the VERI Socio-Economic Status Index) is not associated 
with SROH. This discrepancy may be due to using composite SES index instead of well-
accepted indicators of SES.  
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Consistent with previous studies (Abelsen, 2008; Araújo et al., 2009; Camargo et al., 2009; 
Gilbert et al., 2003; Locker & Miller, 1994; Matos & Lima-Costa, 2006; Maupomé et al., 2004; 
Okunseri et al., 2008b; Pavi et al., 2010; Petersen et al., 2000; Thomson et al., 2010; Woolfolk 
et al., 1999; Wu et al., 2011), we found that good SROH was strongly associated with regular 
dental attendance. It is known that an important part of maintaining good oral health is the 
use of appropriate dental services (Petersen & Yamamoto, 2005).  
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more likely to refer to health behaviors such as brushing and flossing twice a day and 
regular preventive dental visits (Locker et al., 2009). In previous studies, tooth brushing 
frequency was found to be related to SROH among both Korean adults aged 45-64 years 
(Kim et al., 2010) and Hmong adults living in the United States (Okunseri et al., 2008b). In 
contrast, in the present study and other ones (Martins et al., 2011), the frequency of tooth 
brushing is not associated with self-perception.   
Dental insurance is associated with SROH consistent with previous studies (Coulter et al., 
2004; Okunseri et al., 2008b). In our country, the national health insurance system was 
introduced in 2008 and covers oral health care. Recent study showed that if enrollees’ out-
of-pocket costs were increased for dental care, there was a decreasing likelihood of their 
reporting excellent oral health (Coulter et al., 2004). 
We found that dental pain was associated with poor SROH consistent with previous studies 
(Atchison & Gift, 1997; Locker et. al, 2010; Martins et al., 2010) . We found that SROH was 
not associated with perceived treatment need and having oral problems. However, these 
results were different from previous studies and reported that the perceived need was 
greater among individuals who perceived that their oral health was poor/very poor (Kim et 
al., 2009; Martins, 2009, 2010; Matos & Lima-Costa, 2006). SROH was associated with self–
reported oral functional or psychological limitations (Atchison & Gift, 1997; Gift et al., 1998; 
Kim et al., 2009; Martins et al., 2009, 2010, 2011; Ojofeitimi et al, 2007; Seremidi et al., 2009). 
Adults who rated their oral health as “poor” were more likely to report having a current 
oral problem and perceived treatment needs (Locker et al., 2009).  Self-perceived need for 
treatment was usually measured by asking people about the existence of any dental 
problems or by using constructed variables that combined the need for treatment with the 
existence of signs and symptoms of diseases, because functional and psychological impacts 
of the oral disease seem to be as important, if not more, as the clinical indicators while 
estimating the dental needs (Seremidi et al., 2009).  In this study, self-perceived need for 
treatment was measured by asking whether or not the respondent had a need for dental 
treatment. Oral functional limitation related to oral health problems was not measured.  
We found an inverse association between SROH and the number of self-reported natural 
teeth. This finding is inconsistent with previous studies showing that having higher natural 
teeth is strongly associated with good SROH (Jones et al., 2001; Okunseri et al., 2008 a,b; 
Ugarte et al., 2007). This may be explained by the fact the adults assessed their oral health 
positively when they could chew everything and were free from a long history of pain and 
other problems associated with the natural dentition (Kim et al., 2010; Locker et. al, 2005; 
Matos & Lima-Costa, 2006; Martins et al., 2010, 2009). The decision to use the numbers of 
self-reported natural teeth as subjective oral health outcome in this study was made for a 
number of reasons. In this study, the association was further analyzed by creating two 
categories of remaining teeth (1–19 and 20–32 teeth), because these criteria for the number of 
teeth are widely used in research from several different age groups and in different 
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countries (Axelsson & Helgadottir, 1995; Pitiphat et al, 2002; Ueno et al., 2010; Unell et al., 
1997). Studies show that the number of natural teeth estimated by questionnaires is in good 
agreement with clinical examinations ( Pitiphat  et al, 2002; Unell  et al., 1997) and patients’ 
reported number of remaining teeth  provide reasonably valid data on the actual number of 
teeth within a population group (Ueno et al., 2010). Furthermore, self-reported data would 
be used for measuring oral health conditions in populations at lower cost, less resource 
involvement and within shorter timeframes (Jones et al., 2001). Due to the limited budget 
and the deadline for the completion of the study, performing a clinical examination was not 
feasible in this study.  
We found an inverse relationship between SROH and SRH. Although many studies suggest 
that the individuals who reported good/excellent oral health are more likely to report 
good/excellent general health (Atchison & Gift, 1997; Benyamini et al., 2004; Okunseri et al., 
2008a,b), we found an inverse relationship between SROH and SRH. This result is consistent 
with previous studies suggesting that there is a deficit in perceptions of oral health relative 
to general health at all stages of adulthood and spanning the socio-economic spectrum 
(Sanders & Slade, 2006). Oral health and general health appear to be mostly unrelated in 
healthy population, because oral health and general health have different determinants 
(Kieffer & Hoogstraten, 2008).    
In addition to material and behavioral factors, psychosocial factors may mediate the link 
between individual socio-economic status and health (Finlayson et al., 2010, Locker, 2009; 
Poortinga et al, 2008). Thus, many studies have examined the association between 
psychosocial factors (e.g.self-esteem, life satisfaction, stress, self-confidence, self-liking, self-
competence, perfectionism, sense of cohesion, depression, resilience, social support) and 
oral health in adults (Benyamini et al., 2004; Finlayson et al., 2010; Locker, 2009; Martins et 
al., 2011; Wu et al., 2011). There are a few studies that have examined the relationship 
between personal control and SROH (Finlayson et al., 2010, Sanders & Spencer, 2005). In this 
study, the Multidimensional Oral Health LOC Scale was used to measure beliefs about 
adults’ control over oral health (Peker & Bermek., 2011). The relationship between the SROH 
and LOC beliefs has been investigated only in a few studies (Kent et al., 1984; Peker & 
Bermek, 2011). Consistent with these studies, we also found that adults with high Dentist 
LOC and low Chance LOC were more likely to report good SROH. The findings of a recent 
study in Istanbul adults (Peker& Bermek, 2011) support the results of prior studies that 
health beliefs may mediate the link between individual socio-economic status and health 
(Broadbent et al., 2006; Butani et al., 2008, , Kiyak,1993; Poortinga et al., 2008). It is known 
that oral health beliefs influence adult’s oral health behavior and self-ratings of oral health 
(Broadbent et al., 2006; Butani et al., 2008, , Kiyak,1993). Numerous studies showed that 
LOC beliefs were strongly associated with general and oral health behaviors (Bailey et al., 
1981; Borkowska et al., 1998; Grotz et al., 2011; Mangelsdorff & Brush, 1978; Norman et al., 
1998; Peker & Bermek, 2011, Steptoe & Wardle, 2001).  Individuals who have strong beliefs 
in Internal control and in the control of Powerful others and weak beliefs in Chance control 
are likely to develop advantageous health behavior (Grotz et al., 2011; Norman et al., 1998; 
Peker & Bermek, 2011, , Steptoe & Wardle, 2001). An understanding of the role of oral health 
beliefs on self-ratings oral health may be useful in the design of oral health promotion 
programs and it provides clear guidance to assist oral health professionals to promote 
favorable oral health behaviors in their patients (Butani et al., 2008; Gilbert et al., 1998; Holt 
et al.,2003; Lee etal., 1993; Nakazono et al., 1997;  Peker & Bermek, 2011).  
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The results of multivariate analyses showed that good SROH was strongly associated with 
regular dental attendance, older age, a higher Dentist LOC beliefs and a lower Chance LOC 
beliefs. The final model explained 52.4 % of the variance in good SROH (Nagelkerke's R2 = 
0.524). Two components of the Multidimensional Oral Health LOC Scale were predictors of 
good SROH among Istanbul adults. This is in contrast to a previous study that suggests that 
oral health beliefs represent a distinct dimension which may not be critical to a study of 
perceived oral health (Atchison &Gif, 1997).  

4.1 Limitations of the study and implications for future research 
There are several limitations to this study that should be considered in the interpretation of 
the results. This study did not include clinical measures and examinations by dentists, and 
therefore the results pertain only to the associations found between self-reports of oral 
health. Thus, future studies are needed to evaluate the relationships between the clinical 
measures and self-reported oral health measures in adult population. Future study is 
needed to assess the validity and reproducibility of self-reported oral health (Pinelli & de 
Castro Monteiro Loffredo, 2007). Data were collected via self-report questionnaires, which 
might have introduced a “social desirability” bias. The cross-sectional design did not 
explain causation and changes over time in SROH. However, it does suggest future research 
questions on the development of the model of SROH in adults. Longitudinal studies would 
increase the knowledge on determinants of SROH further. Due to the cross-sectional nature 
of the data, the time sequence between some covariates and oral health was not well 
defined. There may be unmeasured factors such as cultural attitudes toward oral health and 
dental care, oral health outcomes, clinical status, psychological factors, and institutional 
barriers that could contribute to the differences in SROH among populations. We used the 
composite SES index to measure the socio-economic status of respondents. Some studies of 
SES and health have suggested that income is the best SES predictor of the SRH and SROH 
(Locker, 2009; Nummela et al., Sanders et al., 2006, von dem Knesebeck et al., 2003). Thus, 
future studies are needed to examine the association between income and SROH.   
Further qualitative studies are needed to investigate the referents and meanings that 
underlie SROH and to examine the relationship between SROH and SRH among adults.  
To measure the clinical, functional and psychosocial outcomes of oral disorders, future 
studies should be focused on the relation of SROH to the clinical measures and 
comprehensive subjective oral health measures. In addition, future studies using a 
combined measure of perceived need of any dental care may provide more detailed 
information about the relationship among SROH, self-perceived need for treatment and oral 
functional limitation (Seremidi et al., 2009).   

5. Conclusions 
This study is one of the first to examine a global rating of oral health among Istanbul adults 
aged 18 years and over  using a a representative quota sample.  Almost half of the study 
sample rated their oral health as bad. Older age, regular dental visit, a higher Dentist LOC 
beliefs and a lower Chance LOC beliefs are significantly associated with good SROH. Oral 
health programs and services should not only target treatments for dental disease, but 
should also include component that determine the subjective evaluation of oral health 
conditions of adults affected by cultural health beliefs, socio-demographic and behavioral 
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countries (Axelsson & Helgadottir, 1995; Pitiphat et al, 2002; Ueno et al., 2010; Unell et al., 
1997). Studies show that the number of natural teeth estimated by questionnaires is in good 
agreement with clinical examinations ( Pitiphat  et al, 2002; Unell  et al., 1997) and patients’ 
reported number of remaining teeth  provide reasonably valid data on the actual number of 
teeth within a population group (Ueno et al., 2010). Furthermore, self-reported data would 
be used for measuring oral health conditions in populations at lower cost, less resource 
involvement and within shorter timeframes (Jones et al., 2001). Due to the limited budget 
and the deadline for the completion of the study, performing a clinical examination was not 
feasible in this study.  
We found an inverse relationship between SROH and SRH. Although many studies suggest 
that the individuals who reported good/excellent oral health are more likely to report 
good/excellent general health (Atchison & Gift, 1997; Benyamini et al., 2004; Okunseri et al., 
2008a,b), we found an inverse relationship between SROH and SRH. This result is consistent 
with previous studies suggesting that there is a deficit in perceptions of oral health relative 
to general health at all stages of adulthood and spanning the socio-economic spectrum 
(Sanders & Slade, 2006). Oral health and general health appear to be mostly unrelated in 
healthy population, because oral health and general health have different determinants 
(Kieffer & Hoogstraten, 2008).    
In addition to material and behavioral factors, psychosocial factors may mediate the link 
between individual socio-economic status and health (Finlayson et al., 2010, Locker, 2009; 
Poortinga et al, 2008). Thus, many studies have examined the association between 
psychosocial factors (e.g.self-esteem, life satisfaction, stress, self-confidence, self-liking, self-
competence, perfectionism, sense of cohesion, depression, resilience, social support) and 
oral health in adults (Benyamini et al., 2004; Finlayson et al., 2010; Locker, 2009; Martins et 
al., 2011; Wu et al., 2011). There are a few studies that have examined the relationship 
between personal control and SROH (Finlayson et al., 2010, Sanders & Spencer, 2005). In this 
study, the Multidimensional Oral Health LOC Scale was used to measure beliefs about 
adults’ control over oral health (Peker & Bermek., 2011). The relationship between the SROH 
and LOC beliefs has been investigated only in a few studies (Kent et al., 1984; Peker & 
Bermek, 2011). Consistent with these studies, we also found that adults with high Dentist 
LOC and low Chance LOC were more likely to report good SROH. The findings of a recent 
study in Istanbul adults (Peker& Bermek, 2011) support the results of prior studies that 
health beliefs may mediate the link between individual socio-economic status and health 
(Broadbent et al., 2006; Butani et al., 2008, , Kiyak,1993; Poortinga et al., 2008). It is known 
that oral health beliefs influence adult’s oral health behavior and self-ratings of oral health 
(Broadbent et al., 2006; Butani et al., 2008, , Kiyak,1993). Numerous studies showed that 
LOC beliefs were strongly associated with general and oral health behaviors (Bailey et al., 
1981; Borkowska et al., 1998; Grotz et al., 2011; Mangelsdorff & Brush, 1978; Norman et al., 
1998; Peker & Bermek, 2011, Steptoe & Wardle, 2001).  Individuals who have strong beliefs 
in Internal control and in the control of Powerful others and weak beliefs in Chance control 
are likely to develop advantageous health behavior (Grotz et al., 2011; Norman et al., 1998; 
Peker & Bermek, 2011, , Steptoe & Wardle, 2001). An understanding of the role of oral health 
beliefs on self-ratings oral health may be useful in the design of oral health promotion 
programs and it provides clear guidance to assist oral health professionals to promote 
favorable oral health behaviors in their patients (Butani et al., 2008; Gilbert et al., 1998; Holt 
et al.,2003; Lee etal., 1993; Nakazono et al., 1997;  Peker & Bermek, 2011).  
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The results of multivariate analyses showed that good SROH was strongly associated with 
regular dental attendance, older age, a higher Dentist LOC beliefs and a lower Chance LOC 
beliefs. The final model explained 52.4 % of the variance in good SROH (Nagelkerke's R2 = 
0.524). Two components of the Multidimensional Oral Health LOC Scale were predictors of 
good SROH among Istanbul adults. This is in contrast to a previous study that suggests that 
oral health beliefs represent a distinct dimension which may not be critical to a study of 
perceived oral health (Atchison &Gif, 1997).  

4.1 Limitations of the study and implications for future research 
There are several limitations to this study that should be considered in the interpretation of 
the results. This study did not include clinical measures and examinations by dentists, and 
therefore the results pertain only to the associations found between self-reports of oral 
health. Thus, future studies are needed to evaluate the relationships between the clinical 
measures and self-reported oral health measures in adult population. Future study is 
needed to assess the validity and reproducibility of self-reported oral health (Pinelli & de 
Castro Monteiro Loffredo, 2007). Data were collected via self-report questionnaires, which 
might have introduced a “social desirability” bias. The cross-sectional design did not 
explain causation and changes over time in SROH. However, it does suggest future research 
questions on the development of the model of SROH in adults. Longitudinal studies would 
increase the knowledge on determinants of SROH further. Due to the cross-sectional nature 
of the data, the time sequence between some covariates and oral health was not well 
defined. There may be unmeasured factors such as cultural attitudes toward oral health and 
dental care, oral health outcomes, clinical status, psychological factors, and institutional 
barriers that could contribute to the differences in SROH among populations. We used the 
composite SES index to measure the socio-economic status of respondents. Some studies of 
SES and health have suggested that income is the best SES predictor of the SRH and SROH 
(Locker, 2009; Nummela et al., Sanders et al., 2006, von dem Knesebeck et al., 2003). Thus, 
future studies are needed to examine the association between income and SROH.   
Further qualitative studies are needed to investigate the referents and meanings that 
underlie SROH and to examine the relationship between SROH and SRH among adults.  
To measure the clinical, functional and psychosocial outcomes of oral disorders, future 
studies should be focused on the relation of SROH to the clinical measures and 
comprehensive subjective oral health measures. In addition, future studies using a 
combined measure of perceived need of any dental care may provide more detailed 
information about the relationship among SROH, self-perceived need for treatment and oral 
functional limitation (Seremidi et al., 2009).   

5. Conclusions 
This study is one of the first to examine a global rating of oral health among Istanbul adults 
aged 18 years and over  using a a representative quota sample.  Almost half of the study 
sample rated their oral health as bad. Older age, regular dental visit, a higher Dentist LOC 
beliefs and a lower Chance LOC beliefs are significantly associated with good SROH. Oral 
health programs and services should not only target treatments for dental disease, but 
should also include component that determine the subjective evaluation of oral health 
conditions of adults affected by cultural health beliefs, socio-demographic and behavioral 
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factors. There is no oral health policy emphasizing prevention-oriented dental care and 
regular dental visit in Turkey. The results of this study could provide helpful information 
for oral health professionals to develop national oral health policy. Taking into account the 
oral health LOC beliefs that reinforce a good SROH may help the oral health professionals 
and dental health educators to develop health promotion programs. Age – specific oral 
health education and promotion programs is a good starting point for increasing oral health 
awareness and knowledge about the associations between oral and general health as well as 
improving regular dental attendance of Istanbul adults. 
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for oral health professionals to develop national oral health policy. Taking into account the 
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and dental health educators to develop health promotion programs. Age – specific oral 
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6. Acknowledgement 
The data used in this paper were derived from my doctoral dissertation; I would like to 
thank my dissertation committee of Gülçin Bermek, Mustafa Şenocak and Nesrin Hisli Şahin 
for their advice and comments. I thank Mr. Necdet Süt and Dr. Ömer Uysal for their help 
with the statistical analysis and to Mr. Taner Gönç for his help processing and collecting 
data.  This study was financially supported by the Istanbul University Research Foundation 
(Grant no. T-217 / 06032003).  

7. References 
Abelsen, B. (2008).  What a difference a place makes: Dental attendance and self-rated oral   

health among adults in three counties in Norway. Health & Place, Vol.14, No.4, 
pp.829–840, ISSN 1353-8292  

Akarslan, Z.Z.; Sadik, B.; Sadik, E.& Erten, H. (2008). Dietary habits and oral health related 
behaviors in relation to DMFT indexes of a group of young adult patients attending 
a dental school. Medicina Oral Patologia Oral y Cirugia, Vol.13, No.12, pp. E800-E807, 
ISSN:1698-4447  

Andersen, R. M. (1995) Revisiting the behavioral model and access to medical care: Does it 
matter? Journal of Health and Social Behavior, Vol. 36, No.1,pp. 1-10, ISSN 0022-1465 

Andersen, R.M.& Davidson, P.L.(1997). Ethnicity, aging, and oral health outcomes: A 
conceptual framework. Advances in Dental Research, Vol.11, No.2, pp.203–209. 
ISSN:0895-9374 

Araújo, C.S.; Lima Rda, C.; Peres, M.A.& Barros, A.J.(2009). Use of dental services and 
associated factors: a population-based study in southern Brazil. Cadernos de saúde 
pública, Vol. 25, No.5, pp.1063-1072, ISSN 0102-311X 

Arnljot, H.A.; Barnes, D.E.; Cohen, L.K.; Hunter, P.B.V.& Ship I.I.(1985). Oral health care 
systems: an international collaborative study, Quintessence Publishing Company Ltd, 
ISBN 9781850970019, London, England. 

Arslan, A.; Orhan, K.; Canpolat, C.; Delilbasi, C.& Dural, S. (2009). Impact of xerostomia on 
oral complaints in a group of elderly Turkish removable denture wearers. Archives 
of Gerontology and Geriatrics, Vol.49, No.2, pp.263-267, ISSN 0167-4943 

Atchison, K.A. & Andersen, R.M. (2000). Demonstrating Successful Aging Using the 
International Collaborative Study for Oral Health Outcomes. Journal of Public Health 
Dentistry, Vol.60, No.4, pp: 282-288, ISSN 0022-4006 

Atchison, K.A.& Gift, H.C. (1997). Perceived oral health in a diverse sample. Advances in 
Dental Research, Vol.11, No.2, pp.:272-280, ISSN 0895-9374 

 
The Determinants of Self–Rated Oral Health in Istanbul Adults 

 

183 

Axelsson, G& Helgadottir, S. (1995). Comparison of oral health data from self-administered 
questionnaire and clinical examination. Community Dentistry and Oral Epidemiology, 
Vol. 23, No.6, pp.  365–368, ISSN 0301-5661 

Bailey, C.; Dey, F.; Reynolds, K.; Rutter, G.; Teoh, T. & Peck, C. (1981). What are the 
variables related to dental compliance? Australian Dental Journal, Vol.  26, No.1, pp. 
46–48, ISSN 0045-0421   

Baker, S.R. (2009). Applying Andersen's behavioural model to oral health: what are the 
contextual factors shaping perceived oral health outcomes? Community Dentistry 
and Oral Epidemiology, Vol.37, No.6, pp.485-494, ISSN 0301-5661 

Baran, I.& Nalcaci, R . (2011). Self-reported problems before and after prosthodontic 
treatments according to newly created Turkish version of oral health impact profile. 
Archives of Gerontology and Geriatrics, Vol.53,No.2, pp.e99-e105, ISSN 0167-4943 

Bennett, I.M.; Chen, J.; Soroui, J.S. & White, S.(2009).  The contribution of health literacy to 
disparities in self-rated health status and preventive health behaviors in older 
adults. Annals of Family Medicine, Vol.7, No.3, pp.204-211, ISSN 1544-1709 

Benyamini,Y.; Leventhal, H.& Leventhal, E.A.(2004). Self-rated oral health as an 
independent predictor of self- rated general health, self-esteem and life satisfaction. 
Social science & medicine, Vol.59, No.5, pp.1109–1116, ISSN 0277-9536 

Borkowska, E.D.; Watts, T.L.P.& Weinman, J. (1998).  The relationship of health beliefs and 
psychological mood to patient adherence to oral hygiene behaviour. Journal of 
Clinical Periodontology, Vol. 25, No.3, pp. 187-193, ISSN 0303-6979        

Borrell, L.N. & Baquero, M.C. (2011). Self-rated general and oral health in New York City 
adults: assessing the effect of individual and neighborhood social factors. 
Community Dentistry and Oral Epidemiology, Vol.39, No.4, pp.361-371, ISSN 0301-
5661 

Broadbent, J.M.; Thomson, W.M. & Poulton, R. (2006). Oral health beliefs in adolescence and 
oral health in young adulthood. Journal of Dental Research, Vol. 85, No.4,pp.339-343, 
ISSN 0022-0345  

Butani, Y.; Weintraub, J.A. & Barker, J.C. (2008). Oral health-related cultural beliefs for four 
racial/ethnic groups: assessment of the literature. BioMed Central Oral Health, Vol. 8, 
Available from http://www.biomedcentral.com/1472-6831/8/26 

Caglayan, F.; Altun, O.; Miloglu, O.; Kaya, M.D.& Yilmaz, A.B.(2009). Correlation between 
oral health-related quality of life (OHQoL) and oral disorders in a Turkish patient 
population. Medicina Oral Patologia Oral y Cirugia, Vol.14, No.11, pp. e573-578, 
ISSN:1698-4447 

Camargo, M.B.; Dumith, S.C. & Barros, A.J. (2009). Regular use of dental care services by 
adults: patterns of utilization and types of services. Cadernos de saúde pública,Vol.25, 
No.9, pp. 1894-1906, ISSN 0102-311X 

Carr, A.J.; Gibson, B. & Robinson, P.G. (2001).  Measuring quality of life: Is quality of life 
defined by expectations or experience? British Medical Journal, Vol.322, No. 7296, 
pp. 1240-1243, ISSN 0959-8138 

Chen, M.;Andersen, R.M.; Barmes, D.E.; Leclercq, M.H.& Lyttle, C.S. (1997). Comparing oral 
healthcare systems, World Health. Organization, ISBN 92-4-156188-
2,Geneva,Switzerland. 

Coulter, I.; Yamamoto, J.M.; Marcus, M.; Freed, J.; Der-Martirosian, C.; Guzman-Becerra, N.; 
Brown, L.J. & Guay, A. (2004). Self-reported oral health of enrollees in capitated 



 
Oral Health Care – Pediatric, Research, Epidemiology and Clinical Practices 

 

184 

and fee-for-service dental benefit plans. The Journal of the American Dental 
Association, Vol .135, No.11, pp. 1606-1615, ISSN 0002-8177 

Dahl, K.E.; Wang, N.J.; Skau, I.& Ohrn, K.(2011).  Oral health-related quality of life and 
associated factors in Norwegian adults. Acta Odontologica Scandinavica, Vol.69, 
No.4,pp.208-214, ISSN 0001-6357  

Dolan, T.A.; Peek, C.W.; Stuckm, A.E. & Beck, J.C. (1998).  Three – year changes in global 
oral health rating by elderly dentate adults. Community Dentistry and Oral 
Epidemiology, Vol. 26, No. 1, pp. 62–69, ISSN 0301-5661 

Ekbäck, G.; Astrøm, A.N.; Klock, K.; Ordell, S. & Unell, L. (2009). Variation in subjective oral 
health indicators of 65-year-olds in Norway and Sweden. Acta Odontologica 
Scandinavica, Vol. 67, No. 4., pp. 222-232, ISSN 0001-6357 

Finlayson, T.L.; Williams, D.R.; Siefert, K.; Jackson, J.S.& Nowjack-Raymer, R.(2010). Oral 
Health Disparities and Psychosocial Correlates of Self-Rated Oral Health in the 
National Survey of American Life. American Journal of Public Health, Vol.100, 
No.1,pp. 246–255, ISSN 0090-0036  

Geckili, O.; Bilhan, H. & Bilgin, T. (2011). Impact of mandibular two-implant retained 
overdentures on life quality in a group of elderly Turkish edentulous patients. 
Archives of Gerontology and Geriatrics, Vol.53, No.2,pp.233-236, ISSN 0167-4943 

Gift, H.C.; Atchison, K.A. & Drury, T.F. (1998).  Perceptions of the natural dentition in the 
context of multiple variables. Journal of Dental Research, Vol.77, No. 7, pp.1529-1538, 
ISSN  0022-0345  

Gilbert, G. H., Shelton, B. J., Scott Chavers, L., & Bradford, E. H. (2003). The paradox of 
dental need in a population-based study of dental adults. Medical Care,Vol. 41, 
No.1, pp.  119-134, ISSN 0025-7079 

Gilbert, G.H.(2005). Racial and socioeconomic disparities in health from population-based 
research to practice-based research: the example of oral health. Journal of Dental 
Education, Vol.69,No.9,pp.1003-1014,ISSN 0022-0337 

Gilbert, G.H.; Duncan, R.P.; Heft, M.W.; Dolan, T.A.& Vogel, W.B. (1998). 
Multidimensionality of Oral Health in Dentate Adults. Medical Care, Vol.36., No.7, 
pp.988-1001, ISSN 0025-7079 

Gökalp, S.; Doğan, B.G.; Tekçiçek, M.; Berberoğlu, A. & Ünlüer, Ş. (2010).  National survey 
of oral health status of  children and adults in Turkey. Community Dental Health, 
Vol.27, No.1, pp. 12–17, ISSN 0256-539X 

Grotz, M.; Hapke, U.; Lampert, T. & Baumeister, H. (2011).  Health locus of control and 
health behaviour: results from a nationally representative survey. Psychology, Health 
& Medicine, Vol.16, No. 2, pp.129-140, ISSN 1354-8506 

Holt, C.L.; Clark, E.M.; Kreuter, M.W. & Scharff, D.P. (2000). Does locus of control moderate 
the effects of tailored health education materials? Health Education Research, Vol. 15, 
No.4, pp. 393–403, ISSN 0268-1153  

Jones, J.A.; Kressin, N.R.; Spiro A, 3rd.; Randall, C.W.; Miller, D.R.; Hayes, C.; Kazis, L. & 
Garcia, R.I. (2001). Self-reported and clinical oral health in users of VA health care. 
The journals of gerontology. Series A, Biological Sciences and Medical Sciences,Vol. 56, 
No.1,pp. M55-M62. ISSN:1079-5006 

Kaplan, G. &  Baron-Epel, O. (2003).  What lies behind the subjective evaluation of health 
status? Social Science & Medicine, Vol .56, No.8, pp. 1669-1676, ISSN 0277-9536 

 
The Determinants of Self–Rated Oral Health in Istanbul Adults 

 

185 

Kargul, B. & Bakkal, M. (2010). Systems for the previsions of oral health care in the Black Sea 
countries Part 6: Turkey. Journal of Oral Health and Dental Management, Vol.9, No.3, 
pp. 115-121, ISSN 1583-5588  

Kent, G.G.; Matthews, R.G. & White, F.H. (1984) Locus of control and oral health. The Journal 
of the American Dental Association,Vol.  109, No.1, pp. 67–69, ISSN 0002-8177 

Kieffer, J.M.& Hoogstraten, J. (2008).Linking oral health, general health, and quality of life. 
European Journal of Oral Sciences, Vol.116, No.5, pp.445-450, ISSN 0909-8836. 

Kim, H.Y.; Patton,L.L.& Park, Y.D. (2010). Assessment of predictors of global self-ratings of 
oral health among Korean adults aged 18-95 years. Journal of Public Health 
Dentistry,Vol.70,No.3,pp. 241–244, ISSN 0022-4006 

Kiyak, H,A. (1993). Age and culture: influences on oral health behaviour. International Dental 
Journal, Vol. 43, No. 1, pp.9-16,ISSN 0020-6539 

Krause, N.M. & Jay, G.M. (1994). What do global self-rated health items measure? Medical 
Care, Vol. 32, No.9, pp.930-942, ISSN 0025-7079 

Lee, K.L.; Schwarz, E. & Mak, K.Y. (1993) Improving oral health through understanding the 
meaning of health and disease in a Chinese culture. International Dental Journal , 
Vol. 43, No.1, pp.2-8, ISSN 0020-6539     

Locker, D. & Gibson, B. (2005). Discrepancies between self-ratings of and satisfaction with 
oral health in two older adults populations. Community Dentistry and Oral 
Epidemiology, Vol. 33, No.4,pp.280–288, ISSN 0301-5661 

Locker, D. (1988). Measuring oral health: a conceptual framework. Community Dental Health, 
Vol.5,No.1,pp.3-18,ISSN 0265-539X . 

Locker, D. (1996).  Applications of self-reported assessments of oral health outcomes. Journal 
of Dental Education, Vol.60, No.6, pp. 494–500, ISSN 0022-0337  

Locker, D. (2009). Self-esteem and socioeconomic disparities in self-perceived oral health. 
Journal of Public Health Dentistry, Vol.69, No.1, pp.1-8, ISSN 0022-4006 . 

Locker, D.& Miller, Y. (1994). Subjectively reported oral health status in an adult population. 
Community Dentistry and Oral Epidemiology, Vol. 22,No.6, pp.425–430,ISSN  0301-
5661  

Locker, D.; Maggirias, J. & Wexler, E. (2009). What frames of reference underlie self-ratings 
of oral health? Journal of Public Health Dentistry, Vol.69,No.2,pp.78-89,ISSN 0022-
4006 

Locker, D.; Wexler, E. & Jokovic, A. (2005). What do older adults’ global self-ratings of oral 
health measure? Journal of Public Health Dentistry, Vol.65,No.3,pp.146–152, ISSN 
0022-4006 

Lundegren, N.; Axtelius, B.; Akerman, S.; Perera, I. &, Ekanayake, L.  (2011)  Self perceived 
oral health, oral treatment need and the use of oral health care of the adult 
population in Skåne, Sweden. Swedish Dental Journal, Vol.35, No. 2, pp. 89-98, ISSN 
0347-9994 

Mangelsdorff, A.D. & Brush, W.A. (1978) Locus of control as a predictor of dental care 
requirements. The Journal of Preventive Dentistry, Vol. 5, No.5, pp.  29–30,  ISSN 
0096-2732  

Martins, A.B.; Dos Santos, C.M.; Hilgert, J.B.; de Marchi, R.J.; Hugo, F.N.& Pereira Padilha, 
D.M.(2011). Resilience and self-perceived oral health: a hierarchical approach. 
Journal of the American Geriatrics Society, Vol.59,No.4,pp.725-731,ISSN 002-8614.  



 
Oral Health Care – Pediatric, Research, Epidemiology and Clinical Practices 

 

184 

and fee-for-service dental benefit plans. The Journal of the American Dental 
Association, Vol .135, No.11, pp. 1606-1615, ISSN 0002-8177 

Dahl, K.E.; Wang, N.J.; Skau, I.& Ohrn, K.(2011).  Oral health-related quality of life and 
associated factors in Norwegian adults. Acta Odontologica Scandinavica, Vol.69, 
No.4,pp.208-214, ISSN 0001-6357  

Dolan, T.A.; Peek, C.W.; Stuckm, A.E. & Beck, J.C. (1998).  Three – year changes in global 
oral health rating by elderly dentate adults. Community Dentistry and Oral 
Epidemiology, Vol. 26, No. 1, pp. 62–69, ISSN 0301-5661 

Ekbäck, G.; Astrøm, A.N.; Klock, K.; Ordell, S. & Unell, L. (2009). Variation in subjective oral 
health indicators of 65-year-olds in Norway and Sweden. Acta Odontologica 
Scandinavica, Vol. 67, No. 4., pp. 222-232, ISSN 0001-6357 

Finlayson, T.L.; Williams, D.R.; Siefert, K.; Jackson, J.S.& Nowjack-Raymer, R.(2010). Oral 
Health Disparities and Psychosocial Correlates of Self-Rated Oral Health in the 
National Survey of American Life. American Journal of Public Health, Vol.100, 
No.1,pp. 246–255, ISSN 0090-0036  

Geckili, O.; Bilhan, H. & Bilgin, T. (2011). Impact of mandibular two-implant retained 
overdentures on life quality in a group of elderly Turkish edentulous patients. 
Archives of Gerontology and Geriatrics, Vol.53, No.2,pp.233-236, ISSN 0167-4943 

Gift, H.C.; Atchison, K.A. & Drury, T.F. (1998).  Perceptions of the natural dentition in the 
context of multiple variables. Journal of Dental Research, Vol.77, No. 7, pp.1529-1538, 
ISSN  0022-0345  

Gilbert, G. H., Shelton, B. J., Scott Chavers, L., & Bradford, E. H. (2003). The paradox of 
dental need in a population-based study of dental adults. Medical Care,Vol. 41, 
No.1, pp.  119-134, ISSN 0025-7079 

Gilbert, G.H.(2005). Racial and socioeconomic disparities in health from population-based 
research to practice-based research: the example of oral health. Journal of Dental 
Education, Vol.69,No.9,pp.1003-1014,ISSN 0022-0337 

Gilbert, G.H.; Duncan, R.P.; Heft, M.W.; Dolan, T.A.& Vogel, W.B. (1998). 
Multidimensionality of Oral Health in Dentate Adults. Medical Care, Vol.36., No.7, 
pp.988-1001, ISSN 0025-7079 

Gökalp, S.; Doğan, B.G.; Tekçiçek, M.; Berberoğlu, A. & Ünlüer, Ş. (2010).  National survey 
of oral health status of  children and adults in Turkey. Community Dental Health, 
Vol.27, No.1, pp. 12–17, ISSN 0256-539X 

Grotz, M.; Hapke, U.; Lampert, T. & Baumeister, H. (2011).  Health locus of control and 
health behaviour: results from a nationally representative survey. Psychology, Health 
& Medicine, Vol.16, No. 2, pp.129-140, ISSN 1354-8506 

Holt, C.L.; Clark, E.M.; Kreuter, M.W. & Scharff, D.P. (2000). Does locus of control moderate 
the effects of tailored health education materials? Health Education Research, Vol. 15, 
No.4, pp. 393–403, ISSN 0268-1153  

Jones, J.A.; Kressin, N.R.; Spiro A, 3rd.; Randall, C.W.; Miller, D.R.; Hayes, C.; Kazis, L. & 
Garcia, R.I. (2001). Self-reported and clinical oral health in users of VA health care. 
The journals of gerontology. Series A, Biological Sciences and Medical Sciences,Vol. 56, 
No.1,pp. M55-M62. ISSN:1079-5006 

Kaplan, G. &  Baron-Epel, O. (2003).  What lies behind the subjective evaluation of health 
status? Social Science & Medicine, Vol .56, No.8, pp. 1669-1676, ISSN 0277-9536 

 
The Determinants of Self–Rated Oral Health in Istanbul Adults 

 

185 

Kargul, B. & Bakkal, M. (2010). Systems for the previsions of oral health care in the Black Sea 
countries Part 6: Turkey. Journal of Oral Health and Dental Management, Vol.9, No.3, 
pp. 115-121, ISSN 1583-5588  

Kent, G.G.; Matthews, R.G. & White, F.H. (1984) Locus of control and oral health. The Journal 
of the American Dental Association,Vol.  109, No.1, pp. 67–69, ISSN 0002-8177 

Kieffer, J.M.& Hoogstraten, J. (2008).Linking oral health, general health, and quality of life. 
European Journal of Oral Sciences, Vol.116, No.5, pp.445-450, ISSN 0909-8836. 

Kim, H.Y.; Patton,L.L.& Park, Y.D. (2010). Assessment of predictors of global self-ratings of 
oral health among Korean adults aged 18-95 years. Journal of Public Health 
Dentistry,Vol.70,No.3,pp. 241–244, ISSN 0022-4006 

Kiyak, H,A. (1993). Age and culture: influences on oral health behaviour. International Dental 
Journal, Vol. 43, No. 1, pp.9-16,ISSN 0020-6539 

Krause, N.M. & Jay, G.M. (1994). What do global self-rated health items measure? Medical 
Care, Vol. 32, No.9, pp.930-942, ISSN 0025-7079 

Lee, K.L.; Schwarz, E. & Mak, K.Y. (1993) Improving oral health through understanding the 
meaning of health and disease in a Chinese culture. International Dental Journal , 
Vol. 43, No.1, pp.2-8, ISSN 0020-6539     

Locker, D. & Gibson, B. (2005). Discrepancies between self-ratings of and satisfaction with 
oral health in two older adults populations. Community Dentistry and Oral 
Epidemiology, Vol. 33, No.4,pp.280–288, ISSN 0301-5661 

Locker, D. (1988). Measuring oral health: a conceptual framework. Community Dental Health, 
Vol.5,No.1,pp.3-18,ISSN 0265-539X . 

Locker, D. (1996).  Applications of self-reported assessments of oral health outcomes. Journal 
of Dental Education, Vol.60, No.6, pp. 494–500, ISSN 0022-0337  

Locker, D. (2009). Self-esteem and socioeconomic disparities in self-perceived oral health. 
Journal of Public Health Dentistry, Vol.69, No.1, pp.1-8, ISSN 0022-4006 . 

Locker, D.& Miller, Y. (1994). Subjectively reported oral health status in an adult population. 
Community Dentistry and Oral Epidemiology, Vol. 22,No.6, pp.425–430,ISSN  0301-
5661  

Locker, D.; Maggirias, J. & Wexler, E. (2009). What frames of reference underlie self-ratings 
of oral health? Journal of Public Health Dentistry, Vol.69,No.2,pp.78-89,ISSN 0022-
4006 

Locker, D.; Wexler, E. & Jokovic, A. (2005). What do older adults’ global self-ratings of oral 
health measure? Journal of Public Health Dentistry, Vol.65,No.3,pp.146–152, ISSN 
0022-4006 

Lundegren, N.; Axtelius, B.; Akerman, S.; Perera, I. &, Ekanayake, L.  (2011)  Self perceived 
oral health, oral treatment need and the use of oral health care of the adult 
population in Skåne, Sweden. Swedish Dental Journal, Vol.35, No. 2, pp. 89-98, ISSN 
0347-9994 

Mangelsdorff, A.D. & Brush, W.A. (1978) Locus of control as a predictor of dental care 
requirements. The Journal of Preventive Dentistry, Vol. 5, No.5, pp.  29–30,  ISSN 
0096-2732  

Martins, A.B.; Dos Santos, C.M.; Hilgert, J.B.; de Marchi, R.J.; Hugo, F.N.& Pereira Padilha, 
D.M.(2011). Resilience and self-perceived oral health: a hierarchical approach. 
Journal of the American Geriatrics Society, Vol.59,No.4,pp.725-731,ISSN 002-8614.  



 
Oral Health Care – Pediatric, Research, Epidemiology and Clinical Practices 

 

186 

Martins, A.M.; Barreto, S.M. & Pordeus, I.A. (2009) Objective and subjective factors related 
to self-rated oral health among the elderly. Cadernos de Saúde Pública, Vol.25, No.2, 
pp. 421-435, ISSN 0102-311X 

Martins, A.M; Barreto, S.M.; Silveira, M.F.; Santa-Rosa, T.T.& Pereira, R,D. (2010). Self-
perceived oral health among Brazilian elderly individuals. Revista de Saúde 
Pública,Vol.44,No.5,pp.912-922,ISSN 0034-8910  

Matos, D.L.& Lima-Costa, M.F. (2006).Self-rated oral health among Brazilian adults and 
older adults in Southeast Brazil: results from the SB-Brasil Project, 2003. Cadernos de 
Saúde Pública,Vol.22,No.8,pp.1699-1707,ISSN 0102-311X 

Matthias, R.E.; Atchison, K.A; Lubben, J.E.; De Jong, F. & Schweitzer, S.O. (1995). Factors 
affecting self-ratings of oral health. Journal of Public Health Dentistry, Vol. 55, No.4, 
pp. 197-204, ISSN 0022-4006  

Maupomé, G.; Peters, D. & White, B.A. (2004). Use of clinical services compared with 
patients’ perceptions of and satisfaction with oral health status. Journal of Public 
Health Dentistry,Vol. 64, No.2, pp.88–95, ISSN 0022-4006  

Nakazono, T.T.; Davidson, P.L. & Andersen, R.M. (1997). Oral health beliefs in diverse 
populations. Advances in Dental Research, Vol.11, No. 2, pp. 235-244, ISSN 0895-9374 

Namal, N.; Can, G.; Vehid, S.; Koksal, S.& Kaypmaz, A. (2008). Dental health status and risk 
factors for dental caries in adults in Istanbul, Turkey. Eastern Mediterranean Health 
Journal, Vol.14, No.1,pp.110-118, ISSN1020-3397  

Norman, P.; Bennet, P.; Smith, C. & Murphy, S. (1998). Health Locus of Control and Health 
Behaviour. Journal of Health Psychology, Vol. 3, No. 2, pp.171- 180, ISSN  1359-1053 

Nummela, O.P.; Sulander, T.T., Heinonen, H.S. & Uutela, A.K. (2007). Self-rated health and 
indicators of SES among the ageing in three types of communities. Scandinavian 
Journal of Public Health, Vol.35, No.1, pp. 39-47, ISSN 1403-4948 

Ojofeitimi, E.O.; Adedigba, M.A.; Ogunbodede, E.O.; Fajemilehin, B.R. & Adegbehingbe, 
B.O. (2007). Oral health and the elderly in Nigeria: a case for oral health promotion. 
Gerodontology, Vol. 24, No.4, pp.231-234, ISSN 0734-0664 

Okunseri, C.; Hodges, J.S. & Born, D.O. (2008a). Self-reported oral health perceptions of 
Somali adults in Minnesota: a pilot study. International Journal of Dental 
Hygiene,Vol.6,No.2,pp.114-118,ISSN 1601-5029 

Okunseri, C.; Yang, M.; Gonzalez, C.; LeMay, W.& Iacopino, A.M. (2008b). Hmong adults 
self-rated oral health: a pilot study. Journal of Immigrant and Minority Health , 
Vol.10,No.1,pp.81-88,ISSN 1557-1912 

Ostberg, A.L.& Hall-Lord, M.L.(2011). Oral health-related quality of life in older Swedish 
people with pain problems. Scandinavian Journal of Caring Sciences, Vol.25, 
No.3,pp.510-516, ISSN 0283-9318. 

Ozdemir, H.; Alper, Z.; Uncu, Y. &, Bilgel, N. (2010). Health literacy among adults: a study 
from Turkey. Health Education Research, Vol.25, No.3, pp.464-477, ISSN 0268-1153 

Oztürk, L.K.; Furuncuoğlu, H.; Atala, M.H.; Uluköylü, O.; Akyüz, S.& Yarat A. (2008). 
Association between dental-oral health in young adults and salivary glutathione, 
lipid peroxidation and sialic acid levels and carbonic anhydrase activity. Brazilian 
Journal of Medical and Biological Research, Vol. 41, No.11,pp.956-959, ISSN 0100-879X  

Parker, E.J. & Jamieson, L.M. (2010). Associations between indigenous Australian oral health 
literacy and self-reported oral health outcomes. BioMed Central Oral Health, Vol. 10, 
Available from http://www.biomedcentral.com/1472-6831/10/3 

 
The Determinants of Self–Rated Oral Health in Istanbul Adults 

 

187 

Pattussi, M.P.; Peres, K.G.; Boing, A.F.; Peres, M.A.& da Costa, J.S.(2010).  Self-rated oral 
health and associated factors in Brazilian elders. Community Dentistry and Oral 
Epidemiology,Vol.38,No.4,pp.348-359, ISSN 0301-5661 

Pavi, E.; Karampli, E.; Zavras, D.; Dardavesis, T. & Kyriopoulos, J. (2010). Social 
determinants of dental health services utilisation of Greek adults. Community 
Dentistry and Oral Epidemiology, Vol. 27, No. 3, pp.145-150, ISSN 0301-5661 

Peek, C.W.;  Gilbert, G.H.; Duncan, R.P.;  Heft, M.W. & Henretta, J.C. (1999). Patterns of 
change in self-reported oral health among dentate adults. Medical Care, Vol. 37, 
No.12, pp.1237–1248, ISSN 0025-7079 

Peker, K. & Bermek, G.(2011). Oral health: locus of control, health behavior, self-rated oral 
health and socio-demographic factors in Istanbul adults. Acta Odontologica 
Scandinavica, Vol.69, No.1,pp.54-64, ISSN 0001-6357  

Petersen, P.E. & Yamamoto, T. (2005). Improving the oral health of older people: the 
approach of the WHO Global Oral Health Programme. Community Dentistry and 
Oral Epidemiology; Vol.33, No.2, pp.81-92, ISSN 0301-5661 

Petersen, P.E.; Aleksejuniene, J.; Christensen, L.B.; Eriksen, H.M. & Kalo, I. (2000). Oral 
health behavior and attitudes of adults in Lithuania. Acta Odontologica Scandinavica, 
Vol. 58, No. 6, pp. 243-248, ISSN 0001-6357  

Pinelli, C. & de Castro Monteiro Loffredo,L. (2007). Reproducibility and validity of self-
perceived oral health conditions. Clinical Oral Investigations, Vol.11,No.4,pp.431-
437,ISSN 1432-6981 

Pitiphat, W.; Garcia, R.; Douglass, C. & Joshipura, K. (2002). Validation of self-reported oral 
health measures. Journal of Public Health Dentistry, Vol. 62, No. 2, pp.  122–128, ISSN 
0022-4006  

Poortinga, W.; Dunstan, F.D. & Fone, D.L. (2008). Health locus of control beliefs and socio-
economic differences in self-rated health. Preventive  Medicine, Vol.46, No. 4, pp. 
374-380, ISSN  0091-7435  

Reisine, S.T. & Bailit, H.L. (1980).  Clinical oral health status and adult perceptions of oral 
health. Social Science and Medicine, Vol.14A, No.6, pp. 597-605, ISSN 0160-7979  

Sanders, A.E. & Slade, G.D. (2006). Deficits in perceptions of oral health relative to general 
health in populations. Journal of Public Health Dentistry, Vol. 66, No. 4, pp. 255-62, 
ISSN 0022-4006  

Sanders, A.E.& Spencer, A.J.(2005). Why do poor adults rate their oral health poorly? 
Australian Dental Journal, Vol.50,No.3,pp.161-167, ISSN 0045-0421 

Sanders, A.E.; Slade, G.D.; Turrell, G.; John Spencer, A. & Marcenes, W. (2006). The shape of 
the socioeconomic-oral health gradient: implications for theoretical explanations. 
Community Dentistry and Oral Epidemiology, Vol.34, No. 4, pp. 310-319, ISSN 0301-
5661 

Seremidi, K.; Koletsi-Kounari, H. & Kandilorou, H.(2009). Self-reported and clinically-
diagnosed dental needs: determining the factors that affect subjective assessment. 
Oral Health & Preventive Dentistry, Vol.7, No. 2, pp. 183-190, ISSN 1602-1622  

Steptoe, A. & Wardle, J. (2001). Locus of control and health behaviour revisited: a 
multivariate analysis of young adults from 18 countries. British Journal of 
Psychology, Vol. 92, No.4 , pp. 659-672, ISSN 0007-1269 



 
Oral Health Care – Pediatric, Research, Epidemiology and Clinical Practices 

 

186 

Martins, A.M.; Barreto, S.M. & Pordeus, I.A. (2009) Objective and subjective factors related 
to self-rated oral health among the elderly. Cadernos de Saúde Pública, Vol.25, No.2, 
pp. 421-435, ISSN 0102-311X 

Martins, A.M; Barreto, S.M.; Silveira, M.F.; Santa-Rosa, T.T.& Pereira, R,D. (2010). Self-
perceived oral health among Brazilian elderly individuals. Revista de Saúde 
Pública,Vol.44,No.5,pp.912-922,ISSN 0034-8910  

Matos, D.L.& Lima-Costa, M.F. (2006).Self-rated oral health among Brazilian adults and 
older adults in Southeast Brazil: results from the SB-Brasil Project, 2003. Cadernos de 
Saúde Pública,Vol.22,No.8,pp.1699-1707,ISSN 0102-311X 

Matthias, R.E.; Atchison, K.A; Lubben, J.E.; De Jong, F. & Schweitzer, S.O. (1995). Factors 
affecting self-ratings of oral health. Journal of Public Health Dentistry, Vol. 55, No.4, 
pp. 197-204, ISSN 0022-4006  

Maupomé, G.; Peters, D. & White, B.A. (2004). Use of clinical services compared with 
patients’ perceptions of and satisfaction with oral health status. Journal of Public 
Health Dentistry,Vol. 64, No.2, pp.88–95, ISSN 0022-4006  

Nakazono, T.T.; Davidson, P.L. & Andersen, R.M. (1997). Oral health beliefs in diverse 
populations. Advances in Dental Research, Vol.11, No. 2, pp. 235-244, ISSN 0895-9374 

Namal, N.; Can, G.; Vehid, S.; Koksal, S.& Kaypmaz, A. (2008). Dental health status and risk 
factors for dental caries in adults in Istanbul, Turkey. Eastern Mediterranean Health 
Journal, Vol.14, No.1,pp.110-118, ISSN1020-3397  

Norman, P.; Bennet, P.; Smith, C. & Murphy, S. (1998). Health Locus of Control and Health 
Behaviour. Journal of Health Psychology, Vol. 3, No. 2, pp.171- 180, ISSN  1359-1053 

Nummela, O.P.; Sulander, T.T., Heinonen, H.S. & Uutela, A.K. (2007). Self-rated health and 
indicators of SES among the ageing in three types of communities. Scandinavian 
Journal of Public Health, Vol.35, No.1, pp. 39-47, ISSN 1403-4948 

Ojofeitimi, E.O.; Adedigba, M.A.; Ogunbodede, E.O.; Fajemilehin, B.R. & Adegbehingbe, 
B.O. (2007). Oral health and the elderly in Nigeria: a case for oral health promotion. 
Gerodontology, Vol. 24, No.4, pp.231-234, ISSN 0734-0664 

Okunseri, C.; Hodges, J.S. & Born, D.O. (2008a). Self-reported oral health perceptions of 
Somali adults in Minnesota: a pilot study. International Journal of Dental 
Hygiene,Vol.6,No.2,pp.114-118,ISSN 1601-5029 

Okunseri, C.; Yang, M.; Gonzalez, C.; LeMay, W.& Iacopino, A.M. (2008b). Hmong adults 
self-rated oral health: a pilot study. Journal of Immigrant and Minority Health , 
Vol.10,No.1,pp.81-88,ISSN 1557-1912 

Ostberg, A.L.& Hall-Lord, M.L.(2011). Oral health-related quality of life in older Swedish 
people with pain problems. Scandinavian Journal of Caring Sciences, Vol.25, 
No.3,pp.510-516, ISSN 0283-9318. 

Ozdemir, H.; Alper, Z.; Uncu, Y. &, Bilgel, N. (2010). Health literacy among adults: a study 
from Turkey. Health Education Research, Vol.25, No.3, pp.464-477, ISSN 0268-1153 

Oztürk, L.K.; Furuncuoğlu, H.; Atala, M.H.; Uluköylü, O.; Akyüz, S.& Yarat A. (2008). 
Association between dental-oral health in young adults and salivary glutathione, 
lipid peroxidation and sialic acid levels and carbonic anhydrase activity. Brazilian 
Journal of Medical and Biological Research, Vol. 41, No.11,pp.956-959, ISSN 0100-879X  

Parker, E.J. & Jamieson, L.M. (2010). Associations between indigenous Australian oral health 
literacy and self-reported oral health outcomes. BioMed Central Oral Health, Vol. 10, 
Available from http://www.biomedcentral.com/1472-6831/10/3 

 
The Determinants of Self–Rated Oral Health in Istanbul Adults 

 

187 

Pattussi, M.P.; Peres, K.G.; Boing, A.F.; Peres, M.A.& da Costa, J.S.(2010).  Self-rated oral 
health and associated factors in Brazilian elders. Community Dentistry and Oral 
Epidemiology,Vol.38,No.4,pp.348-359, ISSN 0301-5661 

Pavi, E.; Karampli, E.; Zavras, D.; Dardavesis, T. & Kyriopoulos, J. (2010). Social 
determinants of dental health services utilisation of Greek adults. Community 
Dentistry and Oral Epidemiology, Vol. 27, No. 3, pp.145-150, ISSN 0301-5661 

Peek, C.W.;  Gilbert, G.H.; Duncan, R.P.;  Heft, M.W. & Henretta, J.C. (1999). Patterns of 
change in self-reported oral health among dentate adults. Medical Care, Vol. 37, 
No.12, pp.1237–1248, ISSN 0025-7079 

Peker, K. & Bermek, G.(2011). Oral health: locus of control, health behavior, self-rated oral 
health and socio-demographic factors in Istanbul adults. Acta Odontologica 
Scandinavica, Vol.69, No.1,pp.54-64, ISSN 0001-6357  

Petersen, P.E. & Yamamoto, T. (2005). Improving the oral health of older people: the 
approach of the WHO Global Oral Health Programme. Community Dentistry and 
Oral Epidemiology; Vol.33, No.2, pp.81-92, ISSN 0301-5661 

Petersen, P.E.; Aleksejuniene, J.; Christensen, L.B.; Eriksen, H.M. & Kalo, I. (2000). Oral 
health behavior and attitudes of adults in Lithuania. Acta Odontologica Scandinavica, 
Vol. 58, No. 6, pp. 243-248, ISSN 0001-6357  

Pinelli, C. & de Castro Monteiro Loffredo,L. (2007). Reproducibility and validity of self-
perceived oral health conditions. Clinical Oral Investigations, Vol.11,No.4,pp.431-
437,ISSN 1432-6981 

Pitiphat, W.; Garcia, R.; Douglass, C. & Joshipura, K. (2002). Validation of self-reported oral 
health measures. Journal of Public Health Dentistry, Vol. 62, No. 2, pp.  122–128, ISSN 
0022-4006  

Poortinga, W.; Dunstan, F.D. & Fone, D.L. (2008). Health locus of control beliefs and socio-
economic differences in self-rated health. Preventive  Medicine, Vol.46, No. 4, pp. 
374-380, ISSN  0091-7435  

Reisine, S.T. & Bailit, H.L. (1980).  Clinical oral health status and adult perceptions of oral 
health. Social Science and Medicine, Vol.14A, No.6, pp. 597-605, ISSN 0160-7979  

Sanders, A.E. & Slade, G.D. (2006). Deficits in perceptions of oral health relative to general 
health in populations. Journal of Public Health Dentistry, Vol. 66, No. 4, pp. 255-62, 
ISSN 0022-4006  

Sanders, A.E.& Spencer, A.J.(2005). Why do poor adults rate their oral health poorly? 
Australian Dental Journal, Vol.50,No.3,pp.161-167, ISSN 0045-0421 

Sanders, A.E.; Slade, G.D.; Turrell, G.; John Spencer, A. & Marcenes, W. (2006). The shape of 
the socioeconomic-oral health gradient: implications for theoretical explanations. 
Community Dentistry and Oral Epidemiology, Vol.34, No. 4, pp. 310-319, ISSN 0301-
5661 

Seremidi, K.; Koletsi-Kounari, H. & Kandilorou, H.(2009). Self-reported and clinically-
diagnosed dental needs: determining the factors that affect subjective assessment. 
Oral Health & Preventive Dentistry, Vol.7, No. 2, pp. 183-190, ISSN 1602-1622  

Steptoe, A. & Wardle, J. (2001). Locus of control and health behaviour revisited: a 
multivariate analysis of young adults from 18 countries. British Journal of 
Psychology, Vol. 92, No.4 , pp. 659-672, ISSN 0007-1269 



 
Oral Health Care – Pediatric, Research, Epidemiology and Clinical Practices 

 

188 

Thomson, W.M.; Williams, S.M.; Broadbent, J.M.; Poulton, R. & Locker, D. (2010). Long-term 
dental visiting patterns and adult oral health. Journal of Dental Research, Vol. 89, No. 
3, pp. 307-311, ISSN 0022-0345  

Tüzün, S. (2000). Kentsel Türkiye Hane ve Bireyleri İçin Bir Tabakalaşma Modeli Olarak 
Veri Sosyo-ekonomik Statü İndeksi (VERİ S.E.S.İ.). İçinde: Mübeccel Kray İçin 
Yazlar,  Atacan F, Ercan F,  Kurtuluş H & Türkay M, (Eds.), pp. 371-385,  Bağlam 
Yaynclk,  ISBN 9756947446, Istanbul, Türkiye 

Ueno, M.; Zaitsu, T.; Shinada, K.; Ohara, S. & Kawaguchi, Y. (2010). Validity of the self-
reported number of natural teeth in Japanese adults. Journal of Investigative and 
Clinical Dentistry, VOl.1,No.2,pp. 79–84, ISSN 2041-1626 

Ugarte, J.; Abe, Y., Fukuda, H.; Honda, S.; Takamura, N.; Kobuke, Y.; Ye, Z.; Aoyagi, K.; 
Mendoza, O. & Shinsho, F. (2007).  Self-perceived oral health status and influencing 
factors of the elderly residents of a peri-urban area of La Paz, Bolivia. International 
Dental Journal, Vol. 57, No. 1, pp. 19-26, ISSN 0020-6539     

Unell, L.; Soderfeldt, B.; Halling, A.; Paulander, J. & Birkhed, D. (1997). Oral disease, 
impairment, and illness: congruence between clinical and questionnaire findings. 
Acta Odontologica Scandinavica, Vol. 55, No.2, pp.  127–132, ISSN 0001-6357  

Unlüer, S.; Gökalp, S. & Doğan, B.G. (2007). Oral health status of the elderly in a residential 
home in Turkey. Gerodontology, Vol. 24, No.1, pp.22-29, ISSN:0734-0664  

von dem Knesebeck, O.; Lüschen, G.; Cockerham, W.C. & Siegrist, J. (2003). Socioeconomic 
status and health among the aged in the United States and Germany: a comparative 
cross-sectional study. Social Science and Medicine , Vol. 57, No. 9, pp. 1643-1652, ISSN 
0160-7979 

Woolfolk, M. W., Lang, W. P., Borgnakke, W.S., Taylor, G. W., & Nyquist, L. W. (1999). 
Determining dental checkup frequency. Journal of the American Dental Association, 
Vol. 130, No.5, pp.  715-723, ISSN 0002-8177 

Wu, B.; Plassman, B.L.; Liang, J.; Remle, R.C.; Bai, L.&Crout, R.J.(2011). Differences in self-
reported oral health among community-dwelling black, Hispanic, and white elders. 
Journal of Aging and Health, Vol. 23, No.2, pp.267-288,ISSN 0898-2643 

10 

Krill Enzymes (Krillase®)  
an Important Factor to Improve Oral Hygiene 
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1. Introduction 
Prevention of gingivitis is largely governed by limiting the development of oral dental 
plaque and biofilm formation. It is also broadly acknowledged that accumulation of 
microorganisms are of pivotal importance in the initiation and progression of gingivitis and 
associated oral diseases (Socransky, Haffajee, 2005). We propose that krill enzymes 
(Krillase®) as they disintegrate cell surface structures and diminish bacterial adhesion to be 
a novel and innovative method for prevention of gingivitis. 
Krillase® is isolated from the digestive tract of Antarctic krill (Euphausia superba), a shrimp 
like animal constituting an enormous biomass in the Antarctic convergence. The harsch 
ecological situation in the Antarctica implies that krill has an exceptionally effective 
digestive apparatus containing a co-operative multi-enzyme system involving both endo- 
and exopeptidases. Moreover, these enzymes have much lower activation energies than 
those of mammalian enzymes ensuring fast and highly efficient breakdown of diverse 
biological substrates (Hellgren et al, 1999).  
The objective for the development of Krillase® has been to maintain the natural composition 
of krill enzymes intact throughout the purification process. Krillase® is defined as a mixture 
of acidic endopeptidases (trypsin- and chymotrypsin-like enzymes) and exopeptidases 
(carboxypeptidase A and B).  
The final product (chewing gum) is well characterized with respect to stability, enzyme 
activity, uniformity and biocompability. Data from toxicology, pharmacology, pre- resp 
clinical studies give evidence for a broad safety profile.  
Krill enzymes, due to their unique synergistic action, have been proven to exert both 
quantitative and qualitative effects on dental plaque/biofilm as well as on bacterial 
adherence to teeth surfaces. This leads to significant decrease in plaque accumulation and 
reduction in occurrence of gingivitis and caries pathogenesis (Hellgren, 2009).  
In summary, Krillase® constitutes an important future alternative to a variety of other more 
toxic chemicals presently marketed for oral use including bisguanid, triclosan, 
aminoalcohols. 

2. Clinical studies  
In our recent study the effect of Krillase® chewing gum on gingival inflammation and 
dental plaque formation was investigated (Hellgren, 2009). Ten healthy volunteers aged 21-
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Prevention of gingivitis is largely governed by limiting the development of oral dental 
plaque and biofilm formation. It is also broadly acknowledged that accumulation of 
microorganisms are of pivotal importance in the initiation and progression of gingivitis and 
associated oral diseases (Socransky, Haffajee, 2005). We propose that krill enzymes 
(Krillase®) as they disintegrate cell surface structures and diminish bacterial adhesion to be 
a novel and innovative method for prevention of gingivitis. 
Krillase® is isolated from the digestive tract of Antarctic krill (Euphausia superba), a shrimp 
like animal constituting an enormous biomass in the Antarctic convergence. The harsch 
ecological situation in the Antarctica implies that krill has an exceptionally effective 
digestive apparatus containing a co-operative multi-enzyme system involving both endo- 
and exopeptidases. Moreover, these enzymes have much lower activation energies than 
those of mammalian enzymes ensuring fast and highly efficient breakdown of diverse 
biological substrates (Hellgren et al, 1999).  
The objective for the development of Krillase® has been to maintain the natural composition 
of krill enzymes intact throughout the purification process. Krillase® is defined as a mixture 
of acidic endopeptidases (trypsin- and chymotrypsin-like enzymes) and exopeptidases 
(carboxypeptidase A and B).  
The final product (chewing gum) is well characterized with respect to stability, enzyme 
activity, uniformity and biocompability. Data from toxicology, pharmacology, pre- resp 
clinical studies give evidence for a broad safety profile.  
Krill enzymes, due to their unique synergistic action, have been proven to exert both 
quantitative and qualitative effects on dental plaque/biofilm as well as on bacterial 
adherence to teeth surfaces. This leads to significant decrease in plaque accumulation and 
reduction in occurrence of gingivitis and caries pathogenesis (Hellgren, 2009).  
In summary, Krillase® constitutes an important future alternative to a variety of other more 
toxic chemicals presently marketed for oral use including bisguanid, triclosan, 
aminoalcohols. 

2. Clinical studies  
In our recent study the effect of Krillase® chewing gum on gingival inflammation and 
dental plaque formation was investigated (Hellgren, 2009). Ten healthy volunteers aged 21-
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45 (average age 22.4 yrs) chewed Krillase for 10 minutes after each ?meal in conjunction 
with normal oral hygiene measures. The test chewing gums contained either 6.0 or 0.06U of 
Krillase ® versus placebo, and were chewed four times a day during a 10 day test period. In 
a double-blind cross-over design, each participant concluded three consecutive trial periods 
for each gum The severity of gingival bleeding was measured by probing gingival pockets 
at selected teeth including first molar and forward in each jaw, initially and after each test 
period. In parallel a plaque index was established.  
A therapeutic dose of 0.06U Krillase in the chewing gum reduced the mean gingival 
bleeding index by 54% compared to baseline (p < 0.05) and significantly better (p < 0.05) 
than the placebo gums reduction of 21% compared to baseline. Also the Mean Simplified 
Debris Index which measures (Green, Vermillion, 1964) decreased by 60% from its initial 
status for the 0.06U Krillase® gum (p < 0.05) and 14% as compared to placebo gum. The 
high dose (Krillase®, 6.0U) did not improve the efficacy. There was no significant statistical 
difference between the Krillase® gums and placebo on the Simplified Debris Index. None of 
the subjects reported any adverse reactions or events during the entire trial period. The 
chewing gum was reported to be neutral in taste. This study verified that a process of 
pathogenic plaque formation is disturbed by Krillase®, possibly via disruption of oral 
biofim and affecting adhesive properties of the oral bacteria. This, results in a numerical 
decrease of plaque formation and a significant reduction of gingival bleeding compared to a 
placebo chewing gum.  
Krillase® profile and mode of action is well adopted to improve gingival health. These 
clinical data clearly illustrate the superiority of Krillase® compared to placebo gums.  
Placebo gums, however, also diminish the number of gingival bleeding sites, something 
that might be associated both to the mechanical effect of chewing gum as well as to the 
known placebo phenomenon like unconscious awareness of oral hygiene of study 
participants.  
These findings are in adherence with previous in pre- and clinical studies demonstrating 
that Krillase® disintegrates bacterial surface adhesive proteins and hampers colonization of 
dental surfaces (Hahn Berg, 2003).  
In another study (Hellgren, unpublished data) we demonstrated that a less voluminous 
plaque and bleeding were observed on teeth treated with Krillase® gum than placebo both 
in short (5 days) and long term (14 days) perspective. 
The patients in this double-blind crossover study had initially healthy gingival condition 
provided by professional cleansing in dental office in conjunction with thorough oral 
hygiene instructions. Thereafter each patient was given chewing gum (Krillase® gum or 
placebo gum) to be chewed five times a day for 10 min after the meals. During the test 
period of 5 or 14 days, the patients were instructed to eat normally but to restrain from any 
other oral hygiene measures apart from the prescribed chewing gums. After the first test 
period the baseline is restored and the patient started with the test period 2. The same 
procedure is then repeated for the third test period. Plaque index (PLI), gingival bleeding 
(BOP) and photographs were performed after each the test period and compared with the 
baseline values (Löe, Sillnes, 1963; Löe et al 1965; Löe1967).  
At the end of each test period (day 5 or 14) the teeth’s were dyed with Diaplaque® (coloring 
plaque as red), clinical evaluations as well as photographing were performed.  
In addition to the usual and somewhat subjective clinical evaluations performed by 
independent observers such as dentists or hygienists, we also included a quantitative 
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imaged based assay in this study. Clinical evaluations are normally both time consuming 
and subjective, therefore further evaluations were performed by advanced computerized 
image analyses to objectively quantify the color differences in plaque formation and 
extension in the test photographs. To normalize all photographs before analysis a reference 
mm/gray scale in every photograph was used as an internal standard. Based on the 
reference scale the photos are corrected both for the geometric and photometric distortions. 
Thus, the reference gray scale in the photos makes it possible to recreate the original color 
reflectance values in each pixel in spite of variations in color temperature of the 
illumination, photographic emulsion and other factors, which cannot be fully controlled. 
The resulting data gave an accurate account of plaque extension in each particular tooth. 
Both subjective observer based evaluations and objective computerized analyses of 
standardized clinical photographs confirmed that patients chewing Krillase® chewing gum 
clearly formed less plaque than when chewing placebo gums after in 5 as well as 14 days 
trials. Some results are shown in Figures 1-2. 
 

 
 

Fig. 1. Dental plaque extension after 14 days of treatment 

Dental plaque development is closely associated with gingivitis and caries. Krillase® broad 
enzyme specificity in combination with its low autolysis warranted further studies on 
microbial adhesion in the oral cavity. SEM on in vitro plaque visualized that Krillase® 
significantly reduced the number of adhering microorganisms (Hahn Berg et al, 2001). These 
findings were further confirmed by elipsometry (Hahn Berg, 2003) data. The observed 
modifications of salivary and microbial proteins by Krillase® resulted in overall decrease of 
oral microflora abilities to attach. These findings are also supported by in vivo plaque study 
where Krillase® clearly detached microorganism from plaque accumulated on dentures 
(Hahn Berg, 2003).  
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imaged based assay in this study. Clinical evaluations are normally both time consuming 
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Fig. 1. Dental plaque extension after 14 days of treatment 
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oral microflora abilities to attach. These findings are also supported by in vivo plaque study 
where Krillase® clearly detached microorganism from plaque accumulated on dentures 
(Hahn Berg, 2003).  
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Fig. 2. Dental plaque extension after 14 days of treatment measured with CDA 

Furthermore, our results also reveals that dental plaque exposed to carbohydrates in the 
presence of Krillase® looses most of its ability to produce acids causing the characteristic pH 
drop. The mechanism behind this phenomenon is unknown, but merits further and future 
investigations.  
Another important observation is that krill enzymes besides counteracting bacterial 
adhesion does not alter the normal oral microflora, in contrast to the action of chlorhexidine 
or antibiotics. This is important since the current opinion is that oral ecosystem should not 
be altered by dental products. By disintegrating cell surface protein structures and in this 
way limiting bacterial adhesion, Krillase® treatment results in significant reduction of 
plaque accumulation and improves gingivits.  

3. Discussion 
Microorganisms continuously colonize oral surfaces forming initially dental plaque. The 
toxic products from plaque bacteria, like lactic acid from digested carbohydrates, induce 
local inflammation, gingivitis, periodontitis leading to caries and ultimately to tooth loss. 
Mechanical removal of plaque is still the most efficient way to prevent its accumulation and 
consequently development of dental diseases. A number of agents such as 
desinfectants/antiseptica (chlorhexidine, triclosan, herbal extracts), surfactants (sodium 
lauryl sulphate), sugar substitutes (xylitol) and enzymes (dextranases) are used for 
prevention against caries.  
We have shown that Krillase® disruption of dental biofilm (pellicle) associated with 
diminished bacterial adherence to oral surfaces successfully prevents plaque formation and 
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gingival inflammation. These findings are supported by a series of both in vitro data as well 
as clinical studies.  
A therapeutic dose of 0.06U of Krillase® was sufficient as complement to normal oral 
hygiene. A dramatic reduction in number of gingival bleeding sites as well as the plaque 
index was noted when chewing Krillase® gums were compared to initial status. The higher 
dose does not seem to improve the efficacy, in line with our earlier in vitro observations 
pointing to a substrate-enzyme dependency.  
Another study further corroborate these results where less plaque and bleeding were 
observed on teeth treated with Krillase® gum compared to a placebo gum both in short (five 
days) and longer term (14 days). Krillase® plaque retarding effect was documented in 
patients with baseline washout using professional cleaning and the refraining from any oral 
hygiene for 10-14 days.  
These clinical findings confirm the previous observations demonstrating that Krillase® 
efficiently remove fimbriae from the cell surface of plaque bacteria as well as detach them 
from dentures worn by patients.  
To conclude, we propose that regular chewing Krillase® gum represent a novel and valid 
strategy to prevent plaque formation and gingivitis consequently improving general oral 
hygiene. Being highly biocompatible and with no side effects, Krillase® constitutes a 
promising candidate for modern preventive oral care.  
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1. Introduction 
All great thoughts have already been thought; what is necessary is only to try to think them again....  

Johann Wolfgang  

Man is the most intelligent animal on the earth, as he is the only species gifted with the 
power of thinking and reasoning.  He always manages to come up with solutions for most 
problems on earth. Ironically, most problems on earth are directly or indirectly created by 
Man himself.  That’s the reason he is most often referred to as an intelligent fool.  
The man-made problem prevailing across the field of medicine is the development of antibiotic 
resistance, largely contributed by us, the health professionals. The indiscriminate and 
reckless use of antibiotics has led to the emergence of multi-resistant strains of bacteria. This 
unfortunate development has led scientists to seek other means of fighting infections. [1]  
The good-old but forgotten concept of bacteriotherapy seem to offer innovative tools for the 
treatment of infectious diseases. Hence, rightly quoted “All great thoughts have already 
been thought; what is necessary is only to try to think them again”.  
Bacteriotherapy is the administration of naturally occurring bacteria of human origin as a therapeutic 
manipulation of the bacterial microenvironment in the patient’s body. [1] The Basic principle is to 
use good bacteria to compete against pathogenic bacteria. Bacteriotherapy has been studied 
and tested to control infectious diseases, particularly in the GI tract. Recent studies have 
shown that this therapeutic method may be used to influence body function in other 
systems too, beyond the intestine. [1, 2, 3] 

2. History 
It was in the first decade of 1900, the beginning of the 20th century when the Ukrainian-
born Nobel prize laureate Elie Metchnikoff observed the positive beneficial effect of some 
bacteria on the human health and suggested that these beneficial bacteria can be used to 
replace harmful microbes in the body. He reported that Bulgarians lived longer than other 
population which was due to their consumption of Bulgarian yoghurt which contained 
lactic acid bacteria.[4] Metchnikoff worked at the Pasteur Institute in Paris and had 
discovered Lactobacillus bulgarius, a strain he later introduced into commercial 
production of sour-milk products in France and throughout Europe. He devoted the last 
decade of his life to the study of lactic-acid producing bacteria as a means of increasing 
human longevity. [5] He developed a theory stating that senility is caused by poisoning of 
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the body by the products of some of the bacteria for which he proposed a diet containing 
milk fermented by lactobacilli producing lactic acid to prevent the multiplication of these 
organisms. [6] The concept of probiotics was thus born and a new field of microbiology 
came into light.  
The first clinical trials were performed in the 1930s on the effect of probiotics on 
constipation. Ever since then, different microorganisms have been used for their ability to 
prevent and cure diseases. [7] 
In 1994, the WHO deemed probiotics to be the next-most important immune defence system 
when commonly prescribed antibiotics are rendered useless by antibiotic resistance. The use 
of probiotics in antibiotic resistance is termed as microbial interference therapy. [7] 
The literature on the possible role of probiotics on oral and dental health is scarce and the 
studies on probiotics v/s oral health are still in their cradle. [6] 

3. What are Probiotics? 
The term probiotic means ‘for life’, was first coined by Lilly and Stillwell. [8] 

4. Definition 
[Adopted by the International Scientific Association for Probiotics and Prebiotics term]  
Probiotics are defined as “Live microorganisms, which when administered in adequate 
amounts, confer a health benefit on the host” (Guarner et al 2005) [9] 

5. Oral probiotic organisms [7] 
The most common probiotic strains belong to the genera Lactobacillus and Bifidobacterium.  
Bacterial strains that have been tested for probiotic action in the oral cavity include: 
 

LACTOBACILLI SPECIES BIFIDOBACTERIUM SPECIES OTHERS 

• L. acidophilus  

• L. rhamnosus GG 

• L. johnsonii 

• L. casei 

• L. rhamnosus 

• L. gasseri 

• L. reuteri 

• L. paracasei 

• B. bifidum 

• B. longum 

• B. infantis 

• Bifidobacterium DN-173 010 

• S. salivarius 

• W. cibaria 

•  

•  

Table 1.  

L. rhamnosus GG, ATCC 53103 (LGG) is the most widely studied probiotic bacterium. 
Named after the discoverers, Sherwood Gorbach and Barry Goldin, produces a substance 
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with potential inhibitory activity against different bacterial species including cariogenic 
Streptoccus species. [1] 

6. Vehicles for probiotic administration for oral health purpose 
The various means of administration of probiotics for oral health purpose that has been 
studies are: 
• Lozenges 
• Tablets 
• Cheese 
• Yoghurt 
• Mouth rinse 
• Capsule, Liquid 

7. Mechanisms of probiotic action on oral health 
An essential requirement for an organism to be “an oral probiotic” is its ability to adhere to 
and colonize surfaces in the oral cavity. Microorganisms generally considered as probiotics 
may not have oral cavity as their inherent habitat, so their possibility to confer benefit on oral 
health is then questionable. [6]The suggested mechanisms of probiotic action are drawn 
entirely from gastrointestinal studies. Since, mouth is the gateway of the GI tract, there is every 
reason to believe that atleast some probiotic mechanisms may play a role in the oral cavity. [1] 
Some of the hypothetical mechanisms of probiotic action in the oral cavity are: 
• Lactobacilli play an important role in maintaining the microecological balance in the 

oral cavity.[11]  
• Direct interaction in dental plaque 
• Involvement in binding of oral micro-organisms to proteins [interference in formation 

of acquired pellicle]  
• Action on plaque formation and on its complex ecosystem by competing and 

intervening with bacterial attachments. 
• Involvement in metabolism of substrate and production of chemicals that inhibit oral 

bacteria.[12, 13] 
Indirect probiotic actions are also featured such as 
•  Modulating systemic immune function. 
•  Effect on local immunity. 
•  Effect on non-immunologic defense mechanisms. 
•  Regulation of mucosal permeability. 
•  Probiotics as an antioxidants and produce antioxidants. 
•  Prevent plaque formation by neutralizing the free electrons. [14, 15, 16] 
Immune inductive sites in the oral cavity are within the diffuse lymphoid aggregates of the 
Waldeyer’s ring. Lingual and pharyngeal tonsils and adenoids contain most of the 
lymphatic tissue. Dentritic cells in the mucosal surfaces play vital role in antigen 
presentation and in activating T-cell responses. Depending on the signals from dendritic 
cells either immune tolerance or active immune response toward a specific antigen may 
occur. [6] However, more studies investigating the role probiotics on activation of the oral 
immune inductive sites are required before further conclusions are drawn. 
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Fig. Possible Mechanisms of Probiotic Action in the Oral Cavity [10] 

8. Action of probiotics on oral health 
8.1 Action on organisms associated with dental caries 
Several investigations have shown reduction in the number of mutans streptococci in saliva 
after consumption of various probiotic products, [17 – 25] however such an effect has not 
been observed in all studies. [26] 
 Náse et al, 2001 showed that supplementing 1-6 year old children with L. rhamnosus for 7 
months significantly reduced the risk of dental caries. [17] 
Comelli EM et al (2002) studied 23 dairy bacterial strains for the prevention of dental caries 
and reported that only two strains namely Streptococcus thermophilus and Lactcoccus lactis 
were able to adhere to saliva-coated hydroxyapatite and were further successfully 
incorporated into a biofilm similar to the dental plaque. Furthermore, they could grow 
together with five strains of oral bacterial species commonly found in supragingival plaque. 
In this system, Lactobacillus lactis was able to modulate the growth of the oral bacteria, and 
in particular to diminish the colonization of Streptococcus oralis, Veillonella dispar, 
Actinomyces naeslundii and of the cariogenic Strep.sobrinus. [27] 
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Chung et al, 2004 showed that the probiotic strain L. fermentum found in the saliva of 
healthy children significantly inhibited the formation of the insoluble glucan produced by 
S.mutans. It did not affect the multiplication of this pathogenic strain, but it completely 
inhibited the adherence onto cuvette walls. [28] 
Koll-Klais et al (2005) used various lactobacilli strains in their study and stated that 69% of 
these strains inhibited S. mutans, 82% inhibited P. gingivalis. [29] 
An increase in the number of salivary lactobacilli has also been seen in some studies. [18, 26] 
The products containing probiotic LGG bacteria may have beneficial effects on the dental 
health. The LGG bacteria had been shown not to ferment lactose or sucrose. [30]  
Stamatova et al, in their study that was in conducted in 2007 stated that L. rhamnosus & 
Lactobacillus bulgaricus produced inhibitory effects against P. gingivalis, Fusobacterium 
nucleatum & streptococcal species. [31] 
Strahnic et al, 2007 conducted a study using probiotic strains L. salivarius & L. fermentum 
and both strains showed antagonistic activity on the growth of S. mutans and Streptococcus 
pneumonia. L. salivarius was able to survive an environment of low pH as that produced by 
a high number of S. mutans. [32]  
N.S.H. Mehanna et al (2009) investigated the effect of plant meswak and some probiotic 
bacteria on Streptococcus mutans and Porphyromonas gingivalis isolated from human oral 
cavity as most common oral pathogenic strains. The results of the study indicated that 
lactobacillus rahmonosus had a marked decreasing effect on the colonization of both 
Streptococcus mutans and Porphyromonas gingivalis. [33] 
A recently published review article by Anna Haukioja in 2010 does not give a conclusive 
statement about the effect of probiotics on dental caries or caries related organisms since the 
study groups have been relatively small and of fairly shorter duration. [10] 

8.2 Action on periodontal diseases 
Encouraging results have been obtained in studies investigating the role of probiotics for the 
treatment of various periodontal diseases, gingivitis, plaque levels, and periodontitis.  
Reduction in the number of periodontopathogens in the plaque has also been observed.  
Again, most studies have been fairly short. [10] 
Koll-Klais and team (2005) found a prevalence of Lactobacillus gasseri and L. fermentum in 
the oral cavity of healthy individuals compared to those with chronic periodontitis. Further 
to this, the same researchers have found that lactobacilli inhibit the growth of 
periodontopathogens, demonstrating the influence of lactobacilli in the oral cavity of a 
healthy individual. [29] 
Riccia, et al (2007) recently studied the anti-inflammatory effects of Lactobacillus brevis in a 
group of patients with chronic periodontitis. The treatment, which involved sucking on 
lozenges containing L. brevis over a period of 4 days, led to improvements in the targeted 
clinical parameters (plaque index, gingival index, bleeding on probing) for all patients. In 
that study, a significant reduction in salivary levels of prostaglandin E2 (PGE2) and matrix 
metalloproteinases (MMPs) was also observed. The authors suggested that the beneficial 
anti-inflammatory effects of L. brevis could be attributed to its capacity to prevent the 
production of nitric oxide and, consequently, the release of PGE2 and the activation of 
MMPs induced by the nitric oxide. However, L. brevis may also be antagonistic, leading 
to a reduction in the quantity of plaque and therefore an improvement in the gingival 
index. [34] 
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Chung et al, 2004 showed that the probiotic strain L. fermentum found in the saliva of 
healthy children significantly inhibited the formation of the insoluble glucan produced by 
S.mutans. It did not affect the multiplication of this pathogenic strain, but it completely 
inhibited the adherence onto cuvette walls. [28] 
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Koll-Klais and team (2005) found a prevalence of Lactobacillus gasseri and L. fermentum in 
the oral cavity of healthy individuals compared to those with chronic periodontitis. Further 
to this, the same researchers have found that lactobacilli inhibit the growth of 
periodontopathogens, demonstrating the influence of lactobacilli in the oral cavity of a 
healthy individual. [29] 
Riccia, et al (2007) recently studied the anti-inflammatory effects of Lactobacillus brevis in a 
group of patients with chronic periodontitis. The treatment, which involved sucking on 
lozenges containing L. brevis over a period of 4 days, led to improvements in the targeted 
clinical parameters (plaque index, gingival index, bleeding on probing) for all patients. In 
that study, a significant reduction in salivary levels of prostaglandin E2 (PGE2) and matrix 
metalloproteinases (MMPs) was also observed. The authors suggested that the beneficial 
anti-inflammatory effects of L. brevis could be attributed to its capacity to prevent the 
production of nitric oxide and, consequently, the release of PGE2 and the activation of 
MMPs induced by the nitric oxide. However, L. brevis may also be antagonistic, leading 
to a reduction in the quantity of plaque and therefore an improvement in the gingival 
index. [34] 



 
Oral Health Care – Pediatric, Research, Epidemiology and Clinical Practices 

 

200 

Shimazaki and colleagues (2008) used epidemiological data to assess the relationship 
between periodontal health and the consumption of dairy products such as cheese, milk and 
yogurt. The authors found that individuals, particularly nonsmokers, who regularly 
consumed yogurt or beverages containing lactic acid exhibited lower probing depths and 
less loss of clinical attachment than individuals who consumed few of these dairy products. 
A similar effect was not observed with milk or cheese. By controlling the growth of the 
pathogens responsible for periodontitis, the lactic acid bacteria present in yogurt would be 
in part responsible for the beneficial effects observed. [35] 
Harini PM and Anegundi RT 2010 found that probiotic mouth rinse was effective in 
reducing plaque accumulation and gingival inflammation in 6-8 year old children. [36] 

8.3 Halitosis 
There are a number of reasons for the onset of halitosis (bad smelling breath) –consumption 
of particular foods, metabolic disorders and respiratory tract infections – but commonly it is 
associated with an imbalance of the commensal microflora of the oral cavity. [37] 
An unbalanced oral microflora has been associated with the production of malodorous 
substances called volatile sulphur compounds (VSCs). These are by-products of microbial 
degradation of proteins, blood, mucins found in saliva, and traces of food retained on oral 
surfaces. Kazor and team (2003) looked at the species of bacteria found on the tongue of 
patients suffering from halitosis and compared the findings with subjects who were 
considered healthy. The species found to be most associated with halitosis were Atopobium 
parvulum, Eubacterium sulci, Fusobacterium periodonticum. In the same study, 
Streptococcus salivarius was found to be the most prevalent in the healthy subjects, and this 
is thought to be due to the capability of S. salivarius to produce bacteriocins which could 
contribute to reducing the number of bacteria that produce VSCs. [38] 
Probiotics are marketed for the treatment of both mouth and gut associated halitosis.  

8.4 Probiotics and Candida albicans 
C. albicans is a leading cause of infection in oral cavity; it is particularly common in the 
elderly and in immunocompromised patients. Hatakka et al (2007) showed a reduced 
prevalence of C. albicans after taking probiotics in cheese containing L. rhamnosus GG and 
Propionibacterium freudenreichii. [39]  
Results obtained by Koll et al (2008) when assessing the effects of various Lactobacillus strains 
in oral cavity were markedly different; most strains suppressed growth of periodontal 
pathogens, including actinomycetemcomitans (60 out of 67 tested strains); Porphyromona 
gingivalis (35 out of 42 strains), P. intermedia (26 out of 42 strains), and cariogenic S. mutans 
(37 out of 67 strains). No inhibition was found, however, for C.albicans growth. [40] 
Hasslöf P et al (2010) investigated the ability of a selection of lactobacilli strains, used in 
commercially available probiotic products, to inhibit growth of oral mutans streptococci and 
C. albicans in vitro by agar overlay method. At concentrations ranging from 109 to 105 
CFU/ml, all lactobacilli strains inhibited the growth of the mutans streptococci completely 
with the exception of L. acidophilus La5 that executed only a slight inhibition of some 
strains at concentrations corresponding to 107 and 105 CFU/ml. All the tested lactobacilli 
strains reduced candida growth but the effect was generally weaker than for mutans 
streptococci. The two L. plantarum strains and L. reuteri ATCC 55730 displayed the 
strongest inhibition on Candida albicans. [41] 
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8.5 Probiotics and HIV 
Recently it has been postulated that the probiotic bacteria may slow down AIDS 
progression. Lin Tao and his colleagues (2008) screened hundreds of bacteria taken from the 
saliva of volunteers. The results showed that some Lactobacillus strains had produced 
proteins capable of binding a particular type of sugar found on HIV envelope, called 
mannose. The binding of the sugar enables the bacteria to stick to the mucosal lining of the 
mouth and digestive tract, forming colonization. One strain secreted abundant mannose-
binding protein particles into its surroundings, neutralizing HIV by binding to its sugar 
coating. They also observed that immune cells trapped by lactobacilli formed a clump. This 
configuration would immobilize any immune cells harboring HIV and prevent them from 
infecting other cells. [42] 

9. Residence time of probiotics in oral cavity  
Residence time of probiotics in oral cavity after treatment withdrawal was studied by Çaglar 
et al (2006) A reduced S. mutans level was shown after a two-week use of a L. reuteri-
enriched yogurt; effects were observed during use and for a few days after discontinuation. 
[43]  
A loss of L. reuteri colonization was observed by Wolf et al (1995) two months after having 
discontinued probiotic use. [44] L. rhamnosus GG administration and oral cavity 
colonization was studied by Yli-Knuuttila et al in 2006. The authors concluded that 
permanent colonization in oral cavity was unlikely (although possible in some cases) and 
suggested the probiotic to be used on a regular basis. [45] 
 Binding strength of 17 Lactobacillus strains and 7 bifidobacteria strains to saliva and oral 
mucous membrane was variable in different strains, according to a study by Haukioja et al 
in 2006, such a strength variation caused an increased residence time of probiotic in oral 
cavity.[46] Latency time of probiotic S. salivarius K12, 4 tablets/day for 3 days, was assessed 
in several oral cavity areas in a 35-day follow-up, by Horz et al (2007) probiotic could be 
found on oral mucous membrane, tongue and in stimulated saliva for more than 3 weeks, 
with a gradually reduced S. salivarius K12 level being detected beginning 8 days after 
treatment withdrawal. [47] 
The findings of the studies on oral colonization of probiotics did not suggest that a 
permanent installation can take place. However, one needs to bear in mind that most studies 
were conducted in adults and it may be questioned if a permanent installation readily can 
occur in persons with an already established microflora.[1] Therefore, it seems especially 
important that further research needs to be carried on infants because it is very likely that 
the chance of a permanent colonization of probiotics increases with a regular exposure from 
early childhood. [3] 

10. Conclusion 
The oral cavity with its diversity of microbial species has been shown to harbor strains also 
distinguished as probiotics as such. Further studies identifying resident probiotics in the 
mouth, and their eventual effect on the oral environment are required.  
Probiotics are a new and interesting field of research in oral microbiology and oral medicine. 
Bacteriotherapy in the form of probiotics seems to be a natural way to maintain health and 
protect oral tissues from diseases. But, this area of research in relation to oral health is still in 
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infecting other cells. [42] 

9. Residence time of probiotics in oral cavity  
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occur in persons with an already established microflora.[1] Therefore, it seems especially 
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mouth, and their eventual effect on the oral environment are required.  
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its infancy and further long term randomized controlled studies are required before definite 
conclusions are drawn regarding their effective action on oral health.  
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1. Introduction 
What is the concept of health? What is oral health? What is the concept of health and oral 
health promotion? Is there a prescription to follow for any individual or a population? Can 
this universal prescription be refined to serve both developed and developing countries as 
well as populations with social deprivation characteristics? Many other questions could be 
raised before the discussion of oral health promotion or health promotion, yet the fact is that 
oral health is an important part of general health (1). Previous studies have thoroughly 
documented the association between oral health and other health conditions as well as also 
oral health’s relation to quality of life (2, 3). However, health promotion cannot be targeted 
to only health sector efforts; intersectorial actions are necessary to make oral health more 
affordable. Therefore, it is not possible to improve oral health without assembling the 
evolution of the concept of health promotion.  

2. Oral health 
Would it be possible to conduct oral health promotion on a regular basis?  In the first place, 
the concept of health and oral health should be clear to as many professionals as possible. 
The internationally accepted definition of the World Health Organization is a good start for 
clarification, because in the preamble of its constitution, it describes health as “a state of 
complete physical, mental and social well-being and not merely the absence of disease and 
infirmity” (4).    
The primary concern must be professionals’ idea of health as more than the absence of 
disease, and to do so, it is necessary for professionals to understand what would be 
classified as a disease or as infirmity. Although this chapter does not aim to delve deeply 
into the philosophy of health, illness and disease, it can help readers to understand disease 
overall as a disturbance in the balance of the health-disease process. 
The complete state of physical, mental and social well-being would be too hard to explain in 
full to a person; nevertheless, this must be considered a target to health promotion 
practitioners.  Consider this issue as a gradient of health wherein these three dimensions 
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(physical, mental and social) cause the person to be healthier or unhealthier, depending on 
their condition (Fig. 1).  
 

 
Fig. 1. Gradient of health-disease process 

Oral health is another important concept to be clarified. Through time, many definitions 
have been presented with the aim to establish a state of acceptable oral health. Chaves (5) 
(1986) describes oral health as a harmonious state with normality patterns and a sound 
mouth. Yewe-Dyer (6) (1993) conceptualizes oral health as a mouth state with associated 
support structures where the possible diseases are controlled, the future diseases are 
inhibited and the occlusion is enough to chew food and the teeth present a healthy social 
appearance. These authors normally emphasize the absence of problems in the oral tissues 
such as teeth, gums and oral mucosa, but as Chaves (5) (1986) emphasizes, health is a 
personal state and it is impossible to exist in part, that is, as an entity of an isolated organ or 
system. Nevertheless, for practical reasons, this chapter handles the partial concept, as the 
partial concept is commonly used in oral health and dental health, with the aim of 
identifying partial objectives in public policies. Still, the concept of health as a whole cannot 
be far from a professional’s understanding in any health specialty. 

3. Reminding history and the development of concepts 
The term "health promotion" first appeared in 1920 in Winslow at the end of the First World 
War with the strengthening of workers' organizations. The Winslow community was 
organized and prepared to develop policies that ensured the implementation of education 
programs to improve the health of the community’s population (7). 
After the end of World War II in 1945, the United Nations (UN) was founded and the scope 
of one of the UN’s main discussions was the additional creation of a global health 
organization. The nations worldwide organized themselves in order to maintain peace and 
to establish criteria for the maintenance of harmony between countries. This was an 
important milestone for humanity to unite the nations in the post-war environment around 
the entity that governs not only the crucial issues of that time (such as the concept of living 
in peace with others) but also trade relations and health (4). 
In 1946, Sigerist defined as the essential tasks of medicine as health promotion, prevention 
of disease and accident and curative care. He said that health is promoted by providing 
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decent living conditions, good working conditions, education, culture, physical forms of 
leisure and rest. He called for coordinated efforts of politicians, trade unions and employers, 
educators and medical professionals. He felt that the lattermost people, as health experts, 
should set the standard for health settings and pursue them (8). 
On July 22, 1946, Sigerist lead the World Health Conference in New York, which catalyzed 
the establishment of the World Health Organization (WHO). The United Nations 
inaugurated the WHO’s activities in 1948, and the World Health Organization (WHO) 
opened its doors in the preamble of launching its charter and gave a definition if health that 
also provides its contributors with a goal they must reach (4). 
The preamble of the WHO’s constitution presents basic principles for happiness and 
harmonious relationships and the source of security for all people. It also discusses the 
actions that nations should take to provide to their populations with the rights of every 
human being without distinction of race, religion, political beliefs, and economic or social 
conditions. In this regard, governments technically possess responsibility related to health 
care services and therefore must achieve good results through policies in social and health 
areas. 
The definition of health (4) as a state of complete physical, mental and social and not merely the 
absence of disease or infirmity was a great step for humanity. This definition provides a basis 
for all professionals around the world to follow, and it includes well-being as a major 
objective. This definition also adds the physical term undertaking somatic issues, the 
psychological health to be considered, and finally the social aspect of health. Living in 
harmony with society becomes a prerequisite of obtaining health. Furthermore, this 
definition does not stagnate and stops at a definitive point; instead, it continues by 
explaining that health is not simply the exclusion of suffering from the hardships of a 
disease. This definition has received some criticism, because it uses abstract terms such as 
state of complete well-being, and it sometimes characterizes health from the perspective of a 
particular individual and his relationship with his own physique, his mind and his social 
relations. As such, it does not highlight the importance of the health of a community. 
However, this definition brings together the concept of quality of life, as it shows different 
dimensions of an individual’s health in terms of his or her physical, mental and social 
aspects. 
In 1974, the Canadian Minister of Health and Welfare announced "A new perspective on the 
health of Canadians” that was so important it became known as the "Lalonde Report", 
immortalizing the name of this authority (9). In this document, for the first time, the term 
"health promotion "became part of an official government publication. The report begins its 
preface of the document with the following sentence:  
Good health is the bedrock on which social progress is built. A nation of healthy people can do those 
things that make life worthwhile, and as the level of health increases so does the potential for 
happiness. 
Motivated by the need to contain costs of the ministry, Marc Lalonde based his concerns 
upon the important concept of social determinants in health.  He presented the process of 
his health-disease model in four parts: the environment (natural and social), lifestyle 
(behaviors that affect health), human biology (genetics and human function) and the 
organization of health services. Although this report was an advanced concept for its time, it 
was strongly behaviorist and based on individual decisions, thus highly preventivist. One of 
the criticisms launched at this report points out that the people who are affected by health 
problems are possibly to be blamed for living with their iniquities (10). 



 
Oral Health Care – Pediatric, Research, Epidemiology and Clinical Practices 

 

206 

(physical, mental and social) cause the person to be healthier or unhealthier, depending on 
their condition (Fig. 1).  
 

 
Fig. 1. Gradient of health-disease process 

Oral health is another important concept to be clarified. Through time, many definitions 
have been presented with the aim to establish a state of acceptable oral health. Chaves (5) 
(1986) describes oral health as a harmonious state with normality patterns and a sound 
mouth. Yewe-Dyer (6) (1993) conceptualizes oral health as a mouth state with associated 
support structures where the possible diseases are controlled, the future diseases are 
inhibited and the occlusion is enough to chew food and the teeth present a healthy social 
appearance. These authors normally emphasize the absence of problems in the oral tissues 
such as teeth, gums and oral mucosa, but as Chaves (5) (1986) emphasizes, health is a 
personal state and it is impossible to exist in part, that is, as an entity of an isolated organ or 
system. Nevertheless, for practical reasons, this chapter handles the partial concept, as the 
partial concept is commonly used in oral health and dental health, with the aim of 
identifying partial objectives in public policies. Still, the concept of health as a whole cannot 
be far from a professional’s understanding in any health specialty. 

3. Reminding history and the development of concepts 
The term "health promotion" first appeared in 1920 in Winslow at the end of the First World 
War with the strengthening of workers' organizations. The Winslow community was 
organized and prepared to develop policies that ensured the implementation of education 
programs to improve the health of the community’s population (7). 
After the end of World War II in 1945, the United Nations (UN) was founded and the scope 
of one of the UN’s main discussions was the additional creation of a global health 
organization. The nations worldwide organized themselves in order to maintain peace and 
to establish criteria for the maintenance of harmony between countries. This was an 
important milestone for humanity to unite the nations in the post-war environment around 
the entity that governs not only the crucial issues of that time (such as the concept of living 
in peace with others) but also trade relations and health (4). 
In 1946, Sigerist defined as the essential tasks of medicine as health promotion, prevention 
of disease and accident and curative care. He said that health is promoted by providing 

 
Towards Oral Health Promotion 

 

207 

decent living conditions, good working conditions, education, culture, physical forms of 
leisure and rest. He called for coordinated efforts of politicians, trade unions and employers, 
educators and medical professionals. He felt that the lattermost people, as health experts, 
should set the standard for health settings and pursue them (8). 
On July 22, 1946, Sigerist lead the World Health Conference in New York, which catalyzed 
the establishment of the World Health Organization (WHO). The United Nations 
inaugurated the WHO’s activities in 1948, and the World Health Organization (WHO) 
opened its doors in the preamble of launching its charter and gave a definition if health that 
also provides its contributors with a goal they must reach (4). 
The preamble of the WHO’s constitution presents basic principles for happiness and 
harmonious relationships and the source of security for all people. It also discusses the 
actions that nations should take to provide to their populations with the rights of every 
human being without distinction of race, religion, political beliefs, and economic or social 
conditions. In this regard, governments technically possess responsibility related to health 
care services and therefore must achieve good results through policies in social and health 
areas. 
The definition of health (4) as a state of complete physical, mental and social and not merely the 
absence of disease or infirmity was a great step for humanity. This definition provides a basis 
for all professionals around the world to follow, and it includes well-being as a major 
objective. This definition also adds the physical term undertaking somatic issues, the 
psychological health to be considered, and finally the social aspect of health. Living in 
harmony with society becomes a prerequisite of obtaining health. Furthermore, this 
definition does not stagnate and stops at a definitive point; instead, it continues by 
explaining that health is not simply the exclusion of suffering from the hardships of a 
disease. This definition has received some criticism, because it uses abstract terms such as 
state of complete well-being, and it sometimes characterizes health from the perspective of a 
particular individual and his relationship with his own physique, his mind and his social 
relations. As such, it does not highlight the importance of the health of a community. 
However, this definition brings together the concept of quality of life, as it shows different 
dimensions of an individual’s health in terms of his or her physical, mental and social 
aspects. 
In 1974, the Canadian Minister of Health and Welfare announced "A new perspective on the 
health of Canadians” that was so important it became known as the "Lalonde Report", 
immortalizing the name of this authority (9). In this document, for the first time, the term 
"health promotion "became part of an official government publication. The report begins its 
preface of the document with the following sentence:  
Good health is the bedrock on which social progress is built. A nation of healthy people can do those 
things that make life worthwhile, and as the level of health increases so does the potential for 
happiness. 
Motivated by the need to contain costs of the ministry, Marc Lalonde based his concerns 
upon the important concept of social determinants in health.  He presented the process of 
his health-disease model in four parts: the environment (natural and social), lifestyle 
(behaviors that affect health), human biology (genetics and human function) and the 
organization of health services. Although this report was an advanced concept for its time, it 
was strongly behaviorist and based on individual decisions, thus highly preventivist. One of 
the criticisms launched at this report points out that the people who are affected by health 
problems are possibly to be blamed for living with their iniquities (10). 



 
Oral Health Care – Pediatric, Research, Epidemiology and Clinical Practices 

 

208 

In Alma-Ata, the International Conference on Primary Health Care took place and was 
attended by 134 delegations and 67 international organizations. The Declaration of Alma-
Ata first of all reaffirmed strongly the WHO’s definition of health by stressing that health 
should be considered a fundamental human right. The declaration also said that other 
sectors, social or economic, should concentrate their efforts into the health sector to achieve 
the "greatest social objective" (11). 
The Declaration of Alma-Ata defined and granted international recognition to the concept of 
primary health care, so Health for All by the Year 2000 should have used it as a strategy to 
make their mission a reality. The meeting ended by calling attention to the urgent need for 
government involvement, especially in developing countries, so that international action 
actually coincided with the commitment of governments, WHO, UNICEF (UN Children's 
Fund), non-governmental organizations, other international agencies, all workers in the area 
and the entire world community. WHO’s goal is to create a commitment to primary health 
care and to channel increased technical and financial support to the detriment of 
investments in armaments and military equipment so that in the year 2000, the world 
population would reach an acceptable levels of health (11).  
After eight years, the First World Conference on Health Promotion gathered thirty-five 
nations in 1986 to the Canadian capital. Its participants then disclosed the Ottawa Charter as 
a result of their discussions. New Health Promotion has established itself as a landmark. 
This event served to create the health sector’s strategy for people throughout the world. 
Fundamental conditions and resources were cited as prerequisites for improving health, 
such as peace, education, food, income, stable ecosystem, sustainable resources, social 
justice and equity. Since the founding of the charter, several strategies have been listed and 
recommended for implementation throughout the world and are listed as follows (12). 
1. Develop healthy public policies based on health promotion. In relation to equity in 

health, it was recommended that politicians should become aware that any of their 
decisions, not only their decisions in the specific area of health, could lead to better or 
worse living conditions for the population, so health promotion goes beyond  good 
attendance, care and service. 

2. Supplant supportive environments into societies. The environment’s impact on the 
well being of people is undeniable. Thus, the protection of natural resources and the 
search for a suitable environment for the unfolding of life, whether in the area of 
technology, labor, energy production or urbanization should be observed continuously 
as to constitute positive factors for the communities. 

3. Community action should strengthen due to the importance of health to the 
population’s engagement for decision-making strategies and their implementation. 
The requirement in this goal is the public’s access to information, learning opportunities 
and financial support for health issues. This is the concept of empowerment put into 
practice. 

4. The development of personal skills. The individual might be prepared for the various 
stages of their existence that they will face throughout life. The risk of chronic disease 
incidence and disease’s external causes should be addressed in a timely manner. We 
should not forget the necessary participation of educational, professional, commercial 
and voluntary institutions and even the government. 

5. Institutions should reorient health services. Specifically, health services were advised 
to redirect their "compass" of attention so that it was not focused solely on clinical and 
emergency services. Professionals should also combine their experiences to give one 
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another a comprehensive approach that enables them to understand and respect the 
cultural peculiarities of each community that they assist. Finally, the Ottawa Charter 
ends with the commitments that its participants had made to a strong alliance with 
public health, It urges the international community to commit to public health, as well: 
“The Conference is firmly convinced that if people in all walks of life, nongovernmental 
and voluntary organizations, governments, the World Health Organization and all 
other bodies concerned join forces in introducing strategies for health promotion, in line 
with the moral and social values that form the basis of this charter, Health For All by the 
year 2000 will become a reality.” 

The Second International Conference on Health Promotion, held in Australia in 1988, 
reaffirmed, with the spirit of Alma-Ata by the Declaration of Adelaide (13), the five key 
points of the Ottawa Charter above.  Additionally, it added four more: 
1. Support women's health. Public policies that focus on this area address equal rights in 

the division of labor, performance of delivery according to the preferences and needs of 
women and the mechanisms that support working women, such as maternity leave. 

2. Food and nutrition. The eradication of hunger and malnutrition must comprise a 
fundamental part of public policies for health. This eradication includes ample food in 
hospitals, schools, shelters and workplaces. 

3. Tobacco and alcohol. This goal includes the implementation of any public policies 
aimed at reducing the production, distribution, marketing and consumption of these 
products. 

4. Creating healthy environments. This conference encouraged the addition of ecology to 
public health in order to achieve socioeconomic development and sustainability in 
human use of the planet. 

According to the Adelaide Declaration, health is both a fundamental right and a sound 
social investment. In order for improvements to occur, which will increase levels of citizens' 
health, investments from the government and private sectors are desperately needed in 
healthy public policies. 
Many conferences ran around the world with health promotion at the center of their 
attention so that they could develop new concepts and continue the engagement of nations 
worldwide to achieve health for all (Sundsvall (14), Sweden, 1991; Jakarta (15), Indonesia, 
1997; Mexico City (16), Mexico, 2000).  
Bangkok, Thailand, hosted the Sixth International Conference on Health Promotion in 2005 
(17). The Bangkok Charter reaffirmed and analyzed concepts and strategies reported by the 
previous conferences. This meeting discussed the current condition of the social 
determinants of health, which the Bangkok conference found to be very different from the 
time they were disclosed by the Ottawa Charter:  
• Increasing inequality within countries and between countries;  
• New patterns of consumption and communication, global procedures and marketing;  
• Changes in the environment that affect all parts of the world; and 
• The growing process of urbanization.  
New challenges were raised, among them the fact that women and men are affected 
unequally, and increased vulnerability caused inequalities in the health of children, 
excluded groups, disabled and indigenous peoples (WHO, 2005). 
Strategies to promote a globalized health strategy while respecting the autonomy of nations 
with their particular cultural characteristics were discussed in an attempt to control 
positively the determinants of health. 
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another a comprehensive approach that enables them to understand and respect the 
cultural peculiarities of each community that they assist. Finally, the Ottawa Charter 
ends with the commitments that its participants had made to a strong alliance with 
public health, It urges the international community to commit to public health, as well: 
“The Conference is firmly convinced that if people in all walks of life, nongovernmental 
and voluntary organizations, governments, the World Health Organization and all 
other bodies concerned join forces in introducing strategies for health promotion, in line 
with the moral and social values that form the basis of this charter, Health For All by the 
year 2000 will become a reality.” 

The Second International Conference on Health Promotion, held in Australia in 1988, 
reaffirmed, with the spirit of Alma-Ata by the Declaration of Adelaide (13), the five key 
points of the Ottawa Charter above.  Additionally, it added four more: 
1. Support women's health. Public policies that focus on this area address equal rights in 

the division of labor, performance of delivery according to the preferences and needs of 
women and the mechanisms that support working women, such as maternity leave. 

2. Food and nutrition. The eradication of hunger and malnutrition must comprise a 
fundamental part of public policies for health. This eradication includes ample food in 
hospitals, schools, shelters and workplaces. 

3. Tobacco and alcohol. This goal includes the implementation of any public policies 
aimed at reducing the production, distribution, marketing and consumption of these 
products. 

4. Creating healthy environments. This conference encouraged the addition of ecology to 
public health in order to achieve socioeconomic development and sustainability in 
human use of the planet. 

According to the Adelaide Declaration, health is both a fundamental right and a sound 
social investment. In order for improvements to occur, which will increase levels of citizens' 
health, investments from the government and private sectors are desperately needed in 
healthy public policies. 
Many conferences ran around the world with health promotion at the center of their 
attention so that they could develop new concepts and continue the engagement of nations 
worldwide to achieve health for all (Sundsvall (14), Sweden, 1991; Jakarta (15), Indonesia, 
1997; Mexico City (16), Mexico, 2000).  
Bangkok, Thailand, hosted the Sixth International Conference on Health Promotion in 2005 
(17). The Bangkok Charter reaffirmed and analyzed concepts and strategies reported by the 
previous conferences. This meeting discussed the current condition of the social 
determinants of health, which the Bangkok conference found to be very different from the 
time they were disclosed by the Ottawa Charter:  
• Increasing inequality within countries and between countries;  
• New patterns of consumption and communication, global procedures and marketing;  
• Changes in the environment that affect all parts of the world; and 
• The growing process of urbanization.  
New challenges were raised, among them the fact that women and men are affected 
unequally, and increased vulnerability caused inequalities in the health of children, 
excluded groups, disabled and indigenous peoples (WHO, 2005). 
Strategies to promote a globalized health strategy while respecting the autonomy of nations 
with their particular cultural characteristics were discussed in an attempt to control 
positively the determinants of health. 
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The commitments to “Health for All” were confirmed by the health ministers present: 
1. Make health promotion a central concern in the global development agenda; 
2. Make health promotion a core responsibility for government as a whole; 
3. Make health promotion a major focus of communities and civil society; 
4. Make health promotion a requirement of good corporate practice. 
Given the non-materialization of shares based on the resolutions set out in previous 
conferences, the Bangkok Charter has completed its appeal to member countries to apply 
the theory in the practice of health promotion, public policies. Partnerships should be 
implemented for this purpose. 
In 2009, the Nairobe conference for health promotion took place (18) with the aim to address 
health and development. The globalized world allowed financial crisis to interfere with the 
national economies in general, so the health systems were also affected. Global warming 
and climate instability was another source of concern, and the conference gave special 
attention to lower income countries as well as security threats. 
Health promotion appears in the field of public health as a paradigm of transformative 
actions that aim to improve living conditions. With that change, it became necessary to 
conceive of health in a positive vision, seeking an expanded awareness that is integrated, 
complex, intersectional and pertinent to the environment, current modes of production and 
various lifestyles (19, 20). 
 Similarly, the conceptual framework of health promotion highlights the influence of the 
social health of individuals and populations. Scientific studies contribute to addressing the 
challenges related to health and quality of life that, combined with social components, are 
essential for individuals and communities to achieve a high health level profile (21, 22). 
The current juncture is marked by social inequalities. In response, contemporary health 
promotion emphasizes the importance of social determinants in search of models of care 
that go beyond the medical curative effect. Thus, the present state of public health raises 
discussions about the new design for health managers, health professionals and society (23). 
The discussion of health promotion has ventured into different settings, representing a 
change in the direction of health actions. This discussion is searching for a way to attempt 
social transformation, given the fact that promoting health today means to fight poverty 
naturalization so that social issues are recognized for what they are, which is social 
inequality (7, 20, 24). 
It is noteworthy that relative social deprivation (more than the absolute) is associated with 
poorer health. In practice, this theory means that populations with high economic disparities 
will also feature high disparities in health states. Health promotion must be integrated 
equally on all social levels in order to address consistently the model of social determinants 
of health (25). 
The commitment of the actions proposed by the Ottawa Charter aims to break with the 
fragmentation of the current health care model, imposing practices that can overcome the 
culture of medicalization and at the same time ally to the production of health through 
strategies that promote changes in lifestyle and promote the autonomy of individuals and 
social groups (23). Thus, health promotion requires intersectoral cooperation and joint 
actions, such as legislation, tax system and fiscal measures, education, housing, social 
services, primary health care, employment, leisure, transport and urban planning, among 
other segments. To achieve effective health promotion, however, these joints should not be 
geared to the demands of the international market, but targeted to the needs of the 
population in question (23). 
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It is important to think of health promotion as an important tool that catalyzes new modes 
of care and health management that improve the quality of life. It can also catalyze other 
realities that may make it possible to achieve equity in health (23). 
Meanwhile, health determinants have begun to be the focus of attention with the aim of 
improving life and reducing disparities between countries and amongst the localities within 
countries. 

4. Approaching the community 
The selection of a criterion is important to the oral health promotion of any population. This 
criterion is influenced by philosophical, political and professional matters. Obviously, the 
biological events that arise from a disease have been apparent since Louis Pasteur and 
Robert Koch demonstrated the importance of microbiology for the treatment and prevention 
of any infectious disease. Additionally, epidemiological research has shown many other 
influences may concur to the incidence of different problems relating to the environment 
and the health state of a person or a population and the social determinants of health (26) 
(Fig. 2). 
 

 
Fig. 2. Social determinants of health 

The social determinants of health may be well exemplified in the upstream and downstream 
tale (27). As man lies beside a stream and hears a scream from downstream. The man 
recognizes a person drowning, and as fast as he can, he rescues the person when he hears 
another scream. Again, he rushes downstream and rescues another person, but the screams 
never end. As fast as possible between the rescues, he calls for medical help and many 
health professionals and swimmers came together to provide specialized assistance with 
ambulances, nurses and doctors, They all face a significant increase in the number of new 
cases of drowned people, sometimes with important cardiac complications. Suddenly, while 
the assistants were only helping the people who were already drowning in the water, 
somebody asks some important questions. “Why is a person who does not know to swim in 
the water downstream? Why is the number of people in this crazy situation so high and 
why don’t out efforts stop the new cases downstream?” Finally, they ask the most important 
question, “What is pushing these people into the water upstream?” (Fig. 3). 
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The drowning in this tale illustrates the diseases, such as dental caries and periodontal 
diseases. Social determinants of health, which are well represented by Dahlgren and 
Whitehead (26), would be representative of what is pushing people into the water. The 
assistance downstream to the “victims” is very important to the relief of actual health 
problems that are presently affecting people’s lives, such as pain, infection and other 
consequences that destroy the organism and the quality of life. Unfortunately, the health 
policy planning is often forgotten. If there are no policy plans in action, new cases of 
drowning (disease) will continuously appear and perhaps increase, and the needs of 
diseased patients will highly increase as time goes by. A saying in Brazil likens this situation 
“to dry ice”. This is the reason why upstream action is so important. The upstream actions 
are necessary to guide the whole population to be away from the “stream” toward a healthy 
life with a better range of choices offered by and for the whole community. 
A disparity in the distribution of chronicled diseases, such as dental caries, happens 
between countries, across countries and amongst localities. What would be the appropriate 
approach to prevent health problems of a specific population?  
Dental caries is still the most important disease that public health dentistry must combat. 
After the industrial revolution at the end of the eighteenth century, the spread consume of 
sugar cane throughout the globe caused a terrifying increase in the incidence of this disease 
(28-31). Preventive measures started to be effective within the early years of the twentieth 
century through the fluorosis studies, as they discovered the effect of fluorides and 
preventive effects on dental caries (32-35). The move to fluoridate the public water supply 
made possible a significant decrease in the prevalence of dental caries in young populations 
throughout the nineteenth century. The topical fluoridated products that are applied 
directly to the teeth professionally or at home made possible another remarkable decline in 
the prevalence of dental caries, first in the industrialized world. This technology later spread 
to developing countries. However, the decline, even within the industrialized world, was 
not evenly spread across the population, and the polarization of dental caries started to 
become a concern for researchers. Regular methods to prevent dental caries made possible a 
significant decrease in the prevalence of the disease and seems to have stopped near DMFT 
1.00 in patients at twelve years old in many populations (36). 
Epidemiological basic data are the baseline for establishing the criterion needed to balance 
the approach beyond a specific community in a strategy for the whole population, including 
high-risk groups, in a developed or developing community. The balance must attempt to 
answer a simple question. Will the population in focus benefit the most from a small 
decrease in the oral disease risk in a great number of people or a great decrease in the risk 
for a small population? 
The British epidemiologist Geoffrey Rose (37-39) defined the first three possibilities for 
preventive measures regarding chronic diseases such as dental caries.  
The high-risk strategy gathers preventive efforts to modify the risk distribution of a 
community (Fig. 4). While the strategy’s attention focuses on a small group of the 
population, the rest of this population does not benefit (40) (Table 1). 
Dental caries is a disease that affects all communities and has generalized causes with 
intrinsic social influence. Dental biofilm, fermentable carbohydrates, oral hygiene and 
fluoride exposure are directly associated with the incidence of dental caries and the whole 
community is exposed to all of these risk factors. These characteristics make dental caries a 
chronic disease that can be managed by the population approach. Obviously, such 
characteristics call for an intersectorial decision regarding social, economic, industrial, 
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political and other sectors with the intention of a massive upstream action, that is, a 
population strategy (Fig. 5). 
 

 
Fig. 4. High-risk strategy graphic 

 
Advantages  Disadvantages 

Appropriate intervention to the 
individual 

 Over prevention of a person 

No intervention for those who are not 
exposed to a special risk 

 Palliative and temporary success 

Ethically appropriate for the 
organization of dental services 

 Inappropriate behavioral strategy 

Selectivity improves the risk-benefit 
ratio and therefore there are more cost-
effective resources 

 Limited by poor prediction 
 
Reliability problems and costs 
 
Contribution to the overall control of the 
disease may be disappointing and small 
 

Adapted from: Baelum, Sheiham and Burt, 2011(41). 

Table 1. Advantages and disadvantages of the high-risk preventive approach 

While the defenders of the high-risk approach attempt only the right arm of distribution, the 
population strategy intends to move all distribution to the left, carrying together the high-
risk group, represented by the right arm of distribution (fig. 5).  
Baelum, Sheiham and Burt (41) (2011) consider three main advantages to the population 
approach. First, they consider a radical approach. The social determinants of health would 
be addressed when the biological determinants of disease are targeted, such as the 
fermentable carbohydrates and the dental biofilm related to dental caries. Second, they 
propose a powerful approach. Public health education may focus on common risk factors 

 
Towards Oral Health Promotion 

 

215 

for different diseases. For example, when parents control their child’s sugar consumption 
through a better daily diet and control sweet snacks between meals, they may decrease the 
dental caries in their child as well as their child’s likelihood of becoming obese and 
contracting other related health problems, such as diabetes and cardiovascular disease. 
Thirdly, they stress that the population preventive approach is appropriate. Any chronicle 
disease is associated with social problems of a society and this approach protects the 
“victims” from being blamed.  
 

 
Fig. 5. Population strategy graphic 

 

 
Fig. 6. Combined strategy graphic 

Some disadvantages might arise during the population approach. The first one is a 
limitation in the acceptability of the preventive measures regarding the desire of people for 
visible, imminent and probable results according to the eye of a layman. Reliability is the 
second limitation; this topic is related to economic, political and other barriers. It is simple; 
the sugar industry is not interested in investing money in or otherwise endorsing 
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educational lessons regarding carbohydrate consumption. The third limitation is the 
primary financial costs of this approach and the unknown benefits of educational and 
preventive measures. 
Therefore, blending the population approach with some components of the high risk 
strategy seems to be the most acceptable way to implement preventive measures in a 
community so that the community can avoid the access inequality of the population 
approach and avoid the victim blaming related to the high risk approach (40). It is been 
named the combined strategy (Fig. 6). 

5. Project USP in Rondônia: An example 
The project USP in Rondônia emerged in 2002 with the aim of health promotion for a 
population devoid of attention in this regard. The Faculty of the Dentistry of Bauru offers 
two grade degrees, Dentistry and Speech, Language Pathology and Audiology Sciences. 
Students from both grading courses participate in activities in the far state of Rondônia 
regarding dentistry and speech pathology, prevention activities, health promotion, health 
assistance and rehabilitation. 
Twice a year, expedition teams provide health services to the population in an area bounded 
by the urban and rural areas of a municipality within the State of Rondônia, Monte Negro 
and the adjacent rural riverine population. A large percentage of this population lives far 
from the centers of reference and thus remains oblivious to the basic conditions of 
sanitation, education and basic health programs (primary, secondary and tertiary). 
Therefore, the project "USP in Rondônia" researches local realities in order to boost the 
actions already undertaken in the municipality and thus provide better quality of life for this 
underprivileged population(41). 
The state of Rondônia was created by complementary law No. 41, December 22th 1981, 
which rose from the federal territory with the same name, whose dismembered territory 
consisted of areas from the states of Amazonas and Mato Grosso, previously called Guaporé 
Territory. The geographic surface of Rondônia is 243,044 km2, representing 7.11% of the 
North Region and 2.98% of the entire area of Brazil. Its colonization is directly linked to 
economic cycles occurring in that region, such as the cycles of gold and rubber. 
The municipality of Monte Negro originated from Boa Vista and was transformed into a city 
by law No. 378 on February 13th, 1992, with designation of Monte Negro, named because of 
an accidental relief of its territory. Its population totals 14,091 inhabitants according to the 
demographic census (2010), and 52.57% of this population is male and 47.43% female. Of 
this total population, 6,701 people live in rural areas and 7,390 in the urban area. It has 
1,931.37 km² and a population density of 7.30 inhabitants per Km². Its Human Development 
Index (HDI) is 0.685 and the average per capita income in 2000 was R$ 170.88 (around U$ 
100.00). It derives its main economy from logging/wood processing, followed by local trade, 
agriculture (mainly coffee, corn, rice) and cattle feeding (Fig. 7). 
The rural riverine communities attended are Calama, Rio Preto and Demarcação, which are 
all localized in the northern region of Rondônia. Calama is a district of Porto Velho with 
3,400 inhabitants and has two schools for children. The basis of its local economy is fishing 
and planting cassava, i.e., subsistence agriculture. The community of Rio Preto is distant 
three hours from Calama by river, and it is located on the bank of the Madeira River. It is 
composed of about 25 families who live in tracts that are subdivided where families live 
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based on subsistence agriculture, animal husbandry (chicken, pigs) and fishing. The 
community does not present any kind of commerce or local health clinic. If community 
members wish to purchase food, medicine or assistance of any kind, they must travel by 
boat to the District of Calama. The community of Demarcação is also on the banks of the 
Madeira River and comprises about 300 people. They acquire their electricity from a 
generator and the community has a good organizational structure. The basis of the local 
economy is fishing and subsistence agriculture. There is a spot healer who is highly 
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educational lessons regarding carbohydrate consumption. The third limitation is the 
primary financial costs of this approach and the unknown benefits of educational and 
preventive measures. 
Therefore, blending the population approach with some components of the high risk 
strategy seems to be the most acceptable way to implement preventive measures in a 
community so that the community can avoid the access inequality of the population 
approach and avoid the victim blaming related to the high risk approach (40). It is been 
named the combined strategy (Fig. 6). 

5. Project USP in Rondônia: An example 
The project USP in Rondônia emerged in 2002 with the aim of health promotion for a 
population devoid of attention in this regard. The Faculty of the Dentistry of Bauru offers 
two grade degrees, Dentistry and Speech, Language Pathology and Audiology Sciences. 
Students from both grading courses participate in activities in the far state of Rondônia 
regarding dentistry and speech pathology, prevention activities, health promotion, health 
assistance and rehabilitation. 
Twice a year, expedition teams provide health services to the population in an area bounded 
by the urban and rural areas of a municipality within the State of Rondônia, Monte Negro 
and the adjacent rural riverine population. A large percentage of this population lives far 
from the centers of reference and thus remains oblivious to the basic conditions of 
sanitation, education and basic health programs (primary, secondary and tertiary). 
Therefore, the project "USP in Rondônia" researches local realities in order to boost the 
actions already undertaken in the municipality and thus provide better quality of life for this 
underprivileged population(41). 
The state of Rondônia was created by complementary law No. 41, December 22th 1981, 
which rose from the federal territory with the same name, whose dismembered territory 
consisted of areas from the states of Amazonas and Mato Grosso, previously called Guaporé 
Territory. The geographic surface of Rondônia is 243,044 km2, representing 7.11% of the 
North Region and 2.98% of the entire area of Brazil. Its colonization is directly linked to 
economic cycles occurring in that region, such as the cycles of gold and rubber. 
The municipality of Monte Negro originated from Boa Vista and was transformed into a city 
by law No. 378 on February 13th, 1992, with designation of Monte Negro, named because of 
an accidental relief of its territory. Its population totals 14,091 inhabitants according to the 
demographic census (2010), and 52.57% of this population is male and 47.43% female. Of 
this total population, 6,701 people live in rural areas and 7,390 in the urban area. It has 
1,931.37 km² and a population density of 7.30 inhabitants per Km². Its Human Development 
Index (HDI) is 0.685 and the average per capita income in 2000 was R$ 170.88 (around U$ 
100.00). It derives its main economy from logging/wood processing, followed by local trade, 
agriculture (mainly coffee, corn, rice) and cattle feeding (Fig. 7). 
The rural riverine communities attended are Calama, Rio Preto and Demarcação, which are 
all localized in the northern region of Rondônia. Calama is a district of Porto Velho with 
3,400 inhabitants and has two schools for children. The basis of its local economy is fishing 
and planting cassava, i.e., subsistence agriculture. The community of Rio Preto is distant 
three hours from Calama by river, and it is located on the bank of the Madeira River. It is 
composed of about 25 families who live in tracts that are subdivided where families live 

 
Towards Oral Health Promotion 

 

217 

based on subsistence agriculture, animal husbandry (chicken, pigs) and fishing. The 
community does not present any kind of commerce or local health clinic. If community 
members wish to purchase food, medicine or assistance of any kind, they must travel by 
boat to the District of Calama. The community of Demarcação is also on the banks of the 
Madeira River and comprises about 300 people. They acquire their electricity from a 
generator and the community has a good organizational structure. The basis of the local 
economy is fishing and subsistence agriculture. There is a spot healer who is highly 
respected by the community, and he is aware of many herbs that can treat diseases. 
 

 
Fig. 7. Monte Negro, state of Rondônia, Brazilian Amazon 

Situational diagnosis of Monte Negro: 
• Dearth of and poor access to information; 
• Population with low levels of education; 
• Inadequate oral health and speech therapy; 
• Lack of knowledge of teachers and educators; 
• Lack of information for the community’s health workers and health agents; 
• A large percentage of the population lacks basic sanitation; and 
• They all experience difficulties in accessing health care, especially the people living in 

rural areas. 
Situational diagnosis of the rural riverine population: 
• Low levels of education and no notion of citizenship; 
• Lack of expectation for the improvement of living conditions; 
• Lack of even the minimum conditions of sanitation; 
• Lack of access to basic services; 
• Lack of access to health care; 
• Lack of means to prevent dental caries and speech problems; 
• Difficulty accessing medicines; and 
• Need for training of professionals in the field of education and health. 
In addition, the diagnosis included a lack of basic hygiene, sanitation, general health and 
basic dental and speech notions. This revealed the need for a population strategy with 



 
Oral Health Care – Pediatric, Research, Epidemiology and Clinical Practices 

 

218 

educational activities that involve the local teachers and community workers and health 
professionals so that they can become multipliers of knowledge and information throughout 
the year, aiming to improve the standard of health for their entire community. 
Among the rural riverine populations that benefited from this project highlight are the 
communities of the Lower Rio Madeira (Tabajara), Calama, Rio Preto, Demarcação, Santa 
Luzia D'Oeste and Nova Brasilândia D'Oeste. 
During the first expedition, i.e., from 2002 until 2011, a total of 13,499 patients were attended 
to for a total of 37,976 procedures. This work of health promotion benefits the entire 
population of the city, rural and coastal populations, as well as promoted the welfare 
activities also carried out in educational activities with not only the patients who attended, 
but also their family members, teachers, educators and health professionals, making them 
all multipliers of information to continue with the work of health education during the 
months’ interexpeditions. 
The actions taken by the project "USP in Rondônia" have direct and indirect impacts on 
quality of life and health of people of urban, rural and rural riverine communities, where 
improvements are found top be increasing through the implementation of education-
prevention activities and assistance in the field of dentistry, speech and language therapy 
and audiology to patients. Such activities are undertaken with patients treated in clinical 
and educational activities in kindergartens, schools and PETI (Program for the Elimination 
of Child Labour) and health education activities with schoolteachers, educators and 
Community Health Agents.  
Over the course of almost ten years of design, we observed a high number of welfare 
activities in which people benefited greatly from further work in Health Education with 
influential people in the community enabling information to reach thousands of others, 
because they acted as a chain of multipliers for health in this municipality. 
Dentistry, Speech, Language Pathology and Audiology attended 13,499 patients for a total 
of 37,976 procedures. It is noteworthy that the procedures installed 172 total dentures and 64 
partial dentures in addition to 110 hearing aids. 
Training courses about health education for teachers and for the Community Health Agents 
are a result of the locals’ participation and community involvement with the project, which 
aims to increase the benefit provided. Some individuals’ gain in professional knowledge 
might spread to the entire community, depending on their roles in the community. 
 

 
 

Age 
dft (SD) DMFT 

(SD) 
DT 

(SD) 
MT 
(SD) 

FT 
(SD) 

Caries 
Free (%)

SiC 
Index 

Care 
Index 

(%) 

5 3.15 (3.12) - 2.67 (3.06) 0.00 (0.00) 0.48 (1.15) 34.42 6.65 23.30 

12 - 3.41 (2.69) 2.53 (2.24) 0.25 (0.64) 0.63 (1.45) 14,81 6,70 21,72 

15-19 - 5.98 (4.19) 3.27 (2.87) 1.09 (1.59) 1.62 (2.66) 8,16 10,61 29,40 

35-44 - 16.00 (7.30) 2.21 (2.33) 9.79 (8.65) 4.00 (4.16) 0,00 24,38 25,00 

65-74 - 25.96 (9.82) 0.89 (1.60) 24.71 (10.74) 0.36 (1.15) 1,78 32,00 1,41 

Table 2. Dental caries profile by component (decayed teeth [DT(SD)], missing teeth 
[MT(SD)] and filling teeth [FT(SD)]) of Monte Negro population, Rondônia state, in 2008 
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The improvement of general health, oral health, speech, language, audiology and behaviors 
for healthier daily habits can be observed over the intervening years. The tables 2 and 3 
shows the results of the epidemiological surveys conducted in the rural riverine population 
and in the municipality of Monte Negro during the years 2005/2006(42) and 2008(43). 
To review the aspects of speech, language pathology and audiology science, the project team 
conducted an epidemiological survey of hearing disorders in the urban population between 
2005 and 2007 and found the prevalence of disabling hearing loss in the town to be3.81%, 
with 3.43% at moderate loss and 0.38% at severe loss. This prevalence might be considered 
low compared to the prevalence in Canoas in southern of Brazil, which was 6.8% (44). Note 
that the results found in the North of Brazil (Monte Negro) are within the range of data 
found in studies supported by the World Health Organization (45), which range from the 
lowest incidence (2.1%) in Oman and the highest incidence (7.8%) in North Vietnam. It is 
noteworthy that the survey of Monte Negro made adjustments for hearing aids, which 
benefited 52 patients with hearing impaired analog devices, donated by the company 
Phonak, at a total of 110 devices. These patients are still professionally followed. 
 

Age DMFT (SD) 
p (Test t) Monte 

Negro 
Rural 

Riverine 
Monte 
Negro 

Rural 
Riverine 

5 4-5 3.15* (3.12) 4.31* (3.42) 0.03 
12 3.41 (2.69) 2.65 (3.01) 0.07 

15-19 18 5.98 (4.19) 5.42 (5.33) 0.24 
35-44 16.00 (7.30) 17.73 (8.61) 0.10 
65-74 25.96 (9.82) 21.56 (11.95) 0.05 

       * dft data  

Table 3. Comparison of the dental caries profile of Monte Negro (2008) and rural riverine 
populations (2005-2006) 

The sustainability of the Project "USP in Rondônia" has always been a concern since its 
beginning. Since 2005, it has invested in training courses for teachers and community health 
professionals. The Course in Health Education Project believes that this type action is of 
fundamental importance, because these professionals have the function to multiply 
information for this population, providing autonomy and independence. 
Investments, acquisitions of new equipment, means of divulgation within and outside the 
academic community and the motivation of the teamwork involved provides higher 
credibility and support to the entire population for this project. The assessments are made 
on each shipment of activities undertaken and the results obtained for both the team’s work 
and for the population served, so new actions are planned constantly according to the 
observed changes in the pattern of the population’s health. 

6. Final considerations 
“Health promotion is the process of enabling people to increase control over, and to 
improve, their health. To reach a state of complete physical, mental and social well-being, an 
individual or group must be able to identify and to realize aspirations, to satisfy needs, and 
to change or cope with the environment. Health is, therefore, seen as a resource for 
everyday life, not the objective of living. Health is a positive concept emphasizing social and 
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personal resources, as well as physical capacities. Therefore, health promotion is not just the 
responsibility of the health sector, but goes beyond healthy life-styles to well-being”. This 
part of the Ottawa Charter (1986) is still in context.  
The individual health counseling toward changing personal behavior will not last if there is 
no frequency in sessions. A community in need of health promotion must be accessed by 
two main aspects, a common risk factor and the population approach, as “Project USP in 
Rondônia” has been doing since 2002. 
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1. Introduction  
The chapter begins with a brief overview of HIV/AIDS. Different oral manifestations of 
HIV/AIDS are reported with the fact that the oral lesions parallel the decline in the number 
of CD4 cells and an increase in viral load. The chapter also presents a trend of occurrence of 
oral manifestations before ARV and during ARV era. Moreover, the impact of HIV/AIDS on 
oral health of the people living with HIV/AIDS (PLWHA) in socially disadvantaged 
communities particularly in those living in Sub Saharan Africa where majority of HIV 
positive individuals reside is discussed. In addition, a need for a balanced diet by PLWHA 
is specified and a narration of functional impairment due to HIV/AIDS related oral 
conditions which often render these people unable to eat properly is presented. Knowledge 
of Oral manifestations of HIV/AIDS among dental practitioners, medical practitioners and 
people living with HIV/AIDS as well as the influence of this knowledge to the care for 
PLWHA is explored. A brief description of the care expectations of PLWHA from the 
medical and dental personnel is sighted. Eventually, recommendations for possible 
interventions are provided. 

2. Overview of HIV/AIDS 
Human immunodeficiency virus (HIV) is a lentivirus, a member of the retrovirus family that 
causes Acquired Immunodeficiency Syndrome or AIDS (Douek et al., 2009), an infectious 
disease in humans, in which progressive failure of the immune system allows life-
threatening opportunistic infections and various cancers to thrive. HIV infection in humans 
is considered pandemic by the World Health Organization (WHO). HIV has been shown to 
have infected about 0.6% of the world's population and since its discovery in 1981 to the 
year 2006 AIDS has killed more than 25 million people. In 2009, AIDS claimed an estimated 
1.8 million lives, down from a global peak of 2.1 million in 2004. However, a peak of an 
estimated 2.6 million people were newly infected in 2009 (UNAIDS report 2010). A 
disproportionate number of AIDS deaths occur in Sub-Saharan Africa, retarding economic 
growth and exacerbating the burden of poverty (Greener, 2002). UNAIDS report that Sub-
Saharan Africa remains by far the worst-affected region, with an estimated 22.5 million 
people currently living with HIV/AIDS (67% of the global total), 1.3 million deaths (72% of 
the global total) and 1.8 million new infections (69% of the global total). However, the 
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number of new infections declined by 19% across the region between 2001 and 2009, and by 
more than 25% in 22 sub-Saharan African countries during this period (UNAIDS report 2010). 

2.1 Types of HIV, virulence and mode of attack 
Two types of HIV have been characterized: HIV-1 and HIV-2. HIV-1 is the virus that was 
initially discovered and termed both LAV and HTLV-III. It is more virulent, more infective 
and is the cause of the majority of HIV infections globally (Centers for Disease Control and 
Prevention 2001, Gilbert, et al., 2003). The lower infectivity of HIV-2 compared to HIV-1 
implies that fewer of those exposed to HIV-2 will be infected per exposure. Because of its 
relatively poor capacity for transmission, HIV-2 is largely confined to West Africa (Reeves 
and Doms, 2002). The HIV is a frequently mutating retrovirus.  
HIV infection has 3 stages; acute infection or primary infection stage, latency stage and 
AIDS. The acute infection lasts for several weeks and may include symptoms such as fever, 
lymphadenopathy that is swollen lymph nodes, pharyngitis presenting as sore throat, rash, 
muscle pain (myalgia), malaise and mouth and esophageal sore. During this stage most oral 
manifestations occur and these have been shown to be indicators for counseling and testing 
(Fabian et al., 2009). The latency stage is the second stage and it involves few or no 
symptoms and can last anywhere from two weeks to twenty years or more depending on 
the individual. AIDS, is the final stage of HIV infection, and is defined by low CD4+ T cell 
counts (fewer than 200 per microliter), presence of various opportunistic infections such as 
various parasitic, viral and microbial infections, cancers and other conditions. A small 
percentage of HIV-1 infected individuals retain high levels of CD4+ T-cells without being on 
antiretroviral therapy. However, most have detectable viral load and will eventually 
progress to AIDS without treatment, albeit more slowly than others. These individuals are 
classified as HIV controllers or long-term non-progressors (LTNP). People who maintain 
CD4+ T cell counts and also have low or clinically undetectable viral load without anti-
retroviral treatment have also been given the name of elite controllers or elite suppressors 
(ES) (Blankson, 2010; Grabar et al., 2009). 

2.2 Testing for HIV  
The first and most common blood test for patients who are suspected of having HIV 
infection, is usually the enzyme-linked immunosorbent assay (ELISA) test for the presence 
of HIV antibody in their blood. HIV-1 testing consists of initial screening with the ELISA to 
detect antibodies to HIV-1. Specimens with a nonreactive result from the initial ELISA are 
considered HIV-negative. Specimens with a reactive ELISA result are retested in duplicate 
(Piatak, et al., 1993). If the result of either duplicate test is reactive, the specimen is reported 
as repeatedly reactive and undergoes confirmatory testing with a more specific 
supplemental test such as the Western blot or, less commonly, an immunofluorescence assay 
(IFA). Only specimens that are repeatedly reactive by ELISA and positive by IFA or reactive 
by Western blot are considered HIV-positive and indicative of HIV infection. Specimens that 
are repeatedly ELISA-reactive occasionally provide an indeterminate Western blot result, 
which may be either an incomplete antibody response to HIV in an infected person or 
nonspecific reactions in an uninfected person. The combination of the ELISA and Western 
blot tests is more than 99.9% accurate in detecting HIV infection within four to eight weeks 
following exposure. The polymerase chain reaction (PCR) test can be used to detect the 
presence of viral nucleic acids in the very small number of HIV patients who have false-
negative results on the ELISA and Western blot tests. These tests are also used to detect 
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viruses and bacteria other than HIV and AIDS. In socially disadvantaged communities 
however, these procedures of testing may not be feasible due to social constraints 
specifically poor social economic environments. This is where the oral manifestations 
become important indicators and most probably testing may depend only on ELISA test and 
CD4 level counts. 

3. Oral manifestations of HIV infection 
Over 30 different oral manifestations of HIV disease have been reported since the beginning 
of the AIDS epidemic (Schiødt & Pindborg, 1987). Several groups of these oral 
manifestations are known. They may be; infections, neoplasms or other manifestations. 
Infections include fungal, viral or bacterial. Whereas, the most common neoplasms are 
Kaposi’s Sarcoma and Non-Hodgkin’s Lymphoma. The others category include non-specific 
or Aphthous-like ulcers, idiopathic thrombocytopenic purpura, mucosal melanin 
pigmentation and salivary gland diseases. 

3.1 Fungal infections 
Fungal infection or Oral Candidiasis (broadly known as thrush) is a relatively frequent 
problem for people who are HIV positive. People with candidiasis often notice changes in 
taste perception, which may make food undesirable. Oral candidiasis has been described to 
occur during the acute stage of HIV infection, (Dull et al., 1991) but it occurs most 
commonly with falling CD4+ T-cell count in the middle and late stages of HIV disease. 
Several reports indicate that most persons with HIV infection carry a single strain of 
Candida during clinically apparent candidiasis and when candidiasis is quiescent (Miyasaki et 
al., 1992). Oral Candidiasis may present in either of the following forms; pseudomembranous 
candidiasis, erythematous candidiasis, hyperplastic candidiasis, or angular cheilitis. 

3.1.1 Pseudomembranous candidiasis 
Pseudomembranous candidiasis is by far the most common form of oral candidiasis. 
Pseudomembranous candidiasis appears as a white “curd-like” material (Fig. 1) that when 
wiped off reveals an underlying erythematous mucosa (Shiboski et al., 2009). Removable 
plaques on the oral mucosa are caused by overgrowth of fungal hyphae mixed with 
desquamated epithelium and inflammatory cells. This type of candidiasis may involve any 
part of the mouth or pharynx. Generally, the clinical diagnosis is made on the basis of 
appearance. 
 

 
Fig. 1. Pseudomembranous candidiasis on the palate (a courtesy of F. Kahabuka) 
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Fig. 1. Pseudomembranous candidiasis on the palate (a courtesy of F. Kahabuka) 
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3.1.2 Erythematous candidiasis 
Erythematous candidiasis appears as flat, red patches of varying size (Fig. 2). It commonly 
occurs on the palate and the dorsal surface of the tongue (Shiboski et al., 2009). 
Erythematous candidiasis is frequently subtle in appearance and clinicians may easily 
overlook the lesions, which may persist for several weeks if untreated. Identification of 
fungal hyphae in the lesion is necessary to make a definitive diagnosis. Both Erythematous 
candidiasis and Pseudomembranous candidiasis can cause changes in taste perception 
and/or pain and a burning sensation. 
 

 
Fig. 2. Erythematous candidiasis on the palate (a courtesy of F. Kahabuka) 

3.1.3 Hyperplastic candidiasis 
This type of candidiasis is unusual in persons with HIV infection. The lesions appear white 
and hyperplastic. The white areas are due to hyperkeratosis and, unlike the plaques of 
pseudomembranous candidiasis, hyperplastic candidiasis cannot be removed by scraping. The 
lesions may be confused with hairy leukoplakia. Diagnosis of hyperplastic candidiasis is made 
from the histologic appearance of hyperkeratosis and the presence of hyphae in the lesion.  

3.1.4 Angular cheilitis 
Angula cheilitis appears as an erythema and/or fissuring either unilaterally or bilaterally at 
the corners of the mouth (Shiboski et al., 2009). It can appear alone or in conjunction with 
another form of intraoral candidiasis. This condition is easily mistaken for chapped lips. 

3.2 Viral infections 
Members of the human herpesvirus (HHV) and human papillomavirus (HPV) families are the 
most common causes of primary viral infections of the oral cavity. Nonetheless, many other 
viral infections can affect the oral cavity in humans, either as localized or systemic infections. 

3.2.1 Herpes simplex 
Oral herpes simplex is a viral condition associated with herpes simplex virus type 1 (HSV-
1). It is characterized by the eruption of serum-filled vesicles, or blisters (sometimes referred 
to as "cold sores" or "fever blisters") on the face, lips, or mouth. Herpes simplex lesions may 
be large, painful, and more prone to secondary infection in HIV-positive individuals. These 
lesions can cause pain and decrease the ability to eat comfortably.  
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3.2.2 Herpes zoster 
Oral herpes zoster generally causes skin lesions. Following a prodrome of pain, multiple 
vesicles appear on the facial skin, lips, and oral mucosa. Skin and oral lesions are frequently 
unilateral and follow the distribution of the maxillary and/or mandibular branches of the 
trigeminal nerve. The skin lesions form crusts and the oral lesions coalesce to form large 
ulcers. The ulcers frequently affect the gingiva, so tooth pain may be an early complaint. The 
reactivation of varicella zoster virus (VZV) causes herpes zoster (shingles). The disease 
occurs in the elderly and the immunosuppressed. 

3.2.3 Human Papillomavirus (HPV) lesions  
HPV-associated lesions frequently occur in the oral cavity, including the lip and sides of the 
tongue. HPV lesions in the oral cavity may appear as solitary exophytic, papillary or 
multiple nodules. They may be sessile or pedunculated and appear as multiple, smooth-
surfaced raised masses resembling focal epithelial hyperplasia or as multiple, small 
papilliferous or cauliflower-like projections. Lesions caused by HPV are common on the 
skin and mucous membranes of persons with HIV disease. HPV lesions tend to be more 
serious and more difficult to treat in HIV-positive people. A few reports also suggest that 
these oral lesions may be more prevalent, or the number of lesions may be greater in people 
with HIV. 

3.2.4 Cytomegalovirus  
Oral ulcers caused by cytomegalovirus (CMV) have been reported (Jones et al., 1993). These 
ulcers can appear on any mucosal surface and may be confused with aphthous ulcers 
(Heinic et al., 1993), necrotizing ulcerative periodontitis (NUP), (Dodd et al., 1993), and 
lymphoma. Unlike aphthous ulcers, however, which usually have an erythematous margin, 
CMV ulcers appear necrotic with a white halo, (Langford et al., 1990). Diagnosis of CMV 
ulcers is made from a biopsy but immunohistochemistry may be helpful.  

3.2.5 Hairy Leukoplakia and Epstein-Barr virus  
Oral hairy leukoplakia (HL), which presents as a nonmovable, corrugated or "hairy" white 
lesion on the lateral margins of the tongue, occurs in all risk groups for HIV infections, 
although less commonly in children than in adults, (Nadal et al., 1992). HL occurs in about 
20% of persons with asymptomatic HIV infection and becomes more common as the CD4+ 
T-cell count falls, (Feigal et al 1991). HL lesions vary in size and appearance and may be 
unilateral or bilateral. The surface is irregular and may have prominent folds or projections, 
sometimes markedly resembling hairs. Occasionally, however, some areas may be smooth 
and flat. Lesions occur most commonly on the lateral margins of the tongue and may spread 
to cover the entire dorsal surface. While this condition may resemble thrush, hairy 
leukoplakia lesions cannot be wiped off, unlike the lesions of thrush. Hairy leukoplakia is 
thought to be caused by the Epstein-Barr virus (Frezzini et al., 2006). It is also associated 
with infectious mononucleosis. Since this condition is rarely seen unless the CD4 cell count 
is low, it is less common in areas where combination anti-HIV therapy is readily available. A 
definitive diagnosis requires identification of Epstein-Barr virus infected epithelial cells. 

3.3 Bacterial infections 
The most common oral lesions associated with bacterial infection are periodontal diseases. 
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3.2.2 Herpes zoster 
Oral herpes zoster generally causes skin lesions. Following a prodrome of pain, multiple 
vesicles appear on the facial skin, lips, and oral mucosa. Skin and oral lesions are frequently 
unilateral and follow the distribution of the maxillary and/or mandibular branches of the 
trigeminal nerve. The skin lesions form crusts and the oral lesions coalesce to form large 
ulcers. The ulcers frequently affect the gingiva, so tooth pain may be an early complaint. The 
reactivation of varicella zoster virus (VZV) causes herpes zoster (shingles). The disease 
occurs in the elderly and the immunosuppressed. 
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HPV-associated lesions frequently occur in the oral cavity, including the lip and sides of the 
tongue. HPV lesions in the oral cavity may appear as solitary exophytic, papillary or 
multiple nodules. They may be sessile or pedunculated and appear as multiple, smooth-
surfaced raised masses resembling focal epithelial hyperplasia or as multiple, small 
papilliferous or cauliflower-like projections. Lesions caused by HPV are common on the 
skin and mucous membranes of persons with HIV disease. HPV lesions tend to be more 
serious and more difficult to treat in HIV-positive people. A few reports also suggest that 
these oral lesions may be more prevalent, or the number of lesions may be greater in people 
with HIV. 

3.2.4 Cytomegalovirus  
Oral ulcers caused by cytomegalovirus (CMV) have been reported (Jones et al., 1993). These 
ulcers can appear on any mucosal surface and may be confused with aphthous ulcers 
(Heinic et al., 1993), necrotizing ulcerative periodontitis (NUP), (Dodd et al., 1993), and 
lymphoma. Unlike aphthous ulcers, however, which usually have an erythematous margin, 
CMV ulcers appear necrotic with a white halo, (Langford et al., 1990). Diagnosis of CMV 
ulcers is made from a biopsy but immunohistochemistry may be helpful.  

3.2.5 Hairy Leukoplakia and Epstein-Barr virus  
Oral hairy leukoplakia (HL), which presents as a nonmovable, corrugated or "hairy" white 
lesion on the lateral margins of the tongue, occurs in all risk groups for HIV infections, 
although less commonly in children than in adults, (Nadal et al., 1992). HL occurs in about 
20% of persons with asymptomatic HIV infection and becomes more common as the CD4+ 
T-cell count falls, (Feigal et al 1991). HL lesions vary in size and appearance and may be 
unilateral or bilateral. The surface is irregular and may have prominent folds or projections, 
sometimes markedly resembling hairs. Occasionally, however, some areas may be smooth 
and flat. Lesions occur most commonly on the lateral margins of the tongue and may spread 
to cover the entire dorsal surface. While this condition may resemble thrush, hairy 
leukoplakia lesions cannot be wiped off, unlike the lesions of thrush. Hairy leukoplakia is 
thought to be caused by the Epstein-Barr virus (Frezzini et al., 2006). It is also associated 
with infectious mononucleosis. Since this condition is rarely seen unless the CD4 cell count 
is low, it is less common in areas where combination anti-HIV therapy is readily available. A 
definitive diagnosis requires identification of Epstein-Barr virus infected epithelial cells. 

3.3 Bacterial infections 
The most common oral lesions associated with bacterial infection are periodontal diseases. 
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3.3.1 Periodontal disease  
Periodontal disease is a fairly common problem in both asymptomatic and symptomatic 
HIV-infected patients, (Masouredis  et al., 1992, Winkler  et al., 1992). It can take two forms: 
the rapid and severe condition called necrotizing ulcerative periodontitis (NUP), (Glick et 
al., 1994) and its associated and possibly precursor condition called linear gingival erythema 
(LGE), (Grbic et al., 1995). The presenting clinical features of these diseases often differ from 
those in non-HIV-infected persons in that unlike for non-HIV-related periodontal disease 
LGE and NUP often occur in clean mouths where there is very little plaque or calculus to 
account for the gingivitis.  

3.3.2 Linear Gingival Erythema 
The gingival (gum) condition originally known as HIV-gingivitis, and now called linear 
gingival erythema (LGE), appear as a distinct band of erythema of the gingival margin that 
does not respond to removal of local factors. LGE may be painful may bleed and may 
progress to periodontal disease. Sometimes LGE may be mistaken for ordinary gingivitis 
which usually is not painful and does not lead to periodontal disease.  

3.3.3 Necrotizing Ulcerative Periodontal disease 
Necrotizing ulcerative periodontitis (NUP), which previously was called HIV-periodontitis, 
is a condition associated with rapid soft tissue and bone loss, including exposure of the 
bone; rapid deterioration of tooth attachment; and the premature loss of teeth. Periodontal 
disease may go unnoticed until the tissues supporting the teeth are so damaged as to cause 
the loss of a tooth.  

3.4 Neoplasms 
Several opportunistic tumors (cancers or neoplasms) are associated with HIV infection. Two 
of them namely; Kaposi’s sarcoma (KS) and non-Hodgkin’s Lymphoma (NHL) occur most 
frequently and may manifest in the oral cavity. Both of these conditions are seen when 
immune suppression is severe and an individual has an AIDS diagnosis (a CD4 cell count 
below 200 cells/mm3).  

3.4.1 Kaposi's Sarcoma 
Kaposi's sarcoma (KS) is the most common neoplasm in people with HIV. KS may occur 
intraorally, either alone or in association with skin and disseminated lesions, (Ficarra et al 
1988). Intraoral lesions have been reported at other sites and may be the first manifestation 
of late-stage HIV disease (AIDS). 
KS can appear as a red, blue, or purplish lesion that do not blanch (whiten) with pressure. It 
may be flat or raised, solitary or multiple. Lesions’ size ranges from small to extensive, often 
they enlarge rapidly and may become exophytic (grow outward). The most common oral 
site is the hard palate (Shiboski et al., 2009), but lesions may occur on any part of the oral 
mucosa, including the gingiva, soft palate, buccal mucosa and in the oropharynx, (Fig 3). 
Occasionally, yellowish mucosa surrounds the KS lesion. Oral KS lesions may enlarge, 
ulcerate, and become infected. Good oral hygiene is essential to minimize these 
complications. Biopsy and histologic examination are important in order to make a 
definitive diagnosis.  
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Fig. 3. Kaposi’s sarcoma on the palate and skin (a courtesy of O. Hamza) 

3.4.2 Non-Hodgkin's lymphoma 
Diffuse, undifferentiated non-Hodgkin's lymphoma (NHL) is a frequent HIV-associated 
malignancy. NHL is the second most common tumor associated with HIV/AIDS (Frezzini et 
al., 2006), it can occur anywhere in the oral cavity.  Most often NHL occurs as a soft, tumor-
like mass (with or without involvement of underlying bone) that may enlarge rapidly. The 
lesion may present as firm, painless swelling that may be ulcerated but may also appear as 
necrotic or nonulcerated masses. Oral NHL may be confused with major aphthous ulcers 
and rarely as a pericoronitis associated with an erupting third molar. Histologic examination 
of biopsy specimens is required in order to make a definite diagnosis of NHL. 

4. Other oral lesions associated with HIV disease 
4.1 Oral ulceration 
Oral ulcers resembling recurrent aphthous ulcers (RAUs) in HIV-infected persons are 
reported with increasing frequency. The cause of these ulcers is unknown. Proposed causes 
include stress and unidentified infectious agents. In HIV-infected patients, the ulcers are 
well circumscribed with erythematous margins. The ulcers of the minor RAU type may 
appear as solitary lesions of about 0.5 to 1.0 cm. The herpetiform type appears as clusters of 
small ulcers (1 to 2 mm), usually on the soft palate and oropharynx. The major RAU type 
appears as extremely large (2 to 4 cm) necrotic ulcers. The major RAUs are very painful and 
may persist for several weeks. The ulcers usually occur on nonkeratinized mucosa; this 
characteristic differentiates them from those caused by herpes simplex. 

4.2 Aphthous stomatitis 
Aphthous stomatitis (canker sores) is a common condition regardless of HIV status. In HIV-
positive individuals the ulcers or sores may be slow to heal, and aphthous ulcers minor are 
more likely to become aphthous ulcers major.  

4.3 Idiopathic Thrombocytopenic Purpura 
Idiopathic thrombocytopenic purpura (ITP) has been reported to occur in HIV-infected 
patients. Oral lesions may be the first manifestation of this condition. They may present as 
petechiae, ecchymoses and hematoma anywhere on the oral mucosa. Spontaneous bleeding 
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from the gingiva can occur, and patients may report finding blood in their mouths on 
waking up. 

4.4 Salivary Gland Disease and Xerostomia 
Bilateral parotid gland enlargement occurs in HIV infected individuals. Salivary gland 
disease associated with HIV infection (HIV-SGD) can present as xerostomia with or without 
salivary gland enlargement. Salivary gland enlargement in children and adults with HIV 
infection usually involves the parotid gland (Fig 4). The enlarged salivary glands are soft but 
not fluctuant. The enlarged parotid glands can be a source of annoyance and discomfort. 
HIV-infected patients may also experience dry mouth in association with taking certain 
medications (such as ddI, antidepressants, antihistamines, and antianxiety drugs) that can 
hinder salivary secretion.  
 

 
Fig. 4. Unilateral Parotid gland enlargement (a courtesy of F. Kahabuka) 

4.5 Mucosal melanin pigmentation 
Single and multiple oral mucosal melanotic macules have been reported to occur in HIV 
infected individuals. Some have been associated with zidovudine therapy. Their significance 
is not known and thus no treatment is indicated.  

5. The relationship of HIV and oral health  
Essentially, oral manifestations of HIV/AIDS are opportunistic diseases or manifestations of 
immune deficiency or derangement. They are not caused directly by HIV and in fact the 
same lesions occur in association with other immune deficiency disorders. Most oral health 
problems can be found in people who are either HIV positive or negative. But there are 
some differences worthy noting. Some conditions are found more often in PLWHA than the 
normal population. These include Oral candidiasis, Aphthous stomatitis (canker sores) and 
herpes simplex. Few oral health conditions are seen almost exclusively in people living with 
HIV/AIDS which include Oral Hairy Leukoplakia and opportunistic tumors, while some 
that are found in both populations are more problematic for people with HIV, especially 
those with advanced disease. Regarding dental caries, it is known that some medications 
used by people living with HIV/AIDS and even HIV itself may cause decreased salivary 
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flow, or dry mouth, which is known to contribute to rampant caries. This type of caries 
frequently develops at the cervical region of the tooth, and the cervical area is more likely to 
decay at a faster rate. While periodontal diseases can occur in anyone regardless of his/her 
HIV status, one particularly severe form (necrotizing ulcerative periodontitis) and a related 
condition (linear gingival erythema) appear to be unique to those with compromised 
immune systems. Many of the earliest manifestations of the immune suppression associated 
with HIV infection occur in the mouth – particularly oral candidiasis, but also viral and 
sometimes severe bacterial infections, including tuberculosis. The presence of these lesions 
may be an early diagnostic indicator of immunodeficiency and HIV infection, may change 
the classification of the stage of HIV infection, and is a predictor of the progression of HIV 
disease (Lifson et al., 1994). The dental and oral health professions therefore have a key role 
in early diagnosis, and in the management of these distressing infections. 

6. Trend of occurrence of oral manifestations before ARV and during ARV era 
Oral manifestations of HIV infection are a fundamental component of disease progression 
with up to 90% of HIV-seropositive patients developing oral lesions through the course of 
their HIV-infection (Arendorf et al., 1998, Dios et al., 2000, Patton et al., 2000, Samaranayake 
et al., 2002). Occurrence of the oral lesions parallels the decline in the number of CD4 cells 
counts less than 200 cells/mm3, and an increase in viral load greater than 3000 copies/mL, 
xerostomia, poor oral hygiene and smoking, (Aquirre et al., 1999, Tappuni & Fleming, 2001). 
Oral lesions are thus independent indicators of the HIV disease progression.  
Following the introduction of highly active antiretroviral therapy (HAART), the oral 
manifestations of human immunodeficiency virus infection has changed drastically, 
(Aguirre et al., 1999, Domaneschi et al., 2011, Johnson 1999, Patton et al., 2000). HAART is 
effective in suppressing plasma-HIV viral load below a detectable level and elevating CD4 
cell counts. One study noted a reduction of oral lesions from 47.6% pre-HAART to 37.5% 
during the HAART era (Patton et al., 2000). The study further reported a significant 
reduction in oral hairy leukoplakia and necrotizing ulcerative periodontitis, but on the other 
hand found no significant change in the incidence of oral candidiasis, oral ulcers and Kaposi’s 
sarcoma. However, an increase was observed to occur in the HAART era of the salivary gland 
disease (Patton et al., 2000), and of oral warts (Greenspan et al., 2001, King et al., 2002). 
Reports from few countries in the Sub Saharan Africa present a closely similar picture. In 
Tanzania Hamza et al., (2006) observed oral lesions in 39.5% of the patients whereas Fabian 
et al., (2009) reported at least one oral lesion in 45% of the PLWHA they examined while 
Mwangosi & Majenge, (2011) reported a prevalence of oral manifestations to be 23.5%. In 
Kenya Butt et al., (2001) reported over 80% prevalence of candidiasis of the hyperplastic, 
erythematous and pseudomembraneous types, 27.9% prevalence of lymphadenopathy and 
angular cheilitis, while oral Kaposi's sarcoma was seen in 13% of the patients. Six years later, 
Butt et al., (2007) encountered oral manifestations with highest prevalence in the oral cavity 
to include: angular cheilitis 32.4%, hyperplastic candidosis (labial mucosa) 15%, 
erythematous candidosis (gingival) 5%, Kaposis sarcoma (hard/soft palate) 2.9% and 
Parotid enlargement 2%. Shiboski (2002) in South Africa reported that oral candidiasis (OC) 
was the most common oral lesion among HIV-infected women, and that the preliminary 
findings suggest that HAART is associated with a decreasing OC incidence. A study by 
Rwenyonyi et al., (2011) among Ugandan children living with HIV/AIDS recorded one or 
more oral lesions in 73% of the children examined. Furthermore, they found cervical 
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lymphadenopathy (60.8%), oral candidiasis (28.3%) and gingivitis (19.0%) to be the most 
common soft tissue oral lesions. They reported that the overall frequency distribution of soft 
tissue oral lesions was significantly lower in children on highly active antiretroviral therapy 
(HAART) as compared to their counterparts not on HAART. 

7. Knowledge of oral manifestations of HIV/AIDS, infection control and dental 
care services to people living with HIV and AIDS 
7.1 Knowledge of oral manifestations 
Dental practitioners have satisfactory knowledge about HIV and AIDS as well as oral 
manifestations of HIV/AIDS. Dental students alike, especially in the last years of training 
have sufficient knowledge on HIV and AIDS. The attitude of dental practitioners and dental 
students towards HIV positive patients is good. Majority are willing to give dental 
treatment to HIV positive patients (Arjuna et al., 2011, Park et al., 2011, Turhan et al., 2010), 
though a few never treat HIV positive patients (McQuistan et al., 2010). In relation to HIV 
transmission, some dental students and even some dental personnel believe that HIV can be 
easily transmitted during clinical procedures. Some dentists, dental students and some 
dental school deans prefer that HIV/AIDS patients should be referred to specialized clinics 
(Ryalat et al., 2011, Vázquez-Mayoral et al., 2009). On the other hand, medical practitioners' 
knowledge of oral manifestations of HIV/AIDS is insufficient. Likewise people living with 
HIV/AIDS have limited awareness of oral manifestations of HIV/AIDS (Kahabuka et al., 
2007). The limited knowledge and awareness may negatively impact oral health care 
delivery to the PLWA but may also limit utilization of dental care services even when they 
are available (Pereyra et al., 2011). 

7.2 Knowledge on infection control measures 
During provision of oral health care services, it is imperative to adhere to infection control to 
prevent transmission of diseases from patient to healthcare worker, healthcare worker to 
patient and patient to patient. Indeed, to be able to control cross infection of any blood borne 
diseases, the highest standards of infection control must be maintained in all clinical 
situations. This is essential in as far as controlling HIV spread is concern. Despite the 
importance of infection control in dental practice, a study by Uti et al., (2009) showed that 
while the level of knowledge of the dentists was generally acceptable, there was still partial 
compliance with recommended infection control procedures among Nigerian dentists as a 
result of inadequate supplies. Therefore, dental students and dental personnel must be 
provided with proper and current education on infection control as well as sufficient 
supplies in order to enhance positive attitude towards HIV positive patients. In the event a 
dental personnel or dental student finds himself/herself HIV positive appropriate action 
should be taken to protect patients and staff.   

7.3 Dental care services to PLWHA 
In socially disadvantaged communities, it is common to find people living with unmet 
dental care needs (Kikwilu et al., 2008). For people living with HIV/AIDS oral 
manifestations add to an already existing problem of unmet dental care needs. A number of 
factors contribute to this situation. Some of them are; high cost, unavailability of the 
services, lack of insurance and education, a shortage of dentists trained or willing to treat 
persons living with HIV/AIDS, patient fear and discomfort with dentists, stigma within 
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health care systems, lack of awareness of the importance of regular dental care, and other 
competing priorities, (Mofidi & Gambrell, 2009, McQuistan et al., 2010). Like any health 
condition faced by HIV-positive people, early identification and treatment should be 
emphasized. In many cases, when PLWHA are attended by medical professionals for other 
ailments referral to a dentist should be made as soon as possible for management of oral 
lesions. The dental profession therefore, has an obligation to provide the required dental 
services to PLWHA. 

8. Need for a balanced diet by people living with HIV/AIDS (PLWHA)  
Food is the foundation of nutritional health. Nothing can replace food. It can be 
supplemented, adjusted, increased or decreased, but not entirely replaced. Food provides 
the building blocks of carbohydrates, proteins and fats (the macronutrients), as well as 
vitamins and minerals, (the micronutrients). The best way to make sure an individual gets 
all of these nutrients is by eating a wide variety of healthy foods every day (Centre for 
Disease Control 1987). Unfortunately during the acute stage, PLWHA develop oral 
manifestations most of which are painful conditions that may impair eating. Disturbances in 
eating hinders accomplishment of the PLWHA’s need for a nutritionally balanced diet 
required much more than uninfected individuals because they need to naturally boost their 
immune system but also they need to deal with the weight loss. Moreover, AIDS is well 
known for causing severe weight loss known as wasting (WHO 2005). Whereas starving 
people tend to lose fat first, the weight lost during HIV infection tends to be in the form of 
lean tissue, such as muscle (WHO 2005). This type of wasting led to the term “slim” in some 
African countries during the early years of AIDS pandemic because AIDS sufferers lost a lot 
of lean tissue. In children, HIV is frequently linked to growth failure. One large European 
study found that children with HIV were on average around 7 kg (15 lbs) lighter and 7.5 cm 
(3 inches) shorter than uninfected children at ten years old (Kotler et al., 1989a). The double 
factors, that is inability to eat properly and the wasting caused by HIV infection make the 
PLWHA more vulnerable to nutritional insufficiency. 

8.1 Weight loss and mortality 
In a study done in Tanzania among people living with HIV/AIDS (Fabian et al., 2009) it was 
shown that the mean BMI in males was 21.01 ± 3.89 (SD) and in females the figure was 22.81 
± 3.85 (SD). In all, low BMI was significantly correlated with presence of oral candidiasis, 
angular cheilitis, lymph node enlargement, and oral ulcers. Moreover, candidiasis was 
associated with angular cheilitis and oral hairy leukoplakia, and dry mouth was related to 
lymph node enlargement and oral hairy leukoplakia. It is therefore assumed that people 
living with HIV/AIDS cannot eat well once they have oral lesions. The U.S. Centers for 
Disease Control and Prevention (CDC) recognized wasting as an AIDS-defining condition in 
1987. The "wasting syndrome" is defined as a weight loss of at least 10% in the presence of 
diarrhea or chronic weakness and documented fever for at least 30 days that is not 
attributable to a concurrent condition other than HIV infection itself (Centre for Disease 
Control 1987). In practice, any involuntary weight loss of that magnitude is typically 
considered wasting.  
A significant relationship between weight loss and mortality, disease progression, or both 
has been demonstrated in numerous prospective and retrospective studies both before the 
advent of effective antiretroviral therapy (ART) (Guenter, P. et al., 1993, Newell et al., 2003, 
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lymphadenopathy (60.8%), oral candidiasis (28.3%) and gingivitis (19.0%) to be the most 
common soft tissue oral lesions. They reported that the overall frequency distribution of soft 
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(Ryalat et al., 2011, Vázquez-Mayoral et al., 2009). On the other hand, medical practitioners' 
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prevent transmission of diseases from patient to healthcare worker, healthcare worker to 
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factors contribute to this situation. Some of them are; high cost, unavailability of the 
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persons living with HIV/AIDS, patient fear and discomfort with dentists, stigma within 
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vitamins and minerals, (the micronutrients). The best way to make sure an individual gets 
all of these nutrients is by eating a wide variety of healthy foods every day (Centre for 
Disease Control 1987). Unfortunately during the acute stage, PLWHA develop oral 
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required much more than uninfected individuals because they need to naturally boost their 
immune system but also they need to deal with the weight loss. Moreover, AIDS is well 
known for causing severe weight loss known as wasting (WHO 2005). Whereas starving 
people tend to lose fat first, the weight lost during HIV infection tends to be in the form of 
lean tissue, such as muscle (WHO 2005). This type of wasting led to the term “slim” in some 
African countries during the early years of AIDS pandemic because AIDS sufferers lost a lot 
of lean tissue. In children, HIV is frequently linked to growth failure. One large European 
study found that children with HIV were on average around 7 kg (15 lbs) lighter and 7.5 cm 
(3 inches) shorter than uninfected children at ten years old (Kotler et al., 1989a). The double 
factors, that is inability to eat properly and the wasting caused by HIV infection make the 
PLWHA more vulnerable to nutritional insufficiency. 

8.1 Weight loss and mortality 
In a study done in Tanzania among people living with HIV/AIDS (Fabian et al., 2009) it was 
shown that the mean BMI in males was 21.01 ± 3.89 (SD) and in females the figure was 22.81 
± 3.85 (SD). In all, low BMI was significantly correlated with presence of oral candidiasis, 
angular cheilitis, lymph node enlargement, and oral ulcers. Moreover, candidiasis was 
associated with angular cheilitis and oral hairy leukoplakia, and dry mouth was related to 
lymph node enlargement and oral hairy leukoplakia. It is therefore assumed that people 
living with HIV/AIDS cannot eat well once they have oral lesions. The U.S. Centers for 
Disease Control and Prevention (CDC) recognized wasting as an AIDS-defining condition in 
1987. The "wasting syndrome" is defined as a weight loss of at least 10% in the presence of 
diarrhea or chronic weakness and documented fever for at least 30 days that is not 
attributable to a concurrent condition other than HIV infection itself (Centre for Disease 
Control 1987). In practice, any involuntary weight loss of that magnitude is typically 
considered wasting.  
A significant relationship between weight loss and mortality, disease progression, or both 
has been demonstrated in numerous prospective and retrospective studies both before the 
advent of effective antiretroviral therapy (ART) (Guenter, P. et al., 1993, Newell et al., 2003, 
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Wheeler et al., 1998  WHO 2005) and in the current era of treatment, in regions where such 
therapy is available, (Schwenk et al., 2000, Thiebaut et al., 2000). In addition to weight loss, 
depleted levels of body cell mass, which contains the metabolically active tissue, have been 
associated with increased risk of mortality in patients with HIV infection, (Guenter, P. et al., 
1993). In socially disadvantaged communities, nutrition may become a major concern and 
probably the high mortality rate in Sub Saharan Africa may be contributed to, by poor 
nutrition. 
Increased resting energy expenditure (REE) is a common finding in patients with HIV 
infection particularly in those with systemic secondary infections, (Heijligenberg et al., 1997, 
Shevitz et al., 1999). In addition, decreased energy intake has been found to be the primary 
contributor to wasting, particularly during periods of rapid weight loss rather than REE. 
Elevated REE may serve as a cofactor in accelerating weight loss and provides evidence of a 
failure to compensate for decreased energy intake. Studies using stable isotope techniques 
have demonstrated that total energy expenditure (TEE) is not significantly elevated in 
weight-stable patients with HIV infection, when compared with estimates of TEE in other 
studies of healthy adults (Heijligenberg et al., 1997). Patients losing weight have been found 
to have decreased levels of TEE, despite elevated rates of REE, reflecting a decrease in 
physical activity levels. 

8.2 Treatment to reduce wasting 
Intervention for wasting is important in the management of people living with HIV/AIDS. 
Treatment of secondary infections and other complications of HIV infection is an important 
factor in the management of wasting, as first evidenced by an increase in weight and body 
cell mass in patients with disseminated CMV infection treated with ganciclovir, (Kotler et 
al., 1989b). Opportunistic infections that interfere with swallowing such as candidiasis, 
herpes, or CMV esophagitis make the patients particularly susceptible to wasting. In 
addition to secondary infections, aphthous ulcers, chronic diarrhea, or malabsorption of any 
etiology; depression; and other contributors to anorexia should be treated.  

8.3 Nutritional intervention to reduce wasting 
Nutritional strategies to forestall or reverse wasting must work to maintain or increase 
energy intake. Patients with HIV infection can increase protein synthesis rates during 
periods of increased dietary intake, (Selberg et al 1995). However, nutritional 
supplementation alone is unlikely to fully restore weight or lean tissue in PLWHA. Dietary 
counseling is another important factor and when counseling is done by dietitians it can help 
individuals to identify target energy intake and food choices to suit individual tastes, 
practices, and tolerances. Issues such as the importance of maintaining energy intake should 
be emphasized, even during periods when eating is not pleasurable; and can give patients 
techniques for managing HIV- or medication-related symptoms such as anorexia, early 
satiety, nausea, vomiting, diarrhea, food intolerances, and oral or esophageal ulcers. Natural 
foods including homemade juices, fruits and naturally grown foods may be the most 
suitable types of foods during the periods when the HIV/AIDS complications are further 
complicated by oral and esophageal conditions. 
Increases in net daily energy intake can be achieved with the use of oral supplements, 
despite some compensatory decrease in self-selected food consumption. Such supplements 
can be very useful in individuals for whom an inability or unwillingness to prepare or 
consume meals becomes an impediment to oral intake. A variety of liquid and solid oral 
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supplements are available, including conventional preparations and specialized formulas 
for patients with specific intolerances such as fat malabsorption or lactose intolerance. 
Elemental formulas provide another option for individuals with malabsorptive disorders. 
Some studies suggest an increased benefit from special oral preparations containing specific 
amino acids and proprietary agents for PLWHA, (Clark et al., 2000, Pichard et al., 1998, 
Shabert et al., 1999). Until further data become available, the primary criteria for selection of 
a specific supplement should be tolerability and cost.  However, use of food supplements in 
socially disadvantaged communities may not be practical because of unavailability. 
As stated by the WHO (Petersen 2006) oral health professionals have a most important role 
to play in early detection of HIV/AIDS as part of their daily practice. It is needed to ensure 
that professionals do have the necessary skills but such skills may be obtained through 
systematic continuous education. In developing countries at some areas where oral health 
professionals are not available, specially trained primary health care workers may be 
instrumental in prevention of HIV/AIDS if they undertake examinations for detectable oral 
lesions. 

9. Medical and dental service expectations of PLWHA 
PLWHA have various expectations both from medical and dental personnel. For instance, 
Guenter, D. et al., (2010) reported that there are 3 forms of professional expert that PLWHA 
expect from their physicians, these included Medical/Clinical, Legal/Statutory and 
Moral/Ethical. With regard to the medical/ clinical expectations the PLWHA required 
HIV/AIDS specific knowledge and that the knowledge should be in a context of continuity 
over time and willingness to negotiate. The legal/statutory expectations included 
advocating on behalf of patients to gain access to the broader determinants of health 
determinants such as disability, housing, food and dietary supplements that PLWHA 
identified as necessary in effectively managing their illness. The PLWHA indicated that it 
was difficult to negotiate for moral authority of physicians. There is concern by the PLWHA 
that they are negatively judged, especially with regard to mode of transmission, drug use, 
sexuality and sexual practices.  The PLWHA reported that they are open to constructive 
ethical and moral guidance regarding their health if they are treated in a nonjudgmental 
way by their physicians. Regarding expectations from dental personnel, a study done in 
Tanzania reported that PLWHA indicated a social need rather than a professional need 
(Shubi et al., 2006). The majority (95%) reported that they needed the Oral Health 
Professionals to have empathy, others (85%) indicated that they need the Oral Professionals 
to observe sterility and avoid discrimination while fewer (60%) indicated that they needed 
the professionals to set a separate special clinic for PLWHA or incorporate Oral Health 
services in the already existing special clinics for PLWHA.  

10. Recommendations 
Access to ARV remains low in socially disadvantaged communities. Oral manifestations 
affect quality of life through difficulties in food testing, chewing and swallowing. There is 
therefore need for immediate oral health care and referral, prevention and treatment of oral 
diseases. Oral health promotion is needed particularly among the socially disadvantaged 
communities especially in the developing countries. This can be accomplished through 
encouraging oral health professionals and public health professionals to work together to 
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Wheeler et al., 1998  WHO 2005) and in the current era of treatment, in regions where such 
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depleted levels of body cell mass, which contains the metabolically active tissue, have been 
associated with increased risk of mortality in patients with HIV infection, (Guenter, P. et al., 
1993). In socially disadvantaged communities, nutrition may become a major concern and 
probably the high mortality rate in Sub Saharan Africa may be contributed to, by poor 
nutrition. 
Increased resting energy expenditure (REE) is a common finding in patients with HIV 
infection particularly in those with systemic secondary infections, (Heijligenberg et al., 1997, 
Shevitz et al., 1999). In addition, decreased energy intake has been found to be the primary 
contributor to wasting, particularly during periods of rapid weight loss rather than REE. 
Elevated REE may serve as a cofactor in accelerating weight loss and provides evidence of a 
failure to compensate for decreased energy intake. Studies using stable isotope techniques 
have demonstrated that total energy expenditure (TEE) is not significantly elevated in 
weight-stable patients with HIV infection, when compared with estimates of TEE in other 
studies of healthy adults (Heijligenberg et al., 1997). Patients losing weight have been found 
to have decreased levels of TEE, despite elevated rates of REE, reflecting a decrease in 
physical activity levels. 

8.2 Treatment to reduce wasting 
Intervention for wasting is important in the management of people living with HIV/AIDS. 
Treatment of secondary infections and other complications of HIV infection is an important 
factor in the management of wasting, as first evidenced by an increase in weight and body 
cell mass in patients with disseminated CMV infection treated with ganciclovir, (Kotler et 
al., 1989b). Opportunistic infections that interfere with swallowing such as candidiasis, 
herpes, or CMV esophagitis make the patients particularly susceptible to wasting. In 
addition to secondary infections, aphthous ulcers, chronic diarrhea, or malabsorption of any 
etiology; depression; and other contributors to anorexia should be treated.  

8.3 Nutritional intervention to reduce wasting 
Nutritional strategies to forestall or reverse wasting must work to maintain or increase 
energy intake. Patients with HIV infection can increase protein synthesis rates during 
periods of increased dietary intake, (Selberg et al 1995). However, nutritional 
supplementation alone is unlikely to fully restore weight or lean tissue in PLWHA. Dietary 
counseling is another important factor and when counseling is done by dietitians it can help 
individuals to identify target energy intake and food choices to suit individual tastes, 
practices, and tolerances. Issues such as the importance of maintaining energy intake should 
be emphasized, even during periods when eating is not pleasurable; and can give patients 
techniques for managing HIV- or medication-related symptoms such as anorexia, early 
satiety, nausea, vomiting, diarrhea, food intolerances, and oral or esophageal ulcers. Natural 
foods including homemade juices, fruits and naturally grown foods may be the most 
suitable types of foods during the periods when the HIV/AIDS complications are further 
complicated by oral and esophageal conditions. 
Increases in net daily energy intake can be achieved with the use of oral supplements, 
despite some compensatory decrease in self-selected food consumption. Such supplements 
can be very useful in individuals for whom an inability or unwillingness to prepare or 
consume meals becomes an impediment to oral intake. A variety of liquid and solid oral 
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supplements are available, including conventional preparations and specialized formulas 
for patients with specific intolerances such as fat malabsorption or lactose intolerance. 
Elemental formulas provide another option for individuals with malabsorptive disorders. 
Some studies suggest an increased benefit from special oral preparations containing specific 
amino acids and proprietary agents for PLWHA, (Clark et al., 2000, Pichard et al., 1998, 
Shabert et al., 1999). Until further data become available, the primary criteria for selection of 
a specific supplement should be tolerability and cost.  However, use of food supplements in 
socially disadvantaged communities may not be practical because of unavailability. 
As stated by the WHO (Petersen 2006) oral health professionals have a most important role 
to play in early detection of HIV/AIDS as part of their daily practice. It is needed to ensure 
that professionals do have the necessary skills but such skills may be obtained through 
systematic continuous education. In developing countries at some areas where oral health 
professionals are not available, specially trained primary health care workers may be 
instrumental in prevention of HIV/AIDS if they undertake examinations for detectable oral 
lesions. 

9. Medical and dental service expectations of PLWHA 
PLWHA have various expectations both from medical and dental personnel. For instance, 
Guenter, D. et al., (2010) reported that there are 3 forms of professional expert that PLWHA 
expect from their physicians, these included Medical/Clinical, Legal/Statutory and 
Moral/Ethical. With regard to the medical/ clinical expectations the PLWHA required 
HIV/AIDS specific knowledge and that the knowledge should be in a context of continuity 
over time and willingness to negotiate. The legal/statutory expectations included 
advocating on behalf of patients to gain access to the broader determinants of health 
determinants such as disability, housing, food and dietary supplements that PLWHA 
identified as necessary in effectively managing their illness. The PLWHA indicated that it 
was difficult to negotiate for moral authority of physicians. There is concern by the PLWHA 
that they are negatively judged, especially with regard to mode of transmission, drug use, 
sexuality and sexual practices.  The PLWHA reported that they are open to constructive 
ethical and moral guidance regarding their health if they are treated in a nonjudgmental 
way by their physicians. Regarding expectations from dental personnel, a study done in 
Tanzania reported that PLWHA indicated a social need rather than a professional need 
(Shubi et al., 2006). The majority (95%) reported that they needed the Oral Health 
Professionals to have empathy, others (85%) indicated that they need the Oral Professionals 
to observe sterility and avoid discrimination while fewer (60%) indicated that they needed 
the professionals to set a separate special clinic for PLWHA or incorporate Oral Health 
services in the already existing special clinics for PLWHA.  

10. Recommendations 
Access to ARV remains low in socially disadvantaged communities. Oral manifestations 
affect quality of life through difficulties in food testing, chewing and swallowing. There is 
therefore need for immediate oral health care and referral, prevention and treatment of oral 
diseases. Oral health promotion is needed particularly among the socially disadvantaged 
communities especially in the developing countries. This can be accomplished through 
encouraging oral health professionals and public health professionals to work together to 
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make oral health an integral component of optimum care management and introduction of 
surveillance of oral diseases associated with HIV/AIDS. 
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1. Introduction 
1.1 The role of oral and dental in physical, psychic and social healthy 
Oral health is an important part of any individual health. Therefore preventing oral diseases 
are essential. Hygiene and prevention plays an important role in human health in many 
aspects (Jones et al, 1989). In fact trying to protect health is more valuable than recover it 
and early detection and treatment of gum disease can help and preserve teeth and smile for 
life. Millions of people don’t know they have this serious infection that can lead to tooth loss 
if not treated (AAP, 2011)  
Some consequences of oral and teeth diseases are pain, anxiety and fear of the treatment, 
limitation in food alternative and fear of having unpleasant and disturbing appearance. 
Infection in the mouth can play havoc elsewhere in the body. For a long time it was thought 
that bacteria was the factor that linked periodontal disease to other infection in the body; 
however more recent research demonstrates that inflammation may link periodontal disease 
to other chronic condition. Research has shown, and experts agree that there is an 
association between periodontal disease and other chronic inflammatory condition such as 
diabetes, cardiovascular disease, and Alzheimer’s disease. (AAP, 2011). It is also a potential 
source of infection of parathyroid gland and respiratory system, heart attack, stroke and 
diabetes   In this case, the tongue is affected and become thick and even sore, thus the 
person doesn’t feel the taste of food as a result problems such as malnutrition happens 
(Dugas,1991). 
Every tooth in your mouth plays an important role in speaking, chewing and in maintaining 
proper alignment of other teeth. People with dentures or loose and missing teeth often have 
restricted diets since biting into fresh fruits and vegetables are often not only difficult, but 
also painful. This likely means they don't get proper nutrition.  Gum and teeth have an 
important role in having a good appearance as well. A beautiful smile with well ordered 
teeth will make you much more beautiful. (AAP, 2011) Also teeth and gum protect facial 
muscles. Pulling each tooth disorders this situation and makes face ugly. The lack of teeth, 
especially the former teeth, increases wrinkles and changes appearance in an unpleasant 
way and speaking condition. 
Considering the importance of appearance in personality and body image, dental problems 
can lead to social and psychological consequences, so that individual connections with 
others are impaired. Gingivitis also leads to Halitosis (bad smell of the mouth) that disrupts 
social interaction. So prevention is serious from childhood. World Health Organization, 
called year 1994, “oral health for healthy life” and announced, having a healthy mouth and 
teeth, helps to health promotion, comfortable and self steam in any person.  
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Mouth and teeth disorders also affect nutritional status and health of a pregnant woman. As 
tooth decay is the focus of infection, it may put a mother and her fetus’s life in dangers (, 
AAP, 2011; Ogunboded, 1996). Sometimes one’s sleeping is impaired by dental pain and this 
issue is harmful to pregnant women.  
High percentage of children and adolescent do not treat their teeth and gum problem well, 
and married girls get pregnant without any special attention to their teeth health condition. 
Even such as pregnancy, menstruation and menopause in women affect physically on the 
oral health, so women should be more careful about their mouth and teeth health (AAP, 
2011). It is necessary to note that the during the pregnancy Hormonal changes, particularly 
increased progesterone level in pregnancy lead to congestion and swelling gums that need 
special attention to provide their health. After pregnancy this congestion and swelling 
disappear and the gums return to the ordinary situation (Glliser, 1998; Yiping &et al, 2004). 

2. The characteristics of healthy gum 
The gums are as the holders’ tissues for the teeth and protect them. The healthy gum has 
pink color and is strong in their place, without any swelling, redness or inflammation and 
spots. During brushing and dental examinations do not bleed. 
Periodontal disease is often silent, meaning symptoms may not appear until an advanced 
stage of the disease (AAP, 2011). 

3. How plaque and calculus form? 
If hygiene of mouth and teeth do not consider gums and teeth will have serious 
problems.The lace of hygiene for mouth and teeth and not cleaning the teeth and the mouth 
environment cause the existed mouth bacteria’s to form the thin, colorless layer and sticky 
plaque on the gum and teeth with the remaining food particles in coordination with saliva, 
These plaques can be removed with regular oral hygiene that includes in daily brushing and 
flossing. However, it is the onset of teeth decadence and gums diseases in the future, and 
gradually cause more stickiness of plaque upon the teeth that cannot be easily washed by 
water and each day increases its thickness(Jonson, 1985). 
The toxins from the bacteria’s in plaques gradually cause harms and destruction the tissue 
of gums, in addition to residue the gained mineral materials on plague helps hardness to the 
extent that reform’s into white, yellow or dark colored stones that no longer can be taken off 
by brush and they are called calculus or germs (lime-stone masses). The calculus after its 
formation due to the rough and uneven surface cause more concentration upon the teeth 
and also while brushing or eating food especially while biting hard fruits cause contact with 
gums injuring and bleeding of it, this situation is called gingivitis. Gingivitis is first stage of 
periodontal disease. So removal of calculus is necessary, because, the calculus in addition 
for causing gum diseases is a suitable place for growth of bacteria’s and for this reason in 
the major cause of halitosis. Removal the germs with especial dental equipments has been 
carried out, if cleaning germs does not take in time, the germ will extend the bon around 
teeth and this factor causes looseness of the teeth and ultimately losing them( Jonson, 1985). 
Removal the germs do not harm the teeth and gums and doesn't cause sensitivity of the 
teeth towards coldness and hot conditions. Of course some minor sensitivity temporarily 
and will be removed. It is clear that are once cleaning germs and good oral and dental health 
may some time to make needless for new germ cleaning. Of the special saliva compound 
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and the rate of secretion the probability for the formation of germs in some persons is more 
than others, so that this groups must take more care in oral health and sequential visit by the 
dentist in case for the need of germ cleaning within the shorter times. Some persons avoid 
germs cleaning for the fear of the pain or its complications, while this action does not have 
any particular complications and is not painful. The use of toothpaste for the elimination of 
germs has no effects because the germs are harder than to be taken by the toothpaste. 
Removal of germ for pregnant women has no dangers. The pregnant women must not be 
worry about it (Randy, 2005; Jeffcoat, 2000) . 

4. Periodontal disease 
Periodontal (gum) diseases, including gingivitis and periodontitis, are serious infections 
that, left untreated, can lead to tooth loss. The word periodontal literally means "around the 
tooth." Periodontal disease is a chronic bacterial infection that affects the gums and bone 
supporting the teeth. Periodontal disease can affect one tooth or many teeth. It begins when 
the bacteria in plaque (the sticky, colorless film that constantly forms on your teeth) causes 
the gums to become inflamed (AAP, 2011). 
The gingivitis is common form of inflammation of the gum tissue (the first stage of 
periodontal disease) it has observed in all ages, but studies indicate that older people have 
the highest rates of periodontal disease and need the to do more to maintain good oral 
health (AAP, 2011). 
The some effective factors in the gingivitis are bacterial plaque due to the poor oral hygiene; 
in the absence of treatment gingivitis may progress to Periodontitis. Consumption of 
tobacco, recent studies have shown that tobacco use may be one of the most significant risk 
factors in the development and progression of periodontal disease. Other factors are 
unnatural habit such as clenching or grinding teeth, poor nutrition, obesity and the 
consumption of some medicines, stress, genetic, puberty, pregnancy and menopause in 
women, diabetes and other systematic disease (AAP, 2011).  
The plaques contain some number of bacteria’s and sugars in foods are effective to bacteria’s 
growth and enzymes activities, so the continuance of plaques in mouth and don’t 
eliminations them in addition to their destruction of teeth, cause swelling and inflammation 
of the gum tissue, it is important that the gum-diseases in the beginning to be cured, because 
the cure of the disease of tissues in the final stages does not have good results. The bleeding 
of gums is the sign of gingivitis that must consult with the dentist and cleaning to be done, 
the consumption of some medicines can also be necessary the dentist will give some guide 
lines in this issue. Even in the cases of intensive surgery of the gums it is also necessary, 
sometimes massage the gums with finger-tips is useful. In the absence of treatment 
gingivitis may progress to periodontitis in this condition the teeth become loose and in 
addition of losing them and the Halitosis is created. The Halitosis is common symptom; 
According to the data about 40 percent of the world population suffers from the Halitosis. 
The cause of Halitosis is various reasons such as the poor health of mouth and teeth, the 
decay-teeth, gingivitis, the dryness of mouth, systematic diseases such as lung infections, 
uncontrolled Diabetes, the situation of nose and throat and sinuses of the jaws, the 
consumption of tobacco, hard regimes, and the consumption of food such as onion garlic. it 
must be noted that the Halitosis be dependent on time such as in the morning wake-up that 
according to the decrease amount of saliva during the night and could be removed by the 
consumption of breakfast and teeth brushing. 
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5. Signs and symptoms of gingivitis 
Periodontal disease is often silent, meaning symptoms may not appear until an advanced 
stage of the disease. However, warning signs of periodontal disease include the following: 
- Red, swollen or tender gums or other pain in your mouth 
- Bleeding while brushing, flossing, or eating hard food 
- Gums that are receding or pulling away from the teeth, causing the teeth to look longer 

than before 
- Loose or separating teeth 
- Pus between your gums and teeth 
- Sores in your mouth 
- Persistent bad breath 
- A change in the way your teeth fit together when you bite 
- A change in the fit of partial dentures (AAP, 2011). 
The lack of hygiene for oral and dental in pregnant women cause the formation of 
inflammation in gums among the teeth of one or two teeth that is called pregnancy tumor, 
this increase volume of the swelling of teeth contains capillary and tissues that their colors 
according to the amount of blood vessels is from light red to unsettled Blue, it has soft 
constitution and pain less this inflammation in the event of smallest touch and finger – 
touching bleeds (Baum, 1994). There is a wrong belief: "pregnant woman normally will lose 
some teeth". This is dangerous and causes lack of paying attention to the issue that is 
avoidable. Statistically large number of developed tooth decays is reported. This is because 
of carelessness of mother to her oral health due to the pressure of new responsibilities after 
birth. Mothers should become convinced that oral problems are avoidable in case of daily 
attention to their teeth health while a safe and routine dental treatment during pregnancy is 
strongly recommended (Marjorio, 2006; Jeffcoat, 2006). 
Hormonal changes, particularly increased progesterone level in pregnancy lead to 
congestion and swelling gums, so if there was a gum infection prior pregnancy this leads 
to gum inflammation. In these conditions, gum bleeding is inclined. Some women see 
bleeding of gums during brushing or using floss, so they stop cleaning their mouth, while 
in this condition, oral hygiene should be continued as soon as possible to cure the 
infection, because gum infection for mother and fetus can be harmful (Hajikazemi et al;  
AAP, 2006). 
Studies have shown that sever gingival inflammatory disease in pregnant women is an 
important risk factor for preterm delivery and low birth weight. This conclusion has been 
confirmed by previous experiments on animals too. The research conducted by (Collins, 
1994; Ogunboded ,1996). On laboratory mice to assess the effects of periodontal infection on 
pregnancy outcome, showed that gum infection in mice is associated by increasing the 
incidence of fetal growth retardation, fetal death and preterm labor (Lopez, 2005; AAP, 
2006). Incidence of nausea in pregnant women can be another cause of their refusal of oral 
hygiene. On the other hand, women think if they take a few foods the oral and teeth care is 
not necessary, while it is a wrong belief; if plaque doesn’t get removed by cleaning the 
mouth during 9-21days, it will lead to gum infection.  
Sometimes pregnant women desire to eat the unusual material such as soil or ice, this is 
called “longing of pregnant women". Sometimes increase of sugar consumption is observed, 
this is harmful too. In case of frequent vomiting, tooth and gum problem will increase. 
These problems are preventable by washing the mouth after vomiting. 
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6. Preventing of the gingivitis 
Gingivitis can be prevented by regular oral hygiene to reach purpose training different 
groups of community can be the best and easiest way. In fact the difficulties and diseases 
that today need the cure with high expenditure require great times, had been preventable 
yesterday. Usually the low income groups in the society due to the high expenditure of 
dental treatments do not visit dentist or it is too late, this cause serious harms to them, while 
with carrying out simple precautions such as daily brushing and flossing can remove the 
teeth from plaques. Saline normal or color hex dine mouth washes also are helpful. 
Consideration for the nutrition could prevent many of the problems and high cost.   
Gingivitis can be prevented through regular oral health that includes correct brushing, 
flossing; interdentally brushes are also useful in cleaning the teeth from plaque. Incorrectly 
brushes do not only clean the plaque completely and from the other side can cause the 
injury in gums tissue, bleeding and erosion to the teeth. for brushing must not use hot 
water, when brush gets wet nearly one-third of its hardness is lost, so it is better to damping 
the brush to use the ordinary water. The brush life more with the style is dependent that the 
time of its usage, but the average life of brush normally is three month, if the brush hairs 
after six month is still straight are the sign of incorrect style of brushing. The duration of 
brushing is maximum ten minutes,  
The importance of brushing before sleeping for all is great because the bacteria’s of mouth 
have more opportunity for effecting upon the remains of food in the mouth and the 
probability of teeth destruction gets higher, it is necessary that before going to sleep to 
brush. This issue in the pregnant women that inflicted with some kind of inertia and 
sleepiness is more important. 
Brushing is better to be done consciously and without mental engagements, because causes 
forgotten of the dean sing of some parts (Mathewson, 1994). The toothpaste has a helpful 
role in cleaning the teeth and mouth and is aromatic. Brushing singularly is not able to clean 
the teeth surface, so flossing helps the cleaning of teeth, because the onset of gum diseases is 
often from this area (Sharon,1994). Whatever the distance of teeth is closer to each other a 
thinner dental floss must be used. It is better that each time offer brushing to use the dental 
floss The dental floss removes the plaque between teeth, also causes the reduction of 
Halitosis. The usage of other tools such as pins, matches instead of dental floss to be used 
for teeth, because harms to the teeth. Washing the mouth with Saline normal for the 
cleansing of mouth and gums cause the strength of gums and reduces the bleeding. The 
focus of treatment for gingivitis is removal of the etiologic agent plague, aim is reduction of 
oral bacteria’s and may take the form of regular periodic visit to dental professional together 
with adequate oral hygiene. 
The pregnant women must be educated for oral health. A Upon a study conducted in 
Riyadh in 1994, a lack of awareness in pregnant women about their oral and dental care in 
pregnancy and regularly visiting  dentist was observed. Prime porous women knowledge 
was lower than others (Al-Tammie, 1998). 
The pregnant women after each vomiting wash the mouth with mouth washes because the 
vomiting is acidic and cause harms to the teeth and mouth, and is better to use the brushes 
with small head and medium roughness, that reduces the vomiting while using, and teeth 
cares must after pregnancy to be continued. And incase for the need of diagnoses in the 
third till seventh months for the carrying out of therapies are suitable. In some countries, it 
is over half century that special attentions are paid to oral care during pregnancy. In these 
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5. Signs and symptoms of gingivitis 
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6. Preventing of the gingivitis 
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countries, dental services during pregnancy up to one year after delivery are free. In these 
countries women treat their oral and dental diseases before they got decided for pregnancy.  
Recently, some activities in Iran, especially for at risk groups such as women and children, 
have been conducted. The integration of oral and dental hygiene into “primary health care” 
is one of such activities. According to the regulations of “Health Ministry” on November 
1995, along with prenatal care of pregnant women, their mouth and teeth must also be 
examined at each visit, and the correct way of oral health must be taught to them. Their oral 
status in third, fifth and seventh month of pregnancy are recorded in their family record, 
and if any problem was observed, they got referred to the dentist of health center. Also 
examination and record of their oral status at three months and one year after delivery 
occurs. But statistics showed that women don’t use of these services enough. In most 
countries, pregnant women don’t take enough oral care. Considering statistics presented in 
1991 Birmingham; UK, it showed that although dental services were completely free of 
charge, only 61% of women had referred to the dentist. 
Sometimes the dentists also avoid doing some treatment for pregnant women. Studies on 
(non-specialist) dentists of their knowledge about the importance of dental treatment in 
pregnant women showed that they avoid doing some therapeutics for pregnant women, 
because they believe that, some women's have low awareness and negative attitudes about 
the oral and dental treatment and effects of dental materials on fetus, so dentists believe 
that, this may cause legal problems for them. So only economic barriers are not causes of not 
receive oral and dental care in pregnant women, but also awareness, believes and insight of 
women in this field have an important role. Nowadays science believes that: oral and dental 
disease is a behavioral disorder. Therefore it is needed that women prior to pregnancy meet 
the dentist and take the necessary information about oral and dental care during pregnancy 
and use those treatment services and facilities. Education and change of attitude of pregnant 
women in this field will be beneficial to maintain their oral health. 

7. Nutritional and prevention 
Today the world faces two kinds of malnutrition, one associated with hunger or nutritional 
deficiency and the other with dietary excess. Urbanization and economic development 
result in rapid changes in diets and lifestyles. Market globalization has a significant and 
worldwide impact on dietary excess leading to chronic diseases such as obesity, diabetes, 
cardiovascular diseases, cancer, osteoporosis and oral diseases. Diet and nutrition affects 
oral health in many ways. Nutrition, for example, influences cranio-facial development, oral 
cancer and oral infectious diseases. Dental diseases related to diet include dental caries, 
developmental defects of enamel, dental erosion and periodontal disease (WHO, 2011). 
Proper Nutrition has a positive role in prevention of the oral disease. The use of all groups 
of food, suitable with the needs of budge considering the age and sex and particular 
conditions such as pregnancy, the consumption of fresh vegetables and fruit especially 
vitamin C and A for the generating Collagen tissue is necessary. Collagen tissue is the main 
protein of the tissues such as the gums. Vitamin A strengthens the weakness of gums 
against penetration of bacteria. The results of studies show that the decrease consumption of 
vitamins A and C causes gums bleeding, inflammation of gums, the decrease mineral of the 
bones and loosening the teeth. Also the consumption of low- fat milk, cheese, mustard 
seeds, cabbage, cauliflower, fish cans of fish with bones, the consumption of fluoride such as 
tea, and salmon fish is also in prevention of the diseases of mouth and teeth are effectual.  
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The consumption of kinds of cola is harmful for the health of teeth and mouth, because 
phosphor which is abundant in the cola causes the decrease amount of calcium in the bones 
some of the researcher believe that the calcium initially from the bones of jaws are removed 
that cause the loosening of teeth. The high consumption of sugar in addition to the speeding 
destruction of teeth also harms the gums tissue because the sugar cause the feeding of 
bacteria’s that generate gingivitis, however this part must be studied more. The use of sugar 
sticky materials such as chocolates are harmful, because of their stickiness to the teeth for 
long times in the mouth. Consumption of high sugar materials and taking it more time 
during the day between main meals is not good; this point is important and must be 
emphasized. The WHO reports emphasized that despite great improvements in the oral 
health of populations in some countries, problems still persist. Dental caries remains a major 
public health problem in most high income countries, affecting 60-90% of schoolchildren 
and the vast majority of adults. It is also the most prevalent oral disease in several Asian and 
Latin American countries the World Oral Health Report 2003 anticipates that in light of 
changing living conditions and dietary habits, the incidence of dental caries will increase in 
many of that continent's low income countries. The principal reasons for this increase are 
growing consumption of sugars and inadequate exposure to fluoride (WHO, 2006). 
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1. Introduction 
Tobacco is one of the major toxic agents in our civilization. It’s use is considered as one of 
the most common cause of mortality and morbidity in both developed and developing 
countries in present times. Of 260 million deaths which occurred in the developing world 
between 1950 and 2000, it is estimated that 50 million were due to smoking. Globally, 
smoking related mortality is set to rise from 3 million annually (1995 estimate) to 10 million 
annually by 2030, with 70 % of these deaths occurring in developing countries (Fagerström, 
2002). Since 1970, smoking prevalence among men has slightly decreased, but among 
women, teenagers and children, smoking has increased dramatically. Sixty percent of 
children are exposed to Environmental Tobacco Smoke (ETS) at their homes (Mackay & 
Amos, 2003).  
Tobacco is one of the most important risk factor for oral diseases including oral cancer, oral 
mucosal lesions, periodontal diseases, wound healing failure, dental implants failure, 
gingival inflammation, acute necrotizing ulcerative gingivitis and apthous ulcers 
(Vellappally et al., 2007; Jacob et al., 2007). There is substantial evidence suggesting that the 
risk of oral diseases increase with frequent use of tobacco and that quitting smoking results 
in reduced risk (Winn, 2001). 

1.1 Smoking and dental caries 
Smoking and its relation to dental caries is a subject of many opinions. From early reports in 
literature and in accordance with common belief smoking was thought to actually help to 
reduce dental caries (Hart, 1899; Gibbs, 1952). Schmidt, in 1951, reported that the increase in 
tobacco smoking was followed by a decrease in caries rate. Smoking increases thiocyanate 
level in saliva. Thiocyanate, a normal constituent of saliva, was found to have caries 
inhibiting effect (Reibel, 2003; Johnson & Bain, 2000). On the other hand, studies showed 
that smoking is associated with lower salivary cystatin activity and output of cystatin C is 
also reduced during gingival inflammation. Cystatins are thought to contribute to 
maintaining oral health by inhibiting certain proteolytic enzymes (Lie et al., 2001). In 
addition, studies have confirmed by earlier results that there were no significant differences 
in salivary flow rates between smokers and non-smokers (Reibel, 2003). The decreased 
buffering effect of smoker’s saliva and the higher number of lactobacilli and S. mutans group 
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level in saliva. Thiocyanate, a normal constituent of saliva, was found to have caries 
inhibiting effect (Reibel, 2003; Johnson & Bain, 2000). On the other hand, studies showed 
that smoking is associated with lower salivary cystatin activity and output of cystatin C is 
also reduced during gingival inflammation. Cystatins are thought to contribute to 
maintaining oral health by inhibiting certain proteolytic enzymes (Lie et al., 2001). In 
addition, studies have confirmed by earlier results that there were no significant differences 
in salivary flow rates between smokers and non-smokers (Reibel, 2003). The decreased 
buffering effect of smoker’s saliva and the higher number of lactobacilli and S. mutans group 
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may indicate an increased susceptibility to caries (Schmidt, 1951; Kassirer, 1994). To date, 
several investigators have discovered a correlation between an increased smoking level and 
dental caries (Axelsson et al., 1998; Bruno-Ambrosius et al., 2005). For example, in 1952, 
Ludwick and Massler reported that individuals who smoked more than 15 cigarettes daily 
had significantly higher number of decayed, missing, and filled teeth. In 1971, Ainamo 
found that increased smoking results in significantly high number of decayed surfaces per 
dentition. In 1990, Zitterbart confirmed an association between smoking and the prevalence 
of dental caries in adult males. Smokers had a significantly higher DMFT (Decayed, Missing, 
and Filled Teeth) score, untreated decayed surfaces, and missing surfaces. More cigarettes 
consumed per day resulted in more missing tooth surfaces in a smoker’s mouth (Zitterbart 
et al., 1990). Statistical analyses from a study in Sweden in 1991 showed that smoking, as a 
habit and an increased number of cigarettes smoked per day, are positively correlated with 
the increased number of decayed, missing and filled teeth and number of initially decayed 
proximal surfaces (Hirsch et al., 1991). Even though studies did not establish a causative 

relationship, the recent study done on American female population in 2006, showed a 
correlation between cigarette smoking and the presence of dental caries (Heng et al., 
2006).  
Most of the studies mentioned above have taken into consideration other contributing 
factors to dental caries development, such as age, tobacco habits other than smoking, oral 
hygiene habits, eating habits, preventive visits to dentist (dental recalls) and overall health 
standards. Therefore elucidating the exact strength of dental caries in relation to smoking is 
difficult to identify. 
Association between smoking and dental caries is well documented in older age groups 
(Locker, 1992; Jette et al., 1993). Among the middle-age (Axelsson et al., 1998) or young 
adults (Sgan-Cohen et al., 2000) results are inconsistent. Non-smokers reported more 
frequent healthy oral health behavior than did daily smokers (Telivuo et al., 1995). Studies 
indicate that smokers not only had bad oral hygiene and less sophisticated outlook on 
health, but also had different eating habits, presumably consuming higher amount of sugar 
containing products like soft drinks and snacks (Axelsson et al., 1998; Hirsch et al., 1991). 
Daily smoking was associated with increased use of sugar in tea and coffee, and with more 
frequent alcohol consumption (Telivuo et al., 1995). It was also found that smokers have 
poorer brushing habits than non-smokers (Ainamo, 1971; Kelbauskas et al., 2005; Macgregor, 
1985). Also current smokers were less likely to report regular preventive visits to dentists and 
were reluctant to use accessory dental aids such as dental floss (Locker, 1992). 
In natural tobacco, sugar can be present in a level up to 20 %wt. In addition, various caries 
promoting factors such as sugars and sweeteners are added intentionally during tobacco 
manufacturing process (Talhout et al., 2006). Sugars used as cigarette additive include 
glucose, fructose, invert sugar (glucose/fructose mixture) and sucrose. In addition, many 
tobacco additives contain high amount of sugars, for example fruit juices, honey, molasses 
extracts, cones, maple syrup and caramel. The added sugars are usually reported to serve as 
flavor/casing and humectants. However, sugars also promote tobacco smoking, because 
they generate acids that neutralize the harsh taste and throat impact of tobacco smoke. 
Moreover, the sweet taste and the agreeable smell of caramelized sugar flavors are 
appreciated in particular by starting adolescent smokers (Talhout et al., 2006). 
All the findings above can be argued for increased dental caries in smokers. Though a direct 
etiological relation is still lacking between smoking and dental caries, the above-mentioned 
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studies and findings point to the conjecture that smoking has some influence in high caries 
incidence. Further studies, clinical trials and experiments are needed to confirm the 
independent effect of smoking as one of the causes of dental caries. 

1.2 Smoking and periodontitis 
The manifestation and progression of periodontitis, a multifactorial disease with microbial 
dental plaque as the initiator, is influenced by a variety of determinants and factors. They 
include subject characteristics, social and behavioral factors, systemic factors, genetic factors, 
tooth-related factors, microbial composition of dental plaque and other emerging factors 
(Nunn, 2003). Cigarette smoking is a significant risk factor for periodontal disease (Tanner, 
2005), demonstrated by an increased loss of attachment (Hymann & Reid, 2003; Amarasena 
et al., 2003; Razali et al., 2005), development and progression of periodontal inflammation 
(James et al., 1999; Genco, 1996) and increased gingival recession (Müller et al., 2002). It has 
been estimated that smoking accounts for half of all periodontal diseases. There is 
epidemiological evidence which shows that cigarette smoking is a stronger risk factor for 
the presence of periodontitis compared to the presence of certain suspected periodontal 
pathogens (Darby et al., 2005). The number of cigarettes smoked per day is a major risk 
determining factor, doubling the risk for those in the lowest consumption category and 
increasing it six fold in the subgroup smoking more than thirty cigarettes per day (Tomar & 
Asma, 2000; Winn, 2001). Former smokers have lower rates of periodontitis than present 
smokers (Alabandar et al., 2000; Calsina et al., 2002; Johnson & Hill, 2004; Krejci & Bissada, 
1999; Spickerman et al., 2003; Van Winkelhoff et al., 2001). Longitudinal studies indicate that 
periodontal disease may progress faster in smokers in comparison to non-smokers (Beck et 
al., 1997; Winn, 2001). Further research on this topic is necessary to expand the spectrum of 
knowledge acquired till date and to apply it clinically. 
The Community Periodontal Index of Treatment Needs (CPITN) was developed for the 
‘Joint Working Committee’ of the World Health Organization (WHO) and Federation 
Dentaire Internationale (FDI) by Jukka Ainamo, David Barmes, George Beagrie, Terry 
Cutress, Jean Martin, and Jennifer Sandro-Infirri in 1982. The CPITN procedure is 
recommended for epidemiological surveys of periodontal health. It uses clinical parameters 
and criteria relevant to planning and prevention of periodontal diseases and it records the 
common treatable conditions namely periodontal pockets, gingival inflammation and dental 
calculus (Ainamo & Ainamo, 1994). The CPITN is not intended as a comprehensive 
assessment of total past and present periodontal disease experience and it does not record 
irreversible changes such as gingival recession or other deviations from periodontal 
health such as tooth mobility or loss of periodontal attachment (Peter, 1999). Association 
between cigarette smoking and various oral diseases such as leukoplakia and oral cancers 
has been well documented but the role of cigarette smoking in the causation of 
periodontitis, however has not been widely investigated in the Czech Republic. In this 
study, the CPITN index was used to evaluate the influence of cigarette smoking on 
periodontitis.  

2. Aim of the study 
The aim of the study was to evaluate the different approach of smokers and non-smokers to 
the oral health and to monitor the influence of smoking habits on the oral health, namely on 
the periodontium and the teeth. 
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3. Methods 
A cross-sectional population-based study was conducted in Czech Republic on a 
representative sample of 1684 respondents within the age group of 30 to 69 years. The 
project was conducted in cooperation with the Department of Hygiene and Preventive 
Medicine of Charles University in Prague, Medical Faculty in Hradec Kralove and 
Department of Dentistry of University Hospital in Hradec Kralove.  
The study consisted of two parts - self reported questionnaire inquiry and clinical 
examination of oral health status including examination of teeth, periodontium and oral 
mucosa. Clinical investigations were performed by the uniformly instructed dentists. To 
limit the select bias caused by the fact that hospitalized patients usually do not represent the 
common population the respondents were selected from the patients hospitalized in the 
University Hospital as well as from patients of three practicing dentists. 

3.1 Questionnaire investigation 
All participants of this study were requested to answer the questionnaire which included 
questions concerning their personal history, economic status, educational qualification, 
profession and other important etiological factors of oral health, which can play a role of so 
called „confounding factors“, like general health status, frequency of dental visit, brushing 
habits and dental aids used. We were also interested (though very tentatively) in the eating 
habits, the suitable and non suitable food. We inquired into the consumption of food with 
the risk for oral health (confections, sweet drinks), as well as of the food with the protective 
effect (fruit, vegetable as a sources of natural antioxidants). Respondents could make their 
choice among the answers: „ regularly, daily, several times a week, several times a month, 
less frequently, never.“   Questions concerning alcohol consumption  were also included in 
the questionnaire. 
Detailed attention was given to smoking history. Regular smokers were defined as 
individuals who, at the time of examination, smoked at least one cigarette daily. Occasional 
smokers were individuals who smoked less than one cigarette per day. Former or ex-
smokers were defined as individuals who smoked at least 1 cigarette per day for 6 
consecutive months and those who did not smoke at least for the past 6 months from the 
time of the study. Finally, non-smoker was a person, who never smoked for the period 
longer than 6 months. We also took into account the number of cigarettes smoked each day 
or week and the number of years of smoking. 
The last section of the questionnaire was focused on a subjective assessment of the oral 
health by the respondents themselves and on their information level about the smoking 
harmfulness. The questionnaire clarity and the time necessary for filling it up were traced in 
the pilot study. 

3.2 Clinical investigation 
Dental status and periodontal status were assessed by DMF (Decayed, Missing, and Filled 
Teeth) and CPITN (Community Periodontal Index of Treatment Needs) indices respectively, 
which at present are considered to be sufficiently valid for population studies.  
The dentition was evaluated by recording the number of the decayed (D), missing (M) and 
filled (F) teeth, and number of decayed teeth with fillings (D+F) as well. The index DMF was 
then calculated as a sum of all these four quantities: DMF = D + M + F + (D + F). Thus, in the 
total sum each tooth was counted only once. 
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The periodontal status and treatment needs were evaluated by the help of CPITN index 
(Community Periodontal Index of Treatment Need) using the alternative of this index for 
individual use in adults where  in the individual sextants, all teeth  were examined with the 
exception of the third molars only. The CPI 0 means a healthy periodontium; CPI 1 indicates 
the gingival bleeding on gentle probing. The CPI 2 code is characterized by the presence of 
retention factors for plaque on the given tooth surface, most often by supragingival and/or 
subgingival calculus. Furthermore, CPI 3 coding indicated the presence of shallow pockets 
up to 4-5 mm, while CPI 4 indicated deep pockets 6 mm or more. In cases where there were 
two teeth only in some sextant, this was not taken into account (CPI X). Edentulous 
individuals were excluded from this study. 
To judge the impact of some selected variables such as smoking and  certain “confounding“ 
factors  on the oral health, or the periodontium we used the treatment needs category of the 
CPITN index, which is related to the health care needs of inflamed periodontium. The value 
TN 0 (no treatment needed) corresponds with the CPI 0 in the given sextant. Classification 
CPI 1 conforms with TN I (oral hygiene necessary), whereas CPI 2 and CPI 3 correspond 
with TN II (oral hygiene needed, clearing up the calculus and other retention factors for 
plaque). CPI 4 is equal to TN III, which indicates the need for complex treatment (oral 
hygiene adjustment, clear out, need of tooth extraction and its replacement, need for 
surgical treatment of periodontal pockets, fixation of rather unstable teeth and other 
therapeutic modalities). 

3.3 Statistical analysis 
The statistical evaluation was performed by using NCSS 2007 program. Descriptive 
statistics, χ2 test and logistic regression were done. To compare quantitative data (e.g. the 
age), Kruskal – Wallis analysis of dispersion with subsequent multiple matching (ANOVA) 
has been used. To evaluate qualitative data (e.g. the level of education) the X2 test of 
independence in the contingent tables or Fisher’s exact test was used. 
For calculating the odds ratio for the selected variables (such as smoking, health status, 
education, frequency of teeth brushing, taking part in preventive check ups, food 
consumption even after the evening teeth brushing) we employed the method of multiple 
logistic regression. 

4. Results  
4.1 Results of questionnaire part of the study 
During the 3 years period of data collection, we investigated 1 684 respondents. Participants 
were chosen randomly, with age above 69 years and less than 30 years being the only 
exclusion criterion. Our sample consisted of 792 males and 922 females with mean age of 
44.2 years. There were 489 current smokers (369 regular and 120 occasional ones), 261 
former smokers and 934 non-smokers among them (table 1).  
The level of respondents´ education in individual groups is illustrated in table 2. People 
with the basic education represented 28.3%, 7.9% were skilled with graduation exam, 41.6% 
passed the high school and 22.2% had the university education. Majority of the respondents 
with the basic education (44%) were found to be regular smokers. The highest number 
among university educated persons (28.2%) was identified as non-smokers. Quite 
surprisingly, we found relatively high prevalence of people with the high school education 
as regular and occasional smokers. These results are significantly different (p < 0.001). 
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Smoker: Males Females Total 
n % n % n % 

Regular 206 26.0 163 18.2 369 21.9 

Occasional 63 8.0 57 6.4 120 7.1 

Ex-smoker 161 20.3 100 11.2 261 15.5 

Non-smoker 362 45.7 572 64.2 934 55.5 

Total 792 100.0 922 100.0 1684 100.0 

Table 1. Classification according to cigarette smoking and gender (p < 0.001; χ2 test) 

 

Education Regular 
smoker 

Occasional 
smoker Ex-smoker Non-

smoker Total 

Basic 44.0 25.0 26.8 23.0 28.3 

Vocational 9.8 11.7 10.3 6.0 7.9 

High school 35.8 45.0 44.1 42.8 41.6 
University 
graduation 10.4 18.3 18.8 28.2 22.2 

Total 100.0 100.0 100.0 100.0 100.0 

Table 2. Educational qualification of respondents in percentage (p < 0,001; χ2 test) 

Table 3 shows the average monthly income per head in the family of our respondents. In our 
study, 3.7% of investigated persons belonged to the lowest income group, 30.4% in the 
middle, and 47.3% in the higher income group. About 5% of respondents did not know the 
exact family income, and 13.7% of them refused to answer. The income differences between 
smokers and non-smokers were not statistically significant (p= 0,665). From these results we 
can only find not statistically lower frequency of people with the higher incomes in the 
group of smokers. 
 

Income/moths/person Regular 
smoker 

Occasional 
smoker Ex-smoker Non-

smoker Total 

Not willing to disclose 14.5 15.1 11.7 13.7 13.7 

< 5000 CZK 4.7 4.2 3.5 3.3 3.7 

5000 – 10000 CZK 30.7 23.5 28.8 31.6 30.4 

> 10000 CZK 44.1 51.3 52.1 46.8 47.3 

Do not know 6.0 5.9 3.9 4.6 4.9 

Total 100.0 100.0 100.0 100.0 100.0 

Table 3. Characteristics according to the income, it means the net monthly earnings per 
person in the family  (p = 0,665; χ2 test) 
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As for the attitude towards oral health, we can conclude that the participation in the 
preventive check-ups by dentist was far from being optimal (table 4). In Czech Republic, the 
dental health care system provides its citizens the opportunity to participate in dental 
prevention programs two times yearly and this check ups are free of charge, paid from 
health insurance. From the results of our study we can see that prevention twice a year was 
performed by 64.8% respondents only, whereas 22.8% visited the dentist once a year. 
Nevertheless, the attitude of non-smokers and smokers towards preventive dental check- 
ups were different; whereby non-smokers visited their dentists more often than smokers and 
former smokers. Among regular smokers, 6.3% visited the dentist once in two years, 7.9% 
respondents took part in check-ups less frequently; and 8.7% never attended preventive check-
ups. These findings were found to be statistically significantly different (p < 0.001). 
 

Preventive check-ups Regular 
smoker 

Occasional 
smoker Ex-smoker Non-

smoker Total 

2 times a year 52.3 63.0 62.8 70.6 64.8 

Once a year 24.8 26.1 23.0 21.6 22.8 

Once in 2 years 6.3 2.5 5.0 3.1 4.1 

Less frequently 7.9 6.7 6.1 2.9 4.8 

Never 8.7 1.7 3.1 1.8 3.5 

Total 100.0 100.0 100.0 100.0 100.0 

Table 4. Percentage of respondents participating in preventive dental check-ups (p < 0,001; 
χ2 test) 

We also found a different approach of smokers and non-smokers to the oral hygiene (table 
5). Most of the investigated persons (87.6%) brushed their teeth twice or even three times a 
day. The majority of them were non-smokers, former or occasional smokers. Almost 90% of 
respondents from these groups brushed their teeth 2 – 3 times a day. The regular smokers 
did so in 78.2% only. More than 15% of regular smokers brushed their teeth once a day only 
and another 6.5% of them even less often. Results are statistically significant (p < 0.00l). 
 

 Regular 
smoker 

Occasional 
smoker Ex-smoker Non-

smoker Total 

3 times a day or more 7.3 7.6 5.8 14.7 11.2 

2 times a day 70.9 83.1 83.8 75.6 76.4 

Once daily 15.2 7.6 7.7 8.8 9.9 

Less frequently 6.5 1.7 2.7 1.0 2.5 

Total 100.0 100.0 100.0 100.0 100.0 

Table 5. Tooth brushing frequency (%);  p < 0.001; χ2 test 

Almost all the probands (98.3 %) used the tooth brush and tooth paste. Dental floss and 
interdental brushes were used by non-smokers and former smokers (p =0,001). Regular use 
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Smoker: Males Females Total 
n % n % n % 

Regular 206 26.0 163 18.2 369 21.9 

Occasional 63 8.0 57 6.4 120 7.1 

Ex-smoker 161 20.3 100 11.2 261 15.5 

Non-smoker 362 45.7 572 64.2 934 55.5 

Total 792 100.0 922 100.0 1684 100.0 

Table 1. Classification according to cigarette smoking and gender (p < 0.001; χ2 test) 

 

Education Regular 
smoker 

Occasional 
smoker Ex-smoker Non-

smoker Total 

Basic 44.0 25.0 26.8 23.0 28.3 

Vocational 9.8 11.7 10.3 6.0 7.9 

High school 35.8 45.0 44.1 42.8 41.6 
University 
graduation 10.4 18.3 18.8 28.2 22.2 

Total 100.0 100.0 100.0 100.0 100.0 

Table 2. Educational qualification of respondents in percentage (p < 0,001; χ2 test) 

Table 3 shows the average monthly income per head in the family of our respondents. In our 
study, 3.7% of investigated persons belonged to the lowest income group, 30.4% in the 
middle, and 47.3% in the higher income group. About 5% of respondents did not know the 
exact family income, and 13.7% of them refused to answer. The income differences between 
smokers and non-smokers were not statistically significant (p= 0,665). From these results we 
can only find not statistically lower frequency of people with the higher incomes in the 
group of smokers. 
 

Income/moths/person Regular 
smoker 

Occasional 
smoker Ex-smoker Non-

smoker Total 

Not willing to disclose 14.5 15.1 11.7 13.7 13.7 

< 5000 CZK 4.7 4.2 3.5 3.3 3.7 
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Table 3. Characteristics according to the income, it means the net monthly earnings per 
person in the family  (p = 0,665; χ2 test) 
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As for the attitude towards oral health, we can conclude that the participation in the 
preventive check-ups by dentist was far from being optimal (table 4). In Czech Republic, the 
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prevention programs two times yearly and this check ups are free of charge, paid from 
health insurance. From the results of our study we can see that prevention twice a year was 
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former smokers. Among regular smokers, 6.3% visited the dentist once in two years, 7.9% 
respondents took part in check-ups less frequently; and 8.7% never attended preventive check-
ups. These findings were found to be statistically significantly different (p < 0.001). 
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smoker Ex-smoker Non-

smoker Total 

2 times a year 52.3 63.0 62.8 70.6 64.8 

Once a year 24.8 26.1 23.0 21.6 22.8 

Once in 2 years 6.3 2.5 5.0 3.1 4.1 

Less frequently 7.9 6.7 6.1 2.9 4.8 

Never 8.7 1.7 3.1 1.8 3.5 

Total 100.0 100.0 100.0 100.0 100.0 

Table 4. Percentage of respondents participating in preventive dental check-ups (p < 0,001; 
χ2 test) 

We also found a different approach of smokers and non-smokers to the oral hygiene (table 
5). Most of the investigated persons (87.6%) brushed their teeth twice or even three times a 
day. The majority of them were non-smokers, former or occasional smokers. Almost 90% of 
respondents from these groups brushed their teeth 2 – 3 times a day. The regular smokers 
did so in 78.2% only. More than 15% of regular smokers brushed their teeth once a day only 
and another 6.5% of them even less often. Results are statistically significant (p < 0.00l). 
 

 Regular 
smoker 

Occasional 
smoker Ex-smoker Non-

smoker Total 

3 times a day or more 7.3 7.6 5.8 14.7 11.2 

2 times a day 70.9 83.1 83.8 75.6 76.4 

Once daily 15.2 7.6 7.7 8.8 9.9 

Less frequently 6.5 1.7 2.7 1.0 2.5 

Total 100.0 100.0 100.0 100.0 100.0 

Table 5. Tooth brushing frequency (%);  p < 0.001; χ2 test 

Almost all the probands (98.3 %) used the tooth brush and tooth paste. Dental floss and 
interdental brushes were used by non-smokers and former smokers (p =0,001). Regular use 
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of mouth wash were being performed regularly (12.7%) or occasionally (48.9 %) mainly by 
non-smokers and former smokers (p < 0.0l5). 
Table 6 illustrates the eating habits of our respondents. We enquired about the consumption 
of risky foods (confectionary, sweet drinks) as well as protective ones (fruit, vegetable as a 
source of natural antioxidants). In this table we also included the questions concerning 
alcohol consumption.  
Statistical evaluation revealed the consumption of sweets to be generally high. Nearly 14% 
of our respondents consumed confectioneries regularly or on a daily basis (13.8%), or at 
least several times a week (35.1 %). There was a statistically significant difference between 
smokers and non-smokers. The regular and former smokers consumed much less sweets 
than occasional smokers and non-smokers (p < 0.001). Also the consumption of sweetened 
drinks was rather high, 18.7% of respondents consumed sweetened drinks daily and more 
than one quarter of investigated persons (27.1%) had such drinks several times a week. The 
consumption of sweetened drinks was more popular among smokers compared to non-
smokers (p < 0.001). 
In case of a healthy diet consumed by the respondents such as the use of fruits and vegetables, 
the trend was just opposite. Fruits and vegetables were consumed regularly by 53% of 
respondents, significantly more often by the non-smokers and former smokers (p < 0.001). 
The regular daily consummation of beer and wine was agreed by 7.5% of respondents. The 
regular smokers were leading this ladder (p < 0.001). 1.4% of investigated persons agreed to 
have consumed spirits on a regular daily basis. The regular smokers represented a marked 
majority, statistically significant (p < 0.001). 
 

 Regular 
smoker 

Occasional 
smoker Ex-smoker Non-

smoker Total 

Sweets                                                                                                                                                    
p < 0.001; χ2 test 
Regular 
daily 13.2 15.3 12.6 14.2 13.8 

Sweet drinks (soft drinks, coca-cola, juices)                                                                                    
p < 0.001; χ2 test 
Regular 
daily 27.0 23.5 16.5 15.4 18.7 

Fruits and vegetables                                                                                                                         
p < 0.001; χ2 test 
Regular 
daily 38.0 47.5 54.9 58.9 52.9 

Beer and vine                                                                                                                                        
p < 0.001; χ2 test  
Regular 
daily 11.9 6.8 10.7 5.1 7.5 

Distilled liquors                                                                                                                                   
p < 0.001; χ2 test 
Regular 
daily 2.8 2.6 2.0 0.4 1.4 

Table 6. Eating habits of respondents (in percentages) 
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An important difference between smokers and non-smokers was also found in the 
consumption of food and sweetened drinks after the evening teeth brushing (table 7), which 
was more frequent in smokers with comparison to non-smokers. 
 

„After having brushed 
teeth in the evening: 

Regular 
smoker 

Occasional 
smoker Ex-smoker Non-

smoker Total 

I never eat or drink any sweet drinks or beer or milk“ 

Yes, that is true. 34,7 48,3 52,6 61,6 53,4 

I usually do not eat or drink sweet drinks“ 

Yes, that is true. 48,9 46,6 38,2 33,2 38,3 

I still eat some food and drink sweet drinks“ 

Yes, that is true. 16,4 5,2 9,2 5,3 8,3 

Table 7. Food and sweet drinks consumption after the evening teeth brushing (%);  χ2 test 

The last part of the questionnaire was aimed to the subjective assessment of oral cavity 
status by respondents themselves, on assessment of the quality of life in connection with the 
oral health, and finally on the  knowledge of  respondents  regarding  the harmfulness of 
smoking. Table 8 shows that half of respondents (53.6%) evaluated appearances of their own 
dentition as good, 44% were unsatisfied and 2.2% were not interested in evaluation. When 
taking into account the history of smoking we can see that non-smokers were satisfied with 
their dental health more often (57.9%) when compared with those with the smoking history. 
The lowest degree of satisfaction was found among the regular smokers. These findings 
were statistically markedly significant (p < 0.001). The status of teeth, gingivae and oral 
mucosa were considered to be in good condition by 49.6% of the investigated individuals. 
One quarter of total number considered this status as bad and 25.4% were not able to 
answer this question. When answering this question the non-smokers considered their oral 
health status being good more often than regular or even former smokers (p < 0.001). 
Regular and former smokers thought that their oral health is poorer when compared with 
the rest of population (p< 0.001).  
Level of respondents’ knowledge regarding the harmful effects of smoking is illustrated in 
table 9. According to our opinion these results were rather favorable. Nearly all the 
members of our study (95.6%) knew that smoking harms the health. Nevertheless, smokers 
showed statistically much poorer knowledge when compared with the non-smokers (p < 
0.001). The awareness concerning negative influence of smoking on oral cavity was found to 
be low. Positive answer was obtained from 90.5%, but smokers  response was markedly less 
frequent (78.9%) when compared to  non-smokers or former smokers (p < 0.001). For the 
question whether they were informed about the negative effects of smoking on one’s 
health by their dentist, the positive response rate was only 49%, mainly answered by 
regular smokers. On the contrary, the non-smokers were not informed (p < 0.001), which 
means that the health education was performed rather selectively, most often targeted on 
the smokers. 
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of mouth wash were being performed regularly (12.7%) or occasionally (48.9 %) mainly by 
non-smokers and former smokers (p < 0.0l5). 
Table 6 illustrates the eating habits of our respondents. We enquired about the consumption 
of risky foods (confectionary, sweet drinks) as well as protective ones (fruit, vegetable as a 
source of natural antioxidants). In this table we also included the questions concerning 
alcohol consumption.  
Statistical evaluation revealed the consumption of sweets to be generally high. Nearly 14% 
of our respondents consumed confectioneries regularly or on a daily basis (13.8%), or at 
least several times a week (35.1 %). There was a statistically significant difference between 
smokers and non-smokers. The regular and former smokers consumed much less sweets 
than occasional smokers and non-smokers (p < 0.001). Also the consumption of sweetened 
drinks was rather high, 18.7% of respondents consumed sweetened drinks daily and more 
than one quarter of investigated persons (27.1%) had such drinks several times a week. The 
consumption of sweetened drinks was more popular among smokers compared to non-
smokers (p < 0.001). 
In case of a healthy diet consumed by the respondents such as the use of fruits and vegetables, 
the trend was just opposite. Fruits and vegetables were consumed regularly by 53% of 
respondents, significantly more often by the non-smokers and former smokers (p < 0.001). 
The regular daily consummation of beer and wine was agreed by 7.5% of respondents. The 
regular smokers were leading this ladder (p < 0.001). 1.4% of investigated persons agreed to 
have consumed spirits on a regular daily basis. The regular smokers represented a marked 
majority, statistically significant (p < 0.001). 
 

 Regular 
smoker 

Occasional 
smoker Ex-smoker Non-

smoker Total 

Sweets                                                                                                                                                    
p < 0.001; χ2 test 
Regular 
daily 13.2 15.3 12.6 14.2 13.8 

Sweet drinks (soft drinks, coca-cola, juices)                                                                                    
p < 0.001; χ2 test 
Regular 
daily 27.0 23.5 16.5 15.4 18.7 

Fruits and vegetables                                                                                                                         
p < 0.001; χ2 test 
Regular 
daily 38.0 47.5 54.9 58.9 52.9 

Beer and vine                                                                                                                                        
p < 0.001; χ2 test  
Regular 
daily 11.9 6.8 10.7 5.1 7.5 

Distilled liquors                                                                                                                                   
p < 0.001; χ2 test 
Regular 
daily 2.8 2.6 2.0 0.4 1.4 

Table 6. Eating habits of respondents (in percentages) 
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An important difference between smokers and non-smokers was also found in the 
consumption of food and sweetened drinks after the evening teeth brushing (table 7), which 
was more frequent in smokers with comparison to non-smokers. 
 

„After having brushed 
teeth in the evening: 

Regular 
smoker 

Occasional 
smoker Ex-smoker Non-

smoker Total 

I never eat or drink any sweet drinks or beer or milk“ 

Yes, that is true. 34,7 48,3 52,6 61,6 53,4 

I usually do not eat or drink sweet drinks“ 

Yes, that is true. 48,9 46,6 38,2 33,2 38,3 

I still eat some food and drink sweet drinks“ 

Yes, that is true. 16,4 5,2 9,2 5,3 8,3 

Table 7. Food and sweet drinks consumption after the evening teeth brushing (%);  χ2 test 

The last part of the questionnaire was aimed to the subjective assessment of oral cavity 
status by respondents themselves, on assessment of the quality of life in connection with the 
oral health, and finally on the  knowledge of  respondents  regarding  the harmfulness of 
smoking. Table 8 shows that half of respondents (53.6%) evaluated appearances of their own 
dentition as good, 44% were unsatisfied and 2.2% were not interested in evaluation. When 
taking into account the history of smoking we can see that non-smokers were satisfied with 
their dental health more often (57.9%) when compared with those with the smoking history. 
The lowest degree of satisfaction was found among the regular smokers. These findings 
were statistically markedly significant (p < 0.001). The status of teeth, gingivae and oral 
mucosa were considered to be in good condition by 49.6% of the investigated individuals. 
One quarter of total number considered this status as bad and 25.4% were not able to 
answer this question. When answering this question the non-smokers considered their oral 
health status being good more often than regular or even former smokers (p < 0.001). 
Regular and former smokers thought that their oral health is poorer when compared with 
the rest of population (p< 0.001).  
Level of respondents’ knowledge regarding the harmful effects of smoking is illustrated in 
table 9. According to our opinion these results were rather favorable. Nearly all the 
members of our study (95.6%) knew that smoking harms the health. Nevertheless, smokers 
showed statistically much poorer knowledge when compared with the non-smokers (p < 
0.001). The awareness concerning negative influence of smoking on oral cavity was found to 
be low. Positive answer was obtained from 90.5%, but smokers  response was markedly less 
frequent (78.9%) when compared to  non-smokers or former smokers (p < 0.001). For the 
question whether they were informed about the negative effects of smoking on one’s 
health by their dentist, the positive response rate was only 49%, mainly answered by 
regular smokers. On the contrary, the non-smokers were not informed (p < 0.001), which 
means that the health education was performed rather selectively, most often targeted on 
the smokers. 
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Questions: Regular 
smoker 

Occasional 
smoker Ex-smoker Non-

smoker Total 

“Are you satisfied with the appearance of your teeth?”                                                                
p < 0. 001; χ2 test 
- satisfied 44,0 58,5 50,0 57,9 53,6 

- non-satisfied 52,7 41,5 48,4 39,8 44,1 

- I am not interested  in  it 3,3 0,0 1,6 2,3 2,2 
“How do you assess the health status of your teeth, gingivae and oral mucosa?”                  
p < 0. 001; χ2 test 
- good 36,2 53,8 42,0 56,6 49,6 

- bad 32,9 22,7 28,4 21,2 25,0 

- I  don’t know 31,0 23,5 29,6 22,2 25,4 
”In comparison with the others, do you think your oral health is”:                                           
p< 0. 001; χ2 test 
- better 19,7 17,9 24,8 34,0 28,3 

- the same 52,6 65,8 50,0 50,8 52,2 

- worse 27,7 16,2 25,2 15,2 19,6 

Table 8. Subjective assessment of oral health by respondents (%) 

 

Questions: Regular 
smoker 

Occasional 
smoker Ex-smoker Non-smoker Total 

“Do you think smoking is harmful for your health? “                                                                   
p < 0. 001; χ2 test 

- yes 89,4 95,8 98,5 97,2 95,6 

“Do you think smoking has bad influence on your oral health?”                                               
p < 0. 001; χ2 test 

- yes 78,9 85,0 95,8 94,3 90,5 

“Were you informed about the negative effect of smoking on your health by your dentist?”  
p < 0. 001; χ2 test 

- yes 59,6 52,5 52,9 42,6 48,6 

Table 9. Knowledge of respondents about the health consequences of smoking (%) 

4.2 Results of clinical part of the study 
4.2.1 Influence of smoking on DMF index 
The assessment of a dental status showed that smokers had a significantly higher DMF 
index when compared to non-smokers (17.2 vs. 16; p = 0.001) (table 10), which had been 
caused mainly due to a higher number of decayed teeth (D) (1.06 vs. 0.7; p = 0.003), missing 
teeth (M) (5.65 vs. 4.53; p < 0.001) and decayed teeth with fillings (D+F) (1.46 vs. 1.03; p = 0.04). 
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Variables 

Number of 
decayed teeth

(D) 

Number of 
missed teeth 

(M) 

Number of 
filled teeth 

(F) 

Number of 
decayed 

teeth with 
fillings 
(D+F)

DMF index 

Mean
± s.d.

p-
value

Mean
± s.d.

p-
value

Mean
± s.d.

p-
value

Mean
± sd. 

p-
value

Mean 
± s.d. 

p-
value 

Smoking: 

- smokers 1,06
± 1,94 0,003

(**) 

5,65
± 6,82 <0,001

(***) 

9,18
±5,52 0,008

(**) 

1,46
± 2,56 0,046

(*) 

17,23 
± 7,35 0,001 

(**) - non-smokers 0,70
± 1,50

4,53
± 5,93

9,84
± 5,26

1,03
± 1,76

16,05 
± 7,06 

Age: 

- younger 50  0,83
±1,75 0,21 

(NS) 

2,88
± 3,79 <0,001

(***) 

9,58
± 5,10 0,11 

(NS) 

1,20
± 1,98 0,842

(NS)

14,41 
± 6,52 <0,001 

(***) - 50 or older  0,91
±1,66

9,06
± 8,01

9,57
± 5,89

1,27
± 2,48

20,70 
± 6,62 

Sex: 

- males 1,01
±1,91 0,008

(*) 

5,14
± 6,67 0,508 

(NS) 

9,24
± 5,29 0,028

(*) 

1,28
± 2,20 0,649

(NS)

16,56 
± 7,37 0,879 

(NS) - females 0,73
±1,52

4,89
± 6,03

9,83
± 5,45

1,17
± 2,14

16,57 
± 7,05 

Education: 

Basic 1,17
± 2,32  

 
<0,001

(***) 

6,75
± 7,30  

 
<0,001

(***) 

9,35
± 5,66  

 
0,020

(*) 

1,37
± 2,39  

 
0,301
(NS)

18,60 
± 7,26 

<0,001 
(***) 

Vocational 1,14
± 1,80

4,62
± 5,64

9,21
± 5,05

1,25
±1,76

16,10 
± 6,71 

High school 0,65
± 1,25

4,65
± 6,18

10,00
± 5,32

1,14
± 2,15

16,36 
± 6,93 

University  0,74
± 1,35

3,56
± 4,88

9,11
± 5,23

1,20
± 2,02

14,51 
± 7,16 

Preventive check-ups:
Two times a 
year 

0,66
± 1,28  

 
 

<0,001
(***) 

4,52
± 5,61  

 
 

<0,001
(***) 

10,10
± 5,42  

 
 

<0,001
(***) 

1,10
± 2,11  

 
 

0,003
(**) 

16,33 
± 7,02 

<0,001 
(***) 

Once a year 0,91
± 1,56

4,79
± 6,10

9,13
± 5,13

1,37
± 2,12

16,12 
± 7,16 

Once in 2 
years 

1,34
± 1,68

6,93
± 8,16

7,60
± 4,59

1,44
± 2,31

17,00 
± 7,82 

Less 
frequently 

1,54
± 2,23

7,48
± 8,54

8,78
± 5,14

1,59
± 1,93

19,38 
± 7,52 

Never 2,90
± 4,80

9,46
±10,05

5,09
± 4,59

1,89
± 3,21

19,19 
± 8,32 

Tooth brushing frequency:
3 times or 
more 

0,62
± 1,32  

 
<0,001

5,70
± 7,40  

 
<0,001

8,81
± 5,43  

 
<0,001

0,86
± 1,15  

 
0,677

15,92 
± 7,26 <0,001 

(***) 2 times/day 0,79
± 1,49

4,56
± 5,77

9,81
± 5,33

1,24
± 2,22

16,31 
± 7,08 
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Questions: Regular 
smoker 

Occasional 
smoker Ex-smoker Non-

smoker Total 

“Are you satisfied with the appearance of your teeth?”                                                                
p < 0. 001; χ2 test 
- satisfied 44,0 58,5 50,0 57,9 53,6 

- non-satisfied 52,7 41,5 48,4 39,8 44,1 

- I am not interested  in  it 3,3 0,0 1,6 2,3 2,2 
“How do you assess the health status of your teeth, gingivae and oral mucosa?”                  
p < 0. 001; χ2 test 
- good 36,2 53,8 42,0 56,6 49,6 

- bad 32,9 22,7 28,4 21,2 25,0 

- I  don’t know 31,0 23,5 29,6 22,2 25,4 
”In comparison with the others, do you think your oral health is”:                                           
p< 0. 001; χ2 test 
- better 19,7 17,9 24,8 34,0 28,3 

- the same 52,6 65,8 50,0 50,8 52,2 

- worse 27,7 16,2 25,2 15,2 19,6 

Table 8. Subjective assessment of oral health by respondents (%) 

 

Questions: Regular 
smoker 

Occasional 
smoker Ex-smoker Non-smoker Total 

“Do you think smoking is harmful for your health? “                                                                   
p < 0. 001; χ2 test 

- yes 89,4 95,8 98,5 97,2 95,6 

“Do you think smoking has bad influence on your oral health?”                                               
p < 0. 001; χ2 test 

- yes 78,9 85,0 95,8 94,3 90,5 

“Were you informed about the negative effect of smoking on your health by your dentist?”  
p < 0. 001; χ2 test 

- yes 59,6 52,5 52,9 42,6 48,6 

Table 9. Knowledge of respondents about the health consequences of smoking (%) 

4.2 Results of clinical part of the study 
4.2.1 Influence of smoking on DMF index 
The assessment of a dental status showed that smokers had a significantly higher DMF 
index when compared to non-smokers (17.2 vs. 16; p = 0.001) (table 10), which had been 
caused mainly due to a higher number of decayed teeth (D) (1.06 vs. 0.7; p = 0.003), missing 
teeth (M) (5.65 vs. 4.53; p < 0.001) and decayed teeth with fillings (D+F) (1.46 vs. 1.03; p = 0.04). 
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±1,75 0,21 

(NS) 

2,88
± 3,79 <0,001

(***) 

9,58
± 5,10 0,11 

(NS) 

1,20
± 1,98 0,842

(NS)

14,41 
± 6,52 <0,001 
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Once a year 0,91
± 1,56

4,79
± 6,10

9,13
± 5,13

1,37
± 2,12

16,12 
± 7,16 

Once in 2 
years 

1,34
± 1,68
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Variables 

Number of 
decayed teeth

(D) 

Number of 
missed teeth 

(M) 

Number of 
filled teeth 

(F) 

Number of 
decayed 

teeth with 
fillings 
(D+F)

DMF index 

Mean
± s.d.

p-
value

Mean
± s.d.

p-
value

Mean
± s.d.

p-
value

Mean
± sd. 

p-
value

Mean 
± s.d. 

p-
value 

Once daily 1,33
± 2,06

(***) 6,50
± 7,82

(***) 9,14
± 5,44

(***) 1,28
± 2,10

(NS) 18,28 
± 7,52 

Less 
frequently 

2,32
± 4,61

9,31
± 8,35

6,30
± 5,45

2,15
± 3,62

19,57 
± 7,81 

Eating after evening tooth brushing:

- Yes 1,85
± 2,93 <0,001

(***) 

7,33
± 7,86 <0,001

(***) 

8,07
± 5,45 <0,001

(***) 

1,60
± 2,69 0,540

(NS)

18,82 
± 7,68 <0,001 

(***) - No 0,77 
± 1,54

4,68 
± 6,00

9,76 
± 5,33

1,19 
± 2,10

16,30 
± 7,09 

Table 10. The impact of some variables on the DMF index value 
s.d. = standard deviation 

On the contrary, the mean number of teeth with fillings (F) was significantly higher in non- 
smokers than smokers (9.84 vs. 9.18; p = 0,008), which most probably corresponds with 
better participation of non-smokers in the follow-ups. 
Smoking is one of many confounding factors which deteriorate the status of dentition and 
oral health in general. From the other variables of our study (table 10), the most influential 
predictors of dental status or DMF value are as follows: the age (linear relation), the level of 
education achieved (non-linear relation), taking part in preventive dental check-ups (non-
linear relation), tooth brushing frequency (non-linear relation), and consumption of 
food/beverages after evening tooth brushing. Among the respondents in higher age group, 
there was a higher number of missing teeth (M). In our  sample, the average number of 
missing teeth in respondents younger than 50 years reached 2.88, while in the age group of 
50-69, it was 9.06 (p < 0.001). The number of missing teeth was higher in respondents with a 
lower educational status, lower frequency of preventive dental visits (less than once a year), 
lower frequency of tooth brushing (less than twice a day) and among those who consumed 
food/beverages after the evening tooth brushing. The number of decayed teeth was also 
higher in patients with a lower education, among those who brushed their teeth less than 
twice daily, among those who visited dentist less frequently and among those who 
consumed food/beverages after the evening tooth brushing. The same factors influenced 
significantly the number of filled teeth; nevertheless in this case it was a non-linear 
relation. 

4.2.2 Influence of smoking on the periodontium 
Negative influence of smoking on the periodontium was even more conclusive (table 11). 
While the non-smokers recorded higher prevalence of CPI 0 (healthy periodontium) in all 
sextants, the smokers had in all sextants a higher prevalence of CPI 3, or resp. CPI 4 (shallow 
or deep gingival pockets). Lower levels of CPI 1 (gingiva bleeding on probing) among 
smokers were undoubtedly caused by vasoconstriction effect of nicotine on the vessels of 
gingival plexus and an increasing keratinization of gingival epithelium.  
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Smoking is of course only one of the factors that affect the periodontal status. A wide range 
of demographic factors, such as age, educational level and socioeconomic factors, have been 
identified as associated with chronic inflammatory diseases (Gamonal et al., 1998). In table 
12 we present the percentage of respondents with the highest CPI findings according to the 
level of age, sex, education, participation in preventive dental check-ups, tooth brushing 
frequency and smoking history. According to the results of χ² test of independence in 
contingency tables, all these variables had a statistically significant influence on CPI (p< 
0.001).  
 

 CPITN 0 CPITN 1 CPITN 2 CPITN 3 CPITN 4 

1st sextant  (p=0.076;  χ² test) 

Smokers 5.6 27.2 13.9 34.5 7.3 

Non-smokers 9.1 33.7 13.8 29.5 6.8 

2nd sextant (p=0.016;  χ ² test) 

Smokers 17.4 31.7 24.0 15.0 5.2 

Non-smokers 25.3 37.3 19.3 10.4 3.7 

3rd sextant (p=0.021;  χ ² test) 

Smokers 7.0 23.7 16.4 32.8 9.8 

Non-smokers 11.5 31.3 17.2 25.6 6.8 

4th sextant (p=0.043;  χ² test) 

Smokers 5.6 30.0 14.3 30.3 11.5 

Non-smokers 10.2 35.2 14.1 27.2 6.5 

5th sextant (p=0.007; χ² test) 

Smokers  4.2 14.3 58.9 15.7 3.5 

Non-smokers  8.6 18.8 59.0 8.1 3.1 

6th sextant (p=0.011;  χ² test) 

Smokers  5.9 27,9 15,3 30,0 11,5 

Non-smokers 10.2 37,1 14,4 24,5 6,8 

Table 11. CPITN score (%) of smokers and non-smokers in each sextant 

The primary aim of our survey was to assess the influence of smoking on oral health. Using 
the method of multivariable logistic regression we determined the odds ratio (OR) for eight 
selected variables on mean number of decayed teeth (D) and on periodontitis with TN III 
score. The reference value was set as number of D = 0 (e.g. absence of decayed teeth) and 
absence of CPI 4 (e.g. no deep gingival pockets were found). As a reference level for each of 
selected variable (odds = 1) the best particular value was considered, which means non-
smoker, younger age, women, university educated respondent who brushes his/her teeth 
twice a day or even more often and those who participates in the dental preventive follow-
ups twice a year. 
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smokers than smokers (9.84 vs. 9.18; p = 0,008), which most probably corresponds with 
better participation of non-smokers in the follow-ups. 
Smoking is one of many confounding factors which deteriorate the status of dentition and 
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linear relation), tooth brushing frequency (non-linear relation), and consumption of 
food/beverages after evening tooth brushing. Among the respondents in higher age group, 
there was a higher number of missing teeth (M). In our  sample, the average number of 
missing teeth in respondents younger than 50 years reached 2.88, while in the age group of 
50-69, it was 9.06 (p < 0.001). The number of missing teeth was higher in respondents with a 
lower educational status, lower frequency of preventive dental visits (less than once a year), 
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higher in patients with a lower education, among those who brushed their teeth less than 
twice daily, among those who visited dentist less frequently and among those who 
consumed food/beverages after the evening tooth brushing. The same factors influenced 
significantly the number of filled teeth; nevertheless in this case it was a non-linear 
relation. 
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sextants, the smokers had in all sextants a higher prevalence of CPI 3, or resp. CPI 4 (shallow 
or deep gingival pockets). Lower levels of CPI 1 (gingiva bleeding on probing) among 
smokers were undoubtedly caused by vasoconstriction effect of nicotine on the vessels of 
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Smoking is of course only one of the factors that affect the periodontal status. A wide range 
of demographic factors, such as age, educational level and socioeconomic factors, have been 
identified as associated with chronic inflammatory diseases (Gamonal et al., 1998). In table 
12 we present the percentage of respondents with the highest CPI findings according to the 
level of age, sex, education, participation in preventive dental check-ups, tooth brushing 
frequency and smoking history. According to the results of χ² test of independence in 
contingency tables, all these variables had a statistically significant influence on CPI (p< 
0.001).  
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Smokers 5.6 27.2 13.9 34.5 7.3 

Non-smokers 9.1 33.7 13.8 29.5 6.8 
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Smokers 17.4 31.7 24.0 15.0 5.2 

Non-smokers 25.3 37.3 19.3 10.4 3.7 
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Smokers  4.2 14.3 58.9 15.7 3.5 

Non-smokers  8.6 18.8 59.0 8.1 3.1 
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Smokers  5.9 27,9 15,3 30,0 11,5 

Non-smokers 10.2 37,1 14,4 24,5 6,8 

Table 11. CPITN score (%) of smokers and non-smokers in each sextant 

The primary aim of our survey was to assess the influence of smoking on oral health. Using 
the method of multivariable logistic regression we determined the odds ratio (OR) for eight 
selected variables on mean number of decayed teeth (D) and on periodontitis with TN III 
score. The reference value was set as number of D = 0 (e.g. absence of decayed teeth) and 
absence of CPI 4 (e.g. no deep gingival pockets were found). As a reference level for each of 
selected variable (odds = 1) the best particular value was considered, which means non-
smoker, younger age, women, university educated respondent who brushes his/her teeth 
twice a day or even more often and those who participates in the dental preventive follow-
ups twice a year. 
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 CPI 0 CPI 1 CPI 2 CPI 3 CPI 4 

Smoking (χ2 test; p < 0,001) 

Regular 1,1 9,2 27,4 36,9 25,4 

Occasional 1,7 16,1 33,1 34,7 14,4 

Ex-smoker 1,2 11,0 30,3 42,1 15,4 

Non-smoker 1,8 18,6 30,7 35,2 13,7 

Age  (χ2 test; p < 0,001) 

30-49 years 2.1 19.4 32.1 35.2 11.2 

50-69 years 0.4 6.8 22.1 43.2 27.4 

Sex  (χ2 test; p < 0,001) 

Males 1.3 12.4 26.1 41.7 18.4 

Females 1.7 18.0 31.3 33.9 15.1 

Education  (χ2 test; p < 0,001) 

Basic school 0,6 9,1 27,4 38,8 24,1 

Vocational 0,8 17,6 26,7 39,7 15,3 

High School 2,2 15,8 32,2 36,6 13,2 

University 1,9 20,9 30,7 32,9 13,6 

Participation on preventive check-ups  (χ2 test; p < 0,001) 

2 times a year 2,0 18,1 33,4 33,6 13,0 

Once a year 0,5 11,1 26,0 42,7 19,6 

Once in 2 years 0,0 10,4 23,9 40,3 25,4 

Less frequently 3,9 5,3 22,4 36,8 31,6 

Never 0,0 5,7 11,3 49,1 34,0 

Tooth brushing frequency  (χ2 test; p < 0,001) 

3 times a day  2,3 25,4 32,2 25,4 14,7 

2 times a day 1,5 15,0 31,3 38,1 14,1 

Once daily 1,2 8,0 21,0 40,1 29,6 

Less frequently 2,6 5,1 17,9 28,2 46,2 

Table 12. Percentage of respondents with highest CPI in relation to selected variables 
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Our results in table 13 showed that incidence of decayed teeth is enhanced mainly by the 
consumption of food/beverages after evening tooth brushing (OR=1.68; p=0.011) and low 
participation in preventive check-ups (OR=1.77; p= 0.0013). Smoking increased the risk of 
decayed teeth as well (OR=1.23), but the result was not significant (p=0.061). 
Nevertheless, our findings confirmed the fact that there exists a dose and effect 
relationship with smoking. Though not statistically significant in our study, the number of 
dental caries occurrence increased in individuals who smoked more than 10 cigarettes per 
day. 
Different results were found when assessing the influence of smoking on periodontium 
(table 14). The risk for periodontitis with TN III score (which means the findings of CPI 4) 
was statistically increased with age (OR=2.63; p<0.001), low tooth brushing frequency 
(OR=2.18; p<0.001), and low participation in dental prevention check-ups (OR=1.8; p=0.007). 
Smoking increased the risk as well (OR=1.33), but the result was not significant (p=0.065). 
Nevertheless, the risk markedly increases with the number of cigarettes smoked. Smoking 
11 or more cigarettes a day increased the risk of periodontitis (CPITN III), which emphasizes 
the need for a complex dental care (OR=1.98, p=0.0043). Smoking of 10 or less cigarettes per 
day increases the risk of periodontitis (CPITN III grade) as well, but in this case, not 
significantly (OR = 1.67; p= 0.027).  
 

 OR CI-L CI-U p-value 
 

Age 0.99 0.77 1.26 0.908 (NS) 

Sex 1.13 0.91 1.41 0.262 (NS) 

Preventive check-ups once a year 1.28 1.00 1.65 0.054 (NS) 
Preventive check-ups low 
frequently 1.77 1.25 2.50 0.0013 (*) 

Basic education, skilled 0.98 0.74 1.31 0.903 (NS) 

High school 0.78 0.59 1.03 0.082 (NS) 
Tooth brushing frequency once a 
day or less frequently 1.27 0.9 1.79 0.177 (NS) 

Smoking associated illnesses 1.13 0.81 1.57 0.479 (NS) 
Illnesses without association 
with smoking 1.11 0.82 1.51 0.497 (NS) 

Eating after evening tooth 
brushing 1.68 1.12 2.51 0.011 (*) 

Smoking 1.23 0.99 1.54 0.061 (NS) 

- smoking to 10 cig./day 0.99 0.69 1.41 0.941 (NS) 

- smoking 11 and more cig/day 1.23 0.84 1.81 0.293 (NS) 

Table 13. Impact of selected variables on number of decayed teeth (reference value D= 0) 
OR = odds ratio, CI-L = lower 95% confidence interval, CI-U = upper 95% confidence interval 
NS (non-significant) = p ≥ 0.05;   * = p < 0.05;  ** = p < 0.01;  *** p < 0.001 
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consumption of food/beverages after evening tooth brushing (OR=1.68; p=0.011) and low 
participation in preventive check-ups (OR=1.77; p= 0.0013). Smoking increased the risk of 
decayed teeth as well (OR=1.23), but the result was not significant (p=0.061). 
Nevertheless, our findings confirmed the fact that there exists a dose and effect 
relationship with smoking. Though not statistically significant in our study, the number of 
dental caries occurrence increased in individuals who smoked more than 10 cigarettes per 
day. 
Different results were found when assessing the influence of smoking on periodontium 
(table 14). The risk for periodontitis with TN III score (which means the findings of CPI 4) 
was statistically increased with age (OR=2.63; p<0.001), low tooth brushing frequency 
(OR=2.18; p<0.001), and low participation in dental prevention check-ups (OR=1.8; p=0.007). 
Smoking increased the risk as well (OR=1.33), but the result was not significant (p=0.065). 
Nevertheless, the risk markedly increases with the number of cigarettes smoked. Smoking 
11 or more cigarettes a day increased the risk of periodontitis (CPITN III), which emphasizes 
the need for a complex dental care (OR=1.98, p=0.0043). Smoking of 10 or less cigarettes per 
day increases the risk of periodontitis (CPITN III grade) as well, but in this case, not 
significantly (OR = 1.67; p= 0.027).  
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 OR CI-L CI-U P value 

Age 2,63 1,92 3,59 < 0,001 (***) 

Sex 0,93 0,69 1,26 0,654 (NS) 

Preventive check-ups once a year 1,45 1,04 2,02 0,03 (*) 
Preventive check-ups  less 
frequently 1,8 1,17 2,76 0,0073 (**) 

Basic education, skilled 1,33 0,9 1,99 0,157 (NS) 

High school 0,92 0,61 1,37 0,679 (NS) 
Tooth brushing frequency once a 
day or less frequently 2,18 1,45 3,27 < 0,001 (***) 

Smoking associated illnesses 1,39 0,94 2,07 0,102 (NS) 
Illnesses without association 
with smoking 0,97 0,65 1,46 0,894 (NS) 

Eating after evening tooth 
brushing 1,07 0,66 1,74 0,793 (NS) 

Smoking 1,33 0,98 1,79 0,066 (NS) 

- smoking to 10 cig./day 1,67 1,06 2,61 0,027 (*) 

- smoking 11 and more cig/day 1,98 1,24 3,16 0,0043 (**) 

Table 14. Impact of selected variables on necessity of complex therapy (TN III) 
OR = odds ratio, CI-L = lower 95% confidence interval, CI-U = upper 95% confidence interval 
NS (non-significant) = p ≥ 0.05;   * = p < 0.05;  ** = p < 0.01;  *** p < 0.001 

5. Discussion 
Our study confirmed the differences in attitudes of smokers and non-smokers to oral health. 
The percentage of subjects with basic education was significantly higher among regular 
smokers and percentage of those with a university degree was highest among non-smokers. 
These findings are consistent with the results of previous studies conducted in other 
developed countries. Researchers of a study performed in Australia noted that those living 
in low socio-economic status areas were more likely to smoke (Najman et al., 2006). A study 
published in the Journal of Canadian Dental Association stated that a higher percentage of 
current smokers had education less than high school (Millar & Locker, 2007) and a study 
conducted in America stated that inequalities in smoking exist, as evidenced by persistent 
class-based disparities and the growing number of smokers in the lower socio-economic 
groups (Sorenson et al., 2004).  
It has been undoubtedly documented, that after the first Surgeon General’s report in 1964, 
the profile of cigarette smokers in U.S.A., and consequently in the other developed 
countries, has reversed. Cigarette smokers nowadays are more likely to be poor and less 
educated. The well educated people may have higher levels of health literacy, and were 
more responsive to messages of health-promoting and disease-prevention behaviours and 
beliefs. Additionally, the poor ones may have lower information on the health risks of 
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smoking, the fewest resources, and the least access to cessation services. Socio-economic 
disadvantage is associated with persistent smoking, and consequently the burden of 
smoking-related disease falls disproportionately on those with lower social-economical 
status (Harwood et al., 2007). In contrary to this, we have found high prevalence of current 
smokers in the group of respondents with highest income in Czech Republic. This fact 
reflects great underestimation of generally well-known health risks of smoking by smokers, 
as well as high social tolerance to this negative habit in our country. 
Smokers and non-smokers also differ in participation in dental prevention. Majority of 
Czech respondents visit the dentist for preventive check-ups twice a year. This can be 
explained by the fact that the regular preventive dental check-ups are covered by the Health 
Insurance in Czech Republic. Nevertheless, despite free dental preventive check-ups, 
smokers participate in these check-ups less frequently than the non-smokers do.  
The differences according to the smoking habits were found also in chosen oral hygiene 
habits. The non-smokers had better brushing habits (brushed their teeth more frequently, 
used inter-dental tooth brush, dental floss and mouth wash more often and were more 
consistent in not eating anything after evening tooth brushing) compared to smokers. Non-
smokers also abstained from eating anything after evening brushing more consistently than 
smokers.  
Significant difference between smokers and non-smokers has been found in eating and 
drinking habits. Current smokers, mainly occasional smokers, consumed sweetened drinks 
more frequently in comparison with non-smokers or ex-smokers. In case of consumption of 
fruits and vegetables the trend was opposite. Non-smokers consumed fruits and vegetables 
more often than smokers, who, on the contrary, had higher alcohol intake. 
Majority of factors mentioned above explains the differences in clinical findings in smokers 
and non-smokers. Smoking is considered to be an independent and most potent risk factor 
for chronic periodontal disease. The social and behaviour factors, which are typical among 
the population group of smokers, can aggravate the clinical findings.  
Taking the gender of the respondents into consideration, we did not find the influence of 
gender on the highest (maximum) CPITN outcome. On the contrary, it has been reported 
that although there is no established, inherent difference between men and women in their 
susceptibility to periodontitis, men have been shown to exhibit worse periodontal health 
than women and this difference has been documented in different populations. Several 
periodontal diseases have been found to be more prevalent among males, even after oral 
hygiene, socio-economic status and age were considered, and hormonal conditions have 
been proposed which may explain this difference (Grossi et al., 1994).  
The age of Czech respondents significantly influenced the maximum CPITN outcome. Early 
evidence demonstrated that both the prevalence and severity of periodontitis increases with 
aging, suggesting that age may be a marker for periodontal tissue support loss. A national 
survey conducted in 1986 in Brazil using CPITN methodology to assess the periodontal 
status estimated that 5.2 % and 7.4 % of subjects in the age groups 35 to 44 and 50 to 59 years 
had one or more teeth with probing depth of ≥ 5.5 mm (CPITN 4) (Sorenson et al., 2004) and 
another national survey in the United Kingdom using CPITN estimated that 42 % of 35 to 44 
year olds and 70 % of 55 to 64 year olds had CAL > 3.5 mm (Morris et al., 2001). The fact that 
older age group (50-69 years) of the Czech study population having a higher percentage of 
maximum CPITN scores 3 and 4, indicating pathological pockets, may have been caused by 
the cumulative effect of prolonged exposure to external risk factors including cigarette 
smoke rather than an age-related, intrinsic abnormality. Although there is no established, 
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 OR CI-L CI-U P value 

Age 2,63 1,92 3,59 < 0,001 (***) 

Sex 0,93 0,69 1,26 0,654 (NS) 
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Preventive check-ups  less 
frequently 1,8 1,17 2,76 0,0073 (**) 
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Illnesses without association 
with smoking 0,97 0,65 1,46 0,894 (NS) 
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brushing 1,07 0,66 1,74 0,793 (NS) 

Smoking 1,33 0,98 1,79 0,066 (NS) 

- smoking to 10 cig./day 1,67 1,06 2,61 0,027 (*) 

- smoking 11 and more cig/day 1,98 1,24 3,16 0,0043 (**) 

Table 14. Impact of selected variables on necessity of complex therapy (TN III) 
OR = odds ratio, CI-L = lower 95% confidence interval, CI-U = upper 95% confidence interval 
NS (non-significant) = p ≥ 0.05;   * = p < 0.05;  ** = p < 0.01;  *** p < 0.001 
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conducted in America stated that inequalities in smoking exist, as evidenced by persistent 
class-based disparities and the growing number of smokers in the lower socio-economic 
groups (Sorenson et al., 2004).  
It has been undoubtedly documented, that after the first Surgeon General’s report in 1964, 
the profile of cigarette smokers in U.S.A., and consequently in the other developed 
countries, has reversed. Cigarette smokers nowadays are more likely to be poor and less 
educated. The well educated people may have higher levels of health literacy, and were 
more responsive to messages of health-promoting and disease-prevention behaviours and 
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reflects great underestimation of generally well-known health risks of smoking by smokers, 
as well as high social tolerance to this negative habit in our country. 
Smokers and non-smokers also differ in participation in dental prevention. Majority of 
Czech respondents visit the dentist for preventive check-ups twice a year. This can be 
explained by the fact that the regular preventive dental check-ups are covered by the Health 
Insurance in Czech Republic. Nevertheless, despite free dental preventive check-ups, 
smokers participate in these check-ups less frequently than the non-smokers do.  
The differences according to the smoking habits were found also in chosen oral hygiene 
habits. The non-smokers had better brushing habits (brushed their teeth more frequently, 
used inter-dental tooth brush, dental floss and mouth wash more often and were more 
consistent in not eating anything after evening tooth brushing) compared to smokers. Non-
smokers also abstained from eating anything after evening brushing more consistently than 
smokers.  
Significant difference between smokers and non-smokers has been found in eating and 
drinking habits. Current smokers, mainly occasional smokers, consumed sweetened drinks 
more frequently in comparison with non-smokers or ex-smokers. In case of consumption of 
fruits and vegetables the trend was opposite. Non-smokers consumed fruits and vegetables 
more often than smokers, who, on the contrary, had higher alcohol intake. 
Majority of factors mentioned above explains the differences in clinical findings in smokers 
and non-smokers. Smoking is considered to be an independent and most potent risk factor 
for chronic periodontal disease. The social and behaviour factors, which are typical among 
the population group of smokers, can aggravate the clinical findings.  
Taking the gender of the respondents into consideration, we did not find the influence of 
gender on the highest (maximum) CPITN outcome. On the contrary, it has been reported 
that although there is no established, inherent difference between men and women in their 
susceptibility to periodontitis, men have been shown to exhibit worse periodontal health 
than women and this difference has been documented in different populations. Several 
periodontal diseases have been found to be more prevalent among males, even after oral 
hygiene, socio-economic status and age were considered, and hormonal conditions have 
been proposed which may explain this difference (Grossi et al., 1994).  
The age of Czech respondents significantly influenced the maximum CPITN outcome. Early 
evidence demonstrated that both the prevalence and severity of periodontitis increases with 
aging, suggesting that age may be a marker for periodontal tissue support loss. A national 
survey conducted in 1986 in Brazil using CPITN methodology to assess the periodontal 
status estimated that 5.2 % and 7.4 % of subjects in the age groups 35 to 44 and 50 to 59 years 
had one or more teeth with probing depth of ≥ 5.5 mm (CPITN 4) (Sorenson et al., 2004) and 
another national survey in the United Kingdom using CPITN estimated that 42 % of 35 to 44 
year olds and 70 % of 55 to 64 year olds had CAL > 3.5 mm (Morris et al., 2001). The fact that 
older age group (50-69 years) of the Czech study population having a higher percentage of 
maximum CPITN scores 3 and 4, indicating pathological pockets, may have been caused by 
the cumulative effect of prolonged exposure to external risk factors including cigarette 
smoke rather than an age-related, intrinsic abnormality. Although there is no established, 



 
Oral Health Care – Pediatric, Research, Epidemiology and Clinical Practices 

 

266 

inherent difference between men and women in their susceptibility to periodontitis, 
periodontal disease is often reported in epidemiological studies to be more prevalent and 
severe in males than in females at comparable ages (Gamonal et al., 1998; (Borrell & 
Papapanou, 2005), and similar results were found in the Czech population. 
Education significantly influenced the maximum CPITN outcome in Czech study 
population. Previous studies have documented differences in periodontal health by socio-
economic indicators, i.e., income and education, but these indicators have rarely been 
investigated as independent variables of main interest.  
Socio-economic indicators are robust markers of periodontitis. Their role in periodontal 
disease can be attributed to differential access to resources and opportunities that may 
influence preventive behaviours. Evidence also suggests that education has a greater 
influence than income in favourably affecting the level of periodontitis in the population 
(Borrell & Papapanou, 2005). University and mainly vocational school graduates of Czech 
population having a higher percentage of maximum CPITN score 0, indicating healthy 
periodontium, can be attributed to the factors mentioned above.  
Preventive dental visits and brushing frequency significantly influenced the maximum 
CPITN outcome of the Czech population. A general principle in preventive efforts towards 
chronic diseases is to focus on changeable causal or modifying factors. Regarding 
periodontal diseases, such factors are those related to life style, such as oral hygiene, 
regularity of dental visits and tobacco use. Comparative studies between the Eastern 
European countries and the Western societies showed that socio-economically less-
developed Eastern European countries displayed a higher fraction with mild-to-moderate 
periodontitis than the Western well-developed societies. Particularly the Scandinavian 
countries, where a comprehensive public dental health care system with emphasis on 
prevention and regular dental visits has existed for more than 100 years, displayed high 
proportions of healthy subjects and even a low prevalence of severe periodontal disease 
(Gjermo, 2005). One study reported, that the subjects, who had a dental check-up at least 
once a year, had a significantly less gingivitis, calculus and periodontal pockets compared to 
those, who made less frequent visits (Lang et al., 1994). However, the same group of authors 
failed to find a relationship between dental insurance and improved periodontal health 
(Lang et al., 1995), although those with insurance were more likely to visit the dentist (Jack 
& Bloom, 1988). Differences among the populations of the world in terms of periodontal 
status, oral cleanliness and oral health behaviour probably reflect the social and economic 
development of the various regions. Cultural differences may also affect the attitudes 
towards dental health and dental care in populations (Gjermo, 2005). Lack of use of 
preventive care may reflect a general attitude toward preventive care, differences in 
willingness or ability to pay for dental services or differences in the availability of dental 
care.  
The findings from this study concerning the fact that non-smokers exhibited a higher 
percentage of healthy periodontium compared to smokers, corroborates the results of 
several previous studies (Beck et al., 1997; Kelbauskas et al., 2003; Tanner et al., 2005; 
Torrungruang et al., 2005; Winn, 2001). This study also reconfirmed the relationship 
between smoking and a reduced gingival bleeding on probing, which has been well 
documented in previous studies (Dietrich et al., 2004; Müller et al., 2002; Tomar & Asma, 
2000). This may be due to vasoconstrictive action of nicotine and as a result of a profound 
influence on vascular dynamics and cellular metabolism (Bergström & Bergström, 2001).  
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Smoking, as a strong and consistent risk indicator for periodontitis in the presence of 
calculus, an indicator of oral hygiene, has been documented in logistic regression model 
(Do, 2003), and smokers have been reported to exhibit a low awareness of their health 
(Gjermo, 2005). From this study it was evident that smokers had a higher prevalence of 
supragingival and/or subgingival calculus compared to non-consumers.  

6. Conclusion 
In conclusion, the present study shows that despite good access to dental care in Czech 
Republic, cigarette smoking exerts a strong and chronic effect on periodontium and reduces 
bleeding on probing. The current understanding of the importance of tobacco smoking as 
the most potent risk factor for chronic periodontal disease now has to be applied to the 
clinical management of the disease. Treatment of smoking patients not including corrective 
measures against the smoking habits should be regarded as unethical. The outcomes of this 
particular survey proves that it is mandatory to implement a more rigorous anti-smoking 
campaign in the dental practice.  
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1. Introduction 
Teeth autotransplantation is an alternative treatment for single tooth oral rehabilitation, and 
it is possible that it becomes more frequent if the technique respects protocol. It is important 
to choose patients with prognostic factors that may provide a favorable condition for 
success. (Tsukiboshi 2001) The main reason for failure of this technique is a bad selection of 
patients, and this can be overpast by previous planning and the knowledge of all prognostic 
factors that are a part of the process. 
Follow-up studies for 3 to 14 years indicate that either the transplantation is placed in a 
natural or artificial alveolus, teeth vitality is preserved in 90-96% of all cases. (Donado 2007) 
(Ahlberg, Bystedt et al. 1983) The ideal condition for success, according to the literature 
seems to be a donor tooth with 3/4s of root development, with open apex. (Akiyama, 
Fukuda et al. 1998; Josefsson, Brattstrom et al. 1999; Czochrowska, Stenvik et al. 2002; Kallu, 
Vinckier et al. 2005; Donado 2007) 
When planning a surgery such as this, it is important to study the patient’s age, the 
existence of a natural alveolus and the root development. (Tsukiboshi 2001) It seems well 
defined by the literature that the preference for selection of clinical cases is young and 
cooperative patients, without any systemic diseases. (Tsukiboshi 2001) It is also shown 
that in teeth with incomplete root formation, vitality is preserved in 90-96% of all cases in 
3-14 year follow-up studies, and the preference is also for natural alveolus. (Ahlberg, 
Bystedt et al. 1983; Donado 2007) The best case scenario seems to be when root formation 
is in its 3/4s, with open apex. (Akiyama, Fukuda et al. 1998; Josefsson, Brattstrom et al. 
1999; Tsukiboshi 2001; Czochrowska, Stenvik et al. 2002; Kallu, Vinckier et al. 2005; 
Donado 2007)  
The success rate must be detached from the survival rate in tooth autotransplantation. The 
survival rate refers to the presence of the transplanted tooth, even if its function, esthetics or 
development, are compromised. (Aslan, Ucuncu et al. 2010) On the other hand, to say that 
success has been achieved, there must be good esthetics and positioning, ability to chew 
without restrictions, pulpar vitality, and good dentofacial development. (Aslan, Ucuncu et 
al. 2010) This success rate is influenced by surgical technique, experience of the surgeon, the 
patient’s age or root development. (Aslan, Ucuncu et al. 2010) 
According to Andreasen et al, in 1990, survival rate of transplanted teeth after 13 year 
follow-up is 95-98%. (Aslan, Ucuncu et al. 2010) In 1999, Josefsson found a 82% survival rate 
after shorter follow-up time - 4 years follow up (Josefsson, Brattstrom et al. 1999). The main 
reason for high rates is case selection. It is important to note that literature shows higher 
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percentage of survival rate for immature teeth, in adolescents with natural alveolus. 
(Akiyama, Fukuda et al. 1998; Josefsson, Brattstrom et al. 1999; Czochrowska, Stenvik et al. 
2002; Kallu, Vinckier et al. 2005; Donado 2007)  
Literature also tells us that if the tooth is transplanted to an artificial alveolus, it lowers 
survival rates more than in natural alveolus. (Akiyama, Fukuda et al. 1998; Josefsson, 
Brattstrom et al. 1999; Czochrowska, Stenvik et al. 2002; Kallu, Vinckier et al. 2005; 
Donado 2007) Even so, Ahlberg et al tell us that maxillary canines transplanted into 
artificial alveolus may have similar survival rates than those transplanted into natural 
alveolus. (Ahlberg, Bystedt et al. 1983; Donado 2007) That is, artificial alveolus normally 
have worse prognosis than natural ones. At best, survival rates may be equal in both 
types of alveolus. 
Cases submitted to orthodontic treatment are an indicator that transplanted teeth may be a 
viable solution and the most natural one for replacing missing teeth. These teeth can even be 
moved and serve as anchorage in orthodontic treatment and still allow bone remodeling 
around them. (Andreasen, Paulsen et al. 1990; Paulsen 2001) 
To achieve the complete root formation, it is important that during the surgery, periodontal 
ligament is preserved as much as possible, and it needs to be a technique as little invasive as 
possible, because that may compromise root development, leading to anchylosys or root 
reabsorptions. (Thomas, Turner et al. 1998; Aslan, Ucuncu et al. 2010) Most authors conclude 
that immature teeth are preferable for better outcomes. (Andreasen, Paulsen et al. 1990; 
Paulsen, Andreasen et al. 1995; Paulsen 2001; Paulsen, Shi et al. 2001) On the other hand, the 
fact that a considerable percentage of teeth completed root formation indicates an important 
factor of normal and physiological process. (Paulsen, Shi et al. 2001) Root development can 
go on with no impediments, but even so, it may end with an unfavorable crown-root 
relation. (Aslan, Ucuncu et al. 2010) The root may close its apex, but may not continue to 
grow apically. According to Andreasen, if the root development is very low when the tooth 
is transplanted, that is, less than 3/4s of its complete formation, the root growth is also 
inferior, and may end-up with closed apexes, but with small length. (Andreasen, Paulsen et 
al. 1990; Andreasen, Paulsen et al. 1990; Andreasen, Paulsen et al. 1990; Northway 2002; 
Tsukiboshi 2002; Aslan, Ucuncu et al. 2010) 
Andreasen also reveals a higher incidence of pulpar necrosis in teeth with completed root 
development at the time of the transplant, but claims that, with adequate root canal 
treatment, survival rates may be assured, and, in some cases, endodontic treatment may 
even be unnecessary, because of partial pulpar obliteration that may be present in teeth with 
pulpar regeneration and healing. (Andreasen, Paulsen et al. 1990; Andreasen, Paulsen et al. 
1990; Andreasen, Paulsen et al. 1990; Czochrowska, Stenvik et al. 2000; Jonsson and 
Sigurdsson 2004)  
In sum, vital teeth are most frequent in immature teeth transplanted. Tooth with complete 
root formation, normally present endodontic treatment and may achieve some success if 
there is an adequate root canal treatment. 
Predicting the prognosis for tooth autotransplantation is important to evaluate the ability of 
this technique for replacing a missing tooth. A large number of cases are needed to predict 
the prognosis before surgery and to eliminate most doubts. Literature shows us that having 
this knowledge allows the clinician to select transplanted teeth cases very carefully and with 
a high level of stringency. 
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2. History in a glance 
Teeth autotransplantation have been considered, since the middle of the 20th century, as 
viable rehabilitation alternatives, and have been usually a part of treatment planning. In 
several occasions, good results were obtained and registered, with clinical viability, either 
esthetics or functional. (Ahlberg, Bystedt et al. 1983; Akiyama, Fukuda et al. 1998; Josefsson, 
Brattstrom et al. 1999; Czochrowska, Stenvik et al. 2002; Kallu, Vinckier et al. 2005) 
However, a considerable percentage seemed to develop complications, turning this option 
into a controversial one. (Ahlberg, Bystedt et al. 1983; Czochrowska, Stenvik et al. 2002; Kim, 
Jung et al. 2005) 
Teeth autotransplantation technique is well supported by documentation. According to 
historic evidence, populations from over 1000 years back have used it, reaching a more 
frequent use during the middle ages. They would use animal, ivory, bone or even human 
teeth extracted from corpses, but the problem was that, because of discoloration, bad odor 
and lack of resistance, it didn’t achieve a good public opinion. (Magheri, Grandini et al. 
2001; Tsukiboshi 2001) 
The first known documented reference of this surgical procedure is in Ambroise Paré’s work 
(1561), a Renascence French Surgeon that describes a noble woman in who, after extracting a 
tooth, was placed another tooth that belonged to one of hers maid, stating that after some 
time, the lady could chew perfectly. Two centuries later, Pierre Fauchard (1725), the founder 
of Modern Medicine, wrote about re-implants and dental transplantation, claiming that 
they could be performed in the same individual, or between 2 individuals. John Hunter 
(1728-1793), in England, described a vascular and periodontal regeneration after a 
transplantation of animal or human teeth in crests of cocks, therefore preserving the tooth 
vitality, and if a painful tooth was to be extracted, it could be boiled and re-implanted. 
These were the first laboratory investigations towards teeth transplantations. (Marzola 
1968; Tsukiboshi 2001)  
The same investigator, however, also introduces the problem of diseases’ transmission, such 
as syphilis. In 1827, Emile Blaise Gardette recorded the impossibility of teeth 
autotransplantation success if case selection was not taken as an important issue. This 
author studied the results of 170 transplants in function for only 1 or 2 years, analyzing that 
good results were only obtained with careful selection of cases.  
In 1935, the microscopic investigation started, with Lundquist. Apfel, in 1950, advised the 
use of the tooth transplantation technique, but only according to rules he described, such as 
planning according to the patients’ age, donor tooth germ size, and good intra-oral x-rays. 
He also presents the surgical technique, in which he maintains the pericoronal sac and the 
gum that covers it. This technique was later abandoned by Marzola in 1988, claiming it was 
unnecessary to preserve the gum that covered the pericoronal sac. (Marzola 1968) But it was 
only in 1956, with Fong, Apfel and Miller that scientific relevance was achieved, with 50% 
success rates, justifying the not successful cases with lack of root development and presence 
of external and internal root reabsorptions. (Magheri, Grandini et al. 2001) During that same 
year, a world symposium defined specific rules for the tooth transplantation success:  
• Lack of discomfort of the patient,  
• soft and hardtissue regeneration and  
• Functional retention for at least 2 years. 
Ten years later, Metro presented a variation from the previous surgical technique, with 
simultaneous bilateral teeth transplantation, and stated that he was not in favor of teeth 
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splinting, because of the food accumulation, because of difficulties in hygiene, and because 
of epithelial adherence inhibition as a result. He reported using simple sutures of the dental 
papillae, placing the tooth germ in occlusion and instructed that no chewing in the first 3 
days should exist, just liquid diet. This would allow total success. (Marzola 1968) In the 70s 
of the 20th century, this technique was re-evaluated by Andreasen and his works on 
biological principles, the causes of failure and the periodontal healing after tooth 
transplantation. (Kim, Jung et al. 2005) This was a major reference for tooth transplantations. 
Immunological research has also been reported and documented. However, this field still 
needs more investigation. In the meantime, several works are presented regularly, showing 
the success rates of this technique, its precise indications and follow-up periods. 

3. Concepts 
Teeth autotransplantion can be defined as the placement of a tooth or tooth germ, with or 
without vitality, in a natural alveolus corresponding to another tooth, or in an artificially 
created alveolus for this end. (Escoda 1999; Donado 2007) 
A natural alveolus is already physiologically formed, and previously occupied by another 
tooth. On the other hand, an artificial one is created by the surgeon, that is, in a place where 
a tooth was not present at the time of, or previously to the transplantation. (Escoda 1999; 
Donado 2007) 
The main purpose of this specific technique is to substitute a tooth, that has been lost or that 
has indication for extraction, because of a bad prognosis, by another tooth that presents 
more advantages for being in the receptor area, and/or that has no function in its primary 
location. (Czochrowska, Stenvik et al. 2000; Donado 2007) 
It can be considered, in a wider concept of tooth autotransplantation for some authors such 
as Tsukiboshi, 3 distinct situations: First, when a tooth is extracted from a location and 
reimplanted in a different one, which is named tooth transplantation; Second, when a tooth 
is repositioned in its own alveolus, as in verticalization of 3rd molars or surgical extrusion of 
a tooth; Third, and finally, when an extracted or avulsed tooth is treated and reimplanted in 
its own location sometimes as an alternative to periapical surgery. (Tsukiboshi 2001)  This is 
a more global concept including intra-alveolar transplantation and intentional 
reimplantation, because all are characterized by a similar healing process. (Aslan, Ucuncu et 
al. 2010) 
Autotransplantation of teeth are an alternative as any other and should be considered when 
planning a treatment. This technique can give some advantages, such as a possibility for a 
fixed bridge (where before it would only be possible to place a dental implant or removable 
prothodontics), the reposition of teeth without orthodontics, the use in helping to solve 
agenesis problems and the surgical extrusion of fractured teeth (to allow dentistry/fixed 
crowns). (Aslan, Ucuncu et al. 2010) 
This technique usually requires one surgery. Besides all this advantages, one of the biggest 
is the fact that the patient regains a proprioceptive feeling in the transplanted tooth, with 
normal periodontal healing, allowing a natural feel during chewing. (Aslan, Ucuncu et al. 
2010) But the main advantage is the use in children and adolescents, because of its 
continuous induction on the alveolar bone, and therefore allowing for the normal 
physiological alveolar growth. (Aslan, Ucuncu et al. 2010) 
It also presents some disadvantages, such as being less predictable when using teeth with 
complete root development, the possibility of pulpar necrosis, and the need for endodontic 
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treatment, very frequently. It also demands a strong collaboration and motivation from the 
patient. If this does not happen, the success rate falls abruptly. 

4. Prognostic factors 
The first and most important prognostic factor is case selections. Therefore, indications and 
counter-indications are of major relevance to achieve success. 
The main indication is the existence of a risk/benefit more favorable than for any other kind 
of treatment, when a tooth must be maintained for esthetics and functional demands. 
(Josefsson, Brattstrom et al. 1999; Kallu, Vinckier et al. 2005) The best patients for this 
treatment are motivated youngsters, with impossibility to be subjected to dental implants. 
(Aslan, Ucuncu et al. 2010) 
The 3rd molar when used to substitute a 1st or 2nd molar, the use of an extracted premolar for 
orthodontic reasons to substitute a central incisor or the placement of a retained canine in its 
correct position are the most frequent situations for teeth transplantations. (Paulsen, 
Andreasen et al. 1995; Escoda 1999; Donado 2007) It is also common to use this technique in 
trauma patients, with avulsed teeth that can be re-placed in their own location. (Aslan, 
Ucuncu et al. 2010)  
For all this, it is essential to obtain a complete and thorough clinical history, a detailed x-ray 
exam, to measure the donor tooth and the receptor location, and to determine the root form. 
The counterindications are the ones that all surgical intervention are subjected to, but the 
lack of bone in the reception area, and complicated extractions for donor teeth can also lead 
to non-successful cases. (Ahlberg, Bystedt et al. 1983; Escoda 1999) Compromised teeth with 
periodontal disease, in which epithelial adherence is lost in more than one 3rd of the root 
should be considered as inadequate as donor teeth for autotransplantation because of the 
lack of periodontal ligament. This characteristic favors anchylosis and root reabsorptions. 
(Tsukiboshi 2001)  
Literature shows that a tooth autotransplantation has better prognosis when performed in 
younger patients, with immature donor teeth. Follow-up studies of 3 to 14 years report that 
pulpar vitality is preserved in 90 to 96% of immature donor teeth cases. Although it has also 
been shown that teeth transplantation works at any age, and even with artificially created 
alveolus, the ideal situation, and with the best prognosis, seems to be when the transplanted 
tooth has 3/4s of root development, and an open apex. (Akiyama, Fukuda et al. 1998; 
Josefsson, Brattstrom et al. 1999; Czochrowska, Stenvik et al. 2002; Kallu, Vinckier et al. 2005; 
Donado 2007) 
The technique success has been presented throughout the years, approaching different 
factors. Fleming, back in 1956 suggested that, for a transplanted tooth to be considered 
successful, it should: 
• Have no inflammatory reaction in the alveolus,  
• the dental germ should be maintained in its new position,  
• the periodontium should be preserved,  
• There should be no root reabsorption,  
• the color of the transplanted tooth should suffer no changes, and  
• it should maintain its vitality. (Fleming 1956)  
The success rate seems to vary with the surgical technique, the experience and capability of 
the surgeon, and several pre and post operative factors, such as age of the patient, root 
development, the type of transplanted tooth, the extra-oral time, the placement of the donor 
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tooth and the receptor location. (Kallu, Vinckier et al. 2005; Aslan, Ucuncu et al. 2010) 
Besides all this, we should be careful with the amount of space needed, the occlusion and 
the size and shape of the donor tooth. (Aslan, Ucuncu et al. 2010) 
The surgical technique must be as non-traumatic as possible, with minimum handling of the 
donor tooth in order to preserve the periodontal ligament and maintain the Hertwig 
Epithelial Sheath, so that root development is not compromised, avoiding anchylosis, root 
reabsorptions and loss of epithelial adherence. (Thomas, Turner et al. 1998; Aslan, Ucuncu et 
al. 2010) 
The transplanted tooth can be placed in the receptor location and maintained only by simple 
sutures or by a crossed suture over the crown, or even by a non rigid splint. It seems clear 
that a prolonged rigid splitting of the transplanted tooth has adverse effects in pulpar and 
periodontal healing, and that there should be a relative immobilization period of 2 weeks to 
2 months, depending on the accommodation of the donor tooth in the receptor alveolus. 
(Aslan, Ucuncu et al. 2010) 
The ideal receptor alveolus must have sufficient height and width to shelter the donor tooth, 
and it can be improved increasing its measurements surgically, for example, with an non-
traumatic sinus lift, similar to the technique used in dental implants placement. (Tsukiboshi 
2001) In the specific case of 3rd molars transplanted to the contiguous 2nd molar alveolus, the 
prognosis is worse when the wisdom tooth is positioned more apically according to the 2nd 
molar, becoming harder to achieve epithelial adherence in the distal surface of the 
transplanted tooth. (Tsukiboshi 2001) The donor tooth must be placed, according to the 
literature, slightly under the occlusal plan, but not forced into the alveolus, with no pressure 
on the apexes, to allow root development. (Aslan, Ucuncu et al. 2010) 
The root development of the transplanted tooth can, therefore, continue with no 
impediment, but may also be disrupted leading to a unfavorable crown/root relation. 
(Aslan, Ucuncu et al. 2010) Andreasen showed that although they have higher success rates, 
more immature roots present less root growth after transplant, than immature but in a more 
advanced growth stage roots. (Andreasen, Paulsen et al. 1990; Andreasen, Paulsen et al. 
1990; Andreasen, Paulsen et al. 1990) This is the reason why the literature shows that the 
ideal stage for tooth transplant is when the root has 3/4s of its development, and an open 
apex of more than 1 mm. (Northway 2002; Tsukiboshi 2002) 
The periodontal healing is normally achieved after 2 months, in most cases, (Andreasen, 
Paulsen et al. 1990; Andreasen, Paulsen et al. 1990; Andreasen, Paulsen et al. 1990; 
Andreasen, Paulsen et al. 1990) and it is characterized by no root reabsorption and the x-ray 
presence of lamina dura. (Aslan, Ucuncu et al. 2010) In x-rays, the periodontium shows 
himself as a continuous space throughout the root surface. (Cohen, Shen et al. 1995; 
Akiyama, Fukuda et al. 1998) The root reabsorption by substitution, that is, anchylosis, 
happens in teeth with injured cement, which suggests the importance of this structure for 
the periodontal regeneration. (Akiyama, Fukuda et al. 1998) Anchylosis is normally 
diagnosed in the 1st year, in x-rays, or clinically by a metallic percussion sound, and after 1 
year, it is usually seen external root reabsorption, that may also appear, according to 
Andreasen, because of lack of oral hygiene. (Andreasen, Paulsen et al. 1990; Andreasen, 
Paulsen et al. 1990; Andreasen, Paulsen et al. 1990; Thomas, Turner et al. 1998)  
Revascularization normally occurs 4 days after the surgery, and advances in a 0.1mm/day 
rate. Immature teeth most often do not need endodontic treatment, and normally finish their 
root development and maintain vitality. One of the main factors for revascularization is the 
extra-oral time of the donor tooth and its handling during surgery. Teeth re-implants are 
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more likely to be successful if performed immediately after tooth lost or up to 30 minutes of 
extra-oral time. The extra-oral time of the donor tooth is also consensual to be of no more 
than 7-8 minutes, but there hasn’t been no relation between this factor and root 
reabsorptions or anchylosis. (Kim, Jung et al. 2005) 

5. Treatment sequence 
The sequence for an autotransplantation, in an ideal and complete version, implicates 
thorough clinical and radiographic exams, treatment plan, surgical procedure, endodontic 
treatment, if needed, rehabilitation treatment if needed and follow-up. (Tsukiboshi 2002) 
As in any surgical intervention, protocol must begin with clinical data collection, with the 
patient’s age, medical and dental history, and with a clinical examination and radiographic 
study of the donor tooth, its root development, and finally with the clinical and 
radiographic examination of the receptor location. This clinical exam allows the 
identification of the periodontal biotype, important to predict gingival retractions, for 
example, and more importantly, the measurement of the available space in the receptor area. 
On the other hand, the radiographic study, with a panoramic x-ray, periapical and occlusal 
x-rays, make it possible to determine the shape of the donor tooth and the receptor 
location, root development, the alveolar bone, the position and placement of the tooth, the 
degree of inclination and the relationship with nearby noble anatomic structures. 
(Tsukiboshi 2002) 
If we find 2 teeth that are suitable to be used as donors, the choice should be the made 
looking at the tooth’s crown, because 3rd mandibular molars are more similar to 1st and 2nd 
mandibular molars, and the same happens for 3rd maxillary molars, that are similar to the 
neighbor teeth. (Tsukiboshi 2001) 
The treatment plan is all about case study and selection, so that the best time for tooth 
transplantation is chosen. For example, if a tooth in the receptor area needs to be extracted, 
the transplantation must be done within 2-6 weeks after, to avoid extended bone 
reabsorption. (Tsukiboshi 2002) If possible, the tooth transplantations is best when 
performed immediately after extraction in the receptor area, and if there is predictable need 
for endodontic treatment, based on root development grade, it can be done before 
transplantation is complete, extra-orally, or it can be started within 2 weeks after surgical 
intervention. (Tsukiboshi 2002) Transplanted teeth restorations should take in account the 
preference to avoid tooth reduction, that is, there is no absolute indication for fixed 
prosthodontics after tooth transplantation. (Tsukiboshi 2002)  
The treatment plan also needs good radiographic study, and the image of the donor tooth 
must be measured mesio-distally at the crown and at the roots, and the root length must 
also be evaluated. (Tsukiboshi 2002) 

5.1 Surgical technique – Fase 1 
The surgical technique is perfectly accepted and present in the literature, with references to 
some important particularities, with some different points of view. 
The surgical material needed is: 
• Intra-oral mirror  
• probe 
• Dissection tweezers 
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tooth and the receptor location. (Kallu, Vinckier et al. 2005; Aslan, Ucuncu et al. 2010) 
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al. 2010) 
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Akiyama, Fukuda et al. 1998) The root reabsorption by substitution, that is, anchylosis, 
happens in teeth with injured cement, which suggests the importance of this structure for 
the periodontal regeneration. (Akiyama, Fukuda et al. 1998) Anchylosis is normally 
diagnosed in the 1st year, in x-rays, or clinically by a metallic percussion sound, and after 1 
year, it is usually seen external root reabsorption, that may also appear, according to 
Andreasen, because of lack of oral hygiene. (Andreasen, Paulsen et al. 1990; Andreasen, 
Paulsen et al. 1990; Andreasen, Paulsen et al. 1990; Thomas, Turner et al. 1998)  
Revascularization normally occurs 4 days after the surgery, and advances in a 0.1mm/day 
rate. Immature teeth most often do not need endodontic treatment, and normally finish their 
root development and maintain vitality. One of the main factors for revascularization is the 
extra-oral time of the donor tooth and its handling during surgery. Teeth re-implants are 
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more likely to be successful if performed immediately after tooth lost or up to 30 minutes of 
extra-oral time. The extra-oral time of the donor tooth is also consensual to be of no more 
than 7-8 minutes, but there hasn’t been no relation between this factor and root 
reabsorptions or anchylosis. (Kim, Jung et al. 2005) 

5. Treatment sequence 
The sequence for an autotransplantation, in an ideal and complete version, implicates 
thorough clinical and radiographic exams, treatment plan, surgical procedure, endodontic 
treatment, if needed, rehabilitation treatment if needed and follow-up. (Tsukiboshi 2002) 
As in any surgical intervention, protocol must begin with clinical data collection, with the 
patient’s age, medical and dental history, and with a clinical examination and radiographic 
study of the donor tooth, its root development, and finally with the clinical and 
radiographic examination of the receptor location. This clinical exam allows the 
identification of the periodontal biotype, important to predict gingival retractions, for 
example, and more importantly, the measurement of the available space in the receptor area. 
On the other hand, the radiographic study, with a panoramic x-ray, periapical and occlusal 
x-rays, make it possible to determine the shape of the donor tooth and the receptor 
location, root development, the alveolar bone, the position and placement of the tooth, the 
degree of inclination and the relationship with nearby noble anatomic structures. 
(Tsukiboshi 2002) 
If we find 2 teeth that are suitable to be used as donors, the choice should be the made 
looking at the tooth’s crown, because 3rd mandibular molars are more similar to 1st and 2nd 
mandibular molars, and the same happens for 3rd maxillary molars, that are similar to the 
neighbor teeth. (Tsukiboshi 2001) 
The treatment plan is all about case study and selection, so that the best time for tooth 
transplantation is chosen. For example, if a tooth in the receptor area needs to be extracted, 
the transplantation must be done within 2-6 weeks after, to avoid extended bone 
reabsorption. (Tsukiboshi 2002) If possible, the tooth transplantations is best when 
performed immediately after extraction in the receptor area, and if there is predictable need 
for endodontic treatment, based on root development grade, it can be done before 
transplantation is complete, extra-orally, or it can be started within 2 weeks after surgical 
intervention. (Tsukiboshi 2002) Transplanted teeth restorations should take in account the 
preference to avoid tooth reduction, that is, there is no absolute indication for fixed 
prosthodontics after tooth transplantation. (Tsukiboshi 2002)  
The treatment plan also needs good radiographic study, and the image of the donor tooth 
must be measured mesio-distally at the crown and at the roots, and the root length must 
also be evaluated. (Tsukiboshi 2002) 

5.1 Surgical technique – Fase 1 
The surgical technique is perfectly accepted and present in the literature, with references to 
some important particularities, with some different points of view. 
The surgical material needed is: 
• Intra-oral mirror  
• probe 
• Dissection tweezers 
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• Carpule 
• Disposable needles 
• Local anesthetics 
• N.er 12 and n.er 15 blade 
• Retractors 
• Levers 
• Forceps 
• Curette 
• Bone file 
• Hand piece 
• Surgical drills 
• Supramide suture 3/0 and 4/0 
•  Needle holders 
• Scissors 
To lower the risk of infection of the operative field, the patient should first perform mouth 
rinse with clorohexidine before surgery. Secondly, the peri-oral structures should be 
cleansed with clorohexidine and some authors suggest starting taking systemic antibiotics 
orally a few hours before surgery. (Tsukiboshi 2002) 

5.2 Surgical technique – Fase 2 
The anesthetics technique is conventional, with loco-regional blockage complemented with 
suprabone infiltrative anesthetic bucally and lingually, using if possible, anesthetic with 
adrenaline to potentiate the effect in the donor tooth area. In the receptor region, it usually is 
enough to anesthetize with suprabone infiltrative anesthetic bucally and lingually. 
The incision on the donor tooth can include vertical release if needed because of the 
difficulty degree for extracting it. If not needed, an intrasulcular incision should be enough. 
Mucoperiosteum retraction starts in the interdental papillae, following to the gingiva, 
releasing the soft tissues and preserving the periosteum membrane integrity, for better 
posterior regeneration. 
The donor tooth luxation should be controlled, allowing the tooth to stay in the alveolus, but 
also making it possible for an easy and fast extraction. Sometimes, osteotomy with bone 
drills is necessary to expose the donor tooth and to allow a support surface for the elevator. 
Just then, the elevator can leave the tooth in the alveolus but with mobility and small 
retention forces. Some authors suggest an intra-crevicular incision before luxation, to 
preserve as much as possible, the periodontium of the root. (Tsukiboshi 2002) 
Some also defend the donor tooth extraction before the receptor location is prepared, to 
confirm anatomy, size and periodontal ligament condition. They then suggest replacement 
of the donor tooth in the original alveolus, while the receptor site is being prepared. 
(Tsukiboshi 2002) If a delay is predicted on the preparation of the receptor site, the tooth 
should be placed according to a few authors, in a saline Hank solution, to maintain 
periodontal ligament cells viability, and never be placed in water, because of it hypotonic 
characteristic that would implicate having no viability that is needed for the periodontal 
ligament regeneration. (Tsukiboshi 2002) 
The receptor site preparation, with the extraction of the tooth, if present, should also include 
removal of the inter-root septum, and all the inflammatory tissue that may be present. If 
possible, it is better to extract without using curettes at the end, because it allows 
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periodontal ligament cells to be maintained. If there is no tooth present, a surgical bone drill 
should be used to create or adapt an artificial alveolus for the donor tooth, with slightly 
more than enough space vertically, mesio-distally, and bucal-lingually. A saline solution 
embed compress should be placed in the alveolus. (Tsukiboshi 2002) 

5.3 Surgical technique – Fase 3 
The previously luxated donor tooth is now extracted, removing the pericoronal sac. The 
transplant is then performed, verifying the adaptation to the receptor site, without forcing 
its entry so that there is no apical pressure in any way. Obstacles in the alveolus are 
removed if found. The perfect adaptation needs a similar biologic space to the one in a 
normally erupted tooth. 
The donor tooth needs at this time, to be maintained on the chosen position. Literature 
seems to show that the semi-rigid technique for keeping the tooth in position is the best. A 
rigid fixation of the tooth can originate dental tissue reabsorption and anquilosys, and some 
mobility stimulates periodontal ligament cells to regenerate. So, a crossed suture over the 
crown of the tooth slightly in infra-occlusion, allows good adaptation of the wound and 
protects the clot, and, on the other hand, avoids entrance of bacteria. (Tsukiboshi 2002) Some 
authors recommend simple papillae suture before the placement of the donor tooth, so that 
a better adaptation of the tooth in the alveolus and marginal gingiva is achievable, especially 
in those cases where a 3rd molar is placed in the contiguous 2nd molar place and there is no 
distal bone structure for perfect adaptation. (Tsukiboshi 2002) Literature also reveals an 
important detail: 2 loose ends in the mesial and distal sutures should be left free, so that 
those ends are tied over the crown of the transplanted tooth. (Tsukiboshi 2002) In some 
cases, a thin orthodontic wire can be used to splint the tooth, with no rigidity, but allowing 
to release pressure from the root apex. Occlusion must be “spot on”.  
At this time, an x-ray should be taken to evaluate the position of the donor tooth and to have 
a perspective to compare with future controls.  
Some authors use surgical cement for 2-3 days after surgery. 
At the end of the surgery, a revision and suture of the donor tooth original area has to be 
performed, to be possible to eliminate bone fragments and regularize bone edges. Suture has 
to allow repositioning of soft tissues. 

5.4 Surgical technique – Fase 4 
After the surgery, the patient must be advised to do soft and cold feeding for 1 week. He 
must apply ice locally to reduce swelling and pain, and avoid intense physical exercise for 2-
3 days. 
A systemic antibiotic via orally for 1 week, an AINE’s and an analgesic must be considered. 
Clorohexidine must also be advised in gel and mouthrinse. 
The transplanted tooth should be controlled clinically and radiographically after 2 days, 1 
week, 1 month, 3 months, 6 months and annually, and suture removal should be on the 10th 
day after surgery. These controls allow a close monitoring of the tooth’s position, the oral 
hygiene of the patient and the occlusion. 
If needed, endodontic treatment is to be started after 2 weeks of the surgery. If the tooth is 
immature, with open root apexes, it is normally not necessary because of the high possibility 
of revascularization of the pulp. In those cases, it should be controlled by cold and hot tests, 
to identify pulpar necrosis. (Tsukiboshi 2001) 
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suprabone infiltrative anesthetic bucally and lingually, using if possible, anesthetic with 
adrenaline to potentiate the effect in the donor tooth area. In the receptor region, it usually is 
enough to anesthetize with suprabone infiltrative anesthetic bucally and lingually. 
The incision on the donor tooth can include vertical release if needed because of the 
difficulty degree for extracting it. If not needed, an intrasulcular incision should be enough. 
Mucoperiosteum retraction starts in the interdental papillae, following to the gingiva, 
releasing the soft tissues and preserving the periosteum membrane integrity, for better 
posterior regeneration. 
The donor tooth luxation should be controlled, allowing the tooth to stay in the alveolus, but 
also making it possible for an easy and fast extraction. Sometimes, osteotomy with bone 
drills is necessary to expose the donor tooth and to allow a support surface for the elevator. 
Just then, the elevator can leave the tooth in the alveolus but with mobility and small 
retention forces. Some authors suggest an intra-crevicular incision before luxation, to 
preserve as much as possible, the periodontium of the root. (Tsukiboshi 2002) 
Some also defend the donor tooth extraction before the receptor location is prepared, to 
confirm anatomy, size and periodontal ligament condition. They then suggest replacement 
of the donor tooth in the original alveolus, while the receptor site is being prepared. 
(Tsukiboshi 2002) If a delay is predicted on the preparation of the receptor site, the tooth 
should be placed according to a few authors, in a saline Hank solution, to maintain 
periodontal ligament cells viability, and never be placed in water, because of it hypotonic 
characteristic that would implicate having no viability that is needed for the periodontal 
ligament regeneration. (Tsukiboshi 2002) 
The receptor site preparation, with the extraction of the tooth, if present, should also include 
removal of the inter-root septum, and all the inflammatory tissue that may be present. If 
possible, it is better to extract without using curettes at the end, because it allows 
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periodontal ligament cells to be maintained. If there is no tooth present, a surgical bone drill 
should be used to create or adapt an artificial alveolus for the donor tooth, with slightly 
more than enough space vertically, mesio-distally, and bucal-lingually. A saline solution 
embed compress should be placed in the alveolus. (Tsukiboshi 2002) 

5.3 Surgical technique – Fase 3 
The previously luxated donor tooth is now extracted, removing the pericoronal sac. The 
transplant is then performed, verifying the adaptation to the receptor site, without forcing 
its entry so that there is no apical pressure in any way. Obstacles in the alveolus are 
removed if found. The perfect adaptation needs a similar biologic space to the one in a 
normally erupted tooth. 
The donor tooth needs at this time, to be maintained on the chosen position. Literature 
seems to show that the semi-rigid technique for keeping the tooth in position is the best. A 
rigid fixation of the tooth can originate dental tissue reabsorption and anquilosys, and some 
mobility stimulates periodontal ligament cells to regenerate. So, a crossed suture over the 
crown of the tooth slightly in infra-occlusion, allows good adaptation of the wound and 
protects the clot, and, on the other hand, avoids entrance of bacteria. (Tsukiboshi 2002) Some 
authors recommend simple papillae suture before the placement of the donor tooth, so that 
a better adaptation of the tooth in the alveolus and marginal gingiva is achievable, especially 
in those cases where a 3rd molar is placed in the contiguous 2nd molar place and there is no 
distal bone structure for perfect adaptation. (Tsukiboshi 2002) Literature also reveals an 
important detail: 2 loose ends in the mesial and distal sutures should be left free, so that 
those ends are tied over the crown of the transplanted tooth. (Tsukiboshi 2002) In some 
cases, a thin orthodontic wire can be used to splint the tooth, with no rigidity, but allowing 
to release pressure from the root apex. Occlusion must be “spot on”.  
At this time, an x-ray should be taken to evaluate the position of the donor tooth and to have 
a perspective to compare with future controls.  
Some authors use surgical cement for 2-3 days after surgery. 
At the end of the surgery, a revision and suture of the donor tooth original area has to be 
performed, to be possible to eliminate bone fragments and regularize bone edges. Suture has 
to allow repositioning of soft tissues. 

5.4 Surgical technique – Fase 4 
After the surgery, the patient must be advised to do soft and cold feeding for 1 week. He 
must apply ice locally to reduce swelling and pain, and avoid intense physical exercise for 2-
3 days. 
A systemic antibiotic via orally for 1 week, an AINE’s and an analgesic must be considered. 
Clorohexidine must also be advised in gel and mouthrinse. 
The transplanted tooth should be controlled clinically and radiographically after 2 days, 1 
week, 1 month, 3 months, 6 months and annually, and suture removal should be on the 10th 
day after surgery. These controls allow a close monitoring of the tooth’s position, the oral 
hygiene of the patient and the occlusion. 
If needed, endodontic treatment is to be started after 2 weeks of the surgery. If the tooth is 
immature, with open root apexes, it is normally not necessary because of the high possibility 
of revascularization of the pulp. In those cases, it should be controlled by cold and hot tests, 
to identify pulpar necrosis. (Tsukiboshi 2001) 
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If the case is a re-implant, the process is similar: 
• Localization of the tooth, if it is retained 
• Osteotomy if needed 
• Luxation of the tooth and placement on the correct position 
• Endodontic treatment if there is pulpar necrosis 7-14 days after surgery 
• Non rigid fixation with suture and/or orthodontic wire 
• X-ray control 

6. Tooth autotransplantation vs. dental implants 
Dental implants have been gaining use in Oral rehabilitation, with very high survival rates, 
and teeth autotransplantations have been set aside because of its higher technical demands, 
and its slightly lower success rates that leave some doubts towards its prognostic. 
(Tsukiboshi 2001) Implants and bone regeneration techniques have shown a high 
predictability, and that is why autotransplantations have lost their value has a rehabilitation 
alternative. (Magheri, Grandini et al. 2001)  
Evolution still continues in implant and bone regeneration industry, but, at this time and 
besides all their high success rates, both have advantages and disadvantages that cannot be 
forgotten or set aside. (Tsukiboshi 2001) 
The decision on the rehabilitation option should come from the informed patient, together 
with the clinician, considering the factors such as the patient’s age, the possible donor tooth 
and the receptor location condition, and , of course, considering the possibility of long term 
function and esthetics. (Tsukiboshi 2001) 
The young age of a patient is the main reason to consider not using dental implants. (Aslan, 
Ucuncu et al. 2010) Due to facial residual growth in young patients, infra-oclusion of the 
dental implant may occur, because it is normal anchylosed to the alveolar bone, named 
osteointegration. 
However, dental implants can also be an alternative to autotransplantation disadvantages, 
such as the higher and more complex surgical needs on the latter, the higher prognostic 
difficulties, possible root reabsorptions complications or lost of epithelial adherence that 
may lead to autotransplanted tooth loss, and the possibility to have to perform endodontic 
treatment few days after the intervention. (Tsukiboshi 2001) 
So, implants are more likely to be a first choice in oral rehabilitation than 
autotransplantations, in those cases where patients have extended edentulous areas, if they 
do not present a donor tooth or if its extraction seems to be complicated, if there is limit of 
space, if there is tooth avulsion history and the tooth cannot be re-implanted by any reason, 
or if the patient is not motivated to have a tooth autotransplant, among other options. 
(Tsukiboshi 2001) 
On the other hand, teeth autotransplantation should become the first option if all the 
requirements previously discussed are fulfill, having in mind that the more prognostic 
factors are respected, the higher the success rate can be achieved. (Tsukiboshi 2001) Implants 
also have limitations when compared to autotransplantation. The placement of an implant 
does not induce alveolar bone formation, the gingival papillae has to be created or 
manipulated if possible, passive eruption is not achievable, dental implant cannot be moved 
orthodontically, it is confined to adults or young adults with finished bone growth, and it is 
more expensive to the patient. (Tsukiboshi 2001)  
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So, both dental implants and tooth transplantation have their specific indications, and must 
be considered has treatment options, not overcoming one another but complementing each 
other on the clinician rehabilitation treatment plan. 

7. Conclusion 
Tooth autotransplantation has a very long history, with numerous non-successful cases, but 
also many good results are described. As all surgical techniques, it is hard to predict, and 
needs thorough case studying. But, in a general point of view, literature shows that it should 
be in the oral surgeon’s long rehabilitation list of solutions to present to patients in need. 
Sometimes, the technique is forgotten, but should be reawaked and even investigated again, 
using more modern investigation techniques to improve the work that we do on our 
patients. 
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So, both dental implants and tooth transplantation have their specific indications, and must 
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7. Conclusion 
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be in the oral surgeon’s long rehabilitation list of solutions to present to patients in need. 
Sometimes, the technique is forgotten, but should be reawaked and even investigated again, 
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1. Introduction 
In primary tooth root canal infections, the largest number of microorganisms can be found 
in main root canal. However, a considerable portion of infection is located deeper, in the 
lateral canals, apical ramifications and dentinal tubules (Hülsmann et al., 1997; Matuse et al., 
2003; Živković et al., 2005). It is precisely those anatomic variabilities and physiological 
specificities of endodontic and periodontal tissues that make impeding factors in endodontic 
infection resolving (Gašić et al., 2003; Mitić et al., 2009; Chacker 1974; De Deus, 1975). All 
chemomechanical techniques of canal preparation leave considerable amounts of debris and 
smear layer (Živković et al., 2005; Mitić, 2008). 
Smear layer is a layer of debris remaining on  dentin during instrumentation, and consists 
of dentin particles, remnants of vital or necrotic pulp tissues, bacteria and their 
components (Nešković & Živković, 2009; Abdullah et al., 2005; Calt & Serper, 2002; Fouad 
et al., 2002; Jacinto, 2003; Love, 2001; Portenier et al., 2001, 2003; Spratt et al., 2001; 
Shabahang et al., 2003.) 
In clinical practice, instrumentation and irrigation of canal within endodontic treatment is 
time-consuming and the most demanding treatment phase (Mitić et al., 2011; Živković et al., 
2005; Morazin et al., 1994; Baumgartner & Mader, 1987). 
Smear layer is an ideal medium for growth and proliferation of microorganisms, and 
therefore should be removed before the final root canal obturation to reduce the 
microorganisms present in the root canal, to improve the adhesion of  root canal sealers to 
the root canal walls  and  to reduce the apical and coronal microleakage (Hülsmann et al., 
1997; Takeda et al., 1999; Mitić, 2010.). 
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1. Introduction 
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In clinical practice, instrumentation and irrigation of canal within endodontic treatment is 
time-consuming and the most demanding treatment phase (Mitić et al., 2011; Živković et al., 
2005; Morazin et al., 1994; Baumgartner & Mader, 1987). 
Smear layer is an ideal medium for growth and proliferation of microorganisms, and 
therefore should be removed before the final root canal obturation to reduce the 
microorganisms present in the root canal, to improve the adhesion of  root canal sealers to 
the root canal walls  and  to reduce the apical and coronal microleakage (Hülsmann et al., 
1997; Takeda et al., 1999; Mitić, 2010.). 



 
Oral Health Care – Pediatric, Research, Epidemiology and Clinical Practices 

 

286 

Medication aspect of chemomechanical root canal treatment involves the irrigation of root 
canal and removal of smear layer by the application of various preparations. The efficacy of 
irrigants is determined by numerous factors: concentration, pH value, root canal length, 
“age” of dentin tissue and time of application. One should bear in mind the fact that dentin 
tissue reduces the antimicrobial effect of various irrigants. Dentin hydroxyapatite possesses 
a buffering capacity, as it can donate protons, cause a pH change, and reduce the effects of 
various chemical agents when making contact with the dentinal wall (Haapasalo et al., 2000). 
The most frequently used irrigants with organolithic effects are sodium hypochlorite, 
hydrogen peroxide, chloramines, chlorhexidine. The final irrigants with mineralolithic 
effect are 17% NaEDTA, 10% citric acid, and the solution of recent date - MTAD (Biopure, 
Tulsa Dentsply, Tulsa OK, USA) – a combination of tetracyclines  containing weak organic 
acids and anion-active substances (Torabinejad et al., 2002, 2003; Kando et al., 1991; Di 
Lenardda, 2000; Mitić et al., 2009; Yamaguchi et al., 1996; Haapasalo et al., 2005; Mitić, 
2010).  
The purpose of the present research was to analyze the surface of intracanal dentin after 
instrumentation and irrigation by organolithic agents (2.5% sodium hypochlorite, 3% 
hydrogen peroxide, 2% chlorhexidine) and final irrigation by mineralolithic effect solutions 
(17% NaEDTA, 10% citric acid and MTAD solution).  

2. Methods 
2.1. Materials 
In the research, 145 freshly extracted single-rooted and double-rooted maxillary and 
mandibular human teeth were used. The teeth were extracted for orthodontic reasons in 
children of both sexes, aged 9-12 years. 
The preparation of biomaterial involved storing of teeth in the sterile isotonic saline solution 
at 4C, without the use of fixatives. All samples were prepared by one operator. The 
preparation of root canal was carried out by hand K-files, sized # 15-40 (Display, Maillefer, 
Ballaigues, Switzerland) and rotary instrumentation. Root canals were instrumented using a 
standard step-back technique, while the apex third was enlarged up to # 30. For canal 
irrigation, we used special irrigation needles with lateral perforations. They ensured an 
immediate contact between solution and intracanal dentin even in the apical region, 
improving thus the debridement of the entire root canal wall. 
Teeth were divided into two groups. A control group (n=40) was divided into four sub-
groups (a, b, c, d) for the purpose of quantitative assessment of smear layer on the samples 
after manual and rotary root canal instrumentation without irrigation (a, b) and after rinsing 
with sterile saline solution solution (c, d) (positive control). 
The second, experimental group (n=105) was divided into seven subgroups (A,B,C,D,E,F,G), 
in which process the samples from the subgroups A,B,C were rinsed only with solutions 
with organolithic effect, while the samples from the subgroups D,E,F and G, besides 
irrigation with organolithic solutions (2.5% sodium hypochlorite, 3% hydrogen peroxide, 2% 
chlorhexidine – 2ml), were finally rinsed by mineralolithic effect solutions (17% NaEDTA, 
10% citric acid and MTAD - 2ml). The samples rinsed with 5.25% NaOCl and 17% NaEDTA 
served as (negative control).  
After chemomechanical root canal preparation, teeth crowns were removed with a diamond 
disk at the cement - enamel junction. All the samples were irrigated with distilled water to 
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remove the superficial debris accumulated during cutting. Canals were dried with 
compressed air. Using the separation pliers, tooth roots were longitudinally grooved, into 
the mesial and distal halves. Each half of a sample was further fixed to a bed, coated with 
gold and viewed under the a scanning electron microscope JEOL-JSM-5300. The apex, 
middle and coronal thirds of all samples were analyzed; photomicrographs were taken at 
different magnifications.  
According to the crictria specified by Hülsmann (1997), the smear layer of the root canal 
dentin was scored as: 
• Score 1 - No smear layer, dentinal tubules open;  
• Score 2 - Small amount of smear layer, several dentinal tubules open; 
• Score 3 - Homogenous smear layer covering the root canal wall, only few dentinal 

tubules open; 
• Score 4 - Dentinal wall completely covered by smear layer, no dentinal tubules open;  
• Score 5 - Heavy, non-homogenous smear layer completely covering the root canal wall. 
Statistical analysis included the comparison of the mean scores for the seven groups of 
analyzed samples; Kruskal Wallis nonparametric test was also used. Post hoc analysis was 
performed by Mann Whitney U test to determine single, intergroup differences among the 
mean scores.  
For statistical analysis, Software SPSS 15.0 was used. Statistical significance was taken at 
p<0.05. 
Diagnosis was established based on the anamnesis, objective examination and additional 
diagnostic methods (examination of vitality by electrotest and radiography). The patients 
were aged 29-56 years. All the examined teeth were diagnosed with primary apical 
periodontitis, with destructed tooth crowns but without fillings and prosthetic 
restorations.  All interventions were  performed maintaining a dry working field using a 
rubber dam.  
Disinfection of crowns and cavities was done by 3% natrium hypochlorite. 
 

 
Fig. 1. Tooth roots notched with diamand discs 
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Table 1. Experimental protocol for control group samples 
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Table 2. Experimental protocol for group II (experimental) samples 
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Fig. 2. Sample prepared for evaporation 

 

 
Fig. 3. Placing samples on appropriate supporter 

3. Result 
The results obtained in this study are presented in tables 1-7 and figures 1-15. In the first 
group of control samples subgroups (A, B, C, D), it was observed that root canal walls were 
covered with substantial amounts of dentin debris, where smear layer completely closed the 
openings of dentinal tubules. Such presentation of dentin surface is described in literature as 
“bark tree”. Eight samples were scored 5, while two samples were scored  4. 
In the experimental group, the poorest results were obtained after the irrigation of walls 
with organolithic effect solutions. The most favorable outcome of the procedure was 
observed in the group where canal irrigation during instrumentation was done with 
organolithic effect solutions, and final irrigation with mineralolithic effect irrigating 
agents, in which process the most optimal combination of irrigation solutions was 3% 
H2O2 + 2% CHX + MTAD (1.10±0.31), which is a good choice of irrigants in endodontic 
clinical practice.  
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Statistical analysis showed that the experimental group treated with MTAD as the final 
irrigation had significantly cleaner walls compared to control group samples (p<0.001).  
The analysis of results showed that there was statistically significant difference in the mean 
scores among the examined groups of samples (χ2=50.674; p<0.001). The lowest score, and 
therewith the most favorable outcome, was found in the group F (Tab. 2).  
Mann Whitney U test determined statistically significant differences in scores among the 
groups, and the best results were obtained in the teeth in which MTAD was used as the final 
irrigation (p<0.001). 
 

Group/subgroup N Chemomechanical treatment 5 4 3 2 1 

I/A 10 Manual treatment  without  irrigation 8 2 0 0 0 

I/B 10 Engine driven treatment  without irrigation 9 1 0 0 0 

I/C 10 Manual treatment + Saline solution 3 7 0 0 0 

I/D 10 Engine driven treatment + Saline solution 4 4 2 0 0 

Table 3. Values of quantitative estimation of smear layer and dentin debris for group I 
(control group) samples – subgroups A, B ,C and D      

 

 N X  SD 95%C.I. Min Max Sig. 

I/A 10 4.80 0.42 4.50-5.10 4 5 A 

I/B 10 4.90 0.32 4.67-5.13 4 5 B, C 

I/C 10 4.30 0.48 3.95-4.65 4 5 B 

I/D 10 4.20 0.79 3.64-4.76 3 5 A, C 
A (I/A vs I/D); B (I/B vs I/C); C (I/B vs I/D); 

Table 4. Comparison of values of quantitative estimation of smear layer and dentin debris in 
group I (control samples - subgroups A,B,C and D: ANOVA test 

By comparing the quantitative estimation values obtained for smear layer and dentin debris 
in the group I (control) samples – subgroups A, B, C and D using the ANOVA test, a 
statistically significant difference was found in the mean values among the groups I/A and 
I/D, I/B and I/C, I/B and I/D. 

3.1. Ultrastructural presentation of intracanal dentin 
3.1.1 Ultrastructural presentation of intracanal dentin surface after manual treatment 
without irrigation 
After tooth root canal treatment using the hand driven instruments, canal walls were 
covered with large particles of dentin debris and smear layer of irregular surface found at all 
levels of intracanal dentin. The size of dentin debris particles was 2-6 μm. Dentinal tubule 
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Fig. 2. Sample prepared for evaporation 

 

 
Fig. 3. Placing samples on appropriate supporter 

3. Result 
The results obtained in this study are presented in tables 1-7 and figures 1-15. In the first 
group of control samples subgroups (A, B, C, D), it was observed that root canal walls were 
covered with substantial amounts of dentin debris, where smear layer completely closed the 
openings of dentinal tubules. Such presentation of dentin surface is described in literature as 
“bark tree”. Eight samples were scored 5, while two samples were scored  4. 
In the experimental group, the poorest results were obtained after the irrigation of walls 
with organolithic effect solutions. The most favorable outcome of the procedure was 
observed in the group where canal irrigation during instrumentation was done with 
organolithic effect solutions, and final irrigation with mineralolithic effect irrigating 
agents, in which process the most optimal combination of irrigation solutions was 3% 
H2O2 + 2% CHX + MTAD (1.10±0.31), which is a good choice of irrigants in endodontic 
clinical practice.  
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Statistical analysis showed that the experimental group treated with MTAD as the final 
irrigation had significantly cleaner walls compared to control group samples (p<0.001).  
The analysis of results showed that there was statistically significant difference in the mean 
scores among the examined groups of samples (χ2=50.674; p<0.001). The lowest score, and 
therewith the most favorable outcome, was found in the group F (Tab. 2).  
Mann Whitney U test determined statistically significant differences in scores among the 
groups, and the best results were obtained in the teeth in which MTAD was used as the final 
irrigation (p<0.001). 
 

Group/subgroup N Chemomechanical treatment 5 4 3 2 1 

I/A 10 Manual treatment  without  irrigation 8 2 0 0 0 

I/B 10 Engine driven treatment  without irrigation 9 1 0 0 0 

I/C 10 Manual treatment + Saline solution 3 7 0 0 0 

I/D 10 Engine driven treatment + Saline solution 4 4 2 0 0 

Table 3. Values of quantitative estimation of smear layer and dentin debris for group I 
(control group) samples – subgroups A, B ,C and D      

 

 N X  SD 95%C.I. Min Max Sig. 

I/A 10 4.80 0.42 4.50-5.10 4 5 A 

I/B 10 4.90 0.32 4.67-5.13 4 5 B, C 

I/C 10 4.30 0.48 3.95-4.65 4 5 B 

I/D 10 4.20 0.79 3.64-4.76 3 5 A, C 
A (I/A vs I/D); B (I/B vs I/C); C (I/B vs I/D); 

Table 4. Comparison of values of quantitative estimation of smear layer and dentin debris in 
group I (control samples - subgroups A,B,C and D: ANOVA test 

By comparing the quantitative estimation values obtained for smear layer and dentin debris 
in the group I (control) samples – subgroups A, B, C and D using the ANOVA test, a 
statistically significant difference was found in the mean values among the groups I/A and 
I/D, I/B and I/C, I/B and I/D. 

3.1. Ultrastructural presentation of intracanal dentin 
3.1.1 Ultrastructural presentation of intracanal dentin surface after manual treatment 
without irrigation 
After tooth root canal treatment using the hand driven instruments, canal walls were 
covered with large particles of dentin debris and smear layer of irregular surface found at all 
levels of intracanal dentin. The size of dentin debris particles was 2-6 μm. Dentinal tubule 
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openings were not visible; dentin debris with a „tree bark“ configuration was observed at 
the level of the apical third.   
 

 
Fig. 4. SEM micrographs of coronal (K), middle (S) and apical (A) thirds of canal walls after 
manual treatment using K files without irrigation. Massive accumulation of dentin debris 
with large particles, with the underlying smear layer.  Dentinal tubules invisible 

3.1.2 Ultrastructural presentation of intracanal dentin surfaces after engine driven 
treatment without irrigation  
Intracanal engine driven treatment of tooth root canal using NiTi instruments, without 
irrigation, leaves massive accumulation of dentin debris, with the underlying smear layer of 
thicker, more compact structure having large dentin particles distributed throughout the 
root canal. Dentinal tubules are completely closed. In the apical regions, there is a large 
amount of dentinal debris in the form of „plug“. 
 

 
Fig. 5. SEM micrographs of coronal (K), middle (S) and apical thirds(A) of the canal walls 
after engine driven treatment using NiTi files without irrigation. Massive accumulation of 
dentinal debris 

3.1.3 Ultrastructural presentation of intracanal dentinal surfaces following manual 
treatment using saline solution  
After manual root canal treatment with K files and irrigation with saline solution during 
instrumentation, a smaller amount of superficial debris can be noted as well as the presence 
of inhomogeneous smear layer in all root regions. Only a few dentinal canal openings can be 
seen, completelly or partially covered with smear layer and debris (coronal and middle root 
regions), while the apical region contains larger amounts of surface debris and smear layer. 
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Fig. 6. SEM micrographs of coronal (K), middle (S) and apical (A) regions of canal walls after 
manual treatment (using K files) and irrigation with saline solution. A smaller quantity of 
superficial debris and inhomogeneous smear layer distributed in all root regions 

3.1.4 Ultrastructural presentation of intracanal dentin surfaces after engine driven 
treatment and irrigation with saline solution 
After intracanal engine driven treatment using NiTi instruments and irrigation during 
instrumentation with saline solution, smaller particles of dentinal debris and abundant 
smear layer can be seen. 
 

 
Fig. 7. SEM micrographs of coronal (K), middle (S) and apical (A) thirds of canal walls 
following engine driven treatment and irrigation with saline solution. Small particles (K)  of 
dentinal debris, as well as larger ones (S, A), and abundant smear layer can be observed. 
Dentinal tubule openings of irregular diameters and infundibular shape 

3.1.5 Ultrastructural presentation of intracanal dentin surfaces after the irrigation with 
3% H2O2 and final irrigation with 2,5% NaOCl 
After manual treatment and irrigation during instrumentation using 3% H2O2 and final 
irrigation with 2,5% NaOCl, it can be noted that larger amount of debris in the coronal  
 

 
Fig. 8. SEM micrograps of coronal (K), middle (S) and apical (A) thirds of canal walls 
following the treatment and irrigation with  3% H2O2 and final irrigation with 2,5% NaOCl 
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Fig. 8. SEM micrograps of coronal (K), middle (S) and apical (A) thirds of canal walls 
following the treatment and irrigation with  3% H2O2 and final irrigation with 2,5% NaOCl 
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region was removed; however, the smear layer is present. The open dentinal tubules show 
irregular shape and diameter. In the middle and apical thirds of the coronal region 
considerable amounts of surface debris attached to smear layer can be observed, which 
largely blocks the openings of dentinal tubules. There is a lack of mineralolithic effect, which 
results in impure intracanal dentin surface. 

3.1.6 Chlorhexidine (CHX) as intracanal irrigants 
Chlorhexidine is gluconate salt, and as an intracanal irrigants it is used in the form of 
bisbiguanide. This biocide has prolonged antibacterial efficacy at pH - 5.5-7.0. Ultrastruc-
tural presentation of intracanal dentinal surfaces after the irrigation with 3% H2O2 and final 
irrigation with 2% CHX. 
After the manual root canal treatment and irrigation during instrumentation using 3% 
H2O2 and final irrigation with 2% CHX, the largest part of debris was removed. 
However, small particles of the smear layer, sized 1-2 µm, can be noted in all the 
samples, which results in not so smooth surface of the intertubular dentin. Dentinal 
tubule openings are not clearly limited, and inside the tubules some small particles of 
precipitate can be seen, produced during the reaction between hydrogen peroxide and 
chlorhexidine. 
Having observed the dentinal wall from the coronal to the apical third, it was found that the 
amount of the smear layer was increased from the middle towards the apical third. In the 
middle third, the openings of dentinal tubules are of uneven diameter and irregular shape. 
The largest quantity of the smear layer in the form of „plug “ is in the apical thid, wherein 
the created precipitate is incorporated into the dentinal tubules. In the apical third, the 
openings of dentinal tubules cannot be seen.  
 

 
Fig. 9. SEM micrographs of the coronal (K), middle (S) and apical (A) thirds of the canal wall 
after the treatment and irrigation with  3% H2O2 and final irrigation with 2% CHX solution. 
Only small particles of dentinal debris can be partly seen as well as the smear layer on 
intertubular dentin; precipitates present inside the dentinal tubules 

3.1.7 Ultrastructural presentation of intracanal dentin surfaces after treatment, 
irrigation with 2,5% NaOCl and final irrigation using 17%Na EDTA  
Intracanal dentin surfaces in all regions, after the treatment and irrigation with 2,5% NaOCl 
and final irrigation with 17% NaEDTA solution, show preserved and clean structural dentin 
surface, open dentinal tubules of regular and even lumen.  
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Fig. 10. SEM micrographs of canal walls after treatment and irrigation with 2,5% NaOCl and 
final irrigation using17% NaEDTA solution. Dentinal debris and smear layer  comletely 
removed. Dentinal tubules clearly open, of regular shape; preserved, smooth dentinal 
structure 

3.1.8 Ultrastructural presentation of intracanal dentin surfaces after treatment and 
irrigation with 2,5% NaOCl + 10% citric acid 
Citric acid (10%) is efficient in removing the smear layer from the root canal walls and 
complete cleansing of  the canal system, and, therefore, can be used as a final irrigant during 
endodontic treatment. In order to avoid agressive etching and potential erosion of dentin, 
the time of citric acid action must be limited from 20 seconds to 1 minute. The basic problem 
when applying the citric acid in the intracanal irrigation is the acidity of solution and a 
possibility of accidental contact with the mouth cavity soft issues. Combined application 
with NaOCl can bring about sudden neutralization, pH changes and releasing the chloride  
 

 
Fig. 11. SEM micrographs of intracanal dentine after irrigation with 2,5% NaOCl and 10% 
citric acid in duration of 60 sec. Small dentin particles present with the underlying smear 
layer. Dentinal tubules open, of eneven diameter and shape. Because of chelating  Ca+ from 
dentin, formations of calcium citrate are produced 
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gases. Higher concentration of citric acid can chelate Ca2+ from dentin and cause the 
formation of calcium citrate crystals in the root canal. Industrial products are: 19% citric acid 
solution – canal Clean (Ognapharma, Italy); 10% citric acid solution – Citric acid solution 
(Ultradent) for canal application, Cetrimide. 

3.1.9 Ultrastctural presentation of intracanal dentin surface after the irrigation with 3% 
H2O2 i 2% CHX and final irrigation with MTAD solution 
After the canal system instrumentation and irrigation with 3% H2O2 i 2% CHX and final 
irrigation with MTAD solution in duration of 1 minute, the results obtained are ideal in 
the coronal, middle and apical thirds of the tooth root canal. Dentinal debris and smear 
layer compley removed. Dentinal tubules open, of regular shape and even diameter 
(coronary third  3,5 µm, middle third 2,5-3 µm, apical third 2-2,5 µm). Dentinal structure 
preserved.  
 

 
Fig. 12. SEM presentation of coronal third of intracanal dentin after manual treatment and 
irrigation with 2% CHX + 3% H2O2 and final irrigation with MTAD solution 

 

 
Fig. 13. SEM presentation of middle third of intracanal dentin after manual treatment and 
irrigation with 2% CHX + 3% H2O2 and final irrigation with MTAD solution  
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Fig. 14. SEM presentation of apical third of intracanal dentin after manual treatment and 
irrigation with 2% CHX + 3% H2O2 and final irrigation with MTAD solution 
 

Group/subgroup N Irrigants 5 4 3 2 1 
II/A 15 3%H2O2+2,5% NaOCl 0 2 3 8 2 
II/B 15 3%H2O22% +CHX 0 1 3 9 2 
II/C 15 2,5%NaOCl+17%NaEDTA 0 0 0 2 13 
II/D 15 2,5%NaOCl 4 4 7 0 0 
II/E 15 2,5%NaOCl +10% citric acid 0 0 0 4 11 
II/F 15 3%H2O +2%CHX +MTAD 0 0 0 1 14 
I/G 15 3%H2O2 + MTAD 0 0 0 0 15 

Table 5. Values of quantitative  estimation of smear layer  and dentinal debris for the 
samples of  group II (experimental) – subgroups  A, B, C, D, E, F and G 
 

Group/subgroups N X SD 95%C.I. Min Max Sig. 
II/A (3%H2O2+2,5%NaOCl) 15 2.66 0.89 2.16-3.16 1.00 4.00 A,B,C,D,E,F 
II/B (3%H2O2 +2%CHX) 15 2.73 0.88 2.24-3.22 1.00 4.00 A,G,H,I,J,K 
II/C (2,5%NaOCl+17%NaEDTA) 15 1.20 0.41 0.97-1.42 1.00 2.00 A,G,L 
II/D (2,5%NaOCl) 15 3.80 0.86 3.32-4.27 3.00 5.00 C,H,L,M,N,O 
II/E (2,5%NaOCl +10% citric acid 15 1.26 0.45 1.01-1.52 1.00 2.00 D,I,M 
II/F (3%H2O2+2%CHX +MTAD) 15 1.06 0.25 0.92-1.20 1.00 2.00 E,J,N 
II/G (3%H2O2+MTAD) 15 1.00 0.00 1.00-1.00 1.00 1.00 F,K,O 
A (II/A vs II/B); B (II/A vs II/C); C (II/A vs II/D); D (II/A vs II/E); E (II/A vs II/F); F (II/A vs   
II/G);G (II/B vs II/C); H (II/B vs II/D); I (II/B vs II/E); J (II/B vs II/F); K (II/B vs II/G);L (II/C vs 
II/D); M (II/D vs II/E); N (II/D vs II/F); O (II/D vs II/G) 

Table 6. Comparison of quantitative estimation values of smear layer and dentinal debris on 
the samples of group II (experimental) – subgroups A, B, C, D, E, F, and G: ANOVA   

By comparison of the quantitative estimation values of smear layer and dentinal debris on 
the samples of group II (experimental) – subgroups A, B, C, D, E, F and G, using the 
ANOVA test, it was found that the values obtained in the group II/A are statistically 
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layer compley removed. Dentinal tubules open, of regular shape and even diameter 
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Fig. 12. SEM presentation of coronal third of intracanal dentin after manual treatment and 
irrigation with 2% CHX + 3% H2O2 and final irrigation with MTAD solution 

 

 
Fig. 13. SEM presentation of middle third of intracanal dentin after manual treatment and 
irrigation with 2% CHX + 3% H2O2 and final irrigation with MTAD solution  
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Fig. 14. SEM presentation of apical third of intracanal dentin after manual treatment and 
irrigation with 2% CHX + 3% H2O2 and final irrigation with MTAD solution 
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Table 6. Comparison of quantitative estimation values of smear layer and dentinal debris on 
the samples of group II (experimental) – subgroups A, B, C, D, E, F, and G: ANOVA   

By comparison of the quantitative estimation values of smear layer and dentinal debris on 
the samples of group II (experimental) – subgroups A, B, C, D, E, F and G, using the 
ANOVA test, it was found that the values obtained in the group II/A are statistically 
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significantly different from the results obtained in all other groups. Mean value obtained in 
the group II/A was statistically significantly lower compared to the values in the groups 
II/B and II/D. The values obtained in the group II/B are statistically significantly higher 
compared to the values obtained in the groups II/C, II/E, II/F and II/G, but lower than the 
values obtained in the group II/D. The values of group II/d are statistically significantly 
higher than the values obtained in all other groups. The values of groups II/F and II/G are 
lower compared to the values obtained in the groups II/A, II/B and II/D. 

3.2 Analysis of antimicrobial effect with MTAD in infected canal system using PCR 
technique 
With the aim to determine the antibacterial efficacy of MTAD solution using the PCR 
method, several most common endopathogenic microorganisms were identified in the           
 

Bacterial species 
Number of infected root canals 

χ 2 p Before therapy After therapy 
N % N % 

Agregatibacter 8 32 4 16 1.72 0.185 
Prevotella intermedia 9 36 0 0  0.002 

Porphyromonas gingivalis 4 16 0 0  0.11 

Tanerella forsythenis 6 24 0 0  0.022 

Enterococcus faecalis 15 60 5 20 8.17 0.004 
Treponema denticola 7 28 3 12 1.96 0.161 

Table 7. Prevalence of microorganisms in infected root canals prior and after MTAD therapy 
 

 
Fig. 15. Prevalence of microorganisms in infected root canals before and after therapy with 
MTAD 

0

5

10

15

20

Actinobacillus P. intermedia P. gingivalis T. forsythenis E. faecalis T. denticola

Before After

* - p < 0,05; ** - p < 0,01

*

**

**

The Importance of Final Irrigation with  
Mineralolithic Effect Agents During Chemomechanical Treatment of Tooth Root Canal 

 

299 

infected canal system (Porphyromonas gingivalis, Acgregatibacter actinomycetemcomitans, 
Tanerella forsythensis, Prevotella intermedia, Treponema denticola and Enterococcus faecalis) before 
and after the irrigation with MTAD solution. Analysis of results and estimation of 
antibacterial efficacy of MTAD solution gives  the clinical reference to this final irrigant in 
the treatment of infected root canals.  
By comparing the frequency of occurrence of certain bacteria in root canals, before and after 
the irrigation with MTAD solution, statistically significant decrease of Prevotella intermedia 
(36% vs 0%),Tanerella forsythenis (24% vs 0%) and Enterococcus faecalis (60% vs 20%) was 
found. The presence of other bacteria was also decreased, but not statistically significant. 

4. Conclusion 
Based on the results obtained by SEM and statistical data processing, it can be concluded 
that the final irrigation of root canal system with mineralolithic effect irrigations must be a 
mandatory part of endodontic protocol. The best results and outstanding efficacy were 
demonstrated with MTAD solution. In combination with CHX and H2O2, it completely 
removes the smear layer from root canal walls, where the dentin surface structure remains 
preserved and openings of dentinal tubules are of even diameters and regular shapes. All 
mineralolithic solutions for final irrigation are used in duration of one minute, as longer 
exposure of dentin to these agents can bring about unwanted erosive changes and 
compromise the entire endodontic procedure. By regular use of final irrigating agents, 
complete efficacy in removal of smear layer from root canal system could be achieved.    

5. Clinical recommendations 
• When performing the manual and endgine driven instrumentation of the root canal, 

dentinal debris and smear layer are produced at all the levels of the intraradix region; 
they are not different in respect to the amount but presentation and structure.  

• Saline solution applied as an irrigant exerts only the mechanical effect of removal and 
parial evacuation of debris. 

• Irrigation by using organolithic agents alone cannot completely remove the smear 
layer. 

• The combination of organolithic with mineralolithic agents has shown as the most 
efficient in the removal of smear layer at all the levels of the intraradix region. 

• The combined application of hydrogene peroxide (and clorehexidine) during instru-
mentation and final irrigation with MTAD solution in duration of 1 minute results in 
complete removal of the smear layer.   

• MTAD solution as the final irrigant meets all the standards for good irrigant proscribed 
by the endodontic protocol, which means that it preserves the structure of dentine, 
removes the smear layer and possesses the satisfactory antimicrobial properties.    

• After the chemomechanic treatment and irrigation of the root canal using the MTAD 
solution, statistically significant decrease of Enterococcus faecalis, Prevotella intermedia 
and Tanerella forsythenis was found, while in cases of  Treponema denticola, Actinobacillus 
actinomycetemcomitans and Porphyromonas gingivalis the antibacterial efficacy of MTAD 
solution was considerable but not statistically significant.  

• MTAD solution, used as the final intracanal antiseptic in duration of 1 minute, 
efficiently removes the smear layer, in the case of which the intracanal structure 
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significantly different from the results obtained in all other groups. Mean value obtained in 
the group II/A was statistically significantly lower compared to the values in the groups 
II/B and II/D. The values obtained in the group II/B are statistically significantly higher 
compared to the values obtained in the groups II/C, II/E, II/F and II/G, but lower than the 
values obtained in the group II/D. The values of group II/d are statistically significantly 
higher than the values obtained in all other groups. The values of groups II/F and II/G are 
lower compared to the values obtained in the groups II/A, II/B and II/D. 

3.2 Analysis of antimicrobial effect with MTAD in infected canal system using PCR 
technique 
With the aim to determine the antibacterial efficacy of MTAD solution using the PCR 
method, several most common endopathogenic microorganisms were identified in the           
 

Bacterial species 
Number of infected root canals 

χ 2 p Before therapy After therapy 
N % N % 

Agregatibacter 8 32 4 16 1.72 0.185 
Prevotella intermedia 9 36 0 0  0.002 

Porphyromonas gingivalis 4 16 0 0  0.11 

Tanerella forsythenis 6 24 0 0  0.022 

Enterococcus faecalis 15 60 5 20 8.17 0.004 
Treponema denticola 7 28 3 12 1.96 0.161 

Table 7. Prevalence of microorganisms in infected root canals prior and after MTAD therapy 
 

 
Fig. 15. Prevalence of microorganisms in infected root canals before and after therapy with 
MTAD 
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infected canal system (Porphyromonas gingivalis, Acgregatibacter actinomycetemcomitans, 
Tanerella forsythensis, Prevotella intermedia, Treponema denticola and Enterococcus faecalis) before 
and after the irrigation with MTAD solution. Analysis of results and estimation of 
antibacterial efficacy of MTAD solution gives  the clinical reference to this final irrigant in 
the treatment of infected root canals.  
By comparing the frequency of occurrence of certain bacteria in root canals, before and after 
the irrigation with MTAD solution, statistically significant decrease of Prevotella intermedia 
(36% vs 0%),Tanerella forsythenis (24% vs 0%) and Enterococcus faecalis (60% vs 20%) was 
found. The presence of other bacteria was also decreased, but not statistically significant. 

4. Conclusion 
Based on the results obtained by SEM and statistical data processing, it can be concluded 
that the final irrigation of root canal system with mineralolithic effect irrigations must be a 
mandatory part of endodontic protocol. The best results and outstanding efficacy were 
demonstrated with MTAD solution. In combination with CHX and H2O2, it completely 
removes the smear layer from root canal walls, where the dentin surface structure remains 
preserved and openings of dentinal tubules are of even diameters and regular shapes. All 
mineralolithic solutions for final irrigation are used in duration of one minute, as longer 
exposure of dentin to these agents can bring about unwanted erosive changes and 
compromise the entire endodontic procedure. By regular use of final irrigating agents, 
complete efficacy in removal of smear layer from root canal system could be achieved.    

5. Clinical recommendations 
• When performing the manual and endgine driven instrumentation of the root canal, 

dentinal debris and smear layer are produced at all the levels of the intraradix region; 
they are not different in respect to the amount but presentation and structure.  

• Saline solution applied as an irrigant exerts only the mechanical effect of removal and 
parial evacuation of debris. 

• Irrigation by using organolithic agents alone cannot completely remove the smear 
layer. 

• The combination of organolithic with mineralolithic agents has shown as the most 
efficient in the removal of smear layer at all the levels of the intraradix region. 

• The combined application of hydrogene peroxide (and clorehexidine) during instru-
mentation and final irrigation with MTAD solution in duration of 1 minute results in 
complete removal of the smear layer.   

• MTAD solution as the final irrigant meets all the standards for good irrigant proscribed 
by the endodontic protocol, which means that it preserves the structure of dentine, 
removes the smear layer and possesses the satisfactory antimicrobial properties.    

• After the chemomechanic treatment and irrigation of the root canal using the MTAD 
solution, statistically significant decrease of Enterococcus faecalis, Prevotella intermedia 
and Tanerella forsythenis was found, while in cases of  Treponema denticola, Actinobacillus 
actinomycetemcomitans and Porphyromonas gingivalis the antibacterial efficacy of MTAD 
solution was considerable but not statistically significant.  

• MTAD solution, used as the final intracanal antiseptic in duration of 1 minute, 
efficiently removes the smear layer, in the case of which the intracanal structure 
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remains intact and morphologically unchanged, eliminating thus the majority of 
microorganisms.  
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